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Preface 

Through its agenda of applied research, technical assistance and training the 
Center for Human Nutrition (CHN), Department of International Health, Johns Hopkins 
University seeks to sipficantly advance knowledge and the development and 
application of methods related to preventing key micronutrient deficiencies that can 
advance global prevention programs. Much of the CHN's micronutrient research agenda 
has received support, in whole or in part, by the Office of Health and Nutrition, US 
Agency for International Development (USAID), through the "Vitamin A for Health" 
cooperative agreements at Johns Hopkins since the early 1980's, and more recently 
through its current "Micronutrient for Health" Cooperative Agreement (MHCA). 

CHN is committed to the dissemination of major research findings and their 
relevance to programs and policies through publications in peer-review scientific 
journals, the lay press, conferences and consultations, and advocacy and constituency- 
building among legislators and other government bodies. This volume pulls together the 
publications under the CHN's micronutrient agenda that appeared in peer-review 
journals from January to December 1998. These studies were supported, in whole or in 
part, by the."Vitamin A for Health" or "Micronutrient for Health" cooperative 
agreements with USAID. 
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Vitamin A or /?-Carotene Supplementation Reduces but Does Not Eliminate 
Maternal Night Blindness in Nepal' 

Parul Christian? Keith P. West, Jr., Subarna K. Khatry,* Joanne Katz, Steven LeClerq, 
Elizabeth Kimbrough Pradhan and Sharada Ram Shrestha* 

Center for Human Nutrition, Department o f  International Health, School o f  Hygiene & Public Health, 
Johns Hopkins University, Baltimore, MD 21205 and 'Nepal htervention Project Sariahi-NNIPS, 
The National Society for Eye Health and Blindness Prevention, Nepal Eye Hospital Complex, 
Tripureswor, Kathmandu, Nepal 

ABSTRACT We investigated the effect of supplementing women weekly with 7000 ~g retinol equivalents as 
preformed vitamin A or 0-carotene vs. a placebo, on the incidence of night blindness during pregnancy and the 
postpartum period in the rural plains of Nepal. Over a period of -3 y, -29,000 women of child-bearing age, living 
in 171 wards that were randomized to one of the three supplements, contributed 9932 first pregnancies. A 
prospective, weekly surveillance identified night blindness in pregnant women, verified further by detailed ques- 
tioning about nighttime vision. After delivery, women were also interviewed at -3 and -6 mo postpartum to elicit 
a night blindness history over the preceding 3 mo. Vitamin A supplementation reduced the incidence of night 
blindness during pregnancy from 10.7% among controls to 6.7% (relative risk 0.62, 95% confidence interval: 
0.45-0.85). 0-Carotene supplementation had less of an effect (0.83, 0.63-1.11). Among women who took >95% 
of their vitamin A supplements during pregnancy, incidence of verified night blindness was reduced by 67%. 
Incidence (per 100 person-years) of night blindness during the first 3 mo postpartum was 11.3 in the control, 4.3 
in the vitamin A and 8.7 in the 0-carotene groups, yielding corresponding relative risks of 0.38 (0.26-0.55) and 
0.77 (0.57-1.04). In the second 3 mo postpartum, both vitamin A and p-carotene reduced night blindness by 
-50%. Vitamin A intakes approaching a recommended amount for pregnancy markedly reduced but did not 
eliminate night blindness in Nepali women. Greater intakes of vitamin A than provided andlor other nutrients may 
be needed to prevent maternal night blindness in rural South Asia. J. Nutr. 128: 1458-1463, 1998. 

KEY WORDS: night blindness pregnancy postpartum vitamin A p-carotene Nepal 

Maternal night blindness is receiving increased attention 
by the nutrition community as evidence accumulates to show 
that it occurs widely in South and South-East Asia. Studies 
in Nepal have revealed important facets of t h i s  largely .ignored 
and underreported illness. Specifically, recent population sur- 
veys report that 10-20% of pregnant women and 6% of lactat- 
ing women experience night blindness (Demographic Health 
Surveys 1997, Kau et al. 1995, Linehan et al. 1996). Rural 
women consider night blindnes to be a severe condition of 
pregnancy and find it deleterious to their daily work activities 
(Christian et al. 1998a). Night-blind pregnant women are sig- 
nificantly vitamin A-deficient relative to nonnight-blind con- 
trols and also face other nutritional and health risks such 
as wasting malnutrition, anemia and reproductive morbidity 
(Christian et al. 1998~). In this paper, we examine the  efficacy 
of a weekly, low dose supplement of vitamin A or p-carotene 
in reducing the incidence of night blindness during pregnancy 

and the postpartum period in Nepal where such an intewen- 
tion has demonstrated a reduction in pregnancy-related mor- 
tality (West et al. 1997). 

MATERIALS AND METHODS 

A randomized, double-masked community vial was conducted in 
Sarlahi District, located in the south-eastern plains of Nepal, from 
March 1994 to October 1997. Thir ty village development communi- 
ties (VDC)' with nine wards in each, participated in the trial. Each 
week, 7000 pg tetinol equivalents (RE) of vitamin A, as either retinyl 
paimitate or 0-carotene (42 mg), or a placebo was given to married 
women 12-45 y of age (n = -44,000) to assess the effect on fetal 
loss, and infant and maternal mortality. Randomization to the three 
treatment arms was done by ward. From September 1994, a weekly 
surveillance was set up to identify night-blind pregnant women in 
19 of 30 VDC (171 wards with -29,000 women), allowing us to 
measure the effect of vitamin A or 0-carotene supplementation on 
the incidence of maternal night blindness. It was hypothesized that 

'me costs of publication of this BIticle were defrayed in Part by the payment 
of page charges. This article must therefore be hereby marked "advertisement" 'Abbreviations used: Ci, confidence interval: ROA, resommended diemy d- 
in accordance with 18 USC section 1734 s le ly  to indicate this fact. lowance; RE, retinol equivalent: RR, relative risk: VOC, village development wm- 

'TO whom correspondence should be addressed. munities. 

0022-3166198 $3.00 0 1998 American Society for Nunitional Sciences. 
Manwript received 18 Febnraty 1998. Initial review completed 22 March 1998. Revision accepted 26 May 1998. 
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weekly vitamin A or 0-carotene supplementation before and during 
pregnancy would reduce the occurrence of night blindness during 
pregnancy and the postpartum period. With a sample size of 3200 
per group, there was adequate power (80%) to detect a decrease of 
>20% in the incidence of night blindness, without any consideration 
for design effect. 

Women contributing pregnancies were interviewed at home 
within 1-2 wk of reporting their pregnancy, and again, 12 wk later. 
Trained interviewers obtained information from women on dietary 
intake, tobacco and alcohol use, and participation in strenous activi- 
ties in the past 7 d. Data on socioeconomic status was collected at . the second interview. 

Elicitingnight blindness histories. Local female ward distributors, 
who were responsible for distribut~ng the ,tudy supplements, identl- 
fying pregnancies and reporting vitai events, were-trained to elicit a ' history of night blindness from pregnant women during weekly home 
visits. The question asked to pregnant women every week was "do 
you currently have night blindness" using the local t e r n  for the 
condition in Nepali ("rataundho") and Maithili ("ratauni"), lan- 
guages spoken in this region. Data from these weekly histories were 
used to determine the incidence, gestational onset and duration of 
night blindness during pregnancy. Histories were verified, usually in 
the following week, by trained interviewers asking about symptoms 
and the effect night blindness was having on the activitv of women. 
A woman reporting night blindness was ionsidered a "verified case" 
if she described symptoms of poor or no vision at dusk or night but 
normal vision during daytime. Night blindness was not treated for 
the following reasons: I )  the initial uncertainty of the validity and 
reliability of its diagnosis based on -20,000 weekly histories that 
were obtained by about 300 local women without health training; 2) 
insufficient evidence about its extent and associated health risks; and 
3) concerns ra~sed throughout the tr~al  of ovedorlng w~ th  vltamln 
A pregnant women who were already receiving 7000 pg RE (23.303 
lu) as elther preformed vltamln A or 0Ccarotene in their respective 

(masked) treatment arms. A few women who were not reportedly 
night blind at the time of interview, but reported a recent episode 
that disappeared either with self-treatment or spontaneously, were 
also considered "verified." Amone women deliverine a live birth. 
histortes of n~ght  blindness for th; previous 3 mo w&e obtained at 
the 3. .~nd 6 . n ~ ~  po,tparr-t,, hoxnc v t s m  by ir~tnvd tntcrvacwcrs. At 
the 3-mo posrpartum interview, cases were also asked about the num- 
ber of days after delivev when thev developed the condition. 

Selection criteria. Only womenin theirkrst pregnancies enrolled 
in the trial who had an outcome by the first week of April 1997 
(formal closeout for pregnancy outcomes in the trial) were included 
in the analysis. Also, women with eligible ~reenancies had to have 
met the following criteria: 1 )  declared brtnb p&ant for at least 4 
wk, 2) been asked about night blindness for > 1 wk and 3) suwlved 
the pregnancy. A total of 9932 women over a pregnancy enrollment 
period of -3 y were eligible, based on the above crlterla, and formed 
the cohort for the present analysis. Of these, 868 women reported 
bang night blind at least once durlng the11 pregnancy. 

Statistical analysis. General characteristics of the el~g~ble prep 
nant women across the three treatment groups were compared by 
ANOVA and chi-square tests, as appropriate, employing a 5% Type ' I error to define significance. The incidence rate of night blindness 
during pregnancy was calculated by dividing the number of pregnant 
women with a positive history ("cases") by the total number of preg- 

, nant women for each treatment group. Relative risks (RR) and 95% 
confidence intervals (Cl) were calculated using the ratio of the inci- 
dence rate of night blindness in the vitamin A or @-carotene group to 
the placebo group (Kahn and Sempos 1989). The confidence intervals 
were inflated bv -15% (in their natural logarithm) to adjust for 
clustering of n~ght blmdnerr uslng the overd~s&n~on from a btnomial 
regression to estlmare the design effect (Kat: et al. 1988, McCullagh 
and Nelder 1939) Incidence rate, dnd RR were also calculated stra, 
tified by complia~ce to the supplement. Design effect-adjusted CI 
were calculated seoaratelv for each stratum of com~liance. 

For the postpa;tum piriod, the incidence of niiht blindness was 
expressed per 100 person-years to provide a standard period of risk 
exoosure for women who were interviewed at different times for their 
"3 month" postpartum intervleu Only women who developed n~ght  
blindness in the hrst 9?d psstpartJn1 were inclu.ied in the calculat~on 

TABLE 1 

General characteristics of pregnant women 
(at mid-pregnancy) by treatment group in the 

night blindness study area 

Placebo Vitamin A @-Carotene 

Pregnant women.1 n 3269 3530 3133 
Age?' Y 23.9 2 5.2 24.1 ? 5.3 24.3 2 5.5 
MUACP' cm 21.321.7 21.4.tl.7 21.521.7 

Socioeconomic status % 

Literate"' 16.9 13.7 18.2 
Low caste/non-Hindu"' 18.8 26.3 20.9 
Landless' 54.7 57.8 56.3 
Radios owned, any 29.9 29.1 31.7 
Canle owned, any' 63.9 64.2 66.9 
Low quality (thatch1 

mud) walls"' 87.7 89.9 86.7 
Food intakg ianv in 

the oast w i  - 7--  

~ e a ~ f i s ~ e g g ; '  
Dairy products 
Yellow fruits/ 

vegetables'.. 
Dark areen leaves' 
~ctiviGes3 (past 7 d) 
Carried firewood' 16.6 14.0 16.0 
Worked In the fields' 20.2 19.6 22.5 
Smoked cigarettes 28.8 27.4 30.1 
Drank alcohol"' 9.4 7.6 13.2 

1 Data were missing for 187-246 women in each of the three treat- 
ment arouDs. 

2 faiuei are means L so. MUAC, mid-upper arm circumference. 
3 Food intake and activities assessed at pregnancy enrollment. 
' P  < 0.05. "P < 0.01. "'P < 0.0001 by ANOVA for age and mid- 

upper arm circumference, otherwise by chcsquare. 

of the incidence in the first 3 mo. The incidence rate was stratified 
by the first, second and third month after delivery to examine change 
in the risk of night blindness with time since delivery. The second 
interview was conducted at 6-7 mo postpartum when women were 
asked if thev had develorred night blindness since the time thev were 
last interviewed. A smail number of women interviewed aft& 7 mo ~~ ~ ~ ~ ~~ ~~~~ 

postpartum were excluded from this analysis to estimate more accu- 
rately the incidence of night blindness in the second 3 mo postpartum. 
The incidence rate was again expressed per 100 person-ieari to ac- 
count for the variation in the time of interview in relation to binh. 
All 95% confidence intervals for postpartum RR were adjusted for 
the design effect. 

The study protocol was reviewed and approved by the Nepal 
Health Research Council in Kathmandu, Nepal and the Joint Com- 
mittee on Clinical Investigation at the Johns Hopkins School of 
Medicine, Baltimore, MD. Verbal informed consent was obtained 
from women at the time of enrollment in the study and before con- 
ducting each interview. Women were free to refuse supplements or 
interviews at any time during the course of the study. 

RESULTS 

Pregnant women in the three randomized groups were com- 
parable with regard to demographic, socioeconomic, nutri- 
tional and other characteristics (Table 1). Slightly more 
women in the vitamin A group were poorer than in the other 
two groups. Most differences were small and were significant 
because of the large sample size. Fifty to sixrv oercent of women 
had eaten any sources of vitamin A or dark green 
leaves. but onlv 30-40% had eaten anv vellow fruits and veee- , , ~0 

tablesin the previous week. Strenuous work (e.g., working in 



TABLE 2 

Effect of maternal vitamin A and p-carotene supplementation 
on the incidence of night blindness during pregnancy 

Placebo V~tam~n A p-Carotene 

Cases, n 351 236 281 
Pregnant women, n 3269 3530 3133 
Incidence rate. % 10.7 6.7 8.9 
RR1 (95% GI) 1.0 0.62 (0.45-0.85) 0.84 (0.63-1.11) 
Interviewed? n 332 205 252 
Verified as night 

blind, n 278 147 195 
Incidence rate, % 8.6 4.2 6.3 
RR (95% CI) 1.0 0.49 (0.33-0.72) 0.73 (0.52-1.03) 

1 RR,  relative risk Ci, confidence interval. 
2 Histories of women reporting night blindness were verified by a 

trained interviewer of nighttime and daytime symptoms of vision prob- 
lems. Data on 19, 31 and 29 women in the placebo, vitamin A and p- 
carotene groups, respectively, are missing. 

the fields or carrying firewood) was reported by 15-20% of 
women. Almost 30% of the women had smoked cigarettes and 
8-1336 had drunk alcohol in the previous week. 

The  incidence of night blindness during pregnancy was 
10.7% in the group receiving placebo vs. 6.7% in the vitamin 
A and 8.9% in the 0-carotene groups (Table 2). This yielded 
RR (95% C1) of 0.62 (0.45-0.85) and 0.84 (0.63-1.11), or 
38 and 16% reductions in niaht blindness with vitamin A and 
0-carotene supplementation~respectively. Interviewer-verified 
rates of nieht blindness were sliehtlv lower but associated with 
stronger protective effects, witG RR (95% CI) of 0.49 (0.33- 
0.72) in the vitamin A group and 0.73 (0.52-1.03) in the 0- 
carotene group. This suggests that misclassification of night 
blindness from histories elicited by local supplement distribu- 
tors weakencd the estimated efficacy of vitamin A or 0-caro- 
tene by 11-13% in this population. The  higher effect of vita- 
min A vs. 0-carotene supplementation was not significant for 
either unverified (RR = 0.74,95% C1 = 0.63-0.88) or verified 
night blindness (RR = 0.62, 95% CI = 0.62-0.86). 

Varying compliance to the supplement regimen altered the 
effect of vitamin A in reducing night blindness duririg prep 
nancy (Fig. 1). Compliance was defined as the proportion of 

S 1 W  86-95 6M15 4065 4 0  

Compliance. % 

FIGURE 1 lncidence of night biindness in pregnant women by 
level of compliance to vitamin A and placebo supplements during preg- 
nancy. Relative risksof night blindness in thevitamin Agroup compared 
with the placebo group for each compliance stratum are given above 
the bars: '95% confidence interval (corrected for design effect) ex- 
cludes 1.0. 

TABLE 3 

lncidence of verified cases of night blindness in pregnant 
women by compliance to vitamin A and placebo supplements 

during pregnancy 

lncidence rate (%) 

Compiiancel (%) Placebo Vitamin A RR2 95% C12 

96-100 (4th quartiie) 9.6 3.2 0.33 (0.18-0.59) 
86-95 (3rd quartile) 11.8 4.5 0.38 (0.22-0.64) 
66-85 (2nd quartiie) 9.3 4.5 0.48 (0.28-0.82) 
40-65 (10-25th percentile) 6.6 3.7 0.57 (0.29-1.14) , 
<40 (40 th  percentile) 4.0 4.8 1.2 (0.67-2.14) r 

1 Compliance was defined as the percentage of ail weekly supple- 
ments consumed by women from -1 m before conception until the 
end of pregnancy. 

2 RR, relative risk; CI, confidence interval (corrected for design ef- 
fect). 

weekly doses a woman received from -1 mo before conception 
until the end of pregnancy. The percentage of compliance was 
categorized into five groups of decreasing levels. The  first three 
categories represented the upper three quartiles of the distribu- 
tion. The last two categories divided the lowest quartile into 
the 10-25th percentiles and < lo th  percentile of the distribu- 
tion. Incidence of night blindness in the placebo group was 
much higher than in the vitamin A group among women 
consuming 86-100% of their supplements (3rd and 4th 
quartiles). The RR associated with vitamin A receipt in these 
groups was 0.4-0.5, indicating a 50-6096 reduction in night 
blindness. The effect was lowered to -40% reduction in the 
compliance range of 66-85%. A t  5 6 5 %  compliance, there 
was no apparent protection from night blindness with vitamin 
A supplementation as shown by a RR of -1.0. A similar 
analysis of 0-carotene resulted in a small increase in the pro- 
tective effect of p-carotene among high (96-100%) compliers, 
but the 95% confidence interval about the RR did not ex- 
clude 1.0. 

We further examined the incidence of verified night blind- 
ness by compliance to vitamin A supplementation during preg- 
nancy (Table 3).  There was a strong dose-responsive relation- 
ship between compliance to the supplement and relative risk of 
developing night blindness during pregnancy. Among women 
taking 96-100% of their supplements, vitamin A reduced the 
risk of night blindness by 67% (RR = 0.33). This estimate, 
among highest compliers, approximates the efficacy of this 
level and frequency sf vitamin A supplementation in pre- 
venting night blindness in pregnancy. Vitamin A supplemen- , 
tation did not reduce the occurrence of interviewer-verified 
night blindness at  compliance levels <40%. In the case of P- 
carotene, verification did not appear to improve its efficacy; the , RR estimated among those with 96-100% was 0.72, almost 
identical to the RR estimate of 0.73 observed on average. 

Onset of night blindness occurred, on average, at 27 wk 
gestation in the placebo group, compared with a slightly earlier 
onset in the vitamin A (24 wk) and p-carotene groups (26 
wk) (Table 4).  Episodes also lasted longer in the placebo (5.0 
wk) than vitamin A (3.7 wk) and P.carotene groups (4.4 wk). 

The incidence rate (per 100 person-yean) of night blind- 
ness durlng the nrst 3 ms was reduced Tram 11.3 
In rhe olaccbo ersuo to 4.3 in thc vltamin A and 8.7 in the - .  
P-carotene groups, yleldlng corresponding RR (95% CI) of 
0.38 (0.26-0.55) and 0.77 (0.57-1.04) (Table 5). The  risk 
of n~gh t  blindness was the highest in the first 30 d after delivery 



IMPACT OF VITAMIN A ON MATERNAL NIGHT BLINDNESS 1461 

TABLE 4 

Onset and duration of night blindness during pregnancy in 
women according to treatment group 

Placebo Vitamin A &Carotene 

Onset, week of gestation 26.8 2 8.5 24.2' 2 8.7 25.8 2 8.6 
Duration, wk 5.0 2 6.3 3.7' 2 4.9 4.4 2 5.4 

1 Values are means ? so, n = 351 in placebo, 236 in vitamin A and 
a 281 in the p-carotene groups. 

'Significantly (P c 0.001) different from the placebo group. 

i (Fig. 2). It was halved in mo 2 and dropped further in mo 3 
postpartum. Vitamin A supplementation significantly reduced 
the risk of night blindness during all three time periods. The 
early 1-mo specific risk of night blindness in the p-carotene 
group was lower than that of the placebo group, but this differ- 
ence was not significant. The incidence rate (per 100 penon- 
vears) in the second 3-mo DostDartum was lower, i.e.. 7.1 in 

1-30 d 3160 d 6180 d 

Days Porlparlurn 

FIGURE 2 lnc.aence of n~ght  blndness oy numwr of days post- 
partum in women rece v.ng p.acebo, v~tamln A and p-carotene supple- 
ments. Relative risks of night blindness in the vitamin Aand 0-carotene 
arOuDS com~ared with the olacebo arouD for each stratum of Dostoar- - .  - .  . . 

the placebo group, 3.6 in the viiamin A group and 3.2 in the tum aays are above tl;e bars: .95% conf.dence ~nterval (correctea 
B-carotene erouD. Both vitamin A and B-carotene su~~ lemen ,  for destgn effect) excludes 1 .O. - .  
tation reduced night blindness in the second 3 mo 1;; -50%. 

DISCUSSION 
shown to be virtually eliminated with high dose vitamin A 
supplementation (Sinha and Bang 1976, Sommer and West 
1996). We used a weekly dosage that provided slightly more The night blindness during pregnancy was than 1 recommended dietary allowance (RDA) (for periods of 

high in this Nepali population as indicated by an incidence pregnancy and lactation) of vitamin A (7000 pg RE), nis 
rate of 11 cases per 100 pregnancies for groups without inter- dosage may not have been adequate to prevent night blindness vention. Because women were often not observed for their during pregnancy even for 33% of interviewer-verified cases 
entire pregnancy, the observed incidence rates may underesti- among [he highest compliers. ne WHO recornmen. 
mate actual rates during pregnancy. These data reveal, as Pre- dation for treating women of reproductive age with night viously reported (Kaa et al. 1995), that maternal night blind- blindness or ~~~~~s~ spots is 1501-3003 pg RE of vitamin 
ness is a problem of public health significance in the rural A/d or 7507 pg R E / W ~  for at least 4 wk (WHO 1997), although 
plains of Nepal. Serum retinol concentrations available for 117 to our knowledge, [here have been no trials demonstrating 
verified night-blind women and their 117 matched controls in [he efficacy of these regimens in doing so, ne latter weekly 
groups without intervention were strongly associated with recommendation a to the prophylactic dosage used in 
night blindness (Christian et al. 1998c), providing evidence [his study. ~ l ~ h ~ ~ ~ h  our findings do not relate to neatment, of the validity of maternal night blindness histories in a sub- [hey suggest a need to re.evaluate [he treatment recommenda. 
sample of women. tion and possibly revise it upward to maximize efficacy and to 

About 60% of the risk of night blindness during pregnancy prevent relapse among vitamin A - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  cases. 
remained unaltered with vitamin A supplementation. This was The additional requirement for vitamin A in a healthy 
unexpected because night blindness among children has been Dreman~- is relativelv low, and confined mostlv to the third 

TABLE 5 

Effect of vitamin A and 0-carotene supplementation on night 
blindness during the postpartum period 

Period ~ost~altum Placebo Vitamin A O-Carotene 

0-3 mo 
Cases, n 
Person-years of 

follow-up 769 81 6 735 
Incidence, 
100 person-years 11.3 4.3 8.7 

RRI (95% CI) 1.0 0.38 (0.26-0.55) 0.77 (0.57-1.04) 
3-6 mo 

Cases, n 70 40 30 
Person-vean of 

foli0~-up 983 1098 932 
incidence. 
100 person-years 7.1 3.6 3.2 

RR (95% CI) 1.0 0.51 (0.29-0.81) 0.45 (0.24-0.83) 

1 RR, relative risk; CI, confidence interval. 

;rimester i~ndenvood 1994). The late onset of night blindness 
in pregnancy suggests that fetal demands on maternal vitamin 
A stores late in gestation may exacerbate a chronic, low vita- 
min A status in women. Findings of a previous case-control 
study in this population showed a dramatic difference in the 
serum retinol level of women with and without night blindness 
during pregnancy (0.72 vs. 1.03 pmol/L). Fiftytwo percent of 
cases vs. 21% of controls had a serum retinol concentration 
<0.7 pmolL (Christian et al. 1998~). High levels of infection 
may also contribute to an increased demand for vitamin A 
and a consequent lowering of vitamin A status during preg- 
nancy. In Nepal, night blind women were at a 14-fold higher 
risk of diarrhea in the past week (Christian et al. 1998b). An 
acute phase protein response in pregnant women with diarrhea 
was associated with a 0.54 pmolL decrease in the serum retinol 
level. sueeestine that infection-induced hvooretinolemia mav -- " , . 
further predtspose \\,omen to n~ght bllndnessdurtng 
especially in those alrcady vttamln A deplete (Christian et al. 
1998b). 

Other etiologies such as zinc deficiency, which may limit 
vitamin A utilization (Christian and West 1998, Smith 1980) 
and is believed to be widespread (Caulfield et al. 1998), may 
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contribute to night blindness of pregnancy. In the retina, reti- 
no1 is converted to retinal, the form required to synthesize the 
photosensitive pigment rhodopsin, through a reaction requir- 
ing a zinc-dependent retinol dehydrogenase (Huber and Gers- 
hoff 1975). Zinc deficiency could inhibit this reaction and 
result in abnormal dark adaptation or night blindness. Zinc is 
also required for retinol-binding protein synthesis; thus, its 
deficiency could impair vitamin A transport (Duncan and Hur- 
ley 1978, Mejia 1986). In pregnancy, maternal plasma zinc 
starts to decrease as early as 6 wk of gestation and continues 
to decline until delivery (Tamura and Goldberg 1996). Fetal 
demands on  zinc appear to accelerate, especially in the third 
trimester of pregnancy (Reifen and Zlotkin 1993), which could 
in part underlie both an increased risk of night blindness at  
this stage of gestation as well as its partial nonresponsiveness 
to vitamin A, as seen in this study. Riboflavin deficiency has 
also been associated with night blindness in adults (Venkatas- 
wamy 1967). These studies suggest that multiple nutrient sup- 
plementation or a more varied diet may be required to prevent 
maternal night blindness. 

In this trial, 0-carotene supplementation, given at pre- 
sumed retinol equivalency, was not as efficacious as vitamin 
A in either reducing night blindness or improving circulating 
retinol levels during pregnancy (West et  al. 1997). This may 
have been because 0-carotene did not efficiently convert to 
vitamin A in this undernourished population. Factors such as 
intestinal helminths, protein-energy malnutrition and defi- 
ciencies of zinc, iron and vitamin A could influence the con- 
version of 0-carotene to retinol (Erdman et al. 1993). 0-Caro- 
tene may also be redirected for other immunoregulatory (Prab- 
hala et al. 1991) and antioxidant functions (Allard et al. 1994) 
that are independent of its role as provitamin A. 

Compared with the pregnancy period, the efficacy of both 
low dose vitamin A and 0-carotene appeared to be higher 
during the postpartum period. Although the requirements of 
vitamin A are greater in lactation than in pregnancy (NRC 
1989), the risk of night blindness in breastfeeding populations 
has been reported to be higher during pregnancy (Katz et  al. 
1995, Malyavin et  al. 1996). Factors such as plasma volume 
expansion of pregnancy (Kelner et  al. 1969, McGanity et al. 
1954), which can lower maternal plasma retinol over the 
course of the pregnancy, and favored partitioning of vitamin 
A toward fetal tissues in women with marginal or low serum 
retinol levels (Butte and Calloway 1982, Gebre-Medhin and 
Vahlquist 1984, Shirali et al. 1989) may make women more 
vulnerable to vitamin A deficiency during late pregnancy than 
lactation. Pregnancy may also be a unique state during which 
other etiologies such as zinc deficiency could influence dark 
adaptation. Local cultural practices promoting better diets in 
the postpartum period relative to the pregnancy period could 
also explain a lower incidence of night blindness during lacta- 
tion. 

The risk of night blindness after delivery was highest in 
the first month, declining thereafter. This suggests that the 
nutritional demands of recovering from birth and establishing 
lactation, especially given high matemal losses of vitamin A 
in colostrum and immature breastmilk (Patton et al. 1990) 
may be high in the first month. In the second 3 ma of lactation, 
the incidence of night blindness was lower, and vitamin A 
and 0-carotene supplements had a similar relative effect on its 
occurrence. Several countries, including Nepal, have recently 
adopted a policy to dose women with 60,060 pg RE of vitamin 
A within the first 6 wk of delivery to improve the health and 
status of infants. Although this policy remains to be imple- 
mented nationally in Nepal, it may have a potential benefit 

on preventing the maternal night blindness that occurs in the 
first few months after birth. 

A n  adequate dietary or supplemental intake of vitamin A 
throughout pregnancy and postpartum periods is necessary but 
not sufficient for eliminating maternal night blindness. For a 
substantial proportion of women, who are exposed to repeated 
pregnancies in poor, chronically malnourished societies, a rec- 
ommended dietary allowance may be insufficient to maintain 
adequate maternal vitamin A status and prevent occurrence of 
night blindness during pregnancy and lactational postpartum 
periods. It is also possible that other nutritional deficiencies, 
such as that of zinc, may limit the efficacy of vitamin A in 
preventing maternal night blindness, serving to reinforce the 
need for a balanced diet to maintain adequate health and ; 
function of women during and after pregnancy. 
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Night blindness of pregnancy in rural 
Nepal-nutritional and health risks 
Parul Christian. Keith P West Jr, Subarna  I< Khatry, J o a n n e  Katz, Sharda Ram Shrestha, 
Elizabeth K Pradhan, Steven C LeClerq and Ram P Pokhrel  

ciency among children in developing countries. Yet little is known about the 
aetiology or associated risks of maternal XN. Emerging evidence from South East 
Asia suggests that it may be more frequent than previously thought in women 

logy of XN among pregnant Nepali women. Night blind cases were identified by 
history through a weekly community surveillance system. Controls were randomly 
selected from a pool of pregnant women without XN and pair-matched for gesta- 
tional age of the cases. A home-based assessment was done within a week of 
selection, at which 7-day food frequency and morbidity histories were collected, 
anthropometry measured, and capillary blood drawn for serum retinol, p-carotene 

ever, cases were more likely to be from the lower castes, be illiterate, live in poorer 
quality homes, and own no land. The mean serum retinol level of cases was 
-0.30 pmolll lower than controls (P < 0.001). indicating a low vitamin A status of 
night blind pregnant women. Mean Hb level was significantly lower (by 0.7 g/dl, 
P < 0.004). and the risk of severe anaemia (Hb <7.0 gldl) higher among cases 
than controls (odds ratio = 3.0, 95% CI : 1.25-7.23). Cases were more under- 
nourished than controls reflected by lower mean weight (-2.6 kg), body mass 
index (-0.8). arm circumference (-0.9 cm) and triceps skinfold (-0.8 mm). Night 
blindness was associated with less frequent consumption of preformed vitamin A 
(milk products, fish and meat) and provitamin A (dark green leafy vegetables and 
mangoes) foods, especially in summer. Night blind women were 2-3 times more 
likely to report symptoms of urinarylreproductive tract infections such as lower 
abdominal pain, painful and burning urination, or vaginal discharge, symptoms 
of diarrhoealdysentery, of pre-eclampsia or eclampsia, and of nausea, vomiting 

although several other risk factors appear to cluster among these women as well. 
Night blind women are also more likely to be anaemic, ill, and acutely under- 
nourished, and to be consuming a nutritionally poorer diet in pregnancy than 
non-night blind pregnant women. A simple history of XN can identify women at 
high risk during pregnancy who may require special nutritional support, antenatal 
care and counselli 

School ol Hygiene and Public Health. Johnr Hopkinr Univcrrily. Baldmore. 2505. Johns Hopkinr School of Hy&.ienc and Public Heullh. 615 N Wolfe St. 
MD. USA and National Society lor thc Prevention of Blindness (Nepal Nclra Ballimore. MD 21201. USA. 
Jyoti Sanghi. Kathmandu, N~.pal. 
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Maternal night blindness (XN) has received little attention as a 
problem of potential public health significance in developing 
countries. Early accounts. found in two clinic-based studies in 
the late 1960s from India, reported that XN occurred frequently 
among pregnant Indian women, most often during the third 
trimester followed by spontaneous remission soon after par- 
turition.' ' Some amelioration following treatment with high 
doses of vitamin A was observed amone Dreenant women who -. - 
presented at the clinic with XN. Recent studies suggest XN to be 
widespread, affecting 10-50% of women during pregnancy 
in rural South East ~sia.'" Night blindness in these studies 
was ascertained by obtaining a simple history from the women, 
either concurrently or retrospectively. Although maternal XN is 
believed to be a manifestation of vitamin A deficiency, as it is in 
voune children. none of these studies have examined this asso- . - 
aation. In the south-eastern plains of Nepal, XN affects 10-20% 
of women during pregnancy, tends to recur with repeated 

and is recognized as an important health problem 
among women? Night blindness in pregnancy, thus, exists 
among South East Asian women but its aetiology or associated 
risk factors, severity, consequences, and public health signific- 
ance have not been elucidated. 

We report findings of a population based case-control study 
that examined nutritional and other risk factors associated with 
XN during pregnanq in rural Nepal. 

Methods 
Study  area and popula t ion 

The study was conducted in Sarlahi District, in the low-lying, 
south-eastern plains of Nepal called the 'terai'. The altitude of 
the terai is approximately 250 feet above mean sea level. The 
climate is hot and wet during the summer monsoon (July- 
September), cool and dry during winter (October-March) and 
hot and drv from April to June. A beneficial impact of vitamin 
A supplementation bn child mortality has been well established 
in this area,8. where xerophthalmia affects 2-3% of preschool 
children.'&'2 A randomized communitv trial. to assess the bene- . . 
fit of weekly, maternal, low-dose, vitamin A and p-carotene 
supplementation on fetal and early infant survival and growth 
is currently underway in 30 village development committees 
(VDC) of this district covering a total population of -165 000 
people. Supplements are delivered by local female workers who 
also identify pregnancies. Women who report being pregnant 
are enrolled lor an initial in-depth interview about diet, mor- 
bidity history, and other risk factors in the previous week. 

Surveillance of n ight  blindness 

A surveiilance system for identifying night blind pregnant 
women was set up in August 1994 as pan of the pregnancy sur- 
veillance for the above trial in 19 of the 30 studv VDC that were 
accessible by road. A weekly history of XN was obtained by the 
female workers from the time women reported being pregnant 
until the termination of pregnanq. Women were. asked: 'Are 
you currently suffering from nlghr bllndner<?' using loc3l terms 
for niehl blindness irardunr in hlnlrhill a~id  rarow,ahd in Nepali,. " 

Day blindness in women reporting XN was verified by asking 
them if they could see clearly during the daylight hours. Those 
reporting XN who had poor or no vision in the evening or at 
night, but who had no difficulty seeing during the day were 

defined as night blind cases and were eligible for enrolment in 
the study. 

S tudy  design 

A population-based, pair-matched, case-control design was used 
to examine risk factors associated with XN. Cases and controls 
(n = 117 pairs), for the present analysis. were restricted to the 
cohort of pregnant women derived from the placebo armof 
those enrolled in the maternal supplementation trial. After the 
initial five prevalent cases with pre-existing XN identified in the 
first week of surveillance, the remaining were all incident cases. 
For each verified case, a control was randomly selected from a 
list of non-night blind pregnant women from the 19 VDC and 
matched with the case with respect to months pregnant at the 
time of enrolment. Three women initially assigned control status, 
but who subsequently developed XN in pregnancy, were re- 
designated as cases, randomly assigned a matched control, and 
interviewed and examined a second time as a case. 

After selection, cases and controls were visited in their homes 
within a week lor an interview and examination. Data were 
collected on women's previous 7-day frequency of intake of 
certain vitamin A foods and morbidity history, breastfeeding 
practice, previous hinory of XN, and a number of household 
characteristics and socioeconomic status (SES). Capillary 
blood was drawn by finger stick for serum retinol. p-carotene, 
and haemoglobin (Hb) estimation. Anthropometric assessment 
included weight, height, mid upper arm circumference (MUAC), 
and triceps skinfold (TSF), using the methodology described 
by ~ i b s o n . ' ~  Arm muscle and fat area were calculated using 
the formulas given by ~ibson.'' Wasting status was assessed 
by calculation of the body mass index (BMI) (wt [kgllht2[ml). 
Blood was collected in microtainers and stored in ice in the 
field, centrifuged within 4-5 h of collection, and the serum ob- 
tained stored and transported in liquid nitrogen to the Center 
for Human Nutrition Laboratory of the Johns Hopkins Uni- 
versity in Baltimore, USA. Once in Baltimore, serum samples 
were stored in a -70°C freezer until the time of analysis. Retinol 
and B-carotene were analvsed bv the reversed ohase HPLC 
method. Haemoglobin concentration was measured using a 
portable, photometric haemoglobinometer (HemoCue Inc., 
Mission Viejo, California, USA). Severe anaemia in women was 
treated with 30 days supplement of iron-folate. Serum retinol 
and p-carotene values were available for 108 pairs: missing 
values resulted either due to refusal to give blood or insufficient 
quantities of serum collected and this occurred randomly in 
cases and controls. 

Statistical analysis 

All analyses were performed in SAS version 6.1 (SAS Institute 
Inc., Cary, North Carolina, USA). Frequency distributions, stem 
and leaf plots, histograms and scatter plots were used to exam- 
ine the central tendencies, ranges and distributions of all continu- 
ous variables such as age, serum retinol levels, anthropometric 
measurements and Hb levels. Frequency distributions ofwtegor- 
ical and ordinal variables were also examined. This was an aid 
in deciding appropriate cutoffs to use for presenting descriptive 
data. Contingency tables were prepared in order to make com- 
parisons between cases and controls by SES factors. weekly food 
intake, weekly morbidity history and other risk factors. To exam- 
ine univariate differences in dichotomous variables between 
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cases and controls, McNemar's odds ratios (OR) using the ratio Table 1 Demographic and socioeconomic rharaaeristin of cases and 
of discordant pairs and test based, 95% confidence intervals (CI) CO""OIS 

were calculated.14 The paired t-test was used to compare the Care Control Matched 
mean differences in continuous variables between cases and (%) (%) odds ratio 95% CI 
controls. 

Multivariate conditional logistic regression analysis that cal- 
culated maximum likelihood estimates14 was done to examine 
the associations between risk factors and case-control status. 
Case status was the dependent variable. while main effects exam- 
ined were vitamin A food intake. serum retinol, anthropometric 
and Hb measurements, and past 7-day morbidity history, 
controlling for the confounding effects of some variables like 
MUAC, and SES. The OR estimates were calculated from the 
logistic regression parameter estimates and 95% CI from their 
standard errors by published methods.I4 The independent vari- 
ables were entered into the models as dichotomous or indicator 
variables when they were categorical. 

G u t t m a n  scaling of socioeconomic s t a t u s  

Guttman scaling. also known as scalogram analysis or cumulat- 
ive scaling, was used to develop an SES scale using household 
SES  characteristic^.'^ This procedure is designed to ordei both 
items and subjects with respect to some underlying cumulative 
dimension. Guttman analysis was done with the SAS version 
5.1 (SAS Inc.) PROC Guttman procedure using various com- 
binations of dichoto,,,ized SES ~f~~~ several iterations ' High: Brahmin or Chetri. Low: Vairhya or Shudra. Other: Muslim and 
of this procedure, using various possible combinations of SES Buddhist. 

items. the combination of variables that produced the best scale Identifier odds ratios with 91% CI that excludc 1.0. 

was ownership of (a) land (b) cattle (c) upper storey to the house One kattha = 0.034 hectare or 0.084 acre. 
Di~hotomiz~d Gullman scale ( c 2  venur 22) ranging irom 0 to 4 ncated 

and (d) cart. A five-point scale that ranged from 0 to 4, was of land, ca,rle, upper floor and car,. 
computed by summing the four SES dichotomous variables. 
This scale was further dichotomized into <2 versus 2 2  in order 
to classify families into low and high SES groups. This dicho- 
tomous variable correlated well with other indicators such as breastfeed during pregnancy; about 70% of the multlparous 
literacy and caste and was used in the multivariate analysis to women had breastfed their previous child into the current 
control for SES. pregnancy. 

The mean serum retinol level of cases was significantly lower 
Ethical  app rova l  (by -0.30 pmolll [I pgldl = 0.035 pmolll]) than of controls; 
Approval to conduct the study was obtained from the Nepal cases were four times more likely to have serum retinol levels 
Health Research Council, Kathmandu Nepal, and the Committee <0.70 pmolll and almost three times more likely to have serum 
on Human Research at the Johns Hopkins School of Hygiene retinol levels <1.05 pmolll (Table 2). A single case who had 
and Public Health, in Baltimore, MD. USA. Verbal consent was treated herself with vitamin A and whose serum retinol was 
obtained from each subject before enrolling them in the study. 3.09 pmolll was excluded from this analysis. Mean p-carotene 

levels were extremely low in both cases (0.22 eunolll) and con- 
trols (0.24 pmolll) and did not vary significantly by case-status. 

Results A large proportion of women in both groups (46% of cases and 
Cases and controls were similar with respect to age and the 26% of controls) had p-carotene levels that were undetectable 
number of previous pregnancies but varied by SES (Table 1). (<0.035 pmolll). However, cases were three times more likely 
Night blind women were less likely to be literate than controls, to have undetectable p-carotene levels than controls. 
(OR = 0.47, not statistically significant), belonged to the low Women with XN were more likely to have low anthropo- 
Hindu-Vaishya or Shudra castes (OR = 4.0), were less likely to metric status reflected by lower body weight (-2.57 kg), BMI 
own large plots of land (OR = 0.31). have an upper storey to (-0.79). MUAC (-0.88 cm), and constituent upper arm muscle 
their house (OR = 0.44). and were twice as likely to have homes (-182 mm2) and fat (-1 14 mrn2) areas (Table 3). While cases 
made from mud and thatched walls or roofs than their controls. were 1.3 cm shorter in height than controls, this difference was 
Using the Guttman scale case households were half as likely not satistically significant. Haemoglobin levels among cases were 
as control households to be of higher SES. lower, on average by 0.67 gldl. and three times more likely to 

The mean gestational age of both cases and controls at the time be <7 gldl (representing severe anaemia) than controls (95% 
of the home-based assessment was 7 months. Cases were 4.5 CI : 1.25-7.23). 
times more likely (95% C1 : 2.2-9.0) to report XN in a previous Cases were 2-3 times less likely to have consumed both 
pregnancy than controls. Both groups were equally likely to preformed and carotenoid sources of vitamin A in the pasr week 
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Table 2 Serum retinoi and fi-carotene levels of carcr and controls 

Care Control 
in  = 85) ln = 90) Mean difta ~ - - ~ ~ ~ ~  

Mean (SD) (SD) (n = 107 pairs) SE P-valueb 

p-carotene (vmolli) 0.22 (0.37) 0.24 (0.37) -0.02 0.04 NS 
Case (%) Control (Oh) Matched odds ratio 95% CI 

Serum retinoi (<0.7 pmoili) 51.8 21.0 4.0' 12.17-7.37) 

Care-control. 
Using paired t-rest. 
ldcntifies oddr ratios with 95% CI that exclude 1.0. 

Table 3 Malchcd mean difference in anthropomctric and haemogiobin measurements between cases and controls 

Case Control 
Mean (SD) Mean (SD) Mean Diff.a SE P-valueb 

Case-controi. 
"sing paired i-test. 

than controls (Figure 1). The relationship was apparent through- 
ou t  the  year. but strongest and statistically significant only 
in the summerlmonsoon months of April-September. In the 
winter months of  Octuber-March, cases and col~trols were equ- 
ally likely to have consumed meat and fish sources of vitamin A 
but in the summer, cases were less likely to eat these foods than 
controls. Milk and milk products (whey and cream) and pro- 
vitamin A sources (DGLV and mango) were protective year- 
round but significanriy so only in summer. The protective effect 
was mainly driven by milk and DGLV consumption. 

Seven-day morbidity histories obtained at the  time of the XN 
episode in cases (but during a corresponding gestational time 
in  controls) showed that cases were 2-3 times more likely to 
report symptoms of  urinary/reproductive tract infections that 
included lower abdominal pain, vaginal discharge and painful 
and burning urination, diarrhoealdysentery, and symptoms of 
nausea. vomiting o r  poor appetite than controls (Table 4). These 
symptoms were reported more frequently by cases than con- 
trols earlier in pregnancy; -10 weeks prior to cases developing 
XN. Women who went o n  to become cases were also more 
likely to  have reported symptoms of eclampsia (convulsions) or 
pre-eclampsia (swelling of hands or face) in the previous week 
(OR = 2.51, 95% C1 : 1.13-5.67). 

Multivariate conditional logistic regression analysis that 
included in the  model all four classes of risk factors associated 
with XN, namely diet (weekly vitamin A food intake, using milk 
and dark preen leaves-thr two foods that had the most con- 
sistent protective effect agaillst XN), protein-energy nurritiooal 

Vitsmin A Foods 

Figure 1 Oddr of consuming combinations of foods rich in vitamin A 
in thr past week by reason among carer of maternal night blindness 
reiativc to non-night blind pregnant controls 

'Oddr ralior adjusted for mid upper arm circumlercncc and socioeconomic 
I C ~ ~ L .  using cunditioilai iogirtic regrerriun. 

DGLV--dark green icafy vcgetabler. 

status (MUAC), anaemia (Hb). and morbidity (positive weekly 
history of lower abdominal pain. diarrhoealdysentery o r  nausea) 
as independent variables. showed that OR associated with each 
class of factors were significant alter adjusting for each others' 
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Table 4 Prevalence of morbidity symptoms in the previous week among cases and controls 

During night blindness Prior to night blindnessa 
Morbidity Case (%) Control % Case % Control %  OR^ 

a Morbidily history collected -10 weeks prior lo carer developing night biindnerr. 
~ ~ 

Odds ratios (OR1 adjusted for mid upper arm circumference. rodocconomic scale and age of the woman uring conditional logistic regression 
Any lower abdominal pain, painful urination or vaginal discharge. 
Identifies OR wirh 95% CI that exclude 1.0. 
Any convulrionr or swelling of handrlface. 

Table 5 Relative contribution of weekly diet (vitamin A food intake). 
acute protein-energy malnutrition (mid upper arm arcumlerence 
[MUACI). anaemia (haemogiobin [Hbl) and morbidity as risk factors 
for night blindness during pregnancy 

Independent variables Odds ratioa 95% CI 

a Adjuaed uring conditional iogirlic regression. 
vilamin A foods: frequency of milk or dark green ieaves consumption in the 
nar, w r r k  -. . . . -. . . . 
' Identifier odds ratios with 95% Ci that exclude 1.0. 

Morbidity: any lower abdnominui pain. diarrhoealdyrcntery or nausea in 
the part week during XN episode in cares. 

effects (Table 5). Removing any one of the variables from the 
model left virtually unchanged the OR estimates for the other 
covariates, indicating that all four risk factors were inde- 
pendently and strongly associated with XN in pregnant women. 

Discussion 
Night blind pregnant women were vitamin A-deficient, having. 
on average. a serum retinol concentration -33% (0.30 pmol/l) 
lower than non-night blind controls of similar gestational age. 
Half of the cases had serum retinol levels <0.70 pmolll mm- 
pared to only one-fifth of controls. On matched-analysis, cases 
had a fourfold higher risk of hyporetinaemia than controls. 
Although serum p-carotene levels were exceedingly low in both 
groups of women, the odds of an undetectable level was three- 
fold higher in cases relative to controls. A heightened risk of 
vitamin A deficiency with XN is fully consistent with experi- 
mental data showing vitamin A depletion to cause retinal 
rod cell dysfunction in animals,i6 impaired dark adaptation in 

and clinical studies in children showing a high risk 
of hyporetinaemia with XN, and rapid and definitive cure or 
effective prevention with vitamin A supplements.19 However, 
excessive risk of XN persisted in pregnant women at serum 
retinol levels of 0.70-1.05 pmolll. suggesting that symptoms 

can arise in the presence of physiologically significant and ac- 
ceptable levels of circulating retinol. This suggests that the 
standard cutoff of C0.70 pmol/l specified by the World Health 
Organization, as applied typically to children,20 may be inappro- 
priate for pregnant women. Notably, classic, controlled depletion 
studies in adults revealed impaired dark adaptation at serum 
vitamin A levels of 0.70-1.05 pm0111~~"~ and. in Indonesia, 
-20% of vitamin A-responsive night blind children had initial 
serum retiriol levels >0.70 p~nol l l?~  

The relatively late gestational appearance of XN (-7 months) 
is consistent with the small additional requirement for vitamin 
A by women confined mostly to the third trimester.22 Maternal 
plasma retinol typically decreases during ~ r e ~ n a n c / 2 > ~ ~  due 
to plasma volume expansion. However, in poor, undemour- 
ished populations this dedine 'may reflect more than normal 
haemodilution. Women habitually consuming basal amounts or 
less of vitamin A are likely to have very poor reserves, and in 
the absence of dietary improvement during pregnancy, may fail 
to meet the additional requirements of pregnancy, panicularly 
during the third trimester.khysiological changes combined with 
a high risk of infection could precipitate acute vitamin A defici- 
ency and lead to XN late in pregnancy. 

Other conditions, however, may increase the risk of gesta- 
tional XN. Protein-energy malnutrition (PEM) could contribute 
to XN by reducing retinol-binding protein synthesis and thereby 
decreasing the transport of retinol from the liver into drcula- 
tion.28.29 It could also lower synthesis of opsin-the protein 
moiety of the rod photoreceptor pigment (rhodopsin) in the 
retina-which could lead to impaired dark adaptation.16 Night 
blind women in Nepal were more severely malnourished than 
their controls by all anthropometric indicators. Elsewhere, low 
protein-energy status has been associated with hyporetinaemia 
in pregnant ~ndonesian, '~ ~ i ~ e r i a n ~ '  and ~ a v a j o ' ~  women, 
though not to a level that manifested XN. In India, mildly xero- 
phthalmic pregnant women had lower mean weight (43 versus 
51 kg) and height (146 versus 153 cm) than non-xerophthalmic 
ones." A deficiency in zinc, which is required for dark adapta- 
t i ~ n , ' ~ . ' ~  could also explain the occurrence of XN in the pres- 
ence of adequate vitamin A status in populations such as rural 
Nepal, where intakes of meat and fish (sources of zinc) are low 
and dietary levels of inhibitors of zinc absorption (e.g. phytates 
from grains) are high.36 Interim findings of the large trial in 
Nepal suggest incomplete efficacy of weekly, low-dose vitamin A 
supplementation in preventing XN in pregnancy (Christian el 01.. 
unpublished data). 
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Night blind women consumed vitamin A-rich foods (e.g. 
milk, snail, fish, dark green leaves, etc.) less frequently than con- 
trols late in pregnancy when XN was apparent, especially in the 
premonsoon and monsoon 'summer' (April-September). P r e l i -  
inary observations suggest that the occurrence of XN is highest 
during the summer months, when the number of pregnant 
women in the last trimester also peaks. Lower availability and 
higher prices of some of these foods during this time of year 
may partly explain the seasonally decreased intake. 

Cases were at higher risk of anaemia than controls, support- 
ing previous evidence that vitamin A deficiency contributes to 
low haemoglobin levels.'9 Xerophthalmic pregnant women in 
India had lower haemoglobin levels (8.3 gldl) than their non- 
deficient peers (10.8 g/d1),33 similar to the differences observed 
in our study (8.9 versus 9.6 gldl). The association could be in- 
direct, paralleling a poorer overall nutritional status of night 
blind women, but could also be causal, illustrated by a significant 
haemoglobin response to vitamin A supplementation observed 
in pregnant Indonesian women.37 

Night blind women were more susceptible to jllness, both 
infectious (e.g. symptoms of urinary and possibly reproductive 
tract mfections, diarrhoea and dysentery) and non-infectious 
(e.g. symptoms of pre-eclampsia or eclampsia, and poor appetite, 
nausea and vomiting). Cases were aiso at greater risk than con- 
trols of morbidity (except for diarrhoealdysentery) when they 
were assessed 2-3 months earlier in pregnancy; a time that pre- 
ceded their enisode of XN. This estimate of antecedent risk lacks 
any bias that otherwise could attend morbidity ascertainment at 
the time cases were night blind. It, thus, could represent effects 
of subclinical vitamin A deficiency, other predisposing nutritional 
deficiencies and health risks, as well as, possible (bi-directional) 
effects of early prcgnancy morbidity on later vitamin A status. 
Vitamin A deficie;icy has been a long established risk factor 
for infection, and vice versa. especially with respect to persistent 
diarrhoea and measles in children19 but evidence of this asso- 
ciation in pregnant women has been scant except among HIV- 
infected  subject^.^^.'^ Pre-eclampsia or toxaemia in pregnancy 
has been occasionally associated with vitamin A deficiency and 
night b ~ i n d n e s s . ' , ~ ~ , ~ ~  Stronger evidence has emerged in recent 
years linking low circulating levels of  carotene,^',^^ a known 
antioxidant. and serum vitamin to pre-eclampsia. Infection 
has only infrequently been associated with vitamin A deficiency 
in women. Bacteriuria, suggestive of urinary tract infection, was 
observed in -80% of pregnant :,(<>men presenting with nyctalo- 
h e m e r a ~ o ~ i a ? ~  Lowered vitati;in A status during piegnancy has 
also been shown to increase susceptibility to reproductive tract 
infection in the puarperium in US w0men.4~ while a higher 
vitamin A intake has been linked to a decreased risk of diarrhoea 
in Bangladeshi w o t i ~ c n . ~ ~  

We conclude that night blind pregnant women in rural South 
Asia are exposed ta an excess risk of vitamin A deficiency, a 
known ; roximai determinant of this condition. In addition. and 
independent of their vitamin A status, night blind women 
may be anaemic, acutely malnourished with respect to protein. 
energy and (likely) other micronutrients such as zinc, and prone 
to increased risk of infectious and non-infectious illnesses 
throughout pregnancy. To our knowledge, this is the first 
population-based repurt of increased risk of morbidity asso- 
ciated with XN during pregnancy. A low social standing and 
poverty appcar to contribute to this multifaceted syndrome. 

However, a simple history of maternal XN may help to identify 
high-risk pregnancies and should be included in antenatal 
assessment and care programmes on the Indian subcontinent. 
Based on this evidence, treatment for XN in pregnancy should 
include vitamin A (although treatment regimens have not been 
established and efficacy may only be partial). In addition, night 
blind women may require additional nutritional and antenatal 
care not previously considered. 
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Hyporetinolemia, illness symptoms, and acute phase protein 
response in pregnant women with and without night blindness1" 
Parul Christian, Kerry Schulze, Rebecca J Srolrzfus, and Keirh P West Jr 

ABSTRACT We examined the association among elevations 
in acute phase proteins, reported illness, and hyporetinolemia in 
234 pregnant Nepali women with (cases) and without (controls) 
night blindness. Serum a,-acid glycoprotein (AGP) and C-reac- 
tive protein (CRP) were inversely associated with serum retinol 
concentrations. Elevations in the concentration of CRP in both 
cases and controls and of AGP in cases were associated with 
significant reductions (-0.2-0.3 p o l / L )  in serum retinol. The 
risk of a low serum retinol concentration (< 0.7 &mol/L) with 
elevated AGP (2 1 a) and CRP ( 2 5  mgL) concentrations was 
significantly higher in cases (odds ratios = 8.6 and 4.3, respec- 
tively) than in controls (odd ratios = 1.9 and 2.4, respectively). 
A 7-d morbidity history indicated that cases were significantly 
more likely than controls to report symptoms of infections of the 
urinary, reproductive, and gastrointestinal tracts. Only a few of 
these symptoms (diarrhea, nausea, and vomiting) were signifi- 
cantly associated with low serum retinol concentrations. Illness 
in the previous week and elevated CRP or AGP concentrations 
were synergistically associated with lower serum retinol. For 
example, the reduction in serum retinol in women with diarrhea 
and elevated AGP was D.54 pmol/L, compared with a reduction 
of 0.03 @moIiL in those with diarrhea only. AGP and CRP may 
provide useful information about the effect of reported illness on 
hyporetinolemia in pregnancy. Infection-related hyporetinolemia 
may predispose women to night blindness during pregnancy in 
Nepal. Am J Clin Nutr 1998:67:123743. 

KEY WORDS Night blindness, acute phase proteins, mor- 
bidity, hyporetinolemia, pregnancy, Nepal, retinol, vitamin A, 
a,-acid glycoprotein. C-reactive protein, women 

INTRODUCTION 

serum retinol during an infection may be related to a transient 
reduction in the production of retinol binding protein (14), a loss 
of holc-retinol binding protein in the urine (15, 16) and in exua- 
cellular fluid (7), and an increased uptake of retinol by certain 
tissues (17). These responses may be set in motion by proin- 
flammatory cytokines, which are produced early in response to 
the infectious stimulus (18, 19) and which in turn initiate the 
acute phase response characterized by the enhanced production 
of serum proteins such as a,-acid glycoprotein (AGP) and C- 
reactive protein (CRP) by the liver. Positive acute phase proteins 
are defined as proteins whose concentrations increase by 225% 
during infection, inflammation. or trauma (18-20). 

Elevations in serum acute phase proteins have been used to 
indicate the presence of subclinical infection. Serum retinol and 
positive acute phase proteins have been shown to be negatively 
correlated in Ghanaian children (5). In this study an elevation in 
AGP was associated with a 24% decrease in mean serum retinol. 
This suggests that when serum retinol is used to assess vitamin 
A status, it may be important to characterize the acute phase pro- 
tein response in individuals because infection-induced hypo- 
retinolemia may affect the interpretation of serum retinol values. 

The relation between infection and vitamin A status in preg- 
nancy is unclear and the available evidence is primarily cross- 
sectional. Puerperal morbidity in US women was associated with 
lower vitamin A intakes as well as lower serum vitamin A con- 
centrations throughout pregnancy (21). In Indian women with 
toxemia, mean serum retinol and carotene concentrations were 
lower than in healthy women in their third trimester of preg- 
nancy (22). Cross-sectional data show that HIV-l-infected preg- 
nant women who were vitamin A deficient were more likely to 
pass on the infection to their infants than were infected women 
who had higher serum retinol concentrations (23). 
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We conducted a population-based, case-control study of the 
risk factors of night blindness during pregnancy in the south- 
eastern plains of Nepal (24). where the prevalence of this condi- 
tion is reported to be high (25). The mean serum retinol concen- 
tration was lower by 0.30 pmolL and the risk of being 
hyporetinolemic (serum retinol < 0.7 pmolb)  was four times 
greater (95% CI: 2.2, 7.4) in cases than in pregnant controls 
without night blindness (24). However, women with night blind- 
ness were also more likely to have been ill, suggesting that mor- 
bidity may have contributed to their low serum retinol concen- 
trations. The role of infection as an underlying cause of vitamin 
A deficiency may not be recognized if information on morbidity 
is not taken into account. In this paper we present 1 )  the associ- 
ation between serum retinol concentrations and concentrations 
of acute phase proteins (AGP and CRP) in women with and with- 
out night blindness. 2) the relation between night blindness and 
reported history of morbidity in the previous week, 3) the asso- 
ciation of morbidity with elevations in acute phase proteins and 
hyporetinolemia, and 4) the influence of reported morbidity 
symptoms when associated with an acute phase protein response 
on low serum retinol concentration. 

SUBJECTS AND METHODS 

A population-based case-control study was conducted in 
1994-1995 to examine risk factors of night blindness during 
pregnancy in Nepal. Ethical approval was obtained from the 
Nepal Health Research Council and the Johns Hopkins Commit- 
tee on Human Research. The case-control study was nested 
within a randomized, double-masked, maternal vitamin A and 
p-carotene supplementation trial being conducted in the Sarlahi 
district of Nepal. The supplementation trial was designed to 
assess the effect of supplementation on fetal, infant, and maternal 
mortality. Weekly dosing for this trial was done by female dis- 
tributors who also identified new pregnancies and women with 
night blindness through a weekly assessment of the history of 
night blindness in the study area. A woman's history of night 
blindness was verified by probing further for symptoms of poor 
vision at dusk and at night. Only women who had poor or no 
vision at night but could see clearly during the day were enrolled 
as cases in the study. Controls, matched for gestational month of 
pregnancy, were picked randomly from a pool of all other preg- 
nant women without night blindness in the study area. A home- 
based assessment of cases and controls was done within 1 wk of 
enrollment. The assessment included collecting a 7-d history of 
the frequency of food intake and morbidity, taking anthropomet- 
ric measurements, and drawing capillary blood for biochemical 
analyses. Over a period of 15 mo, 117 pairs of cases and controls 
were enrolled in the study. 

In the morbidity recall, women were asked the number of days 
they suffered from 19 different symptoms in the past week. Only 
13 symptoms are reported here because the proportions of 
women reporting the other 6 symptoms were <5%. Anthropo- 
metric assessment included measurement of weight, height, 
midupper arm circumference, and triceps skinfold thickness with 
methods described by Gibson (26). Blood was collected in 
Microtainer collection tubes (Becton-Dickinson, Franklin Lakes, 
Nl) and stored on ice in the field and centrifuged at 1530 X g for 
10 min at room temperature within 4-5 h of collection; the serum 
obtained was stored and transported in liquid nitrogen to the 
Center for Human Nutrition Laboratory of the Johns Hopkins 

University in Baltimore. Once in Baltimore, the serum samples 
were stored at -70" until analyzed. 

Serum analysis 

Retinol was analyzed by reversed-phase HPLC with a Beck- 
man System Gold column (Beckman, Columbia, MD), a 110 
pump system, a Beckman 167 detector, and a 710B Waters 
Autosampler (Waters. Milford, MA). The mobile phase was 83% 
acetonitrile. 13% dioxane, 4% methanol with 0.15 mol ammo- 
nium acetate& added to the methanol, and 0.1% triethylamine. 
The detector wavelengths were 450 nm for P-apo-8'-carotenal 
(internal standard) and 325 nm for retinol and retinyl esters. 

Retinol was extracted by using ethanol and hexane solvents 
and the residue allowed to dissolve in 100 pL of the mobile 
phase. A portion (20 pL) of the sample was injected into the 
HPLC system. The concentration of retinol was calculated by the 
ratio of the internal standard to that of the sample by using the 
areas under the peak on the chromatogram. Known concentra- 
tions of pooled serum samples were run with the unknown sam- 
ples simultaneously. A standard reference material (SRM 968b) 
of known retinol concentration from the Standard Reference 
Material Program of the National Institute of Standards andTech- . 
nology (Gaithersburg. MD) was used for standardizing the assay. 

Serum AGP was analyzed with a competitive, time-resolved, 
fluorescent immunoassay method based on the enzyme-linked 
immunosorbent assay method reported by Filteau et a1 (27). 
A 1:8000 dilution of anti-AGP (Dako Corp, Carpinteria, CA) in 
bicarbonate buffer, pH 9.6, was bound to microwells. Then 
25 p,L of standards (Behring Diagnostics Inc. Westwood, MA) 
and samples, diluted 1:1000 in tris-HCL buffer, pH 7.8, was 
added to each microwell with an equal volume of biotinylated 
AGP diluted 1:8000 in tris-HCL buffer, pH 7.8. After a 
2-h incubation, europium-labeled streptavidin (Wallac Inc. 
Gaithersburg, MD) was added to each microwell. The fluores- 
cence of each well was determined in an Arcus fluorometer 
(Wallac) and standard curves were developed for each 
microplate. Biotinylated AGP was prepared by incubating puri- 
fied AGP (Sigma, St Louis) in a sodium acetate-sodium perio- 
date solution, pH 4.5, in a ratio of 2 glL. Excess periodate was 
removed with a PD-I0 column, and biotin hydrazide was added 
and the mixture incubated at 37OC for 2 h. Excess biotin was 
removed by dialyzing the solution overnight in tris-buffered 
saline. 

Serum CRP was determined by using a commercial enzyme- 
linked immunosorbent assay kit (Hemagen Diagnostics, 
Waltham. MA). Standards, controls, and serum were diluted 
(1:101) and pipetted into microwells bound with goat anti- 
human-CRP. Rabbit anti-CRP conjugated with horseradish per- 
oxidase was used as the second antibody. On activation with 
3,3',5,5'-tetramethylbenzidine, plates were read at 450 nm. 
Serum retinol. AGP, and CRP values were available for 226,223. 
and 221 of 234 women, respectively. Missing values were either 
due to a subject's refusal to give blood or the collection of insuf- 
ficient quantities of serum. 

Statistical analysis 

Geometric means and 95% CIS for AGP and CRP were calcu- 
lated by performing a logarithmic transformation of the data for 
analysis. The resulting values are presented here in their original 
units. The logarithmic transformation was done to normalize the 
skewed distribution. Student's t tests were used to compare mean 
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serum retinol concentrations stratified by elevated and normal 
acute phase protein concentrations. Pearson's correlation'coeffi- 
cients were calculated between the log-transformed values of 
serum retinol and AGP and CRP concentrations. Odds ratios 
(ORs) and 95% CIS were calculated to examine the association 
between dichotomized acute phase protein concentrations and 
low serum retinol concentrations (using <0.7 wmol/L as the cut- 
off). The cutoffs for elevations in AGP and CRP were set at con- 
centrations of 5 1 @ (5) and 5 5  m a ,  respectively. The cutoff 
for CRP was set lower than the more frequently used value of 
5 LO m g L  (28) because concentrations of this protein in our 
study women tended to be lower than expected in populations 
with high levels of infection. The cutoff of 2 5 m g L  was used 
previously in a study examining acute phase protein concenua- 
lions of healthy, pregnant Norwegian women (29). 

To examine univariate differences in dichotomized morbidity sta- 
tus by case-control status, McNemar's matched OR, with the ratio of 
discordant pairs. and test-based 95% Cls were calculated (30). Chi- 
square and Fisher's exact statistics (when the cell size was less than 
five) were calculated to make comparisons between proponions of 
women with elevated AGP or CRP and low retinol concentrations 
among asymptomatic women and women with individual symptoms 
in the previous 7 d. 

Multiple Smear regression analyses were done with continuous 
serum retinol concentration as the dependent variable and diarrhea. 
nausea, fever, and productive cough as explanatory variables. These 
symptoms were selected because they were significanily associated 
with serum retinol or acute phase proteins in the bivariate analysis. 
Vaginal discharge, headache, and dysentery, also found to be signifi- 
cant in the bivariate analysis, were neither significant nor did they 
change the parameter estimates of the other variables in the model 
and were therefore excluded in the multivariate analysis. Separate 
models were run with dimhea, nausea and vomiting, cough, and 
fever recorded as indicator variables. These indicator variables were 
categorized into three groups: I) individuals with an illness symptom 
and a normal acute phase protein concentration. 2) individuals with 
the same symptom accompanied by an elevated acute phase protein 
concentration, and 3) the reference group, defined as individuals 
without a history of that symptom. Each model was adjusted for the 
presence of the other illness symptoms, gestational age at the time of 
the assessment in weeks, and midupper arm circumference. Results 
of the multivariate analyses are presented for cases and convols 
combined because the parameter estimates were nearly identical 
when analyzed separately. All analyses were performed with 
SASiPC' version 6.11 (SAS Institute Inc, Cary, NC). 

TABLE 1 
Characteristics of pregnant women with (cases) and without 
(controls) night blindness 

Cases Controls 
(n = 117) (n = 117) 

Age (Y) 24.9 15.0' 24.2 1 4.9 
Gestational age at the 
time of assessment (wky 29.7 f 6.6 30.1 1 6.9 

Previous pregnancies >2 (%) 44.8 47.1 
Literate (%) 5.9 12.6 
Serum retinal (~rmolL) 0.72 * 0.41' 1.03 f 0.39 

'Xf SD. 
Cases and controls were matched for gestational age in months. 
' Significantly different from controls, P < 0.001. 

RESULTS 
Cases and controls had similar mean ages and number of pre- 

vious pregnancies and were assessed at -30 f 7 wk of gestation 
(Table 1). The mean serum retinol concentration was 
-0.3 pmol/L lower in cases than in controls. The geometric 
mean (and 95% CI) concentrations of acute phase proteins were 
0.6g/L(0.2, 1 .6g /L) fo rAGPand2 .8m~(0 .5 .  15.6mgL)for 
CRP in cases and 0.52 gL (0.2, 1.4 g/L) for AGP and 2.6 m a  
(0.5, 14.4 mgJL) for CRP in controls. The proportions of women 
with elevated AGP ( 2  1 g/L) and CRP ( 2 5  m a )  concentrations 
among all women were 13.8% and 18.1%. respectively. The pro- 
portion with elevated CRP tended to be higher (although not 
significantly so) in cases (22%) than in controls (14%), but the 
rates of elevated AGP were not significantly different (15% com- 
pared with 12% in cases and controls, respectively). Acute phase 
protein concentrations did not vary with gestational age at the 
time of the assessment (r  = -0.09 for AGP and 0.08 for CRP; 
P 5 0.05). Serum retinol concentrations, on the other hand, were 
negatively correlated with the gestational age of women at the 
time of assessment ( r  = -0.28, P < 0.001). 

There was a negative correlation between serum retinol and 
acute phase proteins that appeared to be stronger with CRP than 
with AGP. For AGP, the correlation coefficients were -0.17 
(P  = 0.079) and -0.08 (P  = 0.41) in cases and controls, respec- 
tively. For CRP, these values were -0.36 (P  < 0.001) and -0.33 
(P < 0.001). respectively. The correlation between serum 
CRP and AGP concentrations was high (0.48, P < 0.001). 

The mean serum retinol concentration was significantly lower 
by 0.2-0.3 pnol/L in cases with elevated AGP and CRP concen- 
trations (Figure 1). Among controls, elevated CRP concentra- 
tions were associated with a significant reduction in serum 
retinol by 0.22 p,mol/L but elevated AGP concentrations were 
not significantly associated with serum retinol. Women with ele- 
v a t e d k ~ ~ o r  CRPconcentrations (cases and controls combined) 
were -3.5 times as likelv to have a serum retinol concentration 
<0.7 pmolfl. than women who did not have elevated concentra- 
tions of these proteins (Table 2). The risk of a low serum retinol 
concentration associated with elevated AGP and CRP was higher 
among cases than controls. This difference between cases and 

Case Conlml Case Control 

FIGURE 1. Relation between SCNm .concentrations of acute phase 
proteins and retinol by case-control status (for which cases were pregnant 
women with night blindness and controls were pregnant women without 
night blindness). AGP, 0,-acyl glycoprotein: CRP. C-reactive protein. 
'Significantly lower than in women in whom AGP or CRP concentrations 
were not elevated (ie. < 1 glL and <5 m&, respectively). P c 0.05. 
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TABLE 2 
Odds ratio (OR) of low and low-to-moderate serum retinol concentrations associated with elevated a,-acyl glycoprotein (AGP) and C-reactive protein 
(CW) concenuations by case-control status 

AGP2lgR. AGP<lgR. OR (95% CI) CRP 25  mgR. CRP <S mgR. OR (95% CI) 

n (%J n f%J n (%I n (%J  
Serum retinal< 0.7 pmolL 

Cases 15 (88.2) 43 (46.7) 8.55 (2.24.32.7) 18 (78.3) 38 (45.8) 4.26 (1.49. 12.09) 
Conuolr 4 (30.8) 18 (19.2) 1.88 (0.55,6.48) 5 (33.3) 16 (17.2) 2.41 (0.76. 7.73) 
Total 19 (63.3) 61 (32.8) 3.54 (1.60,7.79) 23 (60.5) 54 (30.7) 3.46 (1.69.7.09) 

Serum retinal< 1.05 @molL 
Cases 17 (1W.O) 67 (72.8) 6.34 (1.01,40.03) 20 (86.9) 63 (75.9) 2.12 (0.M). 7.31) 
Conuols 5 (38.5) 53 (56.4) 0.5 (0.15, 1.52) 10 (66.7) 50 (46.2) 1.72 (0.57.5.19) 
Total 22 (73.3) 120 (64.5) 1.51 (0.65.3.51) 30 (78.9) 113 (64.2) 2.09 (0.92,4.74) 

controls is not surprising considering that the serum retinol con- 
centrations of the cases were distributed at much lower values 
(by -0.3 pmolL) than were those of the controls. 

Cases were more likely than controls to have been ill in the 
previous week (Figure 2). Cases were twice as likely t o  report 
symptoms of urinary and reproductive tract infections, such as 
lower abdominal pain and painful and burning urination; two to 
three times as likely to report nausea, vomiting, and low 
appetite; and 14 times as likely to report diarrhea (watery stools 
for 24 d). The odds of reporting other morbidity symptoms such 
as convulsions, vaginal discharge, and dysentery were higher in 
cases than in controls, but the differences were not significant. 

We next examined the association between the women's 
7-d morbidity history and elevated proteins and low serum 
retinol ( ~ 0 . 7  pmolL) in cases and controls combined (Table 3). 
The reference group was women who were asymptomatic 
(n = 49; 22%). ie, those who did not report any of the 13 mor- 
bidity symptoms in the previous week. Comparisons were made 

had elevated AGP concentrations than did asymptomatic women. 
Similarly, CRP concentrations were significantly elevated in 
women with symptoms of dysentery, high fever, headache, or 
vomiting in the previous 7 d compared with asymptomatic 
women. A significantly higher proportion of women had low 
serum retinol concentrations if they had diarrhea, nausea, or 
vomiting in the previous week than if they were asymptomatic. 

Results of the multivariate regression analyses are presented as 
estimated serum retinol concentrations in individuals with an ill- 
ness symptom with and without elevated AGP or CRP concentra- 
tions, after other illness symptoms, gestational age in pregnancy, 
and arm circumference were adjusted for (Table 4). After other 
morbidities were adjusted for. a history of diarrhea was associ- 
ated with serum retinol concentrations that were ~ 0 . 5  pmolL 
lower when AGP or CRPconcentrations were elevated than were 
concentrations in subjects with no history of diarrhea in the pre- 
vious 7 d. Serum retinol remained virtually unchanged when diar- 
rhea was not accompanied by elevated AGP (0.88 compared with 

between &ymptomatic women and women with any symptoms 0.85 pmoUL for subjects with no history of diarrhea and those 
or with individual svmotoms. Sienificantlv more women reoort- with a historv of diarrhea but without elevated AGP. resoectivelv) . . - . . . , 
ing vaginal discharge, diarrhea, high fever, and productive cough or CRP (0.88 compared with 0.77 pmoVL for subjects with no 

1W 

FIGURE 2. Matched odds ratios (ORs) and 95% CIS of repoked morbidity in the previous week among cases (pregnant women with night 
blindness) relative to controls (pregnant women without night blindness). 
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TABLE 3 
Association between reponed 7-d morbidity and serum ntinal and acute 
phase protein concentrations' 

Morbidxty AGP CRP Retinol 
history > Ig/L 55mgR. <0.7 pmolR. 

n f%) n f%) n (9%) 

Asymptomatic 3/47 (6.4) 5/49 (10.2) 14/49 (28.6) 
Any symptom 271176 (15.3) 351172 (20.4) 681177 (38.4) 
Individual symptoms 

Lower abdominal pain 12/1W (12.0) 18/95 (18.9) 431101 (42.6) 
Painful urination 7/51 (13.7) 7/51 (13.7) 16/51 (31.4) 
Vaginal discharge 5/22 (22.7Y 3/22 (13.6) 9122 (40.9) 
Convulsions 4/19 (21.0) 4/18 (22.2) 7/18 (38.9) 
Swelling of hands or feet 3/15 (20.0) 4/15 (26.7) 6/13 (46.2) 
Diarrhea 6/15 (40.OY 4/14 (28.6) 10115 (66.7)' 
Dystentery 1/16 (6.2) 5/15 (33.3)' 8/18 (44.4) 
Kgh fever 6/16 (37.5)' 7/16 (43.8)' 6/16 (37.5) 
Productive cough 16/70 (22.9)' 35/70 (21.4) 22/74 (29.7) 
Headache 9/61 (14.7) 15/60 (25.0Y 20162 (32.3) 
Nausea 10159 (16.9) 13/57 (22.8) 29/60 (48.3)' 
Vomiting 4/22 (18.2) 7121 (33.3)' 13125 (52.0)' 
Low appetite 5/53 (9.4) 1W53 (18.9) 25/53 (47.2) 

' AGP, a,-acyl glycoprotein: CRP. C-reactive protein. 
Significantly different from asymptomatic women. P < 0.05 (chi- 

square and Fisher's exact tests). 

history of diarrhea and those with a history of diarrhea but with- 
out elevated CRP, respectively) concentrations. A history of nau- 
sea or vomiting was associated with a significant decrease in 
serum retinol of 0.13 pmolL,  or 0.4 pmol/L when accompanied 
by elevated ccute phase proteins. A history of productive cough 
was associated with a significantly higher serum retinol concen- 
tration when not accompanied by increased AGP or CRF'concen- 
trations. Fever concomitant with elevated AGP or CRP concen- 
trations was associated with a greater decline in serum retinol 
than was fever alone, but these differences were not significant. 

DISCUSSION 

To our knowledge this is the first study that has examined the 
complex relation between infection, acute phase proteins, and 
serum retinol with respect to night blindness during pregnancy. 
There was a weak association between reported illness and ele- 
vations in serum acute phase proteins or low serum retinol con- 
centrations. Elevated AGP or CRF' concentrations accompanying 
a recent illness, however, were strongly associated with a reduc- 
tion in serum retinol, sometimes of as much as 0.5 pmol/L, as for 
diarrhea. These results suggest that measures of the acute phase 
response, such as concentrations of AGP and CRP, can provide 
additional information when serum retinol is evaluted. The influ- 
ence of morbidity on serum retinol did not differ by case-control 
status, but because cases were more hyporetinolemic and got 
sicker more often and more severely, they were more likely to 
have infection-related decreases in serum retinol. 

Serum retinol and acute phase proteins 

We found lower CRP values than would be expected in a pop- 
ulation with a high prevalence of infection. During acute 
episodes of illness, concentrations of CRP can become dramati- 
cally elevated, peaking as much as 1000 times more than base- 
line values within 48 h of infection and returning to normal 

TINOLEMIA IN PREGNANCY 

TABLE 4 
Estimated serum rctinol concentrations by recent disease status among 
women with and without elevated acute ohase orotein concenvations' 

Serum ntinol 
AGP CRP 

~"o l lL  

Diarrhea 
Absent 0.88 [2201 0.88 12211 
Present without elevated protein 0.85 [9] 0.77 IlOl 
Present with elevated protein 0.34' [6] 0.37' [4] 

Nausea or vomiting 
Absent 0.91 11731 1.05 11751 
Present without elevated protein 0.78' [51] 0.92' I461 
Present with elevated protein 0.46' [I 11 0.62' [I41 

Productive cough 
Absent 0.79 [I651 0.79 [I651 
Present without elevated protein 1.05' [54] 1.M2 1551 
Present with elevated protein 0.90 [I61 0.81 [IS] 

Fcver 
Absent 0.87 [2191 0.87 I2191 
Present without elevated protein 0.85 1101 ~ 0.92 191 

(weeks) of oreanancv at the time of assessment, arm circumference, and . -  . 
other illncrr rymplomr. Elevated acute phae proleln concentrauons were 
defined as follous: a,-acyl gl)coprolem (AGP) 1 I and C-reactive pro- . ~~~ ~ 

tein (CRP) > 5 m a .  Values in the "absent" row are serum retinal concen- 
Rations in the reference category, ie, without svatification for elevated ~. 
acme phuc protern concentr3tions. 

Significanlly dilfcrcnt from women without rllncss. P < 005 

within 1 wk (31). The generally poor nutritional status of this 
population, as well as the long time period (7 d) for a qualifying 
morbidity episode, may have attenuated CRP responses (5). This 
was one of the reasons for choosing the cutoff of 5 mgR. to dis- 
tinguish elevated CRP concentrations, rather than the more con- 
ventional cutoff of 10 m a  (28). Still, the expected inverse rela- 
tion between CRP and serum retinol existed for both cases 
(r  = -0.36) and controls (r  = -0.33). In fact. the magnitude of 
this relation was similar to that found by Filteau et a1 (5) in 
Ghanaian children (r = -0.33, P <0.001). The negative associa- 
tion of serum retinol with CRP was stronger than with AGP for 
both cases and controls. This is plausible because CRF', which is 
elevated to a greater extent during infection, is more reflective of 
a current or recent episode of illness than AGP. CRF' concentra- 
tions peak 48 h after infection and then decline, whereas AGP 
concentrations plateau for -120 h after infection (31). 

The risk of low serum retinol was ~ 3 . 5  times higher in sub- 
jects with elevated AGP or CRP concentrations, a finding also 
shown by Filteau et a1 (5 )  in Ghanaian children. Of interest was 
the apparently higher risk of low serum retinol (<0.7 pmoVL) in 
cases than in controls given an elevated AGP (OR = 8.6 compared 
with 1.9, respectively) or CRP (OR = 4.3 compared with 2.4, 
respectively) concentration. The overall risk of low serum retinol 
was, however, four times as high and the mean serum retinol con- 
centration =0.3 &molL lower in cases than in controls. 

Funhermore, reported morbidity was significantly greater in cases 
than in controls. It is possible that ufections were less severe and 
resolved more quickly in conCrols than in cases and that as a result 
serum reiiol values returned to normal. The degree of decline in 
serum retinol is related to the severity and duration of infection (32). 
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Morbidity and acute phase proteins 
Serum AGP and CRP covaried differently with reported illness 

and serum retinol concentration. Serum AGP concentrations were 
significantly increased in women who reported vaginal discharge, 
diarrhea, high fever, or productive cough in the previous week, 
whereas CRP concentrations were significantly increased in 
women with reponed cough, high fever, severe headache, or vom- 
iting. The different characteristics of the AGP and CRP responses 
may explain why increases in these proteins were not necessarily 
associated with the same morbidities. Fever is a well-known seque- 
lae of an acute phase response and it is not surprising that both 
AGPand CRP concentrations were strongly associated with symp- 
toms of high fever in the past week. Also, the type, severity, and 
duration of infection may determine the nature of the acute phase 
response and its characteristics. We found some evidence of a dose- 
response association between the number of days of reported 
symptoms and mean concentrations of AGP and CRP. For example, 
the mean AGP concentration increased from 0.54 gR. in women not 
reporting fever to 0.69 gR. in those with fever for 1-3 d and to 0.74 
grL in those with fever for 4-7 d (P = 0.12). 

Morbidity and serum retinol 

Morbidity, by reported illness or presence of infection indicated 
by acute phase protein concentrations, was associated with low 
serum retinol, although the relation was observed with only a few 
morbidity symptoms. This association was not found in children 
in northern Ghana aged 6-59 mo (5). In the Ghanaian study, the 
mean serum retinol concentration did not differ between ~hildren 
with diarrhea or vomiting and asymptomatic children. Only in 
children with fever were serum retinolconcentrations significantly 
lower. In contrast, we detected a significant difference in the 
prevalence of low serum retinol between asymptomatic women 
and those with diarrhea, nausea, or vomiting. Biological mecha- 
nisms that explain the relation between gastrointestinal symptoms 
and low serum retinol include anorexia, reduced absorption of vit- 
amin A (33). and increased urinary excretion of vitamin A (16). 
Nausea and vomiting late in pregnancy may result in reduced food 
intake along with lowered nutrient absorption, although data are 
scarce on the actual mechanism of this relation. 

Serum retinol, acute phase proteins, and morbidity 

Multivariate analyses showed that diarrhea and nausea in the 
past week were associated with a decline in serum retinol, but the 
decline was largely restricted to women with elevated acute phase 
protein concentrations. The magnitude of effect of elevated AGP 
and CRP on serum retinol concentrations in the presence of a 
diarrheal episode in the past 7 d was striking even after other 
types of morbidity, gestational age, and arm circumference were 
controlled for. Women with elevated AGP or CRP concentrations 
and reporting diarrhea had serum retinol concentrations that were 
on average 0.5 pmoI/L lower than those in women with no diar- 
rhea. Conversely, serum retinol concentrations of women report- 
ing diarrhea but with no elevation in acute phase proteins did not 
differ from those in women with no diarrhea. Although this 
appears to suggest that women with an illness accompanied by 
elevated proteins are more severely ill, it is more plausible that an 
acute phase response more accurately captures a more recent 
episode of infection than a morbidity recall of the previous 
7 d. Our findings highlight the utility of measuring acute phase 
proteins to better interpret vitamin A status. 

A history of productive cough in the absence of elevated AGP 
or CRP concentrations was significantly associated with an 
increase in serum retinol concentrations of -0.3 kmol/L over con- 
centrations found in women without a cough. Data from a longitu- 
dinal morbidity trial in Central Java found the relative risk of cough 
and acute lower respiratory tract infection to be higher among well- 
nourished, vitamin A-supplemented children aged < 1 y than 
among unsupplemented children (34). It has been hypothesized 
that increased cough in vitamin A-supplemented children may 
reflect a recovered ability to generate a cough and clear pathogens 
from the respiratory airway subsequent to the reversal of keratiniz- 
ing metaplasia of the respiratory tract and the recovery of mucus- 
producing epithelium with improved vitamin A status (3). In our 
study, the vitamin A status of the controls, who were more likely to 
show symptoms of upper respiratory tract infection, was better than 
that of the cases as indicated by serum retinol concentrations. 

Our findings suggest that AGP or CRP may provide useful infor- 
mation for interpreting serum retinol concentrations in the presence 
or absence of a symptom of illness. These proteins provide infor- 
mation in addition to that obtained through morbidity recall, which 
may be inaccurate as a result of interviewer and subject biases. A 
practical question is whether AGP and CRP are useful indepen- 
dently for measuring an acute phase response. Our data do not pro- 
vide evidence that AGP and CRP provide mutually exclusive infor- 
mation for the interpretation of serum retinol concentrations in a 
population. The magnitude of the decrease in serum retinol associ- 
ated with an acute ahase  rotei in resuonse was similar for both CRP 
and AGP, suggesting that either protein may be equally useful for 
interpreting serum retinol values. However, cross-sectional data are 
inadequate for answering this question conclusively and future 
studies with a prospective design assessing these markers at multi- 
ple time points should address this issue. 

Infection-related hvooretinolemia was hieher in women with . . - 
night blindness than in women without. This led us to hypothesize 
that infection-related hyporetinolemia may predispose women to 
night blindness during pregnancy. For example, an illness episode 
such as of diarrhea may result in severe hyporetinolemia in an 
alreadv vitamin A-deolete oreenant woman. The relative odds ratio . . -  
of diarrhea occul'rjng in cases compared with controls in the pres- 
ent study was 14, clearly indicating a significant risk among 
women with night blindness of having a recent episode of diarrhea. 
Our cross-sectional study cannot adequately test this hypothesis, 
but future studies should investigate the role of infection-induced 
hyporetinolemia in the etiology of night blindness in women. In 
populations in whom night blindness is prevalent, subclinical or 
clinical infection may in part explain the hyporetinolemia associ- 
ated with this condition. E3 

We thank members of the Nepal Nutrition Intervention Project-Sarlahi for 
their assistance in the conduct of this study, especially SK Khatry. 
SR Shrertha. S LcClerq. E Kimbrough-Pradhan. DN Mandal, TR Sh&iya. 
and RP Pokhrel. 
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AN ETHNOGRAPHIC STUDY OF NIGHT BLINDNESS 
"RATAUNI" AMONG WOMEN IN THE TERAI OF NEPAL 

PARUL CHRISTIAN," MARGARET E. BENTLEY,' RAJENDRA PRADHAN' and 
. . KEITH P. WEST JR.' 

)Division of Human Nutrition. School oi,Hygiene and Public Health, Johns Hopkins University, 
Baltimore, MD, U.S.A. and 'NNIPS, Nepal Netra Jyoti Sangh. Kathmandu, Nepal 

Abstract-Night blindness is the most conhnon ocular condition representing moderate-to-severe vita- 
min A deficiency in children. Very little, however, is known about maternal night blindness, which has 
recently been reported to occur frequently during pregnancy in parts of south-east Asia. In Nepal, the 
prevalence of night blindness is reported to be 16%. We carried out an ethnographic study of night 
blindness during pregnancy in the south-eastem, rural plains of Nepal as preliminary research for a 
case-control study of the determinants of this condition. The purpose of the research was to identify 
local terms and concepts of night blindness and to examine women's perceptions of its causes, symp- 
toms, severity,and consequences during pregnancy. Data collection involved in-depth interviews, case 
studies, unstructured observations and structured anthropologic methods, such as free listing and quick 
sort ranking. Women considered night blindness to be an important illness of pregnancy, ranking it sec- 
ond (to vaginal bleeding),in perceived severily from a list of 15 "women's illnesses". Local terms for 
night blindness were identified in three different languages from the region. Informants described a 
complex ethnomedical model of night blindness that included causes, symptomatology, and treatment 
alternatives.However, there was no perceived link between food intake and the occurrence of night 
blindness. The major causes of night blindness were attributed to pregnancy, weakness, or "hotness". 
Some women sought treatment for the condition but most women chose not to treat it since they 
believed that it was a transient condition of pregnancy. Interviews with women who had previously ex- 
perienced night blindness and home-based observations of women exhibiting concurrent night blindness 
showed that it adversely affected their activity patterns. especially those related to child care and food 
preparation. Night blindness increased reliance on family members to perform various domestic chores 
and was also associated with personal injury and accidents. The findings of this study have relevance 
for women's reproductive health and nutrition throughout the Indian sub-continent. A simple history 
of night blindness may be a practical tool to identify women with nutritional and health risks. Male--11 
night blindness should be more routinely invcsligutcd ill vitunlis A dclieienl ureus ol'thc world. bolb to 
define the magnitude of the problem, and to develop programs/interventions that specifically target this 

population. 0 1998 Elsevier Science Ltd. All righu reserved 

Key tcordr--night blindness, ethnography, pregnancy, women's work. Nepal 
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I N T R O D U ~ ~ I O N  of moderate-to-severe vitamin A deficiency among 
. . 

. , children of the developing' world (Sommer and 
t Background West, 1996). Where prevalent, night blindness is 

Scotopic .,ision, or the ability to see under dim illu- often described in local term(s) o r  in some cultures, 

,,,ination, is dependent on the production even as  "chicken eyes" (chickens cannot see a t  

of a photosensitive pigment, called rhodopsin, by night as their eyes lack rod cells) (Sommer er a/., 

retinal rod cells. When dim light enters the eye and 1980). 
falls upon the retina, it is absorbed by the rods to  Night blindness among adults is considered to  be 
synthesize rhodopsin o r  "visual purple"-a pigment relatively uncommon, although recent evidence 
containing vitamin A (cis-retinal) and a protein suggests that it may be prevalent among pregnant 
called opsin. Once synthesized, rhodopsin responds and, to a lesser extent, among lactating women in 
to  light energy, triggering neural impulses that are south-east Asia (Katz cr a/., 1995; Bloem cr al., 
conducted along the optic nerve to  the brain. 1996; Linehan er al., 1996; Malyavin er a/., 1996). 
Under normal conditions, synthesis of rhodopsin by The additional requirement for vitamin A during 
the rods is rapid. Vitamin A deficiency results in pregnancy is relatively small and confined mostly to  
delayed dark adaptation, and when sufficiently the third trimester (Underwood, 1994). Maternal 
severe, leads to  night blindness. Night blindness is plasma retinal levels typically decrease during the 
the earliest and most common clinical manifestation course of pregnancy ( M c ~ a n i t y  a,,, 1969; B~~~ 

and Arulanantham. 1973; Jayasekera er al., 1991) 
*Author for correspondence. but in poor and under-privileged populations ha- 
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bitually consuming low amounts of vitamin A, this 
decline may reflect more than nonnal hemodilution 
of pregnancy. This could translate into acute de- 
ficiency and manifest night blindness during preg- 
nancy. 

Night blindness was first reported to occur in 
ancient Egypt where it was treated with topically 
applied liver juice or by consuming liver in the diet 
(Wolf, 1978). . In Newfoundland and Labrador, 
functional night blindness was found in fishermen 
whose diets were markedly deficient in vitamin A 
(Aykroyd, 1930). Night blindness in women in this 
region, although less common, usually occurred 
during pregnancy, and when untreated, was known 
to disappear spontaneously after giving birth. 
Subsequent accounts of night blindness during preg- 
nancy were found in the late 1960's in India from 
two clinic-based studies. which noted that nieht 

severity, progression, and treatment of night blind- 
ness during pregnancy, and to explore the impact of 
night blindness on pregnant women's work and ac- 
tivity patterns. The ethnographic research also pro- 
vided formative data for the planning and 
conducting of a larger, epidemiologic study of the 
risk factors of night blindness by identifying local 
terms for night blindness, and fomulating hypoth- 
eses and questions on food related beliefs and beha- 
viors of women during pregnancy. This paper 
explores the cultural meanings of this condition 
manifest during pregnancy in one setting, and 
demonstrates the relevance of an "emic" perspective 
in the development of public health programs 
(Pelto and Pelto, 1978). -! 

- 
blindness occurred frequently among pregnant The study was conducted during September 

i 

women (Dixit, 1966; Mandal et aL, 1969) but was through November of 1993 in three "village devel- 
not considered an important disease of pregnancy opment areas" in Sarlahi district, in the "terat' 
due to its transient nature (Mandal er aL, 1969). (plains) of Nepal. This area is in the south-eastem. 

Nighr blindness in conremporary rimes 

Recently, in Nepal, the prevalence of night blind- 
ness during pregnancy was reported to be 16% in 
the south-eastem plains (Katz et aL, 1995). A sur- 
vey conducted in the fur und mid-wcstcr!~ regions of 
Nepal showed that proportion of women who had 
ever experienced night blindness varied from 8- 
46%. depending on the district (Linehan et aL, 
1996). In a previous survey from Bangladesh, 1.3- 
2.4% women of reproductive age reported night 
blindness (Bloem et a/., 1996), while a national sur- 
vey in Lao PDR reported 11.5% of pregnant 
women' to be night blind (Malyavin el al., 1996). 
The survey in Bangladesh did not ascertain the 
pregnancy status of women but used women of 
reproductive age in the calculation of prevalence 
rate. Studies done in Mali (Dettwyler and Fishman, 
1990) and India (Patel, 1994) report that the com- 
munity considered night blindness to be quite com- 
mon during pregnancy. In Niger, night blindness 
was reported to occur among women and was 
recognized and treated at home with food remedies 
(Blum and Pelto, 1996). Night blindness was nega- 
tively associated with access to water supply, own- 
ership of household items, and head of the 
household literacy, but not maternal literacy (Katz 
et aL, 1995). A study done in the far-western hills 
of Nepal showed a moderate degree of geographic 
and seasonal clustering of night blindness in preg- 
nancy, and greater frequency of the condition 
among low caste and older women (Starbuck, 
1993). 

Little is known or understood about how Nepali 
women perceive this condition and how important 
it is to them within the context of other women's 
illnesses. The purpose of the present study was to 
explore women's perceptions regarding the causes, 

low-lying plains, contiguous to Bihar State in India, 
and where 16% of women renorted night blindness - 
during pregnancy (Katz er a/.;I995). Its population 
is representative of populations from the northem 
Gangetic flood plains of India. Vitamin A deficiency 
is u problcnl of n~ujar public hcultl! significunce in 
the terai of Nepal, and is more evident among pre- 
school children (Brillaint et al.; 1985; Upadhyay el 
al., ,1985; Hennig et al., 1991). Studies have shown 
-30% reductions in child mortality after vitamin A 
supplementation in this region (West et al., 1991; 
Pokhrel er al., 1994). The flat plains of southem 
Nepal, hold more than half the population of the 
country. The altitude of the terai is approximately 
250 feet above mean 'sea level. The climate is hot 
during the summer months (April-June), wet 
during the monsoon (July-September), and cool in ( 
the dry winter (October-March). 

The majority of people living in the terai are 
called "Madheshis" - people who have migrated ; 
from the neighboring states of India. Other resi- 
dents include a variety of ethnic groups, referred to 
mainly as "Pahadis" - those who have migrated 
from the hills. There are several languages and dia- 
lects spoken in the area, including Maithili, Nepali 
and Tham. A majority of the people are Hindu, 
who are divided into four main castes and a num- 
ber of sub-castes. The Hindu caste system deter- 
mines, to a large extent, the social and economic 
status of families:A large proportion of the popu- 
lation living in the terai rely on agriculture as the 
main source of income. Land holdings are small 
and a significant proportion of the families subsist 
on ' wages obtained from agricultural labor. 
Illiteracy, especially among females, is widespread 
and a very small proportion of both women and 
men receive high school education. Sanitation and 
access to health care are poor. About 90% of preg- 
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nant women deliver at home and are assisted Following Kleinman (1980). an ethnomedical 
mostly by household members, neighbors, and rela- model of maternal night blindness that describes 
tives. . . the cultural belief system concerning the manifes- 

Maithili women participate in both productive tation and types of, causes of, prognosis for, poss- 
and domestic activities and spend on an average ible treatment for and other pertinent knowledge of 
more hours per day working (-10) than men (-7) a specific illness or group of illnesses was developed. 
(Acharya, 1981). They tend to spend less time in The model describes each of these components 
productive work as compared to men (40% vs based on some degree of consensus drawn from the 
90%), whereas men's contribution to domestic and in-depth interviews. The model has certain limi- 
child care activities is marginal. Maithili women tations,in that it does not represent all of the varia- 
participate in planting, harvesting and weeding bility in women's responses because of small 
crops, tending to animals, collecting fodder and fire- numbers. Instead, the model tries to capture the 
wood apart from being involved in cooking, clean- most commonly shared perceptions that were ident- 
ing, and taking care of the children. Household ified from the interviews. 
economic status influences the patternand level of Direct observations of two women currently 
women's work (Acharya, 1981; Acharya and experiencing night blindness and of one woman 
Bennett, 1983). without night blindness were done from dusk until 

after dark to document how night blindness affected 
mealtime behaviors, food preparation and other 

METHODOLOGY , 
night-time activities. Over the period of the study, 
only two cases of pregnant women who were cur- 

Qualitative research methods for the present rently experiencing night blindness were identified. 
research were adapted from methods developed for The direct observations recorded all of the women's 
investigating women's health in India (Bentley er activities including the dynamics of assistance they 
a/., 1992; Gittelsohn er a/., in press): In all, 38 inter- received, if any, from other family members. The 
views were conducted with pregnant women, some amount of time it took women to perform specific 
of whom had a current (n = 4) or previous history activities, as well as their ability to move around 
of night blindness (n = 8). Other participants.were and work in the presence or absence of a source of 
pregnant and lactating women (n = 12), traditional light, were carefully recorded. Case studies of these 
birth attendants (n = 3), women with children two women provided a "close-up" of pregnant 
(n = 6). a local healer (1) and community health women with night blindness. One of the case studies 
workers practicing in the study area (n = 2). Two was used for the construction of an individual 
currently night blind women were interviewed twice. explanatory model of night blindness (Kleinman, 
The pregnant and lactating respondents were ident- ' 1980; Gittelsohn, 1992). 
ified with the help of data collectors of a field study Free listing (Bernard, 1994) was done to obtain a 
that was on-going in the same area and in some list of women's illnesses (n = 25) using a standard 
cases by networking with other informants or question with 2 or 3 standard probes. Houses in the 
people in the village. For example, the traditional three villages were visited to learn whether a mar- 
birth attendants or community health workers ried woman with one or more children lived in it. 
helped identify women who were pregnant or had , Twenty-five such households were selected and one 
recently delivered a baby in the community. . . woman from each household was interviewed. The 

The interviews explored local term(s) and defi- standard question asked of women was: "Can you 
nitions of night blindness, and the community's please tell me the names of women's illnesses?" 
description and characterization of these term(s) along with standard probes such as "what else?', 
(Spradley, 1979). Different castes, ethnicities, and "are there anymore?'. 
income groups were included. Although interviews Quick-sort ranking is a method used to obtain a 
were open-ended, field guides were developed for ranking of items in a domain (subject area) for 
each informant type to provide structure. The field informants who can not read or write (Weller and 
guides included questions on women's illnesses, Romney, 1988). This method uses a step-wise, 
diets, beliefs related to pregnancy and lactation, paired comparison of the items that are to he 
treatment seeking behaviors, the hot-cold classifi- ranked by a specified criterion. The same women 
cation system, and beliefs related to maternal night who provided the list of women's illnesses were re- 
blindness. Field guides for night blindness case his- visited and asked to rank 15 of the most commonly 
tories and pregnancy narratives were developed sep- mentioned women's illnesses, in order of perceived 
arately. Most of the interviews lasted for at least an severity (n = 25). The respondent was asked to 
hour, and were conducted in Maithili or Nepali pick, from two randomly selected illnesses, the one 
with the assistance of a local translator who spoke she considered more severe. This was done with all 
these languages fluently. Detailed held notes were different combinations of pairs of illnesses, until a 
taken, and later translated and expanded into rank order of women's illnesses by severity was 
English. obtained. 
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RESULTS ation in the degree of deficiency among this popu- 

Ethnomedicd model of night blindness during preg- lation. 

nancy "Could nor see cleorly or first . . . later could nor see or all. 

An ethnomedical model of night blindness during In the early part of the evening con not see at 011 . . . laler 
pregnancy was developed using data collected from it very dark can see a lirrle. 

interviews of women who were currently night blind Alfrsr after delivery could only see hazily ... h e r  could 
or who had experienced night blindness before ,.lee clea'ly like be/0re." 
(Fig. 1). Common local terms for night blindness 
were "rataunTS (Maithili), "raraundho" (Nepali) and 
"rataunjr" (Tharu), which in all three languages lit- 
erally means "night blindness" (also the biomedical Virtually all of the women believed night blind- 
term). A majority of the women used these terms, ness was a consequence of "pregnancy", or "having 
although some women described the symptoms of a baby in the body or in the stomach". For 
"poor vision a t  night" when referring to the con- example a.woman said "Don't know what causes it 
dition. . . . it happens to some women who are pregnant, like 

the swelling of hand andfeet. It happens on its own, 
Symptoms because of the pregnancy". Another reported cause 

Night blindness was defined by the informants as was a condition called "kamjorr", which may be 
"no vision at night, after sunset or in the evening", loosely translated as "weakness" that commonly 
"poor vision very early in the morning", "smoke in manifests during vulnerable physiologic states such 
the eyes", "haziness", and "hazy vision in the light as pregnancy, lactation and illness and is a per- 
of a lamp". Several women also mentioned restric- ceived cause of several illnesses. This condition has 
tion in movement at night, accidents, or a shift in also been described by women in India in several 
activity patterns. From the following descriptions, ethnographic studies examining women's reproduc- 
given by three women, it appears that night blind- tive health problems (Giltelsohn el al., 1994). A 
ness is not only an absence of scotopic vision third commonly mentioned cause was associated 
(vision in dim illumination), but may be character- with the Asinn "hot-cold" classificntion system, in 
ized by different degrees or levels of visibility at which the body needs to be in a state of "humoral 
dusk or night. This may be indicative of the vari- balance" (Messer, 1989). "Garmi' or "hotness" re- 

CAUSES: 
" H o t n e s s "  

* P r e g n a n c y  
W e a k n e s s  

NIGHT 
BLINDNESS 
("RATAUNI") 

SYMPTOMS: 
' NO d u s W n i g h t  A c c i d e n t s  

' S h i n  in daily 
H a z y  v i s i o n  in activity 

l a m p  l ight ' R e s t r ~ c t ~ o n  zn 
m o v e m e n t  

TREATMENT: 
* D o  n o t h i n g  
' P u r c h a s e  "goti" 
* Tradi t ional  m e d i c i n e  

Fig. I .  Elhnomedical model of night blindness during pregnancy. 
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lated to the season, state of the body, or consump- 
tion of "hot" foods was also considered to be one 
of the causes of night blindness during pregnancy. 
One woman said: "It happens when it is hot, due to 
the heat ... I had rarauni in Baishakh-Jelh (May- 
June)". 

While the night blindness was associated mostly 
with pregnancy, there was a general awareness that 
night .blindness could persist into the post-partum 
period, or reappear during lactation. When women 
were asked why some pregnant women did not 
become night blind, respondents were unable to 
provide an explanation, or said that they had to be 
"kamjor" (weak) in order to become night blind. 

Treatment 

Treatment options for night blindness ranged 
from not seeking any treatment to taking vitamin A 
tablets, which are available quite cheaply at  local 
pharmacies, or health posts (kiosks). There are two 
or three kinds of vitamin A supplements available, 
but the most common and popular are small, 
round, and red colored, containing 5,000 IU of vita- 
min A and 400 IU of vitamin D. These tablets are 
popularly known as "ratauni got?' or "night blind- 
ness-medicine". None of the women mentioned that 
these "gotis" contained vitamin A. The cost ranges 
from 3-6 gotis per one rupee (US Zcents). Almost 
all women interviewed had heard about this cure 
for night blindness or  had reported taking "gotir" 
in varied dosages as treatment for the condition. 
The reason why most women did not self-treat may 
be related lo the bclief that night blindness is a 
transient condition of pregnancy or that medicines 
were "hot" and should not be taken during preg- 
nancy. For example, a woman said that, "When the 
baby is born if (night blindness) will go away on its 
own ... medicine may cure it, but some people say 

that medicines may harm the baby". Night blindness 
was perceived by many women to be part of the 
pregnancy experience, like morning sickness, for 
which usually no treatment is sought. Another 
reason for not treating night blindness with medi- 
cines was related to the lack of belief in its curative 
properties. One woman said, "Some say it (night 
blindness) will go away with goti For some it does 
not go away ... one of the women could not see even 
after the baby was born". Reasons why some 
women self-treated night blindness and others did 
not may be related to previous experience with tak- 
ing the "got?', with how debilitating thecondition 
is, because of economic constraints, or low edu- 
cation level. 

No woman mentioned the use of home remedies 
or traditional medicine. Also women did not men- 
tion diet or food in either the cause or  treatment of 
night blindness. A few women, however, discussed 
night blindness in the context of food indirectly. 
For example, one informant mentioned eating 
"cold" foods to counteract the "hotness" that was 
perceived to cause night blindness. However, neither 
food nor diet was included in the general ethnome- 
dical model of night blindness. 

Progression of night blindness 

Various scenarios of the onset, termination, and 
duration of night blindness were elicited based on 
20 women's descriptions of the progression of the 
condition (Fig. 2). Onset of night blindness was 
reported to occur mostly in the third trimester or 
lalc sccoud trimcslcr. Most women rcporled Illat it 
usually disappeared quite soon after delivery, 
although some Maithili women were less able to tell 
when it went away because they are usually con- 
fined inside the house for several days after delivery. 
Three women reported the recurrence of night 

Trimester I Trimester II Trimester I l l  ' Postpartum i 

Fig. 2. Case scenarios of the progression of night blindness during the course of pregnancy. (The 
dashed and filled lines represent presence and abscncc of night blindness, respectively.). 

SSM 4617-D 
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blindness after delivery, and in one instance it dis- 
appeared only after the woman consumed "goris" 
after delivery. 

Saliency ojnight blindness 

Among the first I5 most frequently mentioned ill- 
nesses, night blindness was mentioned by 24% of 
the women, suggesting that this condition was less 
salient in comparison to other conditions like head- 
ache, back ache, dizziness, stomach ache erc., which 
were mentioned more frequently (Table 1). 
Although the free-listing elicited "women's ill- 
nesses", some specific conditions related to preg- 
nancy were also mentioned. However, other general 
conditions experienced more commonly by women 
were mentioned more frequently. A quick-sort 
ranking exercise obtained a rank for night blindness 
among other women's illnesses bv oerceived sever- 

Table I. Frequency and ranking by severity of I 5  most common 
womcn'sillncswr ( r t  = 251 

Frequency 

Women's lllnerr N % Rank 
~~ ~~~~ 

Vaginal bleeding 13 52 I 
Night blindness 6 24 2 
Blood in stool 5 20 3 
Komjori 4 16 4 
Parroti 4 16 5 
Menstrual problems 12 48 6 
Stomach ache 25 100 7 
Diaincu 25 100 8 
Vomiting 10 40 9 
Headache 24 96 10 
Back ache 22 88 I 1  
Handrllcgr ache 25 100 ' 12 
Fever 24 96 13 
Lack of appctitc 10 40 14 
Slee~i"crr I 1  hl IS ~~ 

Komjori and porroh both repmen1 a general feeling of weakness. 

. . .. , 
ity. .Night blindness was ranked second (to vaginal was crying. She was unable to look'for any medi- 
bleeding) in perceived severity among these illnesses, 
indicating that women did perceive night blindness cine for him and instead massaged him with oil in 
to be a serious condition. One woman called it a front of the fire. Night blindness also affected 
"bimari birah" or "severe illness", because "the eye women's productivity in some instances. For 
is the mosr imporranr thing in rhe world . . . if you example, one night blind woman who workedas a 
have no eyes how can you walk even a single pace in wage agricultural-worker said that she had toreturn 
your life? . . . the world would become dark". home early from work because she could not see at 

The ranking of illnesses by severity seemed to be dusk and getting home late was difficult. Due to 
inversely relnfcd to frequency with which they wcrc this she lost a few hours of wages every day. At the 
mentioned by commonly occurring con- time of the interview she had stopped going t o  
ditions like headaches and stomach aches were men- work altogether. Women also described a shift in 
tioned more frequently, but were not perceived as their night-time activity patterns, such as cooking 
very severe, on [he other hand, the less common dinner earlier in the day when there was light. They 
conditions, such as vaginal bleeding and night also reported restriction in movement, difficulty in 
blindness, were mentioned less frequently, but were eating the evening meal, accidents and other pro- 

perceived to be severe by some. blems like the social stigma attached to being night 
blind. Several women reported falling when going 

Impacr on work to the field during early morning or  late evening 
Women both reported and were observed to h o ~ r s ,  and one woman reported bumping her head 

work in domestic activities (food preparation, child against a beam. Women who had experienced night 

care, cleaning and washing, cutting grass, and fetch- blindness reported being teased and laughed at  by 
ing firewood) and in productive work neighbors and young children. The local term 
labor, fishing, and small business). Evening and "rafaun2' may also be used in a derogatory way. 
night-time activities of .women are usually One 'woman said: "When I was night blind small 
the domestic sphere and include cooking, cleaning children would bother me a lot . . . rhey would PUN 
dishes. taking care of children and occasionally 0wa.V my glass and plare while I was earingn. The 
fetching water. availability of assistance from household members 

The impact of night blindness on women's night- seemed to influence the ability of the women to 
time work and activity pattern was assessed by cope with night blindness,One woman reported: "I 
interviews and by night-time direct observations of cannot see anyrhing at ni&r, m j  sisters-in-law make 
two currently night blind pregnant women. The the rice (food)". Some of the reported impact on ac- 
effect of night blindness on women ranged from tivity was confirmed through the observations. 
total inactivity, where women just sat around or The night-time observations of two night blind 
sought assistance from other members of the pregnant women suggest a diverse impact on 
family, to coping by working when close to the women's activities. One of  the night blind women 
light of a lamp or fire. The amount of time spent was observed cooking for her family, serving, and 
for child care activities and quality of care was eating in the light of a lamp. There appeared to be 
affected; women reported relying on other family very little impact on her ability to do activities in 
members for night-time feeding and cleaning young the light of a fire or  a lamp. On the other hand, the 
children. One woman said that she was not able to second woman did not do anything, but sat in one 
tend to her baby who became sick one night and place for a majority of the time during the obser- 
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vation. She also appeared to stare around with a 
vacant expression in her eyes, as though she were 
trying to discern objects in the dark. Although the 
observational data are extremely scant, they illus- 
trate the diversity of impact night blindness may 
have on women's day to day lives and activity pat- 
tern. 

Nighr blindness case studies 

Two case studies of night blindwomen are pre- 
sented below to illustrate how the causation, symp- 
tomatologies and severity of the condition can vary. 
The two case studies are of women from the two 
major ethnic groups residing in this area (Maithili 
and Pahadi). The first case study presents a detailed 
explanatory model of night blindness in a pregnant 
woman, which was due to a series of events that 
began during an earlier pregnancy. The second case 
study describes how the activity of a woman 
changes when night blindness is more severe. 

Case study I. Gangiyadevi is a low caste Maithili 
woman, living with her husband and two children. 
She is 9months pregnant a n d  developed night 
blindness in the second trimester of her pregnancy. 
This is her fourth pregnancy. She has a history of 
early infant deaths from previous pregnancies. She 
has had night blindness during all the previous 3 
pregnancies. She remembers t h a t  during one .of 
these pregnancies, she developed night blindness 2- 
3 months before delivery, while during another 
pregnancy, she had become night blind just a few 
days before she delivered. She believes that her 
"m~ll~ni*' was cn~rsed by "kantjnr-' or "weaknesc". 
She says that the insufficient blood in her body has 
caused her to become weak. In the former preg- 
nancy she had high fever and did not take any 
medicine because she was pregnant (women con- 
sider medicines to be generally harmful during preg- 
nancy). She had also suffered from "wind .in the 
knees" (hava lagal khurrama), and menstrual pro- 
blems (mahinbari ma gadbad). She then had a 
breach birth and the baby died subsequently in 
18 days. She menstruated only 2-3 times after this 
before she conceived again. She says that all this 
had resulted in her "kamjori" (weakness). Night 
blindness that occurred during the earlier pregnancy 
was cured soon after the birth of the baby. She can- 
not tell the exact days after the birth because she 
had been confined for the first six days in the deliv- 
ery room. (In Maithili households, the 6days post 
delivery period is considered vulnerable during 
which women are kept confined in the delivery 
room. This period is termed "soiri".) She is not tak- 
ing any treatment currently for night blindness 
because her husband will not buy "goti" (medicine) 
for her. She reports that some people in the com- 
munity say that if she eats "goti", her night blind- 
ness will be cured, but she has heard mixed stories 
about this. She hears that while night blindness in 
some women was cured on the same day they took 

the goti, in others it took longer. She knows of a 
woman who did not regain night vision even after 
her baby was born. When asked what impact night 
blindness had on her, she says that she has many 
problems because she believes that one's eyes (sight) 
were very important in order to do any work. She 
describes difficulty in moving about; her children 
have to lead her by the hand if she wants to go out- 
side after dark. In the light of the lamp she can per- 
form some activities like cooking or eating food. 
She describes being able to eat from her plate of 
rice only when a lamp is kept next to the food. She 
says she fell down one early morning on her way to 
defecate in the fields. She complains that her hus- 
band does not assist her at night when she needs 
help t o  move around, neither does he help her with 
cooking or serving food. 

Case study II. Mailidevi is from a low-caste 
Pahadi household, with three children. Two of her 
children have died. She is 9 months pregnant and 
developed night blindness only 10-12 days before 
the interview. She lives with her husband, children, 
and in-laws. She found out that she was night blind 
one evening when she was cleaning her dishes and 
inadvertently threw some dirty dish-water on her 
two year old child who started crying. She had 
apparently not seen him playing nearby. She says 
that everyday she loses her vision in the evening 
when it is time to light the lamps. She can see hazily 
in the light of a lamp. While she can not see in the 
dark she can make out what is going on around her 
from listening to people talking. She says that her 
sister-in-law cooks in the evening and her mother- 
in-law takes care of her children. Her husband also 
assists her with the housework. She has not taken 
any medicine to cure the condition, but expects to 
be able to see after the baby is born. She has ex- 
perienced night blindness during her first pregnancy 
which disappeared 2-3 days after her son's birth. 
She works as a laborer in the fields, but has stopped 
going to work since the past few days because it 
gets dark by the time she returns from work and 
she has difficulty finding her way home. 

DISCUSSION 

To our knowledge, this is the first study that 
examines night blindness within the context of 
women's lives and perceptions. While night blind- 
ness during pregnancy in the south-eastern terai 
region is reported to be high (16%) (Katz er a[., 
1995). women from the area also perceive the con- 
ditiqn to be quite common. Given the context of 
high poverty, poor diets and nutritional status and 
high morbidities in Nepal, night blindness poses an 
additional burden with which women must cope. 
The condition is also perceived to be a serious 
health problem by women. Women refer to the eye 
as a metaphor for light and vision, and a symbol of 
knowledge and perception. Clearly, a condition that 
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affects sight and the ability of women to work and previous illnesses, losing a baby, and menstrual pro- 
move around is serious. However, the transient blems was primarily responsible for causing night 
nature of night blindness and the general awareness blindness. The Asian hot-cold classification influ- 
that it disappears, in most cases, soon after delivery ences not only food selection and intake behavior 
probably prevents women from actively seeking but also disease causation and treatment (Messer, 
treatment. In some instances, women seek treatment 1989). ' L ~ a r m y  ("hotnessw) of the body, physjo. 
with modem medicine, but economic and/or social logic state or was an important contributory 
constraints may prevent this. factor in the explanatory model of night blindness 

Local terms that. describe night blindness were durin8 pregnancy. Hotness of the body during preg- 
commonly reported and this is indicative of the sal- nancy was perceived to he exacerbated by the physi- 
iency of this condition in the community. When cal environment as well as. by eating 
prevalent, night blindness is referred to by a unique .,hotw foods. same of medicines pre- 

word in lhe local language (HKt2 vented some women from treating night blindness. 
Furthermore, night blindness was characterized as Ttie occurrence of night blindness during pregnancy 
the second most'severe women's illness indicating is the highest during the, summer months of May 
that women would probably respond to a health and June, when the number of in the last 
program targeted at preventing or resolving it. In 

trimester (the period when night blindness is most 
Sierra Leone, poor women in the community con- 

likely to occur) also peaks (Christian er a!., .&pub- sidered eye infections to be the most severe or im- 
portant illness (Welboum, 1992), suggesting that lished data). Humoral imbalances are corrected by 

ocular disease are perceived to be of importance in the. principle of opposites; foods that are "cold" are 

various communities. prescribed during pregnancy, as "hot" foods exacer- 

~h~ ethnomedical model showed that the attribu. bate the "hotness" (Messer, 1989). ~ o o d s  that were 
ted causes of night blindness were 'y,otness,3, preg- commonly considered to.& "hot" were milk, meat, 
nancy or "kamjorr*'. Based on the explanatory mangoes, papaya. hydrogenated fat (ghee), whereas 
model of night blindness of Gmgiyadevi (case examples of "cold" foods were yoghurt, some var- 
study 1, Fig. 3), ii was evident that the perceived ieties of dark green leafy vegetables, green gourds 
etiology of night blindness was very complex and like snake gourd and bottle gourd, pumpkin ere. 
involved a series of events starting in a previous Two women believed that night blindness could be 
pregnancy that resulted into night blindness in the treated with "cold" foods like green gourds or 
current one. "Kamjori' or "weakness" caused by green vegetables since it was perceived to be caused 

Fig. 3. Explanatory model of night blindness during pregnancy 

Sickness: 
-Fever 

-"Wind in the knees" 
(hava lagal khuttama ) 

' 
Menstrual p'roblems 

(Mahinabadi ma 
gadbad) 

1 - 1 
+-- Weakness 

(Kamjori) Repeated pregnancies Lack of blood - 
1 

. . . 

Night blindness during 
pregnancy ( ratauni) . Current pregnancy - 
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by "hotness". However, this belief did not seem to 
he commonly shared. 

Although the women did not draw a direct as- 
sociation between food intake and development of 
night blindness, food related beliefs and practices of 
pregnancy are important to understand emerging 
epidemiologic associations between diei and night 
blindness in' pregnancy. A concurrent study of diet- 
ary and behavioral risks for vitamin A deficiency 
among children in the same area has also shown a 
lack of perceived linkage between food intake and 
night blindness in children (Shankar et a/., 1997) in 
the presence of strong epidemiologic. association 
between vitamin A-food intake and xerophthalmia 
(Pradhan et al., 1994; Shankar er al., 1996). 
T h i s  research also identified women's use of low- 

dose vitamin' A supplements, available in local 
medicine shops and pharmacies in the markets, to 
cure symptoms of night blindness. It was interesting 
that women sought "modern medicine" for the 
treatment of this condition, and very rarely used or 
mentioned using more traditional home remedies. 
Some women thought that treatment was pointless 
as the night blindness simply goes away after birth. 
Almost all women interviewed were aware of the 
treatment of night blindness with "goris". The 
"'gorir" were perceived to be a medicine and not a 
nutrient. Some interviews suggested that neighbors 
and friends may influence a night blind woman's 
decision to treat her condition. Other factors that 
influence this decision are willingness of the hus- 
band to assist her in .this, and lack of personal 
access to both money to buy the gotis and the mar- 
ket place. This implies a reliance on the husband or 
other family members inseeking treatment for the 
condition. 

Women who' had experienced night blindness or 
were cumently night blind felt that it had a debili- 
tating effect on their ability to work. Sometimes 
this lead them to treat the condition with "goris" 
despite the prevalent knowledge that it spon- 
taneously resolved generally after delivery. Since 
night blindness occurs most often during pregnancy, 
the combined impact of pregnancy and being night 
blind on women's activity may be significant. There 
is some evidence to suggest that Tamang women of 
Nepal may decrease physical activity in response to 
pregnancy in seasons when the demand for labor is 
low and their contribution to household subsistence 
is not as essential (Panter-Brick, 1989): A study in 
Kenya found that "heavy" housework such as 
fetching water and firewood was performed less 
during the third trimester of pregnancy (Baksh er 
al., 1994) suggesting that gestational age was associ- 
ated with women's activity levels during pregnancy. 
Since night blindness occurs frequently in the third 
trimester its consequence for women's ability to 
work may be two-fold. Further, the increased level 
of accidents and falls among night blind women, es- 
pecially if they occur in the last trimester, may po- 

tentially pose a considerable risk to the mother and 
her fetus. 

The current ethnographic study provided a strong 
impetus for conducting a well-designed and exe- 
cuted case-control study of the risk factors of night 
blindness during pregnancy in the Sarlahi district of 
Nepal, which has revealed important risk factors as- 
sociated with this condition that have significant 
implications for the nutritional and reproductive 
well-being of women (Christian, 1996). The case- 
control study has shown that night blind women 
are at a significantly higher risk of vitamin A de- 
ficiency, anemia, acute malnutrition and reproduc- 
tive and infectious morbidity as compared to non- 
night blind pregnant women. These findings have 
public health implicat~ons for not only the nutri- 
tional and health status of the pregnant woman, 
but possibly, also for the Infant. 

SUMMARY AND CONCLUSIONS 

The findings of this study can be generalized 
beyond low-land Nepal, as the people living in this 
region represent those living in the northern states 
of India like Bihar, Uttar Pradesh and West 
Bengal. The study found that women perceived 
"rataunr" or night blindness, which occurs quite 
commonly in the terai of Nepal, to be a serious 
condition of pregnancy which usually appeared late 
in pregnancy and had spontaneous remission at 
delivery. Despite its transient nature, women per- 
ceived it to he severe, ranking it second only to 
vaginal bleeding in terms of its severity, and some- 
times treating it with locally available "night hlind- 
ness medicine" containing vitamin A. Women 
attributed the cause of this condition to pregnancy, 
hotness of the body, food and season, or to "kam- 
jorl*' (weakness). Women who had experienced 
night blindness found it to be debilitating, and to 
hinder their child care, food preparation and agri- 
cultural act~vities. The strength of the methodologic 
approach used for this research is that it provides 
an understanding of the cultural context within 
which night blindness occurs during pregnancy and 
provides an "emic" understanding of local terms 
for illnesses, their causes, symptomatologies and 
consequences. This type of research becomes crucial 
when trying to understand the community's per- 
spective of a relatively new and emerging disease in 
a population. 

RECOMMENDATIONS 

Knowledge of local terms for night blindness is 
expected to improve the sensitivity and specificity of 
a history of night blindness and consequently, to 
identify night blindness during pregnancy as a pub- 
lic health problem in other parts of the developing 
world. Nutrition education/intervention programs 
would benefit from knowledge about local terms 
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and concepts of night blindness as this might be 
useful for developing messages for treatment, tar- 
geting populations, and setting u p  surveillance sys- 
tems that identify the extent of the problem. A 
simple history' of  night blindness, a condition recog- 
nized in the community, would also be useful to  
include in antenatal assessments and care programs 
in order to  target women at  high risk during preg- 
nancy who may require special nutritional support, 
and. antenatal care and counseling. Vitamin A pro- 
grams, which have been primarily focused on  
infants and children, need t o  expand to  include 
pregnant women. Self-treatment by women who 
suffered from night blindness suggests that social 
marketing interventions for vitamin A that use the 
private sector and local distribution systems may be 
a promising strategy to  adopt. both for the preven- 
tion and treatment of  this condition. Programmatic 
research needs to  be done in this area. The ultimate 
goal should however be to  achieve overall improve- 
ment of dietary quality and vitamin A status, es- 

pecially during the course of  pregnancy and this 
should be achieved through nutrition education 
programs. Research is also required to  conduct a 
more systematic investigation of  the functional con- 
sequences of night blindness for the woman and her 
household. 
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Working after the sun goes down: Exploring how night blindness 
impairs women's work activities in rural Nepal 
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Objective: To explore the influence of night blindness during pregnancy on nighttime work activities of women. 
Design and Subjects: A community based case-control study was used to compare nighttime activities of night 
blind (cases) and non-night blind pregnant women (controls) using a 24h recall method to measure work 
activities (n = 116 pairs). 
Setting: Rural South-Eastem district in the plains of Nepal. 
Results: Approximately one third of the night blind women reported being 'inactive' the previous night, not 
participating in any of the inquired work activities, as compared with only 15% of the control group (P < 0.031). 
The type of work that was significantly affected was the outdoor kind such as fetching water and washing dishes. 
Logistic regression analysis showed that night blind women were half as likely (odds ratio=0.49, 95% 
confidence interval = 0.25-0.98) to work at night than women without night blindness after controlling for the 
effects of confounding variables including gestational age, season, and protein energy malnutrition which were 
significantly associated with nighttime work activity. 
Conclusions: Night blindness during pregnancy, an indicator of vitamin A deficiency, reduces the number and 
type of work activities women perform at night, thus impairing women's ability to participate in normal 
subsistence activities by reducing their 'work day'. 
Sponsorship: The study was funded by the Office of Health and Nutrition, US Agency for International 
Development, Washington DC with additional support from Task Force Sight and Life (Roche, Basel, 
Switzerland). 
Descriptors: night blindness; pregnancy; work; activity; vitamin A deficiency; Nepal 

Introduction deficiencv and a diet that is inadeauate in vitamin A-rich 

The daily lives of women living in rural communities of the 
developing world have been described as a 'zero sum 
game'; a situation in which women are so burdened with 

.. work that the addition of any time-consuming task detracts 

. from their ability to perform activities necessary for the 
subsistence of their families (McGuire & Popkins, 1989; 
Bentley et al, 1995; Leslie, 1989). Women living in the 
plains of Nepal spend an estimated 10h per day in 
productive, domestic and child care activities (Acharya, 
1981). Even during pregnancy, women in Nepal spend the 
same amount of time working and expend similar amounts 
of energy as non-pregnant women (Panter-Brick, 1989, 
1993). 

 his paper investigates the functional consequences of 
maternal night blindness, a condition caused by vitamin A 
deficiency, on women's lives and work activities in a rural 
area of Nepal. Night blindness is characterized by impaired 
vision at dusk and night among women who have normal 
vision during the daytime. In rural Nepal 10-20% of 
pregnant women develop night blindness during pregnancy 
(Katz et al, 1995). It is strongly associated with vitamin A 
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foods, although other co-existing risk factors such as 
protein energy malnutrition, anemia, and morbidity also 
co-exist in women suffering from night blindness (Chris- 
tian el al, 1998a). This study probes further into this 
debilitating condition, caused by nutritional deficiency, 
and its association with nighttime work activities of preg- 
nant women. 

Methods 

Research setting 
The study was conducted in the Sarlahi District, located in 
the southern lowlands of Nepal (Terai) close to the coun- 
try's border with India. The climate in the region consists 
of a hot season lasting from April to June, the monsoon 
lasting from July to September, and a cooler dry season 
lasting from October to March. Agriculture is the major 
source of income in the area, with a large proportion of the 
crops including rice, corn and tomatoes transported to other 
areas ofNepal. Female literacy is low in Nepal (14%), as is 
access to facilities; 18% of the population has access to 
adequate sanitation and 63% has safe water supply 
(UNICEF, 1997). None of our study population had 
access to electricity, an important consideration when 
examining nighttime activities, as the insides of houses at 
night are typically lit only by fires in the hearth, and 

pal 
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Figure I Proponion of work activities by general time of day reported by pregnant women in the previous 24 h. (Values shown in parentheses indicate the 
total number of each work activity reported by a recall of pregnant women). 

Selection of the study population 
Data were gathered from September, 1994 to November, 
1995 as part of a population-based case-control study to 
examine risk factors associated with night blindness during 
pregnancy. The methodology is described in detail else- 
where (Christian et al, 1998a). A weekly pregnancy sur- 
veillance set up for a large trial of maternal vitamin A and 
p-carotene supplementation (West et al, 1997) was used to 
identify pregnant night blind women in the community. 
Local women distributing study supplements were trained 
to obtain weekly histories from pregnant women in their 
area by using local terminology for night blindness. Preg- 
nant women reporting to be night blind were revisited by 
trained data collectors to verify their condition using 
standardized questions regarding the signs and symptoms 
of night blindness. Upon enrollment of each night blind 
case, a non-night blind control was randomly selected and 
assessed in the same reported month of pregnancy as the 
case, thus matching for month of pregnancy and seasonal 
variation in diet and illness. Over a period of 15 months, 
116 pairs of night blind cases and matched controls were 
enrolled in the study. Sample size calculations were based 
on detecting an odds ratio of 3 or more using low serum 
retinol as the principal exposure. 

Data collection 
Cases and controls were visited within one week of their 
selection for an interview and an examination which 
included anthropometric measurements and drawing 
blood for estimation of hemoglobin (Hb) and serum retinol. 
The interview included questions about night blindness, 
household characteristics, previous 7 d  frequency of food 
intake and morbidity symptoms, and a 24 h activity recall. . . I 1. L,. 1-1 .... '.,~. 

height, and mid upper arm circumference, were taken 
using standard procedures described by Gibson (1990). 
Hb was estimated using a portable hemoglobinometer 
(HemoCue inc., Mission Viejo, California). 

Assessment of work activities 
Fifteen of the most frequently mentioned work activities of 
women from ethnographic in-depth interviews with 38 
informants (Christian et al, 1998b) were selected for 
inclusion in the 24 h activity recall. Hand-drawn pictures 
showing women performing each of the activities were 7 

shown to the subjects while the interviewer described the 
activity taking place in the picture. This technique was 
found to be a useful approach to elicit response from a 
largely illiterate yet picture oriented population. Women 
were asked which activities they performed in three differ- 
ent time periods during the previous day. 'Morning* was 
defined as the time from waking up until eating the first of 
two daily meals (5 h). 'Afternoon' was defined as the time 
from after eating the morning meal until just before sunset 
(7h), and 'night' was defined as the period from sunset 
until the time the woman went to bed (4-5 h). Women were 
then asked to sort the activities, which they reported for 
each time period, into two piles: one for activities that took 
a 'long time' and the other for activities that took a 'short 
time'. The decision to assess activity length in this way was 
made during the pre-testing of the questionnaire which 
showed that few women owned watches or were familiar 
with Western units of time estimation. From the 24h 
recalls, therefore, we were able to obtain for each woman 
the number, type, and relative duration of each activity in 
which she had participated during the morning, afternoon, 
and night of the past day. In this paper, we focus mainly on 
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Figure 2 Participation in different types of nighttime work activities in the past 24 h by case/control status. Significantly different (P  < 0.002) from 
controls. 

Table 1 Percentage of cases and controls reporting activities taking 
'long' to do on the previous day 

Table 2 Adjusted odd< of working at night among cases relative to 
controls 

Nighttime Day ond nighrrime 

Cmes Conlrols Cases Controls 
% ,  % % % 

Washing dishcs 17.4 14.9 22.8' 13.2 
Childcare 40.9 41.2 52.7 37.0 
Fetching watcr 18.8 8.7 3 1.7' 14.5 
Sweeping 22.2 0 24.8' 14.0 
Cooking 42.9 31.7 42.7' 30.0 
Breastfeeding 46.2 28.6 34.8 24.1 

'Indicates cases significantly (P<0.05) different from controls using ehi- 
square test. 

Data analysis 
Statistical analysis was carried out using SAS version 6.1 1 
(SAS Institute Inc, Cary NC). The Chi-square test was used 
for the categorical analyses. Guttman scaling (McIver & 
Carmines, 1981) was used to develop a socio-economic 
status (SES) scale using household assets. The combination 
of assets that produced the best scale were ownership of 
land, cattle, an upper storey to the house, and a bullock cart. 
A five point scale ranging from 0-4 was computed by 
summing the four dichotomous variables (coded 0 and 1) 
and stratified into low and high SES groups (5 2 vs >2). 
Gestational age was calculated using data on menstrual 
status of women collected prospectively as part of the 
pregnancy surveillance of the supplementation trial, and 
women's report of their last menstrual period. Season was 
classified into hot or cold; the hot summer and monsoon 
months lasting from April 15 to October 15, and cold 
...:-+-* m n n t h ~  for the remoinrler of the venr The cut-off 

OR (95% CI) 

Night blind cases (vs controls) 0.49 (0.25-0.98) 
Canfounden: 

Hot season (vs cold) 0.39 (0.18-0.81) 
Gcrtadonal agc (wccks) 0.94 (0.89-0.99) 
MUAC (cm) 1.22 (1.04-1.45) 

'Using stepwise logistic regression. Age of the woman, parity, household 
size, socioeconomic status and Hb levels were not significantly associated 
with nighttime work activity and wcre excluded from the model. 

for severe anemia was used to dichotomize women into 
those with Hb concentration <7g/dl and >7g/dl. 

The purpose of the present analysis was to examine 
women's nighttime work activities as a consequence of 
night blindness (and not as an exposure) after controlling 
for other factors which are also known to impact work. We 
used multiple logistic regression analyses with nighttime 
activities as the dependent variable dichotomized into 0 vs 
any activity and night blindness status as the independent 
variable adusted for the effects of confounding variables. A 
stepwise logistic regression was done to select the inde- 
pendent variables to be included in the model. With this 
procedure, independent variables are entered and removed 
from the model in such a way that each forward selection 
step is followed by one or more backward elimination steps 
(SASISTAT, 1990). The independent variables were case- 
control status, age, parity, household size, gestational age, 
socioeconomic status, arm circumference and Hb levels. 
Althoueh this was an unmatched analvsis. we adiusted for 
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the effects of gestational age and season, the two variables 
on which cases and controls were matched. 

Ethical approval was obtained from the Nepal Health 
Research Council and the Johns Hopkins Committee on 
Human Research. 

Results 

Activity recall data showed that a majority of domestic 
indoor and outdoor activities performed by pregnant 
women during the previous day (cases and controls com- 
bined) were done during the daylight morning and after- 
noon hours (Figure I). Some activities such as grinding 
grain, cutting grass for fodder, chopping and carrying 
firewood, and working in the fields were reported exclu- 
sively in the daytime. Other activities were also done at 
night on a routine basis, such as cooking (38.3%), washing 
dishes (21.4%), and fetching water (12.6%). A majority of 
reported child care activities (60%), and a large proportion 
of reported occurrences of breastfeeding (32%) took place 
during the nighttime hours. 

The total number of work activities during the nighttime 
of the previous day showed that significantly (P < 0.031) 
more cases (31%) than control (15%) reported not doing 
any work at night, and conversely, fewer cases (25%) than 
controls (37%) participated in two or more activities at 
night. The influence of night blindness during pregnancy on 
different types of nighttime work is summarized in Figure 
2. Night blind cases were less likely (P c 0.002) to have 
reported washing dishes or fetching water than controls 
(50% vs 30%). There was no difference between cases and 
controls reporting these two activities during the daytime 
(data not shown). The percentage of cases and controls who 
reported cleaning, cooking, and childcare and breastfeeding 
the previous night was not significantly different between 
groups. 

When asked about the length of time it took to complete 
each activity done at night, a larger percentage of night 
blind women reported that the activities took a long time to 
do than controls, with the exception of childcare activities 
(Table 1). This difference was, however, not statistically 
significant. Combining the three time periods of the day, a 
significantly higher proportion of cases than controls said 
they took a long time to wash dishes, fetch water, sweep, 
and cook (all P < 0.05). All of these were routine activities 
(Figure 1) done multiple times in a day. 

The influence of night blindness on the likelihood of 
performing nighttime activities was also examined using 
stepwise logistic regression analysis controlling for poten- 
tial confounders (Table 2). Night blind cases were signifi- 
cantly less likely to do any work at night than controls 
(OR=0.149, 95% CI: 0.25-0.98) after controlling for the 
significant effects of gestational age, season and arm 
circumference. A weekly increment in gestational age 
was associated with a 6% decrease in the likelihood of 
doing work at night adjusted for other factors. Nighttime 
work activity was seasonal; women were less likely 
(OR=0.39, 95% CI: 0.18-0.81) to work at night during 
the hot season than in winter. MUAC was strongly asso- 
ciated with women's nighttime work activity. With every 
unit increment in MUAC, the likelihood of nighttime work 
as reported by women increased by 22%. Other factors such 
as age, parity, household size, socioeconomic status, and 
Hb concentration failed to be significantly associated with 
women's nighttime work and were excluded from the 
^"^I..L.L 

Night blind cases and controls also differed significantly 
(P = 0.039) in the number of activities they reported 
during the daytime. A higher proportion of cases (40%) 
than controls (26%) performed a few (4 or less) activities 
during the day. Conversely, 47% of controls compared with 
33% of cases did 5-7 activities. The percentage of women 
who reported doing more than 8 activities was similar 
between cases and controls (-27%). 

Discussion 

To our knowledge, this is the first study that explores the 
impact of vitamin A deficiency manifest as night blindness 
on activities of daily living or rural pregnant women. Our 
findings suggest that maternal night blindness impairs the 
ability of women to participate in normal work after the sun 
goes down. Women living in these environments are over- . 
worked with multiple demands on their time (Acharya, 
1981). A condition like night blindness of pregnancy can 
reduce women's daily functional time by cutting short the , 

productive 'work day' and affect the various roles they are 
expected to perform within the constraints of a few limited 
resources. 

Our previous ethnographic study revealed that women 
are primarily concerned about night blindness because it 
limits their ability to participate in normal nighttime work 
activities (Christian et al, 1998b). Our activity data sub- 
stantiate these concerns. Night blind women were signifi- 
cantly less likely than controls to report participation in 
work activities at night. Even among night blind women 
who did work, night blindness apparently limited their 
ability to do tasks which required them to go outside 
such as fetching water and doing dishes which both require 
the woman to walk some distance outside to thevillage 
water source. In contrast, cases and controls did not differ 
in their participation in activities which could be done by 
the light of the fire, such as cleaning, childcare and 
breastfeeding, and cooking. While other factors were 
associated with women's nighttime work activity, we 
were able to demonstrate that night blindness was inde- 
pendently related to doing no work at night. After control- 
ling for the confounding effect of gestational age of 
pregnancy, season, and protein energy status, the odds of t 
doing any nighttime activities by night blind women was 
lower by 50% in comparison to women with no night 
blindness. 

In comparison to controls, night blind women tended to 
report longer times required to perform work at night. The 
difference was not statistically significant, perhaps because 
of the small proportion of women reporting doing work at 
night. However, cases were more likely to report taking 
longer to wash dishes, fetch water, sweep, and cook relative 
to controls when all three time periods were aggregated 
together. Night blind women may be spending more time 
during the day on work activities commonly done at night, 
in order to accomplish tasks which they might otherwise 
have to perform when lacking night vision. 

Night blindness and daytime activities 
Night blindness was also associated with a reduction in 
the number of activities reported by women during the 
daytime. Christian et a1 (1998a) cite numerous risk factors 
that cluster in night blind women in this population, 
including protein energy malnutrition, anemia, and repro- 
ductive illnesses. Health and nutritional factors such as 
....*".:" "..A ..--A*:- """ ->.. - - I  .....- :.:-- L-.." ..-"..:-.."?.. 
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been shown to affect women's work performance (Panter- 
Brick, 1992; Harrington, 1983; Alemu & Lindtjom, 1995). 
Nighttime work was strongly related to arm circumference 
measurement in the present study. Further exploration is 
necessary to determine the relative impact of nutritional 
and health factors on the activity pattern of women during 
the daytime. 

Other factors injuencing nighttime activity 
Advancing gestational age of pregnancy was associated 
with lower nighttime work activity independent of other 
factors. Time allocation studies in Nepal and other devel- 
oping countries, however, have shown pregnancy to have 
little or no effect on the total workload, or the total time 
women spend working (Panter-Brick, 1989, 1993; Baksh 
et al, 1994). 

A likely explanation for the seasonal difference in 
activity lies in our operational definition of nighttime and 
daytime activity. Since nighttime was defmed in this study 
as the time after sun down, longer daylight hours during the 
hot season probably resulted in less time to do work 
activities in the evening. While seasonal changes in activity 
(Roberts et al, 1982) such as in the planting and harvesting 
of rice have been described, it is unlikely that a one time 
24h activity recall would be able to demonstrate such 
differences, especially for nightime activities. 

Arm circumference is an indicator of protein energy 
status that remains stable during pregnancy in women from 
less developed countries where weight gains of pregnancy 
are low (Krasovec & Anderson, 1991). Our results suggest 
that women's nutritional status as assessed by arm circum- 
ference measurements influenced women's ability to work 
at night. A small body size is associated with reduced 
ability to work (Spurr, 1990) and a low BMI in adults with 
low energy expenditure (Alemu & Lindtjom, 1995). Severe 
anemia failed to be statistically significant as a confounder 
in the presence of other variables. This maybe because Hb 
concentration was correlated with other variables in the 
model such as gestational age (r = -0.14, P = 0.035). and 
MUAC (r = 0.13. P = 0.036). Hb is also strongly asso- 
ciated with case-control status (Christian et al, 1998a). 

Limitations 
Interviewers were not masked to case-control status as it 
was likely that they would be exposed to disease Status of 
the informants during the course of the interview. This may 
have potentially resulted in an interviewer bias. Use of 
standardized questionnaires and adequate training and 
supervision was likely to minimize interviewer bias. Ana- 
lysis of the daytime activities reveals that cases were doing 
less work even during the daylight hours which is unlikely 
to be due to an interviewer bias. Misclassification of case- 
control status maybe another potential bias which may 
attenuate differences between cases and controls. This 
type of bias was minimized by verifying night blindness 
histories. Furthermore, a significantly lower serum retinol 
concentration among cases relative to controls (Christian et 
a1 1998a), was a good validation of their clinical history. 
Selection bias was minimal in the study as all cases of night 
blindness that were reported and verified to be night blind 
based on their symptoms were included in the study while 
controls were randomly picked from the population of 
pregnant women without night blindness. 

Our data on the work activities used a 24 h recall method 
instead of direct observation and spot checks which are a 
more accurate means of explorin: time allocation (Gross. 
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1984; Acharya & Bennett, 1982). One of the assumptions 
made using a recall questionnaire was that a one-time daily 
recall administered to a population will reflect the typical 
work activities and factors influencing work activities over 
time. The second assumption was that the total number of 
activities done by a woman over a period of time reflects 
her work load. The great diversity of work tasks done by 
the typical Maithili woman over the course of a day 
(Acharya & Bennett, 1982) supports such an assumption. 
However, inherent differences in the time and energy 
required to complete different types or work may also 
influence the number of activities a woman does in a day. 
Moreover, since we restricted our recall to the 15 most 
frequently performed tasks, we may have excluded other, 
less commonly done activities. 

Conclusions 

Night blindness, an indicator of vitamin A deficiency, 
functionally impairs women's ability to work at night 
independent of the potential influence of other factors, 
and limits the diversity of tasks women are able to perform 
after sunset. This pregnancy-related condition may exacer- 
bate the constraints imposed by a pregnancy on the various 
social, economic, and biologic roles of women. Therefore, 
in addition to being an indicator of nutritional and health 
stress, matemal night blindness may also have adverse 
implications on the social and economic well being of 
individual women and their families in Nepal. 
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Abstract-The study examined caregiveryhild interactions, intrahousehold food allocation and general 
child care behaviors and their erect on children's xerophthalmia status in the rural Terai region of 
Nepal. Seventy-eight households with a child having a history of xerophthalmia (cases) were matched 
with 78 households with a child of the same age having no history of xerophthalmia (controls). Seven 
day-long continuous monitoring observations were performed in each household (over 15 months) by 
trained Nepali observers, focusing on feeding and care of a focus child and hislher younger sibling. 
Nineteen different behavioral variables were operationalized, including serving method, second helpings, 
serving refusals, encouragement to eat, request intensity, meal serving order, food channeling, food 
sharing, positive social behaviors, negative social behaviors, and positive health behaviors. Automatic 
serving and request intensity were strongly negatively correlated, especially among younger siblings. 
Children who serve themselves receive less encouragement to eat. Those children who are refused in 
their requests for food tend to ask for food more frequently, for a longer time, and be less likely to 
self-serve. Children who eat from a shared plate are less likely to interact with a food server and more 
likely to self-serve. Negative social behavior towards children is associated with the child having to 
request food more frequently and a greater likelihood of being refused food. Children who receive posi- 
tive health care from their caregivers are also more frequently asked if they would like food by the ser- 
ver and are encouraged to eat. Several caregiver<hild feeding behaviors were related to a child's risk 
of having past vitamin A deficiency. Controls werc much mare likely to be served food automaticaliy. 
Cases were more likely to serve themselves food and have multiple servings of food. Cases were nearly 
two times more likely than controls to be treated with neglect or harshly, and much less likely than 
EO~III.UIS 1 0  llilvc Iheir I l o l t l ~  nccds rcccivc ;ttlcnlion. Ex~tmininy intr;~hottsehold hch;!vior is crilic;ll for 
understanding the causes of vitamin A deficiency in rural Nepalese children. and has great potential for 
identifying and improving interventions to improve children's diets and carc. 0 1998 Elsevier Science 
Ltd. All rights reserved 
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INTRODUCTION consumption in children (Ashby, 1985; Dettwyler, 

The influence of caregiver behavior on child food 
intake varies in different settings, ranging from a 
high level of food consumption promotion exhibited 
by the caregiver, to  relatively low levels of  pro- 
motion (Dettwyler, 1989). In some settings, care- 
givers actively promote child food 'consumption. 
particularly in response to clues from the child. In 
Nigeria, force-feeding of children is common 
(Meldrum, 1984). Bentley ct a/. (1991) found that 
caregivers in Peru tend to  encourage their children 
to  eat when they are ill. In Nicaragua, Engle and 
Zeitlin (1996) found that mothers were likely to  
actively feed their child when the child expressed 
disinterest. Evidence in other settings indicates t h ~ t  
caregivers may d o  relatively little to promote food 

*Author for correspondence. 

1986). 
Much of  this recent work has used direct obser- 

vation methods, primarily continuous monitoring 
techniques. Direct observation of behavior, when 
feasible, is generally regarded as being more accu- 
rate than recall in obtaining behavioral information 
(Rcntlcy cr a/.. 1994) as people tend to  report per- 
forming positive health behaviors more frequently 
than they are actually observed (Stanton and 
Clemens, 1987; Curtis ct a/.. 1993). 

While the literature is now fairly well developed 
in tcrtns of describing caregivcr-child interaction 
around feeding (see Dettwyler, 1989; Bentley et a/., 
1995; Engle and Zeitlin, 1996). several largc gaps 
remain. There has been little attempt to link feeding 
behavior directed towards a specific child to  the 
feeding of other household members. In most set- 
tings, child feeding takes place within a household 
context, which greatly shapes and influences how a 
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particular child may be fed. Patterns of food allo- 
cation, gender and age, as well as individual prefer- 
ences for foods can also affect the caregiver-child 
feeding interaction. 

In addition, relatively little work has been done 
describing the relationship between child feeding 
and other aspects of child care within the house- 
hold. Do mothers who feed their children well also 
care better for their children in other ways? For 
example, does a mother who encourages her child 
to eat more also show more affection or more fre- 
quently bathes her child, or is there a trade-off? Is 
time spent interacting with the child during meal- 
times at the expense of interaction at other times? 
Finally, what are the health implications (if any) for 
caregiver-child feeding and other child care beha- 
viors? , 

Figure 1 presents a model emphasizing these 
unexplored relationships. The caregiver (frequently 
the food server) mediates between the food supply 
and service to a particular ("focal") child and to 
other household members, particularly during 
meals. However, all household members. except for 
the very youngest children, can also draw on that 
food supply directly, perhaps with little or no input 
from the caregiver, especially during snacks. In ad- 
dition, II focnl child 11nd othcr hoaschold mcmhcrs 
may exchange and share foods. All these different 
food-related behaviors are part of a larger set of 
child care behaviors that occur within the house- 
hold that may influence the health status of the in- 
dividual child. 

This paper seeks to test this model by looking at 
the care and feeding of children in rural Nepal. We 
suspect that caregiver-child behaviors directly influ- 
ence and are influenced by how food is allocated 
within the household, and how the child is cared 
for in other ways. We also feel that these behavioral 

patterns play a direct role in the health status of the 
child, but the strength of these associations is not 
known. To test these hypotheses, a series of con- 
tinuous monitoring observations were used to assess 
the care and feeding of young Nepali children with 
and without xerophthalmia, an ophthalmic disease 
due to chronic, underlying dietary vitamin A inade- 
quacy (Sommer and West, 1996). 

METHODS 

Sfudy design 

This case-control study was conducted in three 
village development committees (VDCs), totaling 
-15,000 people in Sarlahi District, located in the 
central lowland region of Nepal. Children with 

A 

clinical signs of xerophthalmia or having a current 
history of night blindness were identified during a 
community-based screening by senior ophthalmic 
assistants employing World Health Organization 
criteria (Sommer, 1982). Eighty-six households were 
identified as having at least one xerophthalmic 
("focus") child between the ages of 1 to 6 years. 
Cases were treated with 200,000 IU of vitamin A on 
two consecutive days and referred to the local 
health;post for follow-up. The pool of control 
l~ouseliolds included those whose surveyed clilldren 
exhibited no xerophthalmia and who reported no 
history of night blindness for any sibling or the 
child's mother. Control and case households were 
matched based on the age of case and control focus 
children (+_3months), and the age of the next 
younger siblings (i4 months), if present in the case 
household. Five cases either declined to participate 
or migrated from the region, and an additional 
three case households were censored due to mi- 
gration of their control counterpart, resulting in 78 
case-control pairs included in the analysis. Some 

Other 

GiverlServer I_(.._ Child ...... 
'. 
'\ ? .I t 

Health 
+ l_l_I 

-3 Fwd-relarod behaviors 

. .. . . . . . . .. . + E H e N  on heath 

------ + Olher child save behaviorr 

Fig. I .  Model of the relationship between caregiver-child behaviors and other household members 
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analyses were performed in relation to the younger 
siblings of cases and controls. In these instances, 
only 53 case and control households were included 
in the analyses. 

Continuous monitoring observafions 

Seven day-long observations were conducted in 
each of the study households during the period 
from March 1993 to June 1994. Observations in a 
household were spaced roughly two months apart 
on randomly selected days of the week. Ten male 
local high school graduates were trained for three 
months as observers in portion size estimation and 
were standardized in the use of the behavior record- 
ing instrument (Gittelsohn ct al., 1994). Selection of 
key behaviors for recording was based on an initial 
six-month period of ethnographic fieldwork in the 

i study communities. 
Observations were event-focused; each time a 

behavior of interest occurred, it was recorded. A 
minimum of one record per five minutes was 
required when behaviors remained constant for pro- 
longed intervals, e.g. playing, walking, sleeping. 
Priority was given to observing the behavior of a 
focal child 1-6 years old, his or her next youngest 
sibling (if any), and that of caregivers for those chil- 
dren. However, observations were recorded for 
other household members, particularly other chil- 
dren. During meals and snacks, the behavior of all 
household members present was monitored. 
Observers recorded the following information 
regarding each behavioral event: time, location of 
behavior, actor doing behavior, recipient 01' beha- 
vior (if any), actual behavior (or activity) observed, 
food name (if any), food condition, and food quan- 
tity. Observations were conducted from early morn- 
ing (6-7 a.m.) until the focal child went to sleep for 
the night and the evening meal had been consumed 
(usually around 8 p.m.). The observer took a 3-4 h 
break in the middle of the day. 

Observed behaviors were recorded as 5 letter 
mnemonic codes, each representing a Nepali phrase. . 
In total, 110 different behavioral codes were devel- 
oped for the study. The codes covered seven topics: 
child care, food preparation and serving, general, 
observer-related, personal hygiene and health, con- 
versation, and work. In total, 1103 days of obser- 
vation were collected. 

Controlling reactivity 

Because of the intensive nature of the obser- 
vations, efforts were made to reduce reactivity on 
the part of study household members. Observations 
were conducted only after the household had been 
contacted on several occasions and was thoroughly 
familiar with study personnel. Observers were 
assigned to 20 households (I0 case households and 
their I0 matched controls) which they consistently 
observed from the beginning of the study until its 
end. We felt that this system of assignment of study 

households to observers served to reduce reactivity, 
as there were no new faces after the first obser- 
vation. In this way, systematic bias due to the pre- 
sence of a particular observer was also controlled 
for in the comparison of case and control house- 
holds. In addition, observers were blinded to case 
or  control status of each household. 

Defining bel~avioral counts, scales and scores 

In  order to summarize the continuous monitoring 
observation to make comparisons and identify pat- 
terns, three types of variables were constructed: 
counts, scales and scores. 

Counts refers to the simple summing up of the 
number of times a single behavior occurs (or some- 
times, dichotomized into whether or not a behavior 
occurs) over a specific time period. For instance, 
counting the number of handwashings, whether or 
not soap is used, etc. Scales refers to combining 
different behaviors according to an underlying con- 
struct. For example, scales of encouragement to eat 
have been developed for Peru (Bentley el a/. ,  1994) 
and of child demand for food in Nicaragua (Engle 
and Zeitlin, 1996). Items in a scale may be simply 
added together or  weighted and then summed. 
Scores refer to a more complex form of counting, 
where the results of two or more behaviors, or of a 
behavior and other sources of information are com- 
bined. One example is the amount of time between 
a request for food and its actual service to a child. 
As another example, the principal author's work in 
Nepal (Gittelsohn. 1989, 1991) developed a channel- 
ing score that took into account the number 01' 
different foods consumed by an individual (the sum 
of many eating behaviors for that individual) and 
divided that by the total number of different foods 
consumed in the household that day (the sum of 
many eating behaviors for all household members). 

Generally, values for each variable are calculated 
at the level of the observational visit, summed, and 
then averaged for all visits to the household. Scales 
are additive and, where indicated, Cronbdch's a has 
been calculated as a measure of reliability 
(Cronbach, 1951). As a general rule, an u of 0.60- 
0.65 is considered low, 0.65-0.70 is acceptable, 
0.70-0.80 is respectable, and 0.80-0.90 is good 
(DeVellis, 1991). For the most part, the reliability 
of our scales are lower than desired, suggesting at 
first that these scales may be measuring behaviors 
that are unrelated. On the other hand, earlier corre- 
lation analyses indicated significant associations 
between variables used in scales. We feel that the 
very low frequency of many of the behaviors noted 
during the observations contributed to the scales' 
low internal consistency. 

Some of the created variables require differentiat- 
ing between snacks and meals. These differences 
were described by considering the number of differ- 
ent foods served to the child, amount of food 
served to the child, and number of people present 



480 1. Gittelsohn PI  a/. 

during the food consumption episode (Table I). In 
general, snacks are assumed to be eating events 
involving fewer foods in smaller amounts, and 
attended by fewer people than me~ls. 

Bel~avioral variables used in tltis  stud^ 
The derivation of four of the variables, serving 

method, meal serving order. channeling, and second 
helpings, has been described previously, and are 
among scores developed by the first author in his 
earlier study of intrahousehold food allocation in 
Nepal (Gittelsohn, 1991). The remainder of the 
variables have been developed from this data set, 
and have been divided into caregiver-child beha- 
viors, intrahousehold food behaviors and other 
child care behaviors in the description below. 

Caregiver-child bel~aviors. Eight different beha- 
vioral variables were operationalized to describe 
aspects of caregiver child interactions: 

Serving nterhod actually four related scores which 
describe the proportion of food service behaviors 
during meals and snacks, where the study child is 
the recipient, according to four diiierent styles: ser- 
ving without asking (i.e. automatic serving) (AS), 
server asks then serves (SA), recipient (child) asks 
(RA) and self-service (SS) by the child. The four 
scores total 100% for any individual. Breast-feeding 
episodes are not inclodcd in thc cnlculntion of this 
score. 

Second helpings: a score which describes the pro- 
portion of all the different foods offered to or 
served to the child more than once during observed 
meals and snacks. 

Serving refusals: a weighted additive score com- 
bining three different types of refusals to serve a 
child requesting food during meals and snacks. 
Refusals were coded as non-discriminatory 
(weighted I), ignoring the child's request (weighted 
2) and discriminatory (weighted 3). 

Encouragen~enr to eat: an additive scale 
(or = 0.28) combining 1 1  different food serving1 
offering behaviors to the child (e.g. automatically 
serving the child, asking if the child is hungry, hand 
feeding, etc.) during meals and snacks. Values 
reflect the number of times during the observation 
day that the child was encouraged to eat by the 
food server, regardless of whether or not the child 
actually recelved or ate food. 

Requesr-service gap: a score which measures the 
average amount of time (minutes) between a child's 
request for food and actually receiving or being 
served food during meals and snacks. 

Request intensity: a score which sums the number 
of times food is requested by a child before it is 
served during meals and snacks. 

Snacking frequency: a count which refers to the 
number of non-meal episodes per observation day 
at which the child receives some food. 

Meal frequency: a count which refers to the num- 
ber of meal episodes per observation day at which 
the child receives some food. 

Inrral~ouscltold food beltaviors. Five variables were 
operationalized to describe intrahousehold beha- 
viors: 

Meal serving order reflects relative serving order 
of the child during meals only. Scores range from 0 
to 1, with numbers closer to 1 indicating higher ser- 
ving order priority. 

Channeling: a score which describes the pro- 
portion of all the different foods served to the child 
in the household during meals and snacks. Scores 
range'from 0 to I, with numbers closer to 1 indicat- 
ing that the child received more of the different 
foods consumed in the household that day. 
Breastmilk was not included as a food in the calcu- 
lation of this score. 

Shared plare: a score which sums the number of 
times a child eats food off the same plate as another 
household member (adult or child) during meals 
and snacks. An obscrvation day was divided into 
two sections; the morning observation period and 
the evening observation period. If a child ate off a 
shared plate during either of those two observation 
periods, he received a score of one for that day. If 
he ate off. a shared plate during both those periods 
he received a score o r  two. Values range from 0 to 
14. 

Inrer-plate food sltaring: a score which measures 
how frequently the child receives or is offered food 
from another household members' own sewed food 
during meals and snacks. This variable does not 
include shared plate eating, where two or more indi- 
viduals eat from the same plate. 

Meal arrendance: a count of the number of people 
present during a meal where a child was served. 

Other c11ild care behaviors. Four variables were 
operationalized to describe other aspects of child 
care behavior. Based on our ethnographic work in 
this setting, a series of socially positive and socially 
negative behaviors were identified when directed at 
a child. 

Posirive social beltaviors is an additive scale 
(u = 0.56) in which the child is the recipient of 
behaviors felt to be beneficial by local standards. 

Table I .  Dcfinition ofsnueks vs. meals for children 

I food 2+  foods 

Amount of food served l o  child s2 people 3 +  people s2 people 3 +  people 
- 

550 g first serving) 
> I50 e firrl scrvinc) 

snnck 
men1 

snack 
meal 



Household behavior and xerophthalmia in Nepal . 481 

The scale includes instances of affectionate gestures, ling in 68% of the study households, with an age 
holding the child, massaging the child and putting range of 2 months to 4 years (mean of 1.7 years). 
the child to sleep. 

Ncgutive social bel~asiors is an weighted additive 
scale (a = 0.39) which includes four different types 
of negative treatment of the child, ranging from 
scolding (weighted I), to mild slapping (weighted 
2). to moderate hitting (weighted 3). to severe beat- 
ing (weighted 4). This scale may also be described 
as  a punishment or  discipline scale. 

Positive 11ealth bel~aviors is an additive scale 
(a = 0.56) which includes picking lice, brushing 
teeth, cleaning up feces in a sanitary manner, and 
using soap for cleaninglwashing, where the recipient 
of the action is the child. 

A scale of negative health behaviors was also cre- 
ated but was removed from the analysis due to very 
low internal consistency of the score. 

Socioeconomic status (SES) was estimated in this 
population through an interview with the male head 
of each household, and was based on ownership of 
eight items (flashlights, watch, bicycle, clothes cup- 
board, beds, number of rooms in house, roof, and 
pumpset). The SES scale has an acceptable 
Cronbach's u of 0.78. An estimate of level of reac- 
tivity of  the observation has been calculated for 
each observational visit and is included in selected 
analyses (see Gittelsohn et al., 1997, for details in 
creating this score). 

Pearson's correlation coefficients, controlling for 
age of child, were calculated for behavioral counts, 
scales and scores. Coefficients having a <5% prob- 
ability 01' a type 1 error wcre colisidercd signilicant. 
Matched-pair odds ratios (OR) with 95% confi- 
dence intervals (CI) wcre calculated by conditional 
logistic regression to estimate the risk of a case not 
performing a behavior or performing a behavior 
less often than a control. To improve the meaning- 
fulness of the parameter estimates, most scales and 
scores were broken down into quartiles (QI, Q2, 
Q3, Q4). The first quartile (QI) or lowest grouping 
was not included in the regression. Therefore, all 
odds ratios should be interpreted in relation to the 
first quartile. An exception is the meal attendance 
count which was dichotomized at  the mean. Odds 
ratios are adjusted for SES and the reactivity score. 
Statistical analysis was carried out by using SAS 
version 6.1 (SAS Institute Inc, Cary, NC). 

Verbal informed consent was obtained from 
families prior to their participation. This study was 
approved by the Nepal Health Research Council, 
Kathmandu, Nepal and the Committee on Human 
Research, Johns Hopkins School of Hygiene and 
Public Health, Baltimore, USA. 

RESULTS 

At the beginning of the study, the age of the 
focus child ranged from I to 6 years, with a mean 
age of 4.2 years. The focus child had a younger sib- 

Caregiver-childjecdig behavior 

Table 2 presents statistically significant corre- 
lations between the caregiver-child feeding variables 
for focus children and younger siblings in case and 
control groups combined. Automatic (AS) and 
request intensity were strongly negatively correlated, 
especially among younger siblings (r = - 0.69). The 
server asking is strongly positively correlated with 
encouragement to eat (r = 0.84 and r = 0.63). 
Younger siblings who are automatically served tend 
to have fewer serving refusals, and a shorter gap 
between request and service of food. Children who 
serve themselves receive less encouragement to eat, 
and also experience fewer refusals to their requests 
for food. Those children who are refused in their 
requests for food tend to ask for food more inten- 
sely (r = 0.72 and 0.56) and for a longer time, and 
be less likely to self-serve. 

Caregiver-rlrild feeding bz re/afion to other I~ouselrold 
mcn~bers 

Table 3 presents correlations between the care- 
giver-child food serving and intrahousehold food 
behaviors. Meal serving order appears to be nega. 
tively correlated with the server asking the focus 
child to eat and with encouragement to eat of this 
child. On the other hand, channeling of foods con- 
sistently correlates with caregiver-child behavior. 
For both the focus child and the younger sibling, 
channeling ol' tbod relates to positive caregiver 
behaviors such as offering second helpings, encoura- 
ging the child to eat and providing frequent snacks. 
Channeling appears to be particularly linked to the 
behavior of younger siblings, such as the number of 
requests and frequency of serving refusals. 
Channeling of foods to the younger sibling is as- 
sociated with the server asking if the child would 
like a particular food. but is negatively correlated 
with being served automatically and the child ser- , 
ving himself. 

Children who cat from a shared plate are less 
likely to interact with a food server (r = - 0.26 and 
-0.24), and more likely to self-serve (r = 0.41 and 
0.50). These children are also less likely to be 
encouraged to eat by a caregiver. Interplate food 
sharing (the allocation of food from an individual's 
served portion to the child) relates more strongly to 
feeding behav~or of the focus child than the 
younger sibling. Inter-plate food sharing is associ- 
ated with second helpings and with refusals for 
food service, indicating that the child's requests for 
food cannot be met from the existing food supply, 
and must be met from served food on the part of 
another household member. Interplate food sharing 
directed to the focus child is associated with fre- 
quent requests for food, and a decrease in self-ser- 
ving of food. 
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Table 3. Correlations between caregiver-child feeding and inlruhousehold reeding vari;lbler lor focus child and youngcr ribling'.' 

Incrahousehold lood behiwiorr 

Caregiver-hild rood Inter-plate load 
serving behaviors Meal serving order Chnnnclillg Shared plate sharing Meill size 

'partial Psrrson'r eorrdations. controlling for age or child. 
' 8 1  = 156 fosur child households. n = 106 households with younger siblings. 
'Correlation lor locus children. 
4Corrcla~ian lor youngr siblings 

Meal attendance is uncorrelated with most care- ated with the focus child being automatically 
giver-child food serving behaviors. In larger meals served, and not having to self serve. 
gatherings, it appears that the focus child tends to 
be neglected, receiving fewer offerings of food, and 
less encntlrilycmcnt to c:lt. Feeding aud otlrer behaviors and ri,sk of vitan~in a de- 

lieic~tce 
Clzild care and clrildjeedi~tg 

Table 4 presents relationships between caregiver- 
child feeding and child care behaviors. Positive 
social behavior is associated with automatic sewing 
and is negatively associated with self-serving of 
both the focus child (r = 0.36 and -0.28, respect- 
ively) and their younger sibling (r = 0.47 and 
-0.27). Positive social behaviors are more' often 
correlated with ways in which younger siblings are 
fed. Younger siblings who receive a lot of positive 
social treatment have to request food less frequently 
and are more likely to receive second helpings. 
Focus children receiving positive social behaviors 
are also more likely to be encouraged to eat. 

Caregivers acting in a negative way toward chil- 
dren is associated with the child having to request 
food more frequently (r = 0.36 and 0.23) and a 
greater likelihood of being refused food (r = 0.45 
and 0.28). Interestingly, negativc treatment of the 
child is.also associated with more frequent second 
helpings and greater encouragetnent to eat. Perhaps 
the child is not served sufficient amounts of  food in- 
itially, forcing further requests for food. 

Children who receive positive health care from 
their caregivers arc also nlore frequently asked if 
they would like food by the server and are encour- 
aged to eat. Such positive treatment is also associ- 

Table 5 presents the results of a series of con- 
ditional logistic regressions with past xerophthalmia 
status of the focus child as the dependent variable. 
Odds ratios have been calculated to express the risk 
associated with behavioral variables for past xer- 
ophthalmia. The odds ratios are presented adjusted 
by SES of the household and reactivity score. 

Several caregiver-child feeding behaviors were re- 
lated to a child's risk of heing chronically vitamin 
A deficient, reflected by a previous history of xer- 
ophthalmia (Table 5). Automatic sewing of food is 
associated with a 83% (Q4) or 73% (Q3) reduction 
in risk for xerophthalmia in the children, compared 
to the lowest quartile. High scores (44) for self-ser- 
vice and second helpings of food are associated 
with a four times and eight times greater risk for 
xerophthalmia, respectively. None of the other 
scales and scores for caregiver-child feeding beha- 
viors showed significant differences between cases 
and controls. 

High meal attendance was associated with a 52% 
reduction in risk for xerophthalmia in children. 
While none of the other scales for intrahousehold 
food allocation behaviors were significant predictors 
of  xcrophlhnlmi;~ status at the 95% confidence 
level, both channeling and inter-plate food sharing 
approached significance. Cascs tended to be the 
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Table 4. Correlations between caregiver-child feeding and child the focus child to request food from others, also 
care vrriables for rocus child and younger sibling'.' supported by the higher frequency of second help- 

Child care behaviors ings in cases. It is interesting that large meal gather- 
Caregivcr-ehild food Negative Positive ings ,were protective in their association with 
xrving behaviors Positive social roeial health 

Serving method 
Automatic 0.36.' -0.13 0.33. 

0.47.' -0.20. -0.07 
Server arks 0.08 0.08 0.29. 

Recipient asks 

Self-service 

Second bclpings 

Serving reruwls 

Encouragmcnt to cat 

Requert-service gap 

Request inBnlity 

Snacking frequency 

Meill attendance 

< 0.05 or less. 
'[artial Pearron'r correlalionr. mntrolling for age o f  ehild. 
' n  = 156 focus child houreholdr. n = 10 households with younger 

siblings. 
'Correlation for rocur children. 
4Co~mlation for younger siblings. 

recipients of channeled foods and be involved in 
inter-plate food sharing. 

With respect to non-feeding interactions in the 
households, cases were more than twice as likely to 
be treated with neglect or harshly, reflected by the 
negative social behavior scale (Q3). On the other 
hand, very high (Q4) positive health behavior scale 
scores were associated with a 66% reduction in risk 
for xerophthalmia. 

DISCUSSION 

Table 5. Ellect of caregiver child feeding. inlmhourehold feeding 
and child care behaviors on risk or vitamin A deficiency of focus 

child 

Odds ratio' (CI) (ad,. 
Behaviornl variables SES. reactivitv) . . 

Caregiver-ehild feeding behaviors 
Serving mcthod 

Automatic Q2 0.49 (0.18-1.35) 
Q3 0.27 (0.08-0.90) 
44 0.17 (0.044.70) 

Server arks Q2 0.97 (0.40-2.31) 
Q3 1.20 (0.46-3.12) 
Q4 1.04 (0.34-2.89) 

Recipient asks Q2 1.25 (0.45-3.50) 
Q3 0.43 (0.14-1.35) 
Q4 0.92 (0.30-2.83) 

Self-service Q2 1.89 (0.71-5.06) 
Q3 2.13 (0.83-5.45) 
Q4 4.04 (1.00-16.35) 

Second helping Q2 2.80 (0.95-8.25) 
Q3 2.82 (0.98-8.10) 
Q4 8.33 (2.63-26.41) 

Serving rerural Q2 1.17 (0.39-3.55) 
Q3 1.19 (0.39-3.64) 
Q4 2.23 (0.55-9.09) 

Encouragement to eat 4 2  0.51 (0.18-1.45) 
Q3 0.76 (0.28-2.07) 
9 4  0.59 (0.20-1.80) 

Request-service grp Q2 0.93 (0.36-2.34) 
0 3  1.14 (0.43-2.99) 
@ 1.21 (0.43-3.45) 

Reauert intensitv 0 2  0.69 10.25-1.901 

Q4 0.64 (0.23-1.80) 
Snacking frequency Q2 1.38 (0.61-3.14) 

Q3 0.52 (0.19-1.47) 
Q4 1.40 (0.58-3.39) 

Meal frequency 4 2  0.78 (0.262.38) 
01 1 40 10 55-3 58) 

lntrahourehold food allocation behaviors 
Men1 serving order Q2 0.42 (0.14-1.25) 

Q3 0.71 (0.28-1.82) 
0 4  0.55 10.20-1.501 

The findings presented here underscore the im- Channeling ~2 2.15 i0.82-5.64 

portance of the household behavioral environment Q3 2.47 (0.98-6.23) 
Q4 2.21 (0.90-5.42) 

in producing a healthy child (here specified as non- Shared plate Q2 1.05 (0.43-2.61) 

xerophthalmic). We were able to develop a series of Q3 0.82 (0.29-2.38) 
0 4  1.88 (0.65-5.42) behavioral scales and scores that describe different I ~ , ~ ~ . ~ I ~ ~ ~  rood Q2 0.95 (0.14-2.64) 

aspects of the caregiver-child relationship, both sharing 

food-related and directed to other aspects of child Q3 2.01 (0.61-6.66) 
Q4 3.23 (0.95-1 1.42) 

care, and relate these to intrahousehold food allo- M ~ ~ I  =ttenhnce 0.48 (0.24-0.95) 
cation patterns of high risk and lower risk children 
with respect to vitamin A deficiency. All three cat- 

Positivesocial 
Other child care behaviors 

Q2 0.47 (0.14-1.59) 
egories of behavior, caregiver-child, intrahousehold 0 3  1.25 10.46337) . 
and child care, appeared to exert some influence on 
children's health. However, caregiver-child and Ne"'iysocial 
other child care behaviors appeared to be more im- 
portant than intrahousehold food allocative beha- 
viors in determining a rural Nepali child's risk for . . . ~  
xerophthalmia. 

'Risk or vitamin A deficiency bused on previous clinicnlly con- 
The tendency for cases to receive food from finncdhirtoryorrciophtha~miu. 

another's already served food may reflect receipt of 'value may be aproporlion. scalc value. s o r e  or count. 

relatively small initial servings of foods that require 'Cut-ors selected nl the quartile or each behavioral vaiiablc. 
'Bolded odds ratios (and 95% confidence intervals) exclude unity. 
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xerophthalmia, with cases being half as likely as One way we have tried to overcome this limi- 
controls to eat in meals with greater attendance. tation is by collecting information on the younger 
Larger meals may indicate more younger children sibling, as another proxy for how focus children 
present, with whom the focus child may favorably may have been fed and treated prior to developing 
compete for food, or the presence of adults who xerophthalmia. The validity of this approach is 
preferentially allocate foods to children. based on an observed lower risk of having xer- 

This investigative approach has identified beha- ophthalmia below two years of age (Katz e l  a/., 
viors suggestive of child neglect both during feeding 1995; Khatry er a/., 199% coupled with a 13-fold 
and with respect to other aspects of child care and (age-adjusted) increased risk of xerophthalmia 
caregiver-child nurturing that may directly influ- among young siblings of cases compared to children 
encethe quality of a child's diet (e.g., less frequent with no history of xerophthalmia (Katz er a/., 
automatic serving forcing a child to fend for itself 1993). 
at meals and snacks) and exposure to infection or It appears that younger siblings did differ from 
adequacy of treatment or care once ill (e,g, more the focus child in patterns of behavioral variables. 
frequent scolding, less attention to hygiene and The younger sibling was much more likely to be 

aspects of positive care), ~h~~~ findings pro. auto~natically scrvcd food than the focus child. and 
,,ide fresh insight into behaviors that may be under- was somewhat less likely to be refused. They are 
lying already documented dietary exposures less likely to snack, probably because they are 
associated with xerophtha~mia, such as earlier younger and are less able to serve themselves. 
weaning from the breast ( ~ h ~ ~ ~ ~  a/., 19951, and Younger siblings are channeled fewer foods than 
less frequent consumption of ,,itamin A rich foods the focus child, but are just as likely to eat on a 
(shankar el ]99,j; and West, 1996). shared plate as the focus child. This may mean the 

These behavioral patterns may provide new targets younger sibling is at a competitive disadvantage for 

for child nutrition and care education interventions food when compared with the focus child, but may 

that seek to strengthen family attributes that could also be related to age, as the youngest younger sib- 

reduce dietary and morbidity risk factors for vita- lings were still receiving breastmilk. Younger sib- 

min A deficiency. Future papers will address how lings tended to receive much better treatments in 
terms of the summary variables developed to assess 

each behavioral variable relates to specific foods, 
other child care behaviors. They are more likely to 

partitioned by dietary quality. Further research 
receive positive social behaviors and less likely to be 

needs to be conducted to more precisely determine treated negatively. They are also more likely to be 
how these behaviors are translated into health out- receive positive health behaviors. 
COlllCS. On the other hand, correlation pattcrns (Tables 

Many of the behavioral variables developed for 24) were very similar the focus child and 
this paper did not significantly influence risk of xer- his,her younger sibling, It appears likely that differ- 
ophthalmia. Patt of the explanation for this may be ences in treatment of the focus and the 
due to the relatively poor reliability of the scales. In younger sibling are primarily due to differences in 
fact, those scales with the lowest reliability (serving age, These findings reinforce the usefulness of both 
refusals, encouragement to eat), tended to not have sets of information, current focus child treatment 
a significant association with past xerophthalmia a,,d sibling treatment, for assessing 
status, while more reliable scales (negative social behavioral patterns [he household that pro- 
behaviors, positive health behaviors), were more duced a xerophthalmic child in [he past, 
likely to be associated with risk of xerophthalmia. The study has some limitations, ~h~ first lies in 
Better operationalization of some of the scales may the use of the reactivity score. we adjusted for 
improve their ability to predict diet-related health tivity effects by using the mean reactivity score for 
outcomes. all household observations; a more powerful adjust- 

The best way to describe intrahousehold behavior ment would be to adjust each observation individu- 
that led lo xerophthalmia would have been to fol- ally. On the other hand, lo the best of our 
low (i.e. observe) a very large Cohort of children, knowledge, this is the. first time that a study of 
and wait for sufficient numbers to develop xer- human health behavior has attempted to adjust for 
ophthalmia. As only 2-4% of children are xer- reactivity effect. Increasingly, the structured obser- 
ophthalmic in this region of Nepal, this solution is vation method itself has been studied in terms of its 
an ideal that just was not feasible. In our study, all appropriateness as a tool for estimating health 
children in all households were treated with behavior, and several recent studies have examincd 
200,000 IU capsules of vitamin A following the in- the reactivity issue (Cousens er al.. 1996; Gittelsohn 
itial screening, so no children were xerophthalmic at er a/., 1997). Within a household. observed beha- 
thc time of thc observations. Instead, we assumed viors show considerable variability from obser- 
that current behavior patterns and treatmentof the vation period to observation period. Some of this 
focus child by caregivers is similar to the period variability may be explained by differences in time 
during which he or she became xerophthalmic. of day and season. Other aspects of behavioral 
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variability from a true behavioral norm appear re- 
lated t o  reactivity, especially during the initial 
period of observation (day, hour, visit), when reac- 
tion to  the presence of the observer may be greatest. 
After that initial period of  acclimation to  the pre- 
sence of  the observer, reactive behaviors, such as  
cleaning the home for the observer, tend to  fall off. 
Future efforts should continue to  measure the effect 
of  reactivity on structured observations of  behavior, 
and how t o  compensate for that effect. 

Finally, no information was collected on  child 
appetite independent of amount of food consumed 
- although several of  our  variables (request inten- 
sity, second helpings) could be used t o  construct a 
variable similar t o  the child demand scale developed 
by Engle and Zeitlin (1996). 

In conclusion, we found that examining intrahou- 
sehold behavior is critical for understanding the 
causes of  vitamin A deficiency in rural Nepalese 
children. The direct observation of  household beha- 
vior has great potential for identifying possible new 
interventions t o  improve children's diets and care in 
the future, 
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Neonatal vitamin A supplementation: effect on development and 
growth at 3 y of 

Jean H Humphrey, Tina Agoestina. Ami Juliana, Seni Septiana, Hanna Widjaja. Mary C Cerreto, Lee SF Wu, 
Rebecca N Ichord. Joanne Karz, a n d  Keith P West Jr 

ABSTRACT We reported recently that neonatal supple- 
mentation with 52  pmol vitamin A reduced infant mortality by 
64%; acute side effects were limited to a 3% excess rate of a 
bulging fontanelle. The current study was conducted to identify 
developmental changes at 3 y of age associated with neonatal 
vitamin A supplementation or a bulging fontanelle. Children who 
had a bulging fontanelle (n = 91) and 432 children who had nor- 
mal fontanelles after receiv~ng vitamin A or placebo were evalu- 
ated with the Bayley Scales of lnfant Development. Mean scores 
for the mental, psychomotor, and behavioral rating scale (BRS) 
plus 3 subscales of the BRS were not significantly different for 
treatment-fontanelle-specific groups. In regression models pre- 
dicting each score, a bulging fontanelle had a small negative 
effect in all models; when I child who was injured from birth 
was removed from the analysis the effect of a bulging fontanelle 
was not significant in any model (P 2 0.35). Vitamin A supple- 
mentation had a small beneficial effect on all developmental 
scores, which was significant for one of the BRS subscales 
(orientation-engagement) and also for a second (motor qualily) 
when the outlier child was removed. Compared with children 
with normal fontanelles in the placebo group, children with a 
bulging fontanelle in the vitamin A group tended to grow less 
(-0.5 cm. P = 0.33). whereas those with normal fontanelles in 
the vitamin A group grew significantly more (0.68 cm, P < 0.05). 
over the first 3 y of life. This study provides no evidence that 
neonatal vitamin A supplementation is associated with biologi- 
cally significant adverse growth or developmental sequelae. 
Am J Clin Nurr 1998:68:1W-17.  

KEY WORDS Vitamin A, neonates, bulging fontanelle, 
Bayley Scales of lnfant Development, supplementation, growth 

INTRODUCTION 

Initial sludies of the effect of supplementation of young infants on mor- 
tality were inconclusive (3) or reported no significant reduction (6). 
More recently, however, we reported results horn a trial including 2067 
Indonesian neonates in which a single 52-pmol oral dose of vitamin A 
administered on the h t  day of life reduced infant mortality by 61% (7). 

Tolerance of large oral doses of viramin A by young infants has been 
assessed as a part of our trial (8) and by several other investigators 
(9-13; 0 Thanangkul, C Promkutkaew, T Waniyapong, D Dam- 
mngsak, unpublished observations, 1974). Bulging of the anterior 
fontanelle is clearly the most common acute side effect in infants given 
vitamin A: 5 of 7 studies reported excess rates of this sign (8, %11,13). 
These repow desnibe v i m i n  A-induced bulging fontanelles as being 
isolated, ie, not associated with vomiting, irritability, or other morbidity 
(8, 13): tmnsient (9, 11, 13); and not associated with increased inwcra- 
nial pressure (S), leading some to conclude that they are benign (14). 

Lingering concerns remain about the long-tern safety of neonatal 
vitamin A supplementation, especially when accompanied by a bulging 
fontanelle (15). Given the promise that neonatal vitamin A supplemen- 
tation may hold for infant suwival, we conducted the present study to 
search for developmental changes at 3 y of age that might be associated 
with neonatal vitamin A supplementation or bulging fontanelles. 

SUBJECTS AND METHODS 

Study population 

The study population was selected from among infants who 
had participated in the newbom vitamin A supplementation trial 
described previously (7, 8).  Briefly, all infants born at Hasan 

' From the Center for Human Nutrition. The Johns Hopkins School of 
Hygiene and Public Health. Ballimorc: Hasan Sadikin Hospital and 
Padjadaran Universily (Faculties of Medicine and Psychology). Bandung. 
Indoncria: and the Devanmenl of Neuroloav. The Johns Hovkins School of .. 

Vitamin A deficiency is a major public health problem through- 
out the developing world, affecting an estimated 124 million young 'Supporrnd by CwPerative Agreement no. DAN-m5-A-5094 between 

Johns Hopkins University and the Bureau of Research and Development. 
children and accounting for 2 I million child deaths each year (1). Office of Health and Nutrition. US Agency for International Dcvclopment. 
Periodic high-dose vitamin A supplementation of preschool chi{- Washinglon, DC, and NIH grant SI0.RR04060, 
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Sadikin Hospital in Bandung, Indonesia, between 18 June 1992 
and 2 June 1993 were considered for enrollment in the trial. 
Infants with very low birth weights (< 1500 g) or other life-threat- 
ening conditions were excluded. The study protocol was approved 
by the National Institute of Health, Research, and Development of 
the Indonesian Ministry of Health of Indonesia, the ~ th ica i  Review 
Committee of Hasan Sadikin Hospital, and the Joint Committee on 
Clinical Investigation of The Johns Hopkins School of Medicine. 

A total of 2067 infants were enrolled after their parents provided 
written, informed consent. The baseline examination included tak- 
ing a history of morbidity since birth and palpating the anterior 
fontanelle. The first 973 infants also underwent a duplex Doppler 
examination of the anterior cerebral artery by cranial ultrasound so 
that we could measure the resistive index, an indirect indicator of 
intracranial pressure (16). After the baseline examination, 1034 
infants received 1 oral dose of 52 pmol vitamin A with 23 pmol 
vitamin E and 1033 infants received placebo (vitamin E only) by 
random allocation. Infants were monitored at frequent intervals by 
nurses and were reexamined by a pediatrician 24 and 48 h after 
dosing. Bulging of the fontanelle was the only side effect of vita- 
min A supplementation: 77 (7.4%) of the vitamin A-treated infants 
compared with 45 (4.4%) of the placebo-treated infants had a 
bulging fontanelle 24 or 48 h or both postdosing. Bulging of the 
fontanelle was not associated with any other sign or symptom (eg, 
fever, irritability, vomiting, or diarrhea) nor with an increase in 
intracranial pressure, as retlected by the resistive index. Thus, acute 
side effects of a 5 2 - w o l  dose of vitamin A were limited to an iso- 
lated bulging fontanelle in a small proportion of neonates. 

At 1 y of age, infants were visited in their homes by study 
nurses. Vital status could be confirmed for 1839 (89%) of the 
infants. Infant mortality was reduced by 64% among vitamin A 
recipient5 compared with placebo-treated infants: there were 7.2 
compared with 19.8 deaths per 1000 child-years in the control and 
vitamin A groups, respectively (7). Nearly all the effect was con- 
fined to deaths occumng between 1 and 4 mo of age. Health care 
visits for cough and fever [a symptom and sign of pneumonia. the 
leading cause of death among young infants in developing coun- 
tries (17-19)] were reduced by 73% and 51%. respectively. over 
the same first 4 mo of life in a subgroup followed at closer inter- 
vals (7). 

Follow-up of development and growth 

The present study was conducted to evaluate mental and motor 
development and growth at 3 y of age among the following groups 
of children: those who had a bulging fontanelle (BF) either 24 or 
48 h after receiving either 52 pmol vitamin A (VA) or placebo (PL) 
and those whose fontanelle was normal (NF) after dosing. Children 
were selected in the following way. 

Children who had a bulging fonranelle after dosing 

Of the 2067 infants enrolled. 122 (45 PL and 77 VA) developed 
a bulging fontanelle after dosing. Of these 122, 14 (11.5%, 4 PL 
and 10 VA) were lost to follow-up and 1 (0.82%. VA) died by 1 y 
of age. The remaining 107 children (41 PL-BF and 66. VA-BD 
were selected for this study. 

selected to be similar for major factors frequently associated 
with development to enhance our power to detect differences in 
development due to either vitamin A supplementation or a 
bulging fontanelle. 

Instrument 

The Bayley Scales of Infant Development, second edition 
(BSID 11) (20), were used to evaluate development. The BSID I1 
has 3 individually scored sections: the mental scale, motor scale, 
and behavioral rating scale (BRS). The mental scale assesses 
memory, habituation, problem solving, early number concepts, 
generalization, classification, vocalizations, language, and social 
skills and yields the mental development index (MDI). The 
motor scale assesses control of gross and fine muscle groups and 
includes tasks such as running, jumping, use of a pencil, and imi- 
tation of hand movements and yields the psychomotor develop- 
ment index (PDI). Both the MDI and PDI can be expressed as 
raw scores or as age-adjusted index scores. Because all of the 
children in our study were the same age at the time of testing, our 
results are presented as raw scores, except where noted. 

The BRS is new to the BSID 11. It assesses qualitative aspects 
of the child's behavior while he or she is taking the mental and 
motor tests. The total BRS is a summary of 3 independent sub- 
scales: 

I) Orientation-engagement: an assessment of the child's 
proclivities toward approaching or avoiding environmental inter- 
actions that are task related or social; low scores are meant to 
identify apathetic, passive, low-energy, fearful children who fail 
to socially engage with the tester. 

2) Emotional regulation: an assessment of the child's activity, 
adaptability, affect, cooperation, persistence, and frustration tol- 
erance; low scores are meant to identify uncooperative, imtable, 
easily frustrated children. 

3) Motor quality: an assessment of muscle tone, fine and gross 
motor control, and quality of movement; low scores suggest 
probable neuromotor dysfunction. 

A key goal in the revision of the first edition of the BSID was 
to extend the maximum testable age from 30 to 42 mo. This 
allowed us to use the instrument in assessing 3-y-old children. In 
Indonesia, the first edition of the BSID has been used extensively 
(21-23). However, to our knowledge, this was the first time the 
BSID I1 was used in testing Indonesian 3-y-olds. Therefore, the 
test items for this age group required translation and minor cul- 
tural adaptation. This was done with written permission of the 
Psychological Testing Corporation (San Antonio, TX). 

Training and reliability testing 

Two Indonesian psychologists with master's degrees (AJ and 
SA), both of whom were trilingual (Indonesian, Sudanese, and 
English) and experienced with children, administered all tests. 
They underwent intensive training by a senior Indonesian psy- 
chologist (HW) and an American psychologist with extensive 
experience in the BSID I1 (MCC). Although language and minor 
cultural modifications were made as mentioned previously, the 
standard techniques described in the BSID I1 manual were fol- 
lowed rigorously when administering all items. To further min- 

Children who had a normal fontanelle afier dosing imize within-tester and between-tester variability, we increased 
For each BF child, 4 NF children were selected. 2 from each the standardization of some test items. For example, for item 

treatment group, matched to the BF children by sex, age (within 173 (building a " T  with 5 blocks) the 2 psychologists were 
2 wk), birth weight (within 200 g), and years of paternal educa- trained to place the blocks in exactly the same order (vertical 
tion. These clusters of 5 children (1 BF + 4 NF) were therefore line first, then tails). 
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To monitor reliability under study conditions, 50  study chil- 
dren who were scheduled during the first few months of the 
study were asked to return I wk after their scheduled test to be 
retested. Both tests were conducted within 2 wk of the child's 
third birthday in a special clinic dedicated to the study located in 
Hasan Sadikin Hospital. Thirty of these children were tested 
twice by the same psychologists (15 by each psychologist) to 
provide an estimate of within-tester agreement for each psychol- 
ogist, and 20 were tested once by each psychologist (10 were 
tested first by Al, 10 were tested first by SS) to provide an esti- 
mate of between-tester agreement. 

Protocol 

All children were tested within 2 wk of their third birthday. 
About 1 mo before each child's birthday, a letter was mailed to 
the family explaining the study, giving the date of the proposed 
developmental test, and requesting their participation. A consent 
form was included to provide ample time for review. On the des- 
ignated day, 2 study nurses traveled to the child's home and 
obtained written, informed parental consent. The nurses elicited 
a l-wk morbidity history and conducted a simple physical exam- 
ination to identify children with acute or recent illness (eg, 
cough, upper respiratory tract infection, or fever) that might 
interfere with developmental testing. Healthy children were 
transported to the study clinic with a parent. For ill or conva- 
lescing children, testing was delayed until recovery, but was 
always within 2 wk of the child's third birthday. 

To control for any differences between psychologists, all 5 
children in a cluster ( I  BF and 4 matched NF) were assigned to 
the same psychologist for testing. Cluster assignments were bal- 
anced across psychologists by treatment group and birth month 
of the BF child. Children were tested in their homes if thev lived 
too far to be conveniently transported to and from the clinic or if 
they were too uncomfonable in the clinic to be tested. Some chil- 
dren required > I session to complete the test. Additional ses- 
sions were scheduled as soon after the initial session as possible, 
as recommended in the BSID I1 manual. and were alwavs within 
2 wk of the child's birthday. The place of examination and the 
number of sessions were recorded. 

The psychologists, nurses, and all other investigators and 
study personnel in Indonesia remained masked to the treatment 
group, fontanelle status, and cluster of all children until the study 
was completed. If a selected NF child could not be located, 
refused to participate, or was too ill to be tested within 2 wk of 
his or her third birthday, a replacement child was selected by one 
of us in Baltimore. If a BF child was lost to follow-up, an NF 
child was selected as the replacement. matched with another BF 
child to preserve the masking of the Indonesian investigators to 
the fontanelle status of the children. In this way, some clusters 
had a fifth NF child included in the analysis. 

After developmental testing, study nurses measured weight 
with an upright balance beam scale and height with a stadiome- 
ter (Shorr inc. Olney. MD). Anthropometric measurement tech- 
niques were standardized at the beginning of the study and mid- 
way through the study. 

Statistical methods 

Repeated tests of the same child were compared by using 
Pearson's correlation coefficient ( r )  and intraclass correlation (p') 
to estimate within-tester and between-tester agreement. Baseline 
characteristics that were potential confounders of the effect of 

vitamin Asupplementation or a bulging fontanelle on growth and 
development were compared across the 4 treatment-fontanelle- 
specific groups by analysis of variance (ANOVA) for means and 
chi-square for proportions. In the same way, baseline characteris- 
tics of children with a bulging fontanelle who were lost to follow- 
up were compared with those of children included in this study. 
Mean developmental scores for treatment-fontanelle-specific 
groups were compared by using ANOVA. 

General linear regression modeling was used to estimate the 
effects of treatment and fontanelle status on developmental scores 
after adjusting for potentially confounding variables. Covariates 
for these models were at least of borderline significance (P < 
0.08) in univariate and trivariate (including treatment and 
fontanelle status) models in which the outcomes were the devel- 
opmental scores. In addition, 2 groups of covariates were identi- 
fied that were strongly associated with developmental scores in 
univariate and trivariate analyses and were also strongly corre- 
lated with each other. Paternal and maternal education are both 
indicators of the family's socioeconomic status and, as  expected, 
these 2 variables were closely correlated in our study (? = 0.70). 
Similarly, birth weight, birth length, and gestational age are all 
indicators of intrauterine growth and were correlated with each 
other in our study (? = 0.71, 0.34, and 0.27 for correlations 
between weight and length, weight and gestational age, and 
length and gestational age, respectively). To determine whether 
maternal or paternal education had the stronger independent 
effect on development, both were included in the same model. 
When this was done, the P coefficient and significance level asso- 
ciated with maternal education were greater than those for pater- 
nal education for all models. Thus, only maternal education was 
retained in the final models. Similarly, binh weight, binh length, 
and gestational age were included together in each model and the 
one with the smallest associated P value was retained in each of 
the final models. If, in predicting a given developmental score, 
none of the indicators of intrauterine growth were significant, 
none were included in the final model. 

Test score distributions were examined for each treatment- 
fontanelle-specific group and I1 children were identified as 
having outlying values on 2 1 test. The 6 final general linear 
regression models were rerun I1 times, each time excluding 
1 of these children. Excluding 10 of these children from the 
analyses did not change the magnitude or significance level of 
either the vitamin A treatment or  bulging fontanelle effect in 
any model. However, exclusion of 1 VA-BF child substantially 
enhanced the beneficial effect of vitamin A and reduced the 
adverse effect of a bulging fontanelle in 3 models: MDI, PDI, 
and motor quality. This child was a second-born twin, delivered 
at the hospital by cesarean secfion because of a transverse lie 
with a prolapsed fetal arm 3 h after her brother had been deliv- 
ered vaginally in a rural village. Apgar scores for this child at 1 
and 5 min were 4 and 8, respectively. By maternal history. the 
child had right hemiparesis (decreased arm and leg mobility) 
from birth and subsequently had 3 febrile illnesses accompanied 
by seizures at 6, 18, and 34 mo of age. This history is most con- 
sistent with a prenatal brain injury (24). although infectious ill- 
nesses with central nervous system involvement may have also 
contributed to her developmental delay. However, perinatal 
insult (before or after vitamin A dosing) cannot be ruled out 
from the available evidence, so we present the data with and 
without data from this outlier. All tests were two tailed. P values 
50.05 were considered significant. 
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RESULTS the 1034 vitamin A-treated children in the original trial, mean 

Between-tester and within-tester reliability 

The between-tester agreement data for the repeated testing of 20 
children by both psychologists are shown in Table 1. The within- 
tester agreement data for each psychologist for the repeated testing 
of 15 children are shown in Table 2. For comparison, interscorer 
agreement and within-tester values obtained by examiners during 
standardization of the BSID I1 (20) are also presented. The corre- 
lation coefficient for between-tester agreement attained by our psy- 
chologists was somewhat lower than that for interscorer agreement 
reported in the BSID I1 manual, probably because of 2 reasons. 
F i t ,  interscorer agreement (used in the standardization of the 
BSID XI) is measured by having the first tester administer the scales 
and score and a second tester observe the testing and also score. 
Hence, interscorer agreement measures the ability of 2 testers to 
assign the same score to the same observed behavior. Between- 
tester agreement (used in our study) measures the agreement 
between scores assigned by 2 testers during separate administra- 
tions of the test. n u s ,  our between-tester reliability exercise 
assessed not only intertester agreement, but also test-retest reliabil- 
ity, so its correlation coefficients are likely to be lower. Second, by 
chance, the children tested for the between-tester reliability study 
had very similar, tightly distributed test scores, weakening the lin- 
ear correlation. The very high intraclass correlations are a better 
reflection of between-tester reliability in this sample. 

Within-tester agreement was excellent for psychologist B and 
acceptable, although lower, for psychologist A (Table 2). MDI and 
PDI scores increased by an average of 5.6 and 2.8 points, respec- 
tively, between the first and second test. These changes are greater 
than the 2-point average increases observed in the standardization 
population reported in the BSID U manual, despite our use of a 
longer retest interval (7 compared with 4 d). This difference may 
have been due to a greater practice effect in our older population. 

Retention and conditions of testing 

Of the 107 (66 VA. 41 PL) BF children, 91 (85%) [58/66 
(88%) VA and 33/41 (80%) PL] were located at 3 y of age and 
underwent developmental testing. Of the 428 NF children origi- 
nally selected (214 VA. 214 PL). 378 (88%) were tested. For an 
additional 41 (10%) NF children, appropriate replacements were 
recruited. Thirteen additional NF children were recruited to 
replace BF children lost to follow-up. Thus, a total of 432 NF 
children (215 VA. 217 PL) were included in the study. Among 

birth weight was 89 g greater for those who developed a 
bulging fontanelle than for those who did not (n = 957. X f SD 
= 2995.5 f 441.8 g, compared with n = 77, X f SD = 3084.7 * 
357.6 g, respectively). Given the large sample size, this differ- 
ence was significant (P = 0.04). However, because birth weight 
was one of our matching variables for this developmental fol- 
low-up study, there were no significant differences in birth 
weight among the 4 treatment-fontanelle-specific groups, nor 
were there differences in any other baseline characteristic 
examined (Table 3). 

Of the 67 children lost to follow-up. 54 could not be located 
(27 per treatment group), 5 refused to participate. 4 died 
between 1 and 3 y of age (I PL and 3 VA, all NF), 2 were too ill 
to test within 2 wk of their third birthday (1 in each treatment 
group), and 2 were "untestable" (unable to complete the test; 
both PL-NF). A third child (PL-NF) was untestable for the psy- 
chomotor scale only. 

Of the 122 children with a bulging fontanelle identified in the 
original trial, there were no significant differences between the 
91 children examined in this developmental assessment and the 
31 lost to follow-up over the 3-y period in birth weight, birth 
length, mean 5-min Apgar score, maternal parity, proportion 
male, and proportion appropriate for gestational age (P  20.34). 
although lost cases tended to have younger mothers (P = 0.11). 

Of all the children, 80% were tested in the hospital 
clinic; the remainder were tested in their homes. There were 
no differences in the proportion of children tested at home 
by treatment group (P >0.23). fontanelle status (P > 0.94). 
or psychologist (P >0.70). Most children [444 (85%)) could 
be tested in a single session. There were no differences in 
the proportions of children tested in 1 session compared 
with > 1 session by treatment group (P > 0.63), fontanelle 
status (P > 0.83), or psychologist (P >0.76). 

There were no differences according to treatment group or 
fontanelle status in the orooortions of children with a oosi- . . 
live I-wk history of diarrhea, fever, cough, ear infection, or 
fast or difficult breathing. Furthermore, neither a history of 
any illness nor identification of a current sign or symptom 
by the study nurse was associated with any developmental 
score. This suggests that the nurses did a good job in identi- 
fying children who had illnesses severe enough to interfere 
with testing and in delaying these children's developmental 
examinations. 

TABLE 1 
Between-tester agreement for rcpeated testing of 20 children' 

BSID U 
reference population 

(intencorer agreement): 
Scale r Psychologist A Psychologist B r P' 

MDI 0.96 107.1 i 6.9' 106.0 1 6.7 0.53 0.96 
PDI 0.75 107.2 f 6.2 105.8 i 6.2 0.73 0.98 
Orientation-engagement 0.82 37.8 * 3.7 38.0 13.7 0.53 0.99 
Emotional regulation 0.83 41.8 i 3.8 40.6 1 3.3 0.74 0.75 
Motor quality 0.79 35.01 1.1 35.3 f 1.4 0.75 0.85 
Total BRS 0.88 112.3 f7.0 111.5i6.4 0.71 0.85 

'BSID 11, Bayley Scales of Infant Development, second edition (20); MDI. mental development index; PDI. psychomotor development index: BRS. 
behavioral rating scale. r is Pearson's correlation coefficient and pz is the intraclass correlation. d/iu,' + o:), where u, is betweenchildren variance and 
uc is withimchild va+ancc. 

'r i SD. 
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TABLE 2 
Within-tester agreement for repeated testing of 15 children by each psychologist' 

p.-.-..---~--..---.--.....~~- -- 
BSID I1 Psychologist A Psychologist B 

- - 
reference population 

Scale r p' Time 1 Time 2 I f l  Time I Time 2 P' 

MDI 0.91 0.89 103.2 f 8.92 109.6 i 7.9 0.76 0.79 103.9 f 8.5 108.7 f 7.8 0.92 0.84 
PDI 0.79 0.81 107.6i.6.5 110.5 i 5.8 0.71 0.78 103.9 f 11.3 106.7 f 9.8 0.95 0.76 
Orientation-engagement 0.61 0.87 34.7 f 5.8 36.3 f 5.3 0.86 0.82 36.7 f 5.6 38.6 f 5.0 0.83 0.79 
Emotional regulation 0.66 0.86 40.1 f 6.6 42.7 t 4 . 0  0.79 0.38 40.1 f 5.5 41.5f4.1 0.84 0.56 
Motor quality 0.71 0.80 35.0f 1.4 35.8 f 1.2 0.65 0.78 35.3 f 1.9 35.7 f 1.8 0.92 0.92 
Total BRS 0.60 0.89 108.0 f 11.2 112.6f8.0 0.83 0.51 11O.Of 11.1 113.5 f 9.2 0.89 0.68 

'BSID 11, Bayley Scales of Infant Development, second edition (20); MDI. mental development index: PDI, psychomotor development index; BRS, 
behavioral rating scale.. r is Pearson's correlation coefficient and p2 is the intraclars correlation, oll(u:+ e). where u, is between-children variance and 
v,is within-child variance. 

'If SD. 

Association of developmental scores with vitamin A 
treatment a n d  fontanelle status 

Mean developmental scores, stratified by treatment group and 
fontanelle status during the first 48  h of life, are presented in 
Table 4 and Table 5. Because testing conditions may affect test 
scores, data are presented separately for children tested in the 
study clinic (Table 4) and children tested at home (Table 5). The 
VA-BF child who was considered to be an outlier (see the "Sta- 
tistical methods" section) was tested at home; Table 5 is pre- 
sented with and without the data from this child. Children tested 
at home had significantly lower scores than did children tested in 
the clinic ( P  S 0.02). However, scores by treatment group and 
fontanelle status were not significantly different for any devel- 
opmental score among those tested at home or in the clinic. In 
comparing the 44 VA-BF children with the 175 VA-NF children 
tested in the clinic, we had 87% power to detect a i . ~ - ~ o i n t  dif- 
ference in raw scores on the MDI and 99% power to detect a 
l.0-point difference in raw scores on the PDI between the BF 
and NF children. These differences are approximately equal to a 
3-point difference in age-adjusted index score, or 0.2 of the ref- 
erence population SD. We had 2 9 7 %  power to detect a differ- 
ence of 1.5 points in each of the BRS factor scores and 89% 
power to detect a 2.5-point difference in the total BRS score. 

The proportions of children classified as  significantly 
delayed, mildly delayed, within normal limits, and accelerated 
(MDI and PDI age-adjusted index scores 569 ,  70-84. 85-114, 
and 2 115, respectively) were not significantly different across 
all treatment-fontanelle-specific groups (Table 6). In addition. 
these distributions were similar to those of the US reference pop- 
ulation used to standardize the BSID 11. Four children (0.7%) 
were significantly delayed according to either the mental scale. 
psychomotor scale, or both, 1 from each treatment-fontanelle- 
specific group. 

To further explore the data, we calculated the proportion of 
children failing each item of the mental and motor scales for the 
4 treatment-fontanelle-specific groups. Significant differences 
were found only for 2 items on the motor scale. For item 96. 
"copies circle," 0.5%. 1.8%. and 0.5% of children in the VA-NF, 
VA-BF, and PL-NF groups failed compared with 9.1% in the 
PL-BF group ( P  < 0.003). For item 97. "uses eye-hand coordi- 
nation in tossing ring." none of the children in the VA-NF and 
VA-BF groups and 1.4% of children in the PL-NF group failed 
compared with 6.1% in the PL-BF group ( P  < 0.02). Item 
analysis for the BRS was carried out by comparing the propor- 
tion of children scoring 5 (the highest score) for each item 
across the 4 groups. Significant differences were found between 

TABLE 3 
Baseline characteristics of the sample assessed for development at 3 y of age by treatment group and fontanelle status' -- 

Vitamin A - .- - - -. .- Placebo 

Bulging Normal Bulging Normal 
Characteristic fontmclle (18 = 58) fonvanellr ( n  = 215) fontanelle 0 8  = 33) fontanelle (n = 217) 

Male (%) 55.17 50.70 54.55 52.53 
Binh weight (g) 3067.3 t 364.1' 3063.0 i 372.4 3005.2 f 363.4 3042.1 + 349.8 
Binh length (cm) 49.0f 1.2 48.6 f 1.8 48.2 f 1.8 48.5 f 1.4 
Geaational age (%) 

c38 wk 3.45 3.72 6.06 4.61 
38-42 wk 96.55 96.28 93.94 95.39 
2 2  wk 0 0 0 0 

Appropriateness of binh weight for gesvntional age (%) 
Appropriate 94.83 95.35 100.00 97.24 
Small 1.72 1.86 0 1.84 
Large 3.45 2.79 0 0.92 

5-mi" Apgvr score 9.0 f 0.4 9.0 f 0.4 9.1 f0 .3  8.9 f 0.8 
Maternal age (y) 27.7 f 6.3 27.9 f 6.0 28.2 f 5.8 27.7 f 5.3 
Maternal parity 2.6 f 2.2 2.61 2.1 2.5 f 1.7 2.4 f 1.7 
Maternal education (y)  8.60 t 3.26 9.36 f 3.67 9.42 + 3.29 9.51 t 3.38 

1 None of the characteristics were significantly different among groups. P > 0.10. 
:Yf SD. 
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TABLE 4 
Develoomental scores on the BSID I1 bv treatment erouo and fontanelle status for children tested in the studv clinic' - .  ~ ~ ~~~ ~~~~ ~~~ - , ~~~~~~~ 

Raw MDI Raw PDI Total BRS Orientation Emotional regulation Motor quality 

Vitamin A 
BF (n = 44) 157.43 i4.80 102.41 f2.36 115.16 f 7.59 39.73 f 3.52 42.11 f4.26 35.73 f 1.74 
NF (n = 175) 158.15 f 4.21 102.39i 1.78 115.19t6.94 39.40 f 3.73 42.56 t 4.02 35.70 f 1.33 
Total vitamin A (n = 219) 158.00i4.33 102.39i 1.91 115.18 f7.06 39.46 f 3.68 42.47 t 4.06 35.70 f 1.42 

Placebo 
BF (n = 27) 157.07 f 4.58 101.41 i 3.25 112.96f9.13 37.92 i 4.62 42.18 f 4.95 35.18 i 1.75 
NF(n= 173) 157.59 f 6.20 102.14 f 2.85 114.54 f 7.66 39.00 f 3.M) 42.55 f 4.34 35.44 f 1.79 
Total placebo (n = 200) 157.52 f 6.00 102.04f 2.91 114.32 f 7.87 38.86 i 3.76 42.50 f 4.41 35.41 f 1.78 

Both tnatmcnt groups 
BF (n  = 71) 157.30 f (4.68) 102.03 f 2.76 114.32 f 8.21 39.04 f4.04 42.14f4.50 35.52 i 1.71 
NF (n = 348) 157.87 f (5.29) 102.27 f 2.37 114.86 f 7.30 39.20 i 3.66 42.55 f 4.17 35.57 i 1.58 

If SD. BSID U, Bayley Scales of Mant Development, second edition (20): MDI, mental development index: PDI, psychomotor development index: 
BRS. behavioral rating scale: BF, bulging fontanelle: NE normal fontanelle. 

groups for item 28. "slow and delayed movement." The propor- was significant in the model for orientation-engagement 
tion of children scoring 5 was 95.8% 93.0%, 88.9% and 91.9% ( P  = 0.04) and reached borderline significance ( P  = 0.10) for 
for the VA-NF. VA-BF, PL-NF, and PL-BF groups, respectively motor quality and the total BRS. When the outlier was excluded 
(P < 0.05). When the analyses were repeated without stratifying from the analyses, the beneficial effect of vitamin A reached or 
for fontanelle status, significantly more vitamin A-treated chil- approached significance for motor quality ( P  = 0.05) and for the 
dren scored 5 than did placebo-treated children (95.2% com- PDI ( P  = 0.07) and remained significant for orientation-engage- 
pared with 89.2%. P < 0.02). men1 (P = 0.04). The interaction term between treatment and 

General linear regression models for each developmental fontanelle status was not significant in any model. indicating that 
score are presented in Table 7. Models including only fontanelle the effect of vitamin A on developmental scores was not differ- 
Status and treatment group are presented first (model A). Model ent for B F  compared with NF children. 
B adjusts for other important covariates and model C presents 
the model analysis after excluding the outlier. edu- Association of vitamin A a n d  fontanelle status with growth 

cation was a strong predictor of all 6 developmental scores, and Wasting was rare in this study population: the mean weight- 
gestational age was an important predictor in 4 of the models. for-height z score was -0.23 and 9.1% of the children were 
The estimated effect of having a bulging fontanelle (after either below the loth National Center for Health Statistics percentile 
placebo or vitamin A treatment) was negative in the models of all for weight-for-height (25). Rates and degrees of wasting did not 
developmental scores (suggesting a detrimental effect) but was differ across treatment-fontanelle-specific groups ( P  > 0.76). 
small in magnitude (<0.7 points) and was not significant in any Mean change in ponderal index [weight (g) X 100/Iengthl (cm)] 
model except for PDI, which was strongly influenced by the out- (26) between birth and 3 y also did not differ across treatment- 
lier. When the outlier was excluded (raw psychomotor develop- fontanelle-specific groups ( P  > 0.16). 
ment index C), the effect of the bulging fontanelle on the PDI Conversely, as a group, these children experienced linear 
was -0.26 points and was not significant ( P  = 0.35). growth retardation over the first 3 y of life. Their z scores fell 

The parameter estimate for treatment was positive in. all 6 from -0.72 for length-for-age at birth to - 1.63 for height-for- 
models (suggesting a beneficial effect of vitamin A treatment). age at 3 y. The interaction term for treatment and fontanelle 
Although this effect was not large in any model, the difference status was significant in a model predicting change in stature, 

TABLE 5 
Developmental scores on the BSID U by ueatment group and fonwelle status for children tcstcd in their homer' 

Raw MDI Raw PDI Total BRS Orientation Emotional regulation Motor quality 

Vitamin A 
BF (n = 14) 157.00 f 8.07 98.93 + 10.72 108.86 i 8.67 36.43 f 4.77 40.57 f 4.59 34.07 f 3.56 
BF (outlier excluded) 158.69 f 5.20 101.77 f 1.48 109.54 f 8.63 36.31 i 4.94 40.15 t 4.49 34.92 f 1.66 
NF (n = 40) 155.62f 4.52 101.52i 2.40 108.70i9.62 35.88f4.76 39.82f4.87 34.98f 1.75 
Total vitamin A (n = 53) 156.38 f 4.83 101.58 f 2.20 108.90f9.31 35.98 f 4.76 39.90 i 4.74 34.96 i 1.71 

Placebo 
BF (n = 6) 155.33 i 6.34 100.17 f4.26 106.00f 14.03 34.17 f 5.71 38.67 f 7.94 34.83 f 2.79 
NF(n=44) 156.14f 4.68 101.42f 2.40 107.25 f 9.16 35.27f 4.73 39.02 f 4.83 34.91 i 1.51 
Total placebo (n = 50) 156.04 f 4.84 101.26 f 2.67 107.10f9.69 35.14 f4 .81 38.98 f 5.19 34.90 f 1.67 

Both ueatment groups 
BF (n = 20) 156.50 f 7.46 99.30 f9.15 108.00 f 10.25 35.75 f 5.02 40.00 i 5.64 34.30 + 3.29 
BF (outlier excluded) 157.63 i 5.64 101.26 i2.66 108.42 f 10.35 35.63 f 5.13 39.68 f 5.61 34.89 f 1.20 
NF (n = 84) 155.89 f 4.58 101.47 t2.38 107.94 i 9.36 35.56 +472  39.40 f 4.84 34.94 f 1.61 

'r f SD. BSID 11. Baylcy Scales of Infant Development, second edition (20); MDI, mental development index: PDI, psychomotor development index; 
BRS, behavioral rating scale: BF, bulging fontanelle; NF, normal fontanelle. 
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TABLE 6 
Classification of age-adjusted developmental index scores by treatment group and fontanelle status' 

Vitamin A Placebo -- 
BSlD I1 Normal Bulging Normal Bulging 

Score range: classification reference population fontanelle fontanelle fontanelle fontanelle 

MDI 9% fnJ % fnJ % 
21 15: accelerated 14.8 (25) 11.6 (9) 15.5 (31) 14.3 (5)15.2 
85-1 14: within normal limits 72.6 (186) 86.5 (46) 79.3 (180) 83.0 (26) 78.8 
70-84: mild delay 11.1 (3) 1.4 (2) 3.4 (5) 2.3 (2) 6.1 
5 69: significant delay 1.5 (1) 0.5 (1) 1.7 (I) 0.5 (0) - 

PDI 
51 15: accelerated 16.5 (49) 22.8 (16) 27.6 (47) 21.8 (5) 15.2 
85-1 14: within normal limits 68.7 (164) 76.3 (40) 69.0 (164) 75.9 (26) 78.8 
70-84: mild delay 12.5 (2) 0.9 (1) 1.7 (4) 1.8 (1) 3.0 
$69: significant delay 2.3 (0) - (1) 1.7 (1) 0.4 (1) 3.0 
'BSID 11, Bayley Scales of Infant Development. second edition (20): MDI. mental development index; PDI. psychomotor development index. 

indicating that a bulging fontanelle modified the effect of vita- 
min A supplementation on linear growth. Compared with PL-NF 
children, and after adjusting for small baseline imbalances in 
maternal education and birth length, VA-BF children tended to 
grow 0.5 cm less (95% Cf: -1.52. 0.52; P = 0.33) whereas 
VA-NF children grew 0.68 cm more (95% C1: 0.03, 1.33; 
P <0.05) over the first 3 y of life. There was no difference in lin- 
ear growth between PL-NF and PL-BF children (P = 0.46). 

As shown in Table 8, height at 3 y was positively correlated 
with all developmental scores. To explore whether this associa- 
tion was likely to be due to differences in length at binh or to 
differences in growth over the first 3 y of life, correlation coef- 
ficients between developmental scores and birth length and 
between developmental scores and the residuals of birth length 
regressed on 3-y height are presented. Whereas binh length was 
weakly correlated with developmental outcome, the increment in 
stature over the first 3 y of life contributed most to the associa- 
tion between height and development. 

This study provides no evidence that neonatal vitamin A sup- 
plementation, whether accompanied by a bulging fontanelle or 
not, is associated with biologically significant adverse develop- 
mental sequelae. Means and distributions of scores for 5 inde- 
pendent measures of development and for the total BRS score 
were not significantly different for children who received vita- 
min A or placebo nor for children within those treatment groups 
who did and did not have a bulging fontanelle. In addition, the 
distributions of scores for each treatment-fontanelle-specific 
group were within those of the reference population of US chil- 
dren used to standardize the BSID 11. The strong associations in 
our data between developmental scores and maternal education 
and gestational age are consistent with the preponderance of pre- 
vious work (27. 28), enhancing the validity of our findings. Our 
data are likely to have prognostic value. Whereas tests of mental 
function during infancy have almost no predictive power of later 
intelligence (29, 30). by 3 y of age, when our population was 
tested, there is a major gain in predictive power of school-age 
intelligence quotient (30). Our findings agree with those of a 
smaller study among Bangladeshi children in which no differ- 
ence in development at 3 y of age was observed among children 
who developed a bulging fontanelle after receiving 50 000 IU 
vitamin A given simultaneously with diphtheria-pertussis- 

tetanus vaccine compared with vitamin A-supplemented and 
placebo-treated children who had a normal fontanelle (31). 

Compared with PL-NF children, we observed a small (NS) 
0.56-cm deficit in linear growth in VA-BF children and a small 
but significant 0.68-cm increment in length in VA-NF children. 
It may be that the vitamin A-induced bulging fontanelle caused 
this deficit in linear growth. If so, a 0.50-cm deficit in linear 
growth over the first 3 y of life among -3% of supplemented 
children may be a risk of this intervention. However, the magni- 
tude of both the length deficit in VA-BF children and the length 
increment in VA-NF children was small and neither is likely to 
be of biological significance. At 3 y of age, 1 SD in height-for- 
age for a boy is 3.8 cm. Therefore, these length differences rep- 
resent z scores of only -0.13 and 0.18. 

Improvements or beneficial effects on development at 3 y of 
age were never expected outcomes of giving a single dose of vit- 
amin A at birth. However, these data suggest that neonatal vita- 
min A supplementation may result in subtle improvements in 
development rate, especially in certain behavioral aspects. 
Whether these small benefits were mediated by a reduction in 
severe morbidity, indicated by the observed reduction in clinic 
visits for cough and fever (7), or by some direct effect of vitamin 
A on development is not known. Although small in magnitude, 
the parameter estimate for the effect of vitamin A on develop- 
ment was positive for all outcomes and was statistically signifi- 
cant in 1 of the 5 independent models and in 2 o f  these 5 models 
when 1 outlier was excluded. The magnitude of these benefits 
may again not be clinically or biologically significant. However, 
that this subtle benefit was strongest for 1 of the behavioral sub- 
scales (orientation-engagement) is of interest for 2 reasons. First. 
Horowitz (32) suggested that broad aspects of universal behav- 
iors, such as those measured by the MDI and PDI, are unlikely 
to be easily influenced by nutritional status or other biological 
risk factors. Instead. less universallv "erounded" behaviors. such , - 
as energy level, displays of happiness or pleasure, and enthusi- 
asm (all assessed in the orientation-engagement factor), are more 
likely to be influenced by nutrition and other environmental fac- 
tors. Second, a growing body of literature suggests that some 
behavioral factors are more ~redict ive  of later intellieence auo- - 
tient than are tests of mental cognition (33-35). "Untestability," 
or behavior that is so problematic that the child is unable to com- 
plete the test and be scored, is perhaps the extreme example of 
this link between personality traits and intelligence. Bathurst and 
Gottfried (35) reported that developmental scores of 6-y-old 



TABLE 7 
Simple linear repssion model for each developmental score: model A 
includes treaunent and fontanelle status only: model B includes treatment, 
fontanelle natus.and other baseline factors; model C is model B analysis 
aliw -oval of outlier' 

Covariate Re~ssion casffi~i~rIl P 

Raw MDl A 
Trrsm~nl 0.41 0.37 
Fontaneus SUNS -0.42 0.49 

Raw MDI B 
Tmmnt 
Fontanelle slam 
Marcmal education 

Rzv MDl C 
Tmmnt 
Fonwellc slam 
Matemal education 0.32 0.0031 

Raw PDl A 
Tmmnt 
Fonwelle starus 

Raw PDl B 
Tmmnl 
FonweIIc sw 
Matsrnal education 
GesIational age 

Raw PDl C 
Trcamxnt 
Fontanellc s m  
Mamal education 
Geslational age 0.25 0.02 

TOIA BRS A 
TrrsmKnt 1.09 0.14 
Fmwelle $law -0.74 0.45 

Tolal BRS B 
Tmam~ent 1.20 0.10 
Fontanelk smw -0.59 0.54 
Mslnnal edusation 0.52 4.0031 

. . 
T~tmcnt 0.69 0.06 
Fonmelk slarur -0.27 0.58 

Onsnlauoncngagunent factor B 
marmen1 0.74 0.04 
Fonwelie status -0.20 0.67 
Mare& educarion 0.29 4.0031 
Geslauonal a s  0.34 0.06 

Emotional regulation faetar A 
Trearmcn! 0.21 059 
Fonwellc slams -0.30 0.57 

Emotional regulation factor B 
Treatment 0.23 0.56 
Fontanelle rrarur -0.20 0.71 
Mamml eduuilion 0.14 0.01 
Male -l.M 0.01 

Motor ~ d i N  fac101A . . 
T~bnent  0.22 0.14 
Fontanelle rrnms -0.2 0.25 

Motor quality factor B 
T R ~ I  0.24 0.10 
Fonmells slams -0.20 0.31 
Maternal education 0.11 4. (Xal  

Gestational age 0.17 4.03 
Motor gualicy factor C 

Tmrmer 0.28 0.05 
Fonwllc slaw -0.07 0.70 
Maternal education 0.11 0.01 
Gcna,ional age 0.12 0.09 

'Twmcnt war coded ar 0 =placebo. I = vilamin A: fonlanslle slams war coded as 

O =  mrmal, I =bulging: male war coded ar 0 =female. 1 =male: maicmal education ir 
in years: gestational age is in week. MDI, mental development index: PDI. 
psychornotor dsvsbpmcnt indcr; BRS, behaviornl rating ualc. 

IREY ET AL 

TABLE 8 
Pearson's correlation coefficient between developmental outcomes at 3 y 
of age with height at 3 y, length at birth, and the residuals of binh length 
regressed on 3 y height' 

Developmental Binh Residual biRh 
score Height (3 y) length length on 3-y height 

Raw MDI 0.18' 0.1V 0.17' 
Raw PDI 0.222 0.15' 0.20' 
T O I ~  BRS 0.22~ 0.14' 0 .21~ 
Orientation-engagement 0.21' 0.12' 0.19' 
Emotional regulation 0.11' 0.06 0.OP 
Motor quality 0.33' 0.23' 0.30' 

'MDI, mental developmea index: PDI, psychomotor development 
index: BRS. behavioral rating scale. 

'P < 0.001. 
'P < 0.05. 
'P <0.01. 

children who had been "untestable" at 3W2 m o  of age were 
significantly lower for a wide range of abilities than scores for 
children who were able to be tested. In this regard, it is of inter- 
est that the 3 children who were untestable in our study popula- 
tion were in the PL-NF group. These missing data may have 
biased our findings, weakening the benefit of vitamin A and 
strengthening the adverse effect of a bulging fontanelle. 

It is important to consider these data in the context of the 
other findings of the trial. In this population, neonatal vitamin A 
supplementation reduced health care visits for signs and symp- 
toms of pneumonia by > 50% and mortality by > 60% among 
infants during the first 4 mo of life. Risk of mortality during 
these early months is far greater than at any other time during 
childhood, yet is not amenable to common child survival inter- 
ventions (eg. oral rehydration o r  immunizations). If the Indone- 
sian results are replicated in studies currently underway in other 
settings, neonatal vitamin A supplementation could be  promoted 
as an intervention to reduce morbidity and mortality among 
young infants throughout the developing world in a manner that 
is inex~ensive and readilv linked to existine health care systems. - 
Data presented in this paper provide no evidence of any biolo 
ically significant risk associated with this intervention. fi 
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, MATERNAL NIGHT BLINDNESS IN NEPAL : HEALTH 
RISKS AND CONSEQUENCES 

Khatry S1(2 Christinn Pl Shrestha SB2 Shrestha SR2 
Kimbrough-Pradhan E1 LeClerq SCl Pokhrel RP2 West KP, Jrl ' 

ABSTRACT : 

Maternal night blindness is n problem of public health significance in 
vitamin A deficient areas of the world. In South and South-east Asia 
the condition is widely prevalent, especially during pregnancy. In 
Nepal, 10-20% of women during pregnancy and 5% of women during 
lactation experience night blindness. Two studies from the  terai of 
Nepal provide insight into the risk factors and consequences of night 
blindness occuring in pregnancy. Women in Sarlahi  consider 
"ratandho" (night-blindness) to be an important and severe illness of 
pregnancyforwhich they may seek treatment. Itnlsoadversefynffects 
their day to day work activities and increases their reliance on other 
family members-Prepnnnt night blind women arevitamin A-deficient, 
reflected by a4-fold higher risk of lowserumretinol level (<2Opgldl) in 
these women compared to normal pregnant women. Night blind 
women are also likely to  be wasted, ill, and aurmic than women 
without night blindness. Women who suffered from night blindness 
duringpregnancy wereat  a higher risk of dying in the subsequent two 
year period than women who did not cxperiencc night hlindncss. Wc 
recommend that  night blindness be used ns a simple tool to identify 
high risk women during pregnancy forantenatal careand nutritionnl 
intervention. 

Ker words : night blindness, pregnancy, Sarlahi, vitami.on A deficiency. 

INTRODUCTION : preschool age child populations. Night blind- 
nessis caused by an inability of the rod cells 

In developing countries where vitamin A in the retinaof theeye, due tonn inadequacy 
deficiency is endemic, night blindness is of vitmin A, to generate a photosensitive 
one of the first clinical symptoms to occur in pigment called rhodopsin, which is required 
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428 Khatry, Christian, Shrestha e t  a1 : Maternal Night Blindness ,. 
to see in dim illumination. This condition, Qualitative research methods including in- 
whilecommoninchildren,hasreceivedlittle depth interviews, free-listing, and quick- 
attention among adults. In the 1960s night sort ranking were used. In all 38 interviews 
blindness was found amongpregnantwomen were conducted with pregnant women (some 
in Indiapresentingatclinics, which,insome of whom had a curent or previous history of 
cases, responded to treatment with high 
doses of vitamin A. Nightblindness occuring 
during pregnancy is unique as it manifests 
in the  la t te r  half of pregnancy and 
disappears spontaneously after delivery, 
although it may reappear in some instances 
duringlactation. Recently, research in Nepal 
has brought this problem to the forefront. 
Several reports of the prevalence of night 
blindness have emerged from surveys 
conducted in differentregions ofNepal that 
range from 8% to 52% during pregnancy 
and 5-6% during lactation3.* Linehan et  a1 
1996). The national average estimate' of 
night blindness prevalence according to a 
recent demographis health survey is 18% 
although its prevalencevaries substantially 
by district. 

This paper describes the findings of two 
studies on nieht blindness camed out in 

night blindness), lactating women, tradi- 
. tional birth attendants, and women with 
children. The interviews provided case- 
histories of night blindness and pregnancy 
naratives which covered domainsofwomen's 
illness, diet, beliefs related to pregnancy 
and lactation, and treatment seeking 
behavior. Free-listing was done using a 
standard question to obtain a list ofwomen's 
illnesses (11=25)~. these same women were 
asked to rank 15 of the most commonly 
mentioned women's illnesses in order of 
perceived severityg. 

Results : 

The term used for night blindness in the 
three languages spoken in this part of the 
terai were "ratauni" in Maithili, "ratandho" 
in Nepali and "rataunji" in Tharu. although 
amaioritvofwomenunderstoodtheseterms. - - - 

Sarlahi district in the southern terai region some women described the symptoms of the 
of Nepal. The first was an ethnographic conditionsuchas"poorvisionatnight"when 
research study investigating the commu- 
nities' perceptions of its importance, 
causes, and treatments. The second was a 
case-control study designed to examine the 
nutritional and health-related risk factors 
of night blindness during pregnancy. 

Materials a n d  Methods : 

The purpose of this study was to identify 
local terms and concepts of maternal night 
blindness, investigate women's perceptions 
of its causes, and descriptions of its treat- 
ment and consequencesSthe study was 
conducted in three village development 
committee (VDCs) of Sarlahi district during 
September through November of 1993. 

refemng to it. Other descriptions of the 
symptoms were "smoke in the eyes" and 
"haziness". The onset ofnight blindness was 
mostly in the late second or third trimester. 
Most women reported that it usually 
disappeared soon after delivery, although 
some said it could recur during lactation. A 
majority of the women believed night 
blindness to be associated with pregnancy 
and attributed 'pregnancy" to be i t s  
cause.Tthis is suggested from a quote from a 
maithili woman. She said:-Don't know what 
causes it ... it happens to some women who 
are pregnant, like the swelling of hands and 
feet. It hnppens on its own, because of the 
pregnancy.' "Kamjori" (weakness) and 
"Garmi" (hotness) were also mentioned 
frequently as causes of night blindness in 
women. Women tended not to seek any 
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treatmentfornightblindness,althoughsome 
mentioned treating i t  with vitamin A "goti" 
(pills), availablecheaply at local pharmacies 
and shops. The most common pills were 
small, round and red in color with 5,000 IU 
ofvitamin Aand IU ofvitaminD.These were 
popularlyknownasUrataridhogoti"although 
none of the women appeared to know that  
they contained vitamin A 

Night blindness was ranked second (to 
vaginal bleeding) in perceived severity 
among the 15 most frequently meritior~ed 
illnesses by women. This ranking suggests 
that women considered it a serious illness. 
Apart  from this, night blindliess was 
perceived to impact on women's night 
time work activities. Direct observatiorls of 
two worrlttrl suffering fru111 rliglrL 1,lirrd. 
ness a t  night revealed that while wonlen 
could work in the light of a fire, they were 
rendered inactive when they ~zlovcll ;iw:iy 
from this source of light. women reported 
relying on o ther  family members for 
various activities such as child cant nnrl 
cooking, as well as having to curb outdoor 
activities such a s  fetching water in .the 
evening. They' also described dilficulty in 
eating, accidents and other problems 
such as the social stignia attached to being 
night blind. 

Women did not draw a direct association 
between food intake arid night blindness, 
although a couple of women mentioned 
eat ing 'cold" foods to counter-act the  
hotness of the body which they believed 
caused night blindness. However, food- 
related beliefs and practices of pregnancy 
a r e  i m p o r t a n t  to unders tand  the  
relationshiop between diet  and night 
blindness during pregnancy. With the 
research we were able to provide an wider- 
standing of the cultural context within 
which n igh t  b l i n d n e b  occurs during 
pregnancy, and its saliency in the lives of 
women living in rural southern Nepal. 

II. CASE-CONTROL STUDY 

Materials  a n d  Methods  : 

Subsequent to the ethnographic study, a 
population based, case-control study ofnight 
blindness during pregnancy was carried out 
to explore the risk factors associated with 
this condition (christian e t  al 1998). This 
study was conducted in 19 of the 30 VDCs of 
Sarlahi district where the Nepal Nutrition 
Intervention Project-Sarlahi (NNIPS) was 
underway, supplenienting women of repro- 
ductive age with vitamins. Local women 
distributed the supplemetits to women in 
their urea arid ideiitified those who became 
pregnant.Theloca1 distributore were trained 
to obtain night blindness histories using 
l u c d  Lcrltis rvr the cv i id~~io~i  i'rutii all p r e g  
narit women in the comniunity they served. 
Pregnant womeri were asked "tupailai nhilc 
rufu~~dho Ohucko chu ?" iur the apprupriate 
equivalent in Maithilnharu) every week 
from the time they became pregnant until 
lhc Lc.rr~li~lillioli ol' thc prugllaiicy. Wurlre~i 
reporting night blindl~ess were verified by a 
tea111 of data collectors who were (.mined tn  
iritorview worrlel~ aL)out their syriipto~i~s and 
the impact night bli~~drless had on their 
activities. Women who reported poor vision 
during daytirile were cuiisiderd LO be "lialse" 
cases and were not enrolled in the study. 
Over a period of 15 months. 117 cases were 
identified and enrolled in the study. The . 
same number of controls were ratidonily 
selected from the pool of women who were 
pregnant but did not have night bli~idriess. 
The controls were matched with the cases 
for their gestational month of pregnancy. 
After selection, cases and controls were 
visited in their homes within a week for an 
interview and an examination. Data were 
collected on wonlerl's previous 7-day 
frequency of intake ofcertain vitamin A-rich. 
foods, morbidity history, and household 
socioeconomic characteristics. Capillary 
blood was drawn by finger stick for serum 
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retinol, p-carotene, and hemoglobin (Hb) (cut-off for severe anaemia) than controls. 
estimation. anthropometric measurements women with night blindness had signifi- 
included weight, height, mid-upper arm cantly (pe0.05) lower body weight, W A C ,  
drcumference(MUAC)andtricepsskinfolds bosy mass index (BM) and TSF than 
c~SF)~O. controls, suggesting that protein-energy 

malnutrition could contribute to night 
Results : blindness. 

While cases and controls were similar with 
respect to age and the number of previous 
pregnancies, cases had lower socioeconomic 
status, were less likely to be literate, and 
belonged to a lower caste than controls. The 
mean gestational age of cases and controls 
was 7 months. 

The following table shows the differences in 
varioasnutritionalstatusindicators between 

These data clearly show that cases were 
exposed to an excess risk of vitamin A 
deficiency compared to controls. At the same 
time in pregnancy, cases had -9 &dl lower 
serum retinol and were 4 times more likely 
(95%) confidence interval 2.2 - 7.4) to have 
low serum retinol levels (<20 &dl) than 
controls. Hb levels were also significhtly 
(p<0.05) lower among cases (by 0.7 gldl) and 
were three times more likely to be < 7g/dl 

cases and controls. 

Cases were 2-3 times likely to have 
consumed preformed and carotenoid sources 
of vitamin A inhhte past week than the ' 

controls in the summer months of April 
through September (Figure I). This  
difference was stastically significant for all 
four food gioups examined. In winter, 
lasting from October through March (figure 
(2). however, only milk and milk products 
(whey and cream) and carotenoid sources 
(dark green leafy vegetables and mango) 
tended to be consumed less by cases than 
controls, whereas meat, eggs, and fish were 
equally likely to be eaten by cases and 
controls. This seasonal variation in the risk 
of inadequate intake of vitamin A foods 
suggests that targeting women during a 
season of low food availability and access 
may be an effective strategy to adopt for 
nutrition intervention programs. 

. 

Seven-daymorbidityhistories wereobtained 
at  the time of the night blindness episode 
among cases and a t  the same time in 
gestation among controls. Cases were 2-3 
times more likely to report symptoms of 
urinary/reproductive tract infections such 
as lower abdominal pain, painful urination, 
and vaginal discharge (Figure 3). Cases 
were also significantly more likely to report 
diarrhoea as well as symptoms of upper 
gastrointestinal infection such as nausea, 
vomiting, and low appetite in the previous 
week. Although notpresentedhere, our data 
also show that an acute phase response 
following an infection may be strongly 
associated with hyporetinemia in these 
women, especially night blind women. 

Serum retinol 

Case 
Mean 

Control 
Mean 

Mean 
difference 
(SE) 
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Figure 1. OR (95% CI) of eating vitamin A foods in the past 7 days 
among cases relative to controls - SUMMER 
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DISCUSSION : 

i 

Night blindness occurs commonly in the 
latter half of pregnancy, affecting 18% of 
pregnant women nationwide. Night blind 
pregnant women in rural Nepal are exposed 
to not only a risk of vitamin A deficiency, a 
known determinant of the condition, but 
also other risks including anaemia, protein 
energy malnutrition, and infectious and 
non-infectious illnesses. Preliminary 
ana lys i s  suggests  t h a t  unintervened 
womrn who reported night blir~dness 
during pregnancy were a t  a 7-fold night 
blindnesss. A simple hist.ory of matrrnnl 
night blindness nl:ly help Lo identify 
high-risk pregnancies and should be included 
in antenatal assessment and care programs. 
syrr~ptoms ofblurred or hnzy visiorl nL d u s k  
with adequate vision during the daytime 
may be used t n  verify the history. Night 
blindness is perceived to be an important 
illness of pregnancy which may affect a 
woman's role a s  a caretaker and mother and 
impact her day to day actively pntern. This 
condition, which has not received suficient 

attention previously, should be routinely 
investigated to further define its extent and 
to develop effective food-based and other 
s t ra tegies  for i t s  prevention. Nigh t  
blindness history can serve a s  a simple tool 
to identify high risk women. for antenatal 
and postnatal care. 

Figure 3. OR (95% CI) or havlng a morbldlty symptom m the past 7 days 
anwng cases relative to controls. 
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was supported by the Office of Health and 
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Development (USAID) and assisted by Task 
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Summary 

The relationship between maternal vitamin A deficiency during pregnancy and infant mortality is 
unclear. We conducted a prospective cohort study of 377 HI\'-negative women and their infants 
in Blantvre. Malawi. Serum vitamin A levels were measured durinr! the second o r  third trimester 
of and infants were followed during the first year of life.'~rom deli\er? until I2  monlhs 
of ace. 18 infants died (47.7 per 1000,. hlolhers of infants r h o  died had lower serum vitamin A levels 
during pregnancy (0.74 2'0.13~moV1) compared with mothers of infants who did not die 
(1.02 2 0.03rmoV1) ( p  = 0.055). Infants born to women whose vitamin A levels were in the lowest 
quartile (< 0.32pmoV1) had three-fold higher likelihood of mortality than infants born to women 
whose vitamin A levels were in the higher quartiles lp < 0.03). These results suggest that maternal 
vitamin A deficiency during pregnancy mag contribute to higher infant mortality rates. 

introduction 
Vitamin A is an essential micronutrient for immunity. 
growth, reproduction, cellular differentiation, mainte- 
nance of epithelial surfaces, and vision. In developing 
countries. vitamin A deficiency is a leading cause of 
morbidity, monaliry. and blindness among children.' 
Pregnant women are at a higher risk of developing 
vitamin A deficiency because of an increased demand for 
viumin A by the developing fetus. Although animal 
studies demonstrate that vitamin A deficiency during 
pregnancy is ajsociated with reproductive failure and 
high rates of mortality of the situation in 
humans is less clear. Recently we showed that vitamin 
A deficiency during pregnancy in human immuno- 
deficiency virus (HIV)-infected women is associated 
with increased mother-to-child transmission of HIV and 
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higher infant monality rates>5 in individuals without 
HIV infection, it is unknown whether vitamin A 
deficiency during pregnancy is related to infant monal- 
ity. We addressed this question within the context of a 
longitudinal cohon study of non-HlV-infected women 
and their infanu in Malawai. 

Subjecls und Metl~ods 

The study population consisted of 377 mothers and their 
infants who were born at Queen Elizabeth Central 
Hospital (QECH) in Blantyre. Malawi, from November 
1989 to August 1991. Between October 1989 and August 
1991. women attending the antenatal clinic of QECH 
were screened for HIV-I infection using an cnzyme- 
linked immunosorbent assay (ELISA) (Wellcozyme; 
Wellcome Diagnostics, Danford. UK). Pregnant women 
who were HI? seropositive were excluded from the 
study. Age, weight, and height of the mothers were 
recorded at the first prenatal visit. which was during 
the second or third trimester of pregnancy. Maternal 
body mass indexJ was calculated as follows: weight, 
kd(height, m)2. Serum samples wereobtained at the first 
prenatal visit, stored at -70QC, and analysed for vicamin 
A by high performance liquid chromatography (HPLC)? 
Detailed information was obtained regarding socio- - 

of Yin Lan in measurements of serum vitamin A levels. economic slams of the study subjects including level 
Conespandence: Dr Richard D. Semba. Ocular immunology of education of both panners, occupation, housing, and 
Sen,ice.Suite 700.550Nonh Broadway. Baltimore, MD21205. basic amenities like running water and electricity at 
USA. Tel. 03 1 410 955 3572: Fax 00 1 410 955 0629. home. 
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At dellvcr), gestat~ons! 33e was cst~mntcd oy Bdlard serum \Itanitn A levels belou 0 3 5 ~ m o l l l .  Elghtccn 
score and the infant's uelght was recorded 3lotncrr and infan~s dlod betv,ccn delivery and 12 months of age 
thelr infants uere folloued ever) 3 months 3ftcr dcli\er) ,tnf3?t mon3llty rate 0117.7 per 1000,. There werc three 
uith a hlston and oh\sicaI examinat~on snd ,1131 c\ents sctr ai tujns of wnlch one twln J ~ c d .  The characterist~;~ . . 
were known for all infants until 12 months of ase. At of inianu who died and survived and their mothers are 
each follow-up visit, mothers were asked whether they shoun in Table I. There were no differences in age and 
had stopped breastfeeding. Studies were approved hy body mass index between mothers whose infants died or 
the Malawi Health Sciences Committee (Blatltyre) and sur\.i\.ed, but C N m  vitamin A levels were lower among 
the Committee on Human Research at Johns Hopkins mothers of the infants who died (p = 0.055). Infants 
University (Baltimore). who died were also of lower birthweight and gestational 

In the statistical analysis. means (r SE) werc reponed ase. Of 359 mothers whose infants survived to 12 
and comparisons made with the Wilcoxon rank sum test, months of age. 355 (98.9 per cent) mothers reponed 
For categorical variables. proponions arc reponed and that they were still breastfeeding their infants at I ?  
univariate comparisons were made with contingency months of age. one mother had discontinued breastfeed- 
tables by using exact or trend tens of statistical ins. and breastfeeding status was unknown for three 
significance. Rank correlations were performed. Con- mothers. 
tinuous variables were also divided into quaniles for Mothers with and without serum vitamin A levels 
comparison of survival rates. Socioeconomic status was consistent with deficiency are compared in Table 2. 
ruled out as a potential confounder with regard to infant There were no significant differences in maternal age Or 
monality. bod? mass index between the vitamin A-deficient and 

non-deficient mothers. There were no significant differ- 
ences in binhweight. gestational age. or percentage of 

Results infants u,ho died between vitamin A-deficient and non- 
Two-hundred and eleven of 377 pregnant women dehcient mothers. Because of the small numbers of 
(55.9 per cent) had serum vitamin A levels consistent deaths. we divided maternal vitamin A levels into 
with vitamin A deficiency in adults (< 1.05~molIl). quaniles to evaluate maternal vitamin A levels with 
One-hundred and nineteen women (3 1.5 per cent) had respect to infant monality rates. The 25th. 50th. and 75th 

TIBLE I 
Clinica! sralus o/,~torlzers ~t~llose brfatttr died o r  stm~A:cd rhe j r s l  I2 monrhs of life 

Infant died Infant survived 
Characteristic' (n = 18) (n = 259) p value 

Age (years) 24 (18.241 25 (20. 30) 0.97 
Body mass index (wmt2) 2.36 (2.26. 2.55) 2.35 (2.18. 2.50) 0.84 
Vitamin A (pmoUI) 0.41 (0.31. 1.09) 0.96 (0.32. 1.44) 0.055 

Infant 
Binhweighl (g) 2750 (2MX). 3200) 3000 (2800. 3300) 0.073 
Gcslatianal age (weeks) 38.5 (35.5.10) 40 (38.40) 0.042 

'Median (interquanile range) for each characteristic. 

TABLE 2 
Clinical slurus of vitamin A-dejcienr and non-deficienr morhers ond their infants 

Vixamin Adeficient Vilamin A normal 
Characteristic' (n=211) (n = 166) p value 

Mother 
Age (Years) 25 (20.31 1 
Body mass index (wl/ht2) 2.35 (2.18. 2. 
Vitamin A (pmoL'I) 0.32 (0.30. 0.78) 

Infant 
Binhweight (g) 3000 (2800. 3240) 3000 (2800.3300) 0.26 
Geslalional age (weeks) 40 (38.401 40 (38.40) 0.47 
Infants who died (96) 5.7 3.6 0.16 

'Median (interquanile range) foreach charactensic. 
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which might explain the increased monality among 
infants born to vitamin A-deficient mothers is immune 
impairment in the infants. Vitamin A deficiency in the 
mothers could possibly result in lower litres of protective 
antibodies being transferred passively to the infants. 
conferring lower protection to a wide variety of 
pathogens.' 

The infant monality rate in this smdy population 
upas 17.7 per 1000 compared with a reported infant 
nionality rate of 141 per 1000 for ~alawi!  The rate 
in our study uas  probably lower because the participants 
%*ere receiving more intensive. regular medical care 

r 0.32 0.32 .0.96 0.96.1 .a r 1.40 every 3 months. The sample size and the number of 
Matem v h i n  A  eve^ lpmu L) by Ouenile iniant deaths were relatively small in this study. 

Although we did not observe a difference in infant 
FIG. I. Maternal vitamin A levels (by quanile) and infant hinhweigh[ between [hose born to vitamin  deficient 
monality rates. Women whose vitamin A level was in non.deficient mothers, this could perhaps be due to 
the lowest quartile had higher infant mortality rate limiled slatislical power of our sample size. 

I t  is not known whether the low vitamin A levels are 
causally involved in the higher infant monality rate or 

percentiles of serum vitamin A levels were 0.32. 0.96. the low levels are a .marker' for another. more 
and 1.4OflmoVI. Infant monality rate was significantly imponant. factor, ~h~ study is limited i n  [bat 
higher lhose lo "'Iamin A other micronutrients. such as iron. folate, and zinc. were 
level was in the lowest qumile (Fig. I)  (p c: 0.03). not measured. However, among the micronutrients. 

vitamin A plays an important role in immune function,'.' 

Discussion and vitamin A has been known as the 'anti-infeclive 
vitamin' since the 1920s. I t  is unknown whether 

Vitamin A deficiency was common among pregnant correc,jon of A deficiency during 
women in this study population. Nearly one-third of pregnancy will improve survival of infants. Clinical 
lhe had serum A levels < 0.35flm0V1* a trials are currently in progress in the Asian subcontinent 
level at which hepatic reserves of vitamin A are likely and in sub.~aharan ~ f r i ~ ~  to determine whether 
to be depleted. Factors known to contribute to vitamin A vitamin A supplementalion can reduce infant 
deficiency in pregnant women include low intake of rates, 
vitamin A-containing foods, increased demand for 
vitamin A by the fetus, haemodilution of pregnancy, 
and abnormal urinary losses of vitamin A in pregnancy.' 

To our knowledge. this is the first study to show an References 
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The Role of Vitamin.A and Related Retinoids in Immune 
Function 
RichardD. Semba, . . . . 

 ohm Hopkins University School of Medicine 

lntmductlon Retinoids and Nuclear Receptors 

Vita& A and related retinoids play an important role in The widespread immunologic effects ofvitamin A appear 
the regulation of immune function. Vitamin A deficiency to be mdiatedprimarily through its acidderivativcs, which 
compromises immunity, resulting inmajor morbidity and include all-trwntinoic acidand 9-cis ntinoicacid (Chytil 
mortality. The linkbetween clinical vitamin A deficiency and Haa 1990. Pfahl and Chvtil1996,Na~oli 19961. ?here . - 
(nightbkdncss and xerophthalmia) and infectious discas; are n&ero& other nahlraiisomers of retinoic akd  that 
morbidity and mortality has been known for hundreds of have been identifiedand may help ex~lainthe~leiotropic 

~ i~e r imen ta l  observations and clinical trials in the 
1920s and 30s led to the reputation of vitamin A as the 
"anti-infective" vitamin (Green and Mellanby 1928). By 
the 1960s. it was noted that among the micronutrients, 
"no nutritional deficiency is more consistently iynergis- 
tic with infectious disease than that of vitamin A" 
(Scrimshaw et al. 1968). More m a t  community- and hos- 
pital-based clinical trials show that vitamin A supplemen- 
tation kduccs child mortality by 2040% (Beaton et al. 
1993). V i w i n  A capsule distribution is recognized as one 
of the most cost-effective interventions to improve health 
(World Bank 1993) i d  rsnks among vaccination and oral 
rehydration therapy in importance as a public health mea- 
sun. 

The underiying basis for the use of vitamin A supple- 
mentation to reduce infectious disease morbidity and 
mortality is its role in enhancing immunity. Vitamin A and 
related retinoids have therapeutic potential as immune 
modulators, and some of these uses are also beginning to 
be realized in the fields of dermatology and oncology. O v a  
the last several decades, major progress has been made in 
elucidating the role of vitamin A and related retinoids in 
immuie function The discovery ofretinoic acid receptors 
has'geatly facilitated our understand'ig of how vitamin 
A may influence immune function at the genetic level. 
1rn~rove4ent.s in analytical methods have led to the dis- 
covery ofnew nahualmetabolites ofvitamin A andrctinoic 
acid, which suggests immense complexity in the regula- 
tion of biologic responses by retinoids. The purpose of 
this review is to provide an overview of the different ef- 
fects that vitamin A and related retinoids play in immune 
function, with an emphasis on dcvelopmcnts in the last 
decade ITable 1). Comprehensive coverage of the tarlitr 
literature can be foundin previous reviews (Nauss 1986, 
Ross 1992, Semba 1994a). 

effects of retinoids (Pfahl and~h$l1%6). n ~ o f s m i l i ~  of 
nuclear receptors, retinoic acid receptors (RARs) and ret- 
inoidX kceptors (RXRs), consist of h e  isot);pcs (a, p, 
y) and control gene expression by retinoid signals 
(Chambon 1 9 9 6 ) . ~ h c ~ i o n o f ~ ~ ~ a n d R k R i s o t y p c s  
varies in different tissues, and vitamin A deficiency may 
selectively alter the expression ofcertain isotypcs in vari- 
ow tissues (Haq et al. 1991). All-trans retinoic acid is a 
ligand for RARs, whcnas 9-ci.s rctinoic acid isa ligand for 
both RARs and RXRs. 

RARs and RXRs fomRXR/RAR heterodimers and 
bind to ntinoic acid response elements (RAREs) of target 
genes. Most U R I 3  have been identified in tho rtgula- 
tory region of a variety of genes. RXR may 'also form 
hctcrodimers with the thyroid hormone rcccptor, vitamin 
D, receptor, peroxisome proliferator activator receptors, 
and a number of newly described "orphan reqtors." In 
the presence of9-cis retinoic acid, RXWRXR homodimem 
may form and recognize a subset of RXRB or inhibit the 
formation of certain heterodimers (F'fahl andChytil1996). 
Orphan receptors such as chicken ovalbumin upstream 
promoter transniption kctor (COUP-TF) (Tm ct at. 19921, 
ARP-I, TAKl (Hirose ct al. I995), RVR (RecnaLaranct al. 
1994), RZR (Carlberg et al. 1994), apd thymus orphan re- 
ceptor (TOR) (Ortii et 81.1995) may repress or modulate 
thcinduction of genes by retinoic acid. Thus, RARs and 
k h s  may inmct with multiple transcriptional mediators 

. ,and/or cor~pnssors, adding an enormous level of com- 
plex& to regulation of retinoic acid responses. Expcri- 
me@ with RARaeficienf or "knock-out," mice suggest 
that there may be a great deal of functional redundancy 
involved in signaling (Kastner et al. 1995). Other vitamin 
A metabolites in the ntroretinoid family may support bio- 
logic functions via a pathway that is distinct from the . :.. 

. . rotmoic acid pathway. 14-Hydroxy-4.14-mhretinol s u p  
I:$,. ' . .  .. . .. . . . . 
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pa*, whenas anhydmrctinol inhibits, cell growth (Buck levels am increased by vitamin A supplementation in chil- 
ctal. 1991, Buck ctal. 1993, Eppingcrct d. 1993). In addi- dnn (Van Agtmasl1989). Pathologic changes in the ocu- 
tion, the oxoretinoids may play a role as retinoic acid re- lar surface may result in increased susceptibility to infw 
ccptor ligands@lumbng ct al. 1996). tion, forexample, as shownin animalmodcIs ofPseudomo- 

n u  kcratitis (Ikipingetal. 19963. 
Mumfial lmmunlty The normal trachcobronchial tnc consists of ciliated 
Vitamin A deficiency compromisesmucosal immunity by columnar respiratory epithelium with mucus and goblet 
altering the integrity ofmuwsal dithclia, including those cells. The mucociliary escalator continuously traps and 
of the eye as well as the respiratory, gastrointestinal, and m o v e s  inhaled microorganisms and caccinogens and is 
genitourinary tracts. In addition, m t o r y  IgA (sIgA) re- an important fmt line of immune defense for the trachw- 
sponscs to v&ow pathogens may be impaired by vita- bronchial trm. Vitamin A deficiency in rats and hamsters 
min A deficiency wtdermannet al. 1993% Stephensen et leads to loss of ciliated epithelial cells and mucus in the 
81.1996, Gangopadhyay ct al. 1996). Ocular changes re- trachcobmnchial tree and replacement by stratified, kcra- 

! lated to vitamin A deficiency include sqiumous metapla- tinized epithelium (W~lhelm 1954, Wong and Buck 1971, 

j sia of the conjunctiva and cornea, loss of goblet cells, McDowell et al. 1984). Extensive squamous metaplasin of 

!: abnorkl keratinization, and keratomalacia (Tseng et al. the respiratory tract was described in autopsy studies of 

;j 
1984, Sommcrand West 1986). Lactofenin, an iron-bind- vitamin A-deficientchildren (Bl.ackfan and Wolbach 1933, 

!! ingglycoprotcin involvdinimmunitytobacteria, vimes,' Sweet and K'ang 1935), These pathologic alterations of 
and fungi, is found in mucosal secretions, and its expres- the respiratory epithelium may partially explain the cpide- 

:! 
sion appears tdbcrnodulatedby vitamin A Tear lactofenin miologic observation that children with mild vitamin A 

:* Table I. Immune Response ElementsThat May Be Regulated By Retinolds ji ELmmt References 
Ij 

Kuatinization Fuchsand Omn 1981,Eckert and Green 1984,Molloy and Laskin 1985,Molloy 
sndLas!& 1988, Gijbels aal. 1992,.Darwiche ctal. 1993 i Mucin production DcLucaetal.-1969,Rojanspo et al. 1980, Mannaetal. 1994,Manoact d 1995 

Hematopoiesis Semba etal. 19938, Semba et al. 19934 Gangens and Oncn 1995, Husscy ct d. 
19% 

Apoptosis Iwataetal. 1992,Yang etd. 1993,Nagyctal. 1995,Yangetal. 1995,Homctal. 
19% 

Neutrophil function 
Natural killercell funktion - 
Monocyte/macrophage function 

Langerhans cell function . 
T lymphocyte function 
Cytotoxic T lymphocyte function 
B lymphocyte function 

~mmuno~lobulin production 

ICAM-1 expression 

TNF-aproduction 
TGF-p production 
Phospholipase 4 production 
IFNy production 

I L l  production 

IL-2 production 
L 3  production 
IL4 production 

Twining et al. 1996b.Twining ctal. 1997 
Zhao et al. 1994a. Zhao ctal. 1994b. Zhao andRoss 1995, Husscy et al. 1996 
Breitman et al. 1980, Tachibana ct al. 1984, Hemmi and Brcitrnan 1985, Trshscl ct 
al. 1985, Karzct al. 1987,Dillehay et al. 1988,Turpinetal. 1990,Hopectal. 1990, 
Matikainenet al. 1991.Gurmanctal. 1991.6bemetal. 1993, Szaboct al. 1994 
Maisey and Miller 1986, ~ a k  et al. 1987b; ~ e 4 e r e t  al. 1994, Sailstad ct al. 1995 
Garbcetal. 1992,Friednyctal. 1993,Rabmanetal. 1997 
Malkovs&et al. 1983a. Sijtsmaetal. 1990 

. ~ u c k e t  al: 1990, Israel e t i .  1991, Blomhoffetal. 1992, Wang ct al. 1993a,Wang 
andBallow 1993b.Ballowetal. 1996 
~ k t h  andHayes 1987, ~ a ~ a t i e r n ~ o  et al. 1989, Semba et al. 1992, Wiedermann et 
al. 1993b, Semba et al. 1994b 
Bouillonetal. 1991, Wangetal. 1992,Darley etal. 1993,Aoudjit ctal. 1994, 
Aoudjit ctal. 1995,Bassietal. 1995 
Tutpinct al. 1990 
Fisheretal. 1992, Szabo ct al. 1994 
Hopeetal. 1990 
Blal~kandGifford 1976,Blalock and Gifford 1977,Felli et al. 1991, Carman ct aL 
1992, W~edermann et al. 1993b Cantoma et al. 1994, Ikcdaet al. 1994, Cantoma 
etal: 1995, Cantomaetal. 1996 
'Trccbsel et al. 1985,Dillchay etal. 1988, G w e t a l .  1990,Matikainenetal. 1991, 
Tokura ct al. 1992 
Cblizzi arid Malkovskj 1985 

. I :  Tyhscl et al. 1985 
.; @nnanetal. 1992, Cantornaetal. 1994,Cantomaetal. 1995 

. . 
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deficiency have an increased risk of subsqumtly devel- statw and the pathogenesis of skin infections in humans 
oping nspiratory disease (Sommcretal. 1984). remains amajor gap in cu-t knowledge. 

Vitamin A regulates the terminal differentiation of 
human keratinocytes (Fuchs and Green 1981) and pro- Hematopolrala 
motes the synthesis of some keratins while suppressing 
the qn!hcsis ofothcrs (Eckcrt and Gncn 1984). In vitamin 
A-deficient rats, immunohistochcmical alterations in 
cytokeratin expression were observed in the bladder, ure- 
ter; kidney, salivary glands, uterus, and conjunctiva be- 
fore histologic changes could be observed (Gijbels a al. 
1992). The expression of keratins is regulated by RARand 
thyroid hormone receptors (TomiC-Canit et al. 1996). Mu- 
cin gene expression appears to be regulated by all-trans 
retinoic acid (Manna et al. 1994, Manna d al. 1995). al- 
though regulation of the different much genes by retin- 
oid receptors has not yet been elucidated. Thus, vitamin 
A, thmugh its metabolites, may regulate Laatinkation and 
much production on the transcriptional level. 

Vitamin A deficiency also causes loss of micmvilli, 
goblet cells, and mucin in the small intestine (DeLuca et al. 
1969, Rojanapo et al. 1980). Mucins are large 
glycoconjugates found on cell surfaces and which' arc 
secreted into the lumens of the gastrointestinal, respira- - - - 
tory, and genitourinary tracts. Gastrointestinal mucin is a 
fmt line ofdefense for cells l i ing thegut. The vitamin A- 
related pathologic alterations in the gaskointestinal tract 
may contniute to the increased severity of diarrheal dis- 
ease in vitamin A-deficientchildren (Sommcr et al. 1984, 
Bamtoetal. 1994). 

The genitourinarytract is also affected by vitamin A 
deficiency. Extensive replacement of normal transitional 
epithelium with stratified squamous epithelium and the 
accompanying appearance of distinct typcs of keratins in 
the urinary tpct have been described in vitamin A-defi- 
cient mice (Molloy and Laskin 1988). These mucosal 
changes might predispose children with vitamin A defi- 
ciency to increased urinary tract infections as previously 
observed (Brown et al. 1979). Vitamin A deficiency also 
results in altered ex~ression of keratins and meteplastic 

Vitamin A and related retinoids play a central role in the 
development and differtptiation of neutrophils, mono- 
cytcs, erythrocytes, eoshophi~s, basophils, megakwo- 
cytes, and lymphocytes (Gongens and Green 1995) and 
can modulate T lymphocyte subpopulations in lymphoid 
tissues and peripheral blood (Sanba et al. 19930). De- 
creased numbers of circulating lymphocytes and 8IIemia 
an common during vitamin A deficiency, and vitamin A 
deficiency is associated with decreased circulating CD4' 
lymphocytes in children (Semba et al. 19930) and adults . - .  
(Semba et al. 1993b). ~u~ilementation with vitamin^ has 
been shown to increase circulating CD4' lymphocytes in 
vitamin A-deficient cliildnn (Semba et al; 1630) and in 
children with acquired imm"nodeficiency syndrome 
(AIDS) (Husscy et al. 1996). The underlying mechanisms 
by which retinoids influence hematopoietic stem cells and 
myeloid precursors appears to involve regulation by n t -  
inoid receptors (GBttgens and Green 1995). 

APOPt-1. 

Retinoids an potent regulators of cell gmwtb, differentia- 
tion, and apoptosis (programmed cell death). Regulation 
of apoptosis by retinoids may have implications for im- 
mune effector cells, virus-infected cells, and tumor cells. 
All-trans retinoic acidand 9 4 s  retinoic acid inhibit acti- 
vation-driven T lymphocyte and thymocyte apoptosis, 
suggesting that RXRs may play a role in regulating the 
negative selection of T lymphocytes in the thymus Qwata 
aa l .  1992,Yang et al. 1993). InP19 embryonal c a r c i n o d  
cells, all-trans retinoic a was effective in inducing 
apoptosis (Ho'm et al. 6). Synthetic retinoids selective f l  for RAR induced apoptosis in P19 cells, whereas syn- 
thetic retinoids selective for had no effect, and a 
combination ofRAR and RXR ligands resulted in a syner- 

. . changes in the cndoc&k (Danvichc et 01,1993). Whether gistic increase in apoptosis. This study suggests that both 
! :: , , .: vitamin A-related alterations in the genital mct increases RAR and RXR play a role in apoptosis. Induction of 

the risk of sexually transmitted diseases, such as human 
' 

apoptosis inHL-60 cells, a humanmyeloid leukemia cell 
immunodeficiency virus (HIV) infection, isunknown. l i e ,  tcquiris l i g i d  activation of RXR magy et al. 1995). 

' m-infected adults h o  w m  given daily oral h o i c  acid 
Skin had reduced apoptosis of T lymphocytes, suggesting that 

retinoid therapy could possibly reduce the decline of CD4+ 
Skin bsrricr function is provided by keratinocytes in the lp$bocytes during HIV infection CYang et 1995). *I- 
epidermis. Vitamin A deficiency induces changes in epi- .. ' iho& these shldies suggest n strong role for retinoids 
dermal keratins (Molloy and Laskin 1985) of which'de: 

1. 'i<+,ptosis, the effects of retinoids on apoptosis 
tailed clinical descriptions have been made (Frazier and , . ' .qf-une effector cells still needs further elucidation. 
Hu 1936). Increased skin infections have been described ;'; ' , , , , 

in children with vitamin A deficiency (Spence 1931). Aq: ,,, , ~ i ~ ~ ~ h l l ~  
increased susceptibility to s k i  infections could be caused 
by changes in keratinization, antigen presentation or other , , . ~ N < ~ ~ ~ l i i l s . p l a y s  an important role as a first line of de- 
immunologic alterations in skin that may occur durini v i ~ , ~ ~ ~ : f 9 ~ ? e  against. infections because they phagocyrize and 
tamin A deficiency. The relationship between vitamin A . ,kill'bacteria, viruses, parasites, virus-infected cells, and 

. .... 
. . ... c . ... 

S40 . . , : . . ! I . : . .  ' Nutrltlon Reviews, Vol. 56, No. 7 



t 
~moia lh (Twi ing  ct d. 1997). However, a reduction in 
circulating neutrophib, or neutropenia, docs not appear 
to bc a fcatun of clinical vitamin A deficiency. During 
vitaminA deficiency, ncutrophils appearto have impaid 
function, which couldmult in initial exposure to a g n a w  
number of pathogenic organisms. In vitamin A-deficient 
rats, the total number of circulating ncutmphils was nor- 

I mai; however, a higher proportion of neutrophils were 

1 
hypcrscgmented. Functional studies showed defects in 
chcmotaxis, adhesion.phagocytosiq and ability to gener- 
ate active oxidant molecules in neutrophils From v&min j A-deficient animals compared \kith controls (Twining et 
al. 1997). A decrease inneutrophil cathepsin G, which is 
inv'olved in degradation of phagocytoscd material, was 
found in neutrophils from vitamin A-deficient animals 
('hhhgctal. 19960). 

Natural Killer Cells 

I Naturalldllcr(NY or CDlUCD56) cells are found inblood, 

I liver, and spleen and arensponsible for'hahual cytotox- 
icity," ic., antiviral and antihunor immunity that is not 
MHC-restricted. Vitamin A deficiency reduces the num- 

1 ,  bers ofNKcells and impairs their cytolytic activity (Zhao 
et al. 1994a. Zhao and Ross 1995). In rats, retinoic acid 

I repletion increased NK cells in veri~heral circulation and 

/ &O in-edmce~i m t o u &  (~hao and~oss  1995). 
A recent clinical trial showed that high-dose vitamin A 
supplementation was asgociated with; large increase in 
circulating NK cells in children with AIDS (Hussey et al. 
1996). A synthetic retinoid, N-(4-hydroxyphcny1)- 
ntinamide, increased cytolytic activity ofNKcclls in rats 
(Zhaoctal. 1994b). 

Cells of the monocytc/macrophage lineage play a central 
role in immunity as antigen-presenting cells and as gen- 
erators of oxygen and nitrogen radicals ( G m a n  et al. 
1991). Monocytcs circulate in the blood and then are dis- 
tributed to different tissues where they contribute to the 
macrophage population. Macrophages rapidly t&= up 
bacteria and viruses, process them, and pnsent antigen 
to CD4+ lymphocytes in anMHC 11-restrictedmanner. Vi- 
tamin A and related retinoids influence monocyte differ- 
entiation and function; most of these effects have been 
studied in leukcrnicmyelomonocytic celllines such as& 1 60, U-917. andTHI-1 Breitmanet al. 1989. bberg, etal. 
1993,~& a n d ~ n i &  1985). ~nthediffefentia>onof 
U-937 cells, retinoic acid incnascdthe expraSionof CD23, 
a receptor for IgE that plays a role in the regulation of B 
lymphocyte growth, anddccnasedthecxprcssionof 0 1 4 ,  
a receptor for monocytc adhesion during inflammation 
@berg ct al. 1993). VitaminD, had the inverseeffect, sug- 
gesting @at there is a hnctional antagonism be.tween vi- 
tamin Dl and retinoic acid in the nguiatidn of immune 

responses by monocytes. Tumor necrosis factor-a (TNF- 
a), a major inflammatory mediator, is produced in high 
amounts by activated monocytcs/mmphagcs and has a 
wide range of effects, including induction of B andTlym- 
phocytc proliferation and stimulation of cell adhesion 
molecules on endothelid cells. Thc in vitro release o m -  
a appcmto be dependent onall-tram retinoic acid (Turpi 
ad 1990). 

Retinoids have .been shah to influence both the 
number and in vitro activity of &roPhages (Kak et al. 
19878): An approximate two-fold incnase in phagocyto- 
sis was caused by all-fram retinoicacid in murine mac- 
rophages (Dillehay et al. 1988). All-tram retinoic acid in- 
creased the production of transforming growth factor-p 
(TGF-j3) by human peripheral blood monocytes & hu- 
manmyelomonocytic cells (Szabo ct al. 1994). TGF-p has 
many effects but is primarily involvedin the promotionof 
wound healing. Increased TGF-p inununor~activity has 
also been described in human skin biopsies from individu- 
als using, topical retinoic acid (Fisher et al. 19921. Anti- 
inflam&to& activity of retindids are also sugg<ted by 
in via0 studies which showedthat various retinoids could 
inhibit phospholipasc 4 ahd arachidonic acid release from 
rat peritoneal macrophages (Hope ci al. 1990). 

All-tram retinoic acid has been shown to i n m e  
intczleukin 1 (IL-1)productionby human peripheral blood 
mononuclear cells, murine macrophage cell tines, and mu- 
rinemamphages(Thse1aal. 1985,Dillchaydal. 1988). 
In human monocytes and in a human myeloid l&nbia 
cell line,all-tram retinoic acid appeandto cnhancc'IL-IS . 
expression at the transcriptional level (Ma&inen ct d. 
1991). L l  is an important mediatorof inflammation that 
has many effects similar to TNF-a, including stimulation 
ofproliferation by T andB lymphocytcs. I t 1  is also pro- 
duced by keratinocytcs and may be modulated by all-tram 
retinoic acid and 13-cis retinoic acid (To- et al. 1992, 
Gruaz et al. 1990). The potential influence of rethoids on 
expression of other cytokines by macrophage/monocytcs 
such as ILIO, IL-12, macrophage inflammatory protein 
(MIP-I), and MIP-2 is unknown. 

Langerhans Cells 

Langerhans cells arc an important component of the im- 
mune defense in the skin, where they function as antigen- 
presenting cells. Dietary vitamin A increases contact sen- 
sitivity to a variety ofchkical agents in the murinemodel, 
probably due to the increased numbers or bc t ion  of 
Langcrhanscells (hhiseyand Miller 1986, Kaketal. 1987b, 
Sailstad et al. 1995). In vivo retinoic acid tnatment in- 
creases the ability of human Langcrhans cells to present 
alloantigen to T lymphocytes and is associated with in- ~. ~ 

creases in surface expression O ~ H L A - D R ~ ~ ~  CDI lc, two 
molecules involved in antigen presentation (Meunin et 
al. 1994). Topical retinoic acid appesrs toupregulate cuta- 

I Nutrltbn Revlews, Vo1.56, No..:? 



neow antigen-prescnting function without inducing au- 
toimmunity. This may have thaapeutic implications for 
improving cutaneous immune responsiveness to vaccines, 
tumor antigens, and akin infections. 

T Lymphocytes 

T lymphocytes an major regulatozy sells of the immune 
system and  include^ helpcr(CD;4') andT cytotoxic (CDBt) 
lymphocytes. CD4+lymphocytes nco'gnizc antigen in thc 
presence of MHC class I1 complex2s, and CD& lympho- 
cytes ncognize cells bearing MHC class I complexes. 
~uknlymphocytes contain both nth01 and retinoic acid 
(Sklan et al. 1995). Activation ofT cells appears to require 
retinol (Garbe et al. 1992). In murine T lymphocytes, all- 
trans retinoic acid stimulated expression of RAR-a and 
increased antigen-specific T lymphocyte proliferation 
(Friedman et al. 1993). In human T lymphoblasts, ntinoic 
acid increased expression of IL-2 receptors (side11 et al. 
1993). The role of CD4' lymphocytes in helping B cells 
develop into intibody-producing cells is discussed be- 
low. 

CD8' lymphocytes are involved in the lysis of cells, 
such as vitus-infected cells, expnssing antigens in the 
presence of MHC c k  I molecules. Vitamin A deficiency 
was shown to impair cytotoxic T lymphocyte activity in 
chickens infected with Ncwwtle disease virus (Sijtsma 
ad. 1990). ~ 0 t h  CW+ and c ~ r ~ y r n p h o c y m  sn involved 
in allograft rekction, and a standard murine diet supple- 
mented with retinyl acetate (0.5 glkg) has been shown to 
inacascallografIrcaction inmice (Malkovsl@ et al. 1983a). 
Cytotoxic lympkocyte function during vitamin A defi- 
ciency in humans has not been studied. A rccent clinical 
eial showed that oral vitamin A supplementation could 
i n m e  delayedkypc hypersensitivity reactions in infants 
whose serum vitamin A levels increased to greater than 
0 . 7 0 . p ~ o y ~  afi.crsupplementation (Rahrnan et al. 1997). 
This observation may reflect, in part, vitamin A-related 
upregulation of lymphocyte andlor Langerhans cell func- 
tion. 

Retinoids arc involved in the expression of glycopro- 
bins, including some adhesion molecules involved in lym- 
phocyte fimction. ICAM-1 (CD54) is cell surface glyco- 
proteinand a member of the immunoglobulin gene super- 
family. It is expressedon a wide variety of cells and serves 
as a ligand for the $-2 integrin molecules leukocyte-func- 
tion associated antigen-I, PA-.] (CDl ldCD18) end Mac- 
I (CD1 lblCDl8). The adhesion system plays a key role in 
lymphocytc circulation, T lymphocyte cytotoxicity, anti- 
genpresentation, leukocyte adhesion to endothelial cells, 
fibroblasts, and hematopoietic cells. The ICAM-I gene 
appears to contain a RARE, which is regulated by retinoic 
acid through RAR-$ and RXR-a (Aoudjit et al. 1994, 
Aoudjit et al. 1995). Retinoic acidcan innease exp~ssion 
of ICAM-1 onvarious tumor cell lines (Bassi ct 81. 

Wanget al. 1992,Bouillonetal. 1991,Darlcydd. 1993). 
suggesting that d n o i c  acid could mediate the intcrac- 
tion i f  the immune system, such as cytotoxic T lympho- 
cytes and NK cells,'with recognition of some types of 
canccr alls.  

B Lymphocytes and Antibody Responses 

B lymphocyted:an involved ip,thepmduction of immuno- 
globulin, and thegrowth andactivation of B lymphocytcs 
requinsntinol (Bucket al. 1990,Blomhoff dal. 1992). B 
lymphocytes may also w e  a metabolite of retinol, 14-hy- 
droxy-4,14-r&?@O-dnbl, instead of ntinoic acid, as a me- 
diator for growth (Bucket al. 1991). The effects ofretinol 
and all-frm retinoic ffiid on immunoglobulin synthesis 
by B lymphocytes has been studied in human cord blood 
and adult p e r i p h d  mononuclcar cells (Israel et al. 1991, 
Wang d ai. 1993% wang andBallow 1993b, Ballowet al. 
1996). A T  cell-dependent antigen, formalinized Cowan I 
strain Staphylococcus aureus, w& used in a model sys- 
tem to induce differentiation ofB lymphocytes into immu- 
noglobulin-secreting cells. The addition of all-trans 
ntinoic acid augmented the production of immunoglobu- 
lin M (IgM) synthesis by cord blood mononuclcar cells 
and the production of immunoglobulin G (IgG) by adult 
periphaal blood mononuclcar cells.Highly purified Tlym- 
phocytes incubated with retinoic acid enhanced IgM syn- 
thesis by cord blood B lymphocytes, providing evidence 
that retinoic acid modulates T cell help through cytokine 
production (Ballow et al. 1996). In the mwinemodel, all- 
trans retinoic acid was mon active than retinyl acetate, 
retinaldehyde, orretinol in restoring IgG responses (Chun 
ctal. 1992). 

Antibody molccules, or immunoglobuli, play a cen- 
tral role in immune h c t i o n  by attaching to pathogens 
and recruiting immune effector cells to destroy the patho- 
gens. A hallmark of vitamin A deficiency is the impaired 
ability to monnt an antibody response against T cell-de- 
pendent antigens (Smith and Hayes 1987, Semba et al. 
1992, Sembaetal. 1994b, Wicdermannet al. 1993b) andT 
cell-independent type 2 antigens, such as pneurnoccocal 
polysaccharide (Pasatiempo et al. 1989). Many oftheear- 
liastudies have been summarized elsewhere (Nauss 1996, 
Roh 1992, Scrnba 199411). 
' . Vitamin A deficiency has been hypothesized to influ- 

ence the balance bctwemT-helper type 2-like andT-helper 
typc I-like ihniune responses. Pichinella spiral* infec- 
tion in-niice normally stimulates a strong T helper typc 2- 
likensponse with high levels ofparasite-specific IgG and 
$bytokine profile characterized by IL4,  IL5, and G I 0  
pductian;In wntrast, vitamin A-deficient mice infected 
with.g:spirhlir produced T helper type 1-like responses 
that were charactcriwl by low production ofparasite-spc- 
Cfic IgG ancia cytoidneprofilecharacterized by innfmm- 
, y ' f W y )  and IL-12 production(Carman et al. 1992, 
.. . 
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cantoma et al. 1994, Cantorna et al. 1995). In vitamin A- 
deficient rats immrmizcdwith &lactoglobulin, serum I@, 
I ~ M ,  and I@, and bile IgA responses against p-lactogld 
bulin were impaind as ~mparedwitfi pair-fed control ani- 
n!nls (Wicdumatm ct al. 1993b). Invitro l y m p b ~ n t i m u - ,  
lation to concanavalin A or O-lactoglobuliin was higher in 
vitamin A-deficient rats, with higher production of 1G2 
and IFNr in lymphocyte supernatants, providing addi- 
tional evidence that vitamin A deficiency increased T- 
helper type I-like responses (Wiedermann et al. 1993b). 
Hymenolepis MM, the dwarftapworm, is known to elicit 
a strong T-helper type I-like response innomal mice. In 
vitamin A-deficient mice infected witli H. nann, mesen- 
tcric lymph node cells in the pr&sence of soluble egg anti- 
gen secreted more IFN-y but less IG2 than the same cells 
6umnormalmice@r&ctal. 1994), 

All-tram retinoic acid has bem shown to decrease 
IFN production by murine L-929 cells infected with 
~ w c a s k l e d i ~ e v i t u s  (F3lalockandGfford 1976,Blalock 
and Gifford 1977). In cloned Thl cells, physiologic con- 
centrations of all-fram retinoic acid dow~vegulated IFN-y 
synthesis through the CD28 costimulatory pathway 
(Cantornact al. 1996). Downregulation of IG2 by all-tram 
minoic acid in a regulatory pathway involving RAR has 
also been shown in JurkatT cells (Felli et.al. 1991). Modu- 
lation of the balance betweon T-helper type 1 and type 2 
responses by ntinoids may be influenced by the rype of 
infection. In mice infected with Mycobacterium bovis, a 
standard murine diet supplemented with rctinyl acetate, 
0.5 gkg, increased IL-2 production by PPD-stimulated 
spleen cells and augmented delayed type hyperscnsitiv- 
ity (ColiPi and Malkovsky 1985). Pathologic studies re- 
vealed that them was a mom vigorous inflammatory rt- 
sponse in the footpads in vitamin A-supplemented mice 
14 days after inoculation with M. bovii antigens in the 
footpad. 

Other studies in rsts support the idea that certain 
cytokine signals for B cell activation, proliferation, and 
production of immunoglobulinare missingduringvitamin 
A deficiency. Vitamin A-deficient rats u.iually have im- 
paired IgG responses to tetanus toxoid and pneumococ- 
Gal polysaccharide, however, when these respective anti- 
gens wen given concomitantly with bacterial lipopolysac- 
charide, a potent adjuvant (Arora and Ross, 1994, 
Pasatiempo et al. 1994), vitamin A-dcficimtrats were able 
to produce a strong antibody response. 

Mice with seven combinedimmunodeficiency (SCID) 
have been used to study the effects of vitamin A on hu- 
man antibody responses to tetanus toxoi'b (blolrint et al. 
1995). Peripheral blood lymphocytes from humansprcvi- - -  - 
ously imm&ized.with tetanus toxoid were wed to ken- 
stitute vitamin A-deficient and nondeficient SCID mice. 
After challenge with tetanus toxoid, vitathin A-deficient 
SCID mice had a2.9-fold increase in h & h  anti-tetanus 
toxoid antibody compand with a 74-fold ihcnase in SCID 
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mice withnorms1 vitamin A status. These data arc consis 
tent with the observation that vitamin A supplementation 
enhances secondary antibody responses to tctaniu tox- 
oid in preschool ohildnn (Semba et al. 1992). 

Cancer Inimuntty 

Vitamin A deficiency has been associated with a higher 
incidence of cancer and increased susceptibility to car- 
cinogens (Lotan 1996): Vitamin A and related retinoids 
may increase immunity to tumors by several mechanisms, 
including enhancement of T cytotoxic lymphocyte activ- 
ity, NK cell activity, macrophage activity, and apoptosis 
(Tachibana et al. 1984, Malkovsky et al. 1983b). Alveolar 
macrophages isolated from vitamin A-supplemented rats 
had enhanced phagocytosis and tumoricidal activity com- 
pared with alveolar macrophages from control rats 
(Tachibana et al. 1984). Upngulation ofHLA-DRwrpres- 
sioh by aU-tram ntinoic acid has also been described in 
human breast weer cells, whichalso suggests the p6- 
tential ofretinoic acid to induce tumor immunity(Gardner 
and Walker 1993). All-frm ntinoic acid has beenshown 
to be beneficial as therapy for acute promyelocytic lcukc- 
mia(Warrel1 et al. 1991). 

Vitamin A deficiency in children is associated with in- 
crcasedmorbidity andmoaality (Sommcrand West 1986), 
and these epidemiologic observations an consistent with 
a large and compnhe&ive litcramre describing increased 
susceptibility to expcrimcntal hfcctiod in vitamin A-defi- 
cientanimals (Nauss 1986,Ross 1992, Smba l994a). As' 
mentioned pmiowly, vitamin A aupplcmontauon is widely 
carried out in many developing miintries to improve child 
s u ~ v a l  (Sommer and West 1986). Highdose vitamin A 
supplementation reduces morbidity andmortality in acute 
measles (Husscy and Klein 1990) and has become recom- 
mended therapy for measles in both developing countries 
(World Health Organization 1987) and in theunited States 
(Committee on Infectious Diseases 1993). 

The encouraging results from &mmunity-based clii- 
cal trials and hospital-based trials of measles have led to 
investigations regarding the use of vitamin A supplcmen- 
tation for specific infections. Given the wide rangeof im- 
mune rcsponsesto different types of pathogem, it is doubt- 
ful that vitamin A will show benefit as disease-targcicd 
therapy for all types of infections. Clinical trials ofvitamin 
A supplementation for rcspimtory syncytial virus infec- 
tion have& quivocal results (Bresce et al. 1996, Dowell 
et al. 1996).'Meta-analyses £rum the &cent series of large 
clinical trials show that vitamin A supplCmentationreduees 
the severity of diarrheal disease but has little impact on 
childhood pneumonia ('he Vitamin A and Pneumonia 
Working Group 1995). ~ i ~ h - d d s e   vitamin^ suppl~enta- 
tion targeted specifically to childrm with acutc diarrhea in 



India reduced pcraistent dimhca and also reduced the 
severity of diarrhea among nonbreastfed children 
(Bhandari ct al.1997). Although vitamin A supplementa- 
tion was incidentally shown to have little impact on ma- 
laria morbidity in Ghana (Binka et d. 1995), clinical trials 
that arc specifically designed to address this issue are 
needed (Shankar 1996). A recent clinical trial from Papua 
New Guinea shows that periodic'high-dose vitamin A 
supplementation in preschwl children reduces malarial 
morbidity by one third (Shankar et al. 1997), and a large 
clinical hial~shows that vitamin A supplementation re- 
duces malarial morbidity in pregnant women inNepal by 
about 30% (West et al.,,unpublished data). 

h o t h e r  kca  in which h n h  A or reiated retinoids 
may have thmipcutic potential arc as therapy for H N  in- 
fection. Vitamin A deficiency has been linked with in- 
creasedmortality (Semba et al. 1993b), highermother-to- 
child transmission of HIV (Scmbaa al. 1994c, -berg 
etal. 1997), increased infantmortdity(Sembaetal. 1995), 
child growth failure (Semba et al. 1997a);and higher HIV 
load in breastmilk (Nduati et al. 1995) and the vagina (Johns 
etal. 1997, Mostad et al. 1997). Four clinical trials involv- 
ing over 3000 HIV-infectedpregnant women arc currently 
in progress to determine whether antenatal vitamin A 
supplementation and other micronutrients can reduce 
mother-to-child transmission of HIV and improve other 
h6lth outcomes inmothers and infants (Semba 1997b). It 
is unclear whethei vitamin A supplementation will have 
any value as disease-targeted therapy for HIV infection. 

Conclusions . 

In the last decade, major prognsahas been made in eluci- 
dating the role of vitamin A and related ictinoids in im- 
mune function. lk tarn in~ actsviaall-trans or 9-cir retinoic 
acid or other metabolites and nuclear retinoic acid recep- 
tors (Ra. RXR) to regulate gene tmscription or may 
utilize apathway involving 14-hydroxy-4.14-retro retinol. 
Retinoids influence many aspects ofimmunity, including 
mucin and keratin expression, hematopoiwis, apoptosis, 
the growth,, differentiation and function of neutrophils, 
natural killer cells, monocytes/macrophages, Langethqs 
cells, T and B lymphocytes, balance between T helper 
type 1-like and T helper type 2 - l i  immune responses, 
immunoglobulin production, and expression of cytokines 
(TGF-p, TNF-a,IFN-y,LI,L2, IL3,U,IL6, IL-10) 
and adhesion molecules such as ICAM-I. The results of 
many ofthc studies using vitamin A a@ related retinoids 
in vitro dependupon cell line, 'culturc conditions, stage of 
cell differentiation, retinoid concentration, and mode of 
delivery of the rctinoids. Extrapolation to in vivo condi- 
tions must be made with caution. However, these obse$ 
vations provide important data to guide futurt e x p e , h q  
tal and clinical investigations. The impact of vitamin'i\ 
deficiency on immunityis more well-established in somb . . 

immune comparhncats, including impairment ofmU~0sal 
immunity by alterations in keratins md  mucins, mmp- 
mised function of accmsory cells such as neutrophils, 
macrophagcs, and.NK cells, altmti'ons in cytokine net- 
works which influence immune responses, and altered 
antibody responses to T-cell dependent and T-cell inde- 
pendent type 2 antigens. Although gnat  progress has 
been ma& in the last decade, regulation by vitamin A and 
related metabolites on the molecular level ofhcmatopoie- 
sis,.apoptosis, generation of specific reactive o@gen ape- 
cies, antigen pmcessing and presentation, CD8 lympho- 
cyte function, cytokine expression, and other aspects of 
immune functionawait further clarification. 
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ABSTRACT This case-control study evaluates the relationship between shared-plate eating behavior in young 
Nepali children (aged 1-6 y) and risk of vitamin A deficiency. Day-long observations of dietary practices were 
conducted on 7 d over a 15-1110 period in 162 households: 81 households with a child with a known history of 
mild xerophthaimia (cases) were matched with 81 having a non-xerophthalmic child of similar age (controls). 
Shared-plate eating occurred in 25% of all feeding episodes and at least once in 65% of all days observed. 
Overall, children engaging in shared-plate eating were significantly more likely to consume grains, vegetables, 
carotenoid-rich vegetables, pulses, fruits, meats and fish, and dairy products and had significantly larger portion 
sizes for grains, vegetables, fruits, Dulses and daiw ~roduCtS, ~ 0 m ~ a r e d  with children who ate alone. In general, 
feeding bihaviors &tween case and control children iended to be similar. However, shared-plate feeding episodes 
amono case children were sianificantlv less likelv to include meats or fish [odds ratio (OR1 = 0.5. confidence 
intewil (CI) = 0.3-0.81, dairy i ; r o d u c t s ( ~ ~  = 0.6 CI = 0.4-0.9) or pulses (OR = 0.7, cI' = 0.5-l.Oj. Individual- 
plate feeding episodes among case children were more likely to include vegetables (OR = 1.3, CI = 1 .O-1.6) than 
those of control children. Case children were more likely to share a plate with a male adult (OR = '1.7, CI = 1.0- 
2.8), but less likely to eat from a plate shared with females of any age compared with controls (female adult: OR 
= 0.6, CI = 0.4-0.9; female child: OR = 0.6,'CI = 0.4-1.0). Shared-plate eating may benefit a young child's 
dietary intake, but the identity of the food sharer may modify this influence. J. Nutr. 128: 1127-1133, 1998. 

KEY WORDS: shared-plate eating vitamin A deficiency children Nepal food sharing 

Food sharing, a nearly universal practice (Goldschmidt 
1966), refers to a complex of cultural rules and behaviors gov- 
erning the distribution and redistribution of food among indi- 
viduals. A common food-sharing practice may be termed 
shared-plate eating, wherein foods are presented to two or 
more individuals on a single bowl or plate and are shared 
among the group. Although a substantial amount of work has 
been done on food sharing both within and between house- 
holds (Blurton Jones 1984, Engle 1990, Feinman 1979, Pelto 
1984, Rogers and Schlossrnan 1990, Van Esterik 1985), limited 
data are available that examine dietary intake in a shared- 
plate situation or relate this common practice to nutritional 
risk. 

The feeding of young children differs substantially among 
cultures (Dettwyler 1989); from studies of intrahousehold food 
allocation related to food sharing, we know that household 
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behaviors can result in certain individuals receiving dispropor- 
tionately more or less of the household food supply. Most 
commonly, females are reported to receive less food of "poorer 
quality" than their male counterparts (Basu et al. 1986, Car- 
loni 1981, Chen et al. 1981, Gittelsohn 1989 and 1991). In 
Guatemala, male heads of households received proportionally 
more dietary protein, whereas female heads of household con- 
sumed more energy than ocher household members (Engle and 
Nieves 1993). Other researchers have found that although 
female adults may consume poorer quality foods, their female 
children were not discriminated against in this manner (Abd- 
ullah and Wheeler 1985, Basu et al. 1986, Gittelsohn 1991, 
Harriss 1990). 

The specific cultural ~ l e s  that govern intrahousehold food 
allocation patterns can also influence shared-plate eating. For 
example, the status of the food consumer within the household 
often determines the social interactions during mealtime 
(Panter-Brick 1995, Van Esterik 1985). If female children are 
generally served after older males, based on the social hierarchy 
of the family, a young girl may be less likely to reach for choice 
foodstuff (e.g., meat) first if eating with an older brother. 

Much of the literature that does exist on shared-plate eating 
comes from ethno~ra~hic case studies. These have shown that - .  
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early who eats first and who eats with whom, based on their 
social standing (Farb and Armelogos 1980). In The  Gambia, 
focd-sharing etiquette requires that those sharing from the 
same bowl wait for the senior among them to invite them to 
start the meal and never encroach on their neighbor's portion 
(Beckerleg 1995). In a study in the hill regions of Western 
Nepal, Gittelsohn (1989) found that shared-plate eating oc- 
curred infrequently, possibly the result of beliefs surrounding 
the pollution of food that occurs by touching another's served 
food. In this setting, shared-plate eating also seemed to reflect 
economic status, with members of poorer households more 
likely to consume food from the same plate. 

Other factors such as the characteristics and dvnamics of a 
shared-plate episode may also directly influence a n  individual's 
consumotion. Such characteristics include the number of Deo- 
pie invdlved; the age, sex, identity (e.g., mother) and health 
of each participant; the type and amount of food shared; and 
the sequence in which the sharing occurs (i.e., did they begin 
eating together or did one or more come later?). Young chil- 
dren who compete with others in a shared-plate situatian may 
be less able to procure food because of their smaller size. In  
households in which food is scarce, intense competition may 
place a child a t  an  even greater disadvantage. On the other 
hand, other factors can ensure that a child will receive his/ 
her due portion. For example, mothers or others may actively 
encourage small or sick children to eat more food (Engle and 
Zeitlin 1996). The  effects of food sharing on the nutritional 
status of children or women, however, remains unknown. 

The  dearth of published literature on this subject is due in 
part to the methodological difficulty of examining the dynam- 
ics of shared-plate eating. The  only way to capture actual 
behaviors is to observe specific mealtime interactions. One 
published study in The  Gambia (Hudson 1995) estimated food 
intake (actually energy intake) from shared bowls of food on 
the basis of a distribution algorithm that used a nonpropor- 
tional relationship between energy requirements and body 
weights. The  validity of this algorithm was tested against total 
energy expenditure (as determined by measuring doubly-la- 
beled water) and foulid to be within 80% of total energy 
expenditure. Although this may be suitable to estimate total 
energy intake within a shared-plate setting, it does not assess 
intakes of micronutrients, such as vitamin A. 

In this paper we use highly specific event-sampled data from 
multiple day-long continuous observations to characterize 
shared-plate eating in a rural population of Nepali children 
among whom this practice is common. The  nutritional risks 
of shared-plate eating are examined in children a t  high risk 
of vitamin A deficiency (having a known previous history of 
xerophthalmia) compared with lower risk children having no 
history of xerophthalmia. 

SUBJECTS AND METHODS 

This study was conducted in three village development commit- 
tees (formally panchayats) with a population of -15,000 in the Sar- 
lahi District, located in the central lowland region of Nepal. In Janu- 
ary 1992, we conducted a community-wide ocular survey of 3735 
children (aged 1-6 y) from 2389 households. A detailed description 
of the methodology has been published elsewhere (Shankar 1995). 
Children with clinical signs of xerophthalmia or a cutrent history of 
night blindness were identified by senior ophthalmic assistants. 
Eighty-six households had at least one xerophthalmic child between 
the ages of 1 and 6 y. Cases were treated with high-potency vitamin 
A according to the WHO guidelines (Sommer 1982) and referred 
to the local health post for follow-up. No nutritional education or 
counseling was provided to the parcnts or guardians regarding the 
cause or prevention of vitamin A deficiency at the time of diagnosis. 

Five families either refused to participate in the study or migrated 
from the district. resulting in 81 households enrolled in the study. 
Each clinically diagnosed rhild between the ages of 1 and 6 y served 
as the "case focus child" in the household. 

Controls were selected from the pool of households whose sur- 
veyed children exhibited no xerophthalmia and for which there was 
no reported history of night blindness in any sibling or the child's 
mother. Control households were matched to case households based 
on the age of a control to a case focus child ( 2 3  mo) and on age of 
the next youngest sibling ( 2 4  mo), if present. Matching by younger 
sibling was done to adjust a priori for potential confounding influences 
in the feedine behavior of a focus child that could result from the ' 

presence of a younger sibllng in the household and to examlne fecdlng 
behav~ors oiyounger sibling5 hum h~gh rlsk and lower risk households. 

Follow~ng the survey and selecrion, the 162 households were mon- , 
itored longitudtnally for 15 mo ulng daylong dlrect conrlnuous ob- 
servaruns to awss dtetary make and relared behaviors. Study house- 
holds were visited seven tlmes from Match 1993 to lune 1994, with 
each visit -2 mo apart. Our observers followed thi  focus children 
for -8 h during the day, covering the two major meals and much of 
the day-long snacking. Of the 162 households enrolled, 144 com- 
pleted all seven visits, another 10 had six visits and the remaining 8 
households had fewer than six. Ten local male Nepalese whom we 
trained for 3 mo in observational techniques and food weight estima. 
tion served as our observers. Observers were masked to their house- 
hold's pretreatment status. 

Each observer was responsible for collecting data for an average 
of nine case-control household pairs (18 total) over the 7 d of observa- 
tion. The observers were required m prioritize their recording of 
behaviors with respect to individuals and activities. Food consump- 
tion by the focus child had the highest priority. The observers used 
event sampling (Bentley et al. 1994) to record over 110 different 
behaviors of interest. If there was no change in the child's behavior 
over anextended period of rime (e.g., sleeping or playing), the observ- 
ers recorded the behavior everv 5 min regardless. The behavioral 
cde ,  were broadly care~or~zed ,"to seven groups including hyg~ene- 
related (12  codes), food.related (36), child care (14), talk~ng (14), 
work (14), general activities (12) and obsrrver-related (5). To facill. 
tate memoriration bv the observers. all codes were 5 letter mnemonic 
codes created from ~ e ~ a l i  descrip;ions of the behavior of interest. 

The dietary data included herein represent food consumed during 
the observational periods only. In the case of individual-plate eating, 
observers visually estimated the amount of food served and food lost 
to spillage or other means. The total food-specific portion size for 
that feeding episode was calculated based on the estimated amount 
served minus the estimated food lost. During shared-plate feeding 
episodes, observers would visually estimate the food-specific totals 
served on the plate and the total consumed by each person, except 
for the last person eating on the shared-plate. The portions for the 
last person in the shared-plate feeding episode were calculated by 
subtracting the amount consumed by every other person eating from 
the shared-place from the total amount of food served on the plate. 
Each line ofdietarv data included the food name, unit ofmeasurement 
(grams), whether'it was served, consumed or lost, the identities of 
the server and recipient of the food, and the food quality or condition 
(e.g., waterv vulses or meat with mostly bones). in the case of food 
mt;turer from a slnglr recipe, only rhe tuo most promanent fodr . 
were llsted, in order of decreas~ng quantlry In thr case of nun-rrclpr 
food mixtures, such as rice, pulses and vegetables, each food (or two 
most prominent ingredients of that food) was recorded, in order; the , 

total consumed was s~ecified as a food mix and each food assiened a ' 
qwmtxty. Each speclti; f o d  was then caregor~xd wlth~n a foodkoup. 
The followlns food groups were used: grams (e.g., rice, com or wheat); 
vegetables w%h low or-no carotenoTd content (e.g., white gourds, 
cauliflower or potatoes); carotenoid-rich vegetables (e.g., dark green 
leafy vegetables or pumpkin); pulses (e.g., lentils or chick peas); fruits 
with low or no carotenoid content (e.g., apples, pears or bananas); 
carotenoid-rich fruits (e.g., mango, papaya or jackfruit); meats or fish 
(e.g., chicken, goat or pond fish); and dairy products (e.g., milk or 
yogurt). Specific observational training procedures used in the study 
have been previously described (Gittelsohn et al. 1994). 

Assessment of the shared-plate eating event. Shared-plate eating 
events were recorded in two ways. Once it was clear that two or more 
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individuals were eating from a single plate, a specific activiw code 
was used to s~gnify tha; the actor and r e c ~ ~ ~ e n r  were eatlng together 
Th~s  code was ass~gned to all members of the shared,plate ep~sode 
and also to ~nd~v~duals who lolnrd a meal in progress The second 
method for recording food eaten in a shared-plate setting was to use 
a special food condition code for every food that was eaten in a 
shared-plate setting. This double.coding system enabled us to readily 
identify shared-plate episodes. 

A feeding episode was defined to be all foods consumed by the 
focus child, as part of a meal or a snack, not more than 30 min 
apart. We created an operational definition of a meal, based on the ' assumption that, within the Nepali context, meals tend to involve 
several individuals consuming a number of different foods together. 
A meal was defined as any feeding ep~sode that involved rhree or 
more individuals and involved consumption of five or more distinct 
foods. On the basis of this definition, 74% of the feeding episodes (n 
= 4277) observed were classified as meals, whereas the remaining 
26% were classified as snacks. 

Shared-plate feeding episodes were categorized by age and sex of 
at least one sharer, excluding the focus child. Because there may be 
more than one food sharer in any shared-plate feeding episode, these 
are nonexclusive mou~s. We also noted the extent of intemlate food 
shanng, which lsbehncd as food already served to an 1ndLvldua1 in 
onc plate that IS gwen to another reclptcnt havtng another plate 

Statistical advses.  Observat~ons were ouant~fied at the level of 
the feeding episode-(meals and snacks) for va;ious outcomes including 

TABLE 1 

Feeding paiterns for all study children includes type of food 
sharing, whether a meal or snack, and location 

of feeding episode7 

(% of feeding Location of Meal 
Type of food episodes feeding or Percentage 
sharing n = 4277) edsode snack of total 

No food sharing (59.6) Within (54.4) Meal 37.6 
Snack 16.8 

Outside Meal 0.5 
(5.2) Snack 4.7 

Shared-plate eating (26.3) Within (25.9) Meal 23.9 
Snack 2.0 

1 Location is dichotomized as either within or around the focus 
child's housing compound or outside or at another's household. 

the estimated quantity in grams consumed for each of eight food 
groups or the presence or absence of each food group. Because each predominant type of food sharing (26% of all feeding episodes) 
focus child was observed on multiple days and during multiple meals compared with interplate food sharing (14%). Shared-plate 
per day, these outcome measures are expected to be positively corre- eating in study households occurred nearlv exclusivelv at  meals 
iated within children. with& the hdme (24% of all feeding epkodes). 

To adjust for within-child correlation, we used one of two ap. The majority of shared-plate feeding episodes (88%) can 
proaches. Fint, for binary responses, including the presence or absence be described as multiple simultaneous sharing in which all 
of each food group, we computed robust variances based on the genet- individuals are served at the same time, ne food was not alized estimating equations for marginal models (Zeger et al. 1988), divided into sections when initially served; individuals tended assuming equivalent correlations. Second, for normally distributed 
response variables, such as the estimated quantities consumed for Separate, mix and consume Own portion and, in gen- 
each food mou~,  we assumed a random coefficients allowine eral, had equal access to the food ~rovided. A t  any time during 
a separate ;lope for each chlld, a repeated structure for observation 
days and an autorebTestve conelat~on between meals wbthm a day. 
Statist~cal differences were calculated on the base of the d~ffcrence 
between the least-sauare means. A Scheffh's adiustment was used to 
account for multiple compdrisons. These regressions were run using 
PROC MIXED (SAS Institute 1995). 

Odds ratios (OR) were adiusted for the sex of the focus child 
and socioecono~ic status ( s ~ )  of the household, sequence of the 
observation day and feeding episode within the day. The SES score 
was based on an additive scale comprised of material possessions and 
house quality. The final scale included the following eight items (in 
currently usable condition): flashlights (1 +), watch ( l+) ,  cycle ( I+) ,  
armoire ( I + ) ,  beds (2+), number of rooms in the house (2+), a 
roof made with more than just srraw and irrigation pumpset..The a 
coefficient for this scale was 0.78, the mean score value was 3. House- 
holds were categorized as having relatively higher SES on the basis 
of an SES scale score >3. 

Verbal informed consent from head of households and mothers 
: was obtained before their participation in the survey and again after 

selection in the case-control study. This study was approved by the 
Nepal Health Research Council, Kathmandu, Nepal and the Com- 
mittee on Human Research, Johns Hopkins School of Hygiene and 
Public Health, Baltimore. MD. 

RESULTS 

Classification of child feeding episodes. As a prerequisite 
to determining differences in feeding patterns between case 
and control children, it was necessary to develop a generalized 
classification paradigm for feeding episodes. Table 1 categorizes 
feeding episodes by type of food sharing, eating location and 
meal type (snack or meal) for both case and control house- 
holds. No food sharing occurred in 38% of all feeding episodes 
(meals) and 22% of all snacks. Shared-plate eating was the 

the meal, any member of the meal group could request more 
focd. Each member leaves the shared plate as they finished. 
Post-served sharing (7%) occurs when an individual begins 
eating and another individual sits down later to eat, often 
separating a portion of the mixed food for him/herself. The  
remaining 5% of shared plate feeding episodes were classified 
as multiple post-served sharing. In this case, the newest addi- 
tion to the shared plate must acquire food from either individu- 
als currently eating off the plate or ask for more food. There 
were n o  differences in the frequency of the above-described 
types of food sharing by case status. 

Shared-phte us. individual p h t e  eating. We first exam- 
ined the effect of shared-plate eating on  the variety and quality 
of food consumption in both groups of focus children. For 
these analyses, individual-plate eating includes both feeding 
episodes in which n o  food sharing or only interplate food 
sharing occurred. In general, a child eating from a shared plate 
was more than two times as likely to consume any of the focd 
groups examined compared with children eating alone (Table 
2). Specifically, this included grains, vegetables, carotenoid- 
rich vegetables, pulses, meats and fish and dairy products. 

Comparing food portion sizes between individual and 
shared-plate feeding episodes, for most of food groups exam- 
ined, we found, that children also consumed larger portion 
sizes if eating from a shared plate (Table 3). Portion sizes for 
grains were more than 1.5 times larger for children in shared- 
plate situations than if they ate individually. In the case of 
non-carotenoid-rich vegetables, pulses, non-carotenoid-rich 
fruits and dairy products, eating from a shared plate increased 
the portion size by nearly one third. There were no significant 
differences in portion sizes between cases and controls for any 
food group examined. 
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TABLE 2 

Odds of consuming different food groups during shared-plate 
relative to individual-plate feeding episodes 

for all study children 1 

OR? 95% Ci 
Food group Shared plate vs. individual plate 

Grains3 12.2 (7.9-18.8) 
Vegetables 2.7 (2.3-3.2) 
Carotenoid-rich vegetables 2.1 (1.7-2.6) 
Pulses 2.4 (2.0-2.9) 
Fruits 1.4 (1.1-1.3) 
Carotenoid-rich fruits 1.3 (0.8-2.0) 
Meats and/or fish 2.1 (1.6-2.7) 
Daily products 2.2 (1 .8-2.8) 

1 Adjusted for household socioeconomic status, household case 
status, sex of focus child, sequence of the observation day and the 
feeding episode within the day. 

2 OR. odds ratio. 
3 See text for description of categorization of food groups. 

Feeding patterns in case and control households. General 
feeding behaviors of focus children were nearly identical be- 
tween case and control households (data not shown). The 
average number of feeding episodes per child per observation 
day was 3.9. At least one shared-plate eating episode was ob- 
served on 65% of all observation days. If eating from the 
same plate, on average, 2.6 people ate together. Of all feeding 
episodes, the focus child ate in a shared plate with another 
child (19% of all feeding episodes), with an adult (12%) and 
with both an adult and another child (7%) (these are non- 
exclusive groups). Because the demographic composition of 
the family can modify food-sharing behaviors, we examined 
but found no differences between case or control households 
with respect to the number of adults (>I5 y of either sex, 

median = 2) or children (<I5  y, median = 4) of either sex 
living in the household. 

There were significant differences in the types of foods con- 
sumed during feeding episodes of case and control focus chil- 
dren (Table 4). Comparing individual-plate feeding episodes 
between case and control children, cases were more likely to 
consume non-carotenoid-rich vegetables (OR = 1.3, CI 
= 1.1-1.6) than control children. This significant difference 
was also found when all feeding episodes were compared. Cases 
were more likely to consume carotenoid-rich vegetables during 
individual-plate eating compared with controls; however, this 
difference was not seen for all feeding episodes. 

On the other hand, case children were significantly less 
likely to have access to key vitamin A-rich foods including 
meats and fish (OR = 0.6, Cl = 0.5-0.9) and dairy products 
(OR = 0.7, CI = 0.5-1.0), compared with control children 
over all feeding episodes and especially during shared-plate 
feeding. No significant differences were noted in the consump- 
tion of carotenoid-rich vegetables or fmits. 

The age and sex of an individual food sharer may influence 
consumption patterns of children eating with them. We exam- 
ined whether case and control children differed with respect 
to the identity of their food sharers (Table 5). Case children 
were significantly more likely to eat in a shared-plate situation 
with a male adult (age > 15 y) (OR = 1.7, CI = 1.0-2.8), 
whereas case children were significantly less likely to eat with 
a female adult (OR = 0.6, CI = 0.4-0.9) or a female child 
(OR = 0.6, C1 = 0.4-1.0) compared with non-xerophthalmic 
control children. No significant differences were noted be- 
tween case and control children sharing a plate with a male 
child. 

Table 6 presents the average total portion size (in grams) 
for food groups consumed in a feeding episode by the focus 
child on the basis of their case status and the age and sex of 
at least one food sharer. No statistical differences in food por- 
tion sizes could be discerned between any age-sex food-sharer 

TABLE 3 

Average total food portion size consumed per feeding episode of study children, by food group, 
plate-eating status and case statusl.2 

Food srouo 
Case Individual plate Shared plate P 
status fn = 3178) In = 1099) value3 

Case 
Control 

Vegetables c&e 
Controi 

Carotenoid-rich vegetables Case 
Control 

Pulses 

Fruits . 

Carotenoid-rich fruits 

Meats and/or fish 

Dairy products 

Case 
Controi 
Case 
control 
Case 
Control 
Case 
Control 
Case 
Control 

glfeeding episode 

1 Values are means c SD. 
2Adjusted for household socioeconomic status and sex of focus child. 
3 Test for differences in least-square means of portions sizes between individual vs. shared-plate feeding episodes. NS, not significant. 
4 See text for description of categorization of food groups. 
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TABLE 4 TABLE 5 

Odds of consuming different food groups, by type of feeding Odds of participating in a shared-plate feeding episodes with 
episode for case relative to control focus children1 an adult or child, by sex and age of a t  least one food sharer, 

for case relative to control focus children1 
0R.z 95% Ci case vs. Control 

Sex and age of food individual All feeding sharer OR.2 95% Ci case vs. control 
Food group plate Shared plate episodes 

Grains3 1.1 (0.9-1.4) 1.2 (0.6-2.4) 1.1 (0.9-1.4) 
Vegetables 1.3 (1.1-1.6) 1.0 (0.8-1.4) 1.2 (1.0-1.4) 
Carotenoid-rich 

vegetables 1.4 (1.0-1.9) 0.8 (0.6-1.1) 1.1 (0.8-1.4) 
Pulses 1.0 (0.8-1.3) 0.7 (0.5-1.0) 0.9 (0.7-1.1) 
Fruits 1.2 (0.9-1.7) 0.7 (0.5-1.1) 1.0 (0.8-1.3) 
Carotenoid-rich fruits 0.9 (0.6-1.4) 0.8 (0.4-1.6) 0.8 (0.6-1.2) 
Meats or fish 0.7 (0.5-1.1) 0.5 (0.3-0.8) 0.6 (0.5-0.9) 
Dairy products 0.8 (0.6-1.2) 0.6 (0.4-0.9) 0.7 (0.5-1.0) 

1 All models are adjusted for household socioeconomic status, sex 
of focus child, and sequence of the observation day and the feeding 
episode within the day; combined model is also adjusted for single vs. 
shared plate. 

2 OR, odds ratio. 
3 See text for description of categorization of food groups. 

group or between case and control children. Nonetheless, some 
trends can be observed. The total average portion sizes for 
vegetables and meats or fish consumed by case children appear 
to be larger than that of control children. O n  the other hand, 
portion sizes for carotenoid-rich vegetables and dairy products 
appear to larger for control compared with case children. 

DISCUSSION 

T o  our knowledge, this is the first study that has systemati- 
cally examined shared-plate eating and has been able to com- 

Male adult (>I5 y) 1.7 (1 .0-2.8) 
Female adult (>I5 y) 0.6 (0.4-0.9) 
Male child ( s l 5  y) 1.2 (0.8-2.0) 
Female child (515 y) 0.6 (0.4-1.0) 

1 Adjusted for household socioeconomic status and sex of focus 
Child. 

2 OR, odds ratio. 

pare directly shared and nonshared-olate eating of the same 
children ovir multiple observations. ?he  fact th; shared-plate 
eating occurs regularly throughout the year (65% of days ob- 
served) and infrequently within the day (25% of feeding epi- 
sodes) provided us with a unique opportunity to explore the 
relative advantages and disadvantages of both feeding patterns 
in this high risk population. 

Assessments of dietary intake are very difficult in regions 
in which shared-plate eating is common. We were able to 
explore in detail the dynamics of shared-plate eating with the 
use of continuous monitoring observations. This data collec- 
tion technique permitted us to track the temporal sequence 
of events contributing to the shared-plate episode and to better 
characterize different types of shared-plate eating. In our sam- 
ple, we found the predominant form of shared-plate eating 
consisted of two or more individuals being served simultane- 
ously. The other identified patterns, such as post-served and 
multiple post-served sharing may be important because the 
time at which an individual comes to share food during a meal 

TABLE 6 

Average total food portion size consumed during shared-plate feeding episodes of study children, by food group, case status and 
by age and sex of a t  least one food sharer12 

Food group 
Case 
status 

Male 
adult 

Y) 
n = 283 

Female 
adult 

(>IS Y) 
n = 340 

Male Female 
child child 

(515 Y) (515 Y) 
n = 500 n = 509 

Grains3 

Vegetables 

Carotenoid-rich vegetables 

Pulses 

Fruits 

Carotenoid-rich fruits 

Meats and/or fish 

Dairy products 

Case 
Control 
Case 
Control 
Case 
Controi 
Case 
Controi 
Case 
Controi 
Case 
Control 
Case 
Control 
Case 
Controi 

glfeeding episode 

1 Vaiues are means + SD. 
2 Adj~sted for nousenola soc;oeconomlc statJs and sex of foc~s cn id. 
3 See text for aescr pt on of categor.ration of fooo grodps. 
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may affect the total portion size that the individual receives. 
We were not able to discern such differences between sharing 
types because of the infrequency of the last-mentioned types 
of sharing in our sample. 

There are a number of aspects of shared-plate eating that 
influence food consumption for children. Taken as a whole, 
we found shared-plate eating to be a positive behavior in that 
more and different types of foods were consumed. It is clear 
from our sample that shared-plate eating occurs mainly during 
meals within the household and very infrequently during 
snacks or meals that were consumed outside the home. As a 
result, it is not surprising that we found shared-plate feeding 
episodes were more likely to include a greater variety of food 
groups compared with other feeding episodes. In general, chil- 
dren eating on a shared plate were twice as likely to receive 
a specific food group than if they ate alone. 

Food portion sizes consumed by young children during a 
shared-plate meal were also larger. Again, this may be partially 
due to the fact that individual-plate feeding episodes included 
snacks. However, the very large differences in portion size 
would suggest that, on average, one consumes more if eating 
with others than by oneself. This may be because the child 
has increased access to foods as it may be obtained or requested 
by a focd sharer more senior than the child or simply a result 
of more than one individual requesting food. It should be 
noted, however, that despite the larger portion sizes obtained 
during a shared-plate feeding episode, the average portion sizes, 
especially for vegetables and meats, were still small. 

These data suggest that shared-plate eatlng is a beneficial 
feeding behavior for young children, but the role it plays with 
respect to vitamin A deficiency is still unclear. Our study 
populations (cases and controls) were surprisingly similar in 
their basic feeding patterns. From earlier ethnographic work, 
we found that adults usually ate two meals (morning and eve- 
ning) during the day and one snack (usually late afternoon). 
The children in our study appear to have eaten more fre- 
quently, having, on average, three meals and one snack each 
day. The frequency of,shared-plate eating did not differ sub- 
stantially between cases and controls. 

The primary difference between the two groups was that, 
on a per meal basis, case children were significantly less likely 
to have any dairy products or meat and/or fish than control 
children. On the contrary, they were significantly more likely 
to consume non-carotenoid-rich vegetables, presumably as 
substitution for other foods. These data are consistent with 
feeding patterns identified using weekly food frequencies 
(Shankar et al. 1996) and infant diet histories (Gittelsohn et 
;I. 1997) in the same population. 

The identity of the person sharing focd with the child 
appears to play a key role. Children having a history of xeroph- 
thalmia were significantly more likely to be found eating with 
a male adult, whereas similar aged non-xerophthalmic children 
were more likely to eat with a female adult or a female child 
(515  y). On the basis of the literature on intrahousehold 
food distribution, this would suggest that non-xerophthalmic 
children are benefiting from the increased child attentiveness 
provided by the female adult (Rogers and Schlossman 1990). 
There is evidence that women, especially mothers, are more 
likely to encourage a child to eat than other caregivers (Engle 
and Zeitlin 1996) and are more attentive during feeding when 
a child is ill (Bentley 1988, Bentley et al. 1991). Even as young 
children, girls are found to offer and ask for food more than 
boys and ire more likely to share their food with others (Dy- 
son-Hudson and Van Dusen 1972). 

parent, they tend not to be as responsive as women to the 
child's needs (Mackey 1983). Therefore in a shared-plate set. 
ting with a male adult, the case child may be neglected or 
may otherwise procure less food. This is balanced by the fact 
that, in this setting, male adults, because of their high social 
status, may be the recipients of "higher quality" foods (Gittel- 
sohn, 1991), which may increase a young child's access to 
these foods. 

In our examination of food portion sizes, we found little 
evidence that the sex and age of the food sharer significantly 
influenced the total portion size of consumed foods. This may 
be due, in part, to the variability of the portion size estimates. 
These identified patterns in shared-plate eating may reflect the 
overall poorer care experienced by children with a history of 

' 

xerophthalmia. In earlier analyses, we found that case children 
were less likely to be groomed (A. V. Shankar, unpublished 
manuscript), more likely to experience negative social behav- 
iors, such as hitting and scolding, and less likely to have posi- 
tive health behaviors, such as face cleaning or using soap than 
control children (Gittelsohn, et al. 1998). It is likely that 
eating with an adult male is a risk factor for vitamin A defi- 
ciency only in that it is characteristic of households in which 
poor child caretaking exists. 

This study has examined the very common, but poorly re- 
searched phenomenon of shared-plate eating. With the use of 
continuous monitoring observation, we were able to identify 
the temporal sequence, actors and recipients of dietary behav- 
iors as well as approximate the total amount of food consumed 
by each child and posit a relationship between these feeding 
patterns and nutritional status. The shared-plate eating pat- 
terns we have identified are slightly different than those re- 
ported in the literature. Shared-plate eating is not the primary 
method of food consumption in this population and children 
often eat only with other young children, not with adults. It 
is likely that this type of food sharing occurs in other areas of 
southernNepal and northern India, although it may be evident 
in other regions of South Asia as well. 

There are still many gaps in our knowledge with respect to 
food sharing. For example, how does illness affect total portion 
size consumed especially because a child's appetite plays a large 
role in food intake (Engle and Zeitlin 1996)? What are the 
specific behavioral mechanisms that occur in a shared-plate 
setting that assist the child to eat more? Can these behaviors 
be taught to other household members! Because food sharing 
from a single bowl or plate is so common in developing coun- 
tries, shared-plate dynamics must be evaluated in different 
settings to identify their potential effect on dietary outcomes. 
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Home gardening and access to animals in households 
with xerophthalmic children in rural Nepal 

Anita V. Shanlrar, Joel Gittelsohn, Elizabeth K Pradhan, Chandra Dhungel, 
and Keith P. \Vest, Jr. 

Abstract Introduction 

This case-co~rrrol study compares the homegarden and in areas where vitamin .4 deficiency is a serious public 
animal husbandrypranica ofhouseholds uirh andsith- health problem, childhood xerophthalmia is known to 
our xcrophrhalmic childrm in suth-crnfral Nepal, feu- duster at the regional, disuict. \.illage, and household 
ingon the relorionship b m m  rhacpram'ce.~ and h o w -  levels [I]. This clustering is thought to be the result of 
ltoldintakeofiitnmin A-richfoodr Eishv-one h o u s & o ~  pockets of relative poveny andlor poor access to vita- 
uirh a child befwecn the ages of one and sixyears diag- min A-rich food sources 12-51. Despite this, there are 
noseduirhxnophrhalmia (mcs)and81 househo2dc u+h a number of households living in thew same high-risk 

! + an age-marchcd, non-xcrophrhalmicchU(conrrot) u c e  dusten that do not aPerienc~nerophthaIrnia. 6 n c  8- 
! . . d i e d  There wnsIinledif/enccbcrn~ urce andconnd planation is that thew households have developed swat- 

households in the sLc 01 their g a r d m  However, cluc 
hoclxholdr werczignifican~LscUdy~planf carotenoid- 
rich irgmblafiom O m b s  w March rhnn were connd 
households (oddr rario, 0.39; 95% confidence intend, : 
0.16W 0.96). l71e mean commprion'ofnon-carotcnoid- 
rich vegetables bur nor of cararmoid-rich vegerabk in- 
creased linearly with garden s k  Case househob H.EIC 

significanrly more likely rhan control households ro renr 
domesticated animatfiom othm (x' = 5.91; p < .OjJ. 

! Connol households were more l~klyrhan u s e  howeholh~ 
lo a n  chickns and pigeons (x' = 6.6-9.2; p < .Ojl. 
D u r i n s  householdrnear consumprion un. 
significanrly h e r  in cluc households regardless o f a a ~ ~  
w a n i d  Core howehoK< nppcaredu, haves&-nificnn* 

I 
! 

lower intakes of key vimmin A-rich foo& paniculort). 
green h * u  and meah regardkc ojrheirsorio-economic 
level (as determined by ouwership o j  marerial goo&), 
acres ro animals or avaihbiliy ofhomegardens. 

Anita \! S h a h ,  Jod Ginelsohn, Elizabcrh K Pradhan, sod 
Ski& P. \\'a Ir.. are affiliated mirh rhc Dkision of Human 
~utridon, ~cp&cnt of Intcmational Hcalrh, in the &bod 
of H!@enc and Public Hcalth at the Johm Hop& Uniwsir)- 
in Baldmore, Mqland,  USA Chandn Dhuhgcl is affiliate2 
wirh the h'eual Nutkition Intmcntion Proiea-Sarlahi in 
Kathmandu,'h'cpaL 

Mention of the nama of h and wmmaaal produac 
doa not imply mdomentbythe United !Ca6ons University. 

&a that allou-greater a x e s  to 1itamin~-xi& foods. 
Cultivation of home gardens and ownership of do- 

mesticated animals are potential ways of increasing 
household access to foods rich in \itamin A and caro- 
ienoids.~umerous anempts have been made to implc- 
ment gardening programma touards such a goal 16, 
71. Indeed, several mdies have found that the pres- 
ence ofa homc garden is among predictor ofthe quality 
of chid nutrition, panidar ly  during seasons when 
emp1o)ment oppomnities are few 18-101. 

Although home gardens have been shoun to provide 
a number of economic and dietar). advantages to poor 
families, the e\idencc linking homc gardens to reduced 
vitamin A deficiency in \-ulnerable household mem- 
bers is equivocal. In Bangladesh, analyses indicate that 
men a small howhold garden a6ords protection against 
childhood xerophthalmia 141. More recent work from 
this region 1111 shows that the variety of plants in a 
garden, and not its size, b associated uith reduced risk 
of xerophthalmia. Other studies, however, show that 
vitamin A status may not improve despite successful 
home gardening efforts [ 12,131. In \Vest Java, well-off 
households (those uith home eardens and land) were 
found to conkme more of all nztrients than did poorer 
households, except for litamin A and calcium 1141. 

Howhold - lnd  interventions duened towards im- 
proving vitamin A satus have focused on increasing 
plant sources of vitamin A by encouraging home gar- 
dens which require a relatively small investment and 
can be a source of abundant carotenoid-rich foods. 
D ~ ~ e s t i c  animals are an additional source of home 

34 FocdandNutrilion Bulleti, vo. 19, no. 1 O 138,  The Unacd Nations Univen'ty. 
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food that intensention studies and programmes oficn The sizc of the vegetable gardcn was calculated by 
overlook Domatic animals proride milk, egg.% and meat summing the total plot sizes used for each r ) ~ c  of plant 
that may help protect household members from vita- grown. if one plot area Mas used for two different crops 
min A deficiency. (planted simultaneously or at different times), the to- 

In this study 'e uplore the miations in a m  to td garden size equalled~icc the actual land area used I domLsdiued animals and di5ermmin homegardening by the plants. In addition, individual vines and plants, 
I pracdcain householdsmith andxithout xcroihrhalmii s"ch as gourds and tomatoes, grown outside a formal 
1 in m a l  Nepal. There pranica a& then a- plot we; counted separately and assigned an average 

amined with resPect;o the changes in intake of caro- 'due of 0.5 square fe;t (464 an2) per planr As a result I tmoid- and rctinol-rich foods at lbe household M of vaqingplantingand hm~esringinten~alsduringthe 

l over a one-year period 

i 
Methods 

A community-hide ocular sumo. \<as conducted in 
January 1992 on 3,735 pre-school children h i n g  in 
three \'idage Development Cornminets with a p o p -  
lation of approximately 15,000 in Sarlahi Dima in 
the central lowland region of Sepal The sumo. iden- 
tified 86 households uith children aged 12 to 72 months 
who had clinical signs of rerophthalmia or a -t 
history of night-blindnes~ Five households u.cx lost 
becaw  of migration or rehsal to participate, rertlt- 
ing in 81 cast households panidparing in the smdy. 
Thiq-three of the children had guardian-repxed 
night-blindness alone, 33 had Bitot's spots alone, znd 1 10 children had both night-blindnar and Bitottsspots. 
The remaining five were diagnowd with corneal xrro- 
sis alone or ~ 4 t h  Bitot's spots or night-blindnar 

From h e  pool ofncighbouring houscholds (ri&in 
5 km of the case), 81 control households were seleaed 
that had a ch3d of the same age as the cau child (xi&in 
three months) and a younger sibling of similar age 
(within four months), if a younger sibling  as prarnt 
in the cax household. In control holrxholds thae w e  
no clinical signs of xerophthalmia in any child in &e 

! household and no reponed histor). of night-blindness 
i in children or their mothers. Both rzsc and conml 

I householdsm.ere studied prospe&cly from hlarcb 1593 
to June 1994. 

A recall of home gardening p r adca  was obuhed 
I from the head of the household, d y  a male, bee 1 times during the year: April-hlay 1993 (three-mozth 

i recall period), August-September 1993 (four-month 

I 
recall period), and February-March 1994 (five-mod 
recall period). For the purposes of this srudy, a hoae 

I 
I garden was defmed to indude all plants (fruits and-- 
I etables) groun in and around the homestead l't'c w d  

recall period, the dculation of garden size is notrep- 
resentative of the actual amount of cultivated land 

Only fruit plants and trees that produced fruit dur- 
ing the year sumeyed were counted. The informants 
were asked to recall all vegetables and fruit plants to 
which their family had access and from which they were 
able to obtain some produce, such as plants shared with 
relatives or neighbours. Fruits or leaves found in the 
wild were not included within our definition of home 
garden. 

Possession of domesticated animalswas determined 
once by a survey conductedmith the head of the house- 
hold in January 1993. In Nepal there are several forms 
of animal ounership, ranging from outright o~nership 
to renting and raising animals for a pre-determined por- 
tion of the meat or milk produced Ownership of an 
animal, for this study, means that the owner has access 
to all milk or eggs produced by the animal and all the 
meat if the animal is slaughtered. Rental of an animal 
means that pan of the animal products are kept by the 
owner and pan by the household renting the animal. 
The numbers of animals owned, rented from others,and 
rented to others were determined for each household. 

Household dietary intake -,as assessed with a previ- 
ously dewnbed men-day food-frequencyquationnaire 
[l j] .  The food-frequency questionnaire was adminis- 
tered four times during the year beginning in July 1993: 
July to September, October to December, January to 
hlarch, and April to June Dietary recalls were conducted 
on individuals knowledgeable about the household and 
the food intake of the children, usually the mothers. 
Household intake was defined as foods consumed by 
any member of the household, focusing on foods con- 
sumed during the primary mealtimes. 

Fruits and vegetables were dassified as carotenoid-rich 
ornon-carotenoid-rich on the basis of regional and in- 
ternational food composition tables 116,171.Vegetables 
classified as carotenoid-rich induded dark-green leafy 
vexetables and ripe pumpkin; f i t s  classified as caro- 

l specifi; iod terms to d i i g u i s h  home gardens fmm t&oid-rich includedpapa)-as, mangoeS and jackhi t  
'@culnuaI plou.~uringca&mundof~&ms,d Matched-pair odds ratios and 95% confidence in- I data were collected on xhich vegetable'and fruit plants ten& were derived by conditional logistic regression 
were grown in the home the quantity g&n, to compare household characteristics ;ccordiig to re- 
and about how much of the produce was c c d  rophthalmia starus. All odds ratios were adjusted for 
in the household Harvesting and consumption of p e n  sodo-economic natu~u?lich was a scaled variable b w d  
leaves asrodated kith gourds (such as pumpkin l a = )  o i  the number of di5erent tps of material postsions 
were also noted not related to either home gardening effom or the u p  

! 
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kccp of animals. The final scale had eight items in cur- 
ren%usable condition: flashlights (one or mort),batchcr 
(one or more), bicycles (one or more), armoires (one or 
more), beds (two or  more), number of rooms in h e  
house (NO or  more), a roof consuuaed of a m a t e d  
o t h u  than straw, and irrigation pump sets The alpha 
coefficient for this scale was 0.78 and the mean score 
value was 3. Those households u,i.itb a scale score equal 

A V. Shankar ct rl. 

Results 

Household gardening patterns 

Tablc 1 lists the most common fruits and vegetables 
grown over the year by case and control households. 
The rypes of vegetables and fruits planted and picked 
differ little between the two g r o u p s h  aception, how- 

to or  greater than the mean were darsificd as ha&g ever, is mungrt, a r)pe of long thin gourd, which was 
higher sodo-economic status (a\aluc of 1 in rhe reg- planted significantly more frequently in control house- 
sion equation); those below the mean were clas-ifrcd 
as having 1ou.er socio-economic status (a !due of 0). 

Odds ratios (OR) of less than 1 indicate that cuc 
households were less likely than controls to repon a 
practice (c.g., intake of foods). For analyses that re- 
quired funher stratification of the data, unmatched- 
pair analyses were conducted. Analyses \\.ere carried 
out using 5.445 (SAS version 6.1 1, SAS Institute, Gary, 

holds Nodifference \\.as no&d in access to gardens: 
more than 97% of all study households reponed ac- 
cess to some Qpe of home garden during the year, ap- 
proximately 93% (97% cases, 94% controls) of the 
households cultivated ~egetables, and more than 81% 
(80% cases, 8.2% controls) produced 'uits. l ieuvise,  
no difference \\.as found in the percentage (which av- 
eraged 60%) of vegetable and fruit harvests that the 

N C  USA). household reponed\vere completely consumed. 
Oral informed consent was obtained from farnilia Garden size varied d u r i n ~  the year. with the small- 

before pmicipation in the study This study \\.as a p  est gardens being planted frim J& to September and 
proved by the Nepal Health Research Council in the largest from October to March. Table 2 compares 
Kathmandu and the Committee for Human Research, cax and control households with respea to garden size 
Johns H o p b  Unhveersity School of H!$cnc and Public and composition according to season. There were no 
Health. Baltimore, Marqvland, US.% significant differences in garden size between case and 

TABLE 1. Percentage of houvholds with accar to gardm vqctabla and fruits during thc 
year, according to cdscCdSCnau 

I Gxs Controls 
Common name &cntifxnamc n= /9 )  ( n = i i )  

I \'tgcrabln 
Spongc gourd Lufn ~ILdrica I(;' -- i 3  

Green chilies Gpn'mn; nnnvm frossa 64 
I 

Grecn peas Piium =hum 1 66 69 
Gourd 
Potato 
Pointed gourd 
Munga 
Eggplant 

Carotcnoid-rich vegetables 
Pumpkin 
Garlic leava 
Mustard leaves 
Dhani)a leaves 
Thadi)a leaves 
Radish leaves 

Fruits 
Banana 
Ir'hite guava : ' 

Custard apple 
Carotenoid-rich fruits 

Papa)- 
. . 

Mango 
Ja&t - 

a S u t i n i d y  sipifcant at p C .05. 

Lqnnnr$ sicrmrin 
lmpomu barns-con~uIncu) 
Trichnrorzhts dioica 
Gourd, lit.c hforinga oLifnn 
SoInnum mrbngrnn-,olonncm 

Cvnrrbirr minima 
AUium Jai ium 
Bmuica mmprmir-mnfnnr 
& r i n n d u w ; m ~ m  
Namc un)sowr~ 
Raphnumw;rhu~-mcilnnfcra 

M w  sapiarum 
Psidium y j m n  
Annonn v a m o s a  

Cnrim p m a  
Manfifnnindicd : 
A n o c l l p  m v p ~ o L i r  

66 
58 
58 
37 
33 

68 
57 
46 
32 
32 
25 

52 
57 
23 

71 
52 
48 

62 
69 
66 
53' 
34 

i 7  
65 
51 
34 
23 
32 

53 
49 
28 

65 
56 
49 . 
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control households over the x-holc )w, howver,mnuul 
households tended to have larger ~ a r d e n s  than case 
h o ~ h o l d s  from October to hlarcb (OR, 0.41; 95% 
CI, 0.17 to 1.01). From October to March onl!; con- 
trol howholds were significantly more lkely than case 
howholds  to plant and consume at least one cuo- 
tenoid-rich vegetable (OR, 039; 95% CI, 0.16 to 0.96). 
This difference is mainly a result of the greater num- 
ber of garlic leaves and onion greens consumed in con- 
trol households during this period. 

Figure 1 shorn5 the relationship benveen average cu- 
mulative garden s i i  and vegetable consumption for 
the ).ear for both litamin A-rich foods and thow la&g 
significant amounts of vitamin .4 Pooled data \rere cwd 
for these comparisons, as garden sire did not sib&- 
cantly differ between casa and conuols. Consumption 
of non-vitamin A-rich vegetabla \\-as found to in- 
crease with garden size, whereas consumption of vita- 
min A-rich vegetables remained lowaaosr the ob-ed 
range of garden s k .  A similar anal!-sis \,.as perfoned 
for fruit consumption (fik 2). In this cwe, households 
without gardens had roughly half the mean in& of 
carotenoid-rich fruits as houvholds \\ith large g a r b  
although this difference HZ not statistically s i g n s a t  

all households (90% ofcases and 95% ofcontrols) had 
at least one animal in their home, and nearly 50% of 
w a n d  control houxholdf had a milk-produang ani- 
mal. However, case households were more l i l y  than 
controls to have rented animals from others, especially 
COUS. Moreover, nearly t u k e  as many control house- 
holds as case households had chickens, and three times 
as many control households as case households had 

Pattems of animal husbandry FIG. 1. Average weekly household consumption of low- 
carotenoid (grey ban) and carotenoid-rich (blackban) 'cg- 

Table 3 compares w and conuol households with re-: etables by all study households over the year. according to 
spec1 to their access to domesticated animals. fiearly s i x  of vegetable  ardor 1 katha = 0.083 a m  = 0.034 henarcs 

TABLE LMatchcd-pair adjusted odds ratios of garden &cleristicr for caw and con~rol households 
I I Feb->lay1993 lun-Scp 1993 I Oct 1993-Mar 1994 - 

b- i i i 
control i I control control 

pairs 

Cumulative plot sizeb i4-3.02 / 22 16 I 1.80 1 0.75-4.32 / 58 71 / 0.41 1 0.17-1.01 I (> 1 htha of land) 1 
> 10 single lines bushc 
> I0 harvesting h i t  

plants 
Carotenoid-rich 

vcge~abla hmcncd 
and consumed in 
howhold 

Carotcnoid-ricb fruits 
harvmed and 
consumed in 
howhold 

I 
a ORod& "60; OR < 1 indiotrr that ax bowrbolds u c  1s &ID mnvol howholds lo rrpon I pracicc 
b. 1 Litha = 0.083 a u s  = 0.0% h m c i  Cudm riu induda ahhuoo  of Ii Je \ins and b u h a  with dcrigruad plot riu of 
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15 
2, 

from Octoher to Deccmher (odds ratios rangrd from 

5 0.1 6 to 0.33). Hon~ver, adjustment for socio-rconomic 
? 2 s t a m  rcmo\*cd any significant differences in milk con- s 
$ sumption b e w e n  cax  and control households. 

! $5 
Meat (including liver) and e a r  are also good sources 

L of prc-formed \ i~amin A. Animals most likely to be 
C - domaticatcd for consumption indude chickens, pigs, 
5 ,  - goats, and pigeons. Table 5 compares case and control * 
c houxholds with and without access to these animals 
E 
a 05 - uith respect to their consumption of meat and e g ~ s .  
D Among households without access to animals, case +" 

o houxholds were much less likely to repon consump- 
Nola@m - 5  6-mllmtl 2%- w don of meat or e s s  in the preceding week than con- 

~ u m k t  01 h w s $ n g  fnil plank trols (odds ratios ranged from 0.07 to 0.691, with sig- 
nificant differences durine the period from lanuan. to - .  

~ ~ G . Z ~ v e r a g c  ~rccM)~househoId conrumpGon O~IOW.- h$arch.Among households kith access to animals, case 
tcnoid (ner ban) and carotcnoid.rich (blacl ban) huiub hoursholds were sixnificandy less Siels than controls 
all s t u d ~ h ~ u w h ~ l d s  over thc year. according to numbs df to rcpon consumptfon of mest or e s s  in the preceding 
fruit planrc week during the period from October to December (OR, 

0.41; 95% CI, 0.20 to 0.82). 

i pigeons. Chickens and pigeons are both good sourca 
of vitamin A-rich eggs and meat, including Ever. 

Using household food-frequenc).data,table 4 exam- 
ines differences in milk consumption by any h o w -  

! hold member in the previous we& matified by ac- 
ccrs to milk-producing animals. Camparisons are made r 
for three p u p s  (1) households with no milk-produ* 
animal, (2) households u.ith milk-producing animals 

! (citha rented or ouned), and (3) howcholds that o n n d  
1 but did not rent milk-producing animals (a subsn of 
I group 2). Preliminary unadjusted odds ratios indicaud 

that regardless of: access to milk-producing animals 
(rented or onned), case households \*.ere significantly 
less likely than control households to have consumed 
milk during the periods from luly to September and 

Discussion 

In XIS paper we differentiate households with a xe- 
rophthalmic child from those having a non-xe- 
rophthalmic child of ihe same age, with respect to nvo 
factors that could influence the intake of \itamin A- 
rich r o d .  home gardens and access to domesticated 
animalr Afier con~olling for son'o-economic narus and 
season, the presence or absence of these factors was 
relaled to household intake of \itamin A-rich foods. 

Proious dietary analyses from this study indicated 
that control households consumed more carotenoid- 
rich vegt~abla from luly to December than case house- 
holds [lj].The a n e n t  data corroborate previous find- 

TABLE 3. Pcrccnlape of case fn = 81) znd contml In = 61) houeholds raising ani- 
mals, renting animals fmm others, or renting animals to others 

'Renting animals !Renting animals 
Raisii~animalr ( from others ( to othcrr 

Animal 

COWS 
Bulls and calves 
Buffaloes (funalc) 
Buffaloes (males and &a) 
Goats (female) 
Goats (males and kids):: 
Pigs 
Chickens 
Pigeons : 

Any&-produdngadimal 
(cows, buffaloa, goats) 

Any animal 
u p<.os (u,,malCbdFair*). 

2 5 :  26 
56 ' 58 
6 :  9 

21 35 
24 j 25 
56 j 58 

4 ,  6 
26 : 46. 
6 1 2 0 .  

48 a 47 ,: 

9 0 1  95 

11 
10 
0 
9 
4 

23 
2 
6 
0 

15 

43 

DO 
7 
0 
9 
4 

20 
0 
5 
0 
4' 

31 

3 
3 
0 
3 
1 
5 
0 
1 
0 
4 

11 

7 
4 
0 
5 
0 

12 
2 
4 
0 
7 

24# 
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TABLE 4. Non-adjusted and adjund'obdr ntios for milk consumption (at least once 
per household in the past reek), b a d  on accac to milk-producing animals? for 
axr and controls according to ycu and monlhs 

No a u r v  1 Acccsrc 

1993 Ocl-Dx 
Non-adjusted 
Adjusted 

analyses may be due in pan to the p t e r  ;ccezr to green leafy vegetables and pumpkin. This result sup- 
garden vegetables during certain months of the year. pons h o w  of other studies [8,14] shouing that higher 

Owned animals 

1994 Apr-lun 
Non-adjusted 0.47 
Adjusted I 0.41 

d n o m i c  s t am  may not result in great& consump- 

1.56 
130 

Yeuandmonhs 

P Odd) ratios adjvncd for sxiocio-tconomic W u dncrminrd by a d c d  variable of material 
punrions ound 

I 
b. k m d t  con% bufldoa, and 8dau 
c Hovvholds naingmLiulr cithcr onmdoi rmvd 
d pc.05. .. 

i ings by showing that control households were mon Thc Sielihood of improving consumption of vita- 
likely to consume carotenoid-rich irgetabla from their . min A-rich foods from the garden, however, is not de- 
gardens from October to March as well. The increased pendent on garden s'a. Larger garden sues were not 
intake of carotenoid-rich foods found in the previour found to be associated with reported intake of dark- 

OX-126 0.69 0.28-1.71 
0.15-3.12 1 1.41 1 0.58-3.43 

OR 1 9 5 9 6 a  1 OR 1 9 5 % U  1 OR I 95%CI 

0.62-3.97 
0.53-3.15 

rjon of carotenoid-rich vegetables. On thc other haid, 
TABLE 5. Non-adjustcd and adjrutcd' ratim for cons- there ,,.= a correspon~mg increase in the con sump^ tion of meat or eggs (at least once per houchold in the p a  
week), baxd on access to commonh. uscd animals,* for aur non of non-carotenoid-rich vegetables with garden s k  
and controls, according to year and months .4r in other areas of South Asia, in Nepal dark-green 

Iezfyvegetables arc often considered low-starus foods, 

0.90 
1.78 

Yrar and 
months 

1993 Id-Sep 
Non-adjusted 
Adjwed 

1993 Oct-Dec 
~ ~ ~ . ~ d j ~ .  
Adjwed 

1994 Jan-Mar 
~ ~ ~ - ~ d j ~ ~ ~ d  
Adjusted 

1994 Apr-Jun 
Non-adjusted 
Adjuted 

0.16 
0.57 

0.34-2.39 
0.63-5.06 

No ac- 1 Access' 1 which may ex~lain, in pan, why increasing the areas 
t of home gardens does not increase the number of times 

OR ! 95%a I OR 1 95%a I motenoid-rich vegetables are eaten. 

A Odds ntios adjuncd for rodo-economic brl as d m i n c d  & ]ita& In our samp]s both and control house- 
a d c d  variable of material ~SS&OII (  o rnd 

b. Pigcons, drjckms, p i s a n d  golu 
holds had a m  to some type of domesticated ani- 

r ~ouxho lds  raising mind& titha oxmd o r l m ~ d  mal Howwa,the form ofownership varied: case h o w -  
d p < .0s. holds were more likely to rent animals than to own 

0.42 
0.69 

0.19 
034  

0.07 
0.08 

039  
0.65 

0 . 0 6 - 0 . 4 ~ ~  
0.26-1.26 

0.21 
0.55 

i In this population, access to gardens was high and 
0.28-126 did nor d i e s  significantly between case and control 
0.34-138 1 households. Nevenhelesh the mean consumption of 

carotenoid-rich fiuiuits andvegetables was ovemely low, 
o . ~ ~ ~ . ~ ~  a~waging less than four times in the preceding week. 
0.20-0.8?-' We also found an increase in the consumption of all I fruits as garden s i x  increased. Additional efforts to 
0.32-1.j2 i pmmote home gardens a e l y  need to focus on 
0.37-1.63 1 greatly increasing the number of types of carotenoid- 

! rich foods planted and consumed in the household 

035-1.48 / A- to domesticated animals is another household 
0.42-1.31 1 mdreg~fhat incroxvitamin at the 

'l 

bold lwel but is often omitted !?om the home-gardening 

0.08-233 
0.14-329 

. 
t1.06-1.92 

0.01-0.4jd 
o.ol-o.sld 

0 .56273  
0.1 1-3.91 

0.07-0.61d 
0.24-1.28 

0.60 
0.69 

0.31 
0.41 

0.70 
0 2  

0 . 1  
0.80 
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them. In addition,convol hou~eholds~~erc  significan* signs of~i tamin A deficiency. In addition, the size of a 
more likely than case households to onn chickens and garden did not appear to he related to the intakeofaro- 
pigeons. This may be indicative of the slightly b e n a  tcnoid-rich vcgetabla in this population. From previ- 
sodo-economic starus of the control howholds,a find- ous analyses 1151 we learned that case households and 
ing consistent with other research in the area 131. index children were significantly less likely to consume 

In an effort to control for the effects of socio- mcat,li\~er,and e ~ ~ s T h i s  finding holds true in the cur- 
economic starus on diet, we de\.iscd a socio-economic rent analysis which indicates that other factors besides 
status scale that could serve as a proiy for household household access to domesticated animals or socio-eco- 
income but would not indude items on ownership of nomic level (as determined by onnership of material 
land or  animals. M%en this variable was included in goods) may influence household intake during criti- 
the regression analysis, we found that socio-economic cal periods of the year. This study is a first step in ex- 
status did influence the odds ratios of household milk amining household strategiesand their effect on house- 
consumption but not those of consumption of meat hold intake. Further rescarch to identify other t).pes 
and e s s .  in the case of milk consumption, the odds of household strategies and characteristics important 
ratios adjusted for socio-economic starus were higher for increased consumption of vitamin A-rich foods is 
(0.5 to 0.i) than the unadjusted odds ratios (0.2 to 0.3). \\.amanted. 
which implies that although control households ha.d 
greater reported milk intake than casa, this was p r o b  
ably due in pan to thc slightly higher economic starus Acknowledgements 
of these households. 

This \\,as not true with consumption of meat or  qi. The study group in Sarlahi included the authors and 
case households consumed meat or S g s  significan* Dr. Rajendra Pradhan, Dr. Subarna f i a t r ) :  Mr. Steven 
l a s  fiqucntlythan controls in certain wasons regardlea LeUerq, hlr. Sharada Ram Shrestha. Mr. NoorNath 
of access to animals or socio-economic nanrr In h o w -  .+chaqa, and Dr. R P. PokhreL The study is a collabora- 
holds nith no access to animals the odds ratios for tive effon beween the Johns Hopkins University, Balti- 

! consumption of meat or  eggs were low (0.07 to 0.69). morc,Mqland,US4, the Nepal Neua Jyoti Sangh (Na- 

i suggesting that control houxholds m n  those with- tional Society for the Prevention of Blindness), and the 
I out direct access to meat or  eggs at home, were stin Sepal Eye HospitaL The authors n p r w  their sincere 

i ablc to obtain and consume meat or eggs more ofien appreciation and thanks to the DNA intcnicwen, Shishir 
! than case households. Shrarha, RarnAmd Chaudhary, Sulochana Chaudhary, 

As cffons continue to identify household stratcgia and Ishnm. Shrurha. The project \\.as funded through 
that increw the intake of vitamin A-rich foods [I% h p c r a t i v e  Agreement No. DAN 0045-A-00-5094-00 
191, understanding the intricacies of current h o w -  between the Center for Human NutririonIDana Cen- 
hold pracfices and their relationship to diet is crjtical ta for Prn~cntive Ophthalmology of the Johns Hopkins 
This study demonstrates that household-level accm Unkersity and the Office of Health and Nutrition of 
to home gardens or domesticated animals does not theUSAgenqforInternational Dcveloprnent,with ad- 
ensure fiat vulnerable mcmbers*irhin thc household ditional support !?om TaAForce Si&t and Life (Roche. 
de be ablc to obtain a diet adequate to provent cIinica1 Easel, Sxitzerland) and National Institutes of Health 

shared instrument grant Xo. SlO-RR 04060. 
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Moving from science to public health programs: lessons from 
vitamin A1v2 
Alfred Sommer 

ABSTRACT The transition from research to the applica- 
tions of its results is a difficult one. Several stages must be 
passed through before a discovery can be put to practical use. 
The development of the current standards for vitamin A is a good 
example of both a successful and a difficult transition. The 
importance of the public media and of international organiza- 
tions. especially the World Health Organization, in any transition 
is noted. Movement from research to practical applications 
requires that scientists take an active, sensible leadership role. 
that mechanisms for disseminating information and for bringing 
about scientific consensus are used effectively, and that intema- 
tional funding and support agencies take a role. Am J Clin 
Nutr 1998;68(suppl):513SdS. 

KEY WORDS Vitamin A. policy, research. applications, zinc 

INTRODUCTION 
Moving from research to its mainstream application for the 

benefit of socioty can provc as difficult and elusive as muking 
the discovery in the first place. More than a century passed 
before Edward Jenner's discovery of successful vaccination 
resulted in the eradication of smallpox: over40 y after the devel- 
opment of a successful polio vaccine, the disease was finally 
eradicated from the Western Hemisphere. but not yet from the 

+ rest of the world. A physician who noted that children receiving 
aspirin after tonsillectomies bled more than those not receiving 
aspirin began prescribing aspirin to prevent myocardial infarc- 
tion 40 y before we recently rediscovered and adopted this ther- 
apy. 

Often. the problem lies with the scientist that makes the orig- 
inal discovery. Having crested and published the data. he or she 
commonly moves to a new phase of their research without con- 
cern for the relevant application of the knowledge produced. 
Thus. the persons most decply involved in the discovery and 
most passionately convinced of its validity all too often abandon 
their own work before it has influenced clinical practice or 
national health policy. 

Multiple steps stand between a research discovery and a 
change in policy. These include. but are not limited to: I )  mak- 
ing the discovery: 2) proving. to one's own satisfaction, that the 
discovery is indeed real; 3) documenting variability of the 
results in different populations, environments. and cultures; 
4) overcoming the traditional reticence of other scientists in the 

field and convincing them of the discovery's validity; 5) educat- 
ing policymakers about the discovery and its policy implica- 
tions: and 6) devising and establishing programs that actively put 
the discovery to work. 

Several examples epitomize critical stages of success. and 
others, of failure. One example we'll return to is nutrition in gen- 
eral and vitamin A in particular. EV McCollum, the founding 
chair of biochemistry at The Johns Hopkins School of Public 
Health, was a true public health scientist. He not only discovered 
vitamins A and D (I)  and revolutionized nutritional science in 
the process (2). he worked equally hard at teaching homemakers 
to feed their' families more nutritious diets. To spread the word. 
he published over 100 articles in McCalIS magazine, served on 
presidential commissions. and traveled widely, lecturing to home 
economics teachers. He worked closely with pediatricians, edu- 
cating them about the relation between rickets (until then a dis- 
ease of mysterious origin) and the preventive and curative pow- 
e n  of vitamin D. McCollum suffered no loss of scientific stand- 
ing or credibility for these efforts, a concern repeatedly raised by 
researchers who fear that promotion of the practical value of 
their discovery for people's health will detract from their stand- 
ing as scholars. 

VITAMIN A 
The development of oral rehydration therapy provides anoth- 

er lesson. Soon after it was clear that a safe oral solution for 
rehydration of cholera victims was at hand and effective even in 
remote field settings (3). Alex Langmuir, who had followed its 
development closely, arrived at the Cholera Research Laboraro- 
ry in Dhaka on one of his periodic visits. Langmuir asked what 
the investigators planned to do next. They excitedly discussed a 
series of studies to exolore the ohvsioloeic basis of their success. . . 
refining and improving the solution. He cut them off. "No." 
Langrnuir dcclarcd. "you are going to repeat the practical field 
demonstration in Bengali adults. Nepalese children. Nepalese 
adults. Filipino children. etc, and you are going to publish each 
study in a different journal." They did. His purpose. and the 
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result. was to saturate the medical establishment with this new 
discovery, ensuring that everyone had heard of it (A Langmuir, 
personal communication, 1987). He helped ensure that they took 
notice and provided them with evidence that it worked in differ- 
ent cultures and environments and could not be easily dismissed 
as something that is good for Bengali but not Filipino children. 

My own experience with vitamin A deficiency and childhood 
mortality is consonant with these patterns of response to new 
discoveries and provides clues about ways to overcome pre- 
dictable obstacles to practice. Despite McCollum's one-man 
educational crusade, scientific insights from the first 2 or 3 
decades of this century had relatively little effect on the public's 
health (4). Animal experiments and a smattering of clinical 
studies strongly suggested that vitamin A deficiency was not 
only responsible for an important form of pediatric blindness, 
but for morbidity and mortality as well. Indeed, Stephenson and 
Clark (5) showed that vitamin A-deficient animals died at 
excessive rates and suffered severe systematic infections long 
before their deficiency was severe enough to cause xeroph- 
thalmia. Ellison (6) proved, in a classic randomized clinical trial 
in children hospitalized in London for moderate-to-severe 
measles, that vitamin A supplementation (as cod liver oil) 
reduced case fatality rates by 50%. Yet none of this changed 
health policy. accepted scientific paradigms, or the clinical 
management of measles. 

Many years later, in 1983, we observed that vitamin A status 
seemed closely linked, in a dose-responsive way, with 
preschool-age monality (7). Our publication of these findings 
was essentially ignored, with the exception of a single inquisi- 
tive letter to the editor: no one challenged our observation. pub- 
licly agreed with it, or, as far as I know. planned to confirm or 
refute it. We then launched a randomized trial of periodic large- 
dose vitamin A supplementation every 6 mo. The conservative 
intention-to-treat analysis indicated that supplementation 
reduced preschool-age mortality by >30% (8). The response 
from those in the nutritional science community was bimodal: 
some were interested and enthusiastic; most were either nonbe- 
lieving or openly hostile. One researcher was quoted in a news 
article as saying. "If Sommer claimed a 10% impact we might 
have believed it: bur not 30%." We may have convinced our- 
selves that we were onto something. but we clearly had not con- 
vinced the scientific community at large; without at least gener- 
al agreement among interested scientists, there was little hope of 
convincing policymakers. Note that the one telling exception 
was in Indonesia: having been a party to the research, workers 
there believed and accepted the result and began to address its 
programmatic implications. Policymakers immediately drew up 
plans for a nationwide vitamin A intervention program. and 
included it in their 5-y national plan. Indonesia has continued 
with an active and productive research program ever since. 

Martin Forman. then director of the US Agency for Intema- 
tional Development (USAID) Office of Nutrition, instantly rec- 
ognized the need for replicative randomized trials conducted by 
different qualified teams in different countries. Only then. he 
reasoned. would there be a critical mass of evidence from wide- 
ly scattered populations and environments that would. if valid. 
capture a group of international and local scientists. After sever- 
al organizational meetings and half a decade of additional field 
work, the results (4) and opinions largely coalesced (9; 10: GH 
Beaton, R Martorell. KA L'Abbe, unpublished observations. 
1992). Importantly, policymakers were involved in the research 

projects in their own countries, even if at an advisory level. 
thereby setting the stage for their interest and commitment and 
subsequent action on the results. 

As evidence grew, so did international political support. A 
consensus meeting held at the Rockefeller Study Center in Bel- 
lagio. Italy, in 1992 issued a concise series of recommendations 
and supporting data that was reprinted in mainline medical jour- 
nals (11) as a means of bringing the debate to closure. The Unit- 
ed Nations Activities Coordinating Committee/Subcommittee on 
Nutrition issued its own analysis. As a result of these published 
and widely circulated conclusions, scientists and policymaken 
followed and participated in the worldwide endeavor through 
involvement in the meetings of the International Vitamin A Con- 
sultative Group (IVACG) every 18 mo and actively shared infor- 
mation. Furthermore, the personal commitment of a few highly 
respected international leaden, including the late James Grant, 
then director of the United Nations Children's Fund (UNICEF): 
Hiroshi Nakajima, Director Genenl of the World Health Organ- 
ization (WHO): and V Ramalingaswami. chair of the Interna- 
tional Conference on Nutrition, made control of vitamin A defi- 
ciency by the year 2000 an integral goal of the World Summit on 
the Rights of Children, the International Conference on Nuui- 
tion, the World Health Assembly, the Food and Agriculture 
Organization (FAO), and UNICEF. 

Fifteen years ago, few countries were concerned about vita- 
min A deficiency as a significant public health problem; even 
fewer were attempting to do anything about it. Although vitamin 
A deficiency will ccnainly not be controlled worldwide by the 
year 2000, more than 60 countries now recognize its importance 
and are actively engaged in developing or implementing inter- 
vention activities. 

There is some telling irony to this tale. Soon after proving to 
our own team's satisfaction that vitamin A prophylaxis could 
reduce overall preschool mortality by at least 30%. we wondered 
whether it might not play a major role in the high case-fatality 
rates associated with measles in African countries, where vitamin 
A deficiency was not considered a serious or prevalent problem. 
A small hospital-based nndomized study in central Tanzania 
showed that large-dose vitamin A supplementation resulted in a 
50% reduction in the rate of severe measles complications and in 
measles case fatalities (12). The article was published by the 
British Medical Journal in the section "Research from the 
South," suggesting to many readers that, whereas the results were 
too impressive to ignore entirely, the study was at least faintly 
tainted. Ironically, this was the same journal that had published 
the identical London study almost half a century earlier (6). 

Despite this single smdy of relatively small size. UNICEF and the 
WHO officially recommended lqe-dose vitamin A supplementation 
for the routine ueatment of measles under conditions existing in most 
developing countries (13). No doubt, the impetus for this response 
was the growing evidence of the role of vitamin A in preschool mor- 
tality as a whole, and particularly in measles-specific momlity. W ~ t h  
community-based prophylactic studies now capped by a randomized 
therapeutic mal. it must have seemed the prudent thing to do even in 
the absence of replicative data. Subsequent studies proved that that 
the decision was a wise one (4). W~lh a resuxence of measles and 
measles deaths in the United States. particularly in children with low 
v i m i n  A concenwtions. the same recommendation has been ndopt- 
ed by the Americm Academy of Pediatrics. 

An entirely fortuitous event that affected the widespread 
acceptance of our research shows the importance of the public 
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media. A colleague, while in flight to a refugee relief c'amp dur- 
ing the Ethiopian famine of the mid-1980s. was seated next to the 
then UNICEF director James Grant and told him of the impor- 
tance of vitamin A supplementation during refeeding to prevent 
blindness and reduce childhood mortality. On rerurning to the 
United States. G m t  asked that I brief him and his colleagues on 
these developments, an event that initiated his and UNICEF's 
continuing interest and support for the control of vitamin A defi- 
ciency. As research moved forward and the data solidified, 
UNICEF officers around the world were instructed to inform 
country counterpans of imponant developments and to encourage 
the organization of vitamin A programs. Later, a Time magazine 
article about the Ethiopian famine included a sidebar article about 
the lifesaving properties of a new "golden bullet," the gelatin cap- 
sule used to distribute vitamin A. We have never lived down this 
sobriquet among our research colleagues, but it served as a pow- 
erful marketing tool among policymakers and the public. 

Finally. one cannot overestimate the value of WHO publica- 
tions. Because those at USAID who supported our research and 
created IVACG recognized early on the imponance of having 
senior leadership of IVACG come from within the UN system in 
general and WHO in particular, IVACG's first chair. Edward 
DeMayer, the distinguished WHO nutritionist, arranged to have 
the recommendations and conclusions of the first major interna- 
tional meeting held in Indonesia in 1974 published in the WHO's 
Technrcal Reporr Series (14). These conclusions included the 
criteria by which vitamin A deficiency could be classified as 
constituting a public health problem (thereby declaring that vit- 
amin A deficiency could pose an important health problem) and 
recommended dosages of vitamin A for preventing such a prob- 
lem and for treating active xerophthalmia. By the second such 
conference. held 8 y later. the origtnal recommendations could 
be refined on the basis of data generated during the intervening 
decade. These, too, were published by the WHO (15). and 
although tlie recommcndatio~~is wcrc nevcr official (which would 
reauire the work of exoert committees constituted soecificallv 
for that purpose), their publication in the Technical Reporr Series 
provided the appearance of the WHO's imprimatur. which gave 
the recommendations validity in the eyes of policymakers world- 
wide that would never have been achieved otherwise. 

In summary, moving from science to public health programs 
requires a group of individuals, including scientists originally 
involved in the discovery, to mke an active, balanced. objective 
leadership role. It requires a clearly defined series of steps that 
include ensuring that the conclusions are valid, that the environ- 
ments in which they are relevant are defined. and that the local 
scientists and policymaken are involved in the process. Especial- 
ly important are mechanisms such as IVACG for sharing infor- 
mation and disseminating results (including lessons learned in 
overcoming programmatic obstacles), bringing the scientific dis- 
cussion to closure, and widening the network of involved organ- 
izations, particularly credible entities like UNICEF and the 
WHO. Nothing can substitute for a dedicated funding agency 
(USAID in the case of vitamin A). regardless of the support that 
others might bring to the table. When the time is right. all appro- 
priate means must be employed to get the word out. Major reports 
about vitamin A appeared in Asinweek. Time. The New Y0rk 
Tinres. and the mass media around the world: these in turn stimu- 
lated other media outlets that drew further political and financial 
suppon: in [he United States, a television story (on 20120, mod- 
erated by Hugh Downs. who worked closely with UNICEF) cap- 

tured the attention of members of Congress who increased their 
support for USAID's vitamin A and child survival accounts. 

CONCLUSIONS 
The success of any efforts to translate research into public 

health programs depends on continuing research that overcomes 
unanticipated obstacles or simplifies implementation. The small- 
pox eradication program would have failed in the absence of 
such research (16). Its original approach, to vaccinate the entire 
population, proved impractical and was replaced by "surveil- 
lance and containment." concentrating resources on vaccinating 
all those known to have been in contact with an active case. The 
vaccine. originally heat labile, was lyophilized. thereby simpli- 
fying storage and transport. And just as vaccine supplies were 
running low, along came the simple but brilliantly designed 
bifurcated needle, which required so little vaccine per applica- 
tion that it effectively quadrupled the world's supply overnight. 

Convincing policymakers to implement programs is always 
difficult. They are constantly dealing. within a politically 
charged environment, with requests that exceed resources. In the 
case of vitamin A deficiency, xerophthalmia and blindness were 
perceived by medical and public health personnel, but by very 
few policymaken. to have sufficient claim on limited resources. 
It was only after the relation of vitamin A deficiency to morbid- 
ity and mortality became apparent that policymakers became 
interested. Cost-benefit analyses are useful only to a point: every 
society interprets these through their own culture (what econo- 
mists call externalities) in determining what they are and are not 
most concerned about. 

It is clear from the articles in this supplement that our knowl- 
edge concerning the role zinc plays in health and disease is 
rapidly approaching a critical mass. Scientific leaders should set 
timely targets for follow-up meetings at which additional data 
c;ln bc considered. discussed, and assimilated. Even before then. 
once consensus is reached on the value of targeted zinc supple- 
mentation. meetings should be held with policymakers appropri- 
ately experienced with micronutrient issues to consider and com- 
pile alternative programmatic strategies. These will begin to 
stimulate international interest. provoke suggestions and locally 
appropriate refinements. and serve as a basis for advocacy and 
commitment. E l  
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Abmnet-The cnirlencc of sfat-soluble A' has been known for over 80 years. But until recently clinicians were almost wholly 
absorbed by the ocular changes accompanying deficiency (nerophthalmia), and scientists with the vitamin's metabolic role 
in the rhodopsin cycle. 

The past two decades have witnessed a revolution in clinical and scientific concerns. Xerophthalmia is now recognized 
as a late manifestation of severe deficiency rather than of early. mild deficiency; as the mechanism responsible for half or 
more of all measles-associated blindness; and as the cause of half a million or more cases of pediatric blindness worldwide. 
Milder deficiency increases the severity of infectious morbidity, exacerbates iron defictency anemia, retards growth. and 
is responsible for one to three million childhood deaths each year. 

Scientists are now busy unraveling vitamin A-dependent gene regulation to explain the myriad manifestations 
accompanying deficiency. while clinicians are designing and supemising programs to improve vitamin A status in.over 60 
countries, up from only three countries two decades ago. Control of vitamin A deficiency is now a major health challenge 
and goal of both UNICEF and the World Health Organization (WHO). Reaching that goal requires better parameters 
for assessing vitamin A status. incrcured understanding of metabolic pathways responsible for corneal dissolution 
(keratomalacia) and the molecular and cellular basis by which vitamin A status mediates resistance to infection. There issues 
a x  detailed elsewhere (Sommer and West. 1996). O 1997 Elsevier Science Ltd. 
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1. INTRODUCTION 

Xerophthalmia and vitamin A status is particu- 
larly topical. Animal experiments, epidemiologic 
studies and anecdotal reports early in this 
century suggested the importance of vitamin A 
for a host of physiologic functions, including 
growth and survival. Indeed, Bloch, a Danish 
pediatrician, equated deficiency of the newly- 
discovered vitamin with poor growth among 
orphaned children ('dystropia a1ipogenetica'- 
abnormalities of growth associated with lack of a 
lipid-soluble substance) (Bloch, 1921). Stephenson, 
studying vitamin A-deficient rats, found the 
vast majority began to die long before they 
developed ocular abnormalities (Fig. 1) (Stephen- 
son and Clark, 1920). In a controlled therapeutic 
trial of measles in London, Ellison discovered 
that vitamin A supplementation (as cod liver 
oil) reduced case-fatality rates by 50% (Ellison, 
1932). 

Despite clues to the  wide variety of disease 
processes linked to vitamin A status, scientists and 
clinicians focused on the dramatic ocular changes 
(xerophthalmia) to the exclusion of all others. 
As recently as 1974, an international conference 
organized by the World Health Organization 
issued a series of recommendations (based on 
exceedingly sparse data) for the treatment of 
xerophthalmia, its classification, and criteria 
(largely based on the prevalence of various 
xerophthalmic signs) for determining whether 

~ -~ 

Days 

Fig. I .  Cumulative deaths of increnringly vitamin A 
deficient rats. Many died before and most died without 
ever developing xerophthalrnia. (Stephenson and Clark. 

1920.) 

vitamin A deficiency posed a public health 
problem. An intervention program was judged to 
have worked only if it reduced the prevalence 
(or severity) of xerophthalmia (World Health 
Organization, 1976) 

Investigations over the past 10 years have 
dramatically altered our understanding of the 
nature of vitamin A deficiency and its impact 
on global morbidity, mortality and blindness. In 
the process, the international health community 
has come to recognize that vitamin A deficiency is 
a major health problem worthy of worldwide, 
organized attention and intervention. Contiol of 
vitamin A deficiency, as much to reduce childhood 
mortality as to prevent blindness, is enshrined 
in the Declaration of the Rights of Children 
(Grant, 1993) and the Plan of Action of the 
International ' Conference on Nutrition (Inter- 
national Conference on Nutrition, 1992). Large- 
dose vitamin A supplementation is recommended 
by WHO and UNICEF as an essential compo- 
nent of measles therapy (World Health Organiz- 
ation, 1987). a recommendation endorsed by the 
American Academy of Pediatrics for use in the 
United States (Committee on Infectious Diseases, 
1993). 

2. VITAMIN A 

Vitamin A is a lipid-soluble substance essential 
for health. First described by E.V. McCollum 
in the U.S. (McCollum and Davis, ,1913) and 
Osborne and Mendel (Osborne and Mendel, 1913) 
in England, it is present as the preformed vitamin 
(retinol) in meat and dairy products. Animal and 
fish livers (and their derivatives, like cod liver oil) 
are particularly rich sources of preformed vitamin 
A, since it is stored in the liver. 

Individuals on vegetable diets, especially those 
in developing countries, depend to a large 
degree on  provitamin A sources, especially 
provitamin A beta carotene. While beta carotene 
is essentially composed of two molecules of 
retinol, its conversion by the gut to vitamin A 
is limited by carotene's entrapment within the 
cellular matrix of vegetables and fruits. By 
convention, plant sources of beta carotene are 
considered to provide only one-sixth of their 
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theoretical vitamin A 'content (e.g. 'retinol- 
equivalents'). Recent studies however, suggest the 
appropriate conversion factor varies by plant 
species and may be much lower (depee er al., 1995). 
Availability is only modestly improved by cooking, 
mashing and other techniques for breaking down 
vegetable matrices. 

Ingested vitamin A, of whatever source, is 
carried in chylomycra to the liver where it is stored 
as retinyl ester for future use. Liver stores serve as 
a 'bank' against seasonal variations in dietary 
supply, helping maintain a relatively stable, 
adequate supply to maintain serum retinol levels 
and the amounts needed by target tissues year 
round. 

Retinol is released from the liver in association 
with a carrier protein, 'retinol binding protein' 
(RBP). The combined moiety is known as 'holo 
RBP'. In situations of severe protein deficiency 
or other instances resulting in impaired RBP 
synthesis, release of holo-RBP declines and liver 
stores of retinol rise. While it is thought that 
inadequate protein can cause xerophthalmia, 
there is little evidence that this is the case. The 
firmest data comes from evidence that xero- 
phthalmic children with low protein stores release 
relatively modest levels of holo-RBP in response 
to large-dose (200,000 IU) vitamin A therapy 
(Sommer er al., 1982b) and suffer premature 
clinical relapse (Sommer, 1982a). 

A wide variety of cellular receptors exist 
for holo-RBP by which retinol gains entrance to 
the cell (Ong, 1994). Once inside the cell, vitamin 
A plays many roles. The elegantly elucidated 
rhodopsin cycle turns out to be only one. Of more 
generic and widespread importance is its inter- 
action with nuclear retinoic acid receptors and 
their impact on gene regulation (Wolf, 1990; Chytil 
and Riaz-ul-Haq, 1990). Expression of well over 
300 genes are already known ro be influenced by 
vitamin A status. No doubt more will be identified, 
explaining the critical role vitamin A plays in a 
bewildering array of metabolic processes. The 
rhodopsin cycle aside, many important clinical 
expressions of vitamin A status can probably be 
explained by its impact on cellular differentiation, 
whether of an immune stem cell or transformation 
of keratinized into mucous secreting columnar 
epithelium. 

~d Vitamin A Status I I 

The rapidity of the response to vitamin A 
supplementation is startling. One hour follow- 
ing a large oral dose of vitamin A supplement, 
deficient rats develop readily detectable changes in 
gene products. This would help explain the 
dramatic impact vitamin A supplementation 
has on the case-fatality rates and the severity 
of complications associated with treatment of 
children already hospitalized with severe, advanced 
measles. 

The recommended daily allowance (RDA) 
for vitamin A is based upon relatively modest 
empirical data derived primarily from caie- 
fully controlled depletion studies on a small 
number of otherwise healthy adults (Hume 
and Krebs, 1949: Sauberlich er al., 1974), extra- 
polated to satisfy the biologically variable needs 
of most of the population. The far greater 
needs of populations living under more trying 
conditions, especially those with heavy worm 
loads and frequent diarrhea so characteristic of 
children in developing countries, are poorly 
appreciated. 

3. VITAMIN A STATUS 

To understand the relationship between vitamin 
A status, xerophthalmia and other bodily pro- 
cesses, it's important to recognize problems 
inherent in determining 'status' per se, and the 
limitations in interpreting the parameters em- 
ployed. As deficiency is the subject of this review, 
we will confine our discussion to recognizing 
and quantifying degrees of 'inadequate* vitamin A 
nutriture. 

The major parameters for assessing inadequate 
nutriture can be conveniently divided between 
those that measure tissue concentrations of vitamin 
A (e.g. in the serum. liver, breast milk) and those 
that reflect adequacy of vitamin A-dependent 
physiologic function (from gene- expression at 
the molecular level to clinically apparent xero- 
phthalmia). Each has greater validity than 
long-used measures of 'vitamin A intake'. The 
latter suffers from imprecisions in recall and 
conversion to imputed retinol equivalents con- 
tained in varying diets, as well as yet unidentified 
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- - -  

-Increasing Deficiency - 
Fig. 2. Schematic relationship between the decline 
in vitamin A sratus and the onset of potentially relevant 
indicators of inadequate vitamin A nutriture. The shape of 

the curve is illustrative oniy. 

differences in requirements under conditions of 
varying health and environmental insults. 

Dietary 'intake', a t  its best, measures 
only intake; it is not a substitute for vitamin A 
'status'. 

Given what we now know, an inadequate diet 
(inadequate to 'need') results in gradual depletion 
of body stores. Circulating levels of serum 
holo-RBP (e.g. retinol) decline more slowly, since 
they are homeostatically maintained. As stores and 
serum levels decline, so does the adequacy of 
vitamin A delivered to target cells, ultimately 
manifesting itself in a change in gene products (not 
yet available as a diagnostic tool) and subsequently 
clinically manifest abnormalities (Fig. 2). We do 
not yet possess a single, universally acceptable 
critkrion for '100% adequate' vitamin A status: 
only alternative approaches, addressing this issue 
from different perspectives. 

3.1. Tissue Concentrations 

'Serum vitamin A' has the historical pride of 
place. It is the most widely measured index 
of vitamin A status. Individual serum retinol 
levels are conventionally considered 'normal', 
'low', or 'deficient' (Table 1). Several caveats, 
however, apply: 

Serum retinol is not determined solely by 
vitamin A status. Inadequate protein synthesis (for 
whatever reason) (Arroyave er al., 1961) and the 
response to infectious and non-infectious inflam- 
matory disease (Filteau er al.. 1993) can a11 reduce 

imer 

Tab/e 1. Serum viramin A:  classssificarion of vitamin A 
'slatus' 

raldl* pmol/i Vitamin A 'status' 
2 20 50.7 Normal 

10-20 0.354.69 Low 
<I0  <0.35 Deficient 

'Serum levels wen traditionally expressed as pgldl. They arc 
increasinsly reported as pmol/l (28.57 paldl = 1 pmolll). 
In still older literature. 'international units' were used. The 
reader is cautioned to pay close attention to the unit of 
measurement. 

circulating levels of retinol in the presence of 
adequate vitamin A stores. Whether they also 
impair vitamin A-dependent function (e.g. the 
adequacy of vitamin A a t  target cells) is not well 
established. 

Experiments and clinical observations indicate 
that suggested criteria for 'adequacy' are far from 
perfect: impaired dark adaptation in otherwise 
healthy adults is manifest at serum retinol levels 
between 20 and 30 &dl (Hume and Krebs, 1949; 
Sauberlich er a/., 1974). clinically non-xeroph- 
thalmic children with serum levels above 20 pgldl 
demonstrate impaired functioning, including con- 
junctival metaplasia (Natadisastra el al., 1988), 
which are associated with other health conse- 
quences (Sommer and West, 1996). 

A significant proportion of children with 
clinical xerophthalmia have serum levels above 
20 pg/dl, while an even larger proportion with 
seemingly normal eyes have levels below 20 pg/dl 
(Table 2) (Sommer er a/., 1980b). 

But none of this should be surprising. Few 
biochemical tests have cut-offs that sharply 
delineate 'normal' from 'abnormal'; every criterion 
will trade off sensitivity for specificity. The 
distribution of serum retinol levels in a population 
(or a representative sample) provides a more stable 
parameter of interest. In this regard, i t  is evident 
that serum retinol levels correlate, in a dose- 
responsive relationship. to the severity of even the 
mildest manifestations of xerophthalmia (Table 2) 
(Sommer e t  al., 1980b; Sommer and Muhilal, 1982; 
Sommer, 1982a; Sommer and West, 1996). 

Liver vitamin A concentration is touted as a 
more direct measure of 'status' (e.g. stores) than 
is serum retinol since it is less susceptible to 
the intervening variables (homeostatic as well as 



Xerophthalmia and Vitamin A Status 

Table 2. Associarion between .rerophrhalmia srarus and serum vitamin A 

Distribution of serum retinol levels 

Deficient Low Adequate Mean Number 
Clinical status (<  lOpg/dl) (10-20 pgldl) (W20pgldl) Total (pgldl) of cases 

A. 
XN (+). XIB (-) 27% 55% 18% 100% 13.9 174 
XN (->. XIB I+)  31% 57% 12% 100% 13.4 51 , . ~ ~ ~ .  ~. , ~~ . ~ ~ 

XN {+), XIB (+) 38% 53% 9% 100% 12.1 79 
Neighborhood controls NIA N/A N/A 17.7 

NIA 20.0 
282 

Random sample 8% 37% 55% 100% 268 

B t  
X2 62% 34% 4% 100% 8.2 26 
X3A (ulcer) 69% 31% 0% 100% 7.2 32 
X3A (necrosis) 92% 8% 0% 100% 5.4 25 
X3B 80% 20% 0% 100% 5.2 IS . 
*Modified from Sommer er 01. fl980b)-communitv-based studv . ~ ~ ..... ~ ~ .~ .  .~~ .~~~~~~ , - ~ ~ ~ ~  ~, 
?Modified from Sommer and Muhilal'(1982+hospital-baxd study. 
XN = nightblindness: XIB = Bitot's spots: controls = neighborhood peers ofsame age and sex: random sample = peen 
from throughout the six villager studied: X2 = corneal xerosis: X3A = ulcers and localized kcratomalacia; X3B = 
widespread corneal necrosis (keratomalacia): 'random sample' distribution of serum retinol for XN(-)/XIB(-). 
Data on XN. XIB. controls and random s a m ~ l e  from a 6-village field study outside Bandung, 1ndonesia.Data on corneal 
cases were children seen a1 the Cicendo ~~e Hospital,   an dun^, lndonesia. 

exogenous) affecting release and utilization. Under 
normal conditions, 90% of vitamin A is stored 
in the liver, and biopsy specimens as small as 
7 mg reportedly provide reasonably precise esti- 
mates of liver concentrations (Amadee-Manesme 
et al.,  1984). Olson has developed a rationale for 
choosing 20 pg/g as the criterion for 'satisfactory' 
status (Olson, 1987). Despite the potential validity 
of direct determinations of liver concentration, it is 
clearly impractical, and under most circumstances 
dangerous and unethical. An alternative, indirect 
approach is in use: the relative-dose-response 
(RDR). Since otherwise adequately nourished but 
vitamin A-deficient animals accumulate RBP in 
their liver, they respond to a vitamin A supplement 
with a large outpouring of holo-RBP. The RDR 

quantifies the change in serum retinol between 
baseline, just before the supplement is adminis- 
tered, and 5 hours later. There is no question that 
this technique can reflect the status of liver 
stores. In a natural experiment, it was found that 
children who developed a bout of chickenpox after 
receiving a large prophylactic dose of vitamin A 
developed an abnormal RDR more quickly 
than those who did not (Table 3 )  (Campos et a[., 
1987). But a variety of considerations indicate the 
shortcomings and variability of this response 
(Sommer and West, 1996). Essentially all the 
correlations available from the RDR test are 
provided by the simpler, single sample serum 
retinol determination. If RDR has any value, it is 
in specially controlled research undertakings. 

Table 3.  Effecr o j  oaricella injecrion on uiramin A srarus 

Number of Retinol (pgldl RDR positive 
infected children* infection infection 

Days after 
supplementation + - + - + - 

0 57 36 37 i: 14 38 i: 14 42% 38% 
30 42 30 49 i: 9 47 ? 9 0% 0% 

120 31 3 1 38 * 7 41 C 6  10% 0% 
180 29 3 1 26 i: 9t  41 i: 14 74% 10% 

.Varicella infecLion at approximately 3 months. 
tP < 0.001 for diferencc between infected and control groups. 
(From Campos el a/.. 1987) 
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3.2. Functional Tests 

Functional tests assess the physiologic adequacy 
of vitamin A status. By definition, 'adequacy' will 
vary with the physiologic response being examined 
and the sensitivity of the test procedure to detect 
an abnormality. 

One of the newest approaches, a scotopic 
vision tester, provides a field-practical, simplified 
approach to dark adaptometry suitable for 
evaluating young children (Sanchez er al., 1997; 

. . . . ,  . . Congdon er a[., 1995). One can objectively record 
the light intensity at which a consensual pupillary 
response occurs (in the youngest children) or a 
subjective response (when they first claim to see 
the light) in an older child (3 years and 
above). Preliminary results in Americans, Indone- 
sian and Indian children are encouraging. The 
pupillary threshold score in Indian children is 
directly related to serum retinol (Fig. 3) while 
treatment with vitamin A resulted in a dramatic 
improvement in the response of Indonesian 
children (Fig. 4). 

An alternative functional approach, already. 
in wide use, applies a millipore filter to the 
inferonasal conjunctiva (conjunctival impression 
cytology-C1C:A). When peeled off, over 90% 
carry with them a superficial layer of conjunctival 
epithelium which can then be fixed, and at 
one's leisure. stained and studied for keratinizing 
metaplasia. Early results in a carefully controlled 
animal model (Hatchell and Sommer, 1984) have 
been born out in a series of human studies 

. . 
121 
3 4 5 6 7 2 8  

Pupillary Threshold Score  

Fig. 3. Comparison of serum retinol lcvcl and pupiilary 
threshold. The lower the serum rctinol, the higher the 
pupillary score (the brighter the light needed to elicit a 

response). (From Sanchez er at.. 1997.) 

lrnmer 

(Wittpenn er al., 1986). In a carefully studied group 
of Indonesian children, there was a direct 
correlation between the prevalence of abnormal 
cytology and other evidence of vitamin A 
deficiency; the more severe the other evidence, the 
greater the likelihood of deficiency (Table 4) 
(Natadisastra er al., 1988). Over 90% of children 
most likely deficient were positive, versus 
6% of those least likely to be deficient. While a . 
large number of reports indicate the potential 
validity of this approach under widely varying 
cultures, environments and conditions, problems 
have arisen in standardizing readers, particuiarly 
when the sampled tissue has 'borderline' charac- 
teristics. 

The potential value of these physiologic par- 
ameters is the ease with which they can be carried 
out. Serum retinol suffers from the problems 
associated with obtaining blood samples (often a 
cultural, and increasingly a health concern), and 
the need for carefully preparing, transporting and 
storing the volatile specimens and the need for 
expensive equipment and a skilled staff to run the 
determinations. 

The appearance (and prevalence) of clinical 
xerophthalmia represents the grossest functional 
indicator of status, but its relative infrequency 
requires very large sample sizes, something 
obviated by using tests of milder, earlier dysfunc- 
tion. It also suffers from validity problems (lack of 
an objective measure of clinically-claimed night- 
blindness and the persistence of some Bitot's 
spots-see Section 4). 

We await the ideal test: an early measure 
of genetic disregulation secondary to mild 
vitamin A deficiency. In the meanwhile, we need 
to content ourselves with perfecting and simplify- 
ing measures of serum retinol and assessments 
of functional status like CIC and scotopic 
vision. Several investigators have shown that 
children with 'deficient serum retinol' do  not 
have abnormal CIC and vice-versa. While these 
tests. in these investigators hands, could and 
have' been used to impugn the validity of CIC, 
they could just as easily impugn the validity of 
the serum retinol determinations. In all likeli- 
hood, these parameters measure different mani- 
festations of the same underlying problem. 
Interestingly, in most studies where individuals 
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Fig. 4. Top left: By light microscopy, prclrcarment rcmpor;tl conjcjnetiv;~l biopsy (right eye) rcve~lr  a prominently 
kerarinired surf;acc (Dane's. ~ 5 2 8 ) .  Top right: Phase.contiast microscopy of same area resolves surface kcratinkation. 
whohyaline gmnuies. acanthosis. and dyskeratosis (pamphenylenediamine. x480). Bottom left: Biopsy of 
temporal conjunctiva (left eye) seven days following systemic vitamin A appears normal by light microscopy 
(hcmatoxylin-eosin, x 528). Middle righr: Phsse contrast photomicrograph of same area shows decrease in epithelial 
thickness (cf. top rieht: pamphenylenedinmine. x480J. Bottom righr: TEM (transmission electron microscopy) of same 
area illusva1es partial return of surhce membrane infolding5 and miciovillae ( x  10.700). (From Sommer er 01.. 1981a 

Sommer. 1982a.J 

have seemingly incompatible tests. the prevalence 
o f  abnormal results in the population a t  large is 
similar, regardless of which test is employed. 

The  major interest in developing a valid, 
objective measure of vitamin A status is for 
research purposes, where one needs authoritative 
validation of the vitamin A-related parameter of 
interest, and for population assessment t o  identify 
communities in need of intervention and as  a 
means of gauging its success. These are now rarely 
needed for diagnostic purposes, particularly in 
third world countries. The tests. particularly 
biochemical assays. are far more expensive than 

treatment, which is both cheap and harmless. 
Furthermore, testing can delay urgently needed 
therapy. Individual diagnostic testing has a 
place. primarily in developed countries among 
individuals not expected to be deficient, fo r  the 
management of patients a t  risk of deficiency from 
malabsorbtive states (e.g. cystic fibrosis) or o n  
bizarre diets, or  of anyone with classical signs and 
symptoms and potentially predisposing conditions 
(cirrhosis, enteritis, alcoholism). Once the test is 
performed o r  blood drawn, suspicious corneal 
ulcers should be treated as  if they might well be due 
to viramin A deficiency. 
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Table 4. Prevalence of abnormal CIC uerstrs vitamin A Smrus' 

Prevalence of 
abnormal CIC 

..-..- .... ". 
Vitamin A status Patient characteristics Number (%) 

I. Definite deficiency . XN(+) plus XIB(+) responding to vitamin A 
Serum retinol <20 pg/dl 14 93 

2. Probable deficiency Bilateral XIB(+) responding to vitamin A 22 82 
3. Probable deficicnw . XNt+) reseondine to vitamin A . serum rctinol <2<pg/dl IS 67 
4. Possible deficiency Unilateral XlB(+) KN(-)j responding to vitamin A 8 50 
5. Possible deficiency Normal exam 

Serum retinol c 2 0  pg/dl 26 46 
6. Borderline deficiency . XN(+) plus retino1 220 ggldl or normal exam and retinol 2&25 ggldl 43 14 
7. 'Normal' . Normal exam . Serum retinol ~ 2 5  ueldl* 18 6 

*Level z 30 &dl would have been preferred, but there were too few such subjects 
(From Natadisastra er a/., 1988) 

4. XEROPHTHALMIA 

Despite its Greek origin (xerosis = dry; 
ophthalmia = inflamed eye), xerophthalmia in- 
cludes all ocular manifestations of vitamin A 
deficiency (nightblindness to keratomalacia) 
classified by international agreement (Table 5). All 
the milder changes, from nightblindness (XN) to 
corneal xerosis (X2). are entirely reversible without 
persistent sequelae (for a minor exception. see 
'Bitot's spots'). Any degree of corneal ulceration 
will leave a scar of varying extent and density. The 
severest form of corneal melting (X3B) often 
presents with limbus to limbus necrosis. Such eyes 
cannot be salvaged, resulting in staphylomas 
and/or phthisis. 

Detailed color plates of each of these mani- 
festations, and their response to therapy, are 
available elsewhere (Sommer, 1982a; Sommer and 
West, 1996: Sommer, 1995). 

The relationship between the 'severity' of 
xerophthalmia and the severity of vitamin A 

Table 5.  Clinical classificarion of .~erophthalmia (WHO, 
recised 198 11 

Night blindness (XN) 
Conjunctival xerosis (XI A) 
Bitot's spot (XIB) 
Corneal xcrosis (X2) 
Corneal ulcemtion/keratomaIacia < 113 corneal surface (X3A) 
Corneal ulceration/keratomalscia 2 113 cornral surface (XjB) 
Corneal m r  (XS) 
Xerophthnlmia fundus (XF) 

deficiency is evident from the correlation between 
clinical presentation (most severe manifestation) 
and serum retinol (Table 2). The more severe 
the manifestation, the lower the mean retinol and 
greater the proportion of cases with 'deficient' 
(< I0 ,ug/dl) levels (Sommer et al., 1980b; Sommer 
and Muhilal, 1982). 

However, this correlation does not, as had long 
been thought, represent an inevitable continuum of 
progressive severity. Some individuals with the 
severest manifestations, particularly varying de- 
grees of corneal melting (X3), may never have 
manifested either nightblindness (XN) or  Bitot's 
spots (XIB). While other issues may play a 
role. most cases are probably explained by acute 
decompensation of what had previously been 
marginal deficiency. While a number of events can 
cause sudden and severe deterioration in vitamin A 
status, the most common is measles. Measles 
is regarded as 'responsible' for 80% of pediatric 
blindness in Africa (Foster and Sommer, 1986; 
Chirambo and BenEzra, 1976; Schwab and 
Kazame, 1993) and for at least 50% in Indonesia 
(~okrne r ,  1982a). Measles can markedly depress 
circulating levels of serum retinol (Reddy er a/., 
1986a; Laditan and Fafunso, 1981) which often 
rises spontaneously once the acute phase has 
passed. The cause of the acute deterioration may 
be multifactorial: a disturbance in release and 
transport as well as increased metabolic demand. 
Regardless, a child with severe measles will not 
report (and will be difficult to test for) nightblind- 
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ness, while conjunctival and corneal xerosis require 
days, if not weeks of keratinizing metaplasia to 
make themselves known. The comeal stroma, on 
the other hand, seems exquisitely sensitive and 
rapidly responsive to severe deficiency, and so can 
present earlier. 

A .second phenomenon also contributes to the 
apparent confusion: conjunctival xerosis is 
masked or (more likely) reversed by conjunctival 
inflammation (Sommer, 1982b), a near universal 
accompaniment of measles even in the absence of 

. . . . corneal destruction. 
In a carefully conducted correlation of clinical 

and biochemical parameters and response to 
treatment, half the cases of measled-associated 
corneal ulceration presenting to a mission hospital 
in central Tanzania were secondary to vitamin A 
deficiency (Fosrer and Sommer, 1987). Approxi- 
mately one-fifth were due to herpes, an important 
cause of corneal ulcers, particularly in measles 
(Sanford-Smith and Whittle, 1979). though in 
Tanzania they were more likely than xeroph- 
thalmic ulcers to be mild and unilateral. 

It is estimated that xerophthalmia (of varying 
severity) afflicts five to ten million children and 
blinds another 500,000 to one million every year. 

4.1. Niihtblindnes (XN) 

Nightblindness itself is not of particular concern. 
It is useful, however, in identifying individuals 
likely to be vitamin A deficient and therefore at 
greater risk of more severe xerophthalmia and 
other complications of deficiency (e.g. infectious 
morbidity and mortality-see Section 5). Since 
vitamin A deficiency tends to cluster in families 
and communities (Sommer, 1982a; Katz er al., 
1993; Sommer et al., 1980b), it identifies a 
population in need of attention. Finally, night- 
blindness is often the most prevalent form of 
xerophthalmia and therefore useful for classifying 
populations in whom vitamin A deficiency 
constitutes a public health problem (World Health 
Organization, 1982). Because it is readily reversed 
in preschool age children, it is a useful index of the 
impact of intervention programs. 

In addition to preschool children, pregnant 
women often become nightblind, usual;y in their 

third trimester. The condition generally disappears 
spontaneously 2-4 weeks following delivery, 
presumably from improved diet. A recent study in 
Nepal, however, indicated that third trimester 
nightblindness did not always respond to vitamin 
A therapy, suggesting potential involvement of 
coexisting zinc deficiency (K. West, personal 
communication, 14 October 1996). 

The new scotopic testing apparatus (see Section 
3.2) is not as sensitive as full-scale dark adaptation, 
but much simpler and more practical for field 
use, particularly in young children. However 
where vitamin A deficiency is both endemic 
and prevalent, a local term, for the condition is 
usually highly sensitive and specific (Sommer et al., 
1980b), an observation that has been amply 
confirmed in many cultures (Stoll et al., 1985). The 
trick is finding the appropriate local term, which 
often translates as 'chicken blindness' (chickens 
lack rods and therefore cannot see under low levels 
of illumination). 

Nightblindness is usually not recognized until 
the child begins to walk about or  feed itself, and 
is exacerbated by photic stress (such as flying a kite 
on a sunny day-the only evening the parents may 
note the condition). 

Nightblindness secondary to vitamin A 
deficiency usually responds within days to high 
dose therapy (Dowling and Wald, 1960; Sommer 
et al., 1978; Sauberlich er al., 1974). 

4.2. Conjunctival xerosis (XI) and Bitot's Spots (XIB) 

Conjunctival xerosis, dryish, sandy-like changes 
of the conjunctiva, are the clinical reflection of 
underlying keratinizing metaplasia. Taken to their 
extreme, the conjunctiva looks like skin, a degree 
of severity rarely encountered because corneal 
changes or death tend to intervene. .The truly 
abnormal surface almost always contains some 
degree of white, foamy, cheesy material that can be 
readily wiped away. When localized, this overlying 
material and the xerotic bed below are known as 
a Bitot's spot, which is practically pathogonomic 
for present (in very young children) or  past vitamin 
A deficiency. 

The characteristic conjunctival abnormalities of 
xerophthalmia generally begin (and remain most 



severe) in the temporal limbus; with persistent 
deficiency, presumably of increased severity, the 
nasal, inferior and superior quadrants become 
sequentially involved (Sommer, 1982b; Semba 
et al., 1990). The histopathologic changes are 
generally more widespread than the clinical 
appearance might suggest: among patients with 
active vitamin A deficiency in whom Bitot's spots: 
appear limited to the temporal quadrant, biopsies 
of the inferonasal quadrant show similar, if not as 
prominent, abnormalities (Sommer et a[., 1978); 
Sommer et a[., 1981a). These include loss of goblet 
cells, an irregular maturational sequence and 
disorganization of the basal layers (Fig. 4). The 
surface layers are commonly keratinized, while the 
heaped-up whitish material covering the Bitot's 
spot contains a mix of frayed keratin and 
gram-positive bacilli (the so-called 'Xerosis bacil- 
lus', a diphtheroid) (Sommer et al., 1981a; Reddy, 
1965; Damien-Gillet, 1958). 

While new Bitot's spots in young preschool-age 
children generally shrink and disappear within 1-4 
weeks of systemic vitamin A therapy, this is not 
invariable. Failure to respond has given rise 
to considerable confusion in the literature. 
What generally seems to occur, is that chronic 
or long-standing deficiency results in localized 
dysplasia, usually limited to the temporal quad- 
rant. Children with non-responsive lesions are 
older, have higher baseline vitamin A levels, lesions, 
more likely to be limited to the temporal quadrant 
(suggesting environmental exposure may play a 
role), and less likely to be accompanied by other 
evidence of active xerophthalmia (nightblindness, 
punctate keratopathy) (Sommer er al., 1980a). 
While biopsied lesions exhibit changes typical of 
conjunctival xerosis and Bitot's spots. these are 
sharply demarcated from the surrounding conjunc- 
tiva, which is entirely normal in appearance 
(Sommer er a/., 1981a). Sinha made an extremely 
important observation among a cohort of 
preschool children he followed in West Bengal, 
half of whom received large-dose vitamin A 
prophylaxis every 4 months and the other half 
placebo. None of the vitamin A recipients who had 
not had Bitot's spots at baseline, but a substantial 
proportion of placebo recipients, developed Bitot's 
spots during the traditional season of vitamin A 
deficiency. Among those who had had Bitot's spots 

previously, however, the spots waxed and waned 
(sometimes disappearing entirely until the next 
deficiency season, when they reappearedj, regard- 
less of whether they had received vitamin A 
prophylaxis or not (Sinka and Bang, 1976) 

As expected of a localized area of dysplasia, once 
excised, non-responsive Bitot's spots do  not return 
unless vitamin A status declines. 

These observations strongly suggest Bitot's spot 
prevalence would be a relatively insensitive 
indicator of the impact of a vitamin A control 
program. Only incidence, the rate of development 
of Bitot's spots in 'virgin' conjunctiva, is a reliable 
index suitable for assessing the response of vitamin 
A status to an intervention program, even among 
preschool-age children. Assessment of a large-scale 
vitamin A supplementation program in Indonesia 
bears this out: the number of new cases of 
Bitot's spots among vitamin A recipients was only 
one-fifth that of the others, while the prevalence of 
all Bitot's spots remained similar in the two groups 
(Djunaedi er a[., 1988). 

4.3. Corneal xerophthalrnia 

4.3.1. Puncture kernroparhy 

The earliest clinically detectable change in 
corneal appearance is punctate keratopathy, 
densest in the inferonasal quadrants (Sommer 
et al., 1979). These are readily detected as 
fluorescein positive spots by slit lamp examination. 
They are not part of the xerophthalmia classifi- 
cation because they had not been noted when the 
classification was originally devised. They are 
already prevalent among cases of nightblindness 
(60%) and Bitot's spots (75%) (Sommer et al., 
1980a). and do not appear to represent a direct 
threat to vision or ocular integrity. They disappear 
rapidly and entirely with vitamin A supple- 
mentation. Similar lesions have been reported 
in biochemically deficient, asymptomatic adults 
(Newman er a/., 1994). In early deficiency 
(xerophthalmia, Bitot's spots), the cornea appears 
grossly clear. With more severe deficiency, the 
punctate keratopathy becomes denser and spreads 
superiorly. When sufficiently advanced, the cornea 
may develop a mild, superficial haze apparent by 
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hand light examination, justifying the diagnosis of 
corneal xerosis (X2). 

The origin of the punctate lesions is unclear. 
By the time they cover the cornea, they no doubt 
represent metaplasia of the corneal epithelium. 
Earlier, milder lesions may reflect mild, localized 
metaplasia exacerbated by changes in the environ- 
ment that bathes the corneal surface; a 'toxic effect' 
(as yet unidentified) secondary to material com- 
prising the Bitot's spots, particularly their sapro- 
phytic bacilli; a non-specific response to reduced 
tear production demonstrable among patients with 
xerophthalmia (Sommer and Emran, 1982; Som- 
mer, 1982a); and/or a reduction in the mucous 
layer of the tear film secondary to widespread 
disappearance of bulbar conjunctival goblet cells 
accompanying the early metaplasia associated with 
conjunctival xerosis (XI) (Sommer er a / . ,  1980a; 
Sommer et a/ . ,  1981a). Goblet cell density is a 
sensitive indicator and potentially a contributing 
determinant of ocular surface disorders (Kinoshita 
et al., 1983; Rao et al., 1987). 

The time course for resolution of punctate 
keratopathy following vitamin A therapy parallels 
the return of goblet cells (Sommer and Green, 
1982). Goblet cells are not, however, the only 
source of glycoproteins in the tear film, and goblet 
cell counts can be depressed out of all proportion 
to modest reductions in tear film mucin (Kinoshita 
et a/: ,  1983). 

4.3.2. Corneal xerosis (X2)  

Corneal xerosis is a clinical diagnosis based 
upon a hazy appearance of the corneal surface on 
handlight examination. By slit lamp, mild xerosis 
consists of extensive staining and non-staining 
punctate lesions. With more extensive xerosis, 
a thickened, hazy, keratinized 'surface, usually 
densest inferiorly, is apparent. This keratinized 
layer may detach in parts, scrolling away, leaving 
a clear corneal surface, or superficial ulcer, below. 
Microcysts are sometimes present, becoming 
typical punctate staining lesions within days 
of supplemental vitamin A therapy. Slit lamp 
examination may also reveal stromal edema. often 
marked, in the presence of an otherwise intact, 
non-inflamed cornea. 

In severe cases, the corneal surface develops a 
dry, 'non-wettable' 'peau d'orange' appearance. 
In rare instances, Bitot's spot material and thick 
xerotic plaques accumulate on the corneal surface, 
usually centrally. 

Following vitamin A therapy, the cornified 
layer, if present, peels off, leaving an intact. clear 
surface below. The last area to slough is generally 
the interpalpebral zone, presumably because it is 
subject to the least lid abrasion. In contrast, the 
punctate lesions either disappear or form dense 
collections of non-sraining specks (which may 
persist indefinitely) inferiorly. 

The shedding of xerotic plaques or  thick 
keratinized layer may take with it underlying basal 
epithelium and stroma, initiating an ulcerative 
process (Sommer, 1982a). 

4.3.3. Corneal ulceration (X3)  

Xerophthalmic ulceration (X3) ranges from 
small, characteristically sharp-margined ulcers 
generally located in the periphery of the cornea, to 
full thickness, near limbus-to-limbus dissolution. 
Despite this diversity, each is, to a large degree, 
seemingly typical of the disease, if not unique, in 
presentation and in pathogenesis (Sommer, 1982a; 
Sommer and West, 1996). 

Isolated ulcers, presumably the mildest stage, are 
generally 1-2 mm in diameter and most often 
located in the inferior quadrant. Occasionally 
in carefully studied patients, these appear to arise 
from the rupture of a subepithelial bullae that 
accompanies corneal xerosis, or in areas denuded 
by the traumatic separation of keratinized corneal 
epithelium. In their early stage, they are most often 
only partial thickness in depth, sharp-margined, 
and with little evidence of infiltration. When they 
do perforate, peripheral iris most often plugs the 
wound, maintaining an intact anterior chamber. 

Despite a common belief that xerophthalmia 
occurs in 'white and quiet' eyes, the vast majority 
are, in fact, injected, 20% accompanied by a 
hypopion. 

More severe involvement generally presents 
as larger (or rarely, multiple) ulcers. Even more 
unique is the occurrence of a large bulging mass 
involving the entire lower one-third or more of the 
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cornea. Brown-greyish in appearance. it typically keratomalacia in an emaciated American female 
has a glistening surface. consuming a limited diet (Smith er a[., 1975). 

All of the lesions described above respond Larger, denser areas of 'liquefactive necrosis' 
rapidly to systemic vitamin A. The small per- also respond to vitamin A. Over 2-4 weeks, the 
ipheral ulcers appear to granulate inward. resulting bulging mass flattens as if by deturgescence, and is 
in a scar of varying density. Where the iris replaced by a dense scar, usually occupying a 
has become incorporated into the wound. as surprisingly small area. preserving the visual axis 
is common, a small, dense adherent leukoma (Sommer, 1982a: Sommer and West, 1996). 
remains. As will be seen, it is not at all clear that Classic keratomalacia, presumably an extention 
adherent leukomas invariably represent sequelae of of localized necrosis described above, presents as 
perforated ulcers. What little histopathologic total dissolution involving all of the cornea. 
material of isolated ulceration exists suggests that Vitamin A treatment has virtually no effect, other 
stromal necrosis can occur posterior to an intact than speeding the slow process of scamng built 
epithelium, the iris and cornea adhering secon- upon a scaffolding of thin stroma andlor adjacent 
darily to corneal swelling (that narrows the iris. The eye is inevitably lost, though prompt 
anterior chamber) and anterior chamber inffam- treatment may preserve the other eye and the 
mation (Sommer, 1982a). The mechanism of child's life. This severest of ocular changes is 
corneal necrosis remains obscure, but in one generally associated with low, often non-detectable 
well-studied case the edges were sharp-margined. levels of serum retinol, severe protein-energy 
bacteria were absent, there was a paucity of malnutrition, Kwashiorkor, respiratory disease 
inflammatory cells and the keratinized corneal and diarrhea-a severely ill. often moribund state. 
epithelium was intact (Figs 5 and 6 )  (Sommer Under less than ideal conditions, case-fatality rates 
er a!., 19S2a). Smith also commented on the probably apptodch 90% (Sommer er al., 1981b; 

paucity of inflammatory cells in a case of Sommer, 19822). 

Fir. 5. Xcrophthelmic corneol ulcer~tion (X>A) showing centrnl area of lesion. Most of the stroma is destroyed as is 
~ L e r n e t ' s  membrane behind. The sharply delineated saucer-shaped conlieuralion of involvemenr is readily apparent. The 
entire area is covered by kei~tinized epithelium (hemaloxylin-easin. x jO). (From Sommer el 01.. 19822: Sommer. 1982a.) 
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Fig. 6. Corneal ulcerarion (XiAl.  The sharply focal nature of rhe lesion. and lack of borh bacteria and significant 
inliamm~rory infiltrate. are re~diiy apparenr (hemalosylin-eosin. x 100). (From Sommer rr 01.. 1982a: Sommer. 19821.) 

Traditional mechanisms evoked to explain 
corneal ulceration seem not to apply. Dissolution 
in the presence of an intact epithelium, the paucity 
of inflammatory cells and general absence of 
microbial invasion suggest alternative mechanisms 
must, in most instances, be at work. While 
some histopathologic cases demonstrate bacterial 
and f u n ~ a l  invasion and abscesses, these usually 
represent late stage disedse. There is. of course. no 
reason why infection could not participate in the 
process in some cases, or  result in secondary 
invasion in the resi. but i t  does not appear to be 
required for initiating xerophthalmic ulceration 
and necrosis. 

Infection is commonly proposed as an impor- 
tant contributory Factor. Animal models supgest 
corneal xerosis increases susceptibility to topically 
applied pseudomonas (DeCarlo er a/., 1981). and 
pseudomonns and other pathogenic organis~ns are 

sometimes recovered from xerophthalmic eyes of 
malnourished children (Valenton and Tan. 1975). 
But this is very different from proof that it causes 
the disease. 

In a carefully controlled bacteriological study 
in Indonesia. the proportion of eyes from which 
pathogenic bacteria could be recovered was 
twice as great among cases of X? than among 
controls. confirming that the keratinized surface is 
a hospitable environment for colonizafion. The 
rate of microbial recovery was no greater from 
ulcerated than from non-ulcerated (X2) eyes, 
however. In a comparison evaluation, one eye of 
every child admitted with typical xerophthalmic 
ulcers bilaterally was randomized to receive 
intensive topical antibiotic therapy (in addition to 
systemic vitamin A) in one of the two eyes. The two 
eyes healed equivolently in all cases (Sommer, 
1987;l). 
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Finally, if infection plays any role other than 
end-stage invasion and superficial early coloniza- 
tion, it cannot be a decisive one. Xerophthalmic 
corneal ulcers heal rapidly in response to systemic 
vitamin A (Pillat, 1929; Sommer er a/., 1980d) or 
topical retinoic acid (Sommer, 1978). 

Despite the growing literature on corneal 
changes in vitamin A-deprived animals (Sommer 
and West, 1996), including increased susceptibility 
to stromal melting following trauma (Sendele 
er a/., 1982; Twining e l  al., 1985; Seng el  al., 
1980), we still lack a clear understanding of 
the pathogenesis of xerophthalmic ulceration and 
keratomalacia. Vitamin A receptors have been. 
identified at all layers of the normal cornea, and 
must be there for a purpose (Wiggert er al., 1977), 
while vitamin A seems to be needed for normal 
glycoprotein synthesis (Kim and Wolf, 1974). 
More work along these lines are needed. 

4.4. Retinal Changes (XF) 

Retinal changes observed in older, presumably 
chronically recurrent cases of vitamin A deficiency 
are largely a curiosity. They appear as fine, white 
dots or mottling that eventually fades with 
treatment (Mikamo, 1915; Uyemura, 1928). They 
can also recur with considerable speed (Sommer 
er a/., 1978). The dots appear small and discrete, 
deep to the vessels and distributed about the 
equatorial regions of both eyes (Sommer er a/., 
1978; Teng-Khyoen-Hing, 1959; Bors and Fells, 
1971). They tend to remain outside the vascular 
arcade. The more chronic the deficiency, the larger 
the number of lesions (Fells and Bors, 1969) which 
appear to represent mottled depigmentation of 
the pigment epithelium (Sommer er al., 1978). 
Functionally, their distribution coincides with 
reduced retinal sensitivity, which responds more 
rapidly to improved vitamin A status than does the 
retinal appearance (Sommer et a/., 1978). 

The origin of the lesions remains obscure, but 
severe vitamin A deficiency in animals disrupts the 
outer sezments of rods. followed by degeneration 
of both rods and cones (Carter-Dawson er al., 
1979) and loss of pigment epithelium (Dowling and 
Wald, 1958). 

mmer 

4.5. Treatment 

Xerophthalmia is a medical emergency. Vitamin 
A is vital to saving the eye as well as the child 
(see Section 5). 

As already noted (Sections 4.14.3). all degrees 
of xerophthalmia respond rapidly to systemic 
vitamin A except eyes with limbus to limbus 
keratomalacia. Bloch, who first recognized the 
clinical connection between xerophthalmia and 
deficiency of the newly described 'fat soluble A' 
believed that intramuscular injection of (vitamin 
A-rich) cod liver oil speeded healing (Bloch, 1924). 
While injections of oily preparations of vitamin A 
probably provide some degree of benefit (Chu and 
Lin, 1938; Perreira er a/., 1967), relatively little 
vitamin A is released from the injection site 
(Table 6) (Sommer, 1982a; Srikantia and Reddy, 
1970). Unfortunately the world is overrun with 
injectable oily preparations which remain in wide 
use because physicians like to give injections (and 
patients like to receive them). and local manu- 
facturers find it easier to produce vitamin A esters 
in oil. Recognizing that oily preparations work 
poorly by injection, but fearful that any prep- 
aration administered orally would work more 

 able 6. Serum vitamin A (pg/dl) among single-dose 
viramin A recipients 

Treatment regiment 

Time since IM IM 
initial dose' Oral (water) . (oil) 

0 hours .? 8.0 9.7 5.8 
S.D. 4.7 5.1 4.2 
n 10 11 12 

4 hours 7 41.4 70.0 6.0 
S .6 .  32.6 44.1 4.5 
n 7 I 1  I 2  

I day 2 28.0 108.7 7.6 
S.D. 13.6 47.3 10.0 

n 9 II 9 
3 days 2 30.5 83.5 9.4 

S.D. 33.5 46.7 6.1 
n 6 I I 10 

7 days i 24.4 28.0 15.9 
S.D. 10.3 6.7 13.4 
n 5 5 7 

'Limited to carer of corneal involvement included in the 
analysis of clinicol response. 
tOral: 200.000 1U oil-miscible vitamin A PO: IM (water): 
100.000 IU water-miscible vitamin A intramuscularly; IM (011): 
200.000 IU oil-miscible vitamin A intramuscularly. 
 rim Sommer. 1982a) 
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slowly than a parenteral dose, official recommen- 
dations from 1972 (World Health Organization, 
1976) stressed the use of water-miscible intramus- 
cular vitamin A. Subsequent, randomized clinical 
trials in children with xerophthalmic ulceration 
demonstrated that oral large-dose vitamin A was 
equivalent, in its biochemical and clinical impact 
to parenteral treatment (Sommer er al . ,  1980d). 
This is now the recommendation of choice (World 
Health Organization, 1982; WHO/UNICEF/ 
IVACG Task Force, 1997). The practical impli- 
cations far outweigh the scientific: oral high-dose 
vitamin A capsules are cheap, widely available, 
safely and (immediately) available for use by 
trained non-medical personnel, obviating the cost, 
risks and delays inherent in requiring needles and 
syringes. Recommended doses (Table 7) are given 
immediately, again the following day (to ensure an 
adequate, urgent amount was received and to 
begin 'topping up' liver stores), and again 2-4 
weeks later (further increasing stores). The value of 
three, as opposed to a single dose has never been 
documented under routine conditions. But the 
relatively low and poorly maintained holo-RBP 
response and rapid clinical relapse among protein 
deficient children (Large el al . ,  1980; Sommer 
el al. ,  1982b; Sommer, 1982a) suggests the value of 
repeated dosing. 

It has been argued that diarrhea, with its 
attendant malabsorption, might interfere with the 
effectiveness of a large oral dose of vitamin A 
(Nalin er a / . ,  1980). In fact, studies with labeled 
vitamin A indicate frequent diarrhea reduces 
retention of a large oral dose from 87% to 70% 
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(Reddy er al. ,  1986b). Not surprisingly, this had no 
effect on the clinical response to oral therapy 
(Sommer, 1982a; Sommer et al. ,  1980d; Sommer, 
1980). Since the liver of a 3-year-old, 7.5 kg child 
contains approximately 30,000 IU vitamin A, 70% 
retention of even a 100,000 IU dose would suffice 
to replenish liver stores, assuming normal liver 
function and adequate protein synthesis. 

Vitamin A is present in tears of humans and 
animals (Ubels and MacRae, 1984; Speek er al. ,  
1986). The concentration is affected by systemic 
vitamin A status (Van Agtmaal el  al., 1988). 
Topical vitamin A has therefore been suggested for 
use as adjunctive treatment. However, topical 
vitamin A cannot be substituted for systemic 
vitamin A, which is required not only to restore 
ocular needs but those of other tissues throughout 
the body, from the bronchopulmonary lining to 
immune competent cells. Topical retinoic acid can 
speed reversal of corneal keratinization in deficient 
rabbits (Van Horn er al., 1981). In conjunction 
with systemic (oral) vitamin A, topical retinoic acid 
also speeds healing of corneal ulcers in children, 
however not to a clinically significant degree, and 
occasionally results in denser scarring (Sommer 
and Emran, 1978; Sommer, 1983). It's probably 
wise to restrict vitamin A therapy to large, oral 
doses. 

A variety of adjunctive treatments are in order 
(Sommer, 1995): reversing protein deficiency, 
thereby increasing protein synthesis and the 
availability of RBP: managing concomitant sys- 
temic infections (gastroenteritis. pneumonia, 
malaria, tuberculosis) which impair vitamin A 

Table 7 .  Recommended .rerophrhalmia rrearmenr schedule-oil- 
miscible oral viramin A 

< I  year of age 2 I year of age* 

Immediately 100.000 IU 200.000 IU 
The next day 100.000 IU 200.000 IU 
2-4 weeks larer 100.000 IU 200.000 IU 

Severe protein energy malnurrilion 
lPFMI , . - . . . , 

Monthly until PEM resolver 100.000 IU 200.000 IU 

.Women of reproductive a g  require special attention because of the potenrial 
teratogenic effects of very high dose retinol early in pregnancy.As corneal 
lesions are a severe, medical emergency. apply the full therapeutic regimen 
described above. If the woman is otherwise healthy and only suffering from 
nightblindness or Bitot's spots. treat instead with daily doses of 10.000 IU 
orally for 2 weeks. 
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metabolism and increase its utilization; and 
reversing dehydration. Any evidence of corneal 
infection should be dealt with by intensive topical 
and systemic therapy. 

One must be careful not to be misled into 
ruling out vitamin A deficiency because the eye. 
is inflamed or  lacks classical Bitot's spots; or  
administer oily preparations of vitamin A par- 
enterally (Sommer, 1989). If the only vitamin A 
preparation available is injectable, oily vitamin A, 
remove the needle and squirt the vitamin into the 
mouth. A far larger proportion will be absorbed. 

5. SYSTEMIC MORBIDITY AND 
MORTALITY 

Most of the scientific and policy interest 
in vitamin A deficiency of the past 15 years has 
been centered not on the eye (xerophthalmia) but 
on newly (rediscovered) systemic morbidity and 
mortality. Since vitamin A is responsible for 
normal differentiation of cells affecting organs 
throughout the body, it's not surprising that 
deficiency should cause more than ocular changes. 
While systemic changes are not the prime interest 
of this publication, the area needs to be dealt with, 
even if briefly. A detailed account is available 
elsewhere (Sommer and West, 1996). 

Despite early animal experiments and clinical 
observations, for years medical interest focused 
solely on the ocular manifestations of deficiency 
(xerophthalmia). A marked change in attitude 
began when children, considered to be suffering 
mild vitamin A deficiency (XN, XIB, or the two 
combined), were found to die a t  higher rates than 
their peers; and that the risk of death increased 
with the severity of their deficiency (Fig. 7) 
(Sommer et 01.. 1983). 

An initial randomized prophylaxis trial. in 
which half the 22.000 preschool children in 450 
villages were assigned to receive a 200.000 IU 
vitamin A supplement every 6 months, demon- 
strated reduction in child mortality rates of 
3470% (Sommer et al., 1986; Sommer and Zeger, 
1991). This was followed by seven additional 
trials (Muhilal et al., 1988; West er al., 1991; 
Daulaire et al.. 1992; Rahmathullah er al., 1990; 
Vijayaraghavan er al.. 1990: Herrera er a/.. 1992; 

" 2 Years 3 Years 4 Yea6 
Age At Examination Initiating Interval . 

Fig. 7. Mortality per 1000 child-intervals among children 
who were 2 to 4 years of age (at the fint of their 
internal-initiating rounds). Ail children with respiratory 
disease at an interval-initiating round have been excluded. 

(From Sommer er a/.. 1983.) 

Ghana VAST Study Team, 1993) in different 
countries and cultures, utilizing a myriad of 
strategies for improving vitamin A status (periodic 
large doses every 4-6 months, weekly doses, 
fortification of a commonly consumed product). 
Results were remarkably similar (Fig. 8) except for 
two studies (Vijayaraghavan er a!., 1990; Herrera 
er al., 1992), which subsequent analysis revealed 
to have suffered problems of quality control 
(Sommer and West, 1996). Results of the others 
were remarkably consistent: a marked reduction in 
overall child mortality among those assigned 
to receive oral vitamin A supplementation. Even 
including the two 'outlier' studies, meta-analysis 
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Indonesia India Nepal Africa 
Fig. 8. DiKerenec in preschool mortality (6 or 12 months 
to 6 years of age) in 8 major eornmunity-based vitamin A 
prophylaxis trials. Ail figures as reported on an 'intent to 
treat' basis showing proportional differences in mortality 
for the vitamin A group. There wan a net reduction in 
mortality among the vitamin A group in all trials but the 

Sudan. 
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Table 8. Cause-specific mormlity, vitamin A supplemeniarion community prmenzion trials 
Svrnntnrn<ldises<~ 

Measles Diarrhea Resoiratorv . ~~~, 
Study Vitamin A Control Vitamin A Control Vitamin A Control 
Tamil Nadu: (Rahmathullah el 01.. 1990) 

Deaths ( n )  7 12 16 33 2 3 
RR* 0.58 0.48 0.67 

NNIPS! (West el a/., 1991) 
~ e a t h s  ( n )  3 I2 39 62 36 27 
RR 0.24 0.61 1.29/1.00t 

Jurnla (Daulaire er a/.. 1992) 
Deaths ( n )  3 4 94 129 18 17 
RR 0.67 0.65 0.951 

Ghana' (Ghana VAST Study Team. 1993) 
Deaths ( n )  61 72 69 111 47 45 
RR 082  0 6 M  100 

.RR (Relative Risk): Cawe-specific mortality rate ofvitamin A groupdivided by ate in control group. 
toriginal published results (West el 01.. 1991): RR = 1.29: re-analysis as an associated cause that 
recognizes underlying causes; RR = 1.00 (Vitamin A and Pneumonia Working Group. 1995). 
$Pneumonia case management program may have confounded results. 
§Defined as 'acute gastroenteritis'. 
IlExcept for Jumla, findings d a t e  to children already 2 6 months of age when supplemented. 

confirmed a strong, positive impact on preschool 
child survival associated with improvement in 
vitamin A status (Beaton er al . ,  1992). 

Four studies examined cause-specific mortality. 
Each concluded that the greatest reduction was 
in measles and diarrhea-related case fatality 
(Table 8) (Rahmathullah et-al., 1990: West er al., 
1991; Daulairc er 01.. 1992; Ghuna VAST Study 
Team, 1993). The magnitude of the reduction in 
measles mortality in these prophylaxis trials is 
almost identical to the reduction in case-fatality 
rates in the treatment trials of children already 
hospitalized with moderate to severe measles 
(Barclay el al . ,  1987; Ellison, 1932; Hussey 
and Klein, 1990). This strongly suggests high-dose 
vitamin A treatment of measles, now a recommen- 
dation of WHO and UNICEF (World Health 
Organization, 1987) as well as the American 
Academy of Pediatrics (Committee on Infectious 
Diseases, 1993), exerts its effect by improving 
vitamin A status and not, as some have suggested, 
by a non-specific adjuvant effect on the immune 
system by the large dose used (Keusch, 1990). 
Otherwise, the effect on the community pro- 
phylaxis trials, where dosing occurred long 
before the measles occurred, would have had a 
much smaller (if detectable) impact. Treatment of 
measles with vitamin A will not only reduce 
mortality but blindness as well. 

There is relatively little evidence that vitamin A 
status affects the incidence of infection; rather it 
seems to modify its severity. Measles cases treated 
with vitamin A suffered fewer subsequent severe 
complications, protection extending as long as 6 
months following the acute attack (Barclay er a[., 
1987; Hussey and Klein, 1990; Coutsoudis et al., 
1991; Coutsoudis er al . ,  1992). In an cvcn more 
generic study, prophylactic, large-dose vitamin A 
(or placebo) was delivered every 4 months to 
Ghanian children who were followed for systemic 
morbidity. Severe diarrhea, all-cause clinic attend- 
ance and hospitalization rates among vitamin A 
recipients was reduced by 10-32% (Ghana VAST 
Study Team, 1993). 

The mechanism(s) by which vitamin A status 
imparts its effects are as yet unclear. Presumably 
the abnormal keratinized epithelial linings that 
exist with vitamin A deficiency provide a less 
effective barrier to infection than the .(ciliated) 
mucous-secreting epithelium normally present. It's 
also clear that improvement in vitamin A status 
increases both humoral and cell-mediated immu- 
nity, whether to test antigens or natural measles 
infection (Coutsoudis er al., 1992; Semba et al., 
1992). 

As befitting the apparent importance of vitamin 
A in mounting an immune response, there is a 
growing body of evidence that vitamin A status 
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Fig. 9. Stylized relationship between the rise in systemrc 
and ocular consequences associated with a fall in vitamin 

A status. 

may exert a profound effect on a variety of HIV 
parameters, including longevity and vertical 
transmission (Semba et a/. ,  1993; Semba et a/.,, 
1994; Coutsoudis er a/., 1995). 

In addition to mortality and severity .of 
infectious episodes, vitamin A deficiency also 
interferes with the utilization of iron, producing 
or  aggravating anemia (Muhilal er a/., 1988; 
Mejia and Chew, 1988). It also affects growth, 
but in ways made complex by the adequacy of 
other growth-limiting nutrients. 

Vitamin A deficiency begins to alter other health 
indices long before it becomes manifest as clinically 
recognizable xerophthalmia (Fig. 9). If this 
were not the case, supplementation would not have 
the dramatic impact it does on case-fatality rates 
of non-xerophthalmic children hospitalized with 
measles. Nor would prophylactic supplementation 
with vitamin A reduce preschool mortality to the 
degree that it does: weestimated that elimination 
of all xerophthalmia from Indonesia would reduce 
overall preschool-age childhood mortality by 16% 
(Sommer er a/., 1983); instead, supplementation 
reduced mortality by at least twice that amount. 
A ready explanation is at hand. Vitamin A levels 
of non-xerophthalmic children were, on average, 
less than 20 pg/dl (when truly normal levels are 
30 pg/dl or more) (Sommer et a/.. 1980~). Our 
original estimation of the increased mortality 
among children with 'mild xerophthalmia' (XN, 
XIB) was based on a comparison with non- 
xerophthalmic children from the same villages 
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(RR = I); yet these non-xerophthalmic children, 
with their suboptimal vitamin A status, were 
probably experiencing unnecessarily increased 
mortality themselves. Their increased risk of 
mortality was no doubt lower than for those with 
more severe deficiency (XN, XIB), but they 
constituted a much larger portion of the popu- 
lation. Ancillary studies of the physiologic function 
of these children support this point: only 3% of 
all children had evidence of xerophthalmia, but 
over 30% had abnormal impression cytology 
(Natadisastra et a/., 1988), strongly suggesting 
that xerophthalmia is a late manifestation of 
severe deficiency, while other abnormalities begin 
to occur a t  earlier, milder stages. The risk of 
physiologic abnormality, and its severity, increases 
with increasing deficiency. From data like these, we 
can estimate that improved vitamin A status would 
prevent five to ten million cases of xerophthalmia 
(Sommer er a/.. 1981b). one to three million deaths, 
and the subtler consequences faced by the 124 
million deficient children each year (Humphrey 
el al., 1992). 

It is now clear that improving the vitamin A 
status of children around the world will both 
prevent blindness and reduce systemic morbidity 
and mortality. This has important policy impli- 
cations. Whereas governments were previously 
loathe to divert limited health resources 'merely' 
to prevent xerophthalmia and its associated 
blindness ("when 20% to 40% of our children die 
before the age of five"), these new insights have 
provided justification and political will for doing 
just that. 

6. FUTURE DIRECTIONS 

Research issues related to vitamin A deficiency 
cover a wide canvas, stretching . from basic 
mechanisms at the heart of corneal melting and 
retinol regulation of gene expression to devising 
practical approaches for improving vitamin A 
status protecting the sight and lives of millions of 
people every year. In an unusual confluence of time 
and disease, we are scientifically challenged at both 
extremes at the same time. Indonesia demonstrates 
this is no illusion. The Ministry of Health and 
its research arms collaborated in providing many 
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of the new insights of the past two decades 
recorded in this chapter. As a result, the 
government accepted the validity of the findings 
and committed itself to acting upon its impli- 
cations. Mounting a multi-pronged effort to 
improve the vitamin A status of its citizens, 
Indonesia virtually eliminated xerophthalmia as an  
important cause of pediatric blindness (Muhilal 
er al., 1994). While not everyone's vitamin A status 
is now normal, which means that many remain a t  
increased risk of systemic morbidity and mortality, 

. . deficiency is less prevalent and severe than 
previously. But if the government persists in its 
approach-increasing the intake of vitamin A-rich 
foods, providing large-dose periodic supplements 
where the combination of diet and environment 
keep people at risk--or, like the Philippines, finally 
identifies a dietary item consumed by most of the 
high risk group suitable for vitamin A fortification, 
the problem can be eliminated entirely, just as it 
was from wealthier countries like Denmark, 
Singapore, and Malaysia. Importantly, Indonesia 
continues its research efforts despite having 
achieved its initial goal, because it recognizes that 
today's research provides (more effective) answers 
to tomorrow's problems. 

6.1. Research Needed to Reduce the Prevalence and 
Severity of Deficiency 

Among the greatest constraints to widespread 
intervention programs is the lack of a simple, 
definitive technique for assessing individual and 
population-wide vitamin A status under rigorous 
field conditions. While new, more practical 
techniques have become available, simpler, more 
definitive ones are still needed. Ideally these would 
provide data on two important aspects of vitamin 
A status. The first is the adequacy of physiologic 
functions dependent upon vitamin A, demonstrat- 
ing that sufficient vitamin A is available to target 
tissues to meet present demands. It would be 
helpful to distinguish the cause of any inadequacy 
identified: whether due to inadequate stores of 
vitamin A, deficiencies in protein-related delivery 
mechanisms, or the lack of co-factors required 
for normal metabolism (e.g. zinc). The second 
approach would measure adequacy of vitamin A 

1 Vitamin A Status 27 

stores needed to prevent deficiency if intake 
were to drastically decline or metabolic demand 
(from infection or the like) increase. This was the 
theoretical basis upon which Olson judged that 
liver concentrations of 20 pg/g were 'adequate': by 
estimating such liver stores could provide sufficient 
vitamin A to support key physiologic functions 
for 4 months, even if all intake ceased (Olson, 
1987). This is the surest means of estimating the 
sufficiency of vitamin A as a limiting factor and the 
elasticity of safe intake. Assessment is the key to 
identifying populations in need of intervention and 
the success those interventions have had. 

Assessment is primarily in support of program- 
matic intervention. Large-dose capsule supplemen- 
tation, so effective under controlled research 
conditions, is not a long-term sustainable solution : 
to inadequate dietary intake. While the capsules 
themselves are inexpensive, delivering them to 
those most in need is not. Regions in which vitamin 
A deficiency is most severe lack the underlying 
health infrastructure and cultural practices that 
would otherwise provide an inexpensive mechan- 
ism for administering the supplement (e.g. prenatal 
maternal care, postnatal routine exams, etc.). 
Furthermore, it is a general rule of thumb that 
those most in need of healthy interventions 
(whether a change in diet, immunization, or receipt 
of capsules) are the least compliant. It helps to 
ensure that adequate capsules are freely avail- 
able for use at health centers, dispensaries and 
the like, and to incorporate large-dose capsule 
distribution as part of other outreach programs 
(e.g. Expanded Program for Immunization). But 
it is too expensive and inefficient to maintain a 
dedicated individual delivery mechanism. Entirely 
different tacks may be taken: for example, using 
social marketing to encourage mothers to take 
and provide their children with a smaller daily 
(or weekly) dose of vitamin A that meets their 
needs and precludes concerns over toxicity and 
teratogenic potential (unless recommendations are 
grossly exceeded). Such capsules could be made 
widely available at low cost at all pharmacies or 
markets. 

A change in diet has long been held as the 
ultimate solution, and no doubt increased con- 
sumption is the reason vitamin A deficiency 
eventually disappeared from wealthier countries. 
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Vitamin A for Health, Vision and Survival 

Presenter: Dr. Keith P. West, Jr., Professor, Dept. of International Health, School of Hygiene and Public 
Health, The Johns Hopkins University, Baltimore, U.S.A. 

Dr. West discussed the Vitamin A deficiency problem and its possible solutions in Nepal in the context of the 
work of the Nepal Nutrition Intervention Project - Sirlahi (NNIPS), which is a joint project of Johns Hopkins 
and Nepal Netra Jyoti Sangh (NNJS), with assistance 6om the Sushil Kedia Seva Mandu in Sarlahi, under the 
auspices of the Social Welfare Council and with the approval of the Nepal Health Research Council of His 
Majesty's Government of Nepal. NNIPS is funded by USAID and receives additional support fiom Task Force 
Sight and Life of Roche, Switzerland. 

Vitamin A deficiency (VAD) has multiple effects in the body. These can include the development of night 
blindness, xerophthalmia and more serious eye problems, sometimes leading to blindness. Mild immune 
suppression, anemia, loss of ciliated, mucous-secreting epithelia lining the respiratory, gastro-intestinal, genito- 
urinary tracts and glandular ducts and loss of brush border and goblet cells in the intestine all contribute to 
increased susceptibility to infection and decreased ability to successfully weather bouts of severe infection. 
Squamous metaplesia of the intestinal lining is a1so.a possible.consequence of VAD. A vitamin A xerophthalmia 
study in Aceh province of Indonesia observed a significant reduction in preschool child mortality among 
children dosed with twice-yearly large-dose vitamin A compared to those who received a placebo. These 
intriguing results needed to be replicated in a study designed specifically to look at the possible effect of periodic 
vitamin A dosing on preschool child mortality and survival. 

National blindness surveys in Nepal indicated that vitamin A deficiency, clinically manifested as xerophthalmia, 
is a significant public health problem in many areas of the country. The east-central Tarai has especially high 
levels of xerophthalmia. Consequently, in coordination with NNJS, it was decided to carry out a large 
community trial (38,000 children) of the efficacy of vitamin A in reducing preschool child mortality in the east- 
central Terai district of Sarlahi (NNIPS-1). Vitamin A was found to reduce child mortality by 30%. These 
findings coupled with similar findings from concurrent studies in several other countries provided the basis for 
the establishment of the Nepal National Vitamin A Program N A P ) .  As of autumn, 1998, children in 47 
districts of Nepal will have been receiving the benefits of twice-yearly vitamin A dosing and nutrition education. 
It is estimated that at least 25,000 child deaths are being averted each year through the receipt of large-dose 
vitamin A capsules by children. The NVAP is slated to cover all 75 districts of Nepal by the autumn of the year 
2001. The NNIPS-I research results leading to the establishment of the NYAP is a example of relevant 
public health research being translated into beneficial action by motivated policy makers and program planners. 

It is known from the Aceh and NNIPS research that xerophthalmia and other clinical signs of vitamin A 
deficiency represent only the tip of the iceberg of subclinical vitamin A deficiency (VAD), and that children with 
subclinical VAD experience a higher risk of dying than those without this condition. Increasing severity of 
clinical signs of VAD is associated with accordingly increasing risk of mortality, as well. This understanding, 
coupled with the knowledge 6om the NNIPS-I research results that xerophthalmia and VAD cluster, can be used 
as an effective public health tool to identify high risk communities and households for intervention. The presence 
of one xerophthalmic child in a community identifies the other children in that community as being twice as 
likely to be Vitamin A deficient than children in communities without xerophthabic children. The presence of a 
xerophthalmic child in a household identifies the other siblings in that household as being at a 7 to 13 times 
higher risk of experiencing VAD and its accompanying morbidity and mortality risks. 

The NNIPS child mortality reduction results were not seen in infants under six months'of age: At the same time, 
it was observed that almost 20% of women in the NNIPS study area were teporting night blindness during 
pregnancy, indicating a significant VAD problem not only among children, but among adult women as well. 
These findings provided the basis for the second large community trial (NNIPS-2),.which evaluated the effect of 
dietary amounts of vitamin A and its precursor, beta-carotene, in reducing maternal mortality, stillbirth, 
miscarriage and early infant death. In this trial, 45,000 women were visited every week.to be dosed with their 
assigned coded capsule, asked about rnensmal activity during the past week, and about their pregnancy status 
(and eventual outcome). More than 22,000 pregnancies resulted 6om this population of women over the course 
of the study. It was found that maternal mortality was reduced by 40% with vitamin A, compared to the placebo 
group. Beta-carotene reduced maternal mortality by 49%, for a combined effect of 44% reduction in maternal 
mortality with Vitamin A or beta-carotene (strongly statistically significant). These reductions in mortality were 



found across all different causes of maternal death. Thus, the indications are that increasing vitamin A intake, 
either preformed or as beta-carotene, among women of child-bearing age may substantially increase maternal 
survival during and following pregnancy. 

These results are of particular significance and relevance when the risk of dying in different age and sex groups 
in Nepal is considered relative to the risk experienced by similar groups in a western country such as the U.S. 
Infants in Nepal are at an almost 11 times higher risk of dying than are infants in the U.S., while under-five 
children in Nepal are at a 14 times increased risk of dying. But even more striking and disturbing is the data for 
relative risk of maternal mortality, which shows that women in Nepal are at an almost 70 times higher risk of 
dying due to pregnancy and childbirth-related causes than are women in the U.S., indicating a public health 
problem of huge proportions, which demands concerted efforts to find solutions. 

Ethnographic studies conducted as part of NNIPS have shown that VAD is also associated with a syndrome of 
less than optimal child care. Compared with non-xerophthalmic children, those with xerophthalmia were not fed 
"automatically" at nearly the same rate by their parents. As a result, they would have to serve themselves more 
often. Such children are also scolded and hit more frequently and receive less positive health behaviors, such as 
nit-picking, face-washing, etc. This evidence in conjunction with the NNIPS maternal mortality reduction results 
helps in constructing a picture of family and community Vitamin A Deficiency Syndrome when the Vitamin A 
deficient fetus develops into a VAD infant and child, then a VAD adolescent and ultimateIy a VAD adult. This 
syndrome is most serious in women who then are more likely to give birth to VAD children and be at higher risk 
of death U~emselves. 

. . 
A sub-study within NNIPS-2 showed that 76%of  the women in &lahi are anemic and about the same 
proportion are infested with hookworm. Vitamin A was seen to improve hemoglobin levels in women with no or 
low levels of hookworm parasitemia. This finding gives credence to periodic dewoming efforts for women of 
child-bearing age. Thus, it has become clear that during the child-bearing years, women pay a high price for 
being chronically vitamin A deficient. They become vitamin A-depleted in late pregnancy, develop night 
blindness, suffer a high burden of morbidity and anemia and are at higher risk of dying during and following 
pregnancy. NNlPS found that a simple history of night blindness during pregnancy identifies women who are 
more vitamin A deficient, chronically and acutely malnourished; anemic and generally ill. Nightblind women 
were found to be at approximately a two-times higher risk of morbidity such as urinary tract infection, diarrhea 
and dysentery, toxemia of pregnancy, nausea and vomiting than women without night blindness. They were also 
an amazing 7.5 times higher risk of dying. These findings show that the recognition of night blindness during 
pregnancy can be another valuable public health tool which allows health workers to identify women at high risk 
of various morbidity and especially death, thus creating opportunities for intervention. 

Program and policy rccommcndations emerging Gom NNIPS-2 point to the importancc of assuring a diverse diet 
adequate in beta-carotene and vitamin A for all women. Possible antenataVperinatal supplementation of women 
can also be considered. The importance of identifying and preventing maternal nightblindness and its 
accompanying risks also cannot be over-emphasized. Preventing hookwom~infestation to enhance the impact of 
vitamin A and beta-carotene on reducing anemia has also been emphasized. 

3 ,  :.: 
Group Discussion . . , . ... 

A comment was made to the effect that setting national healthresearch agenda priorities with the expectations of 
the people in mind is'a truly laudable goal, but needs to be tempered with the'real fact that some major health 
problems are masked to the people, simply by the fact of their being's0 commonplace as to be considered 
normal. In this respect, it is buly appropriate to refer to vitamin A and other micronutrient deficiencies as . . "Hidden Hunger". . . . ,  

. .  . . . . .  . . :  " : . .  . ! 2 ,  ' 

A pertinent example is that of vitamin A deficiency, which until Qe recent emergence of the National Vitamin A 
Program, remained unknown as a problem to most village people of Nepal. Yet, when rigorous public health 
research was conducted on a vey  relevant topic identified by public health' pmfessionals, it was found that 
vitamin A deficiency is indeed a serious public health problem inNepal, and that it can be'remedied to a large 
degree in children through a twice-yearly mass dosing campaign approach, while' ongoing efforts are underway 
to educate parenu about the importance of feeding more vitamin A-rich foods to their children and to women in 
the household, as well as producing more at the household level. The challenge of creating.a similarly effective 
solution to the VAD problem among women remains to be taken up by public health workers everywhere. Once 
reliable lcnowledge is in hand, the task remaining is to advocate the use of knowledge to stimulate chnngc, 
exchange information and ideas with coworkers and colleagues in various fields, identify gaps in knowledge and 
attempt to fill them, communicate findings to wide audiences and, most impoFtly, act on existing knowledge 
to benefit the largest number of people possible. , , 

..;. , . 



JCIURNAL OF ESSENTIAL NATIONAL HEALTH RESERCH NEPAL 



VITAMIN A AND HIT 



INT J TUBERC LUNG D1S 2(9):771-773 
Q 1998 IUATLD 

SHORT COMMUNICATION 

: Serum vitamin A levels during tuberculosis and 
human immunodeficiency virus infection 

'Centre Universitaire de Sante Publique. Butare, Rwanda. 'Department of Epidemiology, School of Hygiene and Public 
Health, 'Department of Ophthalmology, School of Medicine, Johns Hopkins University. Baltimore. Maryland. USA 

Vitamin A deficiency during tuberculosis and human 
immunodeficiency virus ( H N )  infection has not been 
characterized. A cross-sectional study was conducted 
among HIV-infected adults with tuberculosis in Butare, 
Rwanda, in which 29% of the subjects had serum vita- 
min A levels consistent with deficiency (<1.05 pmoVL). 
Women had mean serum vitamin A levels of 1.22 2 0.45, 
compared with 1.47 f 0.68 in men (P < 0.07). A total of 

VITAMIN A is essential for normal function of T and 
B lymphocytes, generation of antibody responses, 
and maintenance of mucosal surfaces of the respira- 
tory, gastrointestinal, and genitourinary tracts.' In 
developing countries, vitamin A deficiency is a lead- 
ing cause of morbidity and mortality.' Recent studies 
suggest that vitamin A supplementation may reduce 
young child and maternal mortality.lJ Vitamin A 
deficiency has not been described in patients co- 
infected with tuberculosis and human immunodefi- 
ciency virus (HIV) infection. We conducted a cross- 
sectional study to determine the prevalence of vitamin 
A deficiency in adults infected with HIV and tubercu- 
losis in Rwanda. 

STUDY POPULATION AND METHODS 

The study population consisted of a consecutive sam- 
ple of HIV-infected adults admitted with tuberculosis 
to the Hbpital Universitaire de Butare, Hbpital de 
Kabutare, or HBpital de Nyanza, in Butare, Rwanda, 
between 31 September 1992 and 15  January 1994. 
Subjects were considered HIV-infected on the basis of 
a positive HIV enzyme immunoassay (EIA Vironos- 
tika, Organon-Teknika, Boxtel, The Netherlands) 
with confirmation by Western blot (Biotech, Du Pont 
de Nemours, Wilmington, DE, USA). Pulmonary 
tuberculosis was diagnosed on the basis of a sputum 
sample from three non-induced sputum samples pos- 
itive for acid-fast bacilli, and extra-pulmonary tuber- 

S U M M A R Y  

37% of subjects with recent weight loss had vitamin A 
levels consistent with deficiency, compared with 14% of 
subjects without weight loss (P < 0.02). This study sug- 
gests that vitamin A deficiency is common among adults 
with tuberculosis and H N  infection in Rwanda. 
KEY WORDS: HIV; nurrition; Rwanda; tuberculosis; 
vitamin A 

culosis was diagnosed on the basis of pleural or cere- 
brospinal fluid (CSF) positive for acid-fast bacilli by 
histopathology andlor by culture. Cultures were rou- 
tinely taken on pleural and CSF samples. 

All subjects received 5 TU of purified protein 
derivative (PPD) 0.1 mL, and 40 colony-forming 
units (cfu)/mL mumps antigen 0.1 mL, delivered 
intradermally on the volar aspect of the left forearm, 
and results of anergy skin testing were read 48 hours 
later. A positive tuberculin test result was defined as 
induration 2.7 mni, nnd n mumps test result was con- 
sidered positive if the induration was 2 2  mm. A 
standardized morbidity hisrory was obtained a t  the 
time of admission. Bacille Calmette-Guirin (BCG) 
immunization is national volicy in Rwanda, and sub- 
jects were not examined for a BCG scar. ~ i r u m  sam- 
ples were obtained upon admission and stored in a 
sample repository at -70°C until analysis. Serum 
vitamin A levels were measured by high performance 
liquid chromatography (HPLC)3 at Johns Hopkins 
Hospital using reference standards from the National 
Institute of Standards and Technology (Gaithersburg, 
MD, USA). CD4+ lymphocyte counts were measured 
by flow cytometry (FACScan, Becton Dickinson 
Immunocytometry, San Jose, CA, USA)4 in the Johns 
Hopkins UniversityLlniversite National de Rwanda 
Prorecherche Laboratory in Butare. 

Student's t-test and Wilcoxon nonparametric tests 
were used for comparisons of continuous data, and 
appropriate variable transformations were made for 
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skewed data. Serum vitamin A levels <1.05 pmol/L Table Characteristics of HIV-infected adults with tuberculosis 

are considered to be consistent with deficiency in and Serum vitamin A levels 

adults.'a4 Categorical analyses were done with ,y2 Serum vitamin A 
~~ ~ .. ... 

analyses and exact tests. Means and standard errors Characteristic n ,(mean * SEM) Pvalue 
are reported for continuous variables. A"D i5 ,0~r< \  

RESULTS 

Serum vitamin A levels were measured in 94 HIV- 
infected adults with tuberculosis (33 women and 61 
men, mean age 31.7 2 6.9 and 34.4 it 8.5, respec- 
tively). Mean serum vitamin A level was 1.38 f 0.61 
overall, and 27  of 94 subjects (29%) had serum vita- 
min A levels consistent with vitamin A deficiency 
(<1.05 pmol/L). The coefficient of variation in serum 
vitamin A measurements by HPLC was 4.5%. The 
frequency distribution of serum vitamin A levels is 
shown in the Figure. The mean CD4+ lymphocyte 
count was 272 f 228, and 31% of adults had CD4+ 
lymphocyte count <200 cells/L. 

The relationships between age, sex, CD4+ count, 
tuberculosis site, and skin anergy testing and serum 
vitamin A levels were examined as shown in the 
Table. These data suggest that lower serum vitamin A 
levels are found among women than men, and among 
those with negative mumps skin testing. Vitamin A 
levels <1.05 pmol/L were found in 37% of subjects 
reporting recent weight loss at admission, compared 
with 14% of subjects who reported no recent weight 
loss (P < 0.02), but there was no significant relation- 
ship between a recent history of diarrhea, fever, o r  
cough with lower serum vitamin A levels. 

DISCUSSION 

This study suggests that vitamin A deficiency is com- 
mon among HIV-infected adults co-infected with 
tuberculosis. To our knowledge, this is the first study 
to examine the prevalence of vitamin A deficiency in 
adults infected with tuberculosis and HIV. Factors 
which may contribute to low serum vitamin A levels 

Serum Vitamin A (wmolll) 

Figure Frequency distribution of serum vitamin A levels 
amona 94 adults with tuberculosis and HIV infection in Butare. 

335 36 1.34 k 0.63 
Sex 

Female 
Male 

CD4+ lymphocyte count 
<200 cells/ L 39 1.41 i 0.70 0.79 
2200 cells/ L 44 1.37 t 0.59 

Tuberculosis site 

PPD skin test 
Positive 
Neaative 

Mumps skin test 
Positive 16 1.74 f 0.72 0.01 
Negative 53 1.32 f 0.57 

SEM = standard error of mean: PPD = purified prole," derivative. 

include poor dietary intake of vitamin A-containing 
foods, malabsorption, diarrhea, liver disease, protein- 
energy malnutrition, zinc deficiency, the acute phase 
response, and abnormal vitamin A losses in the urine 
during infections.3 It is likely that several factors con- 
tribute to the high prevalence of vitamin A deficiency 
in this study population. A limitation of the study is 
that serum vitamin A levels in healthy control adults 
were not measured, however the frequency distribu- 
tion of serum vitamin A levels from other populations 
are available for comparison.'+s 

During the acute phasc response, vitamin A levels 
may drop because of impaired ability of the liver to 
mobilize vitamin A and its carrier protein complex 
which consists of retinol-binding protein and trans- 
thyretin. This has led to concern that serum vitamin A 
levels during infection may not be an accurate reflec- 
tion of hepatic vitamin A stores. However, it should 
be noted that during tuberculosis infection, low 
serum vitamin levels, depleted liver stores of vitamin 
A, and clinical vitamin A deficiency, i.e., nightblind- 
ness, have been described.6.7 In addition, a compari- 
son of the frequency distributions of serum vitamin A 
levels in large population-based studies of HIV- 
infected adults suggests that circulating vitamin A lev- 
els reflect the vitamin A status of popu1ations.s 

The present study suggests that individuals with 
weight loss have significantly lower vitamin A levels. 
Recent weight loss is common in adults with active 
tuberculosis, and the anorexia associated with infec- 

-, 
tion could reduce both protein and vitamin A intake. 
Anergy to mumps antigen was associated with lower 
vitamin A levels and may be related to depressed 
immunity in vitamin A deficiency.' Delayed type 
hypersensitivity reactions have been shown to be 



Vitamin A levels in TB and HIV 773 

which may be related to vitamin A-related upregula- 
tion of lymphocyte andlor Langerhans' cell function.9 

The results of the present study suggest that lower 
vitamin A levels are found in women, as has been pre- 
viously described in larger population-based studies 
elsewhere. It is unclear why women of childbearing 
age are at higher risk for vitamin A deficiency than 
men, however both pregnancy and lactation increase 
the risk of vitamin A deficiency.' Further studies of 
dietary assessment a t  the household level are needed to 
determine whether the gender differences in vitamin 
A status are due to dietary and behavioral factors. 

It is unknown whether vitamin A supplementation 
will reduce mortality in HIV-infected adults. Cod- 
liver oil, one of the richest sources of vitamin A, was 
used for over one hundred years as a main treatment 
for tuberculosis, prior to the development of anti- 
biotic therapy. Tuberculosis is undergoing a global 
resurgence, largely due to the AIDS pandemic, and 
by the year 2000 it is estimated that about 13% of 
HIV-infected individuals will be coinfected with 
tuberculosis.10 In spite of adequate chemotherapy for 
tuberculosis, mortality rates in HW-infected adults in 
developing countries remain extremely high, and 
whether vitamin A supplementation could improve 
clinical outcomes for these individuals is not known. 

Program in AIDS and Epidemiology, the National Insritures of 
Health (HD30042, HD32247), and the United States Agency for 
lnrernarional Developmenr (Cooperarive Agreemenr DAN-0045- 
A-5094-00). 
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Yon n'a pas difini jusqu'ici la dificience en vitamine A 
au cours de la tuberculose et de I'infection par le virus de 
I'immunodificience humaine (VIH). Nous avons meni 
une etude transversale chez des adultes infectis par le 
VIH et atteints de tuberculose i Butare, Rwanda. Les 
niveaux de vitamine A serique itaient compatibles avec 
une dificience (<1,05 pmoVL) chez 29% des sujets. Les 
niveaux moyens de vitamine A sirique Ctaient de 1,22 i 

No es bien conocida la deficiencia de la vitamina A en la 
tuberculosis y en la infecci6n por el virus VIH. Se efectu6 
un estudio transversal en pacientes con tuberculosis e 
infectados por el VIH en Butare, Ruanda. El 29% de 10s 
enfermos tenian niveles siricos de vitamina A compati- 
bles con una deficiencia (<1,05 pmol/L). Las mujeres 
presentaron un nivel promedio de vitamina A de 1,22 ? 

R ~ S U M ~  

0,45 chez les femmes et de 1,47 + 0,68 chez les hommes 
(P < 0,07). Des niveaux de vitamine A allant de pair 
avecune dificience se retrouvent chez 37% des sujets avec 
perte de poids ricente (contre 14% chez les sujets sans 
perte de poids ricente : P < 0,02). Cette Qude suggire 
que la dificience en vitamine A est courante chez les 
adultes atteints de tuberculose et d'infection par le VIH 
au Rwanda. 

R E S U M E N  

0,45 y 10s hombres un nivel de 1,47 k 0,68 (P  < 0,07). El 
37% de 10s pacientes con una reciente pirdida de peso 
tenian niveles de vitamina A deficientes, comparados 
con el 14% que no habian perdido peso (P  < 0,02). Este 
estudio sugiere que la deficiencia de vitamina A es 
comun en 10s adultos con tuberculosis e infeccion por 
VIH en Ruanda. 



Vitamin A Supplementation and Human Immunodeficiency Virus Load in 
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The use of vitamin A therapy during human immunodeficiency virus (HIV) infection is under 
clinical investigation, and vitamin A could potentially modulate HIV replication because the virus 
genome contains a retinoic acid response element. A randomized, double-masked, placebo-controlled 
clinical trial was conducted to determine the impact of single high-dose vitamin A supplementation, 
60-1116 retinol equivalent (200,OM) IU), on HIV load and CD4 lymphocyte count. HIV-infected 
injection drug users (120) were randomly allocated to receive vitamin A or placebo. Plasma vitamin 
A level, CD4 lymphocyte count, and HIV load were measured at baseline and 2 and 4 weeks after 
treatment. Vitamin A supplementation had no significant impact on HIV load or CD4 lymphocyte 
count at 2 and 4 weeks after treatment. Thii study suggests that high-dose vitamin A supplementa- 
tion does not influence HIV load. 

Micronutrient deficiencies and wasting are common during 
human immunodeficiency virus (HIV) infection [I, 21. Low 
intake of some micronutrients, such as vitamin A, has been 
associated with increased progression to AIDS [3]. Vitamin A 
and its active metabolites are necessary for normal T and B cell 
function, macrophage function, antibody responses to protein 
antigens, and maintenance of respiratory and gastrointestinal 
mucosal integrity [4, 51. Epidemiologic studies suggest that 
low serum or plasma vitamin A level is an independent risk 
factor for mortality during HIV infection [6, 71 and that low 
vitamin A levels during pregnancy may contribute to increased 
mother-to-child transmission of HIV [8]. Among HIV-infected 
lactating women in Kenya, low vitam~n A levels have been 
linked to higher HIV loads in breast milk, suggesting that 
maternal vitamin A status may influence HIV transmission 
through breast-feeding (91. These epidemiologic studies sug- 
gest a potentlal role of vitamin A supplementation in improving 
clinical outcome during HiV infection. Two recent clinical 
trials of vitamin A sunplementation in HIV-infected children 
suggest that vitamin A reduces infectious disease morbidity 
[lo] and increases circulating NK and CD4 cell counts [I I]. 

The active metabolite of vitamin A, all-trans retinoic acid, 
regulates gene expression via nuclear receptors known as reti- 
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noic acid receptors (RAR) and retinoid-X receptors (RXR) 
[12]. All-trans retinoic acid is a ligand for RAR, whereas 
9 4 s  retinoic acid is a ligand for both RXR and RAR. RAR and 
RXR form heterodimers or homodimers and bind to specific 
sequences on DNA that are known as retinoic acid response 
elements (RARE) or retinoid-X response elements. Vitamin D, 
and thyroid hormone receptors may also form heterodimers 
with RXR. Many human genes are known to contain RARE, 
and this regulation of gene expression may explain the potent 
effects of vitamin A on immunity and other biologic functions. 
The long terminal repeat of retroviruses contains a RARE, and 
in vitro studies have suggested that all-!rum retinoic acid may 
either increase or decrease HIV replication, depending on the 
cell line and culture conditions [13-161. Although low serum 
or plasma vitamin A levels have been associated with adverse 
clinical outcome during HIV infection, the effect of high-dose 
vitamin A supplementation on circulating HIV load is un- 
known. We conducted a randomized, double-masked, placebo- 
controlled clinical trial of high-dose vitamin A supplementation 
for HIV-infected adults. 

Materials and Methods 

Studypopululion. The study population consisted of HIV-sero- 
positive injection drug users that were being followed in a longitu- 
dinal study of HIV infection (the AIDS Linked to intravenous 
Experiences [ALIVE] study) in Baltimore. The ALIVE study pani- 
cipants were recruited through extensive community outreach [I'll, 
and the cohort includes 630 HlV-seropositive adults. Panicipants 
in the ALIVE study are seen every 6 months in a community- 
based study clinic; a history is taken and a physical examination, 
complete blood cell count, and T cell subset studies are done at 
each visit. A consecutive sample of adults from the ALIVE study 
was seen during their regular semiannual visits, and members were 
offered the opportunity to participate in the clinical trial of vitamin 
A supplementation. 
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Study design. The study was a randomized, double-masked, 
placebo-controlled clinical trial of a single dose of oral vitamin 
A, 60-mg retinol equivalent (RE) (200,000 IU). The vitamin A 
dose of 60-mg RE was chosen because it is widely used in devel- 
oping countries for periodic supplementation of preschool children 
and for single-dose supplementation for lactating women. There 
are no other existing recommendations for the use of high-dose 
vitamin A, 60 mg RE, in adults. Eligibility criteria included age 
3 1 8  years, seropositivity for HIV by ELISA and Westem blot, 
not currently taking >10,000 IU daily of vitamin A supplements, 
and a CD4 lymphocyte count of 1 5 0 0  cellsIpL on the previous 
ALIVE study visit (6 months prior). Women were excluded if they 
were pregnant or had a positive urine pregnancy test for human 
chorionic gonadotropin. Subjects were requested not to take vita- 
min A supplements or other supplements containing vitamin A 
during the study. 

The participants were asked about current and past use of any 
medications and vitamin supplements. A morbidity history of the 
last 6 months and the last 7 days, including symptoms, clinic 
visits, and hospitalizations, was obtained at the baseline visit. The 
subjects were sequentially given a clinical trial study number. Each 
study number was previously assigned to either vitamin or placebo 
allocation, using a random number table in blocks of 10. Each 
subject received an envelope, which was labeled on the outside 
with the study number, containing one capsule. The vitamin A and 
placebo capsules were identical in appearance, smell, and taste 
(Task Force Sight and Life, Basel, Switzerland). The subjects took 
the capsule directly under the observation of an investigator. A 
blood sample for measurement of plasma vitamin A level, T cell 
subsets, and HIV RNA virus load was obtained at baseline and 2 
and 4 weeks after enrollment in the clinical trial. 

Laborarory methods. Antibody to HIV type 1 was measured 
using an EIA (Genetic Systems, Seattle) with Westem blot (Du- 
Pont NEN, Wilmington, DE) for confirmation. A complete blood 
cell count with differential was done using an automated cell 
counter (SmithKline, King of Prussia, PA). T cell subset studies 
were done by use of flow cytometry on fresh specimens as de- 
scribed [IS]. Plasma retinol levels were measured using high- 
performance liquid chromatography as described elsewhere [6]. 
Vitamin A reference standards from the National Institute of Stan- 
dards and Technology (Gaithenburg, MD) and pooled vitamin A 
reference standards were run with study samples to monitor accu- 
racy. All plasma samples were stored at -70°C prior to testing. 
HIV-I RNA virus load was measured using a commercially avail- 
able bDNA kit, which has a quanitification limit of 10,000 
copieYmL (Chiron, Emeryville, Ca). 

Sfurisficol analysis. The sample size of 60 per study arm was 
chosen on the basis of (1 -0) = .SO. a = .05, and a two-sided test 
to detect a 30% change in CD4 lymphocyte count [I I] given a known 
background mean CD4 lymphocyte count of 275 (SD = 160) in 
this s u b p u p  of the ALNE cohort. Basic descriptive statistics were 
performed on demographic and laboratory variables for the entire 
study population and for each treatment group, separately at each 
of the three visits. Preliminary group comparisons were done using 
Wilcoxon's rank sum test for continuous outcomes (e.g., CD4 lym- 
phocyte counts) or Fisher's exact test for dichotomous outcomes (e.g., 
use of antiretroviral therapy-yeslno). 

The preliminary comparisons were done at each visit, separately, 
with the understanding that in the setting of multiple comparisons 

an alpha level of 4 3  = 0.0167 should be used as the significance 
level. The group comparisons done at baseline were done to evalu- 
ate the.effectiveness of randomization and to identify potential 
confounders for which to cotItr0l in the final analysis. When com- 
paring virus load levels between the treatment groups, linear re- 
gression models were used to adjust for potential confounders, 
such as baseline CD4 lymphocyte count and plasma vitamin A 
levels. Spearman's correlation coefficients were also calculated to 
assess the degree of association between two continuous variables 
(e.g., plasma vitamin A levels and vims load levels). 

The effect of vitamin A therapy on plasma vitamin A levels 
was examined using a paired f test to compare plasma vitamin A 
levels before and after (2 and 4 weeks) treatment. An alpha level 
of a12 = ,025 was used as a level of significance. Linear regression 
techniques were also applied to compare the posttreatment vitamin 
A levels of the treatment and control groups while controlling for 
baseline vitamin A levels. The vitamin A levels 2 weeks after 
baseline were compared to examine immediate differences, and 
the average of the vitamin A levels at 2 and 4 weeks were compared 
between the treatment groups to examine more sustained differ- 
ences. 

A mixed model [I91 was used to determine whether vitamin 
A therapy alters H N  load, while controlling for time-dependent 
confounders, such as CD4 lymphocyte count and vitamin A levels 
and accounting for the correlation between repeated measures. 
The baseline HIV load was considered as a confounder, and the 
multivariate vector of outcomes consisted of the follow-up virus 
load. This implies that only one parameter was needed to model 
the within-subject correlation between the two follow-up HIV load 
measures, and the correlation coefficient was assumed to be com- 
mon across all subjects. The normality of HIV load was improved 
after a log transformation. The generalized estimating equations 
(GEE) approach [20] was also used to test the robustness of this 
method in regard to the multivariate normality assumption, and 
the results were equivalent. Only the mixed model results are 
presented for clarity. The statistical software package SAS 1211 
was used for all analyses. 

Results 

Of 120 subjects enrolled in the clinical trial, 113 (94.2%) 
returned for the 2-week visit and 110 (91.7%) returned for the 
4-week visit, with a similar follow-up rate in the 2 treatment 
groups. The demographic characteristics o f  the participants at 
baseline are presented in table I .  The subjects included 89 
men, 117 blacks and 3 whites, and 53 subjects previously 
diagnosed as having AIDS [22]. The average age of the partici- j 

pants was 38.2 years. There were no significant baseline differ- 
ences between treatment groups in regard to age, sex, plasma 
vitamin A level, HIV load, CD4 lymphocyte count, self-re- 
ported morbidity, or use of multivitamins. Two and 4 weeks 
after enrollment, there were no differences between the treat- 
ment groups in the use of antiretroviral therapy or other medica- 
tions (data not shown). At the time of the study, zidowdine, 
dideoxyinosine, and dideoxycytidine were the only antiretrovi- 
ral medications in use in this study population. 
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Table 1. Baseline characteristics of HIV-infected iniection drug users in 2 treatment groups. 

Treatment soups 

Vitamin A Placebo 
Characteristic (n = 60) (n = 60) P* 

Age (yean) 38 (34-42) 38 (34.5-43) ,544 
Sex (maleifemale) 43/17 46/13 ,677 
AIDS diagnosis 29 (48%) 24 (40%) ,462 
Plasma vitamin A 

Mean (gmoiR) 1.61 (1.15-1.88) 1.37 (1.09-1.63) ,083 
% <1.05 g m o K  10 (19%) 12 (23%) ,811 

HIV load (copics/mL) 13,192 (8233-25.089) 15,776 (10,576-29.538) ,141 
Log HIV load' 9.49 (9.02- 10.13) 9.67 (9.27-10.29) ,141 
CD3 lymphwyte count (celldgL) 1142 (834-1590) 1103 (768-1330) ,301 
CD4 lymphocyte count (celldgL) 296 (190-420) 259 (136-327) ,103 
CD8 lymphocyte count (cells/gL) 786 (586-11 14) 727 (550-1039) ,600 
CD4% 18.5 (12-24.5) 17.5 (12-22.5) ,313 
Body mass index (weighfieighq 21.1 (20.0-23.4) 21.6 (19.3-24.0) ,933 
Hemoglobin (a) 13.3 (12.4-15.5) 13.2 (1 1.6-14.3) ,231 
Current medication use 

Anti-retmviral' 30 (50%) 25 (43%) ,453 
Multivitamins 18 (31%) 23 (38%) ,442 

NOTE Data are mcdm (~ncrqu~nl lc  range), or n too )  
Fjsner's cxacr rcrr for caregoneal vlnnblcs or W~lcoxon nnk  rum lcrr for conr~nuous vanlblcs 

' Kalur~l log of HIV l o ~ d  [log~cop~evml,] 
:Two subjecu missing mcdieation information at baseline. 

Plasma vitamin A level in the 2 treatment groups at baseline 
and follow-up are shown in figure 1. As determined by use of 
a nonparametric t test, the plasma vitamin A levels were similar 
in the 2 groups at baseline and at the two follow-up visits. At 
visit two, the plasma vitamin A levels for the 2 treatment groups 
were compared, while controlling for the baseline vitamin A 
level using linear regression, and no treatment effect was noted 
(P  = .06). However, when a similar linear regression model 
was applied on the average of vitamin A levels at visits two 
and three, while controlling for baseline vitamin A level, we 
found a significant treatment effect at follow-up ( P  = .01). 

I 
Baselins 2 Weeks 4 Weeks 

Visits 

Figure 1. Mean plasma vitamin A levels in 2 treatment groups of 
HIV-infected injection drug users at baseline and follow-up. 0, vita- 
min A; 0, placebo. Bars indicate 95% confidence intervals. 

In addition, when we compared the baseline visit to the 
follow-up visits for assessing a change in plasma vitamin A 
level in the treatment group, there was no difference at visit 
two (P  = 3 8 )  or visit three relative to baseline (P  = .lo). In 
contrast, there was a decrease in plasma vitamin A levels of 
-.012 pmol1L from baseline to visit two (P  = .04) and of 
-.013 p m o K  from visit two to visit three (P  = .01) in the 
placebo group. The results suggest that the vitamin A level of 
the treatment group remained fairly stable from baseline to the 
follow-up visits, whereas those of the placebo group decreased. 
The linear slopes in vitamin A levels over the three visits also 
significantly declined in the placebo group (P  = .01) but not 
in the treatment group (P  = .07). 

Circulating HIV load in the 2 treatment groups at baseline 
and follow-up is shown in figure 2. Log HIV load was similar 
for treatment groups at baseline (P = .14) and at the two 
follow-up visits (P  = .17). We applied a linear regression 
model to assess the randomization with respect to HIV virus 
load at baseline, while controlling for baseline CD4 lymphocyte 
count and baseline vitamin A level. In the linear regression 
model, the baseline CD4 lymphocyte count was associated 
with baseline HIV load (P = ,0001). There was a borderline 
relationship between baseline HIV load and baseline vitamin 
A level (P  = .053) but no relationship to treatment allocation 
(P  = .65). 

CD4 lymphocyte counts in the 2 treatment groups at baseline 
and follow-up are shown in figure 3. There were no differences 
in CD4 lymphocyte count at baseline (P  = .lo), the second 
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9.0 1 ' 1 
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Figure 2. Mean natural log HIV RNA virus load [log.(copies/mL)] 
in 2 treatment groups of HN-infected injection drug users at baseline 
and follow-up. e, vitamin A; 0, placebo. Ban indicate 95% confi- 
dence intervals. 

visit (P = .76), or the third visit (P = .17) between the 2 
groups. This clinical trial was conducted within the context of 
the ALIVE study, and information on AIDS diagnosis and T 
cell subsets was available both before and after the hial. Be- 
cause of concern that vitamin A may not influence T cell 
subsets in subjects with failed T cell homeostasis and with 
AIDS [23], we excluded subjects who were diagnosed with 
AIDS either prior to baseline or within 2 years of baseline for 
the clinical trial; no effect of treatment on CD4 lymphocyte 
count was noted (data not shown). In addition, vitamin A sup- 
plementation did not have a significant effect on CD3, CD4, 
or CD8 lymphocyte counts at the next ALIVE study visit 6- 
9 months later (data not shown). 

At baseline, hemoglobin levels were similar between the 2 
treatment groups. There were no significant changes in hemo- 
globin levels in either group from baseline to the follow-up 
visits. It has been suggested that plasma vitamin A levels may 
be correlated with CD4 lymphocyte counts and hemoglobin 

I 
200 1 ' I ( 

Baseline 2 Weeks 4 Weeks 

Visits 

Figure 3. Mean CD4 lymphocyte count in 2 treatment groups of 
HIV-infected injection dmg users at baseline and follow-up. vitamin 
A; 0, placebo. Ban indicate 95% confidence intervals. 

Table 2. Final linear regression model for effect of vitamin A sup- 
plementation on log HIV load. 

Parameter 
Variable estimate* SE P 

Baseline plasma vitamin A (~rmoLiL) -0.0040 0.0027 ,1367 
Baseline CD4 lymphocyte count 

(cells/~rL) 0.3557 x lo-' 0.0003 ,9188 
Baseline HIV load (log copiedmL)' 0.7693 0.0619 .0001 
Current CD4 lymphocyte count 

(celldpL) -0.7604 X lo-' 0.0003 ,0309 
Vitamin A supplement 0.0045 0.0862 ,9584 

NOTE. Mixed linear regression model was obrained via procedure mixed 
in SAS [21]. 

'Maximum likelihood parameter estimates. 
'Natural log of HIV virus load [lo~(eopieolmL)]. 

levels, given the role that vitamin A plays in both lympbopoie- 
sis and hematopoiesis [4, 51. No significant correlations were 
noted between plasma vitamin A level and CD4 lymphocyte 
count at any of the visits (P > .15). We estimated negative 
correlations between plasma vitamin A level and HIV load at 
each visit; however, no correlation estimates were significant. 
Thc strongest correlation cocfficicnt wns cstimntcd at visit one 
( p  = -0.19, P = .058). Plasma vitamin A levels were posi- 
tively correlated with hemoglobin levels at each of the three 
visits, ranging in estimate from 0.33 to 0.42 (P < .001). 

The final mixed model shown in table 2 presents the effect 
of treatment, baseline CD4 lymphocyte count, baseline plasma 
vitamin A level, baseline HIV load, and the time-dependent 
CD4 lymphocyte count on HIV load. It appears that only base- 
line HIV load and current time-dependent CD4 lymphocyte 
count influence the level of HIV load. The treatment effect 
was not significant (0 =.004, P = .96). When subjects with a 
prior AIDS diagnosis were excluded, the mixed model results 
in table 2 did not change. 

Because most subjects in this trial had vitamin A levels in 
the normal range at baseline, an analysis was done to determine 
whether a treatment effect occurred among those who had low 
vitamin A levels. Comparisons within the group of 22 subjects 
who at, baseline had vitamin A levels consistent with deficiency 
(plasma vitamin A <1.05 pmol/L) showed no significant in- 
crease in plasma vitamin A level after supplementation. A 
linear regression analysis using the GEE model showed no 
treatment effect on HIV load while controlling for virus load, 
vitamin A level, and CD4 lymphocyte count at baseline. 

Discussion 

The present study is limited in that only 22 of the HIV- 
infected adults in this study had plasma vitamin A levels at 
baseline that were consistent with deficiency. Thus, high-dose 
vitamin A supplementation was used in a population in which 
only a quarter of the subjects had low plasma vitamin A levels. 
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The decreased plasma vitamin A levels in this population of 
injection drug users may reflect an inadequate intake of vitamin 
A-containing foods [24], fat malabsorption (which lowers ab- 
sorption of fat-soluble vitamins) [25], and abnormal urinary 
losses of vitamin A during HIV infection [26]. Circulating 
vitamin A levels may be subject to autoregulation in individuals 
who have adequate liver vitamin A stores [27], and this may 
explain why plasma vitamin A levels did not increase in the 
treatment group at 2 and 4 weeks following supplementation. 
Other factors that may limit the release of vitamin A from the 

I liver include zinc deficiency and protein energy malnutrition; 
however, body mass index, an indicator of protein energy sta- 
tus, was >20, or in the "ideal" range [28] for >75% of the 
subjects. The study suggests, however, that vitamin A supple- 
mentation provided some protection against a decline in plasma 
vitamin A levels, which has been described during HIV infec- 
tion [6]. 

This study suggests that one high dose of 60-mg RE vitamin 
A orally does not lower virus load levels in adults, and a 
stratified analysis suggests that there was no influence.on HIV 
load among those with vitamin A levels 11.05 pmoliL. The 
single dose of 60-mg RE vitamin A may have been insufficient 
to have an effect on virus load or CD4 lymphocyte count. 
Two doses of 60-mg RE vitamin A on consecutive days are 
recommended to treat acute measles in children 1291, and a 
single dose of 90-mg RE vitamin A has been used in lactating 
women [30]. It is unknown whether similar, higher single doses 
or multiple doses of vitamin A might have an effect on virus 
load or CD4 lymphocyte counts. It is possible that there may 
have been a change in v i ~ s  load immediately after dosing with 
vitamin A; however, this study did not measure virus load 
within the first few days of dosing. 

During HIV infection, vitamin A levels <1.05 p m o n  have 
been associated with lower CD4 cell counts [31, 321. Possible 
explanations for the association between low CD4 lymphocyte 
counts and low vitamin A levels may be the poorer nutritional 
status that sometimes accompanies more advanced HIV dis- 
ease, the impairment of lymphopoiesis by lack of vitamin A, 
or both. However, we did not see a significant direct correlation 
between plasma vitamin A and CD4 lymphocyte counts in the 
present study. A clinical trial conducted among HIV-infected 
children suggests that vitamin A supplementation increases cir- 
culating NK and CD4 lymphocyte counts dramatically follow- 
ing two daily sequential doses of 60-mg RE vitamin A [I  I]. 

Low vitamin A levels in HIV-infected women have been 
associated with higher HIV load in breast milk [9], which might 
panially explain the association between low maternal vitamin 
A levels and increased mother-to-child transmission of HIV 
[a]. It has been suggested that vitamin A supplementation of 
lactating women may reduce HIV load in breast milk and thus 
mother-to-child transmission of HIV. The present study shows 
that a single high-dose vitamin A supplementation has no effect 
on circulating HIV load 2 and 4 weeks after dosing. There are 
other biologic mechanisms by which vitamin A supplementa- 

tion may potentially reduce mother-to-child transmission of 
HIV, such as by reducing chorioamnionitis during late preg- 
nancy or by supplying the fetus with sufficient vitamin A for 
normal immune development. Four clinical trials involving 
>3000 HIV-infected pregnant women are currently in progress 
to determine whether antenatal vitamin A supplementation can 
reduce mother-to-child transmission of HIV [33]. The present 
study suggests vitamin A is unlikely to increase or decrease 
HIV load, but other potential mechanisms still exist by which 
vitamin A could have a beneficial effect in these trials. 
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Table 1. HIV seroprevalence among women of reproductive age. 

Total HIV-~nicctcd ('A,) OR (95% CII 

Parturientr 
Women with ectopic pregnancy 
Women undercoinc elective abortion 
Women with GonGneous abortion 
Ptn innalienis ,~ ~. . ~. 
PID outpatients 119 4.2 1.86 i0.664.82i 
OR, Odds ratio; CI, confidence interval; PID, pelvic inflammatory disease. 

for differences in age or  cthnicity using data abstracted A.C. Duerr, S.V. Brockmann*, C.T. Cesnik-Barbosa and 

fro,,, nlcdical afi>cted for tllc M.A. Macarael', Centers ior Disease Control and Prevention. 
Albnta, CA 3034 1, 'Depp?rtmenl o i  Community Medicine, and 

groups examined. 'Departmenl oi Communily Medicine, State University o l  New 
York a1 Brooklyn, New York, USA. 

Althoug11 limited by slllall sample size, thcsc data illus- 
trate points. women witll were more 0'7" 01're~.eipt: 23 Seprm~ber 1997; accepted: 25 Seplember 

1997. 
likely than parturients to be HIV-positive (statistically 
significant for inpatients only). TI& finding supports 
t h e  r eco t i~ t r~enda t io t l  o f  tile Cen te r s  fo r  Disease 
Control  and I'revcntion that wonlcn with I'ID be 
offered HIV counsclit~g and testing 151. HIV scroprcva- 
lence anlong women with ectopic pregnancy, clcctivr 
or  spontaneous obortiolls was vcty sin~ilar to scroprcv:l- 
l cncc  an long  par tur icnts .  T h e  comparabi l i ty  o f  
observed seroprcvalcncc ratcs among all womcn who 
cotlccivcd suggcse that data from survcys o f  parturients 
may be  an appropriate surrogate for HIV prcvalctice 
among most women of reproductive age from the same 
population. However, extrapolation frotn survcys of 
parturietits may underestimate rates in some popula- 
t ions,  for cxnmplc,  those wi th  large numbers  o f  
'high-nsk' women, such as ['ID patients. 
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Maternal serum lactoferrin and vertical transmission of HIV 
Lactofcrrin is an iron-binding glycoprotcin which is an second or  third trilncstcr of pregnancy. l~ifant HIV sta- 
important component  o f  non-specific immunity to tus was detcrnlined at 12 ~nontlis o f  age. 13etails of this 
bacteria, fungi and viruses [ I ] .  Hunlan milk, blood, cohort have bccn described elscwhcrc 141. Uricfly, 
sweat, tears and gastrointestinal secretions contain human scruttl lactofcrrin levels wcrc n~casured by a 
lactofcrrin, which is produced by botli exocrine glands sandwich enzyme-linked itnlnunosorbcnt assay using 
and ncutrophils. Lactofcrrin is a potent inhibitor o f  plates coated wi th  rabbit a n t i - h u n ~ a n  lactofcrrin 
HIV replicatiol~ ;,I t,itrc~ 1 1 ) .  and circnlatit1g lactofcrrin (Organo~t Tcknika, Ilorhant, North Carolina, USA), 
levels are  decreased in HIV-infcctcd adults  [ I ] .  dilutions of hitnlan sera, pcrosidnse-cot~jugntcd rabbit 
Although tlicrc arc nlany studies to suggest that lacto- immunoglobuli t~ G to human lactoferrin (Organon 
fcrrin has potcllt it~~munological cffccts agilinsr l>~ctcria T c k n i k a ) .  I I  substrate deve lopment  w i t h  
and viruscs ill tjirn> [2,31. tlic clinical significance of cir- cr-plicnylct~ediaini~lr dihydrochloride. Absorbat~ces 
culating lactofcrrin lcvcls is unclear. w~ , rc  rc;~d ;IT 490 nnt with wavelength correction at 

030 nnt. I'ut-iticd Iiulnlt~ iartofcr~.ill (Organon Tcknika) 
Wc. csntl~incd tllc rclntiot~sl~ip hctwccn t::arcrnal scruni ,b.:ts llscd As to estimate tllc anlount of scrunl 
lactofcrritl icvcls and vertical transmission of HIV in n Iacroferrill. 
non-concurrent, prospective cohor t  study o f  507 
HIV-infected mot l~c r s  and their infants in Malawi. Of 567 HIV-infected mothcrs, an adcclilatc serum sam- 
M:~tcrt~al age, body mass index, C114 cell percentage, ple h r  scruni IacroCrrin mcasurcmcnt was available in 
attd zcr11111 lnctnicrt-ill lcvcls were nlc;lsurcd dul. in~ the 4411 I I I ~ ~ I I ~ I Y  (203 1110tllcrs W I I O  did not transnlit HIV 
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Fig. 1. Vertical transmission of HIV by quartile of maternal 
serum lactoferrin level (Mantel-Haenzsel x2 = 0.01 9). 

to their infants, 7 4  mothers who trans~nittcd HIV to 
their  infants, and 103  mothers whose infants died 
bcforc 12 months). Amongst all the wolilcn, lilean 
serunl lactoferrin level was 1.98 pg/ml. Mean serum 
lactofern'n lcvcl was I.50 f 0.13 ps/ml in morhcrc with 
H1V-infected infants aud 2.01 kO.09 pg/ni1 in ~ l ~ o t l ~ c r s  
with uiiinfected infants ( P  < 0.001). Fro111 lowest to 
highcst quartilc of lactoferrin level, vertical transmission 
rates of HIV were 28.6, 24.7, 22.9 and 12.1'%>, respec- 
tivcly ( P  = 0.010; Fig. 1). 

111 order  to compare t11e effects o f  maternal serum 
Iactofcrrin, body mass indcs, age, and C D 4  cell pcr- 
ccntage as cofactors for vertical transmission o f  HIV, 
we  fit a multivariate logistic rcgcssion n~odc l  in which 
the populntion SD for each variable was used 'as the 
unit o f  change. In this multivarintc logistic rcgrcssion 
~nodcl,  n~atcrnal age (per 5.6 year incrcasc), body mass 
index (per 3.0 kg/m2 incrcnsc), C D 4  cell pcrcclitagc 
(per 10.9% increase), and serum lactoferrin (per 1.56 
pg/nll incrcasc) had odds ratios o f  1.20 [95'%, confi- 
dence  intervals (CI ) ,  0.77-1.85]. 1.07 (95'%1 C1. 
0.71-1.61), 0.58 (95% C1, 0.33-1.02). and 0.51 ('15% 
CI,  O.?(r1.01), respcctivcly, for vertical transmission of 
HIV. 

This study suggcsts that mean serum lactofcrrin lcvcls 
in HIV-infected pregnant women in Malawi arc about 
2 pg/1111, which is onc-third to onc-lialf lowcr than the 
mean Iactoferrin lcvels of 3-4 pg/ml that 11avc llas bee11 
rcportcd i l l  licnltlly adults in i~~dustrializcd c o i t ~ ~ t ~ - i c s  
13.51. Serum lactofcrrin is Iargcly dcrivcd from gmnulo- 
cytcs, but ncutropcnia docs not ncccssarily correlate 
well wit11 circulnting 1;lctofcrrin lcvcls 121. 111 HIV- 
ncgxivc individuals, clcvatcd circitlating Iactofcrrir~ Icv- 
cls arc found during bacterial i n f c c t i o ~ ~ s  [.5,6j, and 
p l a s n ~ ; ~  1:1ctokrri11 lcvcis and o t l ~ c r  111:trkcr.; of ncu- 
tropllil activatio11 llavc been rcportcd to illcrease during 

prcgllancy 171. 111 contrast, lowcr lcvcls o f  circul;~ting 
I:ictofcrrin have  been  descr ibed i l l  s y ~ n p t o r n : ~ t i c  
HIV-infected adults compared with asymptomatic 
adults and HIV-negative controls [2]. 

Low levels of circulating lactofcrrin appcnr to be associ- 
ated with increased 1not11cr-to-child transmissio~l o f  
HIV in this population. 111 virm studies suggest that 
Iactofcrrin is n potent inhibitor o f  HIV replication [ I ] ,  
and deficiency of Iactoferrin production in Iiumans is 
associated with recurrcnt bacterial infections 181. T h e  
granules o f  ncutropliilic granulocytes contain high con- 
centrations o f  lactofcrrin, and it 11as bccn hypothcsizcd 
that ncutropliil activation and increased circulating 
lactoferrin levels co~nprise a nornlal immune defense 
mechanism during a l~ealthy pregnancy 171. It is unclear 
why serum Iactoferrin lcvels arc low in this population 
o f  H1V-infected pregnant women, but possible expla- 
nations include bone-marrow suppression o r  autoim- . . 
rnitnc dysfunction ill HIV infection. Anti-lactofcrri~~ 
antibodies have bccn rcportcd to occur in over 60%) of 
HIV-infected adults, and these antibodies may trap 
lactoferrin i n  circulating i m m u n e  complexes and 
prevent its biological activity [2,9]. Further studies are 
ncodcd to confirm thcsc findings and to clucidatc 
tlic potential role o f  circulating lactoferrin in HIV 
infection. 
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PATIENTS AND METHODS 
. . . .  ., 

The patients in this study were a consecutive subset 
consisting of two thirds of the patients enrolled in 
the Malaria Research Project at the Queen Elizabeth 
Central Hospital in Blantyre during 1992 and 1993. 
as pan ofa multicenter trial comparinganemeter with 
quinine in the treatment of cerebral malaria. Inclu-' 
sion criteria and clinical assessments have been de- 
scribed elsewhere.' Permission for this study was 
granted by the Health Science Research Committee 
of Malawi and children were enrolled only alter in- 

: formed consent was given by the child's guardian. . , .  . . . 
Briefly, children were admitted if they had Pfalcipa-. . . 

' ' rum malaria on blood smear. had a coma score of at 
least 2 on the Blantyre ~oma.Scale, and had no other I cause olillness identified on clinical or laboratolvas- I 
sessment, which included culture of blood and ce- . rebrospinal fluid. The examination on hospital ad- 
mission included examination of the external eye by 
~enl ieht  and funduscooic inspection (after pupil- 

- - 
performance llquld chromatography " V~tamln A rcf- 
erence standards from rhc Nauonal insututc of 1 
Standards and Technology, Gaithersburg. Md, and 
pooled vitamin A reference standards were run with 
the study samples to monitor accuracy. 

I iary dzation) by indirect bphthaimoscopy by one oph- 
thalmoloeist (S.L.): results were recorded on a stan- - . ~. 
dard form. Conjunctival impression cytology was I performed on hospital admission accordine to Dre- - .  
vlously described ~cthods." Briefly. vacuum p u m p  
held precut filter paper ctrcles wereapplted to fhc ~ c m -  

each eye, placdimmediately in 
with periodic acid-Schiff re- 

ngcnt nnd Hams hcmn~oxylin. then read in n masl<c~l 
fashion by 2 tralned observers (S.L. and P.C.) and 
graded (based on the presence of goblet cells) as nor- 
mal. abnormal, or unreadable. Problems with purity . . 
of reagents necessitated restaining ola number of conr 
junclival impression cytology samples. Plasma samples 

. wcre collcctcd at 24 hours after hospital admission 
and frozen at -20°C. Samples were transported after 

' ' : several months via liquid nitrogen dry shipper to 
" 

Baltimore. Md, where one investigator (R.S.) mea- 
; sured vitamin A in a masked fashion usine hizh- 

ing the vitamin A status of popula t ions~ its usefulness 
in individual patients has been questioned.1° 

We studied both serum vitamin A levels and con- 
junctival impression cytology results in the context of de- 
tailed clinical and ophthalmologic assessments in chil- 
dren with cerebral malaria enrolled in the Malana Research 
Project in Blantyre, Malawi, in 1993 and 1994, and pre- 
sent an  analysis of the findings. 

We performed retinal examinations and conjunctival im- 
pression cytology on 101 children. Fifty-six of these were 
consecutive admissions and had serum samples avail- 
able for vitamin A measurement. 

Fisure 1. A severe case showing midperipheral whitening that is confiuent in 
some areas, resembling commotio retinae. 

'Odds ratioz2.77 (95% GI, 1.06-7.3), P<.05. 
tPC.01. 
$Odds ratio=1.36 (95% GI, 0.29-6.04). 

Thirty-five (35%) of the children had retinal whit- 
en ing . ln l5  the whitening was confined to the macula, 
in 3 it was extramacular only, and in 1 7  there was both 
macular and extramacular whitening. 

Serum vitamin A concentrations ranged from 0.06 
to 0.84 pmolR,with a meantSD of 0.37+.0.15 p m o k a n d  
a median of 0.36 p m o k .  Conjunctival impression cy- 
tology results were normal in 65 children, abnormal in 
33, and unreadable in 3. 

Patients with retinal whitening had a mean+.SD 
serum vitamin A concentration of 0.29+.0.11 pmoVL, 
whi le  chi ldren wi thou t  re t inal  whi t en ing  h a d  a 
meantSD serum vitamin A level'of 0.41t0.16 pmoVL 
(P=.002) (Table). Children with retinal whitening 
were 2.77 (95% C1, 1.06-7.3) times as likely to have an 
abnormal conjunctival impression cytology result as 
children without retinal whitening. There was no asso- 
ciation between serum vitamin A levels or conjunctival 
impression cytology results and papilloedema or retinal 
hemorrhages. 

The meandD serum vitamin A level in childrenwith 
abnormal conjunctival impression cytology results was 
0.34i0.14 p m o K  compared with 0.40+0.16 pmoVL in 
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'. ! I __ 
i 

i children with a normal conjunctival impression cytol- 
I i 
1. .' 

ogy result (nonsignificant). 

j There was no association between outcome (death) 
I 

. :  
and serum vitamin A concentration. Nine (27%) chil- 

i 1 
; # . .  drenwithabnormal conjunctival impression cytologyre- 
!, . , .  sults and 13 children (20%) with normal conjunctival im- 
11 

/I pression cytology results died (nonsignificant). 

; !  
t i  ' We have demonstrated an association between 2 differ- 

ery, and most pronounced alongvessels. The typical whit- 
ening we see in cerebral malaria is indeed a patchy mo- 
saic (though not punctate), it is frequently most prominent 
along vessels, and it is deep in the retina (Figure 2). It 
is often present in the midperiphery but may also or ex- 
clusively involve the macula. This last characteristic dif- 
fers from reports of vitamin A deficiency retinopathy, 
which is described as always occuning outside the tem- 
poral vascular arcade.'J3 We have noted that when the 
macula is affected in cerebral malaria, the foveola is al- 
ways completely spared (Figure 3). Thii could be due 

ent measures of vitamin A status and the retinal whiten- . to the factihat the ioveola is predominantly cones, which 
ing that occurs in children with cerebral malaria. A uos- do not have the same deuendence on vitamin A as do the 

I 
I ~~~ ~ ~ ~~ ~ ~~ ~ ~~~ ~~ ~ 

siGe explanation for this association is that the retnal rods. These consideratiins, along with our epidemio- 
:I whitening is a consequence of low serum vitamin A lev- logic evidence, lend furthersupport to the possibility that 

els or reduced vitamin A availability at the tissue level. the whitening may be a manifestation of vitamin A de- 

1 The retinopathy of vitamin A deficiency in humans has ficiency at the tissue level. It is not clear, however, whether 

1 been described as consisting of white or yellow lesions, these children actually have systemic vitamin A defi- 

!> 
deep in the retina, patchy or punctate, in the midperiph- ciency, because the acute-phase reaction itself causes an 

acute lowering of serum vitamin A concentration. 
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with abnormal conjunctival impression cytology re- 
su1ts.A possible interpretation of these findings is that 
.an acute drop in serum vitamin A levels, such as occurs 
:in the acute-phase response in malaria, is enough to cause 
the retina to show the signs resembling those of vitamin 

.A deficiency, especially in children with already im- 

.paired tissue vitamin A status (those with abnormal con- 
junctival impression cytology results). 
: .  We have followed up several children who mani- 
fested retinal whitening during the episode of cerebral 
malaria and have found that the whitening disappears dur- 
.ing a period of weeks to months, leaving no sequelae de- 
tectable on funduscopy. The children's diets,are not 
supplemented with vitamin A during or after the ma- 
laria episodc. If acutc vitamin A dcprivation causes the 
retinal lesions, then the rise in serum vitamin A levels 
associated with the cessation of the acute-phase re- 
sponse is enough to allow the retina to recover. 
.. . Other recent reports and photographs of fundus find- 
ings similar to ours come from Kenyan children with se- 
vere.malaria..Researchers there found the same pattern 
of.whitening and demonstrated by fluorescein angiog- 
raphy that this is not associated with leakage of 
vessels." 
. We have examined many children in the same set- 
ting with coma and fever from other causes, such as en- 
cephalitis, meningitis, and poisoning, who are also un- 
.dergoing an acute-phase reaction, and have never seen 
thii pattern of whitening except in cases of malaria. We 
haveseen it predominantly in cerebral malaria as op- 
posed to less severe malariat5 and the retinal whitening 
is only one component of the spectrum ofretinal changes 
in children with cerebral malaria? It therefore seems likely 
that additional mechanisms contribute to retinal abnor- 
malities in severe malaria. 
: . O u r  findings raise many questions about the pos- 
sible role of altered vitamin A metabolism or availability 
in the pathophysiology and prognosis of cerebral ma- 
laria. Nevertheless, we hope that the identification of in- 
verse correlations between retinal whitening and the lev- 
els of tissue and serum vitamin A will encourage further 

: investigations into a phenomenon with potentially im- .. . 
;portant therapeutic implications. 

. . , . . . , . . .. . . 
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Error in Table Data. In the article titled "MSL-109 Adjuvant Therapy for Cy- 1 tomeealovirus Retinitis in Patients With Acauired Immunodeficiencv Svn- 1 I dromi" published in the December 1997 ssue'of  ARCHIVE^ (Arch 0;hrial- 
m o l  1997.115 1528.1536). the reoonedvalues for the 'increase tn rettnaiarea 
involved by CMV" given in the "other Visual Outcomes" subsection on page 
1532 and in Table 3 on page 1534 are incorrect. The correct values lor the MSL- 
109 group, placebo group, and P are 1.49.1.55, and .93. respectively. 
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IRON DEFICIENCY AND ANEMIA 
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Epidemiological evidence for a differential 
effect of hookworm species. Ancylostoma 
duodenale or Necator americanus. on iron 
status of children 
M A l b ~ n i c o , ~  RJ  ~ t o l t d u s , ~  L Savioli,' JM Tielschd HM Chwayke  E ~ r c o l e ~  and G Cana in ig  

gastrointestinal blood loss. In clinical studies, greater blood losses have been 
reported with A. duodenale. However, there has been no evidence that endemic 
A. duodenah infection has greater impact than N. ameriurnus infection on the iron 
status of populations. .............................................................................................................................................................................................. 

Methods In a sample of 525 school children in Pemba Island Tanzania, we compared the 
degree of anaemia and iron deficiency associated with the two hookworm species 
at the individual and community (i.e. school) levels. Multiple regression was 
used to con ........... ............. 

Results In the 492 . femtin Soncentrations decreased with inaeasing proponio*'s of A. duodenale. 
. . .  Among children with bnly N. amrricanus larvae, the prevalence of anaemia was 

60.5% a& the prevalence of ferritin <I2 pg /~was  33.1%, while in children with 
>50% A. duodenale larvae, the respective prevalences were 80.6% and 58.9%. 
When children were grouped by the prevalence of A. duodenale at the school 
level. children from high prevalence (320%) schools had signficantly worse iron 
deficiency and anaemia than children from low prevalence schools. .............................................................................................................................................................................................. 

Conclusions The species of hookworm being transmitted in a communiry influences rhe 
burden of iron deficiency anaemia in the community, and should be considered 
in prioritizing and planning programmes for hookworm and anaemia control. ............................................................................................................................................................................................. 

Keywords Hookworms. Anrylosloma duodenale, Neutor americanus, school children, iron 
deficiencv, anaemia 

Hookworms infect an estimated 1.3 billion people globally.1 
Iron-defiaency anaemia caused or exacerbated by intestinal 
blood loss is the most outstanding feature of hookworm 
infecti~n?.~ Blood loss is caused when hookworms attach to 

......................................................................................................................... 
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\ 
and feed from the intestinal mucosa, and the magnitude of 
blood loss is directly related to the number of adult worms 
residing in the intes~ine.~ The balance between iron intake and 
iron loss from intestinal bleeding determines the risk and 
severity of iron-deficiency anaemia from hookworm infection? 

There are primarily two species of hookworms that infect 
humans; Ancylosloma duodenale and Necator ameriumus.6 Necalor 
americanus tends to thrive in more tropical climates, while 
A. duodenale favours cooler, drier climates. However, their geo- 
graphical distributions overlap considerably, and both species 
are endemic lo many areas? Hookworms are transmitted 
when hookworm eggs excreted in human faeces are incubated 
in appropriate soil conditions, hatch into larvae and enter a 
human host through the skin. In contrast to N. amrriurnus, 
A. duodenale can infect humans by the oral as well as the per- 
cutaneous route7 and may undergo arrested development in 
human organ systems in its larval stage.' 
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From a morbidity standpoint, the most imponant difference being scattered in numerous villages. The economy of the 
between the two speaes is that A. duodenak causes approx- inhabitants is mainly based on farming and fishing. The primary 
imately five times greater blood loss than N. arnericanus? This crops consist of subsistence agriculture, with some dove and 
has been demonstrated in clinical studies in which isotopically coconut plantations. 
labelled red blood ceh, were injected into hookworm-infected The sample for the present study was selected from children 
individuals, and the faecal exaetion of the label was measured induded in the baseline evaluation survey for the Zanzibar 

. -  : 
before and acer dewonning' Estimates from individual studies school-based deworming programme. For the evaluation, 12 
have found?. t o  10-fold higher blood losse's with A. duodenale schools were randomly selected stratified by district, and 3605 . . . .  : 4 .  . . .  

: than with ~(;?meiicanz: : 9. ' . . . . .  :,: children in morning classes of grades 1-4 in those schools 
. How,evec the$"idotte+ evidence 61 endemic~.diodmie participated in the survey.'3 The sample for the present study 

*&i% his greater &pact ,t& N. arnericanus infection on the induded 570 children, drawn as a systematic randqm sub- 
iron Satu<of p'i;i;ulations:The populatio~i biolbgf of hwk- sample. Specifically, every seventh child surveyed fiom 10 bf 
w o k , 9  the host-parasite interactionlo and,iron absorption in the 12 schools was induded. Children from the first school were 
h&ansl' may adapt in ways that prevent the burden of hook- not induded because t h e  method for culturing hookworm 
w o k  anaemia from b e c o h g  overly great in stable human larvae was not yet in place, and children from the last school 
 population^.'^ Such compensatory strategies may prevent were not induded because we had already exceeded our 
species related differences in-blood loss per hookworm, from intended sample size of 500 children. . . . .  

manifesting into differences in the prevalence and intensity of . The study was approved by the internal review boards of The 
iron-defiaency anaemia in human populations. : - . . Johns Hopkins University, the Minisny of Health of Zanzibar, 

. . Because of the difficulty of measuring actual numbers of and the World Health Organization. : . . .  :. 

worms inpopulatiin studies, most studies of hookwo& in- . . 
. . . . . . . . . .  . . . . . . 

. . . . . . . . . . . . . . . . .  fection and iron-defiaency anaemia in communitik have used &sessmena : . . . . . . . . . . . .  

faecal egg munu to determine t h e  presence A d  severity of Survey data were collected in the schools by spedally trained 
hookworm infection. By this method the two hookworm spe-:, . staff of the Minisny of Health of Zanzibar. On the day before the 
a?  ann not be, dis!inguished, because their eggs have si@ar . s&y, plastic containen &re diskibuted'to ia,+ class +dthe 

..': m i ~ o & ~ i c  appear&ce?.,Thujj. the% C ...... has been . . . . . .  66 epidemii::: children were-asked t6 bring d stool sample to~school thk nexr 
..logi$ .... +den+ tha~theipeciii of hookwormbeing % transmin=d;;: ............ da)i. over 95% of children'. . . . . . . . . .  re;uni&d a faecal. . .: ...... simple;, ~ a e *  i ,  

. in a,,mplmuniiy . . . . . . . . . . .  his a me?&i;iul &pdcr'bn. . the iron stat& of!?, hod&&&egg,couits &ercdeterm+ied by the ~ i t o - f i t z  ........ iech- . . .  . . . . .  <. ; ,?! ? ,-;; : 
the population. :;~i~~~~ri:~.li~~~C.?~:c;,.:~::~.il::i: :~.%~:s.i=:.~,:,-.- niq&?'. T?, determine h~~kworm'speaes, cultures.,were~suc- . . . . . . . . . . . . . . . . . . . . . .  
: We have'studied the epider;~iPlog);:of hbokworm' infection:: cessfdlf obtained for 525 of the 570, children selected for the 
k d  iron-deficiency anaemia in schoolchildren in ~ e m b a   slid, study. The Harada-Mori technique1' modified acmrding to Garcia 
Zanziba~.'~ Hookworn are highly endemic on the is1andl4 6 ~ ~ C k n e r "  was used in order to increase the efficiency of the 
and both speaes were believed to be present.'s In the coune of culture method. Approximately 1 g faeces was mixed with active 
an ongoing evaluation of the impact of school-based deworm- granular charcoal and some water was added in the case of 
ing on children's nutritional status. we determined the speoes hard stools, to obtain an homogeneous paste. ltvo miaoscope 
of hookworm infection in a sample of 525 children from 10 slides were folded in a piece of absorbent paper and placed in a 
randomly selected communities. Infection intensities and iron Petri dish with a diameter of 9 cm. The stool specimens were 
status were also assessed. Our objectives were: (1) to desaibe smeared carefuUy on the surface of the absorbent paper and 
the distribution of the two hookworm species aaoss the island, 5-6 ml of distilled water were added to the Petri dish, without 
(2) to determine whether children infected with A. duodenale reaching the stool level. The cultures were covered and labelled 
have worse iron status than those infected with N. amerirnnus, and left at room temperature (26-3O0C) in a shady place. The 
and (3) to demonstrate whether communities where A. duodenale positivity of the cultures was checked with a dissecting micro- 
is highly endemic have greater burdens of iron-defiaency scope and after 7-10 days the cultures were transferred to a test 
anaemia than mmmunities primarily infected with N. arnen'canus, tube. The larvae were lriued by heating (100'C) in water for i 
controlling for other factors. 2-3 min and then fixed with 10% formalin. m e  sediment was 

measured and a representative sample (usually 113 or 114) was 

Methods . , 
.;. . examined for larvae that were identified and counted. The 

. . .  
counts were then multiplied by 3 or 4 according to the pro- 

Study area and sample. ' .. ponion of sediment examined. 
Pemba Island, the smaller of the two islands of Zanzibar, United Urine samples were collected from 100% of children, and 
Republic of Tanzania, lies 40 km off the East African coast, 5'5 microhaematuria was diagnosed using Hemastix test strips 
of the equator and is classed as a continental island with humid (Ames Laboratories. Inc.. Elkhan, IN). In rhis population miao- 
tropical climate. The northeast monsoon blows from October to haematuria saeens for urin"y schistosomiasis (Schirtosoma haem- 
December and is characteked by shon rains. The southwest atobiurn infection) with 69% sensitivity and 89% ~ ~ e d f i c i t ~ . ' ~  
monsoon brings the long rains from mid-March to mid-May. Blood samples were collected by venipuncture from all 
The temperatures rarely exceed 34' or fall below 21'C. children to assess iron status. Haemoglobin was determined by 

Pemba is densely populated with 330 inhabitants per km2. the HemoCue method (HemoCue AB, Angelhorn Sweden) and 
The island is divided into four disvicts of roughly equal size. erythrocyte protoporphyrin was determined using a front-face 
About 15 000 people live in each of the three main towns of haematofluorometer (Aviv Biomedical Inc.. Lakewood NJ). A 
Wete, Chake-Chake and Mkoani the rest of the population thin blood film was stained with Giemsa and malaria parasites 
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were quantitated against leukocyles using standard methods.20 100 
The remaining blood was allowed to dot at room temperature. 
and serum was collected by centrifugation. Sera were stored at , 80 
1O'C for up lo 8 weeks, transported to Baltimore in liquid 5 
nitrogen and stored at -70°C for up to 4 months. Serum fenitin a 60 was determined on 442 samples (84% of study children) using 
a fluorescence-lied immunoassay (DELFIA System by Wallac, 0 

Inc., Gaithenburp MD). Missing data for serum ferritin 2 .40 
were mainly. due to mislabelling of specimens, and losses in P! 
uanspon;. . ;; . .: : ..: . . .  , . .I'1' . .  P... , 20 

. . . . .  . . .  . . . .  ;., , .': . . .  , . . ' ' : , . :. 
statistid . . &analysis , : , , . . . . . . . . . . . .  . . . . . .  , . . :  . . 0 
Distributions of faecal egg counts, serum fenitin and erytbro- .:' 
cyte protoporphyrin were skewed to high values, so geometric . . 

means are presented Anaemia was defined as haemoglobin . . .  ..... 
. . <I 1 gldl. This is lower. than the. WHO-recommended cutoff . . .  

for anaemia, but a lower cutoff screens more efficiently for .. - . ,  School 
iron-defiaency anaemia in black populations.?1 A haemoglobin . . lTj N.'americBnus : : 
cutoff of 9 gldl was used to define moderate-severe anaemia. .'A. duodenale.:: ..: ; 

. . Cutoffs for protoporphyrin are not well-defined. In these ana- Figur; , Pkvalen& of N;;;me&n'.adA, dY;dcM,c infections in 
lyses values >I20 p o l / m o l  heme were considered indicative from 10 schools on pcmba island ~ ~ ~ i ~ .  Numberof 
of severe iron-deficient elythropoiesis. Serum ferriG<12 mg/l cbildrcn surveyed in each schwl ranges from 35 to'60;r;:i :.:,.: ::::I; ..: . . . .  . . .  

.. .:. '.:. was used to in$.Cs!,e exhausted,iron stor&?: :.:.::!., r:i:i :,'-.:..: ;:2 ,..:;I.:,,,.: . : : : ~ : . r x ~  ?$: ::.,;.i, t:; ?;::;j;~ !.: ... !; :;:; 
>.:. . , . . . . . .  . . 

: ':::  i   me pr+alences' of.~jduodmalr .&d N. irnm.cnnw i n f d o ~  y 3 ~ <  l;i.,,.:;.iG,,r: i.:.,: .+:I .i:!,:i:*aj ,.;:c c:: .!;?y;i:>:..' .-..;..: : . , .P,J .. . . .  . . . . . - . . . . . .  ... ; . . . . . . . . . . . . . . . . . .  ,. - . . . . . .  ..A. l . . .  -.-. .. 
. :.:. w e e  examined for;,he e,n& sample, +dby.schooL,To, corn; . i ~ ? k ? i ?  >"?$;?:<.,:>>k:~ar,~wi . ........ ~ x ; $ ~ i i , ? i ~ ! z i ~ ~ < ~  kii~;; .e?i . .  : . .  , ... . . . . .  :_. .. : :... .. ..<, . . .  .. 
:v.. ??=the effect ofthe t&&$&i&&einc@idud child;i$child& - &red : the  faecal egg counts from. the Kato-G~'$i td6d,  . . . . . . . . . .  to. 

:.. * ........ ?~:.:;, .<. '* ........ i. . .  ..: .. >&... . . . . . . .  ... . . . . . .  . . . . .  .;. ?. 

. . ::i:- . , . . . . . .  with. h o ~ k w o m ~ ~  -.., ... 14 , positive. larval'culwd-..we:e: ..... grouped into . . . . . . . . . . . . . . .  r$lectthe re.hti& w9& burdens of the tiyo $ecie~~:?:?~.?;i;i~ ' ,  . . . . . . . . . .  r,.. ;-., " .>>.? ..... 1 :: . . . t@os@:yi+ on1y.N. .,:. .........I...... ~ ~ c u n n u r  larvae, t h o s e ~ t h " l + ~ ~ ' A . ' d u o ~  . . . . . . .  . ? . B e ~ u i e  ti.@".+ number b f i ' & ~ s ~ ' ~ .  fai,&;rebresents fewer 
. . : . dnj,& *ae;and those wi$>50% Xduodoialc&ae:T& ktt& . A .  duodenalr worms ' t h b ~ .  a&eriurnw' worms, conwolling f& 

g iou i  includes il.'childreh wieap&renlly ptire A. duodimlc hookworm eggslg faeces - might bias against finding a true 
infections (i.e. no N. ameri&iu larvae were found): , "  . species-related difference in iron status. However, it protects 

Necnwr americnnw was highly prevalent in all communities us from atuibuting to species a difference in iron status that 
surveyed, but the prevalence of A. duodenale ranged from was truly caused by greater worm burdens. We carried out ana- 
2% to 88% (Figure l) .  To examine the clfect of species on corn- lyses with and without adjustment for hookworm eggslg facces. 
munity burden of iron-deficiency anaemia, children in four and found it changed the results very little. We present results 
schools with >20% prkvalence of A. duodenale were compared of analyses with adjustment for hookworm eggslg faeces, a 
to children in six schools with <20% prevalence. conservative approach. To adjust for hookworm eggslg faeces. 

In both individual and community level analyses. multiple an ordinal categorical variable was indudcd in the multivariate 
regression was used to test the effecr of hookworm species on regression models, coded as 0 if 0 eggslg. 1 if 1-1999 eggs/& 
measures of iron status. In individual level analyses the 2 if2000-3999 eggslg, and 3 if4000-5999 eggs/& and 4 ilB6000 
hookworm speoes variable was an ordinal variable with three eggslg faeces. The multiple R' for the models were highest 
values: 0 if pure N. amerirnnur. 1 if ]-SO% A. duodenale, and 2 if when we used the variable in this form, rather than geometric 
>SO% A. duodenalr. In the community level analyses, the hook- mean eggslg or other categorical forms. Data were analysed - 
worm species variable represented low prevalence versus high using Systat statistical software (SPSS, Inc., Chicago, U).' \ 

. . prevalence schools. The models included all child characteristia . . 

that differed between hookworm species groups;: or that we 
knew to be associated with iron status from previous ana- ~~~~l~~ . :. 
lyses.13 Adjusted mean'values and standard deviations for iron 

.. status measures were calculated by analysis variance. Prevalence and geographi* distr ibution 

Whether and how to conuol for the intensity of hookworm Of . . 

infection presented a dilemma. Because the blood loss caused Based on the faecal cultures.. 33 children (6.3%) were not 
by hookworm infection is directly proportional to the number infected with hookworms, 11 (2.1%) were infected with only 
of adult worms in the intestine, differences in intensity (i.e. A. duodenale, 340 (64.8%) were infected with only N. ameriulnw, 
worm burdens) of A. duodmle and N. amen'wnw infections could and 141 (26.9%) were infected with both species of hookworm 
confound the comparison of iron status between individuals or (Table 1). The prevalence of hookworm infection based on 
communities infected with the two speaes. We measured faecal cultures was 93.7%. and based on Kato-Kau method was 
intensity of infedon by faecal egg counts, but these cannot be 96.2%. The overall agreement for hookworm positivity 
diredy compared between the two species because A. duodenale between the faecal culture and Kato-Kau methods was 91.4% 
produces 2-3 times more eggs per adult worm than does (4801525). Only four of the 525 children studied, less than 1% 
N. arne~iu1nw. Furthermore, there was not a simple way to of the sample, were hookworm negative by both methods. 
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Table 1 Number of faecal samplcs diagnoscd with hookworm infection by Kato.Kau method and faecal culture method 

. ... Faecal culture result 
Positive for 

Column per e n s .  
b ROW per cents. 

The prevalence of N. amen'unus infection was uniformly high 
in all 10 schools surveyed, but the prevalence of A. duodrnale 
varied greatly, from 2% to 88% (Figure 1). Four schools (Mjch- 
enzani ilunbe, Msuka, and Mgogoni) were considered highly 
endemic for A. duodenale with prevalences of 4248%. while the 
remaining six schools had prevalences below 18%. The four 
schools with high prevalen-ci of A. duodenale were Io%ted 
at opposite ends of the island, and did not share any obvious 
geographical characteristia (Figure 2). Because A. duodenale 

: '  . HOOKWORM SPECIES - . 

. . ..... 
r: . , .. ....~. 
-. 

transmission may exhibit seasonality, the dates of the survey in 
each school are included in Figure 2. The heavy rains began as 
the survey team moved from Chokocho to Ngombeni school. 
and continued for the duration of the study. The four schools 
with high prevalence of A. duodenale were surveyed during the 
heavy rains, but so were Ngombeni, Kilimbani and Shengejuu . . ~ . .  . .  
which had low prevalencei. . . .. . . .. 

. . 
Hookworm species a n d  individuals' i ron  status 

:.: . . ' . ..., . :  , :. . .1 
The characteristics of children kh.onl&. anzqnknus infeGon ..... ~ . ~ . . ~ ~  ,....,.......... 
did not differ significantly . . .  . from . those .... infected .yi+ A,L.f!iod~ale 
(Table 2). The children were on average 10 years old and a ,bu t ,  
half were girls. About one-founh of children had microhitern- 
aturia, an indicator of u r i n a l y ~ ~ ~ t o s p . r p s i s ,  and around 60%: .. . . -. . . . . . . .. . . . - - 
were positive for Plmodium falcipapm. Wdturis t i h i u r a  and;;' , ,-,..- 
A&% IUI&&I~S infections we$ common. ~he'.preval=nce : ' 
and intensii) .:- of these. infeaioni' did. nbzdiffef sig'hificantly. 
berwecn hq?&orm spedes groups. \ :.,,:, ; 

The pre&enhand intensity of hookworm inleaion assessed 
by the Kato-Kau method did not differ significantly between 
the hookworm species groups, but were' significantly lower 
in children with negative faecal cultures (Table 2). The distribu- 
tion of faecal egg counts assessed by the Kato-Katz method was 
similar between the hookworm speaes groups (Figure 3). 

By all indicators, the iron status of children infected with 
A. duodenal was worse rhan those infeaed with only N. amm'unus, 
and haemoglobin and serum ferritin values became progres- 
sively worse according to the percentage of A. duodmalc larvae 
found (Table 3). Overall there is a consistent pattern of wone 
iron status in children with more A. duodenalr infection. The dif- 
ferences between groups was most significant for serum fenitin 
the indicator mon specific to iron defiaency. :. . ,. . 

. .  :. . . 
\ 

. . 
~ o o k w o r m  s p e k  and c o m k u n i t y  b u r d e n  ' . . . . 
of iron deficiency and anaemia 
Compared to children in schools with low prevalence of 
A. duodenale, children in the four schools with high A. duodenale 
prevalence were slightly older and had a higher prevalence of 
microhaematuria (Table 4). The prevalence and intensity of 
r m'chiura or A. Iumbricoides infection did not differ between 
children in b e  two groups of schools. However, the prevalence 
of hookworm infection and hookworm faecal egg counts 
were significantly higher in children in the schools with high 
A. duodmalt prevalence. The difference in the hookworm faecal 
egg counts was apparent both in the mean values (Table 4) and 
in the distribution of values (Figure 4). , ' 

Figure 2 Map of Pemba kland,'Tamnik showing geographic ]-tion After adjusting for these differing charaaeristia between the 
of the 10 survey schwls and the d a t a  of thr survcy in each schwl groups, children in the high prevalence schools had significantly 
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n b l e  2 Charanerirtin of ludy children by sprcies 01 hookwo,m inlcnion determined by faecal cullures 

N. ameriwnm A. duodmole* 
Negative culture larvae only C5O% ol larvae 250% ol larvae 

Charactertstlc (n r 33) (n = 340) ( n =  113) (n = 39) 

Include 11 rampis in which only A, duodrnolr krvac were found and 141 sample in which bolh rpeae were laund. 

V 
0 1-1999 2000.3999 4000-5999 6000-7999 8000+ 

Hookworm eggslg faeces 
Kato-Katz method 

i 
Figure 3 Distribulions ol h&kwom faecal egg counts by hookworn sprdk category daermincd by larval culturc.~urnberr of children in 
rpcdcr categories: culture negative, 33; N. nmrrknnur only. 340: <50% A. duodrnale, 113; s50% A. duodmnlc, 39. Disuibudons are not 

. ,  ~ ,-..... : ,;.. . . . significantly dillercnr by x2 rcsf .:. . ' . 
L .  :.,. ! 

: I . .  . . . . . .:..::,. .. . . . . .. . ... ... . . . .. . - . 
i . .  . . . .. , . 

. . . .  . . .. . . . .  , :i 

worse iron status by a variety of measures (Table 5). Haemoglobin the greater pathogenicity of A. duodenale have been based on 
and fenitin concentrations were lower, and protoporphyrin highly varying estimates of greater blood loss in A. duodenale 
concentrations were higher in children from schools where infection. To our knowledge, this is unique epidemiological 
A. duodenale was highly endemic. evidence that rhe previously measured difference in blood loss 

translates into a greater burden of hookworm-related anaemia 
in individuals and communities infected with A. duodenale. 

Discussio,n The degree of iron-deficiency anaemia caused by hookworm 
These results indicate that infection with A. duodenale in infenion depends on the number of adult worms inhabiting 
children and heavy transmission of A. duodenale in school com- the gut, the duration of infection, the iron nores and intake of 
munitier is associated with a greater burden of iron-defidency the infected i n d i ~ i d u a l l ~ , ~ ~ - ~ ~  and, as we have attempted to 
anaemia than infection withN. americnnur. Previous claims of demonstrate. the species of hookworm. Ideally, proof of species . 

# ~ 
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Table 3 Iron status of hookworm-infected children according to degree of A. duodtnalt inlection determined by laecal culture 

N. am'unlrc A. duodcnnlc 

larvae only <SO% ol larvae 250% of larvac 
Iron status IndlcatoF (n = 340) In = 113) (n = 39) 

. . . . . .  Ferritln (pgll).. . . . . .  .,. ,.- . . . . ....................................................................................................................................................................................................................................................... 
: Gcomcuic mean (+I SD, -1 SD)' : : . . 14.5 (7.7, 27.5) 13.4 (7.2, 25.4) 9.6 (5.1, 18.1) ....................................................................................................................................................................................................................................................... 

. . . . . .  o,& <I-'.: . . . . . . . " .  . 33.1 50.7 58.9 

' Valus arc predicted from analysis ql variance, adjusted for hookworm w i g  faerrs determined by Kato-Kau method. age, height-lor.age Z score, malaria 
. . . .  parasitarmia, and wx. 

LIlicar vend in indicalor by hwkworm -a alcgoly signiGcanL P < 0.05. 
Linear vend in indicator by h 0 o k w o r m ' ~ s  catcgo+dgnificanL P 6 0.001. 

:! . . . : .  ... . . . . 
. . . . .  - .  .. . . :,!' . . . . . .  . . . . . . . . .  
2. ,: .: .: ;, .. I . ,.. _ . i  >,. >:,. . . .  ... . . . .... . . .  . . . _ . . . . . .  :.... . . . . v . ; :  

: .  
, ., 

... ;.; ........ : . . . . . . . .  ....... ; ..,..,, k;s: : . . . . . . .  . . .  .... .., .) . < .  - 
:, . ~ b l ~ ~ 4 . . ~ a c t e ~ ~ . 0 f , p t ~ d y , ~ d r c ~ . ~ ~ c h o o l s  with low 0r.Mgh.i - : prqalence of A. duodcmk infection detcnnincd by,f?~% ".. .>../. ...I .,/; . . . .  ,... ,: .... ,.I.>:_.l.I:ii. ... 

........................................................................................................................ 
T. rriclliurn Hookworn eggslg faeces ........................................................................................................................ 

Kato-Katr meUlod 

Figure 4 Distributions of hookwom faecal egg counls in childrcn 
from schools with low (<20%) or high (220%) prevalence of A. 
duodrnolc. Numbers of children in low and high prevalence groups are 
givcn in Table 4. Dirlribufions are rignificanlly different by x2 ten, 
P = 0.041 

........................................................................................................................ 
eggrig faeces 486 (69. 3439)b 81 1 1180, 3652) 

Meant SD. 
~ignificahlly different from high prevalcnrr xhmk, P < 0.05. 

.:. 
An indialion of udnary xhisloromiasis. 
Significantly different from high prevalence xhmlr. P < 0.10. ... 

Geomcuicmcan (-I SD. +I SDJ. , . ' 

' 

' Prevdcnrr and intensity 01 hookworm inleaion by Kato-Kan method 

differences in the impact on iron status of individuals would be 
based on measurement of all of these factors. In reality, such a 
study is nearly impossible to conduct. To account for the dura- 
tion of inlection, one would have to begin with an  uninieaed 
individual, and follow longitudinally the course of infection 
both in terms of spedes and number of worms, the iron intake 
and bioavailability of the diet, and the iron status of the indi- 
vidual. Such a study would illuminate our understanding of 

. . 

iron balance in hookworm infection, the role of hookwonn \. 
speaes, and particularly the adaptations that might occur as 
haemoglobin levels become acutely low. However, the technical 
and ethical difficulties of such an observational study are likely 
prohibitive.' : '. 

In weighing the strength of the present epidemiological 
evidence, it is useful to consider each of the four factors listed 
above. We measured intensity of infection by faecal egg counts, 
not by expulsion and enumeration of adult worms. The relation- 
ship between faecal counts and number of worms is different 
for the two species by a factor that is not precisely known. Adult 
female A: duodenale produce more eggs than do N. americanlrc, 
and the male to iemale ratio of adult worms is higher for 
A. duodenale than for N. americanus? lhis  is problematic since we 
would like to compare the effect of species at similar levels of 
worm burdens. One could try to account for the differences by 
mathematically modelling the relationships, but 'the arithmetic 
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Table 5 Iron status of Zanzibari children by prevalence of A. d u d c ~ l c  The two approaches we took to address the question of spe- 
in the school 
~ - .... 
..< A. duodenale prevalence 
Iron status Low. <20% High.>ZO% 
lndlcatora (6 school$ 308 children) (4 schools, 217 children) 
Hacmoglobin (gldl) ........................................................................................................................ 

Meant SD 10.5 + 1 . 5 ~  101 2+ 1.5 ............................................................................................................... - ....... 
0 , ~  ., , 0 L C ,  

oes impact have complementary strengths and weaknesses. The 
comparison of individuals by degree of A. duodenale infection 
does not associate the speaes variable with school, an advant- 
age because school communites may vary in level of poverty 
and thus diet. Rather children are compared to other children. 
some of whom come from the same school co&nity. Our 
results from this analysis are also strengthened by the dose- ..... . ,".7 ",.. ........................................................................................................................ ... reponse pattern seen in haemoglobin and femtin values by 

. . . . . .  degree  of^. duodenale infection (Table 3).:' ' . ' ' ' '''. .' 
........................................................................................................................ Protoporphyrin (pol lmol  heme) The comparison of children grouped by co&unity preval- ;. ~cometric mean 93 (55, 1 5 6 ) ~  log (65' Is4) ence of A. duodenak infection represents the practical question 

that confronts public health planners. Are communities or areas 
where A. duodenak is highly endemic in greater need of inter- 
vention than communities where N. amerimnur predominates? 
Basedon our results, the answer to-this question is 'Yes.' The 
suength'of this analysis is that in reality the risk of A. duodcnale 

48.4 infection (or the force of transmission of that parasite) is more 
' Valua arc prcdiacd from analysis of variance, adjusted for hodrworm 

eggrig faem detcmvnrd by Kaio-Kau melhod age, hright-for.agc Z rare. 
malada pararilaemh, hacmatutia and rcx. 
Significantly different Irom high prevalcna whwk, P c 0.05. 

Significantly dinercnt kom high prevalence whwk P c  0.10. 
Slg~lllicantly dlllerent Irom high prevalcna whwis, P c 0.001.. :. . . .  . . . . . . . , .  

$v; :~~:~<4. . : ; : . : ! ; . . .  . - -  .. . . . . .  
\. ,.. , . . .:. . . . _  . . .  . . -,. . . ,".r 

... \z;;y,.?!*$~:>::<&,*~::;: : . . . . . . . . .  . . . .  $& .:,. . .  ,: ;:.. .; y;. ,s . . .  ..... ,,*,< ' . . ' . .  
, , , , . , : i . ' ' . . ... .,,,, : \  ... > ,, k<r.>;j ! ,, ;:is, $ 

:...... . ! J :  r . . .  ,' .:. :::. .&$!;; ., ,;, ... ..:,..j+i:: . c . . ; . . i: .. ,:*:,. . '> '7 ,.. \?: . . . .  ,:. C,',., , "  .: '""2 
. . - .  . . ; - : .  ---- ;n,<*:'. . " . ............ .,. . . . . . . . . . . . .  <. . - .' ..; 

.. , - , ......... 
.:-'.relatiins,hips betweeq hookwbrm loa& eggcounts, and blo& 

1- . ~osse i~ r~d i f f i cu l t  to estimate f.elJ?blf21&<a number of rcasbns. 
By simply including categories of hookworm eggrig faeces in 
our analyses of the.spea& v&ables,'we have. comparrd the 
iron status of individuals and communities within those categ- 
ories and thus have likely undcrertimated the impact of'peatcr 
blood loss per worm with A. duodenale. Although an unbiased 
estimate of the speaes difference based on numbers of w o r n  is 
desirable, any mathematical model would be highly speculati\.c, 
and this answer awaits a futurestudy in which worms are 
expelled and counted. in the meantime, it is reasonable to infer 
that the true effen on iron status by rhe different specis is at 
least as great as our results would indicate. 

We did not measure duration of infection nor iron intake and 
bioavailability. This does not threaten our inferences unless 
duration of infection or iron intake were different for children 
or school communities in different species categories. We can 
think of no scenario in which the duration of inlection might 
have differed by species, since both speoes likely have been 
endemic on Pemba island for many years and children's risk of 
exposure with age is not known to diUer for the two speaes. 
. . It is some'what more probable that dietary iron intake might 
be associated with species in our community level analyses. U 
children infected with A. duodenale or schoolchildren in com- 
munities with high levels of A. duodenale infection consume less 
iron than their counterparts infeaed with N. americanus, then 
our results could be spurious. Lacking dietary intake dara, we 
cannot prove that this is not the case. However, we consider it 
to be unlikely that in this environment where essentially all 
children are infected with hookworms, the determinants of 
exposure to A. duodenale as opposed to N. americanus would also 

. . . . . .  be associated with poor diet. 

characteristic of a comm$ty than of an individual. The chil- 
dren in school communities with high prevalence of A. duodrnale 
who happened not to be infected with that speaes at the time 
of our survey, have likely experienced A. duodenuk in the past 
or will do so in the future. The community also repysents the 
level at . . . .  which' public health.de&id+are made/ The predbmi- ............................ ,,,. . :  . ,,.:,,,-.,, *,c 
inate hookwormspeaes being u k m i n e d  may be an apps -  , . -- --.-. --...-----.. .- . . 
priate means of characterizing +d targerbg communities, but -- --- ..- 
willrarely influence the c o m e o f , u e ~ e n t  of an individual. :' .'': 

: ~o$. ' i ; .~r&id~~thiw~i@t . of oui ~ v i d $ & ~ .  ~s:sIre_ng?l-ep_e_d. :; . . 
. .  . by t h e  consistency of 'the:. findings from complementary-. 

approaches to the problem, w e  &nclude'that, as predicted from 
earlier clinical studies, the speoes of hookworm' being uans- 
mitted in a community influences the burden of iron-defiaency 
anaemia in the community. 

The full implications of hookworm spedcs for ihc planning 
and implementation of interventions are yet to be determined. 
Our results suggest that where iron-deficiency anaemia is a 
public health problem hookworm control is particularly urgent 
if A. duodenale is the predominant species. However, this should 
not be interpreted to mean that endemic N. ameriunur infection 
is of low priority. We and others have demonstrared previously 
that hookworms can be an imponant cause of anaemia in pop- 
ulations where N. amerirnnur predominates.23.24 w e l e  anaemia 
is prevalent and hookworms are known to be endemic lack 
of knowledge about hookworm species should not impede 

. . .  interventions. 
A potentially important question is whether the optimal regi- 

men for anthelminthic control of hookworms in populations 
differs for the two speaes. Because transmission of A. duodenak 
has a distinctly seasonal panern in some environments? It is 
possible that the efficacy of public health deworming regimens 
would depend on the seasonal timing of treatments. It is also 
possible that the rate of reinfection following treatment differs 
for the two speaes, with implications for the frequency of treat- 
ments. Funher epidemiological research is needed to answer 
these questions. 
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almost equal accuracy at any SF (6). How well did R alone at 
50 kHz predict ECW? Reference measures of both TBW and 
ICW had been measured. 

The prediction of TBW with use of R is dependent on a high 
intercomlation between ECWand TBW (6) because only a ponion 
of ICW is measured (2). Funhermore, the proportion of ICW 
measured at 50 kHz varies with characteristic frequency, which 
changes when the ECW, ICW, or cell membranes change (2, 7). 
The ECW and ICW resistivities differ by a factor of 3-4 (2). To 
predict TBWwith an SFresistance requires that TBW resistivity be 
known and remain constant. How can it remain constant when a 

. simple change in the ratio of ECW to ICW will change it (2.7)? 
Kotler et al made the statement that a "logarithmic 

transformation" was more representative of the body's complex 
shape (I). Kotler's group discovered randomly what we have been 
reponing since 1992, that the relation between impedance and 
body water is nonlinear because of mixture effects (that is, 
conductor-nonconductor interactions) (2). The exponent Kotlcr et 
al discovered statistically for height (HI) was close to the 1.5 
exponent we reponed in 1992 by using Hanai mixture theory (2). 
We found that HtIJ provided a simple form of mixture theory but 
relied on differences in body composition being purely due to 
differences in fluid rather than differences in both conductor and 
nonconductor. By developing a new quation that incorporated 
total object volume, we found that both conductor and 
nonconductor effects were accounted for (2). 

Kotler el al used TBK and BCM interchangeably throughout 
their paper, reponed no absolute ealucs for TBK or BCM 
predicted by X, and did not report exactly how BCM was 
determined (I). 'Ihe relation between TBK and BCM is derived 
only from the ICW-BCM relation. W~thout a repon of how BCXj 
was determined, this study cannot be replicated. Kotler ct al 
assumed that if the regression coefficients. SEES, means, and SDs 
for the model and validation groups were not different statistically. 
the derived model was valid. Final results were reponed by using 
quations derived from the entire group. Although correlation and 
SEE values for the modet and validation groups were repond, the 
regression coefficients and mean offscu were not. Thus, the cmss- 
validation reponed could not be fully evaluated. If the parameters 
of an equation vary randomly and are sample dependent, the 
scientific basis of the equation can be challenged and it would be 
poor at detecting change. It is curious that the scaling coefficients 
(statistically derived ICW resistivity) reponed for the entire p u p  
were 59.06 for males and 1.30 for females (1). Such a difference 
between males and females is not realistic. The predictions across 
the board wcre significantly improved when the sexes were 
combined. That there was significant random error is supponcd by 
Kotler et al's Figure 1 (1). in which there wcre many outlien. 
some out by as much as 50%. Possibly this explains why only 
correlations and SEE percentages were repofled. 

Impedance is frequency dependenl, so how well did X, at 
different frequencies predict BCM? Was the best prediction 
provided by 50 kHz? If the Cole model (3) and basic alternating 
circuit theory have any validity, X at any SF, either parallel or 
series, will be affected by all of the elements in the tissue (that is. 
RE, R,. C,, and a). What is the effect of a change in each of these 
variables on Xp? If I f X ,  does not physically relate to TBK or is 
reliant on the elements in the tissue having relative uniformity 
between individuals. its ability to measure change will be pwr. 
Because of high intercomlation between variables, only data that 
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conform to a plausible physical model (eg. Cole's model) should 
be considered (2). An investigation to answer many of these 
questions was conducted recently (7). 

In closing. why is there such a need to make an SF 
measurement work? Whatever the reason, it does not appear to 
be based on science. Granted, when impedance was first 
proposed. neither microprocessors nor multifrequency 
measurements were available, but this is no longer the case. 
Human tissue is an elccuonic network consisting of multiple 
elements. Only in the body-composition field is an SF analysis 
of a multiple-component network considered. Although a 
multifrequency-modeling approach introduces new questions, an 
SF method is fraught with inherent error. 

James R Matlhic 
Paul 0 Withers 

Xitron Technologies. Inc 
6295-D Ferris Squan 
San Diego. CA 92121 
E-mail: jmatthic@xitron-tech.wm 
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~ntenatal iron supplementation as a child 
survival strategy 

Dear Sir: 

A recent double-masked, placebo-controlled clinical trial 
examined the effect of daily supplementation with 100 mg ele- 
mental Fc during the third trimester of pregnancy on iron status 
of women and newborns in Niger (1). This study found that sup 
plementation 1) decreased the prevalence of maternal iron dcfi- 
ciency anemia at delivery and 3 mo postpartum. 2) improved the 
iron status of infants at 3 mo, and 3) increased binh length and 
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Apgar scores of infants. The authors also reponed 8 fetal or 
neonatal deaths in the study, 7 in the placebo group and I in the 
iron-supplemented group, but surprisingly neglected to analyze 
these data or comment on their importance. The corresponding 
fetal or neonatal death rates were 7.1% and 1% in the 2 groups, 
respectively. I used Fisher's exact test (given the small sample 
size: 99 women in the iron-supplemented group and 98 in the 
placebo group) and found a significant difference (P = 0.0349) 
in the fetal and early neonatal death rates for women who 
received iron supplements compared with those who received 
placebo. The significance and relevance of these findings is in 

.my opinion considerable given that there are few randomized. 
placebo-controlled studies examining the effect of iron supple- 
mentation on outcomes such as fetal and infant survival. 

Most of the evidence regarding the effects of anemia. 
especially severe anemia, during pregnancy on birth outcomes 
is based on observational studies. Less is known about the 
pregnancy consequences of mild-to-moderate anemia, which 
constitutes most of the disease burden in developing countries 
(2). Iron supplementation during pregnancy has had varied 
success in different pans of the world, with little progress 
having been made against combating iron deficiency anemia 
(3). Most developing countries, however. do have national 
policies regarding supplementing women antenatally with iron 
(and folate). The study by Preziosi et a1 (I) provides evidence 
that iron supplementation during the third trimester of 
pregnancy in women whose mean hemoglobin concentrations 
were ==I00 g& can reduce fetal an< early infant mortality. 
These findings need to be emphasized to promote antenatal 
iron supplementation as a child survival strategy. 

Parul Christian 

Johns Hopkins University 
School of Hygiene and Public Health 
Division of Human Nutrition 
615 Nonh Wolfe Street ' 

Baltimore. MD 21205 
E-mail: pchristi@jhsph.edu 
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Reply to P Christian 

Dear Sir. 

The issue raised by Christian concerning our paper (1) is well 
taken. We thank him for his remark concerning the effect of iron 
supplementation on outcomes such as fetal and early infant 
mortality. We agree that this point is particularly relevant from a 
public health viewpoint, and few data arc available on the 
functional benefit of oral iron supplementation during pregnancy 
on the Status of infanu. Most published data based on observational 
studies. even when the studies were performed in large samples of 
pregnant women, generally suggest a relation between maternal 
iron deficiency anemia and feral and infant survival (2). But the 
design of observational studies docs not enable a conclusion as to 
lhe causal relation 

In our study, the objective was to assess, in pregnant women 
living in a mpical environment, the effect of iron supplementation 
during the last trimester of pregnancy on the iron status of mothers 
and newboms and on clinical and anthropometric indexes. The 
design of our randomized study was adapted to answer these 
questions, but not to study the effect of iron supplementation on 
fetal and neonatal deaths. It is m e  that we reported that fetal and 
neonatal deaths were less frrquent in the ironaupplmented group 
than in the placebo p u p .  It is also m e  that there was a 
statistically significant difference in the death rates between the 2 
groups. But the small sample site of prcgnant women included 
and the small number of fetal and neonatal deaths (a total of 8 
deaths) suggest caution in interpretation of this result. We believe 
that additional studies, panicularly large intervention trials with 
sufficient statistical power, arc necessary to evaluate the relative 
role of maternal iron deficiency in fetal and newborn mortality. 

Serge Hercberg 
Paul Preziosi 
Pilar Galan 
Alain P r u l  

Institut Scientifique et Technique dc la Nutrition ct dc 
I'Alimentation 

CNAM Paris 
2 rue Conti 
75003 Paris 
France 
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Effects of the Zanzibar school-based deworming program on iron 
status of ~h i ldrenl -~ 
Rebecca J Stoltzfus, Marco Albonico, Hababuu M Chwaya, James M Tielsch, Kerry J Schrrlze, and Lorenzo Savioli 

ABSTRACT We evaluated the effects of the Zanzibar 
school-based deworming program on the iron status of primary 
school children. Parasitologic and nutritional assessments were 
carried out at baseline, 6 mo, and 12 mo in 4 nonprogram schools 
(n = 1002), 4 schools in which students received twice-yearly 
deworming (n = 952), and 4 schools in which students received 
thrice-yearly deworming (n = 970) with 500 mg generic meben- 
dazole. Schools were randomly selected for evaluation and allo- 
cated to program groups. Relative to no treatment, thrice-yearly 
deworming caused significant decreases in protoporphyrin con- 
centrations and both deworming regimens caused marginally 
significant increases in serum ferritin concentrations. The aver- 
age annual changes in protoporphyrin concentrations were -5.9 
and -23.5 )~mol/mol heme in the control and thrice-yearly 
deworming groups, respectively (P < 0.001). The average 
changes in femtin concentration were 2.8 and 4.5 p@, respec- 
tively (P = 0.07). Deworming had no effect on annual hemoglo- 
bin change or prevalence of anemia. However, the relative risk 
of severe anemia (hemoglobin <70 a )  was 0.77 (95% confi- 
dence limits: 0.39, 1.51) in the twice-yearly deworming group 
and 0.45 (0.19, 1.08) in the thrice-yearly deworming group. The 
effects on prevalence of high protoporphyrin values and inci- 
dence of moderate-to-severe anemia (hemoglobin <90 a )  were 
significantly greater in children with >2000 hookworm eggslg 
feces at baseline. We estimate that this deworming program pre- 
vented 1260 cases of moderate-to-severe anemia and 276 cases 
of severe anemia in a population of 30000 schoolchildren in 1 y. 
Where hookworm is heavily endemic, deworming programs can 
improve iron status and prevent moderate and severe anemia, but 
deworming may be needed at least twice yearly. Am J Clin 
Nufr 1998;68:179-86. 

KEY WORDS Humans, hookworms, schoolchildren, ane- 
mia, iron deficiency, deworming, Africa, helminth, anthelmintic 
drug. Zanzibar 

INTRODUCTION 

iron supplements to young children and the lack of centrally 
processed fortifiable foods outside of urban areas have prevented 
these interventions from reaching children in parts of Africa and 
Asia where anemia is most prevalent and severe. 

Hookworms (Ancylosfoma duodenale and Necoror ameri- 
conus) infect 4 8 0  million people globally and are most preva- 
lent in Asia and sub-Saharan Africa (2). Hookworms cause 
chronic intestinal blood loss by attaching to the mucosa of the 
upper small intestine and ingesting tissue and blood. Blood loss 
occurs both from ingestion by the worm and through bleeding 
from the damaged mucosa (3). The quantity of blood lost is 
directly related to the intensity of the infection (4. 5). Where 
hookworm infections are prevalent and iron status poor, hook- 
worm infection is an important cause of iron deficiency anemia. 
especially more severe anemia (6). 

Apart from treating individuals with clinical hookworm- 
related anemia, hookworm control has not often been included in 
public health strategies to control iron deficiency anemia (7). 
This is in part because evaluations of the effects of hookworm 
control programs on iron deficiency in populations have been 
rare. An exception is an evaluation of anthelmintic therapy in 
combination with an iron-fortification pilot project in India, in 
which anthelmintic therapy significantly enhanced the benefit of 
iron-fortified salt at the population level (8). 

School-based deworming is advocated as a highly cost-effec- 
tive public health intervention (9) and might improve children's 
iron status in some populations. This benefit is most likely to be 
attained in populations where hookworm infections are prevalent 
and iron intakes poor. Blood loss may also occur in Trichuris 
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frichiura infection (10). but probably becomes significant only 
in heavy infections (11); additionally, the importance of trichuri- 
asis as a cause of iron deficiency in populations is questionable 
(12, 13). Ascariasis is associated with a small deficit in hemo- 
globin in some populations (6, 14), for reasons that are not well 
understood. 

This paper reports the effects of the Zanzibar school-based 
deworming program on the iron status of children in primary 
school. The program was implemented by the local Ministry of 
Health and school personnel and consisted of a single 500-mg 
dose of generic mebendazole as an anthelmintic treatment. The 
evaluation measured effects on helminth infections, growth, iron 
status, and school attendance of children receiving either twice- 
yearly or thrice-yearly deworming. Effects on growth are 
reported elsewhere (15). 

METHODS 

The school-based deworming program 

School-based strategies for parasite control were begun in Zanz- 
ibar in 1988, with a test-and-treat program for control of urinary 
schistosomiasis (Schisfosoma haemarobium infection). From 1988 
to 1992, all children in primary school were tested annually for 
microhematuria with Hemastix test strips (Ames Laboratories, 
Elkhart, IN). Those who tested positive were treated with prazi- 
quantel. This program effectively controlled urinary schistosomiasis 
(16). but from 1992 to 1994 the program was temporarily discon- 
tinued as a result of a lack of funds. The school-based deworming 
program that we evaluated began in 1994 on Pemba island, the 
smaller of the two islands of Zanzibar, and included a test-and-mat 
component for urinary schistosomiasis and mass treatment for gec- 
helminths. All program activities were implemented by the Pemba 
Island Helminth Control Team, a unit of the local Ministry of 
Health, in cooperation with the Ministry of Education. 

A single dose of mebendazole was chosen as the anthelmintic 
treatment on the basis.of both cost and efficacy. A previous ran- 
domized trial conducted in Pemba had compared the efficacy of a 
single dose of 500 mg generic mebendazole with a single dose of 
400 mg albendazole. Compared with that of albendazole, the effi- 
cacy of mebendazole was somewhat less against hookwoms, very 
similar against Ascaris lumbricoides, and somewhat better against 
T. rrichiura (17). The cost of generic mebendazole, US$0.027 per 
dose, was one-tenth of that of albendazole at that time (L Savioli, 
personal communication. 1993). Because children became rapidly 
reinfected with all three helminths (18). annual treatment was inad- 
equate. 

Program evaluation 

Although improved sanitation practices in Zanzibar are a goal 
of the Ministry of Health, anthelmintic therapy will be the main- 
stay of helminth control in the coming decade. Given the scarcity 
of resources for public health programs, evidence of program 
effectiveness was considered essential for the Ministw of Health 
to gamer sustained program support. A program evaluation that 
included nonprogram schools was therefore justified and could be 
done because the program was designed to be implemented over 
a 2-y period. In addition, a twice-yearly deworming program was 
implemented in some evaluation schools and a thrice-yearly 
deworming regimen in others to evaluate the relative effective- 
ness of the two regimens. 

Twelve evaluation schools were selected from the 72 public 
schools on Pemba Island. From each of the 4 districts on the 
island, 3 schools were randomly selected and then allocated to 
the nonprogram, twice-yearly deworming, and thrice-yearly 
deworming program groups. The same deworming treatment 
was administered to all children in the selected schools. Placebos 
were not given in the nonprogram schools, and children, teach- 
ers, and investigators were not blinded to the programs being 
administered. In the twice-yearly deworming group, mebenda- 
zole was given in March-April and October-November 1994. In 
the thrice-yearly deworming group, mebendazole was given in 
March-April, August, and December 1994. The evaluation was 
planned and the schools selected before the program was imple- 
mented in any school on Pemba Island. The nonprogram schools 
became program schools in 1995. 

Only morning classes of children were assessed in the evalu- 
ation so that laboratory work could be completed in the after- 
noon. Children in grades 1 4  were eligible for the evaluation, 
but grades 1 and 2 were deliberately oversampled because we 
expected the program to have the greatest effect on nutritional 
status in younger children. 

Parent meetings were held at each school to provide informa- 
tion about the deworming regimen to be implemented in the 
school in either 1994 or 1995, the purpose of the evaluation, 
risks and benefits of children's participation, and alternatives to 
participation. Anthelmintic drugs were available in local phar- 
macies to children in all three program groups. The study was 
approved by the ethical review committees of The Johns Hop- 
kins School of Public Health, the World Health Organization. 
and the Ministry of Health of Zanzibar. 

We estimated that 1000 children per group would be sufficient 
to detect a difference in mean within-individual changes in 
hemoglobin of 5 a. This estimate accounted for the design 
effect of randomizing at the school level and allowed for sub- 
group analyses. The evaluation was designed to compare the 
effects of twice-yearly and thrice-yearly deworming with no 
deworming. The sample size was not sufficient for testing dif- 
ferences between the two deworming regimens. 

According to the teachers' rosters of classes selected for the 
survey, 3959 children were enrolled and therefore eligible to par- 
ticipate in the evaluation. The baseline survey conducted in 
March-May 1994 included 3605 children. 91.1% of those eligi- 
ble. Children with hemoglobin <70 g/L (n = 125, or 3.5% of the 
sample) were treated with mebendazole and oral iron and were 
excluded from these analyses. The deworming regimens were 
begun at the time of the baseline survey in the program schools. 
Six-month and 12-mo follow-up assessments were conducted in 
October-November 1994 and March-May 1995, respectively. 
Eighty-four percent of children ( n  = 3028) completed the 12-mo 
follow-up. The losses to follow-up in each program group are 
described elsewhere (15). 

Nutritional and parasitologic assessments 

Iron status was assessed by measuring hemoglobin, erythro- 
cyte protoporphyrin, and serum ferritin in a venous blood sam- 
ple at baseline and 12 mo. At the 6-mo follow-up, only hemo- 
globin and erythrocyte protoporphyrin were measured in a 
capillary sample. We chose these 3 measures because they pro- 
vide complementary information across the range of iron sta- 
tuses and because they were feasible in this research setting. 
Although falciparum malaria is highly endemic in Zanzibar. 
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these indicators performed reliably in this population (19). 
Hemoglobin and protoporphyrin were measured directly in a 
drop of whole blood at the school by using a HemoCue hemo- 
globinometer (HemoCue AB, Angelhome, Sweden) and a fluo- 
rometer (Aviv Biomedical, Lakewood, NJ), respectively. At 
baseline and 12 mo, the remaining blood was allowed to clot at 
a cool temperature for 5 3 0  min and then centrifuged at 1000 X 

g for 20 min at room temperature. Serum samples were stored at 
-20°C for up to 10 wk, transported to Baltimore in liquid nitro- 
gen, and stored at -70°C until analyzed. Ferritin was measured 
by using a fluorescence-linked immunoassay (DELFIA system; 
Wallac Inc. Gaithersburg. MD). The children's weights and 
heights were measured by use of standard methods (20). 

Dietary intakes of the children were not ascertained because 
dietary interviews could not be conducted reliably with young 
schoolchildren in the absence of their parents. However, the iron 
bioavailability of the Pembian diet is certainly low. Cassava is 
the primary staple food, being the least expensive choice and the 
easiest to raise in home gardens. Maize, rice, plantains, and 
breadfruit are added to the diet if affordable. These foods are 
typically eaten with curries or stews made of legumes, vegeta- 
bles, and small fish. Larger fish and other seafoods are con- 
sumed in small amounts occasionally. Meat is a luxury item not 
regularly consumed. Bananas and papaya are available through- 
out the year, whereas mangoes, citrus fruit, and other fruit are 
available seasonally. 

Fecal samples were collected from -95% and urine samples 
from 100% of children surveyed. Blood films were stained with 
Giemsa stain and malarial parasites were counted against leuko- 
cytes, helminth fecal egg counts were determined by the Kato- 
Katz method. and microhematuria, an indication of urinary 
schistosomiasis, was determined by using Hemastix (Ames Lab- 
oratories. Elkhart, IN). These standard parasitologic methods are 
described elsewhere (6. 19). 

Data analysis 

Stunting was defined as a height-for-age r score < -2 on the 
basis of the National Center for Health Statistics and World 
Health Organization (WHO) reference data (21). Anemia was 
defined as a hemoglobin concentration < 110 g/L. This is lower 
than the WHO recommended definition for this age group of 120 
g!L (22); however, a lo-@ lower cutoff screens more efficiently 
for anemia in blacks (23). Hemoglobin cutoffs c 9 0  and <70  g/L 
were used to define moderate-to-severe anemia and severe ane- 
mia, respectively. Exhausted iron stores were defined as a serum 
ferritin concentration < 12 glL and iron-deficient erythropoiesis 
was defined as a protoporphyrin concentration > 90 pmol/mol 
heme. 

Children's baseline characteristics in each treatment group 
were compared by using Student's 1 test for continuous variables 
and the chi-square test for categorical variables (24). Estimates 
of program effects and their variances were adjusted for correla- 
tions among children within the same school by using general- 
ized estimating equations (25). Because some child characteris- 
tics differed significantly between the program groups at 
baseline, these estimates were adjusted for baseline factors in 
multiple regression models. Program effects on hemoglobin. 
protoporphyrin, and ferritin were measured as the difference 
between the within-child change from baseline to 12 mo in each 
program group compared with the control group. Program 
effects on the prevalence of abnormal values for iron-status indi- 

cators was measured as the difference between the change in 
prevalence within each program group from baseline to 12 mo 
compared with the control group. 

We also measured program effects on the incidence of mod- 
erate-to-severe anemia. Children who had moderate-to-severe 
anemia at baseline were excluded from this analysis. The inci- 
dence rate was calculated on a person-by-time basis by using 
the 6-mo intervals from baseline to 6 mo and from 6 to 12 mo 
as independent intervals. The program effect was measured by 
the relative risk of moderate-to-severe anemia in program 
groups compared with the control group. An analogous analysis 
was carried out on the incidence of severe anemia. Multivariate 
linear and Poisson regression models were used with the gener- 
alized estimating equation approach (25) to account for the 
clustered randomization. 

Finally, we tested for predictors of benefit, that is, baseline 
characteristics of children that were associated with a greater 
program effect. To do this, we tested the interaction between pro- 
gram group and baseline child characteristics by using multiple 
regression. Interactions with P values <0.15 were considered 
potentially significant, depending on their magnitude and bio- 
logical significance. 

RESULTS 

Characteristics of study children 

The study sample included about equal numbers of boys and 
girls (Table 1). The children's median age was 10 y. More than 
two-thirds of children were infected with A. lumbricoides and 
>90% of children were infected with T. frichium or hookworms. 
Malarial infection and microhematuria were also common. Chil- 
dren were short for their ages: the overall prevalence of stunting 
was 48.5%. The pattern of growth retardation in this group of 
children has been described in detail elsewhere (20). The iron 
status of the children at baseline was poor. 

Several characteristics of children in the three program groups 
differed significantly at baseline (Table 1). The two deworming 
groups had slightly more trichuriasis and hookworm infection 
than did the control group. The twice-yearly deworming group 
had less ascariasis, less microhematuria, and better height-for- 
age z scores than did the other groups. The thrice-yearly 
deworming group tended to have the worst iron status. These 
baseline factors were included in multivariate regression models 
of the effects of the oroeram on iron status and retained if found . - 
to confound or modify the estimate of program effects. 

Program effects on helminth infections 

The effects of twice-yearly and thrice-yearly deworming on 
helminth infections are reported in greater detail elsewhere (15). 
but are summarized here because they are essential to the inter- 
pretation of the nutrition findings. The program achieved high 
coverage in the first year, with 90% of children in the schools 
treated twice yearly and 89% in those treated thrice yearly 
receiving the full regimen. Both deworming regimens effectively 
controlled ascariasis. The geometric mean (+I SD, - 1 SD) fecal i 

egg counts per g feces for A. lumbricoides at 12 mo were 653 
(25, 17367). 54 (2, 1433). and 10 (0, 289) in the control, twice- 
yearly deworming, and thrice-yearly deworming groups, respec- 
tively. The deworming programs did not have a large effect on 
the prevalence of T. trichiura or hookworm infections, which 
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TABLE 1 
Baseline characteristics of the study children by program group 

ho!gm group 
Twice-yearly Thrice-yearly 

Conwol deworming deworming 
Characteristic (n = 1002) (n = 952) (n = 970) 

Male sex (%) 50.7 49.6 49.5 
Age (Y) 10.5 i 1.6' 10.6 + 2.6 10.5 i 1.7 
Hookworms 

Infected (%? 91.0 94.4 95.7 
Eggslg feces2 321 (37,2775)' 492 (75,3234) 583 (101.3362) 

Tiichuri$ rrichiuro 
Infected (9%)' 94.8 96.5 97.1 
Eggslg feces 527 (82,3370) 577 (108,3109) 614 (126,2998) 

Asemis lumbricoides 
Infected (9%)' 72.7 66.7 75.8 
Eggslg feces' 229 (7,8066) 152 (4,6432) 314 (10, 10155) 

Malaria parasitemia (96)' 57.1 56.8 65.4 
Microhemamria (%)IJ 30.4 19.9 35.0 
Height-for-age i score - 1.93 i 1.23 -1.78i 1.44 -1.97 * 1.39 
Body mass index (kg/m2) 14.6 f 1.3 14.7 f 1.5 14.7 i 1.3 
Hemoglobin (g/LY 106i12 107 i 13 1 M i 1 3  
Hemoglobin < 110 (%)> 60.2 56.3 66.3 
Protoporphyrin (pmol/mol heme)' 89 (55. 144) 92 (57. 150) 97 (58,164) 
Protoporphrin >90 pmollmol heme (%? 44.3 45.0 51.7 
Femtin ( p a )  14.4 (7.8.26.6) 14.8 (7.6.28.7) 14.2 (7.5.27.1) 
Femrin < 12 p a  (9%) 40.2 38.9 40.9 

' f fSD.  
'Group proponions are significantly different. P < 0.01. 
'Geometric Y (- 1 SD, + I SD). 
'Group means are significantly diffennt. P < 0.05. 
'An indicator of urinary schistosomiasis. 

remained at 85-97% in all three groups. However, deworming 
did reduce the intensity of infections with these parasites in a 
frequency-dependent manner. At 12 mo, the geometric mean 
fecal egg counts for T trichiura were 788 (96, 6449), 340 (41. 
2633). and 147 (19, 1256), and for hookworms were 778 (94. 
6728). 329 (41,2826), and 262 (30,2044) in the control, twice- 
yearly deworming, and thrice-yearly deworming groups, respec- 
tively. The prevalence of moderate-to-heavy hookworm infec- 
tions (>ZOO0 hookworm eggslg feces) at 12 mo were 28%, 14%. 
and 9%. respectively. 

Overall program effect on iron status 

of ferritin were marginally significantly improved in the thrice- 
yearly deworming group, and the prevalence of iron-deficient 
values of both indicators was significantly decreased. Twice- 
yearly deworming had a marginally significantly positive effect 
on the serum ferritin concentration, but otherwise had no signi- 
ficant effect on iron status of the entire study cohort. 

Although the deworming programs had no overall effect on 
the prevalence of anemia, the incidence of more severe forms of 
anemia was lower in the thrice-yearly deworming group 
(Table 3). Severe anemia was reduced by 23% in the twice- 
yearly deworming group and by 55% in the thrice-yearly 
deworming group. Although the reduction was large in the - .  . 

Children's hemoglobin concentrations improved significantly thrice-yearly deworming group, the 95% CI included unity. - 
from baseline to the 12-mo follow-up survey in all program 
groups. The average hemoglobin concentration increased by 
=I1 glL and the prevalence of anemia declined by almost one- 
half. This improvement happened in the second 6-mo period of 
follow-up. At the 6-mo follow-up survey, the mean (f SD) hemo- 
globin concentration was 105 i 15 gJL and the prevalence of 
anemia was 58.8%, values similar to those found in the baseline 
survey. 

The deworming programs did not significantly improve the 
mean hemoglobin concentration relative to the control group, 
nor did they reduce the prevalence of anemia relative to the con- 
trol group (Table 2). However, the thrice-yearly deworming reg- 
imen did have a positive effect on iron status. The mean values 
of protoporphyrin were highly significantly improved and those 

Predictors of benefit from deworming 

No child characteristics that we measured were predictive of 
biologically significant improvements in hemoglobin concenua- 
tions from deworming. Lower baseline hemoglobin concentra- 
tion. male sex, and age z 10 y were statistically associated with 
greater increases in hemoglobin concentration (ie, their interac- 
tion terms with the program group had P values <0.15), but in 
no subgroup was the hemoglobin gain associated with either 
deworming program 5 3  glL (data not shown). 

However, the intensity of hookworm infection at baseline was 
predictive of the reduction in incidence of moderate-to-severe 
anemia (Table 3). In children with <ZOO0 hookworm eggs/g 
feces at baseline, nether program had a significant effect. In chil- 
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TABLE 2 
Program effects on iron status' 

Program group 
Twice-yearly Thrice-yearly 

Characteristic Conuol dewoming deworming 

Hemoglobin ( a )  11.3 f 1.7 10.3 * 1.7 12.7 f 1.7 
Protoporphyrin - 6 f 3  -13*3 -24f 3' 

(pmollmol heme) 
Ferritin ( h a )  2.8 f 0.7 4.6 f 0.7' 4.5 t 0.7' 

12-mo Change in prevalence (%)I 

Hemoglobin < 110 g/L -31.3 f 5.3 -24.3 f 5.3 -33.1 15.3 
Pratoporphrin > 90 -2.9 f 2.5 -5.3 f 2.5 -15.8 1 2.5' 

pmollmol heme 
Ferritin<l2+& -10.35 1.5 -11.1i1.7 -14.2f 1.5' 

'T fSE.  
'Values arc within-individual differences for each indicator between 

baseline and 12 mo, adjusted for iron status, sex, age, hookworm infection, 
district, and height-for-age at baseline, and accounting for within-school 
correlations. 

"Significantly different from conuol: 'P < 0.001, 'P = 0.07. 
6P = 0.06. 

'Values are changes in prevalence of abnormal values for each indica- 
tor from baseline to 12 mo. adjusted for iron status, sex, age. hookwom 
infection. district, and height-for-age at baseline, and accounting for 
within-school correlations. 

dren with moderate or heavy hookworm infections (22000 hook- 
worm eggslg feces), both deworming programs had a large pro- 
tective effect. Twice-yearly deworming reduced the incidence of 
moderate-to-severe anemia by 47% and thrice-yearly deworming 
reduced the incidence by 57%. Put another way, in the control 
group, children with heavier hookworm infections. at baseline 
had a more than twofold greater risk of developing moderate-to- 
severe anemia (incidence of 9.8% compared with 4.7%). Both 
deworming regimens greatly reduced this excess risk. 

A similar pattern of effect modification was seen on the preva- 
lence of iron-deficient erythropoiesis (ie, protoporphyrin > 90 
pmol/mol heme) at 12 mo (Figure 1). In children without hook- 
worm infection or with light infection, thrice-yearly deworming 
reduced the adjusted prevalence from 39.2% to 33.9%. but 
twice-yearly deworming had virtually no effect. In children with 
moderate-to-heavy hookworm infection, the adjusted preva- 
lences were 53.2%, 46.4%. and 35.8% in the control. twice- 
yearly deworming, and thrice-yearly deworming groups, respec- 
tively. Again, thrice-yearly deworming essentially removed the 
excess risk of iron-deficient erythropoiesis found in children 
with heavier hookworm infections. 

The children's age and baseline hemoglobin concentration 
strongly predicted the change in protoporphyrin associated with 

ing than did those with a hemoglobin concentration of 120 g L  
(-40.0 compared with -6.1 &mol/mol heme, values for chil- 
dren > 10 y; Figure 2). In the thrice-yearly deworming group this 
interaction was highly significant ( P  <0.005), but in the twice- 
yearly deworming group it was not as strong. 

The benefit to serum ferritin from deworming occurred only 
in children who had some iron storage at baseline. Children in 
whom iron stores were exhausted at baseline (serum ferritin 
< 12 p a )  showed no improvements in ferritin concentration 
associated with deworming, whereas those with some iron stores 
at baseline had 12-mo increases of 3.1 and 3.4 pg/L over the 
control group (twice-yearly and thrice-yearly deworming 
groups, respectively; P <0.01 for both groups). This interaction 
was highly significant in both deworming groups ( P  <0.001). In 
children with baseline iron stores, the improvement in serum fer- 
ritin concentration was also modified by the child's height-for- 
age z score (data not shown). Children who were more stunted 
accumulated more storage iron in association with deworming. 

DISCUSSION 
The Zanzibar school-based deworming program significantly 

reduced the burden of iron deficiency and moderate-to-severe 
anemia in schoolchildren in its first year of implementation. 
Thrice-yearly deworming caused improvements in iron status 
measured both by protoporphyrin, a measure of iron-deficient 
erythropoiesis. and serum ferritin, a measure of iron stores. The 
most striking benefit was the prevention of moderate-to-severe 
anemia in children with heavier hookworm infections at base- 
line. Thus, deworming had the greatest benefit for children at 
greatest risk for the morbidity and mortality caused by anemia. 
This benefit was achieved even though the prevalence of hook- 

O Control 
Twice-yearly 
Thrice-yearly 

60 1 

.. . . ~ . - .  
deworming. Children > 10 y of age had larger decreases in pro- <2000epg >2000epg 
toporphyrin concentrations associated with deworming than did 
younger children (I2 pmol/mol heme greater in the twice-yearly Initial hookworm infection intensity 
deworming group and 9 pmol/mol heme greater in the thrice- 
yearly deworming group; interaction of age and both deworming FIGURE 1. Prevalence of iron-deficient erythropoiesis (pratopor- 

phyrin >90 pmollmol heme) at the 12-mo follow-up in children in the 
regimens. P 4 . 0 2 5 ) .  The decrease in protoporphyrin was signi- control. twice-yearly deworming, and deworming program 

for age groups lhe thrice-yearly deworming group schools stratified by baseline hookworm infection intensity. Epg, eggslg 
but for only older children in the t w i c e - ~ e a r l ~  dewohing  group feces. Values are adjusted for district and for hemoglobin concentration 
(data not shown). In the thrice-yearly deworming group. children at baseline, Interaction between hookworm infection and twice-yearly 
with an initial hemoglobin concentration of 80 g/L had a sixfold deworming. P = 0.20; interaction between hookworm infection and 
greater reduction in protoporphyrin concentration after deworm- thrice-yearly dewoming. P = 0.03. 
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TABLE 3 
Effect of twice-yearly and thrice-yearly dewaming on incidenceof 
moderate-to-revere and severe anemia 

Incidence 
Severity of anemia per 100 Relative 
and pmgram gmup intervals' risr 95% CI 

Moderate-to-severe anemia 
(hemoglobin < 90 g/L) 

Control 5.6 1.00 - 
Twice-yearly deworming 5.8 1.19 0.72. 1.98 
Thrice-yearly deworming 3.5 0.75 0.44. 1.29 

Hookworm infection at baseline 
<Zoo0 eggslg feces 

Control 4.7 1.00 - 
Twiceyearly deworming 5.8 1.43 0.87.2.34 
Thrice-yearly dewonning 3.2 0.75 0.43, 1.30 

>Zoo0 eggslg feces 
Control 9.8 1.00 - 
Twice-yearly deworming 5.4 0.53 0.29.0.97 
Thrice-yearly deworming 4.7 0.43 0.28.0.66 

Severe anemia 
(hemoglobin <70 glL) 

Control 0.84 1.00 - 
Twice-yearly deworming 0.60 ' 0.77 0.39, 1.51 

~ ~ 

Thrice-yearly dewarming 0.35 0.45 0.19, 1.08 
'Based on estimates from linear remession models, adiusted for heme- . 

globin, ferritin, and protoporphyrin at baseline. 
'Based on estimates from Poisson regression models. 

worm infection was only modestly reduced, and the intensity of 
infection was reduced by two-thirds, as measured by fecal egg 

, counts after 1 y. 
Despite improvements in iron status, the deworming program 

had no detectable effects on average hemoglobin concentrations 
or the prevalence of mild anemia. The differential responsive- 
ness of iron-specific indicators and hemoglobin suggests that 
factors apart from iron status are important regulators of ery- 
thropoiesis in this population and that those other factors were 
the main causes of the hemoglobin changes we observed. This is 
corroborated by the fact that hemoglobin concentrations 
increased dramatically from 1994 to 1995 regardless of treat- 
ment (11.3 glL  in the control group), whereas the iron-specific 
indicators, ferritin and protoporphyrin, changed relatively little 
in the control group (2.8 pglL and -6 pmollmol heme, respec- 
tively). Predicting from the empirical relations between hemo- 
globin and iron-status indicators in our data at baseline (data not 
shown), the improvements in protoporphyrin and femtin in the 
control group would account for a hemoglobin increase of only 
0.54.6 +about 5% of the increase we observed in the con- 
trol group. 

If not iron status, what then might explain the change in 
hemoglobin concentration from 1994 to 1995 in these children? 
Although we did not measure dietary or household food avail- 
ability, there was anecdotal evidence that 1994 was a lean year, 
whereas the harvest in 1995 was exceptionally good. Thus. it is 
possible that other nutritional influences caused by better diet 
contributed to the increase. The difference in hemoglobin cannot 
be explained by a systematic error in hemoglobin measurement 
because the same method was used in all surveys and controls 
were run daily. Nor did the difference relate to malaria trends 
because the prevalence and intensity of malaria parasitemia were 
nearly identical in 1994 and 1995. In sum. the secular change in 

hemoglobin is perplexing because it is not well explained by the 
variables we measured and because it appears to have obscured 
the potential effect on mild anemia that we would expect to be 
associated with improvements in iron status. 

The greater effect of deworming in children with more severe 
forms of anemia was predicted by the cross-sectional relation 
between hookworm infection and anemia in these children at 
baseline. In these analyses, the attributable fraction of anemia 
associated with hookworm infection was 25%. but the attribut- 
able fraction of severe anemia was 73% (6). We expected the 
actual reduction in anemia and severe anemia achieved from 
deworming to be less than these attributable fractions because 
hookworm infection was reduced but not eradicated by periodic 
deworming. 

The pattern of effects that we observed within and between 
program groups agrees with a continuous relation between the 
intensity of hookworm infection (ie, the worm burden) and the 
degree of blood loss. Thrice-yearly deworming reduced hook- 
worm burdens substantially better than did twice-yearly 
deworming (based on fecal egg counts) and by almost every 
indicator the effect on iron status was greater in the thrice-yearly 
deworming group. Furthermore, the effect of deworming on 
iron-deficient erythropoiesis and moderate-to-severe anemia was 
significantly greater in children with heavier hookworm infec- 
tions at baseline. Because even thrice-yearly mebendazole did 
not reduce the prevalence or intensity of hookworm infection to 
very low levels, our results suggest that more effective 
anthelmintic regimens (ie, more frequent administration or more 
efficacious drugs) would have larger effects on children's iron 
status. 

Anthelmintic therapy might bring about an improvement in 
children's growth as well as in erythropoiesis and iron storage. 
These benefits are likely to be in competition, however, because 
growth is iron costly (26). Previous efficacy trials of deworming 
of east African schoolchildren (27-31). carried out over periods 
lasting from 5 wk to 8 mo, found impressive effects on growth 
but in general did not report impressive effects on iron status. In 
only one trial of albendazole treatment of hookworm-infected 
boys was there was a statistically significant effect on hemoglo- 
bin of 4 glL over 4 mo (29). 

As predicted by this competition between indicators of iron 
status and growth, we found that the subgroups of children who 
benefited most in terms of growth tended to benefit least in terms 
of iron status. Specifically, age c 10 y predicted greater growth 
benefit from deworming (15) but predicted less benefit in hemo- 
globin and protoporphyrin concentrations. Also, the twice-yearly 
deworming group had the greatest overall weight gain from 
deworming (15). which possibly explains why the decrease in 
prevalence of anemia was smallest in this group. Finally, chil- 
dren who were more stunted at baseline benefited least in terms 
of ponderal and linear growth (15) but accumulated the most 
storage iron. When evaluating the effect of deworming programs 
on iron status, it may be necessary to account for the iron costs 
of growth if a significant growth effect is observed. We did not 
take this approach in these analyses because the observed growth 
effect was small (15) and equations for estimating total body 
iron have not been validated in growing children. The small 
growth effect that we observed would tend to cause us to under- 
estimate the effect of deworming on iron status. 

Benefits to serum ferritin were small, which is not surprising 
because the population had a high burden of iron deficiency 
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Initial hemoglobin concentration (glL) 

FIGURE 2. Effect of twice-yearly and thrice-yearly deworming on 12-mo change in protoporphyrin concentration according to baseline hemoglo- 
bin concentration. Value of zero represents no effect relative to the control group. Values are plotted for children > 10 y of age at baseline. adjusted for 
district, age, and protoporphyrin and hemoglobin concentrations at baseline. Interaction between hemoglobin and twice-yearly deworming. P = 0.16; 
interaction between hemoglobin and thrice-yearly deworming, P = 0.001. 

anemia at baseline. The iron saved from reduced intestinal 
blood loss was utilized for erythropoiesis and growth, not for 
stores. This explains why the serum fenitin concentration did not 
increase in children who had no iron stores at baseline. 

Because deworming acts primarily by decreasing iron loss, in 
populations with limited absorbable dietary iron the expected effect 
from deworming would be to halt or slow the decline in iron status 
associated with hookworm infection. If the population continues to 
eat the same poor diet, growing children may not be able to gain 
body iron, even when hookworm burdens are reduced. Thus, the 
major effect of anthelmintic therapy in this malnourished popula- 
tion was to prevent children from sliding into moderate or severe 
iron deficiency anemia. The greatest effects of deworming have 
been seen in trials in which anthelmintic therapy was combined 
with increased diemy iron. Significant increases in hemoglobin 
concentration were reported when deworming was provided along 
with iron-fortified soup to iron-deficient South African.schoolchild- 
ren (32). along with iron-fortified salt to an Indian community (8), 
or along with nutritionally adequate meals to prisoners in Papua 
New Guinea (33). 

This program was administered and implemented by a local 
unit of the Ministry of Health in collaboration with schoolteach- 
ers. The staff of the Helminth Control Team are high-school-edu- 
cated government employees. The program was well-received by 
teachers, parents, and students, as shown by the 90% coverage 
rate achieved. The generic mebendazole tablet is chewable and 
orange flavored. It was palatable to the children and produced 
few and mild side effects (17). 

The cost of the program, prorated over 10 y, was estimated to 
be US$4500 per year to cover a population of 30000 primary 
school children (Ministry of Health of Zanzibar, unpublished 
data, 1993). Based on the data in Table 3. we estimate that in 1 y 
the program prevented 1208 cases of moderate-to-severe anemia 
at a cost of US$3.57 per case and 276 cases of severe anemia at 
a cost of US$16.30 per case. These benefits were achieved in a 
calendar year when children's hemoglobin concentrations 

improved dramatically apan from the deworming program, and 
may underestimate the benefit in a more typical year. 

We conclude that where hookworm infections are prevalent 
and iron intakes are poor, deworming programs can marginally 
improve the iron status of populations and may substantially 
reduce the incidence of moderate and severe anemia. Those indi- 
viduals with moderate or heavy hookworm infections will bene- 
fit most. This has implications not only for children but also for 
women, in whom hookworm infections may also be an imponant 
cause of anemia (34.35). 

However, hookworm control is not sufficient as  an anemia- 
control strategy. Where delivery systems exist or can be built, 
increased iron intake through supplementation, fortification, or  
improved diet should be combined with deworming programs. 
The addition of iron supplementation to the school-based 
deworming program in Zanzibar is being evaluated. Drug costs 
for the thrice-yearly deworming program are $0.08 per child per 
year and the costs of weekly or daily iron supplementation in 
schools are at least as low ($0.02 and $0.08 per child per year, 
respectively). Additional applied research is needed to develop 
guidelines for when and how deworming is most cost-effectively 
integrated with other iron interventions. Ei 
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Plausible evidence of effectiveness of an iron- 
supplementation programme for pre nant and 
post-parturn women in rural Bangla d esh 

Rebecca J. Stoltzfus, Jyatsnarnoy Chakraborty, Amy Rice, Bknkdicte de la Brikre, 
and Andres de Francisco 

Abstract worldwide [I]. Iron supplements are inexpensive, wid* 
available, and efficacious, and iron-supplementation 

Since 1978 iron and folic acid pills have been distrib- programmes have been carried out in many places 
uted, along with other family-planning and health ser- throughout the world over the last two decades. Still, 
vices, to women inMatlabsubdimict, Bangladesh, through the prevalence of iron-deficieniy. anaemia does not 
fortnightly visits of community health workers. In 1986 appear to be declining [2,3].Although most large-scale 
the iron dose was set at threepills daily (198 mg of iron) programmes have not been evaluated, several evalua- 
duringpregnancy and two pills daily for 6 monthspost- tions have found programmes to be ineffective (41, with 
partum. Haemoglobin concentrations were determined no significant decrease in the prevalence of anaemia 
in a representative sample of 218 women who gave birth in the population. To our knowledge, there have been 
from June through August 1994 and who were followed no published reports providing evidence of the effec- 
prospectively from 0.5 to 9 monthspost-partum. At 0.5 tiveness of a sustained, large-scale iron-supplernenta- 
monthspost-partum 88% of women reported that they tion programme. 
had taken iron pills on theprevious day. l?zprevalence Although iron-deficiency anaemia is prevalent in 
of anaemia declinedfrom 36% at 0.5 months to 9% a t 9  many parts of the world, the burden of anaemia in 
monthspost-partum, with an overaN averageprevalence women is highest in South Asia, including Pakistan, 
of 23% in this period. To estimate the impact of the India, Nepal, and Bangladesh. Worldwide there are 
programme, these results were compared to anaemia re- around 420 million anaemic women, of whom 335 
sultsfrom representative samples of non-pregnant women million (80%) live in Asia and 160 million (38%) live 
in Matlab in' 1975 and 1976 and in three other rural in South Asia [I]. Clearly, to make substantial progress 
communities in Bangladesh in 1996. The estimated re- against the global burden of anaemia in women, ef- 
duction in the prevalence of anaemia resulting from the fective progr-es are needed in South Asia. - - 
programme raigedfrom 48% to 70%, and the-&mated We present evidence suggesting that a cornmunity- 
increase in haemoalobin concentration ranaed fiom 0.9 based health-care proflamme that delivers iron supple- - ,  
to 2.1 g/dl.  his-evidence suggests that the Matlab 
programme has been highly effective in controlling 
anaemia. 

Introduction 

Iron-deficiency anaemia is the most prevalent form of 
malnutrition, affecting around 50% of pregnant women 
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- 
menu; to women during pregnancy and the post-p& 
period in rural Bangladesh has been highly effective 
in reducing anaemia in women. Haemoglobin and 
supplemental iron consumption data were collected as 
part of a study of vitamin A supplementation and 
breastfeeding. This provided an opportunity to esti- 
mate the impact of an iron-supplementation 
programme that has been operating for two decades 
without any evaluation. Because these data were not 
collected with the intent of evaluating the iron-supple- 
mentation programme, the need for additional evalu- 
ation data from this programme is highlighted. The 
elements of the programme that might be keys to its 
success are discussed. 
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Methods 

Description of the Matlab iron-supplementation 
programme 

This iron-supplementation programme is.part of the 
community-based Maternal Child Health Family Plan- 
ning Project (MCH-FP) of the International Centre for 
Diarrhoeal Disease Research, Bangladesh (ICDDR,B). 
Smce 1966 ICDDR,B has operated a demographic sur- 
veillance system in Matlab thana (subdistrict). The sur- 
veillance svstem urovides continuous recording of all 

women by community health workers began in 1978 
and has been ongoing ever since with no formal evalu- 
ation [5]. The iron tablets are brown-coloured and con- 
tain 200 mg of ferrous fumarate (66 mg elemental iron) 
and 200 g of folic acid. The tablets are procured from 
local sources at a cost of US$5 per thousand tablets. 
Beginning in 1978, women were instructed to take one 
tablet daily from the time a pregnancy was detected 
by the health worker until six months post-pa-. In 
1986 the dose was increased to three tablets daily dur- 
ing pregnancy and two tablets daily post-partum. When 
a ureenancv is detected. the health worker gives the ., . ., " 

births, deaths, migrations, and changes in marital sta- woman a one-month supply of tablets. At subsequent 
tus in a population of 2 10,000. In 1977 the MCH-FP visits, the health worker reviews that the woman is taking 
progar&& was implemented in half of the surveillance the tablets correctly, but reported compliance o r  oc; 
area. In the other half, the health services were provided currence of side effects is not recorded. Initially, ac- 
by the regular government programme. The focus of ceptance of the tablets was low, and women were sus- 
the MCH-FP programme was initially family planning, picious of taking them and complained of side effects. 
but in 1986 it was expanded to indude interventions Over time, the tablets gained popularity. The most com- 
more clearly directed at maternal and child health. monly reported side effects are blackstool, nausea, and 

Matlab thana is located 45 km south-east of Dhaka, constipation. 
in a wet and fertile delta area that is interlaced with 
small rivers and irrigation canals. Rice, jute, and fish ~~t~ collection 
are the main agricultural products. The majority of the 
poptllation are Muslim, but a significant minority (12%) Ma'ab 1gg44-5 

are Hindu. Even though current governmental poli- ~ e c & t  maternal haemoglobin data (hereafter called 
cies have improved female literacy, most women are Matlab 1994-95) were collected as part of a random- 
functionally illiterate, and about half of adult women , ized trial of vitamin A supplementation and p-caro- 
have nwer attended school. tene supplementation to women in the Matlab MCH- 

The health services provided by ICDDR,B consist of FP intervention area, the RETIBETAstudy. The details 
a.cenrral clinic and four subcentre clinics that provide of the main study have been reported elsewhere 161, 
basic medical care. Through the MCH-FP programme, but the salient points are also described here. We at- 
there has also been asystem of communityhealth work- tempted to enroll in the study all women who deliv- 
ers who provide prirnary'health-care and basic family- ered infants in the MCH-FP area between June 14 and 
planning s e ~ c e s  at the household 1evel.M households August 29,1994, and who could be assessed with their 
with a married woman of child-bearing age are visited . live infants at two weeks post-partum. The age distri- 
fortnightly by one of 80 community health workers. bution, education, and religion of the 218 women en- 
These women provide family-planning services, imrnu- rolled in the study were very s i d a r  to those of all 
nizations, breastfeeding promotion, oral rehydration women in the MCH-FP area who delivered infants 
salts for diarrhoea, vitaminA capsules for children under around that time. 
five years of age, and prenatal care, including iron supple- Beginning at two weeks post-pa-, women in the 
m a t s  and safe delivery kits, and they are trained to study were randomly allocated to receive one of three 
screen people for a variety of health conditions and interventions until nine months post-parturn: one 
refer them to health-care facilities. As part of the demo- 200,000 IU vitamin A capsule, followed by daily pla- 
graphic surveillance system, these health workers also cebo capsules; daily 7.5 mg p-carotene capsules; or daily 
ascertain reproductive status and vital events at each visit placebo capsules. At 0.5,3,6, and 9 months post-pa-, 

The community health workers are educated young a random 50% subsample of the e ~ o l l e d  women was 
housewives recruited from the communitywhere they brought to the hospital for a health assessment; 93% 
are assigned to work They are paid &of the ICDDRa. of enrolled women completed the nine months of fol- 
After recruitment they are given one month of train- , low-up. Haemoglobin concentration was determined 
ing, followed by supervisory meetings every two weeks. from a venous sample of blood using the HemoCue 
These meetings focus on the problems the commu- system (Angelholm, Sweden). A control cuvette was 
nity health workers face daily. An experienced group checked daily, and no problems were encountered with 
of paramedical staff conduct training, supervise the the instrument. The women's vitamin A status was also 
work, and provide necessary backup to the commu- assessed at these times. Vitamin A status improved with 
nity health workers. vitamin A supplementation, but haemoglobin concen- 

The provision of iron supplements to pregnant trations and anaemia prevalence rates did not differ 
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between treatment groups, and there was no evidence near the Indian border. The economy consists of sub- 
of any interactions among either form of vitamin A sistence a g r i c d ~ e  and an active labour market based 
supplementation, iron supplementation, and haemo- on h i t  tlees, date juice, rickshaw pulling, and embroi- 
globin concentration (data not shown). Therefore, the dery. In all three study sites, there is no regular 
three treatment groups are combined in these analyses. programme to provide iron supplements to pregnant 

The women's reported consumption of iron tablets women. However, iron tablets have replaced the "pla- 
was ascertained during a dietary interview that included cebo" pills in monthly cycles of oral contraceptives used 
questions on intakes of all types of supplements. Nei- by 20% of women in these survey areas. Out of 28 pills 
ther the interviewers nor the mothers were aware of per packet, 7 pills contain 75 mg of iron as ferrous fu- 
any special interest in the iron-supplementation marate. Therefore, this comparison population does 
programme. The interviewers were independent of the not represent a non-intervened population, but one 
community health workers who distributed the tab- in which iron supplementation reaches many.fewer 
lets. Before starting the 24-hour recall in the dietary women overall and none during pregnancy, is inter- 
interview, the women were asked, "Other than the mittent (seven days per month), and is of lower dose 
RETIBETA capsule, did you take any vitamin capsule, than the Matlab programme. The efficacy of this one 
pill, or liquid yesterday?" Women who responded yes week per month supplementation strategy has not been 
were then asked, "What kind of capsule, pill, or liquid measured; however, iron supplementation one day per 
did you take?"MCH-FP iron-folate tablets were recorded week improved iron status in non-pregnant women in 
as one possible response to this question..Women were Indonesia [a] and the United States 191. 
not prompted to recall any specific type of vitamin 
preparation. Data analysis 

All women gave their informed consent to partici- 
pate in the study, which was reviewed and approved To compare the Matlab 1994-95 data with those from 
by the Committee on Human Research of Johns other studies, we needed a summary figure of haemo- 
Hopkins University and the Ethical Review Commit- globin concentration in the study sample over the post- 
tee of ICDDR,B. partum study period. Because the majority of women 

contributed two haemoglobin measurements, we took 
Comparison dota the average of all available haemoglobin measurements 
To estimate the impact of the iron-supplementation for each woman and used this value to obtain overall 
programme on haemoglobin concentrations of the mean haemoglobin concentration and anaemia preva- , 

Matlab study sample, non-intervention datawere needed lence. The two haemoglobin measurements for.each 
for comparison. Two types of comparison data are pre- woman were taken at random intervals post-partum. 
sented. A survey of haematocrit values of non-preg- Thus this overall average value represents a theoretical 
nant women in Matlab was used as a historical com- midpoint of the period from 0.5 to 9 months post- 
parison (hereafter called Matlab 1975-76 data). These partum. 
data were collected in 1975-76 from a representative The Matlab 1975-76 data consisted of haematocrit 
sample of 2,445 married women below the age of 50 rather than haemoglobii values. So that these data could 
years 171. These data allow a pre-post-intervention es- be directly compared with the contemporary haemo- 
timate of programme impact, as the. iron-supplemen- globin data, mean and SD haematocrit values were con- 
tation programme did not begin until 1978. verted to estimated haemoglobin values using a factor 

The second type of comparison data consists of other of 0.33 [I]. The criterion for anaemia in non-pregnant 
contemporary data from Bangladesh. These data are women is 12 g/dl haemoglobin or 36% haematocrit 
from a haemoglobin survey conducted by the Inter- [lo]. The prevalence of anaemia according to this cut- 
national Food Policy Research Institute in 1996 in three off was not reported by Huffi~~an et al. [7]. We derived 
rural areas of Bangladesh apart from Matlab (hereaf- an estimated prevalence of haematocrit values less than 
ter called IFPRI 1996). In these surveys, haemoglobin 36%, based on the reported mean and SD, assuming a 
concentrations of all women in survey households were normal distribution of values. 
determined in a representative sample of households, The IFPRI 1996 s w e y  included all women in sur- 
using the HemoCue method and capillary blood vey households. Two samples were constructed, designed 
samples. The Manikganj site (Saturia thana) is 90 min- to be comparable to the Matlab 1975-76 and Matlab 
Utes by car from Dhaka, off the main road m n i n g  1994-95 samples, respectively. The first sample included 
west from Dhaka to Jessore. It is a vegetable-growing all married women below 50 years of age, the sample 
region, with intensive agriculture for the markets of definition in the Matlab 1975-76 study. For this sample 
Manikganj and Dhaka. The Mymensingh study area definition, haemoglobin and anaemia values are reported 
(Pakundia, Kishoreganj, and Gaffargaon thanas) is a separately for each of the three survey communities, 
traditional rice-growing area two hours north of Dhaka. to reveal the variability in anaemia between commu- 
The T~csorp site is eight hours south-west of Dhaka, nities. The second sample included all women who re- 



ported having given birth within the past nine months. 
This sample definition approximates the Matlab 1994- 
95 sample. For this sample, haemoglobin and anaemia 
values are reported for all thee communities combined, 
as the total number of women meeting this definition 
was only 62. 

To make comparisons between study samples, we 
calculated 95% confidence intervals around the mean 
haemoglobin values and the prevalences of anaemia 
[ll]. The programme impact was estimated =.the per- 
cent reduction in anaemia prevalence in the Matlab 
1994-95 sample as compared with either the histori- 
cal (Matlab 1975-76) or contemporary (IFPRI 1996) 
samples. 

Results 

Matlab. 1994-95 sample 

At all times during the post-partum period, the average 
haemoglobin concentration was above 12 gldl (table 1). 
The haernoglobi concentration improved dramatically 
from the f is t  six months to the ninth month post- 
partum, reaching a high of greater than 14 gfdl. The 
prevalence of moderate anaemia, defined as haemo- 
globin concentration less than 10 gfdl, was 4.7% in the 
fist  month post-partum but declined to nil by nine 
months post-parturn. The percentage of women who 
reportedthat hey  consumid iron tablets was 88% im- 
mediately post-partum but declined markedly after six 
months post-parnun, the time at which the commu- 
nity health workers were scheduled to stop distribut- 
ing the tablets. 

Comparability of population samples 

A potential 5aw in the use of historical control data 
that span a 20-year interval is the effect of secular trends. 
In particular, the family-planning programme and other 

health interventions that have been carried out in Matlab 
might have led to an improvement in women's nutri- 
tional status that is independent of the iron-supple- 
mentatlon programme. However, the differences in 
heights and weights of women in the Matlab 1994-95 
and 1975-76 samples were small (table 2). Although 
the women in the 1994-95 sample were on the aver- 
age 1.6 a n  taller, the weights of the women in the two 
samples were nearly identical (0.5 kg difference). 

A noteworthy difference between the samples is the 
age of the women, with the 1975-76 sample including 
a much greater proportion of women over the age of 
30. This difFerence is explained by the fact that the 1975- 
76 sample was a representative sample of all non-preg- 
nant women of reproductive age, whereas the 1994- 
95 sample was a representative sample of all women 
who had recently delivered an infant. The probability 
of delivering an infant is higher in women 20 to 30 
years old than in older women. 

The heights and weights of the women in the IFPRI 
1996 sample of women of reproductive age were slightly 
greater than those of the women in the Matlab 1994- 
95 sample. The IFPRI 1996 post-partum subsample was 
similar to the Matlab 1994-95 sample in weight (0.7 
kg heavier), height (1.5 cm taller), and percentage of 
women above 30 years of age (4% difference). 

I 

I 
Estimates of programme impact 

The average haemoglobin values for women in the 
Matlab 1994-95 data yielded a population prevalence 
of 23% for anaemia, whereas the prevalence of anaemia 
in the Matlab 1975-76 sample was 60% (table 3). In 
the IFPRI 1996 samples, the prevalence of anaemia was 
44% to 59% in non-pregnant married women, and 76% 
in women in the first nine months post-partum. The 
estimated impact of the Matlab programme in 1994- 
95 was a 62% reduction in the prevalence of anaemia, 
as compared with the historical Matlab data. The esti- 
mated impact was a 48% to 61% reduction in the preva- 

TABLE 1. Haemoglobin concentration, prevalence of anaemia, and self-reported con- 
sumption of iron tablets in Matlab, 1994-95, according to time post-partum 

of anaemia 

post-par 
<12.0 g/dl <10.0 g/dl 

0.5 
3 
6 
9 

a Haernogiobin concenuation was measured in 218 women; for most women measurements were 
made at two different times post-parun. 

b. Hb, Haemoglobin. 
r Plus-minus values are means + SD. 

106 
105 
104 
98 

87.7 
75.2 
22.1 
14.3 

35.8 
42.9 
30.8 
9.2 

12.5 + 1.8' 
12.4 + 1.4 
12.7 i 1.3 
14.1 rf 1.4 

4.7 
3.8 
1.0 
0 
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TABLE 2. Anthropometric and age characteristics of population samples 

Mean weight-kg Age > 30 yr- 

Matlab 1994-95 
Matlab 1975-76" 

IFF'RI 1996 
(non-pregnant married women 

Manikganj 
Myrnensingh 
Jessore 

IFPRI 1996 
(women <9 mo post-partum) 

AU communities 

Abbreviations: CI, confidence interval; IFPRI, International Food Policy Research Institute. 
a From HuEman et al. (71. 

[ 
lence of anaemia as compared with contemporary non- consistent reports in the literature of prevalent and s&re 

! Drernant women of re~roductive ace. and a 70% re- anaemia in South Asian women 11. 31 and the ooor 
I 

A ., " .  . .  . 
I 

duction as compared with contemporary women in the coverage of iron supplementation documented in other 
first nine months post-partum. The programme im- programmes [4]. The obvious question is, "Can the low - - . . 

I pact on average haemoglobin concentration was an rates of anaemia in this be attributed to 
increase of 0.9 to 2.1 gldl. the iron-supplementation programme?" Because an 

evaluation was not designed into the programme, we 
constructed comparison data from existing anaemia 

Discussion surveys and tried to assess the extent and direction of 
I bias that is inherent in non-randomly allocated com- 

I 
We have documented a low prevalence of anaemia in parison groups. We draw the following conclusions from 
women in Matlab during the post-partum period, ac- these analyses: 
companied by a high self-reported consumption of iron u The current prevalence of anaemia is substantially 
supplements.' Both figures are remarkable, given the lower in Matlab today than it was before iron supple- 

TABLE 3. Haemoglobin concentration and prevalence of anaemia in non-pregnant women in Madab 1994-95, Matlab 
1975-76, and IFPRl1996 surveys 

% Impact 
of Matlab 

% Prevalence of programme 
anaemia" (95% CI) on anaemiab 

Matlab 1994-95' 

Matlab 1975-76d 

IFPRI 1996 
(non-pregnant married women <50 yr), 

Manikganj 
Mymensingh 
Jessore 

IFPRI 1996 
(women <9 mo post-pa-) 

I All communities I 10.8 (10.4 to 11.21 1 76 (63 to 81) 1 -70 1 
1 I I I J 

Abbreviations: CI, confidence interval, Hb, haemoglobin, IFPRI, International Food Poiicy Research Institute. 
a Defined as Hkl2.0 gldl. 
b. D&ed as the ratio of the prevalence of anaemia in Matlab 1994-95 to the prevalence in the compariron sample, subtracted from 100%. 
c. Calculated from the average of the haemoglobin values available for each woman, usually two d u e s .  
d. Estimated from haematocrir values of Huffman et al. [7]. No iron supplements were provided in the study area. 
" 

------+ -I...---- ----*PA *-I.:-- ..,I mntrwenriv.- n i l i s  in which 7 of the 28 oills contained 75 me of iron per pill. 



mentation began, and it is substantially lower than in the post-partum period had sign5cantly lower hae- 
in similar samples of women in three other rural moglobin values than all women of reproductive age, 
Bangladeshi communities today. even though they were younger. This is almost certainly 

r Women in the comparison samples consumed no because women shortly post-partum are still recover- 
supplemental iron, or much less supplemental iron ing from the substantial iron costs of pregnancy. In 
than contemporary women in Matlab were reported summary, these biases would tend to lead us to under- 
to consume. estimate programme impact. No bias that we have iden- 

r The difference in the prevalence of anaemia between tified could spuriously create the greater than 50% re- 
the samples is not attributable to differences in age duction in the prevalence of anaemia that we observed. 
or in general nutritional status of the women, as re- The preceding discussion relates to biies we can iden- 
flected by their weights and heights. tlfy in the variables we measured. However, the most 
The most plausible explanation at hand is that the important threat to validity lies in differences in the 
low rates of anaemia in Matlab are related to the high samples that we did not measure and therefore can- 
consumption of supplemental iron provided by the not account for. Unmeasured differences between the 
MCH-FP programme. However, this inference is ad historical and contemporary Matlab samples might 
hoc and merits a more rigorous investigation. include general sodo-economic improvements, such 
Our best estimates of programme impact from these as greater mobility of women, changes in infectious 

data are a 62% reduction in anaemia based on histori- disease patterns, and changes in reproductive patterns, 
cal Matlab data and a 70% reduction based on a con- with contemporary women having fewer babies and 
temporary sample of women at a similar stage post- starting at a later age. Despite economic development, 
partun. To our knowledge, thisis the first evidence in however, there is no evidence that dietary intake has . I  
the published literature of substantial impact from a improved over thelast three decades in rural Bangladesh. 

I 
long-standinghealth-care programmethat deliversiron Food-intake data collected by the government of 
supplements to pregnant and post-parturn women. Bangladesh show a decline in food availability per capita, 

What are the major threats to the validity of these which they attribute to the fact that the rate of popu- 
conclusions? To begin with, we have identified two pos- lation growth is outpacing the rate of increase in food 
sible sources of bias in the comparisons between these production [15]. This may explain thelack of improve- 
data sets. Fist are the assumptions we made in esti- ment in women's weights between the Matlab 1975- 
mating the prevalence of anaemia from the Matlab 76 and Matlab 1994-95 samples. Unmeasured differ- 
1975-76 data. We used a conversion factor of 0.33 be- ences between the contemporary IFPRI and Matlab 
tween haematocrit and haemoglobin. This factor de- samples might indude differences in reproductive pat- 
pends on themean cell haemoglobin concentration [12], terns and safe motherhood practices that could have 
which will vary among individuals in any study sample. reduced blood loss at delivery in Matlab. We cannot 
On a population basis, anaemia prevalence rates based rule out the influences of these variables, and a more 
on haematocrit tend to be lower than those based on rieorous evaluation should account for them. 

L. 

haemoglobin when "equivalent" cut-offs for the two Evidence of programme impact would be stronger 
i~~dicators are based on this facror 1131. This bias would if it could be demonstrated that the haemoglobin con- 

~ ~ 

cause us to underestimate programme impact. We also 
assumed a normal distribution of haematocrit values. 
Examination of numerous haemoglobin distributions 
from a variety of iron-deficient populations shows that 
in general the assumption of normality is a reasonable 
one [14]. When distributions are not normal, they are 
skewed to low values. If the Matlab 1975-76 data were 
skewed to low values, this also would bias downward 
our estimate of the prevalence of anaemia and cause 
us to underestimate the programme impact. 

Second, the Matlab 1994-95 sample consisted of 
women in the post-partum period, whereas the Matlab 
1975-76 sample consisted of all non-pregnant mar- 
ried women below the age of 50 years. Because of these 
different sampling strategies, the women in the Matlab 
1994-95 sample were younger and earlier in the post- 
partum period than those in the historical compari- 
son sample. The effect of these biases on comparison 
of the two Matlab samples is illustrated in the com- 
parison of the two IFPRI 1996 samples (table 2). Women 

centrations of women who consumed manipills were 
higher than those of women who consumed few or no 
pills. Iron-supplementation trials of pregnant women 
have shown dearly that the impact on haemoglobin is 
directly related to the duration of supplementation [16]. 
According to our 24-hour-recall information, women 
who reported consuming a pill on the previous day at 
three, six, and nine months post-partum had anaemia 
rates 25% to 50% lower than women who did not re- 
port consumption, but these differences were not sta- 
tistically significant. The strength of this evidence is 
limited by our small sample size. Furthermore, we as- 
sessed consumption on only four days in the post- 
partum period (i.e., the day before each clinic visit), 
although women received supplements throughout most 
of pregnancy and up to six months post-parturn. Pro- 
spective information on pill consumption in larger 
samples of women should be ascertained in future evalu- 
ations of this programme. 

The low prevalence of anaemia in Matlab at nine 
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months post-partum (9.2% with haexnoglob+ levels example of an effective iron-supplementation pro- 
below 12.0 g/dl, and none with levels below 10.0 g/dl) gramme. It remains to be demonstrated under what 
is particularly noteworthy in a rural South Asian popu- conditions governmental or non-governmental pro- 
lation. The substantial improvement in haemoglobin grammes can achieve similar success. 
concentrations of Matlab women during the post- Several questions are unanswered by this evaluation 
partum period probably reflects the effect of contin- and should be addressed in a further investigation. How 
ued iron supplementation during a period that is physi- many pills do women in Madab tpically consume during 
ologically favourable to iron status. This is because iron pregnancy and the post-pamun period? Do women who 
contained in the additional red cell mass needed during take fwer p& have low& haemoglobin concentrations? 
pregnancy is made available, and iron requirements are What is the prevalence of anaemia in a representative 
relatively low because menses are suppressed during sample of non-pregnant women and in pregnant 
full lactation and the iron content of breastmilk is low women? What benefits do women and community 
[17]. Furthermore, women have Iow iron stores follow- health workers perceive &om the iron-supplementation 
ing pregnancy, and this facilitates the absorption of iron. programme? 
Thus women tend to be in positive iron balance (i.e., a In 1986, when the Matlab regimen was revised to 
state of improving iron status) during the post-partum three pills daily, the iron dose given in the MatIab 
period, especially when consuming supplements. programme exceeded the international recommenda- 

Some characteristics of the MCH-FP iron-supple- tion, which was 120 mg of iron daily duringpregnancy, 
mentation programme that might account for its ap- when anaemia is prevalent [18]. The dose given in , 
parent success are generalizable lessons. A review of Matlab is more than triple the current recommenda- 
sixlarge-scale iron-supplementation programmes car- tion of 60 mg [lo, 191. This provides a unique oppor- 
ried out in 1991 identified several major constraints tunity to evaluate the new recommendation in a pro- 
to programme success. These included "low accessi- grammatic context. Could the observed low rates of 
bility and utilization of antenatat care, inefficient sup- mild anaemia be sustained if the dose of iron were 
ply and distribution of supplement ... inadequate train- reduced to around 60 mg (one pill) daily? 
ing and motivation of first line health workers, As compared with other forms of micronutrient 
insufficient and inappropriate counselling of mothers, malnutrition, global progress against iron-deficiency 
and failure of effective screening and referral proce- anaemia has been slow, if not invisible. This has led to 
dures" (41. It was revealing that the major constraints numerous discussions of what we are doing wrong and 
highlighted in the review had much more to do with what innovations can spur progress [4,20-221. To sub- 
the health-care system and health-care providers than stantially reduce anaemia of pregnancy on a global scale, 
with non-compliant behaviour by the recipients. The it is likely that prenalal iron supplementation must be 
system of community health workers in Matlab over- combined with interventions that improve women's iron 
comes these constraints. In the context of this well- . stores before pregnancy [9].Nonetheless,the high cov- 
functioning distribution system, the compliance with erage and apparent effectiveness of the Madab pre- and 
and effectiveness of daily iron supplementation with 198 post-natal iron-supplementation programme sound a 
rng of iron as ferrous fumarate appear to be very high. timely note of optimism and a reminder to strive. to 
Nevertheless, even if compliance can be achieved at higher implement better what we know can work, while also 
doses of iron, we should not give women three iron strivingto discovernavandcomplementaryapproaches. 
pills daily if less iron would be.equaUy effective, since 
reducing the dose would reduce side effects and increase 
efficiency by reducing costs and logistical difficulties. Acknowledgements 
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Relation of Hemoglobin Measured at Different Times in Pregnancy to 
Preterm Birth and Low Birth Weight in Shanghai, China 

Li-Ming Zhou,' Wen-Wei Yang.' Jia-Zeng H U ~ , ~  Chun-Qin Deng,' Xuguang Tao,' and Rebecca J. Stoltzfus3 

This paper addresses two questions: 1) What is the relation of hemoglobin in the second gestational month 
to preterm birth and low birth weight? 2) How does the relation differ when hemoglobin in the fifth or eighth 
month or the lowest pregnancy hemoglobin are examined in place of first trimester values? These relations 
were examined prospectively in 829 women from Shanghai, China in 1991-1992. The population was nearly 
homogeneous by race, parity, antenatal care, and smoking. Rates of birth outcomes were compared between 
hemoglobin categories based on 10 glliter groupings, with 11 0-1 19 g/liter as the reference group. Rates of low 
birth weight and preterm birth (but not small-for-gestational age) were related to early pregnancy hemoglobin 
concentration in a U-shaped manner. The relative risks (95% confidence intervals) for preterm birth in women 
by glliter of hemoglobin were 2.52 (0.95-6.64) for 2130 g/liter, 1.11 (0.41-2.99) for 120-129 glliter, 1.64 
(0.77-3.47) for 100-109 glliter, 2.63 (1.17-5.90) for 90-99 glliter, and 3.73 (1.36-10.23) for 60-89 g/liter. Use 
of hemoglobin values in the fifth or eighth month attenuated the association with preterm birth. When lowest 
pregnancy hemoglobin values were used, the association of anemia with Doth outcomes was obscured, and 
risk of preterm birth at high hemoglobin values increased dramatically. Am J Epiderniol 1998;148:998-1006. 

anemia; hemoglobins; infant, low birth weight; infant, premature; infant, small for gestational age; 
pregnancy 

The significance of low hemoglobin values during 
pregnancy for the health of the fetus has been a source 
of continuing controversy. Because around half of the 
world's women experience anemia during pregnancy 
(I) ,  the impact of pregnancy anemia on fetal develop- 
ment is a question e f  great public health importance. 
Because of its high prevalence, if pregnancy anemia 
puts the fetus at even a modest risk of low birth 
weight, then a significant proportion of the low birth 
weight in the world could be prevented through ane- 
mia prevention. Preventing low birth weight will save 
child lives, because low birth weight is one of the 
strongest predictors of infant mortality (2). 

This question would be answered best by a random- 
ized trial of iron supplementation. However, few trials 
have bee11 conducted because it is unusual to find 
settings where the standard of antenatal care does not 
include iron supplementation to wolnen who are 
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known to have anemia. Those trials that have been 
conducted liave been too small to generate definitive 
conclusions. and most liave been conducted in popu- 
lations where iron-deficiency anemia is rare (3, 4). 

Several prospective studies have reported an asso- 
ciation between pregnancy anemia and low birth 
weight (5-lo), but a causal relation has ]lot been 
established (4. 11-14). These studies have suffered 
from several problems. First, in most populations, 
wolnen who are anemic also have other characteristics 
that cause low birth weight. 111 the United States, for 
example. anemic women are more likely to be African 
American and poor (6). It is very difficult to control 
adequately for these differences between anemic and 
non-anemic women. because out. measurement vari- 
ables do not capture all that it means to be black and 
poor in the United States. 

Second, plaslnr~ volume expansion and lowered he- 
 nog glob in concentration are a physiolo:ic response to 
pregnancy (15). Thus, wolnen witli liiild "pregnancy 
anemia" miry be a combination of those with iron 
deficiency (possibly associl~ted witli poor pregnancy 
outcome), and healthy wolnen with a large plasma 
volu~ile expansion (associated wit11 good pregnancy 
outcome ( 1  6. 17)). 

Third, investigators of this question liave measured 
hemoglobin at different times i n  pregnancy. In mid- 



pregnancy, hemoglobin concentrations drop as plasma 
volume expansion outpaces expansion of the red cell 
mass, while in late pregnancy, plasma volume ceases 
to expand and hemoglobin concentrations rise if iron 
stores are adequate. These physiologic processes drive 
the hemoglobin concentration in different directions at 
different stages of pregnancy, and are also related to 
birth outcome. Thus, the shape of the relation of he- 
moglobin concentration to birth outcome will probably 
depend on when the hemoglobin is measured, al- 
though this has not been fully described. A spurious 
relation between anemia and preterm birth is created 
when hematocrit values at delivery are used, because 
of the physiologic rise in hematocrit in the late third 
trimester (14). Biologic interpretation of associations 
is especially problematic when investigators relate 
birth outcome to the lowest measured pregnancy he- 
moglobin value (9, lo), which might occur at different 
times in pregnancy in different women and thus reflect 
different processes. 

We report the results of a prospective observational 
study of pregnancy hemoglobin concentration and low 
birth weight in Shanghai, China. This population of- 
fered a unique opportunity to examine this issue, be- 
cause the population is relatively homogeneous, ane- 
mia is common, and other known risk factors for low 
birth weight are uncommon. In addition, women report 
for prenatal care very early in pregnancy, so that 
hemoglobin concentration could be measured before 
the plasma volume had expanded significantly. Two 
major questions are addressed: 1) What is the relation 
of hemoglobin in the second gestational month to 
preterm birth and low birth weight? 2) How does the 
relation differ when hemoglobin in the fifth or eighth 
month or the lowest pregnancy hemoglobin are exam- 
ined in place of second month values? 

MATERIALS AND METHODS 

The study population comprised pregnant women in 
the urban area of Shanghai, China. Five out of 23 
urban districts were randomly selected, and, from each 
of those districts, two communities were randomly 
selected as the study communities. By law, every 
woman who intends to become pregnant must apply 
for an approval of birth from the local Family Planning 
Office before becoming pregnant. Women were also 
required to report to this office as soon as they knew 
they were pregnant. By reporting their pregnancies, 
they received free antenatal care and other benefits. 
Because Chinese women are usually permitted to bear 
only one child, a great deal of care and attention is 
given to this pregnancy. From June 1991 to June 1992, 
all women who reported a pregnancy were eligible 
for the study, and 900 women were identified and 
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enrolled. Informed consent was obtained from each 
woman at time of entry into the study. 

The study sample comprises 829 women who com- 
pleted the pregnancy follow-up and had singleton live 
deliveries. Of the 71 women who were enrolled but 
who are excluded from this sample, four delivered 
twins, 15 had induced abortions, eight had spontane- 
ous abortions. 29 moved and could not be followed, 
and 15 were lost to follow-up. Complete hemoglobin 
data were obtained from the remaining 829 women. 

When women reported to the community health care 
facility for antenatal care, an enrollment profile was 
established. The mean (standard deviation (SD)) ges- 
tational age at enrollment was 7.1 (0.9) weeks (range: 
6.1-8.4 weeks). Gestational age was based on the last 
menstrual period. Hemoglobin concentrations were 
measured at enroll~nent and again in the fifth and 
eighth months of pregnancy. Treatment for anemia, 
consisting of vitamin C (500 mgld), iron sulfate 
(250 mgld), and folic acid (5 mgld), was offered free 
to women with hemoglobin values < I  10 glliter, 
and vitamin and mineral preparations were also avail- 
able in shops. Women were asked at each trimester 
follow-up whether they were taking iron supplements. 
A positive response to this question included women 
who expressed willingness to take iron tablets offered 
to them at that visit. 

The height and weight of the women were measured 
at the enrollment visit, but were not measured there- 
after. The infants' weights and lengths were measured 
at birth. Low birth weight was defined as <2,500 g. 
Preterm birth was defined as <37 co~npleted weeks of 
gestation. Small-for-gestational age was defined as 
birth weight below the sex-specific loth percentile of 
weights for gestational age published by Alexander 
et al. (18) fro111 the 1991 US Live Birth File of 
the National Center for Health Statistics. Although 
this reference was not based on Chinese infants, US 
references are appropriate for defining small-for- 
gestational age in Chinese populations (19). 

To examine the relation between early pregnancy 
anemia and low birth weight, the cohort of women was 
divided into six groups based on their first-trimester 
hemoglobin level. Women with first-trimester hemo- 
globin concentrations 110-1 I9 glliter were considered 
the reference group. The rates of low birth weight, 
preterm birth, and small-for-gestational age were ex- 
anlined by hemoglobin group. and relative risks (with 
95 percent confidence intervals) were calculated for 
each group relative to the reference group. Other ma- 
ternal characteristics that might influence birth weight 
were also examined by henloglobin group. Multiple 
logistic regression (20) was used to calculate odds 
ratios for the thl-ee birth outcomes, adjusting for other 
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maternal characteristics. In the logistic model, hemo- 
globin groups were treated as dummy variables, with 
110-1 19 dliter as the reference group. Systolic and 
diastolic blood pressure were also treated as dummy 
variables with five levels. 

The population attributable risk for preterm birth 
and low birth weight associated with anemia was 
calculated by the method of Kahn (21). Anemia was 
defined as hemoglobin < I  10 glliter, which is the 5th 
centile of the first trimester hemoglobin distribution of 
healthy European women taking iron supplements 
(22). This was also the hemoglobin concentration be- 
low which risk of adverse birth outcomes began to 
increase. 

The relation of early pregnancy hemoglobin to birth 
outcomes was then compared with that of later 
hemoglobin measurements and lowest pregnancy he- 
moglobin using similar methods. Lowest pregnancy 
hemoglobin was defined as the lowest of the three 
hemoglobin measurements taken in pregnancy. 

RESULTS 
Early pregnancy hemoglobin and birth outcomes 

At enrollment, the mean (SD) hemoglobin concen- 
tration of the sample was 110 (12) glliter, and the 
prevalence of aneniia (hemoglobin < 110 glliter) was 
48.7 percent. As pregnancy progressed, the lnean he- 
moglobin concentration fell about 5 glliter (table I), 
and the prevalence of anemia rose to 66.2 percent i n  
the second trimester and 67.4 percent in the third 
trimester. The longitudinal trends in helnoglobin con- 
centration stratified by initial hemoglobin group re- 
flect tlie overall declinc in Iielnoglobin values, com- 
bined with a strong tendency for high and low values 
to regress toward the mean (table I). 

Usaxe of iron supplements was low, around 9 per- 

cent in the first two trimesters. and did not vary greatly 
by maternal hemoglobin level or stage of pregnancy 
(table I ) .  However. 40.6 percent of women with initial 
Iielnoglobili values <90 glliter reported that they were 
currently taking or would begin to take iron supple- 
lnents at tlie enlulllnenr visit. compared with only 8.2 
percent of women in the hisher hemoglobin groups 
combined ( p  < 0.001). 

Most wolnen were nked 20-30 years (table 2); none 
was below 20 years of age. Body mass index, a mea- 
sure of fatness (calculated as weight (kg)lheight (ni)') 
averaged 20 at enrollment-a value on the thin side of 
the nomial range. Only 4.5 percent of women had 
given birth previously. On average, women in the 
study made more than eight visits to the antenatal 
clinic, approximately one visit per month of preg- 
nancy. Maternal age was significantly and directly 
associated with hemoglobin level. None of the other 
variables in table 2 varied significantly with women's 
hemoglobin level at enrollment, nor did maternal 
height, weight, or blood pressure (data not shown). 
Eight women reported sliioking at the enrollment visit, 
but then stopped during rhe pregnancy. No woman 
reported consulning alcohol at any pregnancy visit. 

The average (SD) birth weight of study infants was 
3.267 (457) g. and tlie overnll rates of pretertn birtli, 
low birth weight. and s111al1-lhr-gestational age were 
6.9 percent, 4.6 percent, and 11.5 percent, respec- 
tively. Mean birth weixht declilicd with descending 
hemoglobin stratum (table 21, but this trend was not 
statistically significant ( p  = 0.36). However, tlie 
simple linear regression of birth weight on hemo- 
globin co~iccnt~:ttio~i was 1ii:hly statistically signif- 
icant ( p  < 0.0001). with each 10 glliter increment 
i n  hemoglobin associated with a 67 g increment in 
birth weight. 

TABLE 1. Mean hemoglobin concentration and percent iron supplement usage during pregnancy, by 
hemoglobin group, Shanghai, China, 1991-1992 

Hemoglobin cancenlration (gnder), by week Iron supplement usage (%). 
Hemoglobin by week 

group' NO. 4 8 t  1 6 2 0  28-32 -- 
(gnned 

Mean (SO)% Mean (SD) Mean (SO) 4-8 16-20 28-329 

2130 57 135 (6) 109 (12) 111 (10) 8.8 8.8 5.3 

120-1 29 129 122 (3) 111 (11) 110 (10) 9.3 7.0 13.0 

110-119 239 114 (3) 108(1 l )  107 (8) 7.1 8.4 11.3 

100-1 09 263 104 (3) 103 (9) 105 (9) 6.5 9.1 16.3 

90-99 109 95 (3) 97 (9) 100 (10) 12.8 12.8 14.0 

c90 32 82 (6) 97 (13) 99 (14) 40.6 15.6 18.8 

All women 829 110 (12) 105 (11) 106 (10) 9.4 9.3 13.4 

Hemoglobin groups are based on inblial (4-8 weeks) hernoglobln concentralions. 
t Pregnancy weeks. 
f SD, standard deviation. 
§ Chl-square test for trend of iron supplement usage by hemoglobin group, p = 0.05. 
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TABLE 2. Maternal characteristics and birth weiaht. bv hemoalobin arouo. Shanahai. China. 1991-1992 

Hemogbbln Age BMlt Antenatal Binh 
group. NO. wears) lkgimz) Multiparity visits weight (9) 

(flier) Mean (SDI* Mean (SD) (-4 
Mean (SD) Mean (SD) 

All women 829 25.5 (3.8) 20.0 (2.3) 4.5 8.4 (3.3) 3.267 (457) 

* Hemoglobin groups are based on initial (4-8 weeks) hemoglobin concentrations. 
t Body mass index (BMI) at first report of pregnancy. 
$ SD, standard deviation. 
§ Significant decreasing trend in age wiUl descending hemoglobin group, p < 0.01. 

The rates of preterm birth and low birth weight were 
related to women's enrollment hemoglobin level in a 
U-shaped fashion, with the lowest risk found for 
women in the 110-1 19 glliter hemoglobin group 
(table 3). When the relative risk of preterm birth was 
calculated separately for enrollment hemoglobin 
strata, the 95 percent confidence limits did not include 
unity for hemoglobin groups below 100 glliter. The 
relative risk of low birth weight was significantly 
different from unity for women in hemoglobin groups 
100-109 glliter and 90-99 glliter. In the <90 glliter 
hemoglobin group, the relative risk for low birth 
weight was large (relative risk (RR) = 2.99), but the 
confidence interval was wide because of the small 
sample size. The risks of preterm birth and low birth 
weight in the highest hemoglobin group (2 130 glliter) 
were 2.5 times h i ~ h e r  than in the reference group, but 
the confidence limits included unity. For all anemic 
women combined, the risk of preterm birth was dou- 
bled and the risk of low birth weight was tripled 
compared with the reference group. In contrast, the 
rate of small-for-gestational age did not vary signifi- 
cantly across hemoglobin groups. 

Multivariate logistic regression models were con- 

structed to estimate the relative risk of preterm and 
low birth weight associated with hemoglobin group 
adjusted for other maternal characteristics. Variables 
entered into the model were maternal age, gravidity, 
parity, height, weight, body mass index, blood pres- 
sure, and infant sex. With low birth weight as the 
outcome variable, no additional variables remained 
statistically significant in the model. The expected 
relation between body mass index and both small-for- 
gestational age and low birth weight (I I)  was apparent 
in these data, but was not statistically significant be- 
cause of the small variance in body mass index (not 
shown). With preterm birth as the outcome, having 
had a previous pregnancy was found to be signifi- 
cantly protective. The adjusted relative risks for pre- 
term birth for each hemoglobin group were within 10 
percent of the unadjusted relative risks presented in 
table 3, with no meaningful changes in the confidence 
intervals. 

Based on the relative risks observed in all anemic 
women and the prevalence of anemia in the second 
month of pregnancy, anemia in early pregnancy ac- 
counted for 25 percent of preterm births and 33 per- 
cent of low birth weight in this population. These 

TABLE 3. Relative risks (RR) of preterm birth, low birth weight, and small-for-gestational age by 
hemoglobin group, Shanghai, China, 1991-1992 

Hemoglobin Prelerm LOW birth welght Small-for-geaational age 
group. N o  No. 01 RR No. 01 RR 
(yliter~ cases 95% CIT 95% CI 2;:: RR 95% CI 

2130 57 6 2.52 0.95-6.64 3 2.52 0.62-6.28 5 0.75 0.30-1.85 
170-129 129 6 1.11 0.41-2.99 5 1.85 0.55-6.28 15 0.99 0.55-1.79 

c l l 0  404 35 2.07 1.04-4.10 25 2.96 1.15-7.62 45 0.99 0.64-1.54 

* Hemoglobin groups are based on initial (4-8 weeks) hemoglobin concentrafions. 
t CI, confidence interval. 
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values may be interpreted as the maximal proportions 
of preterm birth and low birth weight that could be 
prevented if early pregnancy anemia was eradicated i n  
this population (21). 

Relation of other hemoglobin measurements to  
low birth weight and preterm birth 

As pregnancy progressed, the hemoglobin distribu- 
tion of the study cohort shifted toward lower values 
(figure 1). The distributions in the fifth and eighth 
months of pregnancy were very similar to each other, 
with distinct modes at 100-109 glliter and less spread 
than in the second month. The distribution of lowest 
pregnancy hemoglobin had more values in the lowest 
category (<90 glliter, 18.5 percent of values) than in 
the normal range ( 2 1  10 glliter, 15.0 percent ofvalues). 

The relation of preterm birth to second and third 
trimester hemoglobin concentrations had a U-shape 
similar to the curve for first trimester values (figure 2). 
However, the curves were somewhat attenuated, espe- 
cially with second trimester values. None of the rela- 
tive risks for any hemoglobin strata defined by second 
or third trimester values differed significantly from 

unity (data not shown). When the lowest pregnancy 
hemoglobin value was used, the risk of preterm birth 
was not as high at lower l~en~oglobin values compared 
with the first tl.imester curve, although the risk was 
much higher at high hemoglobin values. Using lowest 
pregnancy hemoglobin value. the relative risk (95 per- 
cent confidence interval (CI)) of preterm birth was 
4.90 (1.33-1 8.07) in women with values 2 120 glliter 
compared with women with values 110-1 19 glliter. 

The relation of low birth weight to second and third 
trimester hemoglobin values was nearly identical to 
the curve based on first trimester values (figure 3). The 
relative risks for hemoglobin strata using later preg- 
nancy values were very similar in magnitude and 
statistical significance to those based OII first trimester 
values (data not shown). The relation of low birth 
weight to lowest pregnancy hemoglobin differed from 
the curves based on specific gestational times. The 
point of minimal risk was 10 glliter lower using lowest 
hemoglobin values compared with first trimester val- 
ues, and the relative risks were lower at both ends of 
the curve. Using lowest hemoglobin values, the rela- 
tive risk of low birth weight with 110-1 19 glliter as 

Hemoglobin concentration (glliter) 
FIGURE 1. Distribution of hemoglobin values in the second, fiifh, and eighth months of pregnancy and lowest pregnancy values: Shanghai, 
Chlna, 1991-1992. 
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Hemoglobin concentration (glliter) 

- 
- 

FIGURE 2. Rates of preterm birth by hemoglobin strata based on measurements in the second, fifth, or eighth month of pregnancy or the 
lowest pregnancy hemoglobin: Shanghai, China, 1991-1992. 

4- Second month 
... * .... 

reference group was small (ranging from 0.94-1.29 
with 95 percent Cls including unity) except in women 
with values <90 glliter (RR = 1.85, 95 percent CI 
0.61-5.66). 

None of the hemoglobin measures, whether taken in 
the second or third trimester of pregnancy or the 
lowest pregnancy value, was significantly related to 
small-for-gestational age. 

- Fifth month 
-*- Eighth month 

Lowest pregnancy value 

- 
- 
- 

- 
- 
- 

DISCUSSION 

We have observed a strong relation between early 
pregnancy anemia and risk of low birth weight that 
derives from preterm birth and cannot be explained by 
other known risk factors. In previous observational 
studies, pregnancy anemia was associated with race, 
smoking, or low prepregnancy body mass index (6- 
10). These factors are independently associated with 
low birth weight (I I .  12). and therefore might be the 
true explanation for the observed association between 
anemia and low birth weight. In the present study, 
anemia was not associated with these other rjsk fac- 
tors. Pregnancy weight gain was not measured in this 

study. but is not a risk factor for prcterm birth (13). so 
unmeasured differences in pregnancy weight gain can- 
not explain our findings. 

In China, known risk factors for low birth weight are 
relatively uncommon (19). In part, this is because of 
the very high value placed on the health of the fetus, 
combined with good access to antenatal care. The 
mean birth weight of 3,267 g in this sample of women 
is similar to other published data from Chinese popu- 
lations (23-27). The rate of low birth weight (4.6 
percent) is very close to the rate observed in a previous 
study of birth weight in Shanghai (4.4 percent (27)), 
and slightly below the surveillance rates for China 
reported by the World Health Organization (6.0 per- 
cent (24)). The good health characteristics of pregnant 
Chinese women explain the low incidence of low birth 
weight consistently observed in Chinese populations 
(23). The intensive prenatal cdre system explains the 
high follow-up rates achieved in this study. 

Anemia, however, remains common among Chinese 
women, who consume a diet low in heme sources of 
iron and vitamin C (28). In some parts of China, 
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Hemoglobin concentration (glliter) 

10 - 

FIGURE 3. Rates of low birth weight by hemoglobin strata based on measurements in the second, fifth, or eighth month of pregnancy or 
the lowest pregnancy hemoglobin: Shanghai. China, 1991-1992. 

- 

- 

hookworm infection is prevalent and likely contributes 
to the prevalence of anemia, but this is not true of 
urban Shanghai (29). The fact that hemoglobin values 
did not improve from the fifth to eighth month of 
pregnancy is evidence that the women's iron stores 
were not sufficient to continue the expansion of red 
cell mass in the third trimester of pregnancy. If iron 
stores are adequate, hemoglobin concentrations rise 
from the second to the third trimester of pregnancy 
(32). Although intlammation from other chronic and 
infectious disease causes a proportion of anemia in this 
and other settings (30), given the high prevalence of 
anemia observed, the most important cause of anemia 
was undoubtedly dietary iron deficiency. 

The observed relation between early pregnancy he- 
moglobin concentration and birth outcomes cannot be 
explained by variation in the maternal plasma volume 
response to pregnancy. At 7 weeks gestation, the av- 
erage time of the enrollment visit in this study, the 
henloglobin concentration has fallen 4 glliter (95 per- 
cent CI 2.3-5.5) from its pre-pregnancy level (15). 
moslly due to an increase in plasma volume. This 
change is very small compared with the 30 :/liter 
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range in initial hemoglobin co~~centration over which 
we observed a dose-dependent relation with preterm 
birth. To the extent that women's initial hemoglobin 
levels were influenced by the size of their plasma 
volume response, the association between lower he- 
moglobin concentration and adverse birth outcomes 
would be attenuated. This would lead to an underes- 
timation of the true role of iron deficiency anemia as 
a cause of low birth weight. 

Despite the fact that the first trimester hemoglobin 
concentrations were measured before the plasma vol- 
ume has expanded much, the risks of preterm birth and 
low birth weight were higher in women with relatively 
high hemoglobin levels in early pregnancy. The rela- 
tive risk of 2.5 that we observed for both preterm birth 
and low birth weight is biologically significant. al- 
though i t  did not reach statistical significance in our 
s~nall sample. An increased risk of preterm and low 
birth weight with high maternal hetnoglobin has also 
been observed in previous observational studies (5. 
8-10). Since he~noglobin concentrations were mea- 
sured laler i n  preznancy in those studies, previous 
findings could be explained by poor plasma volume 
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expansion in women with high hemoglobin concentra- 
tions (5 ,  8-10). Our findings cannot be explained in 
this way, which raises the potentially important ques- 
tion of what underlies high hemoglobin concentration 
early in pregnancy. 

Higher hemoglobin concentrations (i.e., >I20  zlli- 
ter) around the 10th week of pregnancy were weakly 
correlated with lower concentrations of chorionic go- 
nadotropin and placental lactogen concentrations in 
British women (31). From those findings, Wheeler et 
al. (31) speculated that when the oxygen content of 
blood is quite high, early placental development is 
adversely affected. Fleming (32) has also proposed 
that the oxygen tension of the blood influences pla- 
cental growth, based on observations of increased pla- 
centa1:fetal weight ratios in women with anemia 
caused by /3-thalassemia minor. The hypothesis that 
high hemoglobin concentration in early pregnancy 
leads to poor placental development and increased risk 
of preterm birth should be pursued in larger studies. 

The oxygen carrying capacity of the blood does not 
seem an adequate explanation for the relation between 
low hemoglobin and preterm birth. Early placental 
hyperplasia in anemic women (32) might increase the 
probability of an abrupted placenta in later pregnancy. 
However, other factors that influence birth weight 
through decreased oxygen supply to the fetus (e.g:, 
smoking and high altitude) are more strongly assocl- 
ated with intrauterine growth retardation than with 
preterm birth ( I  I). The observation by Scholl et al. (6) 
that only iron deficiency anemia, not other anemias. 
was related to preterm birth suggests that solile iron- 
specific mechanisni may be at play. The basis for this 
has not been studied (33). 

The exclusion of a number of confoundin? factors in 
this study reduces tlie plausibility that anemla is acting 
as a marker for other maternal sociodemographic char- 
acteristics. However, i t  is possible that anemia is a 
marker for some other physiologic process that causes 
preterm birth. Uterine bleeding is associated with pre- 
term birth and might cause anemia, but at week 7 of 
pregnancy, when hemoglobins were first measured in 
this study. the embryo has implanted for only 4 weeks. 
The opportunity seems small for bleeding in those 4 
weeks to contribute substantially to the variation in 
hemoglobin in this sample. The later that hemoglobin 
is assessed in pregnancy. the greater the opportunity 
for uterine bleeding in pregnancy to cause anemia. In 
the study by Scholl et al. (6). anemia and vaginal 
bleeding were assessed in pregnancy week 17. but no 
association between these variables was found (RR of 
anemia associated with bleeding = 1.18.95 percent CI 
0.88-1.57). Unfortunately. uterine bleeding was not 
ascertained in this study. and therefore we cannot test 

the reverse hypothesis, i.e.. that women who enter 
pregnancy with low lie~noglobin are more prone to 
experience uterine bleeding. The basis for the relation 
between pregnancy anemia and preterm birth remains 
obscure. 

Based on their observational study of pregnancy 
anemia and low birth weight, Steer et al. (10, p. 491) 
have recently stated that "hemoglobin concentrations 
1 9 5  glliter seem to be remarkably harnlless." The 
difference between their conclusion and ours likely 
stems from their use of lowest pregnancy hemoglobin 
in their analysis. The lowest pregnancy hemoglobin 
value is influenced greatly by the adequacy of mater- 
nal plasma volu~ne expansion, especially in the British 
population, where iron deficiency anemia in women is 
much less common than in Shanghai. As Steer et al. 
(10) point out, lowest pregnancy hemoglobin values of 
100-1 10 glliter likely reflect good maternal response 
to pregnancy more than poor iron status. Similarly, 
when lowest pregnancy hemoglobin value was exam- 
ined in this population, the relative risk of low birth 
weight was close to unity at values ranging from 
90-120 glliter. Our results demonstrate that whether 
moderately low hemoglobin concentrations are harm- 
less depends 011 when they occur in pregnancy. 

Although several influential studies of this issue 
have been based on the lowest pregnancy hemoglobin 
value, the concept is illoficl~l from a number of per- 
spectives. The lowest value only has a reliable mean- 
ing if the number and timing of the measurements are 
standardized. This has not occurred in epidemiologic 
studies and is unlikely to be the case in clinical prac- 
tice, because physicians will tend to reevaluate at 
closer intervals wonien who are at greater risk of 
anemia. The concept also lacks biologic validity, as 
hemoglobin concentrations in tlie second month of 
pregnancy mean something quite different from values 
in the sixth month of pregnancy, when plasma volume 
expansion is at its peak. As much as possible, continu- 
ing research in this area should measure hemoglobin at 
standard times of gestation to specifically test biolog- 
ically plausible hypotheses. Unless hemoglobin con- 
centration is deliberately used as a ~iiarker of plasma 
volume expansion, the best test of most hypotheses 
will involve hemoglobin measurements around con- 
ception or very early in pregnancy. when hemoglobin 
concentration does not reflect the changing plasma and 
red cell volume dynamics of pregnancy. The fact that 
the relation of hemoglobin concentration to preterlii 
birth was stronsest usins early pregnancy measure- 
~nents provides evidence that the relation does not 
derive from blood volume dynamics. but instead tends 
to be obscured by them. 

In conclusion, this study provides strong. evidence 
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tha t  m a t e r n a l  anemia i n  e a r l y  pregnancy increases t h e  
r i sk  of pre te rm low birth we igh t .  Because a r o u n d  half 
of t h e  world's w o m e n  are anemic ,  th is  finding has 
impl ica t ions  for programs t o  p reven t  low bir th  we igh t  
and s u b s e q u e n t  in fan t  mor ta l i ty  in many set t ings .  A 
pract ical  ques t ion  is w h e t h e r  antenatal  i ron supp le -  
menta t ion ,  w h i c h  is o f t e n  s t a r t ed  in t h e  second half of 
p r e g n a n c y ,  wi l l  r e d u c e  t h e  ra tes  o f  p re te rm l o w  bir th  
we igh t ,  or w h e t h e r  anemia plays a unique role in 
p lacen ta l  d e v e l o p m e n t  d u r i n g  early pregnancy and 
the re fo re  m u s t  be p r e v e n t e d  p r i o r  t o  p regnancy .  O t h e r  
than  smoking and urogeni ta l  infect ions ,  cu r ren t ly  es -  
t ab l i shed  r isk  fac to r s  for p r e t e r m  bir th  are largely no t  
p reven tab le  (13) .  This f i n d i n g  represen t s  a n  oppor tu -  
ni ty  for reducing preter ln  low bir th  w e i g h t  and in fan t  
mor ta l i ty ,  because iron deficiency, t h e  m o s t  common 
cause of a n e m i a  g loba l ly  (30) ,  is bo th  p reven tab le  a n d  
t reatable .  
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Potential contribution of maternal zinc supplementation during 
pregnancy to maternal and child ~urv iva l l -~  
Laura E Caulfield, Nelly Zavalera, Anuraj  H Shankar, a n d  Mario Merialdi 

ABSTRACT Mild-to-moderate zinc deficiency may be rela- and infant survival during the critical period surrounding birth. 
lively common worldwide, but the public health importance of but their importance is less well understood. The purpose of  this 
this degree of zinc defickncy is not well defined. The purpose of paper is to provide a background and conceptual framework for 
this review was to provide a conceptual framework for evaluat- evaluating the public health importance of maternal zinc defi- 
ing the public health importance of maternal zinc deficiency as ciency as it relates to fetal growth and development; complica- 
it relates to fetal growth and development, complications of tions of pregnancy, labor and delivery; and maternal and infant 
pregnancy, labor and delivery, and maternal and infant health. health and well-being. 
The mechanisms through which zinc deficiency could influence 
health outcomes are will described. The resulk of experimental 
studies conducted in animal models have motivated concern PREVALENCE O F  MATERNAL ZINC DEFICIENCY 
about the potential health effects of mild-to-moderate maternal 
zinc deficiency. Observational studies in human populations 
have produced strong associations between poor maternal zinc 
status and various indicators of poor pregnancy outcome, but 
supplementaiion trials have not produced strong, or even consis- 
tent results. Supplementation trials are needed to define the pub- 
lic health importance of maternal zinc deficiency worldwide. 
Am J Clin Nutr 1998;68(suppl):499S-508s. 

KEY WORDS Maternal zinc deficiency, pregnancy, child 
health, survival, supplementation, parturition, immunology. 
development 

INTRODUCTION 

In the past 20 y, much progress has been made in the area of 
child survival worldwide (I) .  Improvements in health care, water 
and sanitation, as well as socioeconomic development have sub- 
stantially reduced the risks of childhood mortality. In many 
countries, a child's risk of dying during the first year of life 
remains high, but because efforts to prevent causes of infant 
death during the postneonatal period are becoming more and 
more successful, an ever-growing percentage of infant deaths 
occurs near the moment of birth. Therefore, efforts to further 
reduce mortality rates in developing countries will require pub- 
lic health planners and policymakers to place greater focus on 
understanding and addressing the causes of neonatal and perina- 
tal mortality. Maternal nutritional status, with respect to both 
macro- and micronutrients, is known to be an important deter- 
minant of perinatal and neonatal survival and well-being (2). but 
maternal nutrition programs in developing countries have 
focused almost exclusively on the risks to the mother and infant 
from maternal iron deficiency anemia during pregnancy. Other 
micronutrients such as zinc may also be important for maternal 

Although severe zinc deficiency is now considered rare, mild- 
to-moderate zinc deficiency may be relatively common through- 
out the world (3). In geneial, few data are available on the preva- 
lence of mild to moderate zinc deficiency worldwide, in part 
because consensus has not yet been reached on appropriate indi- 
cators of zinc status for pregnant women or  any other target 
group (4.5). 

Several reports have compiled estimates of dietary zinc intakes 
of women worldwide. Tamura and Goldenberg (6) compiled 27 
studies reporting dietary zinc intakes of women of childbearing 
age worldwide. Of these, 2 studies from developing countries 
[Guatemala and Egypt (7, 811 reported average usual intakes of  
8-11 mg Znld and 2 studies of intakes of south Asians living in 
the United Kingdom (9, 10) reported usual intakes of 5-10 mg 
Znld. Most of the studies cited were conducted in the United 
States and United Kingdom, and average usual zinc intakes were 
reported to be in the range 8-14 mgld across the studies. In addi- 
tion to these studies. Lehti (11) reported intakes of 7.0 mg Znld 
among lactating Brazilian women, and Ferguson et al (12) 
reported intakes of 6.2-6.8 mg Zn/d among Malawian women. 
Parr et a1 (13) summarized data from 17 surveys in the literature 
between 1970 and 1991 and reported that pregnant and lactating 
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women worldwide consume 9.6 k 1.2 mg Znld g f SD). Zinc 
may also be ingested from drinking water, but intakes are typi- 
cally increased by only 2% provided there was a usual water 
intake of 2 Lld (13). 

The probability method can be applied to these data to derive 
an estimate of the prevalence of inadequate intakes of zinc (14). 
Using the estimated usual intakes of Parr et al (13) and an esti- 
mated distribution of the zinc required by women to meet their 
nonnative needs during pregnancy of 11.5 i 1.75 mgld [based on 
the US recommended dietary allowances (IS)], i t  can be esti- 
mated that 82% of pregnant women worldwide likely have inad- 
equate usual intakes of zinc. This estimate is gross for several 
reasons. First, the average requirement is overestimated to the 
degree to which the typical female body size on which it is based 
is greater than that of women in developing countries. Second, 
the requirement distribution is calculated with the assumption 
that the dietary zinc is highly bioavailable. This results in an 
underestimation of the zinc intake requirement distribution for 
women in developing countries whose diets consist mainly of 
cereal grains and legumes and is therefore of moderate-to-low 
bioavailability with respect to zinc (13). Third, most of the stud- 
ies were from developed countries with higher usual intakes of 
zinc. Despite these considerations, this estimate indicates an 
alarming prevalence that should motivate concern that signifi- 
cant proponions of pregnant women worldwide have inadequate 
dietary zinc intakes and likely suffer health consequences attrib- 
utable to zinc deficiency. 

CONSEQUENCES O F  MATERNAL ZINC DEFICIENCY 
Severe maternal zinc deficiency has been associated with 

spontaneous abortion and congenital malformations (ie, anen- 
cephaly). whereas milder forms of zinc deficiency have been 
associated with low birth weight (LBW), intrauterine growth 
retardation, and preterm delivery (16). Importantly, milder fonns 
of zinc deficiency have also been related to complications of 
labor and delivery, including prolonged or inefficient first-stage 
labor and protracted second-stage labor. premature rupture of 
membranes (PROM). and the need for assisted or operative 
delivery (16). These complications in turn impair maternal and 
perinatal health because they lead to increased risk of maternal 
lacerations, high blood loss, maternal infections, fetal distress, 
$tillbirth, neonatal asphyxia (low Apgar scores), respiratory dis- 
tress, and neonatal sepsis (16). These interrelations are shown in 
Figure 1. The evidence relating maternal zinc deficiency to fetal 
growth and development, birth outcomes, and maternal and peri- 
natal health are considered in the following sections. 

Fetal growth 

Women are at increased risk of zinc deficiency during preg- 
nancy [in pan because of high fetal requirements for zinc (17)J. 
and maternal zinc deficiency has been associated with poor fetal 
growth in both animal and human populations (17, 18). In 
humans, however, the research relating maternal zinc status and 
birth weight has not produced consistent results. Of 38 studies 
reporting associations between maternal plasma or serum zinc 
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concentration and fetal growth (expressed either as birth weight 
or as some definition of adequacy, eg, birth weight > 10th per- 
centile), 18 studies (19-35) reported positive associations, 
whereas 20 studies (10 ,3654)  reported negative associations. Of 
the 14 studies conducted in populations in developing countries, 
9 reported positive associations (8,20,22,26,27,28,32-34) and 
5 reported negative associations (37, 39,40,42,48). Various rea- 
sons for these differences in associations can be postulated, 
including differences in I )  timing of the assessment (blood draw) 
during pregnancy and the effects of hemodilution, 2) laboratory 
methods and quality, 3) sample size and the potential for influen- 
tial values to drive associations, and 4) the underlying zinc nutri- 
lure of the populations. It was also argued that the negative asso- 
ciations resulted because faster growing fetuses (with higher zinc 
requirements) drive down maternal serum concentrations (53). 

The results of 10 zinc supplementation trials to improve birth 
weight in humans have also been mixed (55-65). The major 
problem with most of these trials is that they were conducted in 
well-nourished populations and thus are not addressing the cen- 
tral question of whether supplementing zinc-deficient women 
would improve fetal growth. Only 2 studies (57, 64) were con- 
ducted in poor women in developing countries. Ross et al (57) 
studied the pregnancy outcomes of 65 Zulu women in South 
Africa. Women receiving supplements containing between 4 and 
13 mg Znld delivered babies weighing 80 g less at birth than 
those in the control group, but because mothers in the treatment 
group weighed considerably less than those in the control group 
at 20 wk gestation, the observed differences in birth weight may 
be explained. Garg et a1 (64) supplemented 106 Indian mothers 
with 45  mg Znld, and observed a 300-800 g difference in birth 
weight relative to a comparison group of 60 mothers. The differ- 
ences between groups depended on the length of supplementa- 
tion, with the greatest differences seen in those supplemented 
from the first trimester of pregnancy onward. Although these 
effects are remarkable, i t  is difficult to draw conclusions from 
this study because I )  the sample size was small, 2) the selection 
of the 60 mothers in the comparison group was not defined, 3)  
there was a high loss to follow-up, and 4) there was a lack of 
information on the comparability of the groups with respect to 
important confounding factors. 

From an epidemiologic perspective, the trial with the greatest 
internal validity is that reported by Goldenberg et a1 (651, in 
which 580 low-income Alabaman women with low serum zinc 
concentrations at entry into prenatal care were randomly 
assigned to receive 25 mg Znld or placebo. Infants born to zinc- 
supplemented women weighed 126 g more at birth, were 0.6 cm 
longer, and had 0.4-cm larger head circumferences than infants 
born to mothers receiving the placebo. Further analyses revealed 
that the effects on fetal growth were limited to women who were 
not overweight when entering pregnancy. In this subgroup the 
results were much stronger. with a difference in birth weight 
between groups on the order of 250 g. How these findings can be 
generalized for women in developing countries is not clear, but 
the results should make clear the need for further research on this 
question to be conducted in developing country populations. 

Despite the limitations of the trials discussed previously, 
except for the study by Ross et a1 (57), the birth weights of 
infants born to zinc-supplemented women in these trials were 
14-800 g higher than those in the control groups, with 6 of the 
10 trials reporting increases in mean birth weight of 40-170 g, 
and those conducted among high-risk subgroups of pregnant 

women showing the largest effects on birth weight. A 40-170 g 
increase in the average birth weight may seem small, but it is 
similar in magnitude to the effects on birth weight observed with 
energy and protein supplementation (66). 

Several zinc supplementation trials reported differences in 
other indicators of fetal growth. Two trials reported 26-90% 
reductions in the incidence of small-for-gestational age infants 
(61. 64). and Goldenberg et al (65) reported a 37% reduction in 
the overall incidence of very LBW (<I500 g) associated with 
zinc supplementation and a 62% reduction in very LBW among 
nonobese women. Two studies reported that babies born to zinc 
supplemented mothers were 0.5 cm longer (62,651, whereas one 
study (60) observed babies in the zinc supplemented group to be 
0.2 cm shorter than control infants at birth. Zinc-supplemented 
women in Alabama had infants with 0.2 cm greater arm and 
femur lengths, and 1-2 mm greater triceps and subscapular 
skinfold thicknesses (6). 

Length of gestation 

Part of the reason for observed increases in birth weights in 
babies born to zinc-supplemented mothers could be the effects of 
zinc supplementation on the duration of pregnancy rather than 
on fetal growth per se. The duration of pregnancy in most animal 
species is not subject to much variation, but experimental mater- 
nal zinc deficiency has been shown in several species to increase 
variability in the duration of pregnancy-in essence, to create in 
those species the well-recognized human problems of preterm 
and postterm delivery (18, 67, 68). As will be discussed later, 
these effects likely reflect the role of zinc in estrogen-dependent 
gene expression as it relates to the timing, coordination, and pro- 
gression of parturition (69). 

The effects of zinc supplementation on duration of preg- 
nancy and preterm delivery were examined in some but not all 
of the zinc-supplementation trials described above. Of 5 trials 
providing results (57, 59, 62, 64, 65). maternal zinc supple- 
mentation lengthened the average duration of pregnancy by 
0.3-1.0 wk, with 3 of the trials reporting a lengthening of 
0.5 wk. Three studies reported reductions in the incidence of 
preterm delivery (<37 wk) of 18-36% and 2 reported reduc- 
tions of 8 0 4 3 % .  In 2 studies (16. 65) 6 6 8 5 %  reductions in 
the incidence of delivery before 32 wk were also reported. 
These results indicate a consistent, albeit small, effect of zinc 
supplementation on the average duration of pregnancy that 
likely explains most or all of the improvements in size at birth 
described previously. Thus, it may be true that increases in 
average birth weight observed with zinc supplementation occur 
not from improvements in fetal growth rates, but rather from 
prolongation of time spent in utero. However, it is also clear 
that maternal zinc supplementation likely results in more siz- 
able reductions in preterm delivery, particularly in those deliv- 
eries occurring before 32 wk gestation. Finally, Kynast and 
Saling (62) reported an 80% reduction in the variance of gesta- 
tional age at delivery, suggesting that the incidence of nonterm 
delivery (delivery at <37  wk or >41 wk) diminished with 
maternal zinc supplementation. 

Neurobehavioral development 

Zinc is a critical nutrient for central nervous system (CNS) 
development, which occurs during pre- and postnatal life, for 
example: I)  zinc-dependent enzymes are involved in critical cell 
replication processes necessary for brain growth, 2) zinc-finger 



proteins provide brain structure and are important for neuro- 
transmission, and 3) zinc-dependent neurotransmitters in the 
mossy fiber system of the hippocampus are involved in brain 
memory function. In addition, zinc is involved in extra-CNS 
metabolic processes that ultimately affect CNS function, includ- 
ing hormone transport, receptor binding and metabolism, and 
neurotransmitter precursor production (70). 

Because of the important role of zinc in CNS function, it is 
clear that maternal and early infant zinc deficiencies are likely to 
adversely affect fetal and infant neurologic and behavioral 
development (Figure 2). This is borne out in the work by Golub 
et al (70-74). who conducted a series of studies in rhesus mon- 
keys investigating the effect of maternal and infant zinc defi- 
ciency on maternal and infant health outcomes, including fetal 
activity patterns, newborn motor development, and behavior pat- 
terns during infancy and pubescence. In these studies, the mon- 
keys were exposed continually to marginally low concentrations 
of zinc (from the fetal period to adolescence) because this level 
of exposure would most greatly mimic zinc-deficiency in human 
populations. Using ultrasonographic techniques to quantify fetal 
movements, Golub et a1 (74) found that fetuses of zinc-deficient 
mothers had increased activity relative to their zinc-sufficient 
counterparts. However. newborns of zinc-deficient mothers were 
found to exhibit low postural muscle tone (hypotonia) but nor- 
mal reflexes at birth (71). At 1 mo of age, the male infants were 
found to be less active, and lower activity levels associated with 
zinc deficiency were repeatedly observed in both sexes throueh- - 
out childhood and into adolescence, despite n lack of differences 
in motor maturation between groups (72.73). Finally, when cog- 
nitive performance tests were administered to the infants, the 
zinc-deficient infants exhibited reduced exploration and 
impaired visual discrimination learning performance, but 
improved spatial-delayed response performance-an expected 
finding in infants with lower activity levels. Taken together, the 
results of these studies overall suggest that maternal and infant 
zinc status influence in some way fetal and infant cognitive and 
behavioral development and highlight the need for studies in 
zinc-deficient human populations. 

Case reports (75, 76) suggest that severe maternal zinc defi- 
ciency (associated with dietary deprivation or acrodermatitis 
enteropathica) increases the risk of neural tube defects in the off- 
spring. As reported, maternal zinc supplementation allowed these 
women to produce healthy offspring in subsequent pregnancies. 
No experimental studies in humans have been conducted to eval- 
uate the effect of mild-to-moderate maternal zinc deficiency on 
fetal and infant behavioral development. Two studies do provide 
evidence, however, of an important link between maternal zinc 
status and neonatal and infant behavior in humans. Kirksey et al 
(77) observed positive associations between maternal serum zinc 
concentrations during pregnancy and the developmental status of 
Egyptian newborns assessed by using the Brazelton Neonatal 
Behavioral Assessment Scale (78). Subsequently, Kirksey et al 
(8) reported that positive associations were still observed 
between maternal zinc status during pregnancy and infant devel- 
opmental status when assessed at 6 mo of age by using the Bay- 
ley Scales of Infant Development (79). 

Both the Brazelton (78) and the Bayley (79) tests are global 
assessments of developmental status. and therefore assess a vari- 
ety of components of behavioral development and cognitive 
functioning. Importantly, the orientation and habituation compo- 
nents of both these tests were associated most strongly with 
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FIGURE 2. Interrelations between maternal zinc deficiency and pre- 
and postnatal growth and development. 

maternal zinc status, and these are believed to relate directly to 
cognitive ability later in life (8). Orientation refers to the ability 
of the infant to respond appropriately to an environmental stim- 
ulus, whereas habituation refers to the ability of the infant to 
inhibit response to a repetitive or familiar environmental stimu- 
lus. More rapid habituation is generally interpreted as reflecting 
more focused attention and more efficient information process- 
ing by the infant. Speed of neonatal habituation has been related 
to measures of infant alertness, whereas measures of infant 
habituation have been shown to predict a variety of indexes of 
cognitive performance in the preschool years (80-82). 

The associations were particularly strong between neonatal 
habituation measures and maternal zinc intakes and status during 
the second trimester (8). Given these results and knowledge that 
a phase of rapid neurogenesis and structural development occurs 
before the third trimester, tt is reasonable to hypothesize that 
maternal zinc status during midpregnancy may be particularly 
important for ensuring optimal fetal CNS development and later 
cognitive functioning. 

It should be added that dietary zinc insufficiency might not be 
necessary for adverse effects of zinc deficiency on CNS develop- 
ment to occur. The zinc pool in the mother's body that is trans- 
ferred to the fetus is found in maternal plasma (83). Thus, factors 
known to influence maternal plasma zinc concentrations (other 
than chronically low dietary zinc intakes) may elicit the same 
CNS manifestations in the fetus seen in fetuses of mothers with 
low dietary intakes of zinc. Even transitory reductions in serum 
zinc may cause CNS malformations if they occur during organo- 
genesis (84). Maternal plasma zinc concentrations are lowered as 
pan of the acute-phase response of the body's immune system to 
disease, injury, or stress because zinc is sequestered away from 
the plasma and into maternal liver (85). Thus, it is hypothesized 
that frequent maternal morbidity or maternal stress may increase 
risk of poor neurologic development in the fetus by causing elic- 
itation of acute-phase responses leading to sequestration of zinc 
from the plasma to the liver, where it is essentially unavailable for 
uptake by the fetus. Studies in animal models support the hypoth- 
esis that maternal injury and the associated acute-phase response 
result in preferential uptake of zinc by the maternal liver 
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[reviewed by Keen et al (85)l. If this is so, one would expect the 
benefits of maternal zinc supplementation on fetal and infant out- 
comes to differ depending on the morbidity burden experienced 
by the mother during pregnancy, and perhaps by the infant during 
postnatal life. To our knowledge, the importance of maternal zinc 
deficiency secondary to maternal morbidity has not been studied 
in human populations. Defining the importance of secondary zinc 
deficiency is likely critical for designing interventions in popula- 
tions with high disease burdens in developing countries. 

The work of Golub el al (70-74) also showed that differences 
in fetal neurologic development associated with maternal zinc 
deficiency persist to some degree postnatally. Other research in 
the developmental literature provides evidence.for a relation 
between neurologic and motor development observed in utero 
with that observed during infancy, suggesting that developmen- 
tal gains achieved during fetal life can be long lasting (86-88). 
Because research supports both the effect of variation in mater- 
nal nutritional status on fetal neurologic development as well as 
the postnatal permanence of neurologic development achieved in 
utero, it would be imponant to assess the effect of maternal zinc 
supplementation on fetal neurologic development and relate i t  to 
developmental status during infancy. 

To summarize, despite both a clear biological role for zinc in 
CNS development and function and demonstration of behavioral 
effects from zinc deficiency in animal models, an assessment of 
the effects of mild-to-moderate maternal zinc deficiency on fetal 
and infant neurologic. behavioral, and cognitive development 
has never been undertaken. 

Labor  and delivery complications 

Maternal mild-to-moderate zinc deficiency has been associ- 
ated with increased risk of a variety of maternal and fetal com- 
plications of labor and delivery (26.53.54.58-60). These can be 
categorized into I )  abnormalities in labor and delivery, 2) mater- 
nal morbidity during pregnancy and the puerperium, and 3) peri- 
natal morbidity. These associations likely reflect the role of zinc 
in maintaining immunocompetence, cell membrane integrity, 
prostaglandin synthesis and function, and estrogen-dependent 
gene expression. 

The relation between maternal zinc nutriture and parturition 
was first described by Apgar (89). Female rats fed 1-pg Znlg diet 
throughout pregnancy experienced difficult and prolonged 
labors as compared with control and pair-fed animals. Some 
zinc-deficient dams labored for 6 h or more and were exhausted 
or dead before delivering the entire litter. Hemorrhage, presum- 
ably due to uterine atony, placental abruption, or both, was also 
observed. The exhausted zinc-deficient females were less likely 
to eat the afterbirth and to clean up or care for their pups. Sub- 
sequently, Apgar (90) showed that zinc supplementation late in 
pregnancy could prevent difficulties in parturition in otherwise 
zinc-deficient dams. Since then, dystocia has been observed in 
zinc-deficient rats by other investigators as well as in zinc-defi- 
cient rhesus monkeys (91, 92). As described by Bunce el al(69). 
studies suggest that zinc deficiency results in normal estrogen 

\ concentrations late in gestation but decreased uterine estrogen 
I receptors, uterine proteins, and the number of uterine gap junctions 

at delivery. These findings suggest that zinc deficiency impairs 
estrogen-dependent gene expression, not by interfering with 
estrogen production but rather by interfering with estrogen func- 
tion via the estrogen receptor, which contains a zinc-finger pro- 

i tein. Thus, zinc is critical for the production of uterine proteins 

that convert the uterus from its passive state to one capable of 
concerted contractions with sufficient force to expel a fetus. Zinc 
nutriture may influence other aspects of labor and delivery as 
well (69). including hormonal control of cervical ripening and 
dilatation (93) and the maintenance of fetal membrane and amni- 
otic fluid integrity (93-95). 

If what is observed in animal models is relevant to human 
pregnancy. we would expect maternal zinc deficiency to upset 
both the sequencing and efficiency of parturition (as shown in 
Figure 1). Sequencing refers to the optimal ordering of events 
during parturition at term, including cervical dilatation, labor, 
rupture of membranes, and expulsion of the fetus and placenta. 
Efficiency refers to the duration of each stage of labor and deliv- 
ery and the strength of uterine contractions. Thus, errors in 
sequencing include nonterm delivery (as discussed previously). 
PROM, and placental abruption, whereas errors in efficiency 
include prolonged first-stage labor (both latent and active), pro- 
tracted second-stage labor, and prolonged third-stage labor. 

Observational studies in humans have associated low mater- 
nal serum zinc concentrations during pregnancy or at delivery 
with PROM. placental abruption, inefficient uterine contrsc- 
tions, and prolonged or nonprogressive labor, all of which can 
result in the need for assisted (eg, forceps) o r  cesarean delivery. 
Maternal zinc deficiency has been associated with a 3.5-7.0-fold 
increased risk for PROM (96. 97). a 2.8-fold increased risk of 
placental abruption (62). a 2-5-fold increased risk for a pro- 
longed first-stage labor (both latent and active phases), a 9-fold 
increased risk for a protracted second-stage labor. and a 4-fold 
increased risk for having a labor lasting >20  h (98, 99). Lazeb- 
nik et al (98) also found nearly a 5-fold increased risk of third- 
degree lacerations associated with poor maternal zinc status. 

Supplementation trials (1 6. 60-63). however. have not found 
such strong effects. Only the results of Simmer et a1 (61) sug- 
gest that supplementing pregnant women with zinc can lower 
the risk of such complications of labor and delivery; they found 
60-80% reductions in the incidences of induction and cesarean 
delivery associated with zinc supplementation. Again, these 
studies had design flaws and were not conducted in zinc-defi- 
cient populations. 

The question as to whether maternal zinc deficiency increases 
the likelihood of labor and delivery complications is critical for 
developing countries in which women have little access to essen- 
tial obstetric services. Prolonged labor as well as other compli- 
cations of labor and delivery increase risk to both the mother and 
baby (100). Fetal survival at birth is a function of the labor and 
delivery process as well as the ability of the fetus to survive that 
process (100. 101). Although not clear-cut, some preterm infants 
may have increased chances of survival if born by cesarean 
delivery (102). Babies with LBW or intrauterine growth retarda- 
tion are less likely to survive a prolonged birth process, and if 
they do survive, are more likely to suffer morbidity directly 
resulting from that prolonged birth process, eg. asphyxia (low 
Apgar score) and respiratory distress from meconium aspiration. 
asphyxiation, or both (100. 103). Sepsis, either matemal or 
neonatal, is a likely consequence of PROM, and mnternal lacer- 
ations and hemorrhage increase a woman's risk of dying from 
blood loss or infection. 

Few studies have examined maternal and perinatal morbidity 
associated with zinc deficiency. Mukherjee et al (54) found that, 
overall, women with low serum zinc concentrations were 
20-509'0 more likely to suffer from a variety of maternal and fetal 
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complications of labor and delivery, including fetal distress and 
maternal infections. McMichael et al (53) reported a I-2-fold 
increased risk of perinatal morbidities (low Apgar score, respira- 
tory distress, fetal distress, o r  presence of meconium) associated 
with low maternal zinc status. In their quasi-experimental study, 
Kynast and Saling (62) found that zinc supplementation was 
associated with a 60% reduction in vaginal bleeding, placental 
abruption, and maternal hemorrhage. However, Mahomed et al 
(60). in a small supplementation trial, found no such effects. 

In summary, problems with the current literature preclude 
drawing definitive conclusions regarding the importance of zinc 
supplementation during pregnancy as a public health intervention 
for preventing labor and delivery complications, and thereby 
ensuring maternal and neonatal health and well-being during the 
puerperium. The estimated effects from observational studies 
appear to be strong, but in many cases these effects are not signi- 
ficant because of small sample sizes. The results from supple- 
mentation trials are inconclusive because of major design flaws, 
which include sample sizes inadequate to detect differences in 
rare events. The implications of zinc deficiency for complications 
of labor and delivery are important for poor women living in 
developing countries, who are more likely to suffer negative con- 
sequences resulting from PROM, prolonged labor, maternal lac- 
erations, and postpartum hemorrhage. These women are also 
more likely to have small o r  preterm babies who are less tolerant 
of a prolonged birth process, and both the mother and her baby 
will be less likely to either be treated for or recuperate from life- 
threatening maternal and perinatal morbidity. 

Postnatal outcomes 

Maternal zinc deficiency during pregnancy may result in 
problems for the infant during postnatal life. Effects from mater- 
nal zinc deficiency on growth and development in utero likely 
influence growth and development during neonatal life and 
beyond, as shown in Figure 2. Zinc is also important for the 
transfer of many substances to target tissues. Among these sub- 
stances are 2 with recognized importance for child survival: 
immunologic factors and vitamin A. The interrelations between 
maternal zinc deficiency, infant vitamin A status. immunologic 
development, and postnatal health and survival are shown in 
Figure 3. These interrelations are dealt with in greater detail in 
other articles in this supplement (104. 105) and are discussed 
briefly below. 

A major determinant of postnatal survival is the ability of the 
infant to resist infection and respiratory and diarrheal disease. 
Because protective immunity develops as a result of exposure to 
pathogens, the newborn is at particularly high risk for infection 
during the first 6 mo of life when adaptive immunity is still not 
fully functional but exposure to invading pathogens is signifi- 
cant. Two factors, however, provide the infant with protection 
against pathogens. First, healthy infants develop natural immu- 
nity consisting of antibodies and T cells produced before infec- 
tion that recognize common pathogens for respiratory and diar- 
rheal disease. Second, the newborn has already received 
maternal antibodies in utero. These antibodies are not replen- 
ished after birth and their presence gradually decays to low val- 
ues by 6 mo of age. In addition to providing protection, natural 
and maternal antibodies are believed to influence development 
of the emerging immune system in the child (106). 
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FIGURE 3. Potential links belween maternal zinc deficiency and 
infant poslnatal morbidity risk. 

As discussed by Shankar and Prasad (104), perinatal zinc 
deficiency can result in poor development of natural immunity 
and decreased acquisition of maternal antibodies. Indeed, studies 
in mice and ~ r i m a t e s  indicate that perinatal zinc deficiency can 
adversely affect the normal development of multiple tissues and 
organ svstems of the fetus. One of the first seauelae of mild zinc - ,  
deficiency is suppression of the immune response (107), indicat- 
ing that the fetal immune system is particularly sensitive to sub- 
optimal maternal zinc status. Perinatal zinc deficiency has been 
shown to result in decreased spleen and thymus size (108). 
impaired lymphocyte mitogenic responses and plaque forming 
activity (log), and depressed immunoglobulin concentrations. 
particularly for immunoglobulin M and immunoglobulin A (108, 
109). Interestingly, the changes in immunoglobulin M and 
immunoglobulin A concentrations and some B cell responses 
persist into adulthood even after postnatal restoration of normal 
dietary zinc intake. In some cases they are passed on to subse- 
quent generations (108-1 10). Because zinc is a necessary cofac- 
tor for the transport of immunoglobulins across the placental 
barrier. perinatal zinc deficiency may also diminish in utero 
acquisition of maternal antibodies by the fetus. 

Given the central role of immunity in health and development, 
perinatal zinc deficiency may be a previously unrecognized 
cause of impaired disease resistance and decreased vaccine effi- 
cacy in infants. The ultimate effect of these sequelae on inci- 
dence, severity. and duration of diarrheal and respiratory disease 
is not known. Hence, research is needed on the influence of peri- 
natal zinc deficiency on immunity and subsequent risk of mor- 
bidity as well as on the efficacy of prenatal maternal zinc sup- 
plementation and postnatal zinc-based therapies to  boost 
protective immunity in neonates. 

The relation between zinc and vitamin A status is well known 
(1 11). As reviewed by Christian and West (105). previous stud- 
ies provide some indication that maternal zinc deficiency may 
influence newborn vitamin A status. Mild gestational zinc defi- 
ciency in pregnant rhesus monkeys was associated with lower 
maternal serum retinol and a lack of association between serum 
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retinol and retinol binding protein (112). In a related study, 
Peters et al (113) found reduced vitamin A concentrations in 
fetuses of  mothers fed a diet throughout pregnancy that was mar- 
ginal in zinc, but replete in vitamin A. Furthermore, vitamin A 
supplementation of these mothers did not overcome the deleteri- 
ous effects of zinc deficiency on maternal transfer of vitamin A 
to the fetus. Given the well-documented. critical role of vitamin 
A for child survival (1 14). studies are needed to determine the 
public health importance of maternal zinc deficiency on vitamin 
A metabolism during pregnancy and lactation, and in particular, 
on delivery of vitamin A to the fetus and young infant. 

The effect of zinc deficiency on growth has been well studied. 
Both animal and human studies provide evidence for the crucial 
role of zinc in supporting adequate growth, and results from sup- 
plementation trials in preschool and school-aged children support 
the public health importance of zinc deficiency in growth faltering 
during infancy and childhood (1 15). Research also suggests that 
the proportion of growth faltering attributable to zinc deficiency is 
likely greater in regions characterized by poor water and sanita- 
tion and hygiene practices that increase risk for diarrheal and res- 
piratory infections, both of which increase the likelihood of zinc 
deficiency by increasing body losses or requirements (116). 

The work of Golub et al (71) in rhesus monkeys suggests that 
growth faltering associated with maternal zinc deficiency during 
fetal life lasts throughout infancy. To our knowledge, no studies 
in human populations have been reported to determine whether 
improvements in birth weight and other anthropometric indexes 
associated with maternal zinc supplementation are long lasting. 
It may be true that improvements in birth weight achieved 
through maternal zinc supplementation in developing country 
settings are short-lived because the infants are born into envi- 
ronments characterized by high morbidity and diets of marginal 
quality and lose some or  all of the gains achieved in utero. Alter- 
natively, it is plausible that improvements in prenatal growth 
translate into even greater improvements in postnatal growth, 
with improvements in immune function and decreased risk of 
morbidity playing key roles in this process. Documenting the 
extent and duration of postnatal benefits to the infant from 
maternal zinc supplementation during pregnancy would be 

~ ~ ~~ ~ 

important for strengthening support for maternal nutrition pro- 
grams and for understanding potential tradeoffs with infant- 
based supplementation programs when resources are scarce. 

SUMMARY 
Nutritionists have long been concerned that zinc deficiency 

affects large numbers of women and children worldwide. Little 
direct evidence of mild-to-moderate zinc deficiency is available. 
however, because the validity of biochemical indicators of zinc 
status are not established. There is considerable evidence that a 
high percentage of women worldwide consume diets inadequate 
in zinc; we estimated. albeit grossly, that 82% of pregnant women 
worldwide have usual intakes of zinc inadequate to meet the nor- 
mative needs of pregnancy. In developing countries, the preva- 
lence is likely to be near 100%. Therefore, progmm planners and 
policymakers should be concerned about maternal zinc defi- 
ciency in their populations, and the likely health burden for 
women and infants attributable to mild-to-moderate maternal zinc 
deficiency. 

The purpose of this review was to define the range of poten- 
tial health consequences for women and infants attributable to 
maternal zinc deficiency. As discussed above, the molecular 
roles of zinc in various biochemical processes relevant to mater- 
nal and infant health and survival are well established. Further. 
the results of experimental studies conducted in animal models 
including nonhuman primates suggest that maternal zinc defi- 
ciencv does undermine several bioloeical orocesses that ensure - .  
maternal and fetal well-being during pregnancy, parturition, and 
the puerperium, as well as infant health and survival in the first 
year of life and beyond. Observational studies conducted in 
human populations have found strong associations between var- 
ious indicators of maternal zinc status and important health out- 
comes, including fetal growth and development, birth outcomes, 
and maternal and perinatal morbidity. However, outcomes such 
as infant immunologic development have not yet been investi- 
gated in human populations. For the most part, the results of the 
observational studies are provocative, but do  not provide con- 
clusive evidence about the role of maternal zinc deficiency in 
maternal and infant health because of methodologic flaws inher- 
ent in these studies. Further, because we are not sure what indi- 
cators of maternal zinc status mean, supplementation trials 
should be relied on more heavily to define maternal zinc defi- 
ciency, as well as the functional consequences of maternal zinc 
deficiency for women and infants. Unfortunately, the results of 
supplementation trials currently in the literature do  not allow us 
to draw definitive conclusions. 

It should be clear from the material presented that maternal 
zinc deficiency may be a triple threat to poor women in develop- 
ing countries. These women are most likely to I )  be carrying a 
small fetus unable to withstand prolonged labor and delivery. 2) 
have the least access to assisted or operative delivery as treatment 
for prolonged labor and delivery, and 3) have the least access to 
health care for proper treatment of maternal and perinatal mor- 
bidity during the puerperium. However, the contribution of 
maternal zinc deficiency to maternal and infant morbidity and 
mortality rates in developing countries is not known. Supplemen- 
tation trials are needed to define the health consequences for 
mothers atid inPattts attributeble to maternal zinc deficiency 
worldwide as well as the potential benefits to matemal and infant 
well-being and survival likely to result from matemal zinc sup- 
plementation programs. Currently, there are trials ongoing in sev- 
eral countries in Latin America and Asia to define the health con- 
sequences of maternal zinc deficiency. Thus, it is likely that 
within the next 2-5 y. nutrition policymakers will begin to have 
the data necessary to make decisions regarding the public health 
importance of maternal zinc deficiency and potential program- 
matic options for reducing the morbidity and mortality burden 
attributable to maternal zinc deficiency worldwide. El 
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Interactions between zinc and vitamin A: an 

Parul  Chris t ia~t  a~td Keirlt P West Jr 

ABSTRACT Zinc status influences several aspects of vita- 
min A metabolism, including its absorption, transport, and uti- 
lization. Two common mechanisms postulated to explain this 
dependence relate to I) the regulatory role of zinc in vitamin A 
transport mediated through protein synthesis, and 2) the oxida- 
tive conversion of retinol to retinal that requires the action of a 
zinc-dependent retinol dehydrogenase enzyme. However, evi- 
dence of an effect of zinc intake on vitamin A status from animal 
experiments is inconclusive, mainly because of the use of inade- 
quate control groups. The higher weight gain of contml animals 
as compared with the zinc-deficient ones in these experiments, 
even though pair fed, makes it difficult to isolate effects of zinc 
deficiency per se from those of generalized protein-energy mal- 
nutrition. A curvilinear relation has been suggested to describe 
an effect of plasma zinc on vitamin A transport. In humans, 
cross-sectional studies have more often than not shown a weak 
linkage between vitamin A and zinc status. Randomized trials 
have failed to show a consistent effect of zinc supplementation 
on vitamin A status. In disease states in which liver function is 
severely compromised and both zinc and vitamin A metabolism 
and transport are impaired, serutn zinc and vitamin A concentra- 
tions tend to be positively correlated. In conclusion, clear evi- 
dence of synergy between these 2 micronutrients and its public 
health significance in humans is lacking. Research should focus 
on understanding this interaction in the context of coexisting 
moderate-to-severe zinc and vitamin A deficiencies in the popu- 
lation. Ant J Clin Nurr 1998:68(suppI):435S4IS. 

humans suggested that zinc supplementation favored vitamin A 
metabolism in some tissues when zinc deficiency was secondary 
to conditions such as alcoholic cirrhosis and other chronic liver 
diseases. 

Two mechanisms are most often postulated to explain a poten- 
tial dependence of vitamin A on zinc. One relates to a regulato- 
ry role of zinc on vitamin A transport mediated through protein 
synthesis (3, 4). Zinc deficiency can depress the synthesis of 
retinol-binding protein (RBP) in the liver and lead to lower con- 
centrations of RBP in the plasma. Thus, reductions in plasma 
holo-RBP in animals fed zinc-deficient diets compared with their 
pair-fed, zinc-supplemented control counterparts may be due to 
impaired hepatic synthesis of the transport protein ( 5 .  6). 
although partial food intake and growth restriction may con- 
found this relation (6). The other postulated mechanism is an 
interaction between vitamin A and zinc through the ubiquitous. 
oxidative conversion of retinol to retinaldehyde (retinal), a criti- 
cal step in the metabolic pathway of vitamin A that is well- 
described in the visual cycle in the retina of the eye (7) and 
requires the action of a zinc-dependent retinol dehydrogenase 
enzyme (8-9). 

This review focuses on findings related to the interaction of 
zinc and vitamin A that have been reported since the earlier in- 
depth reviews to which readers are referred ( 1 .  2), and attempts 
to assess the nutritional and public health significance of this 
interaction. 

KEY WORDS Zinc, vitamin A, interactions, mechanisms, ANIMAL STUDIES 
liver function. retinol binding protein, alcohol dehydrogenase Mechanisms postulated by which zinc may regulate vitamin A 

metabolism have focused on the control by zinc of RBP-mediat- 
ed intercellular and intracellular transport of retinol and the role 

INTRODUCTlON of zinc as a cofactor in the synthesis of enzymes that regulate vit- 
Zinc participates in the absorption, mobilization, transport, amin A absorption and function. Earlier studies showed that the 

and metabolism of micronutrients, including vitamin A, most - 
likely through its involvement in protein synthesis and cellular 'From the Center for Human Nutrition and the Dcpanment of Intcma- 
enzvme functions. There is also evidence that vitamin A affects lional Health. John, Hopkins School of Public Health. Baltimore. 

zinc absorption and utilization. Thus, fluctuation in the status of 
one or both micronutrients may reasonably expect to alter the 
metabolism of the other, with functional consequences on the 
health of the individual. Whereas several studies have shown 
responses of vitamin A concentrations in plasma and liver to 
experimental zinc deficiency and repletion, earlier reviews 
found evidence of an inleraction between these 2 micronutrients 
to be inconclusive ( I ,  2). mainly due to a failure of most animal 
studies to adequately control for the secondary effects of food 
and growth restriction that occur in zinc deficiency. Studies in 
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hepatic RBP synthesis required for mobilization of retinol from 
the liver is dependent on adequate zinc nutriture (1, 5). More 
recent experiments in rats also showed cellular hepatic RBP 
(cRBP) concentrations to be significantly reduced (by 50%) in 
zinc-deficient compared with pair-fed groups with adequate zinc 
intake in addition to having a lower serum retinol concentration 
(10). The findings suggest that zinc deficiency can impair trans- 
port of retinol to organelles within a cell and, thus, alter vitamin 
A metabolism before impairing transport of retinol via plasma 
RBP. However, the finding that control animals gained more 
weight than zinc-deficient animals despite pair feeding makes it 
difficult to isolate the effects of zinc deficiency per se from 
effects of the accompanying generalized malnutrition and pro- 
tein deficiency on cRBP concentrations. 

Another mechanism for the interaction between zinc and vit- 
amin A was examined in an experiment in pair-fed rats on the 
changes in  retinyl ester hydrolase and acyl CoA:retinol O-acyl- 
transferase, hepatic enzymes that regulate retinyl ester hydroly- 
sis as well as alcohol dehydrogenase (ADH) and retinal oxidase. 
which are necessary for the conversion of retinol to retinal and 
retinal to retinoic acid, respectively. Zinc deficiency did not 
change the retinyl ester hydrolase and acyl CoA:retinol O-acyl- 
transferase activities. However, ADH activity declined signifi- 
cantly and retinal oxidase activity increased significantly in the 
zinc-deficient state ( I  1). These changes in hepatic enzyme con- 
centrations were accompanied by an increased concentration and 
total content of hepatic vitamin A, offering an alternative mech- 
anism, other than possible reduction in RBP, for decreased 
metabolism of retinol in zinc deficiency. Increased retinal oxi- 
dase activity may be a compensatory response to maintain nor- 
mal production of retinoic acid in the presence of decreased 
retinol degradation to i u  aldehyde. However, zinc-deficient rats 
also gained less weight than pair-fed control animals, again mak- 
ing it difficult to isolate the specific effects of zinc deficiency 
from general malnutrition and reduced growth in producing 
these enzyme changes. . 

Zinc may affect absorption of vitamin A. Zinc deficiency 
reduced lymphatic uptake of retinol in rats, which was attrib- 
uted to a decrease in lymphatic phospholipid output resulting 
from impaired biliary secretion into the intestinal lumen (12). 
Enterocytes of zinc-deficient rats in another experiment failed 
to form chylomicrons, the principal carriers of dietary lipids 
including retinyl esters. Adding essential fatty acids to the diet 
did not counteract the adverse effect of zinc deficiency (13). 
These studies carefully controlled food intake. feeding patterns. 
and body weights in zinc-deficient, pair-fed control rats, sug- 
gesting that intestinal vitamin A malabsorption could be due to 
specific effects of zinc deficiency beyond any generalized 
effects of malnutrition. 

Changes in vitamin A intake have effects on zinc absorption. 
status, and function. In situ experiments in vitamin-deficient 
chicks showed that zinc absorption was depressed not only 
throughout the small intestine (by 40%). but particularly in the 
ileum (by 57%) (14). Administration of retinyl acetate increased 
ileal absorption of zinc nearly 3-fold. Vitamin A-dependent 
synthesis of a protein in the ileal mucosa. which is putatively 
involved in binding zinc, was identified. It must be noted that 
experimental chicks manifested severe hypovitaminosis A; their 
body weight was 60% of that of the controls and they had sec- 
ondary zinc deficiency. A dramatic decline in zinc absorption is 
likely to occur in severe vitamin A deficiency, although the 

effects on zinc absorption of milder vitamin A deficiency 
remains unknown. In chicks fed a vitamin A-deficient diet, 
plasma zinc concentrations were lower (2.1 compared with 
1.5 p g  Zn/106 red blood cells) and hepatic zinc concentrations 
were higher (-5 1 compared with 62 p g  Znlg liver) than vitamin 
A-adequate controls, effects that appeared to have been mediat- 
ed through effects of vitamin A depletion on the activity of 
hepatic zinc-containing enzymes such as ADH, other hydrolyt- 
ic enzymes, and superoxide dismutase (15). 

Interaction in pregnancy 

The singular and joint effects of maternal zinc and vitamin A 
deficiencies on vitamin A status and pregnancy outcomes were 
examined in rats fed 3 different concentrations of zinc (100, 9. 
and 0.5 p g  Znlg) and vitamin A (400. 8. and 0 pg.kg body 
wt-'.d-'1, representing adequate. marginally deficient, and defi- 
cient dietary concentrations, respectively, by using a factorial 
design (16). Marginal and deficient intakes of either zinc or vit- 
amin A in dams and fetuses lowered plasma vitamin A concen- 
trations compared with dams receiving adequate intakes of each 
nutrient. However, plasma retinol was lowest when vitamin A 
deficiency was accompanied by marginal-to-deficient concentra- 
tions of zinc in the diet, for which a strong statistical interaction 
was reported. There was also a tendency for hepatic vitamin A 
concentrations to increase with decreased dietary zinc. presum- 
ably reflecting impaired mobilization. Effects were observed in 
reproductive health outcomes. That is, the number of both 
implantation sites affected and malformed fetuses increased with 
marginal and deficient intakes of either vitamin A o r  zinc. but the 
consequences were more severe with combined deficiencies, 
also reflected by a statistical interaction between zinc and vita- 
min A with respect to both of these outcomes. However, only 
marginal and deficient intakes of zinc caused both maternal and 
fetal weight to decline. raising concern that dietary restriction 
and inanition may have been partly responsible for associated 
changes in vitamin A status and pregnancy outcomes. Subse- 
quently. Peters el a1 (17). using a similar design and dietary zinc 
protocol, showed that supplemental dietary vitamin A given at 
high doses cannot ameliorate the deleterious effects of zinc defi- 
ciency on vitamin A metabolism during pregnancy. Pregnant rats 
were fed diets containing 100. 4.5. or 0.5 p g  Znlg food and 4 
(normal) or 8 (supplemental) p g  retinyl acetate/& Maternal plas- 
ma vitamin A concentrations decreased and liver vitamin  con- 
centrations increased with zinc deficiencv. which is indicative of . . 
decreased hepatic mobilization of vitamin A possibly from a 
lower rate of zinc-dependent RBP synthesis. Fetuses of zinc- 
deficient dams also had lower concentrations of plasma and liver 
vitamin A than control animals fed rinc-adequate diets. Howev- 
er. low intake of zinc in the diet also depressed maternal food 
intake, weight gain of dams. and fetal and placental weight gain 
and increased the incidence of birth defects. all influences that 
could partly obscure specific effects of zinc deficiency on mater- 
nal and fetal vitamin A slams. 

A study in pregnant rhesus monkeys suggested that marginal 
zinc deficiency may alter vitamin A metabolism by altering the 
formation or release of holo-RBP. or both. from the liver (18). 
Monkeys were fed either a zinc-sufficient (100 +g Znlg) or a 
zinc-deficient (4 pg Znlg) diet. Control animals were pair fed to 
the zinc-deficient group but were fed 100 pg Znlg. There was no 
difference in the circulating vitamin A and RBP concelitrations 
of zinc-deficient and pair-fed pregnant controls during the third 
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trimester. Neither was there a significant correlation between 
plasma concentrations of either vitamin A or RBPand zinc in the 
pair-fed and ad libitum-fed control groups. However, there was 
a strong correlation between plasma concentrations of vitamin A 
(Figure 1) and RBP with plasma zinc in the zinc-deficient 
groups. both at 135 d of pregnancy and at 3 mo postpartum. The 
authors concluded that above a certain threshold of plasma zinc, 
vitamin A transport is not dependent on plasma zinc concentra- 
tion, but below that threshold vitamin A release and transport 
from the liver is strongly influenced by plasma zinc concentra- 
tion. A polynomial regression equation that included a squared 
term for zinc provided the optimum fit for the curvilinear rela- 
tion bctwcen plasma zinc and vitatnin A (18). Similarly, a poly- 
nomial equation adequately fit the observed curvilinear relation 
between the maternal ratio of RBP to vitamin A and plasma zinc 
concentration, suggesting that the lowering effect of zinc defi- 
ciency on circulating retinol is mediated by reduced RBP syn- 
thesis and release from the liver. 

Interaction via the  visual cycle 

Animal data show that vitamin A and zinc interact during the 
conversion of retinol to retinal in the retina of the eye during the 
visual cycle (7). as well as in other tissues such as the liver and 
testes (9). The zinc metalloenzyme ADH is required for this 
oxidative process. Animal experiments and in vitro studies show 
that the retina is sensitive to zinc nutriture and that zinc defi- 
ciency can impair photoreceptor function by down-regulating 
ADH activity (8). Rhodopsin, a photosensitive pigment required 
for night vision, is synthesized from retinaldehyde and a mem- 

Plasma zinc (pgIdL) 

FIGURE I. Relation between plasma vitamin A and zinc concenrra- 
lions in rhesus monkcys at 135 d of prepnancy. e, zinc-deficient: 0. 
food-restricted controls; A. ad libitunl-fed controls. Conversion factors: 
for vitamin A.  I pgldL = 0.035 prnol/L: for zinc. I pg/dL = 0.153 
pmolL. Adapted from reference 18. 

min A but not with zinc. The zinc- and vitamin A-sufficient 
group showed the greatest functional improvement but never 
reached the same level of function as a group of normal, contin- 
uously replete controls. indicating that some irreparable retinal 
dnni;~ge occurred during the initial zinc- and vitanin A-deple- 

brane protein moiety. opsin. In zinc deficiency the fortnation of tion period. 
13-cis-retinal is reduced. causing a decrease in rhodopsin forma- 
tion and rod photosensitivity that can lead to poor dark adapta- 
tion or night blindness. 

One study has questioned the role of impaired ADH activity 
in zinc deficiency-induced abnormal dark adaptation (19). 
Investigators measured the rate of rhodopsin regeneration in the 
following groups of rats: 1 )  zinc sufficient and ad libitum fed. 2 )  
zinc deficient. and 3)  zinc sufficient. pair fed, and weight 
matched. The initial rate of rhodopsin regeneration after 60 min 
of dark-adaptation. using the ocular concentration of 13-cis- 
retinal as an indicator. was not different among the 3 groups. 
After 120 min. the rhodopsin concentration was significantly 
higher in the ad libitum-fed group, but not in the zinc-deficient 
and pair-fed groups. These results did not suggest that zinc defi- 
ciency had caused the presumed reduction in ADH activity. 
Rather. generalized malnutrition that results from markedly 
reduced food intake niay have depressed opsin synthesis 
(although unassessed) in the rod photoreceptor cells. which in 
turn may havc lowered rhodopsin concentr:~tions in tllc eyes. 

Another study that examined electroretinogram changes in 
zinc and vitamin A deficiencies in rats showed that vitamin A 
deficiency could cause retinal degeneration that was not respon- 
sive to zinc (20). Vitamin A repletion. however. reversed the 
degeneration even in the presence of moderate zinc deficiency. 
At first, rats were deprived of both zinc and vitamin A. During a 
second phase they were randomized to receive either a vitamin 
A-deficient. zinc-deficient. or zinc- and vitamin A-sufficient 
diet. Retinograms of thc zinc- and vitamin A-sufficicnt and zinc- 
deficient groups aftcr 60 d were nearly normal. whereas the 
those of the vitamin A-deficient group showed deterioration. 
suggesting that retinal degeneration could he reversed with vita- 

HUMAN STUDIES 

Armed with evidence that zinc deficiency could affect vitamin 
A status and function (eg. by altering ADH-catalyzed conver- 
sions to intermediate retinoid fortns or by reducing RBP synthe- 
sis). investigators studied inter;tctions between zinc and vitamin 
A in humans. involving n variety of status, growth. and health 
indicators. in cross-sectional studies and single- or double-nutri- 
ent interventions (Table 1). 

Cross-sectional studies have often failed to establish a consis- 
tent relation between vitamin A and zinc status: however. a pos- 
itive association may exist in malnourished populations in which 
deficiencies of both micronutrients often coexist. In African chil- 
dren suffering from measles. serum zinc was significantly corre- 
lated with both serum vitamin A ( r =  0.6) and RBP ( r  = 0.7) (25). 
Mean serum zinc concentrations were lower in school-aged 
Bangladeshi children with serum retinol concentrations 
<0.7 pmollL comparcd with those with concentrations >0.7 
pmol/L (26). A study of 3-9-y-old American children with 
delayed copnition observed a significantly lower serum vitamin 
A concentration in children with low serum zinc concentrations 
(< 10.7 pmol/L) than in children with higher circulating zinc 
concentrations (0.56 compared with 0.73 pmol/L) (23). On the 
other hand. no correlation was found between serum zinc and 
vitamin A concentrations in 102 grou,th-retarded (third per- 
centile for height. weight. or head circumference) Mexican 
American migrant children (?I) .  Children exhibiting normal 
growth were not includcd in the analysis. Also. no significant 
difference was observcd in serutn vitamin A concentration 
:Inlong prcfnant tcenagurs of Mexican descent with low com- 
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TABLE 1 
Studies of zinc-vitamin A interactions in human populations' 

... ............ ...................... . ............. - - 
Reference and year 

~~ .~ 
Population lntcraction Comment 

. .. 
Cross-sectional studies of association 

Chase el rl (21). 1980 Mexican American migrant children No No significant correlation between serum 
<70 mo of age vitamin A and plasma zinc. 

Hunt et al (22). 1985 Pregnant teenagers of Mexican descent No No differences observed in serum vitamin A 
concentrations between subjects with low and 
normal zinc status 

Korlowski et a1 (23). 1987 US children 3-9 y of age with delayed Yes Serum RBP and vitamin A lower among children 
cognition with serum zinc < 10.7 lrmolL 

Dorea et ai (24). 1988 Fetuses and infants who died in the first No Weak correlation between liver zinc and 
16 wk of life vilamin A ~oncenlmlions 

Coutsoudis et ai (25). 1990 African children with measles Yes Baseline serum zinc concentrations correlated 
with vitamin A ( r  = 0.6) and RBP (r  = 0.7) 

Ahmed et al(26). 1993 Bangladeshi children 5-12 y of age Yes Mean serum zinc concentrations lower among 
those with vitamin A concentrations 
<0.7 ~mol iL  

Supplementation trials 
Hunt el a1 (22). 1985 Low-income, pregnant teenagers of No Supplementation with zinc did not 

Mexican descent improve vitamin A status: maybe zinc was not 
limiting 

Hustead et a1 (27). 1988 Preterm infants, birth weight ~ 2 0 0 0  g Yes Retinol and RBP values increased in zinc- 
supplemented group 

Mannho et al(28), 1991 Brazilian children 3-7 y of age Unknown Data were not adequately compared 
Udomkesmalee et a1 (29). 1992 Thai children 6 1 3  y of age Weak support Zinc supplementation did not improve vitamin A 

or RBP but improved dark adaptation time; 
vitamin A alone or with zinc did nos improve 
vision but normalized conjunctival epithelium 

Jalla et al (30). 1997 Indian children 5-36 mo of age No No effect of zinc on vitamin A slatus when given 

. .  .... ~ ........... ~~ .... ~ . . .  ... .~ -............ in addition lo vitamin A 
'RBP. relinol binding protein. 

pared with acceptable zinc concentrations (22). 
The few observational studies done to date are inconclusive 

with respect to a zinc-vitamin A status association during preg- 
nancy. In Brazil, only a very weak and nonsignificant correiation 
was observed between lii.er zinc and vitamin Acontent of fetus- 
es and stillborn infants ( r  = 0.2) or infants who died in the first 
4 mo of life ( r  = 0.14) (24). In contrast. amniotic fluid and mater- 
nal serum concentrations of zinc and vitamin A were more high- 
ly correlated ( r  = 0.47 and r = 0.32, respectively) in 106 British 
mothers, among whom were 12 women whose pregnancies were 
terminated for the presence of neural tube defects (31). 

Supplementation intervention trials might be  expected to  ciar- 
ify the presence and strength of an interaction between zinc and 
vitamin A. Hunt et al (22) randomly assigned pregnant Mexican 
teenagers to receive vitamin-mineral supplements with and with- 
out 20 mg Zn. Serum retinol concentrations. measured initially 
and later in pregnancy, did not change in either the zinc or place- 
bo groups, indicating no effect of zinc supplementation on the 
vitamin A status of these girls. Serum retinol was relatively high 
in both groups (mean of -1.85 )~mol/L),  and it is unlikely that 
zinc status was limiting the maintenance of vitamin A status in 
this population. In another study, parasitized and nonparasitized 
children 3-7 y of age were randomly assigned to receive daily 
supplements of zinc (5 mg), vitamin A. both vitamin A and zinc. 
or placebo for 3 0  d (28). The daily dosage of vitamin A was 
specified erroneously as "500 mg" and may be 500 ) ~ g  retinyl 
acetate instead. Retinol concentralion was measured before and 
after supplementation. Serum retinol improved in all 4 groups 
without parasites. including the placebo group. making it diffi- 

cult to infer any effect on serum retinol concentrations from 
either zinc o r  vitamin A supplementation. Serum retinol 
remained unchanged in all 4 groups with parasitic infection. In a 
group of 24 American preterm infants (with birth weight <ZOO0 
g). randomized intravenous zinc supplementation increased plas- 
ma retinol (by 0.32 )Lmol/L. P<0.005) and RBP (by 8 m a .  
P<0.1) over changes observed in placebo-treated control sub- 
jects, suggesting that zinc may have enhanced hepatic release of 
vitamin A through increased RBP production (27). 

In Table 2 are summarized the findings of one of the few pop- 
ulation-based. double-masked, randomized trials examining the 
interaction between vitamin A and zinc supplementation in 
6-13-y-old Thai children with marginal zinc and vitamin A defi- 
ciencies (29). Children were randomly assigned to receive either 
25 mg Zn. 1500 retinol equivalents (RE) vitamin A. both zinc and 

TABLE 2 
Effect of vitamin Amd zinc suppleinentation on vitamin Astatus ofThai 
schoolchildren' . . . . . . . . . . . . . . . . . . .  -~ ...................................... 
Treatment Serum vilamin A VRT CIC ......... .............. . 

Vitamin A 7 - f 
Zinc - T 
Vitamin A with zinc T - 
Placebo - - i 

- 
... . . . . . . .  

'VRT. visual restar;llion time: CIC. epithcliol changes on the conjunc- 
tival suifacc obtained by using impression cytology: snv~ll arrows denote 
significant improvement (P < 0.05): large arrows denote stronger signifi- 
cance (P < 0.01): ,t = 32-35lgroup. Daw from rclerence 29. 
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vitamin A, or placebo daily for 6 mo. Outcotne measures includ- 
ed serum retinol, zinc. and RBP concentrations, visual restoration 
time (VRT, a dark adaptation test). and epithelial changes on the 
conjunctival surface obtained by impression cytology (CIC). 
Whereas serum retinol concentration increased with vitamin A 
supplementation. zinc alone did not increase circulating concen- 
trations of either vitamin A or RBP. VRT improved slightly in the 
group receiving zinc but not in any other group, indicating that 
zinc was more limiting.than vitamin A with respect to scotopic 
vision in this population. Although the proportion of children 
with abnormal CIC results decreased significantly with either 
zinc or vitamin A, the conjunctival surface normalized in all ini- 
tially CIC-abnormal children who received both zinc and vitamin 
A, revealing a possible synergism between zinc and vitamin A. 
Although only children with marginal zinc and vitamin A defi- 
ciencies were included in the trial, a lag time of 6-16 wk between 
screening and baseline assessment for enrollment showed an 
improvement in the circulating zinc and vitamin A concentrations 
in the subiects. which was attributed to seasonal increases in the 
availability of dietary zinc sources (29). although regression to 
the mean was also a likely factor. Thus, at entry into the trial, sub- 
jects had zinc and vitamin A statuses comparable with those of a 
normal population of US children. 

A double-masked, randomized trial was carried out in India to 
evaluate the effects of daily zinc supplementation for 4 mo on 
the severity and duration of diarrheal morbidity in children 
6-35 mo of age, all of whom were also provided a large dose of 
vitamin A at the outset (32). This design made it possible to 
examine the effect of zinc supplementation over that of vitamin 
A alone (control group) on serum retinol concentration. Findings 
showed that by the end of the trial, mean plasma retinol concen- 
trations were similar in both groups (0.76 wmoliL in the zinc- 
supplemented compared with 0.79 in the control group) (32) and 
comparable percentages of children in both groups had retinol 
concentrations <0.35 &mol/L (38% compared with 43%. respec- 
tively) (Table 3). Fifteen percent of children receiving vitamin A 
and zinc, but only 44% of tliosc receiving vitamin A alone. had 
plasma retinol values of 0.35-0.70 &moIiL. Conversely. a high- 
er proportion of children receiving vitamin A alone had plasma 
retinol concentrations > 1.05 wmol/L compared with those 
receiving zinc with vitamin A (15% compared with 7%). These 
complex shifts in plasma retinol indicated that there was little or 
no effect of zinc supplements on vitamin A status of the children. 
It is likely that increased zinc intake may only affect vitamin A 
status when children are moderately to severely protein-energy 
deficient, as has been observed before (33). or when children 
have low zinc status at the outset, but this needs to be examined. 

ZINC-VITAMIN A INTERACTION IN DISEASE STATES 

There may be an interaction between zinc and vitamin A in 
patients suffering from various pathologic conditions that severely 
compromise hepatic function such as alcoholic cirrhosis, cystic 
fibrosis, and idiopathic hemochromatosis. The nature and previous 
evidence of this interaction were reviewed by Solomons and Rus- 
sell (2). Evidence of an interaction in the liver during chronic, and 
often wasting, disease stares may provide clues to relevant interac- 
tions between these 2 nutrients in malnourished and i l l  populations. 

The metabolism and transport of both zinc and vitamin A 
appear to be affected by chronic ethanol consumption and by the 
functional damage of hepatic cirrhosis. Several reports show an 

TAllLE 3 
Effect on plasma vitamin A concentrations of supplementing children 
&35 mo of age with vitamin A and with zinc compared with vitamin A 
with placebo' 
.. . 

~ 

. .... ... ... . . ~ ~~~ ------- 
~~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ . ~  .~ 

Plasma vitamin A Vitamin A Vitamin A 
concentration (umallLI with zinc with olacebo 

> 1.05 6 (6.7) 14 (14.9) 
~. . -- 

' n  (%I. Chi-souare = 4.694. P = 0.261. Data from reference 30 and S . . 
Sarawal. R Black. unpublished observations. 1996 

impairment in dark adaptation in alcoholic cirrhosis associated 
with deficiencies of zinc or vitamin A , or both (34-37). Liver 
cirrhosis can cause hypogonadism [which is also observed in 
zinc deficiency (38)], possibly because of depressed activity of 
zinc-dependent ADH that can also lead to lower testicular 
metabolism of retinol (9). Mean serum zinc and RBP concentra- 
tions were shown to be significantly lower in Nigerian cirrhotic 
patients with hypogonadism thanin those without this condition 
(38). In alcoholics in Sri Lanka, serum concentrations of zinc 
and vitamin A were lower than in healthy control subjects (39). 
Serum zinc and vitamin A were positively correlated. but only in 
those with cirrhosis. 

The presence of a zinc-vitamin A interaction was also 
explored in patients with cystic fibrosis, rheumatoid arthritis, and 
cancer of the larynx. Although Palin er al (40) showed no change 
in plasma vitamin A or RBP concentrations with zinc treatment in 
patients with cystic fibrosis, Navarro and Desquilbet (41) found 
that RBP was significantly lower in patients with cystic fibrosis 
and was positively correlated with plasma vitamin A concentra- 
tions. However, improved protein nulriture as a result of zinc sup- 
plementation could have caused the increase in plasma vitamin A 
concentrations (42). These studies regarding zinc-related vitamin 
A deficiency in cystic fibrosis are inconclusive. 

Serum zinc concentrations were found to correlate ~osi t ively  
with vitamin A and RBP concentrations in patients with cancer 
of the larynx, but not in patients with other nonmalignant laryn- 
geal diseases (43). I t  was postulated that a rapidly growing 
tumor can increase the body's requirement for zinc, causing a 
reduction in the circulating concentrations of zinc that could 
depress zinc-dependent hepatic RBP synthesis and, consequent- 
ly. lower plasma retinol. A similar explanation has been offered 
for the hypovitaminosis A observed in patients with rheumatoid 
arthritis (44). Associations between circulating zinc and vitamin 
A concentrations in disease states may reflect direct effects of 
one nutrient (or its relative absence) on the other: however. con- 
current deficiencies of other nutrients. especially protein, may 
also explain these apparent interactions. 

CONCLUSION 
Absorption. metabolism. hepatic release, transport. and tissue 

utilization of vitamin A may depend. in part, on adequate zinc 
status. Circulating and hepatic concentrations of retinol have 
been observed to decline and rise in experimental zinc deficien- 
cy and repletion, respectively, in animals fed adequate amounts 
of vitamin A, although effects of food restriction have often not 
been adequately controlled lor. In Figure 2 the potential mecha- 
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FIGURE 2. Potential mechanism for zinc and vilamin A interaction. ADH. alcohol dehydrogew~w. RBP. retinal binding protein 

nisms whereby zinc and vitamin A may interact are summarized. maintaining resistance to infection, should stimulate greater 
Zinc appears to regulate the metabolic conversion of retinol to effort to address this issue in the future. 
retinal. an enzymatic step requiring zinc-dependent ADH, in the 

E l  
~ ~ 

intestine, liver. testes, and in the retina, where it participates in 
an essential step of the visual cycle. Zinc deficiency may also 
impair synthesis of the protein opsin. Zinc is required for hepat- 
ic synthesis of cRBP and RBP. implying a regulatory role for 
zinc in mobilizing vitamin A within cells and from the liver. 
Conversely, severe vitamin A deficiency may reduce absorption 
and lymphatic transport of zinc by altering synthesis of a zinc- 
dependent binding protein. In mammals and humans, circulating 
zinc and vitamin A concentrations appear unrelated in well-nour- 
ished states but tend to co-varv in mareioallv nourished individ- - .  
uals with coexisting zinc and vitamin A deficiencies. 

There observations suggest that zinc deficiency could both 
precipitate health consequences associated with both zinc defi- 
ciency and, through its gatekeeping roles. impose a secondary vit- 
amin A deficiency in human populations. Furthermore, zinc sup- 
plementation of marginally nourished groups might be expected 
to improve indicators of both zinc and vitamin A status and asso- 
ciated health outcomes. Zinc deficiency might also be expected to 
limit the health and nutritional effect of vitamin A interventions, 
eg. on the occurrence of night blindness in a population. Although 
vitamin A deficiency could also interfere with zinc efficacy, data 
are more sparse to support this interaction. These, however. 
remain theoretical concerns. Clear evidence of amplified health 
consequences resulting from joint deficiencies or restricted health 
and nutritional benefits of vitamin A in the absence of zinc inter- 
ventions in hunians is lacking. The few trials conducted in mal- 
nourished populations show inconsistent responses in indicators 
of vitamin A or zinc status when the other nutrient is introduced. 
Further. vitamin A interventions in the absence of zinc supple- 
mentation were highly effective in dramatically reducing night 
blindness and other forms of xerophthalmia, anemia, the severity 
of infectious morbidity. and morvality rates of young children 
(45) in populations in which zinc deficiency could have been 
expected to be prevalent. However, this does not rule out even 
greater potential effects of vitamin A in the presence of adequate 
zinc nutriture. Lack of evidence about the public health effect of 
a potential zinc-vitamin A interaction on health and disease, 
given the critical roles played by each individual nutrient in 
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Zinc and immune function: the biological basis of altered 
resistance to infection1-3 
Anuraj H Shankar and Ananda S Prasad 

ABSTRACT Zinc is known to play a central role in the 
immune system, and zinc-deficient persons experience increased 
susceptibility to a variety of pathogens. The immunologic mech- 
anisms whereby zinc modulates increased susceptibility to infec- 
tion have been studied for several decades. It is clear that zinc 
affects multiple aspects of the immune system, from the barrier 
of the skin to gene regulation within lymphocytes. Zinc is cru- 
cial for normal development and function of cells mediating 
nonspecific immunity such as neutrophils and natural killer 
cells. Zinc deficiency also affects development of acquired 
immunity by preventing both the outgrowth and certain func- 
tions of T lymphocytes such as activation, T,1 cytokine produc- 
tion, and B lymphocyte help. Likewise. B lymphocyte develop- 
ment and antibody production, particularly immunoglobulin G. 
is compromised. The macrophage, a pivotal cell in many 
immunologic functions, is adversely affected by zinc deficiency, 
which can dysregulate intracellular killing, cytokine production, 
and phagocytosis. The effects of zinc on these key immunologic 
mediators is rooted jn the myriad roles for zinc in basic cellular 
functions such as DNA replication, RNA transcription, cell divi- 
sion, and cell activation. Apoptosis is potentiated by zinc defi- 
ciency. Zinc also functions as an antioxidant and can stabilize 
membranes. This review explores these aspects of zinc biology 
of the immune system and attempts to provide a biological basis 
for the altered hosr resistance to infections observed during zinc 
deficiency and supplementation. Am J Clin Nurr 1998; 
68(suppl):447S-63s. 

KEY WORDS Zinc, zinc deficiency, immunity, infection, 
micronurrients, ontogeny, apoptosis 

zinc exens its ubiquitous effects on immune function, disease 
resistance, and general health. Analysis of animal and human 
studies examining the in vivo effects of nutritional zinc defi- 
ciency and supplementation on immune cells and their function 
underscores the essential role of zinc in  normal development and 
function of many key tissues, cells, and effectors of immunity. In 
vitro studies have elucidated the role of zinc at the cellular level, 
and recent advances in molecular biology and cell biology have 
begun to clarify the role of zinc in gene expression, mitosis, and 
apoptosis of lymphoid cells. From these studies. many of which 
are reviewed herein, i t  is clear that even mild zinc deficiency can 
impair multiple mediators of host immunity ranging from the 
physical barrier of the skin to acquired cellular and humoral 
immunity (4-10). This article represents a synthesis and expan- 
sion of 2 previous reviews examining the role of zinc on health 
and immune function (9, 10). Two figures are presented that inte- 
grate the concepts relating zinc to development and function of 
immune cells (Figure 1) and the role of zinc in the cellular 
processes of activation and proliferation (Figure 2). 

ZINC DEFICIENCY 
In persons suffering from marginal zinc deficiency, clinical 

signs are depressed immunity, impaired taste and smell, onset of 
night blindness, impairment of memory, and decreased sper- 
matogenesis in males (9, 10). Severe zinc deficiency is charac- 
terized by severely depressed immune function, frequent infec- 
tions, bullous pustular dermatitis, diarrhea, alopecia, and mental 
disturbances (3.9). Similar effects of mild and severe zinc deficiency 

INTRODUCTION 

Animal studies in the 1930s first documented the essentiality 
of zinc for growth and survival of animals (I). Unfortunately, i t  
was not until the 1960s and the seminal work of Prasad (2) that 
the importance of zinc deficiency in human populations was 
appreciated. Later, i t  became clear that zinc was also crucial for 
patients maintained on parenteral nutrition (3). A central clinical 
feature of zinc deficiency in these latter 2 cases was the 
increased susceptibility to infectious diseases. This led 
researchers to speculate that zinc must be important for host 
immunity. Indeed, the past 2 decades have witnessed a rapid 
growth in knowledge of the underlying mechanisms whereby 
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arise in zinc-deficient laboratory animals (9-1 1). A rare genetic 
disorder. known as acrodermatitis enteropathica. occurs in cattle 
and humans, resulting in decreased zinc absorption accompanied 
by characteristic hyperpigmented skin lesions, poor growth, and 
low plasma zinc concentrations (12, 13). 

ZINC STATUS AND SUSCEPTlBlLITY T O  INFECTIOUS 
DISEASES 

Influence of zinc on experimental infections in animals 

Numerous animal and human studies indicate that zinc defi- 
ciency decreases resistance to infectious diseases. Zinc-deficient 
animals have suppressed immune responses and are more sus- 
ceptible to a diverse range of infectious agents including Herpes 
sinzplex virus (14) and Semliki forest virus (15); bacteria such as 
Francisella rularensis (16). Lisreria nzonocyrogotcs (17. 18). 
Salntonclla e~treriridis (19). and Mycohaderium fuherculosis 
(20); the protozoan parasites Trypa~rosonza rn~.-i (21). Try- 
panosonta musculi (22), Toxoplasnza gondii (23). and Plasntod- 
iunr yoelii (24); eukaryotes such as Candida olbicans (15, 25); 
and the helminths Helign~osomoidespolygyrus (26.27). Srrongy- 
loides rarri (28)- Trichinella spiralis (29). Fasriola Iteparica 
(30). and Schisrosoma ntanso~ri (31). 

A selective overview of these studies illustrates the broad role 
of zinc during infection. Zinc-deficient mice infected with T. 
musculi harbored > 3  times as many parasites as control mice, 
and this was associated with delay in production of protective 
antibodies (22). Likewise. 40% of moderately zinc-deficient 
mice succumbed to P. yoelii I7XNL malaria, a normally non- 
lethal infection (24). Again, this was accompanied by delayed 
appearance of protective immunoglobulin (Ig) G antibodies. 
With respect to C. albicans, genetically susceptible strains of 
mice were rendered resistant when fed zinc-enriched diets o r  
when zinc was administered intraperitoneally (15. 25). and nor- 
mally resistant mice became susceptible when maintained on a 
low-zinc diet (25). For the helminth infections, zinc-deficient 
animals either harbored more worms or had prolonged expulsion 
times. For H. polygyrus, marginal zinc deficiency had little 
effect (27), although severe zinc deficiency did increase worm 
burdens (26). In murine S. nzansorti, zinc deficiency resulted in 
decreased pathology with no change in worm burdens (31). For 
Lisreria, delayed hypersensitivity response. a measure of T lym- 
phocyte activation, was reduced but actual bacterial clearance 
did not change substantially (17, 18). In naturally occurring 
bovine acrodermatitis enteropathica, calves had impaired resis- 
tance to viruses, fungi, and bacteria. This condition was cor- 
rected by increased dietary zinc intakes (32). 

Influence of zinc on infectious diseases in human 
populations 

Several studies have demonstrated the benefits of zinc sup- 
plementation on infectious diseases in human populations. Dou- 
ble-blind, placebo-controlled trials of daily zinc supplementation 
showed that zinc reduces the incidence and duration of acute and 
chronic diarrhea by 25-30% (33-35) and can reduce the inci- 
dence of acute lower respiratory infections by 45% (36). Some 
studies implied that zinc may reduce clinical disease caused by 
Plasntodiunz falciparum (37, 38). and i t  was recently shown in a 
controlled trial carried out in Papua New Guinea that zinc sup- 
plements could reduce malaria attributable to health center atten- 

dance by >35% (39). Zinc supplementation also reduced the fre- 
quency of recurrent boils in hospital patients (40). Furthermore, 
decreased S. ntmtso,~i egg counts were observed in children 
given zinc supplements compared with those given a placebo 
(41). Humans suffering from acrodermatitis enteropathica also 
had fewer infections when given supranormal concentrations of 
zinc (42). and plasma zinc concentrations were substantially 
lower in patients with diffuse lepromatous leprosy compared 
with those with the more limited bacillary fornt (43). 

Zinc supplements also have beneficial effects when adminis- 
tered during infection. Zinc lozenges were shown to decrease the 
duration of the common cold (44. 45). and studies in preschool 
children showed that zinc supplemenration during a diarrheal 
episode reduced duration of sickness up to 30% (33). 

In patients with HIV. zinc deficiency is frequently seen and 
disease progression is accompanied by decreased serum zinc con- 
centrations and depressed phytohemagglutinin (PHA) mitogenic 
responses (46.47). These changes are partially reversible by zinc 
supplementation (48). Likewise, in the murine model of AlDS the 
amount of zinc in multiple tissues. including the spleen. was 
depressed (49). In contrast, recent dietary analysis of a large 
cohort of AIDS patients indicated that high zinc intake was asso- 
ciated with more rapid progression of the disease (50). The actual 
effect of zinc supplementation on the progression of AIDS or the 
general health of AlDS patients remains to be evaluated. 

Direct effects of zinc on infectious agents 

In general. i t  is not clear to what extent the availability of zinc 
affects in vivo growth of infectious agents themselves. Most 
microorganisms require zinc in some amount for basic cellular 
processes. For example, yeast (51). P. ful~.iporunz (52). and HIV- 
1 (53) require zinc for replication and other functions. During 
the acute phase response zinc is redistributed from plasma to the 
liver and to lymphocytes (54). It has been suggested that this is 
an adaptive response intended to deprive invading pathogens of 
zinc (54-56). However, lowered plasma zinc concentrations 
resulting from the acute phase response are generally well above 
the concentrations at which the growth of most pathogens is 
affected (51.52.55). Still. highly localized suppression of extra- 
cellular zinc to microbiostatic concentrations may be created by 
the acute phase response in conjunction with calprotectin. a zinc 
binding protein produced by polymorphonuciear leukocytes (5 1, 
57). In contrast, i t  is also true that very high zinc concentrations 
can be microbicidal. For example, the relatively low frequency 
of urinary tract infections in men may be due. in part, to the very 
high microbicidal zinc concentration in semen (58). Moreover. 
the effect of zinc on the common cold may be due to the 
increased zinc concentrations in the nasal mucosa, which may 
alter the conformation of the binding site between the virus and 
ICAM-I (59). 

The balance between zinc availability or deficiency for host 
immunity and the invading pathogen is affected by multiple fac- 
tors. It appears, however, that in most cases any benefit to the 
pathogen of zinc availability is well compensated for by the con- 
comitant imurovement in host immune function. 

EFFECTS O F  ZINC ON OVERALL IMMUNE FUNCTION 

Zinc is a potent mediator of host resistance to infection. 
Because susceptibility to a broad range of pathogenic agents is 
affected by zinc. i t  is likely that multiple immunologic effectors 
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are involved. The general effects of zinc on innate or nonspecific 
and adaptive or specific immunity are presented below as a 
framework for the more detailed discussions of zinc and specific 
immunologic effectors presented later. 

Effects of zinc on barr ier  a n d  nonspecific i m m u n i t ~  

Evaluation of the effects of zinc on host immunity must begin 
with the effect of zinc on components of innate immunity. Zinc 
deficiency damages epidermal cells, resulting in the characteris- 
tic skin lesions of acrodermatitis enteropathica or severe zinc 
deficiency (42.60). Damage to the linings of the gastrointestinal 
and pulmonary tracts is also observed during zinc deficiency (9. 
61). As detailed below, zinc deficiency affects other mediators of 
nonspecific immunity, such as polymorphonuclear leukocyte 
function (6, 42. 62-64). natural killer cell function (6. 6 5 4 7 ) .  
and complement activity (68). 

Overview of effects of zinc on specific immunity 

Lymphopenia is common in zinc-deficient humans and ani- 
mals and occurs in both the central and peripheral lymphoid tis- 
sues (9, 10.69). Adult mice fed zinc-deficient diets for 2 wk had 
reduced numbers of T and B lymphocytes in peripheral blood 
and spleen tissue (69). Peripheral blood lymphocyte and macro- 
phage concentrations were eventually reduced by >50% (6, 69). 
Importantly, even marginal zinc deficiency substantially sup- 
pressed peripheral blood lymphoid cell concentrations in 'mice 
and humans (61.69-7 1). 

Zinc deficiency results not only in decreased lymphocyte con- 
centrations, but in depressed T and B lymphocyte function (69. 
72-76). In general, murine T and B lymphocyte proliferative 
responses to mitogens were greatly depressed in zinc-deficient 
compared with pair-fed animals (77-79). Suppression ranged 
from 5% to 50% with a tendency for greater suppression in 
T lymphocytes. 

Some reports in rat and murine systems, however, docu- 
mented no effect of zinc deficiency on mitogenic responses of 
lymphocytes (80. 81). Indeed, some data suggest that the pri- 
mary effect of zinc deficiency is deletion of T and B lympho- 
cytes with little loss of function in the surviving cells. This is 
based on plaque-forming cell (PFC) assays measuring antibody 
production in vitro in which data were expressed as PFC per 
viable splenocyres rather than PFC per whole spleen (81). These 
findings notwithstanding, it is difficult to explain the effects of 
zinc on immunity solely on the grounds of changing cell num- 
bers. Given the ubiquitous involvement of zinc in cellular 
events, ranging from gene expression to membrane stability (9. 
10, 82), one would expect multiple metabolic and srructural 
defects in the surviving lymphocytes in zinc-deficient hosts. 

Effects of high-dose zinc supplementation on immune 
function 

Elevated zinc intake has been shown in some cases to poten- 
tiate immune function above basal levels. In rats. PHA-induced 
mitogen responses were increased in animals fed a rich 1000- 
ppm Zn diet for 14 d compared with a 40-ppm control diet (83). 
Likewise, mice fed a high-zinc diet had increased numbers of 
splenic PFC in response ro T lymphocyte-depandcnt antigens 
(25). Additional murine studies confirmed increased T lympho- 
cyte and macrophage function with supplemental doses of zinc 
(15). Interestingly, the mice were more also more resislant to 
endotoxin shock (IS).  A high-zinc dict also diminishcd thc 

amount of lipid peronidation in the livers of mice infected with 
Plasmodiun~ berghe; (84). 

Studies in humans concerning excess zinc intake on the 
immune system are few. One study reported that I I men receiv- 
ing 300 mg Znld, 20 times the recommended dietary allowance 
(RDA) (9). for 6 wk experienced decreased proliferative 
responses of lymphocytes to PHA and reductions in chemotaxis 
and phagocytosis of circulating polymorphonuclear leukocytes 
(85). Additional studies suggest that very high zinc intakes in 
adults and children can result in copper deficiency, anemia. 
growth retardation. and immunodepression (86-88). One recent 
study of nutritional rehabilitation in marasrnic children sug- 
gested that zinc down-regulated certain monocyte functions 
(89). Importantly, other larger and longer-term controlled trials 
of high-dose zinc supplementation in adults did not induce 
immunosuppression (90-92). Moreover. deleterious immuno- 
logic effects were not observed in trials in which clinically 
healthy and otherwise normal children received daily zinc sup- 
plementation up to 2 times the RDA. Therefore, short-term 
intake of zinc several-fold above the RDA is generally consid- 
ered safe in preschool children and adults (82. 93, 94). It should, 
however, be mentioned that high-dose zinc supplements given to 
mouse pups during the perinatal period reduced PFC responses 
(95). and high doses may also have adverse health effects in 
human neonates (94). As for any nutritional supplement, caution 
must be exercised in taking excessive doses of zinc for pro- 
longed periods of time. 

EFFECTS O F  FETAL ZINC DEFICIENCY ON 
IMMUNOLOGIC DEVELOPMENT 

Gestational zinc deficiency in mice and nonhuman primates has 
short- and long-term deleterious effects on the offspring (96-100). 
Substantial reductions are seen in lymphoid organ size and gamma 
globulin concentrations in pups born to marginally zinc-deficient 
mice. In rhesus monkeys, prenatal zinc deficiency led to hypogam- 
maglobulinemia, reductions in mitogenesis of peripheral blood 
lymphocytes, and reduced neutrophil function (101). 

Additional murine studies showed that many of the immunod- 
eficiencies observed at birth persisted into adulthood even 
though the pups were fed a diet containing normal amounts of 
zinc after weaning. At 6 wk of ape, serum IgM concentrations 
were only 1% of normal and IgG,, and IgA concentrations 
remained 40-60% below normal (96-98). As expected. the PFC 
response to T-dependent and T-independent antigens was 
markedly reduced (9698) .  Indirect evidence for such effects in 
humans is also available. Intrauterine growth retardation, which 
has been linked to maternal zinc deficiency (102). results in 
depressed cellular immunity that can persist for years (103, 104). 
Furthermore, nutritional deficiencies occurring up to 1 y of age 
have resulted in permanent reductions in thymus size (105). 

The observation that prenatal zinc deficiency in mice results 
in long-term suppression of IgM. IgA, and IgG,, concentrations 
suggests that a transient prenatal window may exist for the 
development of cells producing these anribodies. Indeed. during 
immunologic ontogeny. groups of certain B lymphocytes emerge 
in sequential waves. with cach wave being idiotypically distinct. 
thereby recognizing specific predefined antigenic determinants 
(106. 107). Many of these cells produce antibodies of the IgM 
and IgA isotypes that recognize capsular polysaccharides of bacte- 
ria :~nd other common pathogens (106). These so-.called natural 
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antibodies are believed to provide an early line of defense for the 
immunologically naive neonate against invasive pathogens. Nar- 
ural antibodies also influence the developing antibody repertoire of 
the immune system. Postnatally, the bone marrow undergoes devel- 
opmental maturation and loses the potential to generate cells 
secreting these antibodies (108). Thus, if gestational zinc defi- 
ciency influences the developnlent of cells producing such anti- 
bodies. the antibody repertoire to bacterial antigens would be per- 
manently altered in adults having experienced transient gestational 
zinc deprivation. 

To test this hypothesis. we examined the antibody responses to 
the common bacterial antigens a-1.3-dextran and phosphoryl- 
choline in adult mice whose mothers had been moderately deprived 
of zinc during late gestation. Adult mice who had been subjected to 
trnnsient fetal zinc deficiency in utero had similar concentrations of 
total serum 1gM. but more than 2-fold greater IgM responses to 
phosphorylcholine and up to 50% lower responses to u-1.3 dextran 
compared with control animals (AH Shankar. unpublished obser- 
vations. 1998). The data suggest that transient zinc deficiency in 
utero permanently altered the response to cenain bacterial antigens. 
Moreover, whereas total IgM concentrations were similar in both 
sets of animals, the findings indicate that antibody repertoire is 
more sensitive to mild or transient zinc deficiency in utero. 

The potential consequences of altered antibody diversity can be 
seen in immune responses to 2 common childhood respiratory 
pathogens. Srrrl~rorocrr~s p~te~r~~tolr iue  and Haentul~hilus i~,fi~lr~~t.-a. 
During infection with S. ,~,zrrorlo,ziue. children often mount a potent 
antibody response. However, only cenain antibodies are protective. 
and their absence can resulr in severe infection or death (107, 109). 
Likewise. in children it  has been shown that among the antibodies 
produced against H. itrflrlo~;o. those of the Hib-id1 idiotype have 
the greatest antibacterial activity (1 10). 

Zinc statu.~ may also affect placental transpon of antibodies 
from the mother to the fetus during the last trimester of pregnancy. 
In contrast with natural antibodies, these maternal antibodies rec- 
ognize a greater diversity of antigens with high specificity. How- 
ever, they are not replenished aher birth and gradually decay to low 
values by 6 mo of age. In addition to providing early pr6tection. 
maternal antibodies also influence qualities of the emerging 
immune system in the child (108). Because zinc is important for 
norn~al plncenlal development (1 11. I 12). deficiency may result in 
impaired in utero acquisition of maternal antibodies by the child as 
well. The actual effect of gestational or perinatal zinc deficiency on 
transfer of maternal antibodies to the child in utero or through 
breast milk in unknown. 

Perhaps the most remarkable effects of gestational zinc defi- 
ciency is the demonstration in mice that some immunodeficiencies. 
particularly suppressed IgM concentr;ltions. persisted to the sec- 
ond- and third-generation offsprins (96). This suggests that gesta- 
tional zinc deficiency m;ly have epigenetic effects (1 13). Given the 
potential short- and long-term immunologic consequences of even 
moderate gestational zinc dcficicncy. a bcttcr understanding of its 
influence on public health is clearly needed. 

INFLUENCE OF ZINC ON IMMUNOSUPPRESSIVE 
CONDlTlOh'S 

Persons suffering from sickle cell anemia have depressed 
peripheral T lymphocyte nulnbcrh. dccrc;~scd CD4'-CDX' T lym- 
pl~ocytc ratio>. loss ol' dcl:iycd lhypcrscnsitivity. dccrc;isctl 11:tt- 
ural killer cell activity. decreased production of the T lympho- 

cyte cytokine interleukin (1L)-2, and suppressed activity of thy- 
mulin. a thymic hormone (4, 70. 114. 115). Zinc supplementa- 
tion restored these immunologic indexes to near normal (69. 
116). Likewise, in patients with Down syndrome, zinc supple- 
ments restored immediate hypersensitivity, normalized in vitro 
assays of lymphocyte function and neutrophil chemotaxis (1 17). 
and increased resistance to infection (1 18). Zinc supplements 
also restored delayed hypersensitivity in alcoholics ( I  19) and 
stimulated cell-mediated and humoral immunity in humans and 
mice with hypogammaglobulinemia (25. 120). 

In elderly humans and animals. in~pairments in wound heal- 
ing and resistance to infection were corrected by zinc supple- 
mentation (121-124). suggesting that immunodeficiency in the 
cldcrly is due in part to zinc deficiency. Low plasma zinc con- 
centrations in elderly patients were associated with peripheral 
blood lymphopenin. although not with depressed serum IgA 
concentrations or delayed hypersensitivity responses (125). 
Zinc supplementation restored normal lymphocyte and neu- 
trophil zinc concentrations, increased concentrations of circu- 
lating T lymphocytes, and improved delayed hypersensitivity 
and lgG antibody responses to tetanus toxoid. As might be 
expected, increased resistance to infection was also observed 
(122, 126-1301, 

EFFECTS OF ZINC ON SPECIFIC CELLS OFTHE 
IMMUNE SYSTEM 

As discussed above. zinc deficiency has multiple effects on 
the immune system. The reader is referred to Figure I a s  a guide 
to the various effects of zinc deficiency in the context of overall 
immunologic development and function. 

T lymphocytes 

Studies of zinc deficiency in bovine (131, 132). porcine (133. 
134). rat (135). and murine (5. 6, 73. 77. 136) systems. and in 
severely zinc-deficient children (7. 137-140). describe substnn- 
tial reductions in the size of the thymus. the central organ for T 
lymphocyte development. Mice maintained on a zinc-deficient 
diet for as little as 2 wk showed moderate thymic involution. 
After 4 wk the thymus retained only 25% of its original size, and 
at 6 wk only a few thymocytes remained in the thymic capsule 
(6). The percentage of thymic atrophy exceeded that of other 
organs and the percentage of overall weight loss. The reduction in 
thymic size and cellularity was observed mostly in the thymic 
cortex. where immature thymocytes develop. Such changes were 
not obscrved in pair-fed animals. confirming that zinc was 
responsible for the effect (6. 73, 77). After only I wk of normal 
zinc intake. thymic size increased and the cortex was repopulated 
with cells (73). In contrast with the effects of severe zinc restric- 
tion on thymic sizc in adult mice. moderate zinc restriction had 
minimal effects on thymic size (5). However, marginal zinc defi- 
ciency in the carly postnatal period did result in substantial reduc- 
tions in thymic size (77). 

In t h ~  peripheral lymphoid organs. T lymphocytes were pro- 
gressivcly dcplcted from the spleen. lymph nodes. and peripheral 
blood in zinc-deficient animals (6. 69. 73). Zinc-deficient chil- 
drcn will1 ;tcrodcrnl;~titis cnleropathicn or p:ltients receiving total 
parcntct.;il nulriliati hove reduced nunlhers of lymphocytes. par- 
ticularly T lymphocytes in the blood and peripheral lymphoid tis- 
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sues. Decreased CD4+:CD8' cell ratios are also seen. Recent 
studies in an experimental human model showed that the per- 
centage of CDSiCD73+ T lymphocytes, precursors to cytotoxic 
T lymphocytes, was decreased in zinc deficiency (141). The 
presence of the CD73 molecule on cytotoxic T lymphocytes is 
required for antigen recognition, proliferation, and cytolysis 
(141). These and the previously mentioned changes are reversed 
with zinc supplementation (7, 32, 65, 138, 141-144). 

T lynlphocyre function 

T lymphocyte responses such as delayed hypersensitivity and 
cytotoxic activity are suppressed during zinc deficiency and 
reversed by zinc supplementation (6. 7, 32. 137. 142. 144, 145). 
Suppressed delayed hypersensitivity responses in malnourished 
children are also restored after zinc supplementation (139, 140. 
146. 147). In one study in children. synergism between zinc and 
vitamin A tended to potentiate the T-lymphocyte proliferative 
response ro tuberculin (145). Patients receiving total parenteral 
nutrition devoid of zinc had reduced T lymphocyte PHA 
responses (65, 142, 143). which returned to normal after 20 d of 
zinc supplementation. The influence of zinc on T-dependent anti- 
body production and T lymphocyte cytokine production patterns 
are discussed below in the sections titled B lymphocytes and 
cytokines, respectively. 

In virro effecrs of zinc on T lyntphocytes 

Several in vitro studies showed that zinc is required for T lym- 
phocyte proliferation in response to IL-I (148). PHA, con- 
canavalin A, or IL-2 (149-152). Proliferation of human T lym- 
phocytes was enhanced by zinc when stimulated with mitogenic 
concentrations of PHA, concanavalin A, or phorbol ester (153). 
Moreover, the mitogen response of cells from zinc-deficient 
patients could be improved by addition of 10 &mol ZnCl,/L in 
vitro. Zinc also restored proliferative T lymphocyte responses in 
the presence of high concanavalin A concentrations, 20 pgJmL. 
which are known to be suppressive. One murine study found no 
effect when zinc chloride was added to spleen cell cultures con- 
taining subactivating concentrations of PHA or concanavalin A 
(154). In contrast, zinc potentiated the suppression of T lympho- 
cyte mitogenesis caused by phorbol ester pretreatment (155). In 
another experimental system, zinc suppressed the allogeneic pro- 
liferative response of human T lymphocytes to HeLa cells (153). 

It was also shown that zinc can potentiate the response to some 
bacterial superantigens by facilitating binding between the superanti- 
gen and class I1 molecules on antigen-presenting cells (156. 157).The 
clinical sienificance of this  heno omen on. includine the role of zinc in - - 
the development of toxic shock during sepsis, requires further study 

Lastly, there is also evidence that zinc addition in vitro alters the 
expression, function, or both, of lymphocyte surface molecules gov- 
erning cell-cell interactions. The addition of zinc chloride at &mol/L 
levels enhanced the rosettine of oerioheral bloodT lvmohocvtes with - . .  , .  , 
sheep erythrocytes. This effect was mediated at the T lymphocyte 
level because pretreatment of the lymphocytes themselves, but not the 
sheep erythrocytes. had the same effect (158). 11 was also reponed 
that zinc enhanced the transcription and expression of the adhesion 
molecule ICAM-I on the surface of lymphoid cells, but not on fibro- 
blasts (I 59). 

The in vitro studies make apparent the many roles played by zinc 
in T lymphocyte activation and proliferation. The effects of zinc 
on T lymphocytes are modulated by factors such as thc antigen 
presenting cell type, adhesion molecules, co-stimulatory mole- 

cules, antigen type, and the overall milieu in which T lympho- 
cyte activation occurs. 

B lymphocytes 

B lymphocyte development in bone marrow is adversely 
affected by zinc deficiency (160-162). When mice were fed a 
marginally zinc-deficient diet for just 30 d, nucleated bone mar- 
row cells were reduced by one third with preferential reduction 
in small nongranular cells. Total B lymphocytes and their pre- 
cursors were reduced nearly 75%. Losses were predominantly in 
pre-B and immature B lymphocytes. which declined by -30% 
and 25%. respectively. Mature B lymphocytes were less 
affected. This finding is consistent with the previously men- 
tioned study wherein spleen cells remaining in zinc-deficient 
mice appeared functionally normal (81) with typical markers of 
T and B lymphocyte maturation (163). Thus, zinc deficiency 
blocks development of B lymphocytes in the marrow, resulting 
in fewer B lymphocytes in the spleen. 

B lymplrocyre function 

B lymphocyte antibody responses are inhibited by zinc defi- 
ciency (5.73, 164. 165). As previously mentioned. gross effects 
of zinc deficiency on B lymphocyte mitogen and plaque-form- 
ing responses have been observed. Zinc is required for the 
B lymphocyte mitogenic and cytokine response to lipopolysac- 
charide (156, 166). In vitro antibody production, determined by 
PFC assay, was strongly inhibited in splenic B lymphocytes 
from zinc-deficient mice (72). 

Interestingly, T-dependent antibody responses are more 
affected by zinc deficiency than ore T-independent ones. The 
PFC responses to the T-dependent antigen sheep red blood 
cells and T-independent antigen dextran were reduced by 90% 
(72, 73) and 50% (69, 79, 167), respectively, in zinc-deficient 
mice. Similar differences in effects were seen in moderately 
zinc-deficient animals (72, 73). In 1 study, mild zinc defi- 
ciency affected antibody responses to T-dependent antigens 
but not T-independent antigens (7 1). When zinc-deficient mice 
were returned to a normal diet. IgM PFC activity recovered 
within 1 wk, although restoration of IgG PFC activity required 
1 mo, suggesting that greater perturbations in B or  T lympho- 
cyte functions are required for isotype switching (73. 164). 
T lymphocyte-mediated effects of zinc deficiency on B lym- 
phocyte activity were also shown by restoration of PFC 
responses after infusion of normal thymocytes into zinc-defi- 
cient mice (72). In zinc-deficient mice infected with P. yoelii, 
antiparasite IgM concentrations were not affected, although IgG 
concentrations were suppressed nearly 10.fold (AH Shankar, 
unpublished observations. 1998). These findings are consistent 
with the idea that T-dependent B lymphocyte functions are more 
affected than T-independent ones. This is further supported by 
the observation that B lymphocytes are less dependent on zinc 
for proliferation than are T lymphocytes (168, 169). 

It is also important to note that zinc-deficient mice had 
reduced antibody recall responses to T-dependent and T-inde- 
pendent antigens for which they had previously been immu- 
nized (69. 164. 165, 170), implying that immunologic mem- 
ory is affected by zinc status. The potentially important 
effect of this for maintenance of vaccine efficacy in humans 
remains unexplored. 
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FIGURE I. The effect\ or rmc oo ttlc Je\,stoprncni and runcuon 01 cert.,tb i~l~tnunolug.c ccitr dtill c)tub~ncs GXt-CSk. gnn~lo:yte nl~crophagc 
colony rumul*l!ng Lclor, lG. ~mmunoglobulm. IFii. tntcrleron. IL. tnterlcur~n. IL.?R. inlzr.c~b~ra.? rc;cplor. At-CSF. il!onoc!le csluny ,iin!~I~tmc 
factor; NK. natural killer: 0. zinc deficiency has li~tle or no cffcct on thc process or activity: TNF. tumor necrosis fitcloi: U. 1hc effect of zinc dcfi- 

- 

ciency on the particular process or activity is unknown: 0, zinc deficiency down-regulates or inhibils the process or activity: 0. zinc deficiency 
enhances the process or activity; I, zinc is needed for the structural integrity oithe molecule. 

In  virro effecrs of .-in< on B Iyn1plrocy1e.s However. exposurc of natural killer cells to high concentrations 
As for T lymphocytes, in vitro zinc-induced polyclonal activa- of zinc in virro inhibited cytotoxicity by rendering target cells 

tion of human B lymphocytes from blood. spleen, and lymph nodes more resistant to damage (66. 174). This and other reports of 
was reponed (171). These effects may, however, be secondary to zinc-mediated inhibition (66) of natural killer cell activity may 
zinc activation of helper T lymphocyles. In contrast with the effects be partially explained by the recent demonstration that the killer 

on T lymphocytes, rosette formation befween murine cell inhibitory receptor requires zinc (175). The zinc-induced 
B lymphocytes and erythrocytes was inhibited when B Iympho- down-regulation of CD16, one of the Fcy antibody receptor sub- . . 
cytes were precultured with zinc in the presence of zinc ionophore, types on natural killer cells, may also be due to a zinc-dependent 

indicatine that receotor down-resularion had occurred (177) metalloorotease (176). Overall. the in vitro data are cotlcist~nr 
u 

. .-,. .....~~ - . . . . . . -. - . . . 
with the decreased natural killer cell activity seen in zinc-defi- 

Natural killer cells cient animals and humans (6. 61, 65) .  
Studies in humans and animals describe decreased natural Neutrophils 

killer cell activity in zinc deficient states (6, 65). although I 
study reported increased natural killer cell activity (66). Natural Polymorphonuclear leukocyte function is altered in zinc-defi- 

killer cell function was depressed after in vivo treatment of cells cient animals and patients with acrodermatiris enteropathica and 

1 . 1 0 . ~ h ~ ~ ~ ~ t h ~ ~ l i ~ ~ .  a zinc chelator, and the deprpqcinn wac other tvoes of zinc deficicncy, In most cases, absolute numhers ~. ~ .~ 

reversed dy the readdition of zinc, but not of calcium or m a p -  of peripheral polyrnorpllonuclear leukocytes were not affected. 

s i u m  (65). E~~~~~~~~ also production of inter. but chemotactic responses uxre impaired and were reversible by 

feron y by human peripheral blood natural killer cells (67, 173). in vitro addition of zinc (42. 62. 63). In addition, in.vitro addi- 
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tion of zinc potentiated the polymorphonuclear leukocyte 
response against staphylococcal bacteria (177). One study 
observed that exercise-induced potentiation of polymorphonu- 
clear leukocyte microbicidal superoxide formation was attenu- 
ated by zinc supplementation (64). Unfortunately, the effects of 
zinc deficiency on microbicidal functions such as total oxygen 
production, phagocytosis, and extravasation remain to be ade- 
quately evaluated. 

Monocytes a n d  macrophages 

Effects on monocyte and macrophagc function have been 
observed during zinc deficiency (178-181). In humans, the chemo- 
tactic response of monocytes from acrodennatitis enferopathica 
pat!cn~r IS suppresicd and c3n be rcstored after addillon of zinc in 
\,itro (42, 62,. Monocvtes irom zinc-deticlcnt mlcc have imoatred 
killing of intracellular parasites, which is rapidly corrected in vitro 
by addition of zinc (178). Reduced macrophage phagocytosis of 
Crr~tditf<~ has also beell observed in zinc-deficient animals (15.25). 
In other studies, however, the ability of macrophages from zinc- 
deficient rodents to phagocytose panicles was either enhanced 
(179, 182) and accompanied by greater numbers of cells bearing 
Fcy and complement receptors (179), or remained unchanged 
(183). High concentrations of zinc in vitro inhibited macrophage 
activation, mobility, phagocytosis, and oxygen consumption (65. 
184, 185). When marasmic children were rehabilitated with a zinc- 
containing regimen, monocyte phagocytic and fungicidal activity 
was suppressed (89). Because elevated zinc concentrations can 
inhibit complement activation (68). complement-mediated phago- 

tosis, free radical production, antigen processing, antigen pre- 
sentation, and cytokine production. 

EFFECTS O F  ZINC STATUS ON SOLUBLE MEDIATORS 
OF IMMUNITY 

Clucocorticoids 

The release of glucocorticoid hormones from the adrenal glands 
can result in certain physiologic changes, such as thymic atrophy, 
that are reminiscent of zinc-deficicncv (191-193). Because zinc . . 
deficiency raises blood glucocorticoid concentrations (194-196). 
thymic atrophy may be mediated, in pan, by glucocorticoids. 
Indeed, when adrenalectomized mice were fed a zinc-deficient 
diet for up to 6 wk, changes in thymic weight were small or absent 
(196). In addition, when adult mice were given a slow-release cor- 
ticosteroid implant, thymus size was reduced >than 80% (161). 
Steroid-implanted mice also showed large reductions in pre-B and 
immature B lymphocytes in bone marrow (161. 197). suggesting 
that the effects of zinc deficiency on early B lymphocyte develop- 
ment may also involve glucocorticoids. 

The contribution of glucocorticoids to the effects of zinc defi- 
ciency must, however, be interpreted with caution. Zinc deficiency 
has profound effects on human thymocytes, which are relatively 
resistant to glucocorticoids (196). In addition, although the thy- 
mus of zinc-deficient adrenalectomized mice remained normal in 
size, zinc-dependent decreases in the cortical to medullary area 
still occurred (196). Likewise, in adrenalectomized mice, zinc 

cytosis may be adversely affected by high zinc concentrations. deficiency reduced IgM and IgG PFC responses to sheep red blood 
Additional studies are clearly needed for a better understandine of cells. 50% of the loss in T lvmohocvte h e l ~ e r  function in control - 
the conditions under which zinc affects monocyte and macrophage 
phagocytosis. 

There is much speculation regarding the role of zinc in the killing 
of pathogens by oxygen radicals produced by macrophages. With the 
exception of I repon (186). available data do not provide evidence 
linking zinc status with macrophage production of oxygen radicals 
(21. 165. 180). Unfortunately. data regarding the effects of iinc on the 
production of other microbicidal radicals, ie, nitric oxide, are lacking. 
It was proposed that the product of the Nranrp gene in mice, respon- 
sible for resistance to mycobacteria. Leishn~ania donovani, and Sol- 
mondla gphinturiunz (187), may be a zinc transporter involved in 
nitric oxide-mediated microbicidal activity of macrophages. In 
humans, monocyte production of cytokines IL-Ip. IL-6. interferon u 

(IFN-a) and tumor necrosis factor u (TNF-a), were stimulated by 
addition of zinc in vitro (188-190). However, zinc deficiency 
enhanced human monocyte-mediated cytotoxicity against target cells. 
which returned to normal after zinc supplementation (65). 

Zinc deficiency suppressed macrophage support of mitogen- 
induced T lymphocyte proliferation (181). Although inhibition of 
mitogenesis was due to effects on both macrophages and T lym- 
phocytes, suppression of macrophage function occumd earlier in 
the onset of zinc deficiency. Moreover, macrophage activity was 
corrected within 30 min of incubation with zinc salts in vitro. The 
rapid restoration of certain macrophage functions after zinc addition 
suggests that rapid therapeutic effects of zinc supplementation on 
diarrhea or the common cold may involve some aspects of macro- 
phage function. Moreover, there may be greater benefit of zinc sup- 
plementation for infections in which specific macrophage functions 
are central to resistance. Unfortunately. there is limited informa- 
tion concerning the effects of zinc on lnicrobicidal or immuno- 
logic functions of macrophages in humans, including.phagocy- 

, .  , 
animals occurred before detectable increases in plasma corticos- 
terone (196). Last, in marginally zinc-deficient mice. loss of lym- 
phocytes in the spleen, depressed immunity, and decreased IL-2 
production were observed despite the absence of thymic shrinkage 
or increased glucocorticoid concentrations (69. 72). 

Thymulin 

Thymulin is a 9-peptide hormone (Glu-Ala-Lys-Ser-Gln-Gly- 
Ser-Asn) secreted by thymic epithelial cells. Thymulin binds to 
high-affinity receptors on T lymphocytes and promotes T lym- 
phocyte maturation, cytotoxicity, and IL-2 production (198). 
Zinc is bound to thymulin in a 1:1 stoichiometry via the side 
chains of asparagine and the hydroxyl groups of the 2 serines 
(199). Thymulin activity, in vitro and in vivo in both animals and 
humans, is dependent on plasma zinc concentrations such that 
marginal changes in zinc intake or availability affect thymulin 
activity (32. 70, 120, 200-203). Thymulin is readily detectable 
in the serum of zinc-deficient patients, but is not active (70). The 
binding of zinc results in a conformational change that pro- 
duces the active form of thymulin (200). The overall role of 
thymulin on the immunologic lesions caused by zinc defi- 
ciency has not been well studied. The use of thymulin as  an 
indicator of zinc deficiency has been suggested, although thy- 
mulin concentration is also modulated by zinc-independent 
factors. Assays regarding zinc status and thymulin zinc satura- 
tion may prove more useful, much as the index of transferrin 
saturation provides useful information regarding iron status. 

Cytokines 

Cytokines. also known as interleukins. are key messengers of 
immunologic cells that regulate multiple aspects of leukocyte 
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biology. Their effects are mediated through corresponding 
receptors on target cells. Production or biological activity of 
multiple cytokines (IL-I, IL-2, IL-3, IL-4, IL-6, IFN-y, IFN-a, 
TNF-a, and migration inhibitory factor) influencing the devel- 
opment and function of T lymphocytes. B lymphocytes, macro- 
phages, and natural killer cells is affected by zinc deficiency. 
The cytokines IL-1 (204), IL-2 (71, 76, 204). IL-4 (26, 188). 
and IFN-y (67) have been reported to be suppressed during zinc 
deficiency. A decline in IL-2 receptor expression has been 
observed in some (76, 152), but not a11 (71). studies. The amino 
acid sequence of IL-3 contains an active zinc binding site that is 
imoonant for activitv (205). Further studies are needed to deter- 

multiple mechanisms, including receptors for zinc-transferrin. 
albumin, a2-macroglobulin, and metallothionein. the major zinc 
binding protein of the body (9, 149, 212-214) 

Zinc uptake also involves other less well characterized mech- 
anisms such as anionic channels or transporters (215). Recently, 
zinc transporters and channels mediating both the inward and out- 
ward movement of zinc were isolated from mammalian cells 
(216, 217). The continued study of these transporters and chan- 
nels will help elucidate the mechanisms of zinc homeostasis 
within cells. In rats, a system for transpon of zinc into the nucleus 
is suggested by the rapid appearance of 6sZn in the nucleus of 
soleen cells within 2 h of intmeastric feeding with "Zn (218). . .  . u b 

mine the in vivo role of zinc in modulating IL-3 activity. Zinc 
also plays a critical role in the dimerization of IFN-a necessary Role of zinc in the cell cycle of lymphocytes 

. . 
for its activity (206). Confirming the general inhibitory effects 
of zinc deficiency on cytokine production in vivo, in vitro addi- 
tion of 1.10-phenanthroline reversibly inhibited antigen-stimu- 
lated production of migration inhibitory factor from lympho- 
cytes (20. 25, 207). As previously mentioned, monocyte 
production of cytokines IL-I@. IL-6, IFN-a, and TNF-a was 
stimulated by the addition of zinc in vitro (188-190, 204). 

T helper cells can be categorized as Th l  and Th2 cells, accord- 
ing to their functions in cell-mediated (Thl) and antibody-medi- 
ated (Th2) immunity. These subsets are well characterized in the 
murine immmne system, where IL-2, IFN-y, and TNFir  are con- 
sidered products of Th l  cells, and IL-4, IL-5, IL-6, IL-10, and IL- 
13 are products of Th2 cells (208). Although not as clear cut in 
humans, segregated T lymphocyte production of cytokines has 
been observed (208). Thl cell-associated cytokines are known to 
promote macrophage activation and production of cytophilic IgG 
isotypes. Th2 cell-associated cytokines tend to suppress macro- 
phage function and cell-mediated immunity while promoting pro- 
duction of the noncytophilic IgG isotypes and I ~ E  (208). 

In an experimental human model, we showed recently that the 
production of IFN-7 was decreased whereas the production of IL-4, 
1L6,  and IL-I0 was noi affected during zinc deficiency (209). Ear- 
lier studies in experimental human model subjects and in patients 
with sickle cell disease and head and neck cancer showed a signifi- 
cant effect of zinc deficiency on 1 L 2  activity (70,210). In summary. 
the studies showed that even mild zinc deficiency in humans may be 
accompanied by an imbalance of Thl cell and Th2 cell function, 
resulting in dysregulated resistance to infection. 

CELL BIOLOGY O F  ZINC IN T H E  IMMUNE SYSTEM 

General cell biology of zinc 

Zinc is present in the body almost exclusively as Zn2' bound 
to cellular proteins. Zinc has a high affinity for electrons, 
enabling interactions with several amino acid side chains. Inter- 
actions, especially with sulfur and nitrogen atoms in the amino 
acids cysteine and histidine, respectively, enable zinc to cross- 
link remote regions within and between polypeptides tomodify 
tertiary protein structure and function. Given this ability, its rel- 
ative nontoxicitv. and the fact that it does not eneaee in damae- 

When lymphocytes were treated with PHA or concanavalin A, 
within several hours there was a rapid increase in cellular zinc 
(10, 219-221). These findings are consistent with studies indi- 
cating a requirement for zinc during mid to late GI phase in pro- 
motion of thymidine kinase expression (222). and in another less 
well defined step involved in cell transition to S phase (223). The 
zinc-dependent activity of DNA polymerase may account in part 
for the influence of zinc during S phase (224). Zinc may also 
play a role in transition to the G2 and M phases. A greater pro- 
portion of S compared with G2 phase cells were observed in 
PHA-stimulated lymphocytes from mildly zinc-deficient 
patients suffering from sickle cell anemia (116). The ratio 
returned to normal after a period of zinc supplementation (I 16). 
The M phase of the cell cycle may also be affected by zinc defi- 
ciency bccause defective tubulit~ polyrncrization is secn i l l  tis- 
sues from zinc-deficient animals (225. 226). and zinc is known 
to bind the amino-terminal of tubulin. thereby stabilizing micro- 
tubule formation (225, 226). 

Mechanisms underlying the effect of zinc on cell replication 

Zinc influences the activity of multiple enzymes at the basic 
levels of replication and transcription, as shown in Figure 2. 
Thesc includc DNA polymerase. thytnidinc kinase. DNA-depen- 
dent RNA polymerase, terminal deoxyribonucleotidyl transferase 
and aminoacyl transfer RNA synthetase (220.222.227-23 I). and 
the family of transcriptional regulators known as zinc finger 
DNA binding proteins (232. 233). In addition, zinc forms the 
active enzymatic sites of many metalloproteases (232.233). 

The activity of the major enzyme regulating DNA replication. 
DNA polymerase, is zinc dependent. It is inhibited by zinc defi- 
ciency and zinc chelators and is enhanced by addition of low 
concentrations of zinc in vitro (229). Thymidine kinase, crucial 
for phosphorylated pyrimidines, is also very sensitive to dietary 
zinc depletion (219, 229). Zinc is. in fact, required for expres- 
sion of multiple genes regulating mitosis. including thymidine 
kinase, ornithine decarboxylase. and CMYC (219, 234. 235). As 
mentioned, several transcription factors. such as NFK-B (236). 
metallothionein transcription factor 1 (237). and RING (238). 
contain zinc finger-like domains that are influenced by changes 
in intracellular pools of zinc. In addition. zinc deprivation affects 
the activity of RNA polymerase (230) needed for transcription. - - - . . 

ing redox reactions, zinc is ideally suited to play a central role in 
intracellular metabolism. Role of zinc in lymphocyte activation 

The zinc content within lymphocytes, 150 pmol/106 periph- Zinc also plays a role in multiple aspects of T lymphocyte 
era1 blood lymphocytes (21 I), is typical of most cells in the activation and signal transduction (239) as detailed in Figure 2. 
body. I t  is thought that activated lymphocytes take up zinc via Zinc is implicalcd in the noncovalcnl interaction of the cytoplos- 
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FIGURE 2. The influence of zinc deficiency on activation of lymphocytes. T lymphocyte activation via antigen presentation by class 11 or via ruper- 
antigen binding directly to the T lymphocyte receptor (TCR). Ap. antigenic pepridc: APC. anrigen presenting cell: Lck. ~ 5 6 " ' :  PLC. phospholipasc C: 
PIP,, phosphatidyl inositol: IP,. inositol triphosphate: DAG, diacylglycerol. PKC, prorcin kitlase C; @indicates thnl  zinc deficiency down-regulates or 
inhibits the process or activity; 3, <-chains of the CD3 T lymphocyte receptor complex: Zap-70, <-associated protein-70: @ indicates that zinc defi- 
ciency enhances the process or oclivily. Cell activation pathways shown are limited to lhose whcre zinc may play role. 

mic tails of CD4 and CD8 with the tyrosine kinase ~ 5 6 " ~ .  an 
essential protein in the early steps of T lymphocyte activation. 
Through this and possibly other pathways, zinc stimulates 
autophosphorylation of tyrosine residues by ~ 5 6 " ~  and subsequent 
phosphorylation of the T lymphocyte receptor complex involving 
CD45 (240. 241). Zinc is then involved in the activity of phos- 
pholipase C to give rise to inositol triphosphate and diacylglycerol ~. ~ - .  
(242). In addition, zinc affects the phosphorylation of proteins 
mediated by protein kinase C (243). Subsequen! changes through 
protein phosphorylation regulate activation and cell proliferation. 

Influence of zinc on apoptosis 

The major mechanism of cell death in the body and in culture 
is apoptosis. a form of cell suicide characterized by a decrease in 
cell volume, dramatic condensation of the chromatin and cyto- 

plasm. and fragmentation of nuclear DNA (244). Apoptosis is a 
normal physiologic process enabling a variety of important 
processes from epithelial turnover to T and B lymphocyte devel- 
opment (245). The dysregulation of such a basic process would. 
therefore, have important health consequences. 

Zinc-deficient animals exhibit enhanced spontaneous and 
toxin-induced apoptosis in multiple cell types (243. 246-249). 
As previously discussed. zinc thymic atrophy is a central feature 
of zinc deficiency. It is now known that this atrophy is accom- 
panied by apoptotic cell death of thymocytes (160). Several 
studies showed that zinc is a regulator of lymphocyte apoptosis 
in vivo. Zinc supplemelitation decreased rnycotoxin-induced 
apoptosis of macrophages and T lymphocytes in mice (250). In 
addition. zinc administration to mice 48 h before intraperitoneal 
injection of lipopolys~ccharide greatly abrogaied subsequent 
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apoptolic DNA cleavage in thymocytes and loss in thymic 
weight (251). I n  vitro. greater numbers of lymphocytes and thy- 
mocytes undergo apoptosis when cultured with a zinc-free 
medium (252) or with zinc chelators (253-255). Conversely. 
apoptosis of T lymphocytes induced by i n  vitro exposure to tox- 
ins (250) and other agents (243) is prevented by the addition of 
high concentrations of zinc salts. Cells can also be rescued f ro~n 
apoptosis with physiologic concentrations o f  zinc salts (5-25 
pmol/L) i f  uptake is facilitated by the zinc ionophore pyrithionc 
(253). I t  has been suggested that zinc is a major intracellular reg- 
ulator of apoptosis because lymphocytes maintain intracellular 
zinc at concentrations slightly above those needed to suppress 
apoptosis (256). I n  addition, a dose-responsive relation is seen 
between intracellular zinc concentrations and the degree o f  sus- 
ceptibility to apoptosis (10. 256). 

The subcellular mechanisms whereby zinc affects apoptosis 
are not well understood. but i t  is likely that zinc acts at multiple 
levels. There was a good correlation between inhibition o f  
Ca"/Mg'+ DNA endonuclease activity and inhibition of apop- 
totic D N A  fragmenration (257). Althouglr in vivo data are lack- 
ing. the CafZn balance may regulate endonuclease activity (258). 
Nucleoside phosphorylase, another zinc-dependent enzyme. m y  
inhibit apoptosis by preventing the accumulation of toxic 
nucleotides (126. 259. 260). Likewise. poly (ADP-ribose) poly- 
merase. the zinc-dependent nuclear enzyme. interacts with and 
inhibits the Ca'*/Mg2+ DNA endonuclease (261, 262). In  lym- 
phocytes undergoing apoptosis. cytoplasmic zinc increases 
significantly, possibly originating from release o f  zinc from 
nuclear proteins (263). 

Role of zinc as an rnt ior idant  

Zinc has other properties that could contribute to its role in 
lymphocyte function. I t  i s  an antioxidant. protecting cells from 
thc damaging effects o f  oxygen radicals generated during 
immune activation (264. 265). Zinc also regulates the expression 
in lymphocytes of metallothioncin and rnetallothionein-like pro- 
teins with antioxidarrt activity (213. 2h6). Membrane zinc con- 
centrations arc stronely influenced by diclary zir~c deficiency 
and supplementation (267, 268). Zinc concentrations in cell 
membranes appear to be important in preserving their integrity 
through poorly defined mechanisms involving binding to thio- 
late groups (265). I t  i s  noteworthy that zinc release from thiolate 
bonds can prevent l ipid peroxidation (269). In  addition, nitric 
oxide induces zinc release from metallothionein. the primary 
zinc binding and rransport protein in the body. which may limit 
free radical membrane damage during inllammation. Indeed. 
zinc supplernentation has been shown to prevent pulmonary 
pathology due to hyperoxia in rats (270). 

DlSCUSSlON 

The studies presented herein represent the scope ofzinc-medi- 
ated effects on infecrious disease and immune function. 
Although the effects o f  zinc deficiency on immunity are pro- 
found and ubiquitous. i t  i s  remarkable that greater effects on 
health are not observed in marginally zinc-deficient populations. 
This may be partially explained by the redundancy o f  imtnuno- 
logic effectors compensnting (or suboptimal (unction o l  any one 
effector. However. it is also clear t h ~ t  not all aspects o f  immunity 
or infections ;$re ;ilfcctcd cqu:~lly by zinc dcl'icic~lcy. For cxanl- 
ple, in vitro intracellular kil l ing by m:tciophnges i s  very senhilive 

to zinc deficiency and is restored rapidly after supplernentation. 
T lymphocyte-macrophage interactions are less sensitive to zinc 
deficiency and macrophage phagocytosis is the least sensitive. 
Thus. infections in which macrophage ki l l ing is a central effec- 
tor, such as malaria or tuberculosis, may be more sensitive to 
zinc deficiency. Likewise, zinc deficiency may have greater 
effects on infections requiring T lymphocyte-dependent anti- 
body responses and those in which IgG is crucial for protection. 
Infections for which T lymphocytc-independent responses are 
sufficient may be less affected. I n  the case o f  T lymphocytes, 
infections for which T h l  cytokines. eg. IFN-y, are needed for 
resistance. may be more affected by zinc deficiency. I t  is also 
clear that development o f  immunolo~ic cells is most sensitive to 
zinc deficiency during the perinatal period. indicating that this is 
a crucial window of intervention 

Future directions 

Continued understanding of how zinc influences the immune sys- 
tem and alters host resistance to infection will depend on greater 
integration of modem immunology, molecular biology. and cellular 
biochemistrv into laboratorv and lield-based audies. A few swcilic 
areas are detailed below that represent only a small fraction of the 
immunologic processes for which major gaps remain in the knowl- 
edge o f  zinc immunobiology. 

Although adhesion n~olecules play a major role in cell-to-cell 
interaction. the influence of zinc on their function remains mostly 
unexplored. Given the role of zinc in the teniary structure of pro- 
teins, i t  is likely that zinc deficiency may affect adhesion molecule 
function. Likewise, we know very little about how zinc might affect 
lymphocyte trafficking in the body. 

With rezard to macrophage function. i t  is still not clear how 
zinc influences the ability o f  the cell to engulf and k i l l  organisms. 
Additional studies ex;uninins the effects of zinc on nitric oxide 
and oxygen radical production would. therefore. be useful. The 
role of zinc in antigen digestion and presentation to T lympho- 
cytes is unknown. 

Witll respect to B lyolphocyte funclion. the processes o f  isotype 
switching and affinity maturation are crucial to optimal antibody- 
mediated resistance to infection. Knowledge of the influence of zinc 
on antibody affinity would also provide information relevant to vac- 
cine efficacy. For both T and B lymphocyas, the role of zinc in the 
development of memory cells is potentially important for vaccine 
efficacy and needs to be further explored. As indicated for macro- 
phages. the role of zinc in the antigen processing and presentation 
functions of B lynlphocytes is co~npletely unknown. 

I t  is clear that zinc plays a major role in immunologic ontogeny 
and developnlent of the antigen-recognition repenoire. In  addi- 
tion, subsets o f  T and B lymphocytes known as yS-T lymphocytes 
and CD5 B lyn~phocytes provide pseudospecitic or oligoclonal 
immunity. Although more limited in antigenic reactivity than their 
conventional polyclonal T and B lymphocyre counterparts, their 
localization ro the pleural and peritonral cavities and intestinal 
epitllelium provides a rapid rcsponsc against invading organisms. 
The effects of zinc on developlnent of these cells and their func- 
tion remains unknown. As detailed elsewhere in this supplement 
(271). the health effects o f  gestational zinc deprivation are poten- 
tially Car-reaching aod need to bc fully explored given the possible 
long term or e\*en generalionnl effects on populations. 

Co~lcurni~rg cylokincs and T ly~rlphocytc regul;~tion. the sc~ni- 
n;il work by Prasad c; al (209. 210) concerningthe influence o f  
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zinc on T h l  and Th2  regulation provides a foundation on which 16. Pekarek RS, Hoagland AM, Pownnda MC. Humaral and cellular 

t o  build. Little is known regarding effects of  zinc on  cytokine immune response in zinc-deficient rats. Nutr Rep Int 1977; - - 
activation of cells because most studies have focused on  cytokine 
secretion. Moreover, most  of  the studies of T and B lymphocytes 
have used mitogens for cell activation. Studies are needed that 
examine lymphocyte activation in response t o  the more  physio- 
logic antigen driven responses involving all aspects of cell adhe- 
sion, co-stimulation, and cytokine activation. 

It will be important t o  apply knowledge o f  the immunologic 
mechanisms modulated by  zinc deficiency t o  the design o f  ther- 
apies and  public health interventions involving targeted zinc 
supplementation for  certain diseases o r  high-risk groups. By 
extension, it would be useful t o  identify the specific immuno- 
logic lesions caused by zinc deficiency responsible for altered 
host resistance in natural infections and  in experimental infec- 
tious disease models. The  role of  zinc in immunity and  the bio- 
logical basis of altered resistance t o  infection will no  doubt be  
fruitfully explored a s  researchers continue to integrate knowl- 
edge  and  techniques from diverse disciplines to examine the 
effects o n  zinc o n  immunity, health, and  disease. E l  

We thank Robert Morreale for the anwork and Heather Haberly for 
research assistance. 
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Implications of the Institute of Medicine 
Weight Gain Recommendations for 
Preventing Adverse Pregnancy Outcomes 
in Black and White Women 

ods. Logistic regression methy 
ereused to identify:risk.factokfor 
- and large-for-g~sktio&~-a~e.: 

among 2617Black and.1253 
e women delivering a t . t h e J o k  ,' 

Hopkins Hospital between'-l987;and 
, . . '  ...>.p...., 

burs E.  Caulfield, PAD, Rebecca J. StolrzJis, PhD, and Frank R. Witrer, MD 

Introduction 

In 1990, the Institute of Medicine pub- 
lished guidelines for gestational weight gain 
based on a woman's prepregnancy body 
mass index (weight in kilogram divided by 
height in meters squared).' Women entering 
pregnancy with a body mass index of less 
than 19.8~kglm2shouldgain 12.7 to 18.2 kg, 
those with an index between 19.8 and 26.0 
k g l d  should gain 11.4 to 15.9 k& and those 
with an index between 26.1 and 29 kglm2 
should gain 6.8 to 11 A kg. For women with 
a body mass index of more than 29.0 kglm2, 
only a lower threshold of 6.0 kg was speci- 
fied. It was also recommended that adoles- 
cents and Black women gain at the upper 
end of the recommended ranges. 

The Institute of Medicine urged re- 
searchers to investigate the usefulness of the 
weight gain recommendations for preventing 
adverse pregnancy outcomes across popula- 
tions and within specific ethnic groups.' 
Since then, studies have evaluated the insti- 
tute's recommendations for decreasing the 
risk of low as well as high biiweight and 
cesarean delivety."~uestions remain, how- 
ever, regarding the benefits of race-specific 
weight gain recommendations. 

We have shown previously that only one 
third of women delivering at Johns Hopkins 
Hospital gain the recommended amounts of 
weight during pregnancy, with Black women 
more likely to undergain and White women 
more likely to overgain.' To understand the 
implications of these findings, we examined 
the relation between weight gain and preg- 
nancy outcome among Black and White 
women delivering at that hospital. We 
addressed 4 questions: (I) Does weight gain 
influence the risk of delivering a small-for- 
gestational-age or large-for-gestationala:e 
infant? (2) Do risks differ by prepregnancy 
body mass index or race? (3) Should Black 
women be advised to gain at the upper ends 
of the recommended weight gain ranges? and 

(4) What would be the impact on the inci- 
dences &small- and largefor-gesntional-age 
births if women gained the recommended 
amounfs of weight, and how would this com 
pare with other interventions such as smoking 
prevention or optimizing prepregnancy body 
mass index? 

Methods 

The Johns Hopkins Hospital obstehic 
database contains information on deliveries 
of all live-born infants at the hospital 
between 1987 and 1989. The data were 
abstracted h m  clinical records at discharge 
by mined personnel. For analyses, we iden- 
tified all Black or White women giving birth 
over the 3-year period who had singleton 
pregnancies of at least 28 weeks' duration 
and who provided information on prepreg- 
nancy weight, height, and total gestational 
weight gain. Of 6566 pregnancies, 2421 
were excluded as a result of missing values 
for these variables, 98 were excluded owing 
to improbable information, and 24 were 
excluded owing to non-BlacWnon-White 
ethnicity. A computer program randomly 
chose one delivery per woman to remain in 
the sample, resulting in a final sample of 
3870 independent deliveries. 

Analyses comparing births included in 
the sample with those excluded showed 

Lam E. Caulfield and Rebecca I. Stol& are with 
the Center for Human Numtioh lohm H o p b  
University School of Hygiene and Public Health. 
Baltimore, Md. Frank R. Winer is with the Dcpan- 
men1 of Gynecology and Obrtehicr, Division of 
Maternal-Fetal Medicine. Johns Hopkins School of 
Medicine. 

Requests for reprints should be rent to Laura 
E. Caulfield, PhD, Center for Human Nutrition, 
Johns Hopkins University School of Hygiene and 
Public Health. Room 2041, 615 N Wolfe St, Balri- 
more. MD 21205 (c-mail: Icaulfie@jhsph.edu). 

This paper was accepted February 17. 1998. 

. 
1168 American Journal of Public Health Reprint Au:ust 1998. Val. 88. No. 8 ~ I Y  



many statistical differences resulting h m  
the large sample size but only a few differ- 
ences of practical significance. There were 
no differences in matemal race. However, 
excluded women were more likely to be 
multiparous service patients with little or no 
prenatal care, and they were twice as liiely 
to deliver a small- or large-for-gestational- 
age infant Thus, the analytic sample was at 
somewhat lower risk than the general J o h  
Hopkins Hospital obstetric population 

Maternal height and prepregnancy 
weight were self-reported. Women were 
classified into categories according to their 
body mass index: less than 19.8 kg/m2 (thin), 
19.8 to 26.0 kg/m2 (average), 26.1 to 29.0 
kglm2 (overweight), ormore than29.0 kg!m2 
(very overweight).' Because few overweight 
women delivered small-for-gestational-age 
infants (n = 19). overweight and vey over- 
weight women were combined for analyses. 
This was reasonable because the 2 groups 
had similar recommended weight 
and preliminary analyses indicated that the 
groups were comparable in terms of weight 
gain7 and the relation between weight gain 
and pregnancy outcome. Women were 
weighed at each visit, and total weight gain 
was calculated as the difference between 
prepregnancy weight and final recorded 
weight before delivev. For analyses, we 
used rate of weight gain, calculated as total 
weight gain (in grams) divided by duration 
of pregnancy (date of delivery minus date of 
last menses). 

Birthweights were compared with a ref- 
erence distribution of birthweights by week 
of gestation! Infants cpnsidered small for 
their gestational age had biweights at less 
thao the 10th percentile for their week of ges- 
tation and sex. infants considered large for 
their gestational age had biirthweights above 
the 90th percentile for their week of gesta- 
tion; girls and boys were not considered sep- 
arately, because sex-specific values were not 
available? Infants with birthweights between 
the 10th and 90th percentiles were consid- 
ered to be of adequate weight for gestation. 
Examining outcomes in terms of fetal 
growth adequacy as it related to rate of 
weight gain idjusied up kont for duration of 
pregnancy. Duration of pregnancy did not 
remain in the final regression models, thus 
validating the use of this adjustment smtegy. 

Other variables considered during analy- 
ses included matemal race, age, parity, years 
of schooling, smoking, provider type, dia- 
betes, hypenension, and the sex of the fetus. 
Maternal race was self-reponed. Smoking 
(yedno) was defined on the basis of maternal 
repaing of at least one cigareite per day. For 
diabetes and hypenension, preexisting and 
gestation-related cases were combined. 

Provider types were managed care, senice, 
and private. 

Characteristics of women delivering 
small- or large-for-gestational-age infants 
were compared with those of women deliv- 
ering adequate-weight-for-gestational-age 
infants via t tests and 2 tests. Analyses were 
stratified by prepregnancy body mass index 
and race. Distributions of continuous vari- 
ables were also categorized into quantiles 
and recompared across categories of preg- 
nancy outcome. Exploratory analyses indi- 
cated, for example, that matemal age should 
be kept as a continuous variable and that it 
was reasonable to treat smoking as a 
dichotomous variable. Furthermore, over the 
range ofobsewed weight gains, the effect of 
increasing weight gain on the frequency of 
each pregoancy outcome within body mass 
index smta was constant or incremental and 
did not differ in magnimde or statistical sig- 
nificance by race. 

Logistic regression models were devel- 
oped m identify determinants of deliveriog a 
small- or large-for-geslational-age infant as 
opposed to an adequate-weight-for-gesta- 
tional-age iofaut, within each prepregnancy 
body mass index stratum. Because of the 
body mass index range within each stratum, 
body mass index was also included as a con- 
tinuous variable. Full models were fitted, and 
these models included most h o w  risk fac- 
tors for small- and large-for-gestational-age 
b i i . '  Factors were retained in each model 
with P <  .05 as the criterion for significance; 
for consistency, however, risk factors signifi- 
cant in one model were retained in the other 
2 models. Intaaction tams, including prod- 
uct terms for each variable with race and 
weight gain, were tested for inclusion in the 
models (P c .IS). Few interaction terms were 
ideniified, an4 because their contribution to 
the overall X2 value was marginal and had 
little influence on the interpretation of the 
findings, interactions were dropped from the 
final models. Odds ratios and their 95% con- 
fidence intervals (CIS) were calculated from 
the 6 iinal models. 

To describe the impact of variation in 
weight gain on the probability of delivering a 
small- or large-for-gestational-age infant, we 
graphed the probability of each outcome 
associated with weight gain in eacb of the 
models. Each outcome probability was the 
exponentiation of the logistic model formula, 
which was linear in the parameter estimates 
(multiplied by given values of the set of 
m a t e d  or other characteristics influencing 
the likelihood of the outcome and divided by 
one plus the exponentiation of this quantity). 
We focused on predicted probability because 
the lime's placement ill&trated the overall 
probability of the outcome and the slope rep- 
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resented the expected impact of unit changes 
in weight gain. Differences in placement of 
the lines across strata also illustrated the 
effect of varying prepregnancy body mass 
index values. For presentation, we converted 
rate of weight gain to expected total weight 
gain at term by multiplying each rate by the 
average pregnancy duration of the sample 
(38.5 weeks). 

We calculated the urowrtion of small- 
and ~ar~e-for-~estational;a& infants attribut- 
able to each of several modifiable risk fac- 
tors9 and estimated the expected impact on 
the incidences of such births if women 
gained weight within the recommended 
langes for their body mass index. We also 
wnsidered the impact of eradicating mater- 
nal smoking during pregnancy and decreas- 
ing the propodion of women en&g preg- 
nancy with body mass indexes of less than 
19.8 kglm2 or greater than 26.0 kg/m2. Esti- 
mates were made for each race and body 
mass index stratum separately. These esti- 
mates were then summed to allow considera- 
tion of differences in exposure by race and 
body mass index strata and to i l l w t e  the 
differential impact on incidence by race 
associated with modifying prepregnancy 
body mass indexes. 

Results 

Within each body mass index stratum, 
Black women were younger and more likely 
to be service patients, to smoke during preg- 
nancy, and to gain less total weight than 
White women (Table 1). Also, Black women 
were about twice as likely to deliver a small- 
for-gestational-age infant and one thud as 
liiely to deliver a large-for-gestational-age 
infant 

The unadjusted change in the relative 
odds of small- or large-for-gestational-age 
births associated with weight gain was con- 
stant within eacb body mass index shatum 
but varied across strata. Among thin women, 
each additional 50 g per week of weight gain 
(2.2 kg over the pregnancy) diminished the 
risk of a small-for-gestAonaI-age binh by 
18% (95% C1= 6%. 31%), whereas among 
overweight women, each additional 50 g per 
week diminished this risk only by 5% (95% 
CI = 0%, 14%). The risk of large-for-gesta- 
tional-age births increased by 22% (10% to 
34%) for each additional 50 g per week 
among thin women but only by 12% (6% m 
17%) among overweight women Across all 
strata, the effect of weight gab on pregnancy 
outcomes was not significantly different for 
Blackand White women (P> .IS). 

Adjusted risks of delivering a small- or 
large-for-gestational-age infant (vs an infant 
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TABLE 1 -Characteristics of 3870 Women Delivering at  Johns Hopkins Hospital, According to Prepregnancy Body Mass 
Index (BMI) and Race 

EM1 < 19.8 kg/m2 BMI 19.8-26.0 kg/m2 BMI >26.0 kg/m2 
Characteristic Black White Black White Black Whie 

NO. 
Age, y, mean + SD 
Primiparous, % 
Provider type, % 

Private 
Managed care 
Service 

Height (in) 
BMI, kg/m2, mean t SD 
Total weight gain, kg, mean i SD 
Rate of weight gain, ghk, mean t SD 
Smoking, % 
Hypertension. % 
Duration of pregnancy, wk, mean iSD 
Fetal growth, % 

SGA 
AGA 
LGA 

Note. SGA = small tor gestational age: AGA = adequale tor gestational age; LGA = large for gestational age. 

of adequate weight for gestational age) were 
calculated within each body mass index m- 
tum r b l e  2). After adjusnnenf increasing 
rates of weight gain stiU reduced the risk of 
small-for-gestational-age b i  and increased 
the risk of large-for-gestational-age births 
within each sbahtm Matemal race no longer 
influenced the risk of either type of birth 
among thin women after adjustment, but it 
still differentiated risk among women with 
avenge and high body mass indexes. 

Figure 1 shows thepredictedpr~ba~lities 
of delivering small- and large-for-gmtiod- 
age infants associated with expected total 
weight gain at  term for Black and White 
women in each body mass index stratum. 
Fir% within each stratum, increasing weight 
gainwasawhatedwithadecrrasedriskof 
delivering a small-for-gestational-age infant 
and an increased risk of delivering a large- 
for-gestational-age infant. For example, 
among thin women, the risk of delivering a 
small-for-gestational-age infant declined 
60x11 83% to 3.3% among Black women and 
from 7.7% to 3.0% among White women 
over the range of weight gain, white the risk 
of delivering a large-for-gmtional-age infant 
incmsed 60m 1.0% to 4.7% among Black 
women and fium 1.4% to 6.6% among White 
womeu Second, the effect of weight gain var- 
ied by matanal body mass index. In ~mpari-  
son with the risk of small-for-gestational-age 
b ' i  for White women with low body mass 
indexes (described earlier), risks declined 
from 3.7% to 1.6% for White women with 
average body mass indexes and from 5.6% to 

2.9% for White women with high indexes. 
Third, there were no differences in incidence 
by race for women with low body mass 
indexes. However, at higher body mass 
indexes, racial disparities in risk of small-for- 
gestational-age b i  increased, and more so 
for largefor-gestational-age b ' i .  

Effects of prep-cy body mass index 
on pmgnancy outcomes can be seen by exam- 
ining how the predicted pmbabilities of small- 
and large-for-gestational-age b ' i  vary acmss 
the 3 p p h s  (Figure 1). Among White w o m q  
a body mass index of 19.8 to 26.0 kg/m2 (vs an 
index of less than 19.8 kg/m2) was associated 
with a lower o v d  risk of delivering a small- 
for-gesational-age infant (2.7% vs 5.4% for a 
total weight gain of 12.5 kg), but an mdex of 
paw than 26.0 kg/m2 did not diminish fur- 
ther the risk of such a birth (42% for a weight 
gain of 12.5 kg). Among Black women, the 
incidence of small-for-gestationd-age births 
remained stable, changing fium 5.5% to 5.4% 
and 6.0% as body mass index inneared The 
risk of large-for-gestational-age births was 
iduenced more by prepregnancy body mass 
index Again, for White women, the change in 
risk was greater, with the incidence (for a 12.5- 
kg gain) increasing from 2.6% to 6.8% to 
12.0% across body mass index strata; for 
Black women, the incidence increased from 
1.8% to 3.6% to 6.4%. 

Predicted changes in the incidences of 
small- and large-for-gestational-age births 
associated with changes in weight gain were 
calculated and compared with the expected 
changes in incidence associated with optimiz- 

ing prepregnancy body mass index or eradi- 
cating matemal smoking (Table 3). T&& 
exist for preventing small- and large- 
for-gestational-age births associated with 
changes in weight gain, body mass index, and 
smoking. Reducing the pmpottion of women 
gaining less weight tban recommended 
( u n d m )  would pmbably result in an 11% 
to 16% reduction in small-for-gestational-age 
births but, concomitantly, a 17% to 26% 
increase in large-for-gestational-age births. 
Conversely, reducing the proportion of 
women gaining more weight than recom- 
mended (overgain) would decrease the latter 
but increase the former. Having Black women 
enter pregnancy with average body mass 
indexes would have a minimal impact on 
small-for-gestational-age births. Preventing 
undergain and smoking would have the great- 
est impact on reducing such births among 
Black women, whereas preventing low body 
mass index and smoking would have the 
greatest impact on reducing these births 
among White women. Reductions in large- 
for-gestational-age births wuld be achieved 
by preventing high body mass indexes and 
ov@ drning pregnancy. 

Discussion 

Rate of gestational weight gain was 
related in a constant fashion to the likelihood 
of delivering a small- or large-for-gestational- 
age infant as compared with an adequate- 
weight-for-gestational-age infant. The influ- 
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TABLE 2-Adjusted Odds Ratios for Srnall- or Largefor-Gestatlonal-Age Births (vs Adequate-Weight-for-Gestational-Age 
Births), According to Maternal Prepregnancy Body Mass Index (BMI) 

Odds Ratio (95% Confidence Interval) 
Small for Gestational Age Large for Gestational Age 

Characteristic BMI <19.8 BMI 19.8-26.0 BMI >26.0 BM1 < 19.8 BMI 19.8-26.0 BMI > 26.0 

Black race 1.09(0.58,2.06) 2.03(1.19.3.48) 1.46 (0.61,3.46) 0.70(0.28. 1.72) 0.51 (0.32. 0.83) 0.50(0.29,0.86) 
Multiparity 0.65(0.36,1.18) 0.53(0.35,0.80) 0.53(0.27, 1.02) 2.54(1.26, 5.13) 1.62(1.15,2.26) 1.59 (1.00.2.54) 
Any smoking 2.32 (1.34.4.00) 3.40 (2.31.5.02) 2.33 (1.27.4.29) 0.74 (0.30. 1.87) 0.68 (0.44. 1.06) 0.55 (0.31.0.96) 
Height (per 2.8 in) 0.68 (0.51.0.89) 0.73 (0.59.0.89) 0.80 (0.59. 1.09) 1.95 (1.34.2.86) 1.40 (1.17. 1.68) 1.12 (0.90.1.39) 
Body mass index (per kglm? 0.83 (0.65, 1.07) 1.00 (0.90,1.11) 0.98 (0.92, 1.06) 1.27 (0.87,1.84) 1.12 (1.02.1.22) 1.09 (1.04,1.13) 
Rate of weight gain 0.87 (0.78,0.97) 0.90 (0.84,0.96) 0.93 (0.86 1.01) 1.25 (1.11, 1.41) 1.14 (1.08, 1.20) 1.13 (1.07,1.20) 

(per 50 ghvk) 
Age (per 6 years) 0.95 (0.51, 1.76) 1.37 (1.11, 1.70) 0.86 (0.61.1.22) . . . . . . . . . 
Provider rype 

Managed carea 0.86 (0.32.2.28) 2.44 (1.48,4.03) 0.44 (0.13, 1.45) ... . . . ... 
Privatea . . . . . . . . . 2.55 (0.99, 6.54) 2.25 (1.39.3.63) 1.69 (0.95.3.01) 

Hypertension 1.91 (0.62.5.94) 1.93 (0.97.3.81) 2.22 (1.06. 4.66) . . . ... . . . 
Female infant . . . ... ... 0.57(0.28,1.17) 1.43(1.02,1.99) 0.74(0.47,1.15) 

Note. Presented are the adjusted odds ratios for each variable in each of 6 final models (2 outcomes x 3 prepregnancy BMI categories). 
'As compared with all other provider types. 

ence of weight gain on the risk of small- and arately is a Third, we calculated ably low level of risk for these outcomes. 
large-for-gestational-age births was modified weight gain using reported prepregnancy Furthermore, because these risks change over 
by maternal body mass index, conliming the weight and last weight recorded before deliv- the same range of weight gain Figure I), 
fmdings of the Institute of Medicine and ery. At Johns Hopkins Hospital, women there arz direct Padeoffs between small- and 
other investigators.1a45 The relation between delivering at term were probably weighed large-for-gestational-age births to consider 
weight gain and risk of small- or large-for- within 1 week of delivery; thus, for most when s e h g  weight gainmmmendations. 
gestational-age b i i  did not differ by mater- women, gestational weight gains are fairly The health implications of small- and 
nal m in any of the body mass index shata, precise. However, women delivering preterm large-for-gestational-age b i i  are not +va- 
but the effect of matemal race on pregnancy infants may have been weighed 2 weeks or lent, but both represent suboptimal pregnancy 
outcome did differ across these mta. After more before delivery, leading to an underesti- outcomes. Both small- and large-for-gesta- 
a d j w e n t  for wnfounding factors, matemal mation of weight gain and a potential overes- tional-age infants are at increased risk for 
race no longer influenced risk among thin timation of the risks of lower weight gains. perinatal rn~rtality.'~ Fuahermon, they are at 
women; among those with body mass Underreporting of body mass index among increased risk for fetal dismss during delivery 
indexes greater than 19.8 kglm2, however, heavier women would lead to an o v e r e d -  and for respiratory d i a r q  hypoglycemia, and 
Black women were sfill more likely to deliver tion of weight gain and an overestimation of hwilimbinemia po~tnata l l~ . '~~ '~  Large-for- 
a small-for-gestational-age infant and less the benefits of higher weight gains. Fourth, gestatiod-age infants are more likelyto d e r  
likely to deliver a large-for-gestational-age the exclusion of 37% of women owing to muma during delivery that may be handicap 
infant missing data resulted in a slightly lower-risk ping or lethal.16 The birth process and the 

Before the implicarions of these findings sample of women than the general Johns m u w i n e  environment are more life threat- 
are considered, several limitations of the data Hopkins Hospital obstetric population Fifth, ening for small- and large-for-gestational-age 
should be addressed. Fit, we relied on self- the analyses were based on the weight gains infants, and effective obstehic and painatal 
reported prepregnancy weight. Previous of women delivering before publication of management is aucial to their health and sur- 
research indicates excellent agreement the Institute of Medicine recommendations, vival. Small- and large-for-gestational-age 
between actual and self-reported heights and but this would affect the results only if weight infants are more frequently delivered by 
weights, with greater underreporting of gain advice iduenced the relation between cewean, and we previously demo-ted a 
weight at higher body mass index levels but weight gain and pregnancy outcome. These U-shaped relation between size at biah and 
no difference in ageement by Thus, limitations are not unique to our data but cesarean delivery at Johns Hopkins Hospi- 
errors in body mass index probably diminish reflect the reality of analyzing routinely col- tal." Therefore, ejing to minimize the risk of 
the effect of body mass index on pregnancy lected obstetric data, as well as the circum- both small- and large-for-gestational-age 
outcomes-particularly for heavier stances under which medical decisions are births may reduce surgical risks for women 
women-but would not differentially affect made regarding the appropriateness of weight Although it is debatable whether cesarean 
results by race. Underreporting of higher gain and the risk of adverse outcomes. delivery represents a suboptimal pregnancy 
prepregnancy weights may also explain the The results indicate that as weight gains outcome, some obstetricians are concmed 
obseryedsimilaritiesbetweenovenveightand increase, the risk of small-for-gestational- that higher weight gains will increase 
very overweight women and provide fwther age births declines and the risk of large-for- cesarean deliveryrates ~ n n e c d y . ~ . ' ~  
justification for ow grouping these women gestational-age births increases, each in an With these considerations in mind, the 
together. Second, despite these considera- incremental fashion. Thus, recommended 3% to 5% likelihood of both small- and large- 
tions, ow inability to analyze outcomes for weight gains do not confer minimal risks for for-gestational-age births mcciated with rec- 
ovenveight and very ovenveight women sep- such births but, rather, repment some accept- ommended weight gains for women with low 
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seem reasonable and are in line with the risks 
for women with low indexes. For White 
women, however, the risks of large-for-gesta- 
tional-age b i r h  are substantially higher, and 
risks of small-for-gestational-age births are 
quite low. Thus, weight gain recommenda- 
tions for White women wuld pahaps be low- 
ered to diminish the risk of largefor-gesta- 
tional-age b i d s  without greatly increasing . -- +-4 

, , , , . , . .  

BM1<19.8 

.>..: ..-...-.. 

- - 
. . . , . , . . , . . . . ,  

the risk of small-for-gestational-age b i b .  
The Institute of Medicine sueeested that 

"2.z.- 
/ - 

Black women gain at the upper end of the 
recommended ranges. We can see why that 
might be; in mis study, Black women were at 
higher risk of small-for-gestational-age b i i  
and lower risk of largefor-gestational-age 
births than White women. Differences by 
race were body mass index dependent, 
because, after adjustment, we found racial 
differences in risk only among women with 
average and high body mass indexes. Fur- 
thermore, the racial differences were more 
pronounced for large- than for small-for-ges- 
tational-age births. Thus, racial differences in 
fetal growth relate more to average and over- 
weight Black women being less likely than 
White women to deliver a large-for-gesta- 
tional-age baby than to average and thin 
Black women being more likely than White 
women to deliver a small-for-gestational-age 
baby. 

Racial differences in the incidence of 
small- and large-for-gestatioml-age births 
among women with average and high body 
mass indexes were not explained by weight 
gain or any other factor we examined during 
analyses. We found no significant interac- 
tions between matemai race and weight gain, 
indicating that the influences of weight gain 
on the risk of such b i i  were similar for 
Black and White women. CogsweU et al. ' 
also found no interaction between race and 
weight gam in their analysts of the m c y  
outcomes of more than 53000 average- 
weieht and overweight women Our findines 

FIGURE 1--Probabilities of small-for-gestational-age (SGA) and large-for- 
aestational-aae (LGA) births associated with expected total weight 

I 

Note. Probabilities were predicted from parameters of the logistic regression models 
described in the text and presented (as odds ratios) in Table 2. The probabilities are 
graphed across the observed 10th-90th percentiles of weight gain within each BMI 
stratum. All wvariates were set to their average values or frequencies within each 
BMI stratum (races pooled), except for maternal race, which was set to 0 or 1 in 
order to predict race-specific probabilities. See Table 1 for approximate values; 
exact values are available from the authors. The vertica( lines represent the 
Institute of Medicine recommended weight gain ranges. 

gain at term 6 r   lack and White women of varying prepregnancy 
body mass index (BMI) (kglm?. 

1 

- - - 
do indicate that the effects of body mass 
index on pregnancy outcomes vary by race. 
Interestindy, from ,ohus Has- 
pital reported more than 20 years ago support 
the findings that (1) the effect of weight gain 
on pregnancy outcome is similar for Black 
and White women and (2) the magnitllde of 
the effect of body mass index on pregnancy 
outcome is smaller for Black women than for 

body mass indexes seems reasonable. To fur- large-for-gestational-age infant would not 
ther reduce the risk of small-for-gestational- increase vety much. Among those with aver- 
age b i i ,  higher weight gains could be rec- age and high body mass indexes, the risks of 
ommended, because the risk of delivering a both types of birth for Black women also 

White women.'9 
Because race did not influence the risk 

of small- or large-for-gestational-age b i i  
among women with body mass indexes of 
less than 19.8 kg/m2, there is little reason to 
make separate weight gain ~e~mmendations 
by race for these women. Higher weight 
gains for Black women with average or high 
body mass indexes could help prevent 
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TABLE 3-Expected Change in Incidence of Small- and Large-for-Gestationai- 
Age Births in Black and White Women Attributable to Changes in 
Selected Modifiable Risk Factors 

more, additional research is needed to under- 
stand the relation between body mass index 
and fetal growth, which does appear to be 

.. - 
I race specific. C 

Small for Gestational Age Large for Gestational Age 

Black White Black White 

Sample incidence, % 7.35 3.97 4.85 14.80 

Risk factor change' 
No undergain -1.17 (-16) -0.44 (-11) +1.28 (+26) +2.58 (+17) 
No overgain 4 .97  (+13) 4 .60 (+15) -0.77 (-16) -2.87 (-19) 
No BMI c 19.8 kglm2 -0.15 (-2) -0.64 (-16) 4 . 8 2  (+17) +3.70 (+25) 
No BMI > 26.0 kg/m2 4 .15  (+2) 4 .32 (+a) -0.73 (-15) -1.48 (-10) 
NO smoking -2.77 (-38) -1.10 (-28) 4.75 (+16) +1.62 (+?I) 

-- 

Note. Values are based on calculations of attributable risk" using exposure data reported 
in Table 1 and odds ratios reported in Table 2 or available from the authors. BMI = bady 
mass index. The sign of the change indicates the proponion of cases that would be 
averted (-) or would no longer be averted (+) If there were changes in each modifiable 
risk factor for Black women and White women, respectively. Undergain and overgain 
refer to weight gains less than or more than the Institute of Medicine recommended 
ranges for gestational weight gain.' 

'Expected absolute change (as % of baseline) in incidence. 

adverse outcomes, not because the relation 
between weight gain and pregnancy outcome 
is different for Black women but because 
weight gain can he manipulated to equalize 
the risk of small-for-gestationd-age births for 
Black and White women at acceptably low 
levels. However, based on our results, Black 
women with average body mass indexes 
would have to gain nearly 25 kg to lower 
their risk of small-for-gestational-age births 
to that (approximately 3%) of White women 
gaining 11.5 kg (the lower limit of the recom- 
mendation). Similarly, Black women with 
high body mass indexes would have to gain 
nearly 18 kg to lower their ,&k of small-for- 
gestational-age b i d s  to about 5%, the risk 
for White women gaining only 7.0 kg. 

Should weight gain recommendations 
be raised for Black women? 01lr results pro- 
vide little support for advocating that Black 
women gain at the upper end of the recom- 
mendations. F i  we observed no difference 
in risk of adverse outcomes by race among 
thin women. Second, having average-weight 
or ovenveight Black women gain at the upper 
end of the recommendations is not likely to 
hanslate into tangible benefits. For example, 
the predicted incidence of smail-for-gesta- 
tional-age b i i  for Black women with aver- 
age body mass indexes gaining at the Iowa 
limit of the recommendations (11.5 kg) is 
5.7%, whexas the predicted incidence if they 
gain at the upper end of that range (16 kg, or 
a 4.5-kg additional gain) is 4.5%. Weight 
gains for Black women that equalize the risk 
of small-for-gesrational-age births for Black 
and White women would be high. Although 
the concomitant increase in the risk of large- 
for-gestational-age b i i  may be tolerable, 
such high gains are probably not achievable 

and may heighten concern about the surgical 
risks associated with increased maternal 
weight, as well as postpartum weight reten- 
tion, obesity, and related health r i sks ."~n  

Should weight gain recommendations 
be lowered for White women? This could be 
justified for women with average or high 
body mass indexes, whose likelihood of 
delivering a large-for-gestatiollal-age infant is 
high and whose likelithood of delivering a 
small-for-gestational-age infant is low. We 
hesitate to draw this conclusion h m  our data 
alone; rather, we suggest that our approach is 
a reasonable one to begin addressing this 
issue. It would be important to conduct simi- 
lar analyses using larger samples representa- 
tive of pregnant women in the United States 
and to separate overweight and very over- 
weight women. The distributions of women 
by body mass indexes and race in our sample 
and the qresentative sample of women par- 
ticipating in the 1988 National Maternal and 
Infant Health Survey are quite ~imi laz- '~~;  
however, racial differences in weight gain 
were somewhat greater in the latter, and the 
general socioeconomic profile of the Johns 
Hopkins Hospital sample (regardless of race) 
implies higher risks for adverse pregnancy 
outcomes than among US women in 
general.'24 

Given that the relation between weight 
gain and fetal growth does not seem to vary 
by race, should we be setting race-specific 
recommendations for weight gain? b e a d  of 
urging Black women to gain different 
amounts than White women, perhaps we 
should intensify efforts to illuminate the basis 
for differential risk of small- and large-for- 
gestational-age births, which is unexplained 
by currently measured variables. Further- 
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SUMMARY 

We examine likelihood based methods aimed at analysing the causal effect of actual exposure to drug 
treatment on a (repeated) binary ontmme in two randomized trials with partial compliance. Starting with 
the univariate compliance summary 'total treatment dose history', we apply a method for ordinal compli- 
ance and monotone dose response, proposed by Goetghebeur and Molenberghs. In a short duration trial of 
blood pressure reduction. this snmmarv leads to meaningful effect estimators. However. in the analvsis of 
a vitamin A trial, this method reaches a boundary solution; the estimated possible benefit irom vitamin A for 
children who did not receive anv oills on the treatment arm is zero. In our formulation the number of oills 
that were taken captures part bithe outcome, and the corresponding cKcct parameters suffer from'thts 
confounding. To aatn addlt~onal insight, we account ex~llcitlv for the temporal structure of compliance. We 

I 
I extend the Ckelihiod based methodology for univariaie ordkred compli~nce to more dimensional compli- 
I ance with only a partial order structure on expbsurc. The randomization assumptions in the causal 
! formulation of Rnbin are translated to this setting. We motivate a set of parametric assumptions on thejoint 

distribution of potential outcomes and observed compliance levels and reanalyse the vitamin A trial. Our 
findings suggesi that one capsule of vttamin A had a lake impact on mortality d"ring the first 4 months. The 
greatest reduction in risk was estimated amongst children who received two doses. This suppons find~ngs 
from a vitamin A trial in Ghana and in NCGI. Finally, we discuss extensions of this mGhod, covering 
uncensored and censored grouped survival data. 1998 John Wiley & Sons, Ltd. 

1. INTRODUCTION 

In  a typical clinical trial, patients are randomized t o  one specified dosing strategy of treatment 
A or treatment B over a period of time. The standard intention-to-treat analysis compares the 
effect of both treatments a t  a n  average in trial exposure level. The limitations of an  analysis which 
ignores compliance levels have received growing concern in the medical and statistical literature; 
see for instance references 1-7. O n e  has generally recognized the need for complementary 
analyses which are aimed a t  estimating the causal effect of exposure a t  the levels that were 
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I CCC 0277-6715/98/030341-15$17.50 

0 1998 John Wiley & Sons, Ltd. 



342 E. GOETGHEBEUR, G. MOLENBERGHS AND J. KATZ 

actually achieved. To this end, experimental and observational data must be combined in one 
analysis. 

Motivated by two randomized controlled trials; this paper develops a missing data approach to ! 
study the effect of simple partial compliance patterns which nevertheless contain some key I 

ingredients of more general patterns. Specifically, we analyse a trial on blood pressure reduction i 
and a trial studying the effect of vitamin A on infant mortality? First a univariate, discrete, 
ordered summary of compliance like grouped 'percentage of dose taken' is considered, and the 
approach of reference 9 applied to this measure. The second analysis faces the fact that partial I 

compliance on the univariate ordered scale represents in part the survival outcome; children who ! 
! 

die during the study do not receive the pills scheduled from then onwards. To understand the 
possible effects of partial compliance better, we need to distinguish between vitamin intake over 
the different scheduled times. 

The examples are introduced in Section 2. Section 3 introduces the general problem and a set of ! 
causal questions. In Section 4 a totally ordered compliance set is introduced and a monotone I 
exposure-response model is applied to the two examples. In Section 5 we extend the method to 
exposures at different points in time and reanalyse the vitamin A trial. Section 6 discusses j 
extensions of the proposed approach. 

2. TWO EXAMPLES 

2.1. A trial on blood pressure reduction 

The first example is drawn from a relatively small trial conducted by the Janssen Research 
Foundation, with very detailed measures of compliance. After an initial run-in period, patients 
are randomized over one of two treatments or placebo, each prescribed at one tablet to be taken ! 
daily. Blood prcssure measures are taken at regular intervals, including at the beginning and at . I 
the end of the active treatment period. Compliance measures were based on a medication event ! 

' monitoring system (MEMS; Apex Corporation.)* We consider the percentage of prescribed dose 
which was taken over the active treatment period as the compliance dimension of interest and 

i 
record whether 'treatment' has failed to control blood pressure Yi  = 1 or not, Y ,  = 0. The 
treatment is called successful if either the patient has gone down from a baseline diastolic blood 
pressure of 2 95 mmHg to c 90 mmHg or has achieved a 10 per cent reduction in diastolic 
blood pressure from baseline. The compliance distribution is categorized into three levels: less 
than 40 per cent of prescribed dose taken (level 0); between 40 per cent and 95 per cent (level I), 
and more than 95 per cent (level 2). We focus on one treatment arm and the placebo arm; the data 
are summarized in Table I. 

22. A vitamin A trial 

Sommer and Zegers analyse a vitamin A trial conducted in rural Indonesia. The aim of the trial is i 

to investigate whether a supplement of high dose vitamin A scheduled on two occasions, 
6 months apart, can reduce childhood mortality. Villages were randomized over treatment or 
control, where for ethical reasons the control Brm did not receive any treatment. Eligible children 

* MEMS, a relatively novel technique for compliance measuring which uses an electronic pillbox; within the child-proof 
closure of the MEMS bottles, a microprocersor records the dares and limes of each o p i n g  

8 1998 John Wilcy % Sons Ltd Smlirr. Md.. 17.341-355 (1998) 
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Table I. Categorized blood pressure data 

Treatment group 
y:=o Y:=1 

Placebo group 
Y; = 0 Y;=l 

Cr = 0 6 2 
G = l  2 10 
Cy = 2 10 23 

i were enumerated first (at day 0 say) and in the treatment group they turned out to get the first pill 
I 

j by month 5 and the second pill between months 6 and 8. Follow-up ends at month 12 (after 
enumeration) in both groups. The outcome of interest is whether children survive or not. 

The trial was designed to evaluate the Indonesian government programme and it was deemed 
useful to know whether just one capsule causes an effect, whether such effect is delayed and 

! whether additional benefit is obtained from a cumulative dose. In this respect, an intention-to- 
1 treat analysis can provide an asymptotically unbiased test of the null hypothesis of noeffect of the 

vitamin A programme as is, but it cannot produce an estimator of a parameter of interest to the 
! secondary questions. 
! 

We ignore any geographical, familial clustering as in reference 8 but refine the binary 
! compliance summary, retaining the number ofhigh dose vitamin A pills children received: 0,1, or 

2. Note that no placebo was given and less than half a per cent of the control children said they 
had received vitamin A outside the programme; their dose will bc ignorcd in our analysis. Thc 
analyses we will discuss rely on outcomes averaged over observed compliance levels in the control 

i group. We analyse an updated version of the database, previously analysed in reference 8; 
whereas reference 8 considered only those children who survived at least four months after 
enumeration, we will include all enumerated children and classify them as 'non-compliant' when 
they had no positive record of capsule receipt. The data are shown in Table V. 

3. FORMALIZING THE PROBLEM 

Consider subjects i ( i  = 1, ... , N) who are randomized over a fixed dose of treatment (Ri = T) or 
placebo/control (Ri = P). For subject i on treatment, a measure of treatment-compliance level 

i 
1 

C: is recorded along with response Y:. Likewise, in the placebo arm, placebo-response Yy is 
! observed, and if a placebo is given, also placebo-compliance Cr. Different treatment-compliance 

levels imply different levels of exposure to the experimental therapy, and we are interested in the 
i 'causal' efiect of this post-randomization variable. 

In the vitamin A trial, no placebo was given, but also in the blood pressure example, no 
interesting questions pertain to the amount of placebo taken. In addition, in both trials one can 

0 1998 John Wilcy & Sow, Lld Sreiisr. Med., 17. 411-355 (1998) 
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safeIy assume that subjects on the placebo arm have no access to the experimental therapy. 
Therefore, in our further development we will ignore Cr and from now on, write C; for C:. 

Hence, for any subject i, either Yr or (C, YT) is observed, and we can consider the unobserved 
vector as a latent variable representing what would have been observed had the patient been 
randomized to the other arm. The causal effect of treatment assigned can then be defined per 
subgroup of patients who achieved a given level of exposure as: 

E(Y: -Y; Ic~=~) .  (1) 

When YT - YP varies over different compliance levels g, this is consistent with the assumption 
that it is the actual level g that causes the shift in response. However, no proof of such causality 
follows from the analysis. 

The key estimation problem for (1) stems from the lack of joint observations on (Yr, Ci) , but 
one can rely on Assumption I: the Randomization Assumpfion' 

(YL Ci, Y n l  Ri. (2) 

Even though the tri-variate vector is never jointly observed, (2) must hold when treatment is 
properly randomized. As a result, the observed (Yr I Ri = P) in the placebo group has the same 
distribution as the unobserved (Yr I Ri = T) in the treatment group. Similarly for the observed and 
unobserved pairs (C;, Y:(Ri). 

To allow for a further causal formulation along the lines of references 10 and 11, we need extra 
notation. Let the observed compliance variable Ci take values in the set 9. Then, any ge 99 
indicates a possible (but for an individual not necessarily achieved) active treatment scenario. 
With g = 0 we indicate the absence of active treatment, but otherwise the general trial conditions 
remain. For subject i, the response to each possible level g is denoted Yiq a potential outcome 
which is only observed for Ci = g, when Ri = T. 

Causal questions of intcrcsl include: 

. (i) ED; - YPICi = g], the expected benefit from treatment level g in the subgroup who 
actually receives level g under the trial conditions. This is the same parameter as defined in (1). 

(ii) ECYf O0% - Y,?ICi = g], the expected benefit from 'punctual dosing' (100 per cent expo- 
sure) among patients who took active dose g on the treatment arm. 

(iii) E[Yfo0" - Y;], the efficacy parameter, expected benefit from 'punctual' dosing over the 
entire population. 

Complete observations on (Yf, C;; g~ Y), would provide enough information to answer the 
questions above. Given the incomplete data formulation. extra assumptions are required. As- 
sumptions which reflect the design of a class of trials represented by our two examples are 
developed in Sections 3 and 5. 

4. MONOTONE DOSE RESPONSE 

Some progress can be made when considering an ordinal treatment-compliance history, C, and 
binary outcomes, Y ,  failure (1) or success (0). The set of possible compliance levels is then denoted 
Q = {O, 1, ... , Gf. Having an ordered compliance scale is at first sight quite restrictive, but most 
univariate compliance measures of interest, for example, percentage of dose received, number of 
drug holidays, total time without therapeutic coverage, total time in rebound phase, can easily be 
categorized in this way. 
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We consider next two additional assumptions which increase the number of estimable 
parameters. Assumption II: monotone treatment-dose-response relationship holds if any failure 
that happened at exposure level g, would also have happened at lower exposure level g'. 
Formally: 

In the blood pressure trial this implies that potentially increasing the actual drug level intake 
would not increase the blood pressure; in the vitamin A trial possibly taking more vitamin 
A would not cause death. As a result, the distribution of (C, Yf) is fully characterized by 
(G + 1) x (G + 2) - 1 parameters. To see this clearly, consider the one-to-one relationship 
between (Ci, Y ; )  and the pair (Ci, Ti), where Ti indicates the lowest exposure level (threshold) at 
which success is potentially reached, and Ti = G + 1 when failure occurs even at the highest 
exposure level G. 

Further, we introduce Assumption III: a placebo link assumption YP = 0 o YP = 0. That is, 
potential response to zero dose of experimental treatment equals the response under control 
conditions. This assumption will allow our estimation procedure to exploit the randomization 
assumption as it implies 

P I ( Y ~ ~ = o ( R ~  = P ) = C P ~ ( Y ~ ~ = O ( R ~ = T , C ~ = ~ )  P I ( c ~ = ~ I R ~ = T ) .  
I 

e 
I 

! 
Assumptions 1-111 yield (G + I) x 2 estimable treatment parameters from the (G + 1) x (G + 2) - 1 
characterizing the joint distribution of (Ci, Ti) of which (G + 1 )  x 2 - 1 follow directly from the 
observed treatment table and an extra parameter is obtained through Assumption 111 and the 

! placebo data. This implies that extra assumptions are needed to estimate the full joint distribution 
! of Ci and Y; for all g E 9. However, it can be shown,' that if only two compliance levels are 
j considered, that is, G = 1, all probabilities E(Y!( Ci = g) are identifiable. For G > 1 unidentifia- 

bility remains and extra assumptions have to be made, if one wants to estimate (1). 
The observations (Ci = g, Y: = 0) translate into interval censored values of Ti: for individuals 

1 

i with observed compliance g we know either Ti g g  or T, >g. This censoring is ignorable in the 
I sense of Heitjan and Rubin: l2 all patients with Ci = g have probability 1 of being right (or left) 
i censored at g, no matter how much bigger (smaller) than g, Ti truly is reference 12. Hence, to 
! estimate the cell probabilities put = Pr(Ci = g,, Ti = I )  we fit a parametric model to the data which 
i involves at most (G + 1) x 2 parameters. For instance, when the choice is made to keep the 
1 G + (G + 1) marginal probabilities ~ u p , I , ~ l f i , l ,  unrestricted, one can further estimate a one- 
I parameter association measure. 

For our examples, we fitted a Dale model" with G + G + I parameters describing the 

j unrestricted marginal probabilities &put, C,p, ,  and one extra parameter expressing a constant 
global odds ratio as a single associat~on parameter. Specifically, the marginal probabilities are 
modelled using cumulative logits: 
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Table 11. Compliance and threshold levels in the treatment arm of the blood pressure trial 

Estimated numbers Estimated dose response 
T , = O  T , = l  T ,=2  T,>Z Pr(T, = 0) Pr(T, 4 1) Pr(Tl < 2) 

whilst the global odds ratios $,,: I 
I 

are assumed constant over g and I: $ = $,,. The implication of a constant global odds ratio is 
that the dose-response curves, involving conditional probabilities dgl = ~:,opsJpg+, are or- 
dered: for g Sg', d,, $d,,, - $ > 1. A proof of this is given in the Appendix. 

Alternatively, one could spend fewer degrees of freedom on the marginal probabilities, and 
more on the association. This might allow for crossing dose-response curves. The option for our 
parameterization is motivated by its relative simplicity and the possibility to establish a link with 
an underlying latent Plackett variable.14 i 

Details on model fitting with incomplete data can be found in reference 15. 

4.1. Results for the blood pressure trial 

Table I1 shows estimated numbers in the completed treatment table for the blood pressure 
cxample based on a Dale model with constant global odds ratio. For instance, of the 8 subjects 
with compliance level 0, 1.17 are estimated to have a successful response under the potential ! 

exposure level 1, but not at exposure level 0. ! 

A graphical representation of the estimated dose-response curves, that is, the cumulative ! 
distribution function of the threshold variable, is given in Figure 1 per compliance subgroup. This 
picture also shows average placebo response and asymptotic 95 per cent confidence intervals. 

We have discussed that the imposed model accounts for non-crossing curves. The fit suggests 
that patients who are least compliant have a better zero dose prognosis than those who are taking 
most drugs, thus suggesting that a naive Ci/YiP association analysis would underestimate the 
effect of dose. 

Regarding causal question (ii) of Section 3, the estimated percentage of patients in each group 
that would go from unsuccessful outcome to success when taking the full dose instead of none is 
estimated to be comparable over the different compliance levels: 32 per cent, 36 per cent and 37 
per cent in compliance group 0, 1 and 2, respectively. In response to question (i) of Section 3, the 
estimated proportion of patients that have achieved blood pressure control at the observed 
compliance level, but would not have achieved it at the zero level, are 16 per cent of the level 
1 compliers and 37 per cent of the level 2 compliers. In summary, the point estimates suggest this 
treatment is quite effective and more so at the higher dose level. However, numbers in the table 
are quite small, particularly when we consider compliance subgroups and realize that the 
dose-response curves for them are based on very coarse data. It need therefore be no surprise that I 

for the estimates of the gain from treatment achieved by level 1 compliers and level 2 compliers, i 
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Figure 1. Estimated dose-response CUNeS for the blood prcrsure trial 

the delta method derives from the likelihood based covariance matrix standard errors as large as 
0.57 and 0.52, respectively, indicating that the 95 per cent confidence interval covers the whole 
range of possible outcomes. Clearly, the estimates discussed here are only of a descriptive quality; 
no 'significant' effects are found under the model from this data set. 

Theestimates above follow from the data, assuming a class of Dale models with constant global 
odds ratio holds. To explore the extent to which these estimates rely on that specific association 
constraint, we have also fitted some other models for the associations in the tables. The number of 
odds ratio functions that determine a valid probability distribution function and yield the same 
data log-likelihood value is infinite. We have scanned a grid of such functions and present here 
two rather extreme examples representing a considerable gradient in increasing and decreasing 
odds, respectively. Note that a whole set of still more extreme choices does no longer lead'to 
genuine probability mass functions. Arguably, a formal sensitivity approach would have to be 
developed in order to fully assess the impact of changing the association model on the estimated 
treatment effects. This is the topic of ongoing research. 

Instead of imposing $or = $ (g = 0, 1; I = 0, I, 2) we imposed = c,,$(g = 0, 1; 1 = 0, 1,2) for 

For all examined association measures, the 'estimated placebo response' for 0-level compliers was 
better than for 2-level compliers. The 1-level group had a more variable behaviour ranging from 
an estimated placebo response slightly better than the Qlevel compliers, with full exposure 
response somewhat worse than that of 0-level compliers, to an estimated placebo response 
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Table 111. Compliance and threshold levels in the blood pressure trial: estimated 
dose-response curves for different association assumptions 

slightly worse than the 2-level compliers, with full exposure response somewhat better than 
that of 2-level compliers. The estimated dose-response curves for these two models are given in 
Table 111. 

In conclusion, although these models are indistinguishable in terms of model fit, while part of 
the interpretation tends to change, the global suggestion remains throughout that 0-level 
compliers have better treatment-free prognosis than 2-level compliers and hence that a simple 
dose-response association would tend to underestimate the real effect of dose. We point out that 
the interpretation depends on the placebo link assumption which in this case means that no 
actual benefit isobtained from a regime with less than 40 per cent compliance. Finally, the 
constant odds ratio model is the simplest model and therefore our preferred model in this 
exercise. 

4.2. Results for the vitamin A trial 

When fitting the constant odds ratio Dale model to the data described in Section 2.2, one finds 
that a number of estimated probabilities p,, fall on the boundary of the parameter space. In 
particular, P o , ,  and are zero, implying that children who received no pills, would not have 
benefited from 1 or 2 pills if those had been received at the scheduled time. At first sight, this is 
a disappointing and unlikely result which might suggest a wrong model. However, children who 
died in the first 2-3 months after study may not have received any pills and are likely to constitute 
a substantial portion of the deaths in that compliance category. Certainly, a child's death before 
the first pill was due would not have been helped by 1 or 2 pills delivered after death. Less 
dramatically, it may indicate that the very sick children are 'self-selected'into the low compliance 
category and that they cannot be helped by the mild treatment of a high vitamin A dose. The need 
for a method which specifically accounts for shrinking populations over time suggests a multi- 
dimensional compliance measure. 
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5. BINARY COMPLIANCE OVER TWO DISTINCT POINTS IN TIME 

We now explicitly consider repeated 'all or nothing' indicators of treatment intake over time, 
rather than ordinal summaries. For simplicity, let us focus on just two doses to be taken: an initial 
one, at to which is the time of study entry and the start of period I. Another dose is due at t l ,  
which ends period I and indicates the start of period I1 which finishes at t,. The components of 
Ci = (Cli, C2*), now indicate reception of the dose over periods I and 11, respectively. Further, the 
components of Yi = (Yli, YZi) indicate the occurrence of an event (1 if it occurred, 0 otherwise) by 
the end of periods I and 11, respectively. We assume that the final trial result is reached as soon as 
the even occurs (see a survival outcome). Hence there are only three possible outcomes: 
Yi E {(I, I), (0, I), (0, O)}. These will also be denoted observed outcomes 1, 2 and 3, respectively 
referring to their simple rank order. 

The timing of a drug or therapy has the following causal implication: a different (potential) 
treatment scenario for tomorrow cannot be the cause of a change in today's response. Formally, 
the Assumption IV: chronology of exposure, states: at the possible treatment levels (g,, gz) and 
(gl, 1 -g,): yy;."'= y'O'.l-O2). l i  

Because there is only a partial order on the set of possible exposure levels, the monotone 
exposure-response assumption becomes Assumption V: 

y1Ox.m2) $ y1Pt.m8) yy;.i>) $ y(gt.i#l, 
l i  l i  Z i  92 2 91; ml; m2; l2 3 11. 

5.1. Joint causal distribution 

Following the logic of Section 4, considerjointly for each subject i the compliance level Ci and the 
outcomes to the four possible exposure levels: (Yoo, Yfl, YfO, Yf I). Ignoring the chronology 
and monotone dose response assumptions, the four-variate variable would take 3* = 81 values, 
to be combined with four observed compliance levels in a contingency table. The observed data, 
consisting of only three possible outcomes at each compliance level, determine an extremely 
coarse partition of the cells. However, the assumptions on chronology of exposure and monotone 
exposure-response reduce the set of possible joint outcomes in the treatment arm to just 10. The 
corresponding contingency table is given in Table IV. 

The entries 1,2 and 3 place observed outcomes in unions of cells in each row of the table. For 
instance, a subject'with observed treatment compliance (1,O) and outcome 3 = (0,O) yields a data 
point in the union of cells U,=3,rF,1,z,4,7) where r is the cell's row number and cits column number. 

For the 39 degrees of freedom in Table IV there are only 11 observed data degrees of freedom. 
Further assumptions are needed for estimation, foremost assumptions which reflect the random- 
ized design. 

Assumption VI: repeated placebo link; as before, we choose to link response in the control group as 
a whole (combined over observed compliance levels) with response to the zero active treatment dose 
g = (0,O) (potentially) in the treatment arm as a whole; we assume that with active dose level zero, 
patients have no expected change in response from under the control (or placebo) regime. Formally: 

and 

Assumptions (7) and (8) equate the sum of the probabilities associated with each cell in column 1 
of Table IV to the probability of outcome 3 in the placebo group as a whole and equate the sums 
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! 
I 

Table IV. Contingency table for possible responses per compliance level in the treatment arm I 

Possible exposures Joint outcomes to the lour possible exposure levels: 
1 2 3 4 5 6 7 8 9 10 

Compliance 
c - 
c = (0, 1) 
c = (1.0) 
c = (1,l) 

ofcell probabilities in columns {2,3,4,5,6) to the probability of outcome 2 in the placebo group. 
This adds two extra observed degrees of freedom on parameters in Table 1%'. ! 

In Section 4, for the univariate compliance measure, a modelling approach for ordinal ! 

outcomes was applied directly to the table with possible responses to treatment. Here, the simple i 

ordered structure on the set of 10 possible outcomes is lost and the choice of a reasonable 1 
parsimonious model for the table is much harder. Therefore, we forgo the characterization of the i 
joint outcome to the four possible treatment regimes and estimate instead only the probability of i 
response to each separate treatment regime jointly with the observed compliance level. For i 

i 
g = (0, 0), this amounts to estimating the probabilities of outcome 1 and {Z, 3,4,5,6} per observed 
compliance level. Different partitions appear for'different g-levels. Such 'marginal' characteriza- 
tion is sufficient to answer the causal questions in Scction 3. 

5.2. Model formulation 

Consider the following joint model for response to a possible scenario g = (g,, g,) and observed ! 
treatment compliance level Ci: 

where 1,(01) and 1,,(1) indicate that g = (0,l) and g, = 1, respectively, q l  and q, are link 
functions like the logit link, and the right hand side represents an estimable (linear) function. We 
have incorporated the chtonology assumption through the appearance of only gl in (9): response 
at t ,  cannot be altered by a possible intake over period 11. All parameters on the right hand side 
are initially allowed to depend on Ci, but must be further restricted to be estimable. We will 
examine the following choice: 
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With logit link functions, this is interpreted as follows: 

(i) ao(Ci) = ao(Cli); we do not distinguish betieen baseline risks over the first period for 
people with a different compliance behaviour over the second period. We lack this 
distinguishing information for a survival outcome, basically because we never see compli- 
ance over the second period for those who failed in the first period. This constraint is 
different from the chronology of exposure assumption, which is concerned with effects 
added on top of uo(C). If the outcome vector Y with binary components could take on all 
fourpossiblecombinations ofOand 1, we would not be required to makeany constraint on 
ao, and could still obey Assumption IV. 

(ii) A proportional odds model is assumed to link baseline risks (corresponding to no 
exposure: g = (0,O)) at different observed compliance levels over the two periods: po(Ci) = 
0 + ao(C1). 

(iii) The causal effect of a possible drug in tke  at the first time point is assumed equal for(or an 
average is measured over) each observed compliance category: al(Ci) = a,, no compliance 
by exposure interaction has been included. 

(iv) Likewise at the second time point, the added effect of a possible exposure is not allowed to 
depend on the compliance subgroup: j3Y1(ci) = pY1,j3:O(C,) = Pio and pil(Ci) = pi'. 

Note, however, that we are allowing for a main effect of the possible exposures over periods 
I and 11, as well as an interaction effect on response over period 11. 

5.3. Maximum Likelihood Estimation 

Let d o ,  n:,, nro indicate the probability of falling into treatment compliance categories 
C = (0, O), (0, 1) and (LO), respectively. Furthermore, let E(x) = exp(x)/l + exp(x) and N: be 
thc numbcr of paticnts on thc trcatmcnt arm in complinncc catcgory u. Thcn, with 

T nTl = 1 - n& - no, - nTO, Assumption IV implies: 

m! = Pr(Y; = 1, Yy = 0) = ~ E [ B  + ao(j)]{l - E[ao(j)])n~ 
J 

where j ranges over all observed compliance levels. This gives the following contribution of the 
placebo arm to the log-likelihood: 

C YG log(m!) + (1 - Y t )  y;, log(m;) + (1 - YTi) (1 - Y!,)  log(1 -my - m!). 
i:R,=P 

With 1ci(OO) indicating that Ci = (0, 0), letting xi i  = (lc;(OO), Ici(Ol), Ici(lO), Ic,(ll)), 
x i l  = (Ici(Ol), Ici(lO). Ic,(ll)), ab = (ao(0), ao(0). ao(l), ao(l)) and 1'1 = (P?'. Pio, Pi'), the treat- 
ment data contribute: 
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Table V. Data on bivariate reception of the vitamin 
A and grouped survival 

C Month of death 
0-4 5-8 9-12 z 12 

Treatment arm 

PIacebo arm 
42 33 29 11523 

Table VI. Results from the vitamin A data, with bivariate compliance 

Parameter Estimated value Standard error 

Both contributions are then summed and parameter estimation can proceed by, for instance, 
Newton-Raphson or Fisher scoring. We used the built-in optimizers of S-plus (nlmin) and 
GAUSS (optmum, which also produces standard errors). 

5.4. The vitamin A trial 

The pair of indicators of vitamin A reception on both occasions is the treatment compliance 
measure of interest. Survival is considered over the initial period up to month 5 (exclusive) and 
then over the period months 5-8. The data are given in Table V. Two of the children who died in 
the first period had already received 2 pills. This has no direct effect on the baseline risk estimator 
over the first period, as a,, depends on Cli only. Following the model, a possible effect of the 
second pill has only been accounted for over the second period. 

For the model developed in Section 5.2, model parameters (and standard errors) are shown in 
Table VI. We find a significant positive effect of the first vitamin A pill over the first period, 
B, = - 1.28, an estimated 72 per cent reduction in odds of death. Over the second time period no 
significant effect of a single dose has been found, be it received at to(P:4 or at tl(P?'). However, 
a significant reduction in risk over the second time period is estimated for the children who 
received vitamin A on both occasions: 8:' = - 1.75, or an estimated reduction in the odds of 
mortality over the second period by 83 per cent. We note that the baseline risk of children 
observed to get the first pill, as expressed via uo(l), is estimated to be somewhat smaller than for 
those who do not, see uo(0). However this difference is not significant. 
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These findings support conclusions from other vitamin A studies. A trial in Ghana16 linked the 
four-monthly administration of vitamin A over a period of 2 years to the hazard ofmortality. The 
mortality rate ratio comparing vitamin A treatment with placebo, was estimated after receiving 
1 2  3, . , doses, respectively. No adjustment was made for possibly different compliance 
selection effects in treatment and placebo, and no overall trend of the rate ratio was found over all 
possible doses actually received. However, the rate ratio after two doses (0.53; 95 percent CI: 0.38, 
0.72) was lower than after one dose (0.99; 95 per cent CI: 0.78,1.25) with non-overlapping 95 per 
cent confidence intervals. A further vitamin A study in Nepal,"." studied four-monthly adminis- 
tration of vitamin A over a total period of 12 months. The published intention-to-treat analysis 
showed a marked effect of vitamin A, with a (not significantly) lower risk ratio over the second 
term than over the first term. No analysis per dose received was published there. 

Nested submodels can further be explored within our frame, guided by likelihood ratios. 
According to the latter criterion, the model we considered here is virtually identical to the 
saturated model with placebo link (which has one additional degree of freedom). 

i 6. DISCUSSION 

We have examined likelihood based approaches towards estimation of causal parameters in 
controlled clinical trials with partial compliance and (repeated) binary outcomes. Once a sum- 
mary of the compliance history has been chosen, the missing data frame allows causal questions 

i to be well defined and the unobserved portions,of the data to be clearly recognized. The stages of 
j simplifying the model in order to allow for more precise and useful estimators need to be 
I discussed for each specific example. One needs to recognize that an estimable model for the 

observed data can be generated by a range of different models for the potential responses. 
i A choice between those cannot be made on the grounds of the data at hand but needs to rely on 
I subject matter knowledge or other external sources of information. To assess robustness of any 

conclusions to the modelling assumptions imposed, one can perform a sensitivity analysis, 
; scanning a range of different modelling assumptions. We .have made some attempt to explore 

i this for our examples. More work on a structured approach for this is ongoing. In an earlier 
paper, Goetghebeur and Molenberghs9 have calculated boundaries on some of the parameters 

i of interest. 
When the outcome is a censored grouped survival time, the likelihood described in the 

Appendix can be adapted along the lines of the actuarial method. A subject censored within 
i a given time interval may be assumed to be at risk for about half the length of that interval, thus 

approximating the censoring time distribution by a uniform distribution over the interval. 
Formally, this means that the linear combination representing the discrete hazard for the subject 

! over that given period is halved in the log-likelihood expression. 
i When ordered compliance levels at more than two time points and also baseline covariates are 

available, the approach naturally extends, but more modelling options are available such as 
a smooth parametric model for zero-exposure risks over time, of baseline risks over different 
compliance categories, of causal effects of the possible exposure levels, of an interaction between 

i compliance level and exposure effect or of selection and 'causal' effects varying over the baseline 
I covariates. The model builder must continuously make choices in terms of where the degrees of 

freedom in the data are spent. Different (semi-) parametric modelling options can be explored as 
an examination of the sensitivity of the conclusions to one or the other. The multiplicity of 
options calls for a cautious interpretation of these results as hypothesis generating. Nevertheless, 
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we feel they can form a necessary complement to the intention-to-treat estimator which some- 
times estimates a parameter of limited practical interest. I 

I 
APPENDIX: ORDERED DOSE-RESPONSE CURVES AND THE DALE MODEL I 

i 
We establish that monotone dose-response curves follow under a constant global odds ratio 1 model when $ 3 1. It is sufficient to establish this relationship for adjacent curves (g' = g + 1). 
For arbitrary fixed 1, define: 

Now 

Since we assume a global odds ratio model 
1 
! 

! 

Solving for F, D, B simultaneously yields ! I 

F = 
J I L E ( K + E + C + A )  
K[K + E + * ( C +  A)] 

and hence 
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Summary 

Parental histories are  often used to estimate the prevalence and the impact of interventions on  child 
morbidity, but few studies have examined the agreement between parental histories and clinical 
examination. We compared clinical findincs with a same-day parental morbidity history for  pre- 
school-agc children in iural  Kepnl. A 15 prr-cent sanlple of chiidicn from 40 wards in ~ a r l a h i  dislrict, 
Nepal, u a s  selected for participation and 811 same-da! morbidit? histories ue re  obtained from 
parens. A clinician, masked to ihe parent's histor)., visited the hou;ehoid 2-4 h later and examined 
the child for signs of morbidity symptoms about which the parent had previously been questioned. 
Signs included measurement of temperature, respirator? rate, examination of stools, ea r  discharge, 
and presence of persistent cough. Agreement between the history and clinical examination was 
excellent for ea r  infection ( x  = 0.75) and history of measles rash ( x  = 0.74), moderate to poor for 
diarrhoea (x = 0.21) and fever ( x  = 0.311, and there was no evidence of agreement for dysentery 
( K  = -0.01). rapid breathing (r = 0.06). and cough ( x  = 0.09). The prevalence of dysentery, fever, 
cough, and rapid breathing was lower if clinical signs rather than histories were used.The prevalence 
of diarrhoea was higher if the presence of a loose stool in a cup rather than a history was used. The 
prevalence of ea r  infections a n d  measles was comparable with both methods. The agreement between 
histories and clinical examination varies by morbidity type, a s  does the prevalence of morbidity 
estimated by one o r  other method. 
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introduction 
M:tny rornmunity-hnscd studies usc a parental history of 
morbidity symptoms to estimate the prevalence of 
common childhood illnesses or the impact of interven- 
tions on such illnesses. The advantages of these histories 
arc that they can be completed rapidly by trained 
interviewers rather than by medically trained personnel 
who are more expensive and often in shon supply in 
develooine caunw settines. Since many ~ o ~ u l a t i o n -  ...?-. . - - - . .  
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children as ill or not, an2 in knowing whether histories 
provide a reasonable estimate of morbidity prevalence 
within a community compared to clinical examination. 
Several studies have validated parental histories by 
identifying children who present to hospitals or clinics 
with and without cenain clinical diagnoses."9 However. 
few studies have attempted to validate a history of 
symptoms obtained in a population-based setting against 

Corre~pondencc: Dr Joanne K ~ ~ ,  johns Hopkins School signs based on clinical examination.'""' We repon here 

Hygiene and Public Health. Room 5515. 615 ~ o n h  wo~fe the results of a smdy to compare same-ky parental 
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Fax 410 550 6733. illness identified on clinical examination in rural Nepal. 
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Methods 

A randomized community trial to assess the impact of 
vitamin A supplementation on mortality, morbidity, and 
growth enrolled and followed approximately 38 000 pre- 
school children every 4 months for a two-year period in 
the Sarlahi district of ~ e ~ a l . ' ~ - "  One year after the start 
of the trial. a 15 per cent systematic sample of children 
from each of 40 of the 261 wards in the community trial 
was selected to participate in a study lo compare parental 
morbidity histories with a clinical examination of the 
children in their homes. 

Parenu of all children in the 40 wards were 
interviewed at the household by interviewers with 10th 
grade equivalency but without medical training. about 
the presence of a pre-specified list of morbidity 
symptoms in the past week. Parents were also asked 
about measles during the past 4 months. The 7-day 
morbidity history asked about the presence of diarrhoea 
(four or more loose, watery stools per day), dysentery 
:presence of blood in the stool independent of the 
response to the presence of diarrhoea), persistent cough. 
rapid breathing (breathing faster than normal and only 
asked if the child was reponed to have a persistent 
cough). fever (high fever that was 'hot to the touch'), and 
ear discharge (discharge of pus from either ear). 

If parents reponed a symptom in the past 7 days, the 
interviewer also recorded whether the child had 
experienced the symptom on the day of the interview. 
At the time children had anthropometric measurements 
taken at a central site in  the ward, parents of children in 
the 15 per cent sample were given a plastic cup for thc 
collection o f a  stool sample which would beexamined by 
the clinician visiting their house 2-4 h later. The results 
of the history were unknown to the clinician at the time 
of examination of the child and collection of the stool 
sample. Field work took place from September through 
to Dccctnhcr. 1990. 

Diarrhoea was considered to be present on the day of 
interview if the obtained stool conformed to the shape of 
the cup. If the stool did not conform to the shape of the 
cup, or if the cup did not contain any stool, then 
diarrhoea was considered absent. Dygentery was 
recorded as present if blood was visible within t h e  
stool sample, regardless of whether the stool conformed 
to the shape of the cup. Axillary temperatures were 
measured for a minimum of 2min. Groin temperatures 
were taken in very small infants (less than 1 per cent of 
all children). Two 30s  respiratory rates were measured 
after the child had been observed to be sufli~iently at rest 
for 3 min. A difference between the two counts of five or 
more necessitated funher counts until the difference was 
no more than five. The two measurements were added to 
produce a respiratory rate per minute. Persistent cough 
was ascenained by noting whether the child coughed 
irregularly. persistently, or not at all, during the 
observation. The ears were examined for presence of 
pus in the external auditory canal using a flashlight. The 
clinician asked the parent about the presence of measles 

in the past 4 months. I f  the parent responded affirma- 
ti\,cly. the clinician probed for more details about the rash 
and illness. and ~.lassiiied the response as a description 
consistent with a mcasles rash or not. 

Agreement hetween clinical examination and same- 
day p~rcntal morbidity histories was based on the kappa 
( R )  S I B I ~ S I ~ C . ' ~  Diiierent cut-off points were used for 
signs o i  illnesi. such as temperature above 37.5-C and 
abow 38.5-C ior comparison with a history of high 
fe\,cr. A respiratory rate of 60 breaths per minute or 
greater was used 3 the cut-off for the presence of rapid 
breathing. A respiratory rate cul-off of 50 or more for 
inlbntr and 40 or more ior l-5-year-old children was 
also used. Ii thc history of measles given to the clinician 
was consistent with a measles rash. then this was 
conaidered a positive hiaory of measles on clinical 
examination a compared to a measles history given to 
lay intervie\\,er. 

After discussion u,ith the communities. written 
consent was ohtained from !he village development 
committee leader ior communily participation. Indivi- 
dual consent u . 3 ~  ohtained verhally from parents. The 
study received ethical approval from the Joint Commit- 
tee on Clinic31 Investigations of the Johns Hopkins 
Medical Institutions. and from the Nepal Health Research 
Council. 

Results 

A total of 5482 children resided in the 40 wards during 
the l-).ear visit. A 4-month measles history was available 
for 5406 (98.6 per cent) children. A total of 4966 (90.6 
per cent) had been under direct observation by the 
responding parent during the past week and had a 7-day 
morbidity histon. from the household visit (Fig. I). The 
a r c n  of 4525 children also provided same-day 
~norbirlily lhist<>rir. A systc~n:~tic snlnptc of850 children 
(15.5 per CenlJ was selwled from the 5482 children for 
clinical examination. Of these. 815 (95.9 per cent) had 
be'n under direct observation by a parent during the past 
wr,:k and pro\.ided a 7-day morbidity history. A 
merbidity history on the day of interview was available 
lor 814 of these children. 

The same-day period prevalence of symptoms for the 
total and the clinical study groups were comparable, as 
was the 4-month measles history (Table I). The 
prevalence of ear discharge based on clinical signs and 
the prevalence of measles based on history provided to 
thc clinician uere similar to those based on parental 
history. The pre\,alence of diarrhoea based on clinical 
signs was higher than that based on a same-day parental 
histon.. Dysentery. fever, cough. and rapid breathing all 
had lower prevalences based on clinical signs compared 
with parental histories. 

The agreement between parental history and clinical 
examination was excellent for ear infection and for 
measles histor?. (Table 2). Agreement was moderate 
to poor for diarrhoea and fever, and no agreement was 
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FIG. 1. Selection of children for clinical examination and number of children with parental histories and with clinical 
examination available for comparison of parental histories with clinical examinations. 

- 
seen for dysentery, persistent cough. and rapid breathing. lhan older children ( x  = 0.88 vs. 0.73). However, none 
Agreement for diarrhoea was better among children 1-5 of these differences was statistically significant. 
years of age than among infants (n = 0.17 vs. 0.03). 
Agreement was better for persistent cough among infants 
than among older children ( r  = 0.23 vs. 0.07). Agree- Discussion 

men1 was slightly beuer for ear infection among infants This study found variable agreement between parental 

TABLE I 
Prevalence of morbidity symptoms by same-day I.;srory and 4-month measles histor), by 

clinical signs: Nepul. 1990 

Clinically 
Total cohon Clinical study examined 
(N = 4525) (A' = 814) (N = 799) 

n B C/r  n % - 
Same-day history 

diarrhoea 
dysentery 
fever 
cough 
rapid breathing 
ear discharge -- - ~ - ~ ~ ~ ~ ~ . ?  

4-month history (N = 5406) (A' = 814) (N = 813) 
mcasles 224 4.1 44 5.4 38 4.7 

Them were no smtisticallv significant differences in the prcvalencc of positive histories between the ~~~~~~ . - 
tom1 sample and thc examination sample 
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TABLE 2 
Agreetnenr benveen same-day parenral h i s r o ~  oufs?sl~pro~ns and s;g,~s 011 cli~~ical esa?~~b~ariott; Nepal. 1990 

Symptom Clinical sign r value 95% conhdcncc in~crval 

Diarrhoea Conforms to cup 0.21 0.11. 0.32 
Dysenlery Blod visiblc in smol -0.01 -0.02. 0.M) 
Fcver Temperacure 238.5" 0.31 0.08. 0.55 

Temperature 237.8" 0.3 1 0.10. 0.53 
Cough Persinea on exam 0.09 -0.01.0.18 
Rapid breathing Resp rate r6Olmin 0.06 -0.07. 0.20 

250lmin for <I year. 240lmin for 1-5 years 0.02 -0.04.0.07 
Far infection Present on examination 0.75 0.65. O.W 
Measles Hislory of rash consistenl 0.74 0.64.0.85 

history and clinical signs of illness. Ear discharge and a can he uscd to assess the prevalence of morbidity at a 
description of measles rash had excellent agreement. community level. The pre\*alence of morbidity based on 
whereas same-day histories of rapid breathing, persistent a parental history was higher for dysentery. fever. cough. 
cough, and dysentery did not agree with clinical signs on and rapid breathing than for prevalence based on clinical 
examination. The diffcre~lces in agreement between s i p s .  It was comparable tor ear discharge and measles. 
different morbidities cannot be explained by selective and lowcr tor diarrhona. Hence. the hias in the use of 
absence of acutely ill children who might be away histories forcommunityasscsmmemofmorbidity appears 
seeking medical care. since this is an area with extremely to be symptom specific. 
poor access to health care. The type of the disagreement Very few studies have attempted to compare parental 
also varied by morbidity. For diarrhoea, there were more histories with clinical examination in a population-based 
children with a loose stool in the cup than reports by selling. In spite of the problems concerning whether the 
parents of one or more loose watery stool on the day of clinical examination really can 'validate' the parental 
the interview. Parents reported more dysentery. fever, histories. these data provide scarce information about the 
cough, and rapid breathing than were evident on clinical accuracy of such histories in rural South Asia. The 
examination. These results were quite different from accuracy of parental histories varies substantially from 
studies in which children were diagnosed through one morbidity to another. This has implications for the 
their attendance at hospitals or In those use of these histories in estimating morbidity prevalence 
studies, sensitivity was relatively high and specificity and in estimating the impact of treatment on different 
lower for diagnoses based on clinical examination and morbidities. 
laboratory results. This is probably because children 
seeking care at hospitals or clinics are more severely ill. 
leading to higher sensitivity. Controls were sick children References 
seeking care who did not meet specific definitions of I ,  Schulpen TWJ, Swinkels WJ, pmject studies: 
disease, leading to a lower specificity. Lanata er al. used agents affecting health of mother and child ina rural areaof 
both clinic- and population-based controls and found t h a  

' 

Kcnya - XIX: thc ~tilizaticv~ of health scrviccs in s rural 
the specificity was higher among population-based area of Kenya. Trop Geog hied 1980: 32: 340-9. 
controls for the diagnosis of pneumonia based on a 2. Alonro PL. Bowman A. M~rsh K. Greenwwd BM. The 
history of fever (36 vs. 92 per cent) and rapid breathing accuracy of the clinical histories given by mothers of 
(36 vs. 86 per cent). seriously ill African children. Ann Tmp Ped 1987: 7: 187- 

Very few studies have reported a comparison of 9. 

symptoms and specific clinical  sign^.^.'^ Gadomski er al. 3. Greenwood BM. Bradley AK. Greenwd AM, er ol. 
Monality and morbidity from malaria among children in a 

compared maternal histories of rapid breathing against rural area of the Gambia. West Africa. Trans R Soc Trop 
respiratory rates at the time of admission to our-patient Med Hyg 1987: 81: 478-86. 
facilities and found sensitivities of 71 and 78 per cent 4. Kaller HD. Gray RH. Black KE. GultianoSA. Validation of 
and specificities o f61  and 48 per cent, depending on the thc diagnosis of childhood morbidicy using maternal heallh 
local terms used for rapid b r~a th ing .~  Black el 01. iacrviewr. 1nt J Epidemiol 1991: 20: 193-8. 
validated a maternal history of abnormal stools against 5. Cherial T. John TJ. Simaes E. Steinhoff MC, John M. 
an assessment of stools collected in a cup from the Evaluation of simple clinical signs for the diagnosis of 

mothers in a population-based setting similar to ours." acute lowcr respiratory tract infection. Lanccl 1988: ii: 
125-8. They found 80 per cent agreement between the history 6 ~~~~~~~i A ~ ,  Anf GH. ~~~~~~i~~ F. a caredei 

and the stool sample but did not repon x values or the recognition of respiratory signs in children: conelation 
sensitivity and specificity of this approach. with physical examination findings. X-ray diagnosis and 

Since there was poor agreement between some of the pulse oximetry. Int 1 Epidemiol 1993; 22: 1166-73. 
signs and symptoms, one issue is whether the histories 7. Harrison LH. Mourri S. Guinena AH. er 01. Matcrnal 
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Ancylostoma duodenale is Responsible for Hookworm infections among Pregnant 
Women in the Rural Plains of Nepal 

R. C. Navitsky, M. L. Dreyluss. J. Shrestha-, S. K. KhatryT, R. J. Stoltzfus', and Albonlco:. Ccnler tor numan N ~ l r  ton SCCOO O! Hygfene 
an0 P.D :: neailn .cnns n 0 2 ~ n s  ~n8.ers1, Batmore Nar,.ano 21205-2;03 Thatona Sozel) lor tne Prevenron of B.:noness Katnmano~. 
Lepa an0 iScn!s:osorn~as~s an0 lnlest ra.  Paras lcs ,n 1 D.L s o n  31 Contro. 01 Trop ca C.snases hor o healn  O!gan.zal on Geneva. 
Switzerland: 'correspond~ng author 

AssmAcT: Fecal specimens from 292 pregnant women (ages 15-40 minth infection by the Kato-Kalz method was 78.8%. 56.2%. and 7.9% 
yr) and 129 infants (ages 10-20 wk) wcre examined for helminrh eggs for hookworm. Ascorir iun,bricoides, and Trielruris frichiura, respec- 
by the Kate-Katz method and cultured for helminth larvae identification tively. Using the modihcd Harada-Mori method. 66.1% and 2.0% of 
using a modified Harada-Mori mcthod. These specimens were collected women's fecal cultures were positive for hookworm and Srrongyloides 
from June 1995 through July 1996 in Sarlahi District in the southern .s~crcurulis, respectively. All of the cultured hookworm larvae were 
rural plains of Nepal. Among pregnant women. the prevalencc of hel- identified as At~cylo.~ronio duodozaic. Among infants. I specimen was 
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positive for hookworm and 1 for A. 1unlbricoide.s using the ~ n i w ~ n t z  NNIPS clinic in ~ a r i ~ ~ ~ ,  sarlahi ~ i ~ ~ ~ i ~ ~ ,  ~~~~l from june 
method. The modified Harads-Mori method detected no larvae in spcc- 1995 to July 1996. 
imens from infants. There was 81.8% agreement between the 2 methods 
for the detection of hookworm infection. Ancylosromn duodenole is en- Pregnant in the were identified 
demic in this study population and highly prevalent in pregnant women. weekly household interview, which ascenained menstrual status 

and women's self-repon of pregnancy. Pregnant women were - ~ 

Hookworms infect over a billion people worldwide, with invited to come to the clinic for a health and nutrition exami- 

prevalences as high as 95% in cenain communities of devel. nation. At 3-mo postpartum, the mothers were asked to return 
oping countries (Hoagland and Schad, 1978; Walsh and to the clinic with their infants for a follow-up examination. 

1979). In Nepal, intestinal helminth infection is a contributor Helminth infections were identified from stool specimens of 

to malnutrition and anemia (National Planning women at the pregnancy visit and of infants at the follow-up 

199Za), Hookworm infection contributes to iron-deficiency examination. One day before the women or infants were to 

in populations with poor diets (Stoltzfus al,, 1997), and present to the clinic, they were given clean plastic containers 

heavy infections cause anemia and the growth and and instructed to collect the stool specimens that evening or the 

development of (Hotez and Pritchard, 1995). It has also next morning. The following day, they were driven by vehicle 

been cited as a major concern for women's health because of to the clinic and their fecal specimens were collected and pro- 

its potential impact on maternal anemia and reproductive out- cessed. Approximately 70% of pregnant women and 57% of 

comes (World Health Organization, 1994a). infants returned with a fecal specimen. 

Iron-deficiency anemia is the most well documented conse- These specimens were analyzed by the Kat+Katz method 

quence of hookworm infection that causes chronic intestinal (World Health Organization, 1994b) to identify and quantify 
blood loss (Roche and 1966), and children hookworm, Ascaris lumbricoides, and Trichurus trichiura eggs. 

usually have the lowest iron stores, making them most suscep- Women found to have severe anemia were treated with oral iron 
and anthelminthics. Otherwise, anthelminthics were given post- tibleto developing iron-deficiency anemia from hookworm in- 

fection (Layrisse and Roche, 1964). This is particularly critical partum. To determine the hookworm species, each specimen 

in pregnant women, due to the increased iron demand of preg- was also cultured using the Harada-Mori method (Harada and 

nancy. Mori, 1955), modified according to Garcia and Bruckner (1993) 

The 2 major species of hookworm that infect humans are to increase the efficacy of the culture method. Approximately 
1-2 g of feces were mixed with the same amount of activated Ancylosroma duodenole and Necator americanus. Their patho- 
granulated charcoal into a homogenous paste. This paste was 

genicity, mode of transmission, geographic distribution, and bi- 
ology are different and may influence the morbidity of hook- spread onto filter paper that had been folded around 2 micro- 

scope slides and placed in a Petri dish. Six to 10 ml of boiled worm disease. In general, A. duodenale is found at higher el- 
and filtered water was added carefully to the petri dish. These evations, in nonhern regions, and in more extreme climates, 
cultures were covered and labeled and then incubated at room 

whereas N. americar~us is found in lowlands and in more trop- 
temperature (20-37 C). The cultures were incubated for 7-10 

ical areas, though both species can be endemic to the same 
days and the culture water collected in test tubes. The tubes 

region (Hoagland and Schad, 1978). Ancylosronta drtodozale is 
heated in boiling for min to kill the infective 

more pathogenic (Hoag!and and Schad. 1978). causing about larvae. After cooling, 3-5 drops of formdin were added 
4-5 times greater blood loss and releasing twice the number of 

to the tubes to preserve the specimen for vanspon to the U,S,A, 
eggs per female as N. americanus (Pawlowski et al.. 1991). Two to drops of the specimen sediment were viewed micro- 
Funhermore, it has been suggested that A. duodenale can be scopically at and 40x  total magnification. The identity and 
ve*cally transmitted from mother to infant (Schad. 1991). quantity of A. duodenale, N. americnnus, and Strongyloides 

The objective of the present study was to determine the spe- srercoralis species larvae were determined using the criteria 
cies of hookworm and other helminths infecting pregnant wom- in Pawlowski et al, (1991), 
en and infants in the Terai region of Nepal. This study was in ~~~~l~~ are on 421 (292 maternal and 129 infant) 
the context of a larger research program aimed at developing the 429 specimens cultured because 8 of [he specimen test 
interventions to improve women's reproductive health in rural tubes were damaged in transit, The mean age of the pregnant 
south Asia. women was 24 yr (range 15-40 yr), and mean gestational age 

The study area consisted of 27 wards in Sarlahi District in at [he time of the clinic visit was 19 wk. pregnancy status was 
the southern. ~ r a l  plains of Nepal. This area is at an elevation verified by a @-human chorionic urine test, ~h~ 
of approximately 80 m above sea level on the Gangetic flood mean age of the infants was 12 wk (range 10-20 wk). 
plain at a latitude of approximately 27' N. There is a wet mon- ~h~ prevalence of hookworm infection among pregnant 
soon season from June through September, with a cool season women was 78.8% using the Kato-Katz method (Table I). As- 
followed by a hot dry season for the rest of the year. Temper- caris lu,nbricoidcs and T. rricltiuro cggs were also found in the 
atures are hottest in June (1990 average maximum temperature: specimens of 56.2% and 7.9% of the women, respectively. Us- 
34.0 C) and coldest in January (1990 average maximum tern- ing the modified Harada-Mori fecal culture method, the prev- 
perature: 22.7 C; National Planning Commission. 1993). An- alence of hookworm infection was 66.1% among pregnant 
nual rainfall was 136.4 cm during 1990 (National Planning women. All of the cultured larvae were identified as A. dzto- 
Commission, 1993). Latrines are not widely available in this denale (100%). Srron~yloides stercoralis larvae were found in 
area. The women and infants whose data are presented here 2.0% of the women's fecal cultures. 
were participating in a substudy of the Nepal Nutrition Inter- Among infants, only 1 (0.8%) specimen was positive for 
vention Project-Sarlahi (NNIPS). Data were collected at the hookworm and 1 (0.8%) for A. lumbricoides by the Kat-Katz 
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TABLE I. Helminth infection in Nepalese pregnant women and their TAB= 11. Comparison of Kat+Katz and modified Harada-Mori methods 
infants. for thc diagnosis of hookworm infection i n  Nepalese pregnant women. 

Prevalence Modified Harada-Mori fecal culture result 

Pregnant women Infants 
Species % (n) % (n) 

Determined by Kato-Katz method: 
Hookworm* 78.8 (230) 0.8 (1) 
Ascar;s lumbricoides 56.2 (164) 0.8 (1) 
Trichurij rriclziura 7.9 (23) 0 

Determined by Harada-Mori method: 
Hookworm 

Ancyloslo,,~a duodenole 66.1 (193) 0 
Necarur americonus 0 0 

Srrnng~loides stercnrnlis 2.0 (6) 0 

Hookworm spccics are indistinguishable by this rnethd. 

method (Table I). None of the infant specimens was.infected 
with T. rrichiura. When infant fecal specimens were cultured, 
no hookworm or other helminth larvae were found. 

A typical distribution of hookworm fecal egg counts was 
found, with the majority of the infected women having light 
infections (Fig. 1). Moderate to severe infection (22,000 eggs 
per g feces) was present in 54 (18.5%) of the women. 

Neither the overall prevalence of hookworm infection nor the 
intensity of infection differed significantly between seasons. 

Positive for 

Ancylr,sro,,trr Necarur 
Kato-Katz Negative duodenole a,,tericanus All 

results n (%I n (5) n (%I n (%I 

Negative 54 8 0 62 (21.2) 
Positive 45 185 0 230 (78.8) 
All 99 (33.9) 193 (66.1) 0 292 

Hookworm prevalence in the monsoon season (June-Septem- 
ber) was 83.5% and in the remaining dry months of the year 
was 77.5% (P = 0.23 by Student's I-test). The geomeuic mean 
hookworm burden was 842 eggs per g (epg) feces during the 
monsoon season and 614 epg during other times of the year ( P  
= 0.09 by Student's I-test). 

The agreement between the K a t ~ K a t z  and the modified Ha- 
rada-Mori fecal culture methods for diagnosing hookworm in- 
fection was 81.8% for the women's fecal specimens (Table 11). 
Using the Kato-Katz method as a standard, the modified Ha- 
rada-Mori method in the pregnant women's specimens was 
80.4% sensitive, 87.1% specific, and had a positive predictive 
value of 95.8%. However, the primary purpose of the Harada- 

Number of specimens 

Hookworm eggs per gram feces 
FIGURE I. Distribution of hookworm infection intensity i n  prcgnant women dctcrrnined by the Kato-Katr method (n = 292). 
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Mori test is to distinguish the species of hookworm, not to 
diagnose infection. 

These findings demonstrate that hookworm infection is en- 
demic among pregnant women in Sarlahi District and likely in 
other ecologically similar regions in Nepal and northern India. 
Hookworm infection is recognized as an important contributor 
to iron-deficiency anemia among adolescent girls and,women 
of child-bearing age in many developing countries where it is 
endemic (World Health Organization, 1994a). 

This study is the first report in the peer-reviewed literature 
identifying A. duodenale in Nepal. The presence of only 1 spe- 
cies of hookworm, A. duodenale, among this study population 
is consistcnt with previous findings that this species is found in 
the more northern regions of the tropics (Darling, 1912) and is 
more common in the northern Indian subcontinent (Hoagland 
and Schad, 1978). However, Nawalinski et al. (1978) found N. 
americanus to be a significant proportion of hookworm infec- 
tion in rural communities in India, approximately 500 km 
southeast of our study area. The higher hookworm egg counts 
observed during the monsoon season in our study are also con- 
sistent with other studies in south Asia (Nawalinski et al., 
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Adhesion molecules, which play a major role in lymphocyte circulation, have not been well characterized in 
human immunodeficiency virus (HIV) infection. T-lymphocyte populations, including CD3. CD4, CD28, and 
adhesion molecules (L selectin, LFA-I, VLA-4, and ICAM-1) were measured by flow cytometry in a cross- 
sectional study of 100 HN-infected and 49 HN-seronegative adults. HN-infected adults had lower numbers 
of CD3' lymphocytes expressing L selectin (P C 0.0001) and VLA-4 (P c 0.01) and higher numbers of CD3+ 
lymphocytes expressing L F A - ~ ~ " ~ " '  (P C 0.002) than did HN-negative adults. By CD4+-lymphocyte count 
category (2500, 200 to 500, or <ZOO cells/pl), HN-infected adults with more advanced disease had lower 
percentages of CD3+ lymphocytes expressing L selectin and VLA-4 and higher percentages of CD3+ lympho- 
cytes expressing LFA-I. The percentages of CD3+ CD28+ lymphocytes and of CD3+ L selectin+ lymphocytes 
were positively correlated (Spearman coefficient = 0.86; P c 0.0001), and the percentage of CD3+ CD28+ 
lymphocytes and the CD3+ LFA-lb"'"' lymphocyte/CD3+ LFA-ld'" lymphocyte ratio were negatively corre- 
lated (Spearman coefficient = -0.92; P <0.00001). The results of this study suggest that H N  infection is 
associated with altered expression of adhesion molecules. 

Human immunodeficiency virus (HIV) infection is charac- 
terized by progressive loss of CD4+ lymphocytes, increase in 
CD8' lymphocytes, and major functional abnormalities in lym- 
phocyte function (7). Prior to the development of AIDS there 
is homeostasis of CD3+ lymphocytes, in which CD8+ lympho- 
cytes increase in number to compensate for the loss of CD4+ 
lymphocytes (16). The later progression of HIV disease is 
associated with maior chanees in T-Ivmohocvte oooulations. 
including loss of ~ ~ 2 8  surfzce antig& from bot i  d ~ 4 '  and 
CD8' lvmohocvtes 13. 5) .  . .  , 

~ym6h;hocyte idhesion molecules include the selectin, inte- 
erin. and immunoelobulin gene su~erfamilies (13.22). L selec- - 
tin ( c D ~ ~ L ) ,  whEh plays> majdr role in ly;npho&te recir- 
culation to peripheral lymph nodes, is normally expressed on 
approximately 70 to 80% of T lymphocytes (23). Lymphocyte 
function-associated antigen 1 (LFA-I), an integrin which is 
expressed on virtually all peripheral blood leukocytes, includ- 
ing T lymphocytes, is involved in lymphocyte-endothelial cell 
adhesion (13). The ligands for LFA-1 are two members of the 
immunoglobulin gene superfamily, intercellular adhesion mol- 
ecules l (ICAM-l) and -2 (ICAMZ). Very late antigen 4 
(VLA-4) is exoressed on T cells and is involved in lvmohocvte 
adhesio; to eAdothelial cells. The expression of these adhesion 
molecules during HIV infection is not well understood. We 
conducted a clinic-based, cross-sectional study of major T- 
lvmohocvte oooulations and adhesion molecules in HIV-in- 

MATERIALS AND METHODS 

The study population consisted of a eansccutivc sample of HIV-reraposilive and 
HIV-rcronegativc adults seen in the outpatient clinics at the Johns Hopkinr 

' Corresponding author. Mailing address: Ocular Immunology Ser- 
vice, Suite 700, 550 North Broadway, Baltimore, MD 21205. Phone: 
(410) 955-3572. Fax: (410) 955-0629. E-mail: rdscmba@welchlink 
.welch.jhu.cdu. 

Hospital, Baltimore, Md. The study design was crass-scaional. After written 
informed onscnt was obtrincd, blood .wmplcs wcre collceted by venipuncture. 
A l l  lymphocyte populations wciostudied frdm a singlc blood samplc drawn from 
each subjea. Peripheral blood mononuclcar mllr  (PBMC) were separated from 
hcparinircd blood with Ficoll-Hypaque (Pharmacia, Pireataway. NJ.), washed in 
HunW buffered salt solurion, and rcruspendcd in phosphate-buffered salinc with 
1% fcral bovineserum and 0.1% sodium a i d e  (asray buffer). Conjugated mono. 
clonal antibodies to human CD3. CD4. CD14. CD28, CD45, Lseleetin (Bccton 
Dickinson Immunocvtomeln, Svstems. San lose. Calif.). LFA-1, ICAM-1 
(AMAC. ~ e r t b r o o k . ' ~ a m e ~  anh V L A 4  IEndoeen. Boston. Mass.) were used . - 
~n t ~ a s o l o r  (Auorrrce~n isuth8m)anatc nno pnycocr)thr~n) a n a b r e ~  

PRMC sere prsparr.2 dceoratns lo the Ccnlirr for Dore3rz Control and 
Prerrni.on g~dc1.n;~ f ~ r  lkb!.or)lc .nlmunopneno!yp.ng I" H I V  ~nfscllon (4, 
On; mjl.ion PUMC ucr; plnc-d in 1 5 m l  m~croccn!r~f~gc tuber, pellctrd, and 
resurpended in 511 ,I of aur) DLUC~ The PBMC ucru rtrlned u l th  ~ m b i n a l i o n r  
di  man<xlon.l r n l ~ o ~ J ~ c r  lor ?U mln 31 4°C. Al l  r3naplc\ *ere kcpl at4'C and m 
I? .<,J,.J~ rrlds t t ~ r o u ~ l ~ o u ~  $he %a#ntng praers  to rnontmoze ihc thketihond of 
ce t t~c~ . ra t~nn  Tn: P B Y C u r i i  ushcu  IU.FEUIIO 1 mtof JUJ) buUer,fued*~lh 
ICb prrafurnlwldelqd; ~n pn~,ph3!r.-buUcrcd mt~nc,  anJ analyzed by dlrecl tuo. 
color immunotluoicrcenc; Ir.>nnc-mr~cheo monoclonsl anunaaler from thc . . 
same commercial suppliers setved as controls for fluorewcncs markcr setlings 
and identification of nonspecific staining. 

Flow cytomcuy was pcrformcd by using rwo-olor (FACSlar Plus: Bccton 
Dickinson) analysis. Fluorescent microbeads (Simply Cellular and Ouanlum 
Simply Cellular beads: Flow Cytametry Standards Corporation, Rcsearch Tri- 
angle Park, N.C.) were used 10 calibrate the flow cytomeler daily and to control 
for reproducibility of the a s q .  For each sample, 20,MX) ungated eveno wcre 
coliccicd. Thc lymphocjte population was selectcd by backsating for CD45""" 
CD14- cells from the profilc of thc sample stained with fluorescein i ro th iwa-  
"ate anci-CD45-phycocrythrin anti-CD14 such that >95% o f  the fonvard-scatter 
versus sidc-scattcr l ymphq te  gatc was CD45b"a" and CD14C. Thus, >95% of 
the lymphocylc pate contained lymphocytes. Quadrant analysis cursors were rct 
from each individual and adjusted from the isotypocontrol samplc so that 298% 
of thc catcd cells werc double nopalive. Dut plols, histogmmr, and raw slatistical 
informiiiui> wcre gencraled fr& this gat& lyn>plrocylc populillion for cnch 
analyzed samplc. Any shift in populvlion and the prcscnce or abrcnce of dim 
cclls vcrsus bright ccilr were noted. The raw subrci percentage value was divided 
bv thc CD45D"g" CD14--lym~h0cyte ocrecnlaze to correct for nonlvmphocyte ~, , .  . . 
events in ihc lymphocyte gacc.  he CD~*-iymphocjte count was caicuiatcdby 
multidvine the absolulc lymphwte count by thu correcled CD4'-lymphucylc . .  ~ 

perc&iagE from flow cytamctric analysis.   he absolutc lymphoqte count was 
mcarured by an automated cell counler (Coulter Diagnosticr, Hialeah. Fla.) in 
thc clinical laboratory of Johns Hopkins Hospital. I n  subjects with large unclas- 
sified cells, tllc lyn>ph~cyLe counl was adjusccd after n nlanual count of a blood 
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TABLE 1. Expression of adhesion molecules on CD3' lymphocytes 

CD3* lymphocytes cxpressinp, marker [median (25th-751h percentilc)l 

Marker HIV-seronegative adults HIV-seroposirivc adults 

no No. (cellslpl) P valuc 9% P value nY No. (EEIIsI~I) P value 90 P value 

L  electi in"'^^ 49 1,242 (1,104-1.412) 0.0001 83.1 (78.1-87.2) 0.0001 100 513 (219-808) 0.0001 56.1 (47.9-66.7) 0.0001 
L ~electin'~" 246 (186-339) 0.007 361 (202-596) 0.007 

' n ,  nvmbcr (n) of padcns  
NS, not significant. 

smear. Larce undarrified cells were includcd in the calculation of tolal Imoho. " . . 
cya\. 

Comp~rt,uns ut nunparimeLr.c ~ J I J  uere m ~ d c  bcluccn HIV.$cruncgxne 
hnd HIV-serupntovc ~nJ~vlJus.s b! Ihr. Mann-Whttnr) L test Wlthm lhc HIV-  
scrooorltne e r o ~ o .  tndnuJ~atr ucre d ~ r ~ d e u  into strJt1 b4x.I uoon the n~mh:: " ~ 7 .  

of ?b4* lvmohavles ( X W .  2W to 5W. and <2W eellsl~l~. ~vmohocv~eooo. . .  . , ,  , 
ulalians were com~areb within these three erouDS by the ~ r u s k ~ l - ~ ~ l l i s ; c ; l  
Anal)asof \auan;L'wa\ urcd t u r r ~ m ~ n e  dl8;rcn:cr bcruxn sroup.~. au)u,ir.d n) 
qr ;lnI r c ~  The lcvul  of rr l l .<t . r i t  5c;n#fican~r "rid .n ih.r rluu) L., P . > I L L  
of c U O S  hlcdlan ;nu 8nlcru.nru~ i-ne..r ucr2 u,;J hl u.r.r,o; Ihrno.loolc . .  . 
population distributions. sink thc distrih;t~ons were agmmctric for most pop- 
ul~lions. 

Expression of adhesion molecules on CD3+ lymphocytes. 
The percentages and ahsolutc counts of CD3' lymphocytes 
expressing L selectin, VLA-4, LFA-1, and ICAM-1 arc shown 
in Table 1. HIV-seropositive i~idividuals had significantly lower 
percentages and absolu~e counts of CD3' Iymphocytcs cx- 
oressine L selectin.and VLA-4 than did HIV-seronecative in- 
bividugs. The percentages of CD3' lymphocytes Gprcssing 
LFA-I""""' and ICAM-I were significantly higher in HIV- 
seropositive individuals. There was no significant difference 
in the absolute numbers of CD3' lymphocytes expressing 
ICAM-I between HIV-seropositive and HIV-seronegative in- 
dividuals; howevcr, HIV-seronegative individuals had signifi- 
cantly higher absolute numbcrs of CD3+ ICAM-1- lympho- 
cytes than did HIV-seropositive individuals. Representative 
immunofluorescence histoerams of adhesion molecules on 
CD3' lymphocytes are shown in Fig. 1. 

The expression of adhesion molecules on C D ~ "  lympho- 
cytes was examined according to the CD4'-lymphocyte count 
(>500, 200 to 500, or <ZOO cells/l~I) among HIV-seropositive 
individuals (Fig. 2). Lower proportions of CD3' lymphocytes 
expressing L selectin were found in HIV-seropositive individ- 
uals with lower CD4+ lyrnphocytc counts. The proportion 
of CD3+ lvrnohocvtes exoressine VLA-4 tended to decrease .- . ~ 

slightly am;"; HI+-sero~ositive~ndividuals with lowcr CD4' 
counts. With decreasing CD4+-lymphocyte counts among 
HIV-seropositive adults, thc proportions of CD3& lympho- 
cytes expressing LFA-I increased. 

Expression of CD28+ 011 T-lymphocyte subscls. 7 i i c  I:.:, 
centages and ahsolule counts of CD3*, CD4'. and CD8' 
lymphocytes cxprcssing CD28' are shown in Table 2. HIV- 
seropositive individuals had significantly lowcr absululc counts 
and percentages o l  CD3' ,  CD4' ,  and CD8' lymphucytcs 
expressing CD28' than did HIV-seronegativc individuals. 

Expression of CD2S' on CD3', CD4+, and CD8' lympho- 
cytes was examined according to the CD4'-lymphocyte count 
(>500, 200 to 500, or <ZOO cells/&I) among HIV-seropositive 
individuals (Fig. 3). Lower proportions of CD3' lymphocytes 
expressing CD28+ were found in HIV-seropositive individuals 

HIV Seronegative HIV Seropositive 
>500 CD4 ~ 2 0 0  CD4 

FIG. 1. Repiesem;>hvc irnmunolluoresccncc histograms of adhcsion nlole- 
culcs and CD3 expression on lymphocylcs from HIV-reroncgativc and HIV- 
~ ~ ~ ~ p + ~ i i i v c  individu;ds. Qu;ldrnnt settings for thc four regions wcre cnablirhcd 
such that <2$?,uu( positive eventa in lhr isolype control samplc fell in any positive 
rcgion. 



VOL. 5, 1998 ADHESION MOLECULES AND HIV INFECTION 585 

FIG. 2. kprcs.un of L rcllel~n. V l A l ,  and LFA.1 on CD3- lympnoqler  
by HIV slatus and CD4'- i )mphqts  euml zalcgory SN. rrronrg~l~\r .  HI\'SI'. 
l i l V  rcrowslrvc The barb rmrel:nt ihc meJlinr lnor~ronli,l# and in: ?j!n and 

with lower CD4+ lymphocyte counts. The proportions of 
CD4* lymphocytes expressing CD28' were similar among 
HIV-seropositive individuals with CD4* counts of >500 and 
200 to 500 celld&l but were lower among those with CD4' 
lymphocyte counts of <200 cells/&l. There was no clear trend 
for the proportion of CD8+ lymphocytes expressing CD28' by 
CD4+ lymphocyte count. 

The percentages of CD3+ CD28' lymphocytes and CD3+ L 
selectin+ lymphocytes were positively correlated (Spearman 
coefficient = 0.86; P < 0.0001), as shown in Fig. 4a. The 
percentage of CD3' CD28+ lymphocytes and the CD3* LFA- 
Ib'"=" lymphocytelCD3+ L F A - ~ ~ ' "  lymphocyte ratio were 
negatively correlated (Spearman coefficient = -0.92; P < 
0.00001), as shown in Fig. 4b. 

DISCUSSION 

The results of this study suggest that the expression of L 
selectin and VLA-4 is decreased and the expression of 
ICAM-1 and LFA-I is increased on CD3+ lymphocytes during 
HIV infection. A Limitation of the current study is that the use 
of two-color analvsis makes the findines reeardine the exores- - - 
sion of molecula;and activation markers more inGrenti?l'than 
if threc-color analysis &erc used. Large unclassified cclls wcrc 
included in the total lymphocyte count. In H1V-infected chil- 
dren, these cells can make up a large proportion of lvmpho- - .  . 
cytes and skew the phenotypi'c analysis. However, most of the 
HIV-infected adults did not have a large proportion of large 

~ ~ 

unclassified cells. 
The decreased expression of L selectin in both CD4' and 

CD8' lymphocytes has been described in HIV-infected adults 
(I, 9). In HIV-infected children, a slight decrease in CD4+ 
CD45RA' lymphocytes expressing L selectin has been de- 
scribed (18, 19), and CD8' lymphocytes expressing both L 

FIG. 3. Expression or CD28' on CD3*-, CD4'-. and CD8*-lymphwyte 
rubscrs by HIV status and CD4'-lymphocyte count catcgow. SN, seronegative; 
HlV SP, HIV rcropasilive. The bars rwrcscn: the medians lhorizontal) and thc 
25th and 75th per&ntiies (vertical). 

selectin and CD45RA are markedly decreased (20). CD8+ L 
selectin- lymphocyte counts are elevated in HIV-infected 
adults and predict progression to AIDS (10). The decreased 
expression of L selectin on CD3+ lymphocytes suggests that 
leukocyte rolling along the vascular endothelium and lympho- 
cyte circulation may be impaired during HIV infection. 

In this study, HIV-infected individuals had significantly 
lower percentages and absolute counts of CD3+ lymphocytes 
expressing VLA-4 than did HIV-seronegative individuals, and 
advanced HIV infection was associated with a small decrease 
in CD3' VLA-4' lymphocytes. VLA-4 mediates T-cell adhe- 
sion to the vascular endothelium via two ligands, vascular cell 
adhesion molecule-1 (VCAM-1) and fihronectin (CS-I se- 
quence), and VLA-4 also plays a role in T-cell costimulation 
(21). Relatively little is known about VLA-4 on T lymphocytes 
during HIV infection. 

The percentages of CD3' lymphocytes expressing ICAM-I 
were higher in HIV-infected individuals than in HIV-seroneg- 
ative individuals in the present study, although the absolute 
numbers in the two groups were not significantly different. One 
limitation of the present study was the small sample size of 
those individuals in which ICAM-I was measured. ICAM-I is 
a mcmbcr of thc immunoglobulin gene supc~family and ap- 
pears to play a major role rn monocyte-lymphocyte communi- 
cation (15) as well as in the binding of lymphocytes to the 
vascula;endothelium. No differences were noted inthe exmes- ~ ~ - ~ ~ ~ ~ -  ~~~ ~ 

sion of ICAM-I on monocytes between HIV-infected and 
HIV-seronegative individuals (15). 

Our findine of increased exoression of LFA-1 on CD3+ 
lymphocytes rn advanced HIV bisease corroborates the find- 
ings of previous studies in which LFA-I expression was up- 
regulated in individuals with more advanced HIV disease (17, 
24). Increased LFA-I expression may facilitate extravasation 

TABLE 2. Expression of CD28' on T lymphocyre subsets . .  ~ 

Cells cxoressinc CD28' lmedian 125th-75th ~ercentile)l 
~ 

Subset HIV-seroncgalive adults HIV-seropositive adults 

18" No. (celluwll P value Yo P value n" No. (cclbipl) P valuc % P value 

CDX' CD?S* 27 281 (208-357) 0.002 58.5 (48.5.67.5) 0.0001 41 156 (91-3011) 0.002 23.2 (16.1-33.9) 0.0001 
CDX' CD28- IOR ( 162-25?) 0.ll~lIl 430 (218-803) 0.0001 

" r r .  numhcr (ti) of pnlienls 
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FIG. 4 (a) Pcrcentagc of CD3* CDZS* lymphoeytcs expressing L selcctin 
(Spearman coirclation cocffisieni = 0.86: P < 0.WOI). (b) Percenlagc of CD3* 
CD28' lymphocytes versus LFA-l"'''h'RF~-ld'm ratio (Spearman correlation 
coefficient = 0.92: P 5 0.00W1). 

of CD3+ through the vascular endothelium into tissues during 
HIV infection. LFA-1 expression is also increased in mono- 
cytes during HIV infection (15). and in vitro studies show that 
there is a twofold increase in LFA-1 expression on HIV-in- 
fected monocytes (6). LFA-1 is incorporated into retroviruses 
from host cells. Increased expression of LFA-I by CD3' lym- 
phocytes could also contribute to more efficient virus infection 
by providing an additional ligand-receptor interaction between 
cell and virus. Recently it has been demonstrated that mono- 
clonal antibodies to LFA-1 increase plasma neutralization of 
HIV (11). 

  he present study corroborates the finding that advanced 
HIV infection is associated with loss of both CD4+ and CD8+ 
lymphocytes expressing the CD2S receptor (3, 5). HIV infec- 
tion of CD4 lymphocytes appears to down-regulate'the expres- 
sion of CD28 (12). The CD28 molccule on CD4' and CDS' 
lymphocytes interacts with the B7 molecule on antigen-pre- 
sentine cells to cenerate signals for the production of interleu- - 
kin 2 and cell proiifer.irian, and tnterliukin ? producrion ~ p -  
oesrs to b: limited lo CD8" CDZH* I>mphocytcs (2). CD8- 
? ~ 2 8 *  lymphocytes appear to play a role in noncytotoxic 
activity that inhibits HIV replication (14), while CD8' CD28- 
lymphocytes have HIV-specific cytotoxic activity (8,25). There 
was a high correlation between the percentages of CD3+ L 
selectin' and CD3' CDZS' lymphocytes in the present study, 
suggesting that CD3' CDZS- lymphocytes probably do not 

express L selectin. The present study showed a negative cor- 
relation between the percentages of CD3+ CD2S+ lympho- 
cytes and CD3+ LFA-~~"S~' /CD~+ LFA-~~'"' lymphocyte ra- 
tio, suggesting that CD3+ CD28+ lymphocytes do not express 
LFA-1. 
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