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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 significantly 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 during calendar year 1997. 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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Infant feeding practices reflect antecedent risk of xerophthalmia
in Nepali children

J Gittelsohn1
, AV Shankar!, KP West Jrl

, R Ram2
, C Dhunget2 and B Dahal2

'Center for Human Nutrition and Division ofHuman Nutrition, Department of International Health, School ofPublic Health, Johns
Hopkins University, 615 North Wolfe Street. Baltimore. MD 21205, USA; and 2Nepal Nutrition Intervention Project-Sarlahi, Nepal Eye
Hospital, Kathmandu, Nepal

Objective: To detennine the relationship between infant feeding history and risk of xerophthalmia due to
vitamin A deficiency (VAD) in early childhood.
Design: A case-control study of previously xerophthalmic and non-xerophthalmic children.
Setting: Rural lowland region of Nepal.
SUbjects: One hundred and fifty-six children (aged 1-6 y old), half of whom previously had xerophthalmia due
to vitamin A-defiCiency, the other half matched by locale, age and the presence and age of a younger sibling
(n= 102).
Methods: Xerophthalmia was detennined by trained ophthalmic assistants on the basis of current Bitot's spots,
corneal xerosis or report of night blindness. Infant feeding history was collected through a diet history method
obtained from the mother ofthe focus child. Exploratory factor analysis was conducted to determine the presence
of underlying patterns in infant feeding practices. Conditional logistic regression was used to estimate odds
ratios.
Results: Mothers of control children tended to have a higher level of education (P < 0.10) and to have fewer
children who had died (P < 0.10) than mothers of case children. Feeding of meat (OR = 0.09, CI = 0.01-0.70) or
fish (OR =0.41. CI=0.17-o.99) with liver, eggs (OR = 0.1 I, CI=0.0I-o.88) and mango (OR = 0.28,
CI = 0.13--Q.60) were protective in association with xerophthalmia in early childhood. Factor analysis uncovered
several distinct patterns in infant feeding, which varied by age of the infant. Only the 'animal flesh' feeding
pattern (factor), practiced in the second year of life, proved significantly protective from xerophthalmia
(OR = 0.43, CI = 0.20-0.94). Feeding patterns of younger children closely paralleled those of their older
siblings with and without VAD.
Conclusions: The study supports the hypothesis that infant dietary practices can influence subsequent risk for
VAD. Our findings emphasize the importance of introducing vitamin A-rich foods during weaning to reduce the
risk of VAD-associated xerophthalmia in the later preschool years.
Sponsorship: The project is funded through Cooperative Agreement No. DAN 0045-A-OO-5094-00 between the
Center for Human NutritionIDana Center for Preventive Ophthalmology, The Johns Hopkins University and The
Office of Health and Nutrition, US Agency for International Development, with additional support from Task
Force Sight and Life (Roche, Basel), and NIH shared instrument grant No. SIO-RR 04060.
Descriptors: infant feeding; diet history; xerophthalmia; vitamin A deficiency; Nepal

Introduction

There is a large literature linking a low, current intake of
vitamin A to xerophthalmia in preschool-aged children
(Blankhart, 1967; Pepping et ai, 1989 Solon et ai, 1978;
Sommer & West, 1996; Tarwotjo et ai, 1982). The evi
dence to date is believed to reflect a pattern of chronically
low vitamin A intakes. Yet, beyond a propensity to wean
early (Khatry et ai, 1995; Tarwotjo et ai, 1982) little is
known about complementary feeding patterns during early
infancy of high-risk children prior to developing clinically
evident vitamin A deficiency 0!AD). Secondly, given that
younger siblings are at a greatly increased risk of develop
ing xerophthalmia (Katz et ai, 1993) and that risk factors
tend to cluster within families (Sommer & West, 1996), it
is of interest to understand early dietary patterns of pre
xerophthalmic siblings in order to identify inadequacies of
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intake and develop more comprehensive dietary counseling
strategies for high-risk families and their children.

The most accurate means of addressing these questions
would include costly longitudinal studies spanning early
infancy through school-age. Therefore, much of the litera
ture linking infant feeding patterns and childhood nutri
tional status has been indirect (Dettwyler & Fishman,
1992), drawing inferences through the examination of
different aged children within the same household.
Murphy et al (1995) observes that nutrient adequacy
tends to be a household characteristic for toddlers and
school children. From a study of 94 toddler-schoolchild
pairs, siblings at high risk of nutrient inadequacy could be
identified with high levels of sensitivity and specificity
from an indicator child. A similar situation exists with
vitamin A deficiency, as siblings .of cases are 7-13 times
more likely to have, or develop, xerophthalmia once they
enter the high-risk age group than children living in house
holds without a xerophthalmic sibling (Katz et ai, 1993). In
Nepal, dietary patterns of xerophthalmic children and their
younger siblings were found to be comparable, both having
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low intakes of vitamin A rich foods (Shankar et ai, 1996),
suggesting that the chronic dietary risk of VAD begins
early in life and concentrates in high risk households. As
Sommer & West (1996) observe, 'For many children, a
weaning diet deficient in vitamin A predicts a vitamin A
deficient diet through the rest of early childhood, and
possibly beyond.'

Although most studies examining dietary patterns of
children with night blindness have found significant differ~

ences in consumption of preformed vitamin A (Shankar et
ai, 1996; Tarwotjo et ai, 1982) and provitamin A food
sources (Pepping et aI, 1989; Solon et aI, 1978; Tarwotjo et
aI, 1982), little evidence exists of the linkage between
infant dietary intake of vitamin A food sources and later
childhood xerophthalmia. An exception is a study by Mele
et al (1991), which looked at xerophthalmic Indonesian
children from o-S y (96% > 2 years) and matched controls,
which found significantly reduced risk of xerophthalmia in
children whose mothers reported feeding them vitamin A~

rich foods regularly during the first year of weaning.
Timing of introduction of key foods may also be

determinant of later childhood feeding and risk. Xeroph~

thalmic children in Malawi were reported to have begun
the weaning process, on average, one month earlier than
non-xerophthalmic controls (3 vs 4 months of age) (West
et ai, 1986). The infant feeding process can be divided into
different stages, each associated with patterns of feeding
and interaction between care giver and child. In Nepal,
Gittelsohn (1991) found that for children less than a year,
72% of the infant-care giver feeding interactions involved
breast-feeding. Zeitlin & Ahmed (199S) looked at infant
feeding in rural Bangladesh over three infant age periods 5
12, 13-18 and 19-23 months and fOood that 'growth stasis'
occurs primarily during the second period, associated with
decreased breast- feeding time and less food intake.

Studies of infant feeding practices conducted within
Nepal reveal a great deal of diversity in infant feeding
practices by etlmic and caste group (Gittelsohn, 1989;
Graves, 1984; Krantz, 1979; Levine, 1987; Panter-Brick,
1991; Reissland & Burghart, 1988). In general, common
patterns identified include lack of feeding of colostrum to
the infant, generally long duration of breast-feeding (2
3 y), lack ofpreparation of specialized weaning foods (such
as cereal paps), and relatively late introduction of solid
foods (after six months of age).

This study describes feeding patterns during the first two
years of life using infant feeding histories of lS6 children
aged l--{)y, half of whom were diagnosed with xerophthal"
mia, the other half selected as age-village-younger sibling
matched non-xerophthalmic controls in rural Nepal. Diet~

ary histories are also examined for the next younger sibling
(if any) in case and control households to determine
whether inter-sibling feeding patterns are correlated.
Using dietary histories in high-risk (for xerophthalmia)
and low-risk households (non-xerophthalmic controls) we
explore the relationship between infant diet and the pre
sence of clinical vitamin A deficiency in early childhood.

Methods

Study design
A case-control study was conducted in three village devel
opment committees (VDCs) totaling approximately IS 000
population in Sarlahi District, located in the central lowland
region of Nepal. Children with clinical signs ofxerophthal
mia or a current history of night blindness were identified
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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 l--{) y. All case children were treated with
200 000 IV of vitamin A on two consecutive days and
referred to the local health post for follow-up. The pool of
control households included those whose surveyed children
exhibited no xerophthalmia and who reported no history of
night blindness in any sibling or the child's mother. Con
trols were matched to case households based on geographic
proximity, ages ofcase and potential controls (±3 months),
and ages of the next yoooger siblings (±4 months), if
present in the case household. Five cases either declined
to participate or migrated from the region. The age dis~

tribution of the 81 case children were as follows: ages 1
2 Y (6 cases), ages 3--4 y (38 cases), ages 5-6 y (37 cases).
An additional three case households were omitted due to
migration of their control coooterpart, resulting in a total of
78 case-control pairs included in the analysis.

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

Etlmographic data were collected for a period of four
months on the following topics: identifying local foods
given to infants and young children aged less than two
years; determining key stages in the life of the infant as
identified by the mother; and identifying appropriate fre~

quency of feeding units. These data were used to develop
an infant diet history instrument which asked the caregiver
to describe feeding of 21 key foods for five different time
periods: the first three days of life, the remainder of the first
month oflife, months 2 through 6, months 7 through 12 and
the second year of life. During each time period, the
caregiver was asked to report the frequency of feeding to
the infant as (a) never, (b) infrequently (3 times per month
or only to taste), (c) somewhat regularly (>3 times per
month to 2 times per week), or (d) regularly (every day or
every other day). Portion sizes were not obtained. Addi
tional questions identified primary decision-makers and
sources of advice for the caregiver in feeding the infant
colostrum and other non-breastmilk foods.

The infant diet history was obtained once for the study
child and once for the next youngest sibling, if any, in all
case and control households. This instrument was adminis
tered 12-18 months after the initial diagnosis of xer
ophthalmia from the February 1992 ocular survey. The
infant diet history was performed by two trained Nepali
female data collectors. In all households, the primary
respondent was the mother of the child. During the inter
view, mothers were asked to sit together with the child
whose dietary history was being ascertained to help
improve recall and avoid confusion with other children.

Data analysis
Frequency of consumption of the 21 key foods examined
in the infant diet history was calculated over the two
year period of the infant diet history. Exploratory factor
analysis was used to identify ooderlying patterns of infant
feeding responsible for covariation in the data. This
method has been applied to examine diets based on food
frequency results in order to identify dietary patterns
(Barker et aI, 1990; Randell et aI, 1990; Schwerin et aI,
1982).
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Factor analysis calculates squared multiple correlations
as prior communality estimates (Hatcher, 1994). The prin·
cipal factor method was used to extract the factors, fol
lowed by an oblique (promax) rotation (An oblique rotation
is preferred when factors to be extracted are considered to
be interrelated). Separate factor analyses were run for ages
one month, 2~ months, 7-12 months, 13-24 months and
1-24 months. A combination of scree test (a plot of the
eigenvalues of the factors) and assessment of proportion of
variance accounted by the factors were utilized to deter·
mine the number of factors to be retained for rotation. In
interpreting the rotated factor pattern, a selected food was
considered to load on a given factor if the factor loading
was 0.30 or greater for that factor, and was less than 0.30
for all other factors. No food item was pennitted to load at
the 0.30 level in more than one factor. Factor scores for
each dietary pattern identified were computed for each
infant by multiplying the factor weight of each food
included in the pattern by the standardized values of the
reported frequency of use, and swnming over all foods in
the factor. Factors were named based on our understanding
of infant feeding in the setting and from the preliminary
ethnographic data.

Many of the factors created include only two foods,
representing a modification of the standard approach to
factor analysis. We feel an exception to the standard
approach is justified as mothers were presented with a
relatively small number of distinct foods.

Matched-pair odds ratios (OR) and 95% confidence
intervals eel) were calculated by conditional logistic
regression to estimate the risk of not feeding or feeding
less of a particular food item or according to a particular
factor pattern of a case relative to a control. To improve the
meaningfulness of the parameter estimates, all covariates
were reduced to binary fonn. Food frequencies were
dichotomized either at the median of the frequency dis
tribution or according to the presence or absence of the
food during the respective time interval. Factor covariates
were dichotomized at the median of the sample distribu
tion. Odds ratios were adjusted for socia-economic status
(SES) which was a scaled variable assessing the number of

different types of key material possessions owned. The final
scale included eight items (in currently usable condition):
(a) flashlights (1+), (b) watch (1+), (c) cycle (1+), (d)
annoire (1+), (e) beds (2+), (f) rooms in the house (2+), (g)
a roof made with tile or cement, and (h) irrigation pumpset.
The Cronbach's alpha (Cronbach, 1951) for this scale was
0.78, indicating acceptable scale reliability, with a mean
score of 3. Those households having a scale score equal or
greater to the mean (3.0) were classified as having a higher
SES (a value of I in regression equation), those below the
mean were classified as of lower status (value of 0).

Results

Background infonnation
Table 1 presents a comparison of basic demographic
indicators in study households. There were no significant
differences between the mothers of case and control chil
dren in tenns of age, number of children born alive,
paternal education and household size. There appears to
be a trend for more child death in case than control
households (P < 0.10). Control child mothers tended to
have greater amounts of education than case child mothers
(P < 0.1 0), although the average number of years was much
less than one year for both groups. There were four house
holds where the father of the focus child was not living, all
of which are case households. More control households
(27.0%) consisted of two or more families living together
than case households (9.8%). There were no significant
differences between case and control households in terms
of religion or caste.

Sources ofadvice and decision-making regarding infant
feeding
Mothers reported themselves and their mothers-in-law as
the decision·makers regarding infant feeding, but the
responses varied by case status. Mothers of cases reported
themselves as the primary decision-maker (39% vs 26%,
P < 0.10), while more control mothers relied on their
mothers-in-law (35% vs 26%, P> 0.10). This distribution

Table 1 Basic demographics of case and control households (11=78 case-control pairs)

Characteristics Case COlltrol P-yalue

x SE x SE

Maternal age (y) 28.9 0.58 28.8 0.62 0.960
Paternal age (y) 33.7 0.75 33.8 0.78 0.920
Nwnber of children born alive' 4.68 0.23 4.62 0.23 0.615
Nwnber of children who diedb 1.01 0.13 0.86 0.16 0.078
Maternal education (yy 0.05 0.05 0,33 0.l4 0.053
Paternal education (y)d 1.71 0.31 3.04 0.44 0.188
Household size" 6.80 0.28 7.55 0.31 0.336

% II % II P-yalue

Religion
Hindu 97.4% 76 93.6% 73 0.440
Muslim/Buddhist 2.6% 2 6.4% 5

Hindu castef
high (Brahmin) 4.0% 3 5.6% 4
middle (ChhetriNiasya) 78.4% 58 80.6% 58 0.810
low (Sudra) 17.6% 13 13.9% 10

'r: 3 or less ys 4+ live children.
bXZ: 0 ys I+ dead children.
cX2

; 0 ys I+ years of mother's education.
d.r: 1 or less ys 2+ years of father's education.
·X2: 6 or less YS 7+ household members.
fOf the 149 Hindu households, caste infonnation was unavailable for I case and 2 control households.



is consistent with the greater likelihood of control house
holds being part of joint or extended households. Almost a
quarter of the mothers reported that their husbands made
the infant feeding decisions.

When asked to identify their main advisors in infant
feeding, the most common responses were a neighbor
(45%) or mother-in-law (32%). Mothers of cases were
significantly more likely to report that they learned about
infant feeding from their mother (15% vs 5%, P < 0.05) or
were selfwtaught (8% vs 1%, P < 0.05), although these
numbers are small.

Patterns of early feeding
Breast-feeding was evident for almost all focus children
and their younger siblings throughout the first two years of
life. Half of the study mothers reported giving their child
colostrum, with no significant differences between cases
and controls. More than 40% of study mothers fed their
children colostrum because they claimed that they "did not
know not to feed it to the child," while less than 5% of
mothers gave colostrum for its health benefits. Of the 50%
ofmothers who reported not feeding their infant colostrum,
half said others had told them not to feed it to their infant
(25%). Some believed that colostrum was dirty (13%) and
others thought that it caused the baby to have diarrhea
(6%). Mothers of cases were significantly more likely than
those of controls to report that they had avoided giving
their child colostrum due to the fear it would cause
vomiting (10% vs 1%). Although many mothers reported
not feeding their infant colostrum, they also reported some
breast-feeding of the child during the first three days oflife
which may indicate that many mothers feed their infants
colostrum when they think they do not.

A majority of mothers (>85%) reported introduction of
foods after six months of age. Early supplemental foods

In!anI feeding practlces in Nepali ,hildren
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include a variety of adult meal foods, such as rice, vege
tables, or fruits, however, the frequency of consumption
was low (3 times per month). Regular consumption of these
foods were reported in the second year of life.

Frequency offeeding of individual foods
Table 2 compares differences in feeding 21 different foods
between case and control children in their first two years of
life. Preformed vitamin A sources consumed during infancy
were strongly associated with reduction of risk for xer
ophthalmia in later preschool years. Consumption of any
meat (usually with some liver) in the first two years of life
was associated with a 91% reduction in risk (OR=0.09,
CI = 0.0 I-D.70) of xerophthalmia. Consumption of fish
(usually in small amounts) was associated with a 59%
reduction in risk (OR= 0.41, CI = O.17-D.99) for xer
ophthalmia. Of the various carotenoid sources considered,
only mango intake was associated with significant pro
tection against subsequent xerophthalmia (OR = 0.28,
CI = 0.13-0.61), whereas dark green leafy vegetables
(DGLV) intake was not (OR = 1.32, CI = 0.65-2.66). Con
sumption of animal milk was also greater in control housew
holds (OR =0.56) although the confidence intervals
included unity. Foods low in vitamin A content were not
associated with significant differences in risk between case
and control children.

Analyses comparing the infant feeding pattern of focus
children with that of their younger siblings (age 24+
months at time of interview) shows remarkable conformity
in the pattern of feeding (Table 3). As would be expected,
the infant histories of younger siblings is highly correlated
with that of their older counterparts in the same household.
This finding is supported by correlations in sibling's fre
quency of consumption of specific, vitamin-A rich food
items. Preformed vitamin A foods exhibited high correla-
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Table :% Case-control differences in frequency" offeeding of21 key foods over first 24 monthsb (n = 78 age-
matched case-control pairs)

Food consumption Cases Controls AdjustedC Odds Ratios
(%) (%) (95% Cl)

Vitamin A sources
Mother's milk (0-24) daily 100 97
Meat (2-24) ever 85 97 0.09 (0.01-{1.70)d
Fish (7-24) ever 69 82 0.41 (0. I7-O.99)d
Mango (7-24) infrequently 37 64 0.28 (0. 13-0.6O)d
Animal milk (0-24) infrequently 40 51 0.55 (0.26-1.15)
DGLVs (7-24) infrequently 40 35 1.29 (0.64-2.59)
Papaya (7-24) infrequently 29 29 1.00 (0.49--2.05)
Other breast milk (0-24) ever 26 23 1.22 (0.51-2,95)
Eggs (7-24) infrequently 3 13 OJI (0,0I-O.88)d
Malt drink (7-24) ever 3 4 0.67 (0.11-3.99)
Powdered milk (0-24) ever 3 4 0.50 (0.05-5,51)

Non-vitamin A sources
Sweet potato-white (7-24) ever 91 95 0.57 (0.17~1.95)

Rice and dal (7-24) regularly 69 72 0.88 (0.43--1.79)
Other vegetables (7-24) regularly 64 60 1.25 (0.59--2.67)
Traditional tonic (2-24) ever 51 46 1.24 (0.65-2.34)
Watery rice dat mix (7-24) infrequently 56 60 0.83 (0.42-1.65)
Unleavened wheat bread (7-24) regularly 45 46 0.93 (0.44-1.98)
Honey (0-24) infrequently 42 37 1.25 (0.65-2.41)
Banana (7-24) infrequently 38 36 1.13 (0.57-2.21)
Glucose water (7-24) ever 14 10 1.43 (0.54-3,75)
Broth (7-24) ever 12 13 0.86 (0.29--2.55)

"Infrequent consumption over the specified time period refers to >once a month to 2 times/week; regular
consumption refers to 3 or more times per week.
bThe period for which any specific food was eaten is designated as months in the 0 since many foods were not
introduced until the seventh month.
"Odds ratios are adjusted for SES.
dp < 0.05.
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"Only younger siblings age >24 months at time of interview used.

Table 3 Correlations in siblings' feeding patterns and reported
frequency of conswnption of selected food items (1/ = 67 focus child and
younger sibling pairs")

Month 1 feeding patterns
Only one factor was extracted for this time period. Most of
the 21 foods were not included in the factor as they were

tions in reported two-year consumption frequencies
between siblings. Carotenoid sources were somewhat less
consistently correlated, perhaps reflecting the influence of
seasonal variability in their availability.

Months 2-6 feeding patterns
Two factors were extracted for months 2-6. The first factor,
labeled 'side dishes' includes vegetable dishes and meat
dishes. In the 2-6 month age period. side dishes are
occasionally given to small children to taste. Of those
children who reportedly received these foods at this age,
all were fed rarely or just to taste. The second factor,
labeled 'snacks' includes sweet potatoes and honey. About
a third of the infants reportedly received honey at least
occasionally during this time period and a few received it
once a week or so. No differences were observed between

never given to such young infants. Breastmilk does not
appear in the factor because all children received it several
times daily. The factor, labeled 'other milks,' consists of
other women's breastmilk, animal milk and honey. No
differences were observed between case and control chil·
dren in the frequency of feeding for this scale.

"Odds ratios adjusted for SES (as determined by material possessions
score).
bp<0.05.

Table 5 Adjusted" matched-pair odds ratios for xerophthalmia based on
infant feeding patterns (factors) (n = 78 matched case-control pairs)

Age period Factors Adjusted 95%CI
odds ratio

0-1 month Other milks 1.17 (0.75-1.83)
2-6 months Side dishes 1.23 (0.72-2.09)

Snacks 1.46 (0.71-3.02)
7-12 months Regular meal items 1.09 (0.6&-1.74)

Snacks 1.15 (0.7~1.75)

Powdered supplement 0.S7 (0,4~1.65)

Sick foods 0.78 (0.42-1.45)
13-24 months Infant foods 0.58 (0.1~2.07)

Animal flesh 0.43 (0.2Q-O.94)b
Regular meal items 0.75 (0.43-1.27)

0-24 months Regular meal items 0.94 (0.59-1.51)
Breastmilk 2.77 (0.65-11.71)
Animal flesh 0.57 (0.35-0.92l
Sick foods 0.95 (0.55-1.64)

0.0002
0.0004
0.0454
0.0001
0.1020
0.0464
0.0784

0.0001
0.0064
0.2687

0.0014
0.0012
0.0013
0.0001
0.0001
0.0001

0.54
0.33
0.14

0.44
0.42
0.25
0.45
0.20
0.24
0.22

0.38
0.39
0.38
0.66
0.50
0.53

Correlalioll between siblillgs

Speannan 's rallk corre/atioll P value

Specific food items

Prefonned vitamin A sources
Meat
Fish
Traditional tonic
Animal milk
Other breast milk
Eggs

Carotenoid sources
Mango
DGLVs
Papaya

Non-vitamin A foods
Sweet potato (white)
Rice and dal
Other vegetables
Watery rice and dal mix
Unleavened wheat bread
Honey
Banana

Results offactor analysis
The infant feeding patterns identified in this study using
factor analysis are presented in Table 4. Factors were
extracted separately for month 1, months 2-5, months 7
12, months 13-24 and a1124 months. Case-control compar
isons of these feeding patterns are swnmarized in Table 5.

Table 4 Exploratory factor analysis results for infant feeding patterns (11 = 156 case and control focus children)

Age ofillfant Factor 1 Factor 2 Factor 3 Factor 4

I month Other milks:
Other breastmilk,
Animal milk,
Honey

2--6 months Side dishes: Snacks:
Vegetable dishes, Sweet potatoes,
Meat dishes Honey

7-12 months Regular meal items: Snacks: Powdered supplements: Sick foods:
Wheat bread, Broth, Glucose water, Malt drink,
Vegetable dishes, Mango Powdered milk Eggs
DGLVs,
Rice and dal,
Sweet potatoes,
Meat dishes

13-24 months Infant foods: Animal flesh: Regular meal items:
Breastmilk Meat, Papaya,
Vegetable dishes, Fish Wheat bread,
Not powdered milk Animal milk,

DGLVs,
Water rice dal mix

1-24 months Regular meal items: Breastmilk: Animal flesh: Sick foods:
DGLVs, Breastmilk, Meat, Malt drink,
Vegetable dishes, Not powdered milk Fish Traditional tonics
Papaya,
Watery rice dal mix,
Broth,
Wheat bread



case and control children in the frequency of feeding for
either of these scales.

Months 7-12 feeding patterns
Four factors were extracted for months 7-12. The first
factor, labeled 'regular meal items' includes unleavened
wheat bread, vegetable dishes, dark green leafy vegetables,
rice and dal (mixed together), sweet potatoes and meat
dishes. Most of these foods were given rarely or to taste to
infants in this age group. The exception was rice and dal:
over 70% of infants received the staple meal regularly.

The three other factors extracted include: 'snacks' (broth
and mango), usually given only rarely or to taste; 'pow
dered supplements' (glucose water and powdered milk),
and 'sick foods' (malt drink and eggs). No significant
differences were observed between cases and control for
any of these patterns.

Months 13-24 feeding patterns
Three factors were extracted for months 13-24. The first
factor, labeled 'infant foods', includes breastmilk, vegeta
ble dishes and no powdered milk. In the second year, most
infants (98.7%) are still being breast~fed regularly. The
second factor, 'animal flesh' includes meat and fish (includ
ing liver). Over 90% of study children reportedly received
these foods during the second year of life-tbe majority of
them infrequently. The third factor, labeled 'regular meal
items' includes papaya, roti, animal milk, DGLVs and
watery rice-dal mix. Significant differences between cases
and controls were observed for the 'animal flesh' intake
which was associated with a 57% reduction in risk for
xerophthalmia for this age group (OR =0.43, CI:= 0.20
0.94).

Overall feeding patterns in first two years
When all infant feeding periods are combined (weighted for
duration), four factors were extracted, including (I) 'reg
ular meal items' (DGLVs, vegetable dishes, papaya, watery
rice dal mix, broth, unleavened wheat bread), (2) 'breast
milk' (breastmilk, no powdered milk), (3) 'animal flesh'
(meat and fish), and (4) 'sick foods' (malt drink and
traditional tonics). As in the 13-24 month age group, the
only significant infant feeding pattern differentiating
between cases and controls is the 'animal flesh' pattern.
More frequent feeding of these foods was associated with
an odds ratio of 0.57 (CI =0.36-0.92).

Discussion and conclusions

Households where there is at least one xerophthalmic child
have been shown to live in relatively greater poverty, with
less land and fewer material possessions (Cohen, 1985;
Khatry et aI, 1995). Within these households, more than
one household member may be at risk, including the
mother (Katz et aI, 1995) and other siblings (Katz et aI,
1993). Dietary behaviors (those low in vitamin A-rich food
sources) during infancy may be a contributing factor to
clinical deficiency by early childhood. From these data it
appears that feeding patterns during infancy, as early as
seven months, are associated with children's risk of devel
oping xerophthalmia later in the preschool years. This
relationship is primarily related to the feeding of preformed
vitamin A sources, namely meat and fish, both usually with
liver. While these foods are given to infants in very small
quantities, consumption of these foods may be indicative of
a diet that is of better nutrient quality, enough to swing the

Infant feeding practi~s in Nepali (hildren
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balance away from clinical manifestations of VAD later in
life. These results are evident despite the problems inherent
to conducting a recall of feeding behaviors of two to five
years in the past.

Distinct patterns in the feeding of infants can be identi
fied in this population. These patterns may be generally
divided into five main clusters of foods: milks, regular meal
items, sick foods, animal flesh and snacks. The foods that
make up these food groups vary by age of the infant. Very
few of these patterns appear to differentiate between
xerophthalmic children and their non-xerophthalmic
peers. Further work needs to be done to ascertain the
value of these categories of infant diet in terms of their
effect On other health outcomes.

On the other hand, describing these food groupings
appear to be helpful in identifying the different stages of
the infant feeding process in this setting. In the first six
months of life, most children are primarily breast-fed, and
there are very few other food clusters of importance. The
two major groups that exist are limited to infrequent tasting
of certain food items and side dishes. Feeding of regular
meal items does not appear to be important until the 7-12
month age period. Here, the early 'side dishes' factor
broadens to include staples, DGLVs and potatoes, and the
composition of snacks evolves as well. Two other impor
tant food groups appear to come into play: powdered
supplements and foods given especially to sick children.
Both of these food groups are noted by parents as remedies
to children who experience greater morbidity due to the
introduction of weaning foods.

There is relatively little variation in feeding during the
first year of life as nearly all children are breast-fed;
mother's tend to report not feeding colostrum; 85% are
reputed to have been exclusively breast-fed over months 2~

6 and 11.5% have only one additional food item. These
findings are in accordance with other ethnographic studies
conducted with women in this part of NepaL Reissland &
Burghart (1988) found a universal discarding of colostrum
by Maithili-speaking mothers living in Janakpur. While
half of our mothers reportedly avoided giving their infant
colostrum, the other half did not, indicating a difference
between belief and stated behavior in this population.

Significant variation in feeding patterns begins during
the second year of life, when the child begins consuming
small portions of the household meaL Based on a one-time
remote recall of early infant diet, our findings indicate that
consumption of preformed vitamin A foods, particularly
meat (with liver), is important in differentiating later risk of
xerophthalmia. Although direct comparisons between past
infant diet and present childhood diet (which were obtained
using four 7 d food frequencies of the preschool aged child)
(Shankar et aI, 1996) are not possible due to differences in
the data collection methods used, it appears that this dietary
pattern continues to distinguish case from control children
throughout early childhood.

Many studies have shown that current or recent diet of
children with xerophthalmia is low in vitamin A-rich foods
when compared to non-xerophthalmic, similar aged chil
dren. Our study indicates that, in this setting, dietary risk
factors for xerophthalmia in young children extend back
into the infant feeding period.

These findings suggest that efforts to improve the dietary
quality of young children should extend to infants in areas
of high risk of VAD. In rural Nepal, early infant dietary
intake of vitamin A-rich foods cannot be said to be directly
responsible for later childhood xerophthalmia, but do
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appear to indicate greater risk for childhood diets that are
deficient in vitamin A. The evidence from our study and
others strongly suggest that in households with at least one
xerophthalmic preschool aged child, nutrition intervention
programs should be inclusive of infants and other young
(prexerophthalmic) children. Appropriate dietary strategies
should target all infants and children in high-risk households.
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VlTAMIN A DEFICIENCY AMONG FORMER AND CURRENT INJECTING
DRUG USERS IN BRONX. NEW YORK
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College of Medicine, Bronx. New York.

ABSTRACT

The prevalence of vitamin A deficiency was studied cross-sectionally in 135
HIV-infected and 45 HIV~uninfected high risk former and current injecting
drug users (lDUs) in the Bronx. New York. Vitamin A levels were similar by
serostatus: 35% (47/135) of HIV-seropositive and 33% (15!45) of HIV
seronegative subjects had serum vitamin A levels consistent with deficiency
« 1.05 JimoVL); 17% HIV-seropositive and 11 % HIV~seronegative subjects
had severe vitamin A deficiency «0.70 I£moJlL). Among the HIV
seropositive subjects women were significantly more likely to be vitamin A
deficient (29%. 27/92 of males versus 40%, 17/43 of females, p=O.05).
Median serum vitamin A was associated with CD4+ levels previously found to
be prognostic of disease progression in this cohort; O.811£mo1fL versus 1.19
I£mollL for < 150 and ~ 150 cells/mm) respectively, p= 0.02. Serum vitamin
A levels were significantly associated with hemoglobin levels in HIV- infected
individuals only (Mantel Haenszel trend. p=O.05). Further study of vitamin A
deficiency and infectious disease morbidity in HIV-infected and uninfected
high risk IDUs may be warranted given the high prevalence of yitamin A
deficiency among this cohort of IDUs and the association of vitamin A with
infectious disease morbidity.
o lmElr_Sc:lcncoolno.

Key Words: Vitamin A deficiency, Injecting Drug Use, HIV infection
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INTRODUCTION

Vitamin A is an essential micronutrient for immunity, growth, reproduction,
maintenance of epithelial surfaces and vision (1). Among the micronutrients, vitamin A plays
a central role in nonnaI immune function (2), and vitamin A deficiency has long been
associated with infections and increased morbidity and mortality (3-7). Vitamin A deficiency
is characterized by a wide variety of immune alterations, including loss of CD4+ T-cells
from lymph nodes and periph.eral circulation, and impaired antibody responses (2,8,9).
Characteristics of HIV infection are loss of circulating CD4+ T-cells and impaired antibody
responses (8-9). These immune abnormalities have also been reported in IDUs without HIV
infection(10). Vitamin A deficiency may be of particular impcrtance i.~ H!V i.'1fection
because the occurrence of the two conditions may be additive or synergistic in causing
immunodeficiency with the potential for more severe clinical out.eome.

Vitamin A deficiency has been reported in various populations in the United States
infected with HIV, including homosexual men and injection drug users (lDUs)(ll-lS). The
reported prevalence of vitamin A deficiency varies, ranging from 11 %-29% with the higher
rates in studies of patients with AIDS or AIDS related complex. Vitamin A deficiency bas
been reported to occur in approximately 15 % of HIV-infected injection drug users in
Baltimore, Maryland (16). We conducted a cross-sectional study. to determine the extent of
vitamin A deficiency among HIV-infected and HIV- uninfected IDUs in the Bronx, New
Yorlc. City.

MEUIODS

The study sample was selected from mus who are participating in an ongoing
longitudinal study of the natural history of HIV infection in current and former injecting drug
users attending a methadone maintenance program in the Bronx, New York. In January
1994, a random sample of 135 mv seropositive and 4S mv seronegative subjects with
research visits in the previous 18 months was selected for this cross-sectional study. Pregnant
women were excluded from the present study based on self lq)C)rt data. .

Methods for the ongoing longitudinal study have been previously described (17). In
short, bi-annual research visits are scheduled at which time standardized intcl'views are
administered (including drug use and medical histories). physical examinations and
phlebotomy are performed. Laboratory analysis includes HIV-I antibody testing by enzyme
immunoassay (EIA) with confirmatory testing by Western Blot (Abbott Laboratories. North
Chicago, Illinois; DuPont, Wilmington Delaware, USA). Complete blood counts and
lymphocyte subset analyses are perfonned at the New York Blood Center (New York City.
New York, USA).

Data collected as part of the ongoing longitudinal study and used for the present
analysis included CD4+ and CD8+ cell counts per mm', hemoglobin (hgb) levels, drug use
(heroin. cocaine, alcohol) and injection history in the six months prior to the date of the
blood specimen, methadone dose, age, zidovudine use, height and weight at the time of the
blood specimen and clinical disease status. Symptomatic status is defined as dianhca or fever
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for greater than two weeks or unintentional weight loss (not attributed to drug use) of more
than five pounds. AIDS was defined according to the 1987 Centers for Disease Control
definition (18). Body mass index (BMl) was calculated (Quete1et)(19) as weight
(kilograms]/hcight1 [meters) and converted to BMI percentiles by age for males and females
using standard anthropometric charts (20). serum specimens from the subjects' most recent
visit stored at -7rrc were retrieved for vitamin A measurements. Serum vitamin A levels
were measured using high-performance liquid chrornatogt2phy (21), and quality control was
monitored with vitamin A refcrenc:c standards from the National Institute of Standards and
Technology (Gaithersburg, Md, USA ).

Vitamin A levels were categorized similarly to other studies and were as follows:
<0.70 pmoUL, 0.70-1.04 pmoUL, 1.05-1.39 pmoVL and ~ 1.40 p moUL (16). Deficiency
was defined at < 1.05 .umoVL and severe deficienc.y ~t <0.70 J,LmollL (22). Low 11gb 'A'aS

defined as < 13.51 dL for males and <12.5 g1dL for females. CD4+ cell count was
categorized as <200, 2()()..SOO and >500 cells/mm'. As previous work in our cohort found
CD4+ cell counts of <150 cellsImmJ to be prognostic of AIDS defining clinical
conditions(23), we examined the association of vitamin A levels and CD4+ cell count using
both CD4+ cell count above and below 200 and above and below 150 cells/mm'.

Data analysis was performed using SAS (SAS Institute, Inc. Cary, North Carolina
USA). Univariate tests of association were performed using chi square or Fisher's exact test
(24). Multivariate logistic regression was used to evaluate the association of vitamin A and
anemia and to examine vitamin A deficiency as the dependent variable. Interaction and
confounding effects were evaluated (24).

Modeling was accomplished by backwards stepwise regression. Variables selected for
the final model were based on the likelihood ratio statistic (LRS), i.e., twice the change in
the model likelihood. Criteria for inclusion in the fmal model was a LRS with a significant
chi~square for the corresponding degrees of freedom Le., ~3.8 for 1 d f, or a change in the
OR of variables in the model of more than 10%. The adjusted odds ratios (OR..t;) are
presented with the corresponding 95% confidence intervals (95% CI). All tests were two
tailed with Qt =0.05.

RESULTS

A total of 135 mV-infected and 45 mv-uninfected IDUs were evaluated. Table 1
presents the distribution by mv serostatus for demographic, drug history and clinical
characteristics. A significantly lower proportion of the seropositive subjects were females. A
significantly greater proportion of the seropositive subjects used cocaine while there was no
difference in alcohol or injection use.

No SUbject reported a history of chronic fever during the six months prior to and
including the time of blood drawing. To assess whether methadone was affecting serum
vitamin A levels, we examined the relationship between serum vitamin A and methadone
dose. There was no evidence of a relationship between vitamin A levels and methadone dose
and no difference in vitamin A deficiency or median vitamin A levels between the lowest and
highest methadone dose categories (data not presented).

Serum vitamin A levels did not differ significantly by HIV serostatus. At least one
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third of both the mv seropositive and HIV seronegative subjects had vitamin A deficiency
(< 1.05~moUL). Seventeen percent of the mv seropositive subjects and 11% of the HIV
seronegative subjects had severe vitamin A deficiency «0.70 JlrnoVL). (See table 1)

Table 2 shows the percentage of viain A deficient individuals by HIV sc:rostatus.
for demographic, drug history and clinical characteristics. Among HlV Seropositive subjects.
females were significantly more likely to be vitamin A deficient (p=O.OS); median vitamin A
levels were 1.11 I&mollL for women and 1.29 pnollL for men, p=O.06. There was no
difference in vitamin A levels between those subjects with <200 and ~200 cells/mm3•

Median serum vitamin A was significantly lower for those with CD4+ < ISO celIsImm'
compared to those with CD4+ ~ 150 ceUslmm3

, a level previously found to be prognostic in
our cohort (0.81 JlmoIJL versus 1.19 I£moIIL for <150 iUid ~ ISO cclWmm ~vely,

p=O.02). Vitamin A deficiency was present among 37% of asjmptomatic patients, 28% of
symptomatic patients, and 30% of AIDS patients. Mean hgb was significantly lower in the
vitamin A deficient individuals(12.4 gldL versus 13.0 g1dLrespectively. p-O.04). Figure 1
shows the relationship between vitamin A levels and low hgb among the mv seropositive
subjects. Among those with the lowest vitamin A levels, 68% were anemic compared to 41 %
in the highest vitamin A category.

Among HIV-seronegative subjects, femaIes also tended to be more vitamin A deficient
(p=O.08). Vitamin A levels were lower, albeit not significantly so. for HIV seronegative
women compared to men (median vitamin A of 1.03 IlmollL for women compared to 1.27
IlmollL for men, p=O.2S). Fifty -seven percent of the mv seronegative women had vitamin
A deficiency compared to 29 % of the men. The lack of statistical significance is likely due to
the small sample size and inadequate power. Vitamin A deficiency was not associated with
low hgb among the mv seronegative individuals.

Multivariate

Among the HIV seropositive individuals female gender was independently associated
with vitamin A deficiency after controlling for BMI, CD4+ cell count and age (OR...; 1.84;
95% CI 1.16-2.93). Table 3 presents the OR...; and 95% CIs for the final model. Results
were similar using CD4+ cell count categorized as <150 and ~ 150 cells/mm) or CD4+

categories « 200,20Q-499 and 2:500 cellslm3
• Among the mv seronegative subjects. a

multivariate analysis that included BMI. drug history and age revealed no statistically
significant independent associations with vitamin A deficiency (data not shown). There were
too few women to include gender in the analysis.

DISCUSSION

In the present study I 35 % of the mv seropositive subjects and 33% of the HIV
seronegative subjects had vitamin A deficiency. The prevalence of vitamin A deficiency in
our HIV-infected subjects is notably higher than the 15% reported by Semba et al in another
sample of HIV-infected IDUs in Baltimore, Maryland (16). Other studies in HJV-infected
individuals with diverse risk behaviors have reported the prevalence of vitamin A deficiency
ranging from 11-29% (11-15). The higher rates were reported in study samples consisting of
patients with more advanced stages of mv disease, those with AIDS or AIDS related
complex (13). One study that included mv seronegative homosexuals found 0% were
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TABLE 1
Distribution by Serostatus for Demographic, Drug History • Clinical ChaI3cteristics and
Vitamin A Levels Among IUV·Infected Injecting Drug Users

vitamin A deficient (11). Our study suggests that IOUs in the Bronx, New York City have
among the highest prevalence of vitamin A deficiency reported in adult population based
studies in the United States to date. Severe vitamin A deficiency « 0.70 I&moVL) was
present in 17% of our HIV. seropositive subjects. a prevalence comparable to the 22%
~ by Karter et a1 in hospitalized AIDS patients (2S). As only 30% of our subjects

Racelethnicity
White 15(11) 9(20)
Black 12( 9) 6(13)
Hispanic 108(80) 30(67)

Age Group'
<35 yrs 68(51) 25(56)
~35 yrs 65(49) 20(44)

Gender
Female 43(32) 7(16)
Male 92(68) 38(84)

Methadone Dose'
<60 mg 57(42) 15(33)
~ 60mg 76(57) 30(66)

Low hemoglobin" 69(51) 12(27)
Serum Vitamin A

< 0.70 I&moUL 23(17) 5(11)
O.7Q-1.04l&moVL 24(18) 10(22)
1.05-1.39 ~moVL 39(29) 15(33)
~ 1.40 I'moUL 49(36) 15(34)

Body Mass Index
<25th percentile 67(50) 26(58)
2S-5Oth percentile 26(19) 5(11)
>50th percentile 42(31) 14(31)

Alcohol use (prior 6 mos.) 38(28) 11(24)
Injection use (prior 6 mos) 43(32) 12(27)
Cocaine usc (prior 6 mas) 66(49) 9(20)
Cocaine or crack use (prior year) 76(56) 16(36)
CD4" cell count

< 200 cells/mm' 47(35) 0
200·500 cells/mm' 48(36) 0
~500 cells/mm' 40(30) 45(100)

• Chi-square and Fisher's exact test
II 2 subjectS are missing data
··Low hemoglobin: < 13.5 g/dL males; <12.5 g/dL females
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TABLE 2
Proportion with Serum Vitamin A Deficiency « LOS ",moIlL) by Serostatus for

Demographic, Drug History and Clinical Characteristics Among Injecting Drug Users

Scru

Variable+ nlN (percent)
lUV+ HIV-

ill

-Females were more likely to be vitunin A deficient; p=O.05 for HlV seropositive and
p=O.08 for HlV negatives.

Racelethnicity
White 4/15 (27) 3/9 (33)
Black 6/12 (50) 2/6 (33)
Hispa,rlic 37/108 (35) 10/30 (33)

Age Group
<35 yrs 23/68 (34) 8/25 (32)
0!:3S yrs 24/65 (37) 7120 (3S)

Gender-
Female 20/43 (46) 4n (57)
Male 27/65 (29) 11/38 (29)

Body Mass Index
<25th percentile 25/67 (37) 6/26 (23)
25-5Oth percentile 9/26 (35) 2/5 (40)
>50th percentile 13/42 (31) 7/14 (SO)

Alcohol use(previous 6 mos.)
Yes 13/38 (34) 3/11 (27)
No 34/97 (3S) 12/34 (35)

Injection use(previous 6 mos.)
Yes 13/43 (30) 4/12 (33)
No 34/92 (37) 11/33 (33)

Cocaine use(prcvious 6 mos.)
Yes 25/66 (38) 1/9 (11)
No 22/69 (32) 14/36 (32)

Cocaine or crack use (previous year)
Yes 29n6 (38) 4/16 (2S)
No 18159 (31) 11/29 (38)

An acute phase response is unlikely to be responsible for the vitamin A deficiency in
this cohort as both mv infected and uninfected IDUs had high levels of vitamin A deficiency
and there were no reported infections at the time or in the six months prior to the vitamin A
determination. 'Ibis study also found no evidence to suggest a relationship between specific

were symptomatic or had AIDS defining clinical conditions at the time of the serum
determination, these data suggest that a high proportion of lUV-infected subjects in our
cohort may be vitamin A-deficient before the onset of clinical symptoms. Similar to previous
studies, women in this study population were more likely to be vitamin A deficient (1).
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FIGURE 1
Serum Vitamin A and Low Hemoglobin Among HIV Seropositive Injecting Drug Users
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Mantel Haenszel trend test, p=O.OS.

TABLE 3
Adjusted Odds Ratios (OR.;> and 95 % Confidence Intenrals (95% CI) of Logistic
Regression for Vitamin A Deficiency Among lllV-Infectcd Injecting Drug Users

illicit drug use and vitamin deficiency. In this population, which is predominantly Hispanic,

iitive and

)Ul'

previous
1).

.cy in
leficiency
tamin A
pecific

Variable O~

Gender
Men 1.00
Women 1.84

Body Mass Index
>50th percentile 1.00

.25th-50th percentile 1.57
< 2Sth percentile 2.44

CD4+ cell count
>500 ccl1s/mm3 1.00
2~SOO cellsImm3 0.67
<200 cells/rnm3 0.81

Age Group
<35 years 1.00
c:3S years 1.46

(95% CI)

(1.16-2.93)

(0.52-4.75)
(0.90-6.72)

(0.25-1.80)
(0.32-2.04)

(0.66-3.22)
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inadequate dietary intake is the most likely explanation for the notably high proportion of
individuals with vitamin A deficiency. Othet' biological mechanisms contributing to low
vitamin A levels may include high, abnormal urinary losses of vitamin A during mv
infection (26) and gener.U. hepatic depletion of vitamin A, which has been well described with
infections (27).

The importance of vitamin A lies in its role in immunity to infectious diseases which is
exemplified by the well recognized relationship between vitamin A and infectious disease
morbidity and mortality. Vitamin A is an immune enhancer and an essential co-fador in T
and lkell activation and growth (2,38-30). It also plays a major role in the maintenance of
mucosal epithelium (31) and is necessary for nonnal differentiation of hematopoietic stem
cells (32). Deficiency of vitamin A is characterized by a loss of CD4+ cells (8,9) and is
associated with impaired hematopoiesis and anemia (33). Vit:uflin A supplementation trials in
clinically and subclinically deficient childn:n have been associated with restored immune
function, reduction in anemia, and reduced infectious disease morbidity and mortality (2,34
36). The biological basis for the reduction in morbidity and mortality by vitamin A appears
to be immunopotentiation, which has been demonstrated in both animals and humans with
nonnal and deficient vitamin A s1atUS (2,28-30,37).

In the present study, median vitamin A levels among seropositive subjects were
significantly associated with CD4+ cell count levels previously found to be prognostic of HIV
disease progression in,our cohort « 150 versus Cl: 150 ~Uslmm). These findings corroborate
previous findings of vitamin A levels and CD4+ cell count in HIV infected IDUs (16). Of
particular interest, is the fact that vitamin A deficiency, while marked in both HIV
seropositive and seronegative subjects in our study, was associated with low hemoglobin only
among the HIV seropositiv:e subjects. While the association of vitamin A deficiency and low
hemoglobin is consistent with other'data (16,36,38), our finding of this association only in
the mv seropositive subjects may suggest an interaction between low vitamin A and HIV
infection. Vitamin A deficiency may contribute to nutritional anemia through impaired iron
mobilization and the resulting decrease in iron available for red cell formation (38).

Injecting drug users represent an increasing proportion of the HIV·infected population.
As drug use is generally associated with lower socio-economic status these individuals may
be at greater risk of micronutrient deficiency. A carefully designed study to look
prospectively at the relationship between vitamin A deficiency and infectious disease
morbidity in lDV- infected and uninfected high risk IOUs may be warranted, particularly
given the high prevalence of vitamin A deficiency observed in our cohort. It is possible that
the marked degree of undernutrition and potential. metabolic alterations associated with drug
use itself may promote vitamin A deficiency. Intake of fat, zinc and protein are necessary for
vitamin A absorption and utiIiution (39). Co-existing deficiencies in these nutrients may also
impact on vitamin A levels in mv-infected individuals. Studies of specific micronutrients
and HIV disease progression suggest an association with vitamin A deficiency along with
other micronutrlents(40-42). Among mv·infected IDUs serum retinol levels were associated
with lower circulating CD4+ T-«1ls and higher mortality (16,42). Among mV-infected
homosexuals a higher intake of vitamin A was associated with increased CD4+ T lymphocyte
count (40) and moderate intakes were associated with slower progression to AIDS(41). A
more complete characterization of micronutrient deficiencies among IOUs is needed as
micronutrient supplementation might provide an inexpensive, low cost intervention to reduce
disease morbidity and mortality among HIV-infected and uninfected high risk IOUs.
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Sampling Designs for Xerophthalmia
Prevalence Surveys
JOANNE KATZ,. STEVEN S YOON,* KARL BRENDEL" AND KEITH P WEST JR"

Katz J (Department of International Health, Johns Hopkins School of Hygiene and Public Health, Room 5515, 615
N Wolfe Street, Baltimore, MD 21205-2103, USA), Yoon S S, Brendel K and West K P Jr. Sampling designs for
xerophthalmia prevalence surveys. Internationat Journal of Epidemiology 1997; 26: 1041-1048.
Background. The purpose of this study was to estimate the bias and design effects associated with the Expanded Pro
gram on Immunization's (EPI) sampling design when estimating xerophthalmia prevalence. and to estimate the savings
associated with EPI in terms of distance travelled within selected clusters.
Methods. Computer simulation of the EPI sampling strategy was done using maps from a xerophthalmia survey of
40 wards in Sarlahi district, Nepal. Samples of fixed cluster sizes of 7, 10, 15, 20 and 25 were compared. The estimated
prevalence using the EPI design was compared with the true prevalence in the 40 wards to estimate the bias. The design
effect was estimated by taking the ratio of the variance under EPI sampling to that of stratified random sampling (SRS)
with lixed cluster sizes. The EPI was also modified by increasing the distance between selected houses from nearest
neighbour to skipping 1-4 houses between selected ones, The difference between the distance travelled within clusters
using SRS compared with EPI was weighed against the bias and increased variance.
Results. The prevalence of xerophthalmia was 2.8%. The EPI design overestimated xerophthalmia prevalence by be
tween 0.27% and 1.16%. The design effects of EPI cluster sampling within wards varied between 0.73 and 1.35. Neither
the bias nor the design effect was related to distance between households or cluster size. Distance travelled within wards
was always less for EPI designs with Cluster sizes of 7 or 10. There was no saving in terms of distance travelled for
designs with cluster sizes from 15 to 25 if there were two or more houses between selected ones. For fixed cluster sizes
of 15 or fewer, the EPI sampling design using nearest or next nearest neighbours is a better choice than SRS in terms
of minimizing the distance travelled and the mean square errOr.
Conclusions. The choice of an optimum method would need to account for the density of clusters and difficulty of travel
between Clusters, as well as the costs of travel within clusters. Based on certain assumptions. EPI with t5 children per
cluster would be favoured over examining all children in selected wards unless the travel time between wards was more
than 2 days.
Keywords: sampling, survey, vitamin A deficiency, xerophthalmia, Nepal

Xerophthalmia is the leading cause of childhood blind
ness worldwide. I - J Children with xerophthalmia have
been shown to be at increased risk of mortality,4 morbid
ity.5-1 and poor growth.R In areas where xerophthalmia
is a public health problem. vitamin A supplementation
with capsules or through fortification can reduce mor
tality by an average of 23% and avert between one and

two million deaths annually among children aged 1-4
years.9• IO A number of existing national vitamin A sup
plementation programmes have been given renewed
urgency by these findings. while new national pro
grammes are beginning in other countries. Although
xerophthalmia is only the tip of the iceberg in terms
of underlying subclinical vitamin A deficiency. it is a
relatively easy and non-invasive way to assess whether

• Department of International Hea Ith. Johns Hopkins Sch"ol "f
Hygiene and Public Health. R"nm 5515. 615 N Wol fe Streel.
Baltimore. MD 21205-2 W). USA.
•• Independent consultant. Atlanta. GA. USA.
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vitamin A deficiency is a public health problem. Fur
thermore. a decline in xerophthalmia prevalence is one
way to measure the impact of programmes. A xero
phthalmia prevalence survey can be done to assess
whether a problem exists. Such a survey can also act as
a baseline from which to judge the progress of pro
grammes through a comparison with follow-up surveys.
For these purposes. ways in which to reduce the com
plexity. cost ami time taken to complete surveys would
be useful.

The Expanded Programme on Immunization (EPn of

the World Health Organization (WHO) advocates
a sampling procedure for surveys of immunization
coverage that does not require mapping or a census of
selected clusters. I 1-19 The purpose of this procedure is
to make it simple enough to be used by health workers
with minimal technical support in field settings. The
approach has been adapted for surveys of many other
health outcomes such as nutritional status and for
morbidity surveys.20.21 However. EPI has the potential
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to lead to increased variance and bias of the coverage or
disease prevalence estimates. 22

-
25 In this study, we use

maps drawn for a baseline xerophthalmia survey in
Nepal to simulate stratified random sampling (SRS) and
EPI sampling of this population so as to obtain estim
ates of the bias and increased variance associated
with EPI sampling for xerophthalmia surveys. These
estimates are then used, in conjunction with the differ
ence between the distance travelled within clusters
using EPI and SRS, to make recommendations about
the optimal sampling design for xerophthalmia surveys.

MATERIALS AND METHODS
Source of Data
The data used in this study come from a baseline survey
of xerophthalmia uncJertaken prior to a randomized
community trial of vitamin A supplementation in
Sarlahi district, Nepal. 26 Forty wards in 25 Village
Development Committees were selected at random
from the larger sample of 261 wards in 29 Village De
velopment Committees that were included in the trial.
A ward is a well defined administrative unit, with nine
wards comprising each Village Development Commit
tee. The mean number of households per ward was
72.7. The mean number of children per ward was 119.1,
and the mean number of children per household was
1.6. Within neighbourhoods. houses are relatively close
(5-10 metres on average), but there are often several
neighbourhoods within wards that can be spaced up to
half a kilometre apart. Sarlahi district is located in the
lowland terai area bordering Bihar, and was selected
because it was identified as an area with high rates of
xerophthalmia in two previous nalional surveys. n2a
The selected wards were mapped, all houses were num
bered. and children under 5 years old were censused by
interviewers who visited each household. Parents were
invited to bring eligible children to a central site in the
ward for an eye examination. Parents were asked about
night blinuness using local terms. An ophthalmologist
or senior ophthalmic assistant examined the eyes for
signs of xerophthalmia which were graded according to
the WHO definition. 2Y Prior inter-observer trials with
100 I chiluren showed excellent agreement between the
two graders, with a kappa statistic of 0.93.

Sail/pi illg Desiglls
The comparison of all sampling designs assumed that
the primary sampling units (wards) had already been
selected proportionate to ward size, and that a fixed
number of chilurcn would then be selectcu in varying
ways from each ward .. The first design selected a fixed
number of children at random from each of the 40

wards, thereby guaral1leeing equal probability of selec
tion within each ward. Other simulations used the EPI
cluster design or modifications of this design to select
a fixed number of children per ward. The EPI cluster
sampling method is described in detail in the WHO
manual." Briefly, the interviewer goes to the centre of
the village and selects a direction at random (spinning
a bottle has been suggested). The houses along this
direction are numbered from the centre to the periphery
and one is chosen at random to be the starting house in
the sample. All children of eligible age are identified in
this house and immunization coverage information is
obtained. The interviewer then goes to the next nearest
house to the right of the front door of the starting house.
If a house has no eligible children, the next nearest
house is visited. This continues until the immunization
status of at least seven children has been determined.
All children in selected houses are surveyed so that a
cluSler may contain more than seven children.

Simulation of EPI Sampiing
The maps of the 40 wards were digitized and the x-y
coordinates of each house were stored in computerized
format with the associated identifiers of the preschool
children in that house. The coordinates were selected
relative to some arbitrary origin. The coordinates of all
the households were then averaged to identify an ap
proximate centre of each ward. This location was then
set as the origin and the household coordinates were
adjusted to renect this origin. A direction was chosen at
random from the origin. A pair of parallel straight lines
of a fixed width was drawn from the centre to the peri
phery. This was done because houses in the computer
ized database were dimensionless locations, and unless
a path of a certain width was drawn, the likelihood of
a house falling exactly on the line would be very low.
After the starting house was selected, the next nearest
neighbour from +900 to -900 was selected. This was
done in order to simulate the EPI rule of going to the
nexl nearest house to the right when facing North. Once
the edge of the village was reached, the direction of
search was rotated 900 to the right and selected the next
nearest house on lhis path. If the selected house had
already been visited or if the house did not have any
eligible children, the next nearest house to its right was
visited. Since xerophthalmia is a much rarer outcome
than positive immunization status. fixed cluster sizes
within each ward were varied to include 7, 10, 15,20
and 25 children selected per ward by either SRS or EPI
cluster sampling. If the ward had fewer children than
the.requisite nUlllber per ward. then all children in that
ward were included. Only three wards had fewer than
25 children. Modifications to the EPI approach increased
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the distance of households from nearest neighbour to
the selection of every second. third. fourth and fifth
house to the right of each selected house.

Estimation of P,'evalel1ce lIlId Desif?ll Effects
The true prevalence was estimated by dividing the num
ber of cases of xerophthalmia in the 40 wards by the
total number of children examined. In an actual survey
in which the primary sampling units (wards) were se
lected proportionate to size. the sample would be self
weighting. However. in this simulated study. there has
been no selection proportionate to size. so the com
parison of interest is between the 'true' prevalence in
the 40 wards and the estimated prevalence based on
sampling a fixed number of children in each of the 40
wards. Therefore the prevalence of xerophthalmia for
each simulation sample was calculated by taking the
average of the ward prevalences weighted by the ward
size. One thousand simulated samples were drawn for
each sampling design and each sample size. The mean
prevalence and the empiric variance of the 1000 sam
ples were calculated for each sampling design (variance
= I: (Pi - p)2/999 where Pi is the prevalence in the ith
ward and p is the average prevalence across the 1000
simulations). The bias of the EPI design was estimated
by taking the difference between the 'true' prevalence
in the 40 wards and the mean prevalence of the 1000
samples selected according to EPI cluster sampling.

The design effect was calculated by taking the ratio
of the variance from EPI sampling to that of stratified
random selection of a fixed sample size per ward. This
design effect is a measure of the extra variation gener
ated by sampling a cluster or local neighbourhood of
houses within a ward rather than sampling children at
random within wards. where children would tend to be
scattered across the ward. The mean square error asso
ciated with EPI sampling was calculated by taking the
variance of EPI sampling plus the square of the bias.
The mean square error of SRS was estimated by taking
the variance under simple random sampling, since there
should be no bias for this sampling design.

Estimatioll alld Comparisoll (If Distance Travelled
For EPI sampling. the simulated surveyor started at the
centre of the ward. travelled in a straight line to the first
selected house. and then travelled sequentially to each
next nearest house to the right. The total distance travel
led in the ward was calculated by adding the straight
line distances along the path just described. This in
cluded visits to houses where no eligible children
resided. For simple random sampling. the distance was
calculated by taking the shortest straight line path from
the first randomly selected house to the next nearest

house and from there to the next nearest house until
all randomly selected houses had been visited. This
excluded visits to houses withoutchildren because they
were not included in the sampling frame. Because the
maps of each ward were not drawn to the same scale,
the ratio of the total distance travelled for the 1000
simulated EPI samples to that of SRS was calculated
separately for each ward. The median of the ward ratios
was used to compare the overall distances travelled
using EPI sampling to that using SRS. The median was
chosen because the distribution of the distance ratios
was skewed to the right.

To compare sampling designs in terms of the trade
off between distance travelled and mean square error.
the EPI mean square error multiplied by the median
distance travelled under EPI sampling was divided
by the SRS mean square error multiplied by the dis
tance travelled under SRS. This assumeS the cost of
doubling the mean square error is the same as doubling
the time. If this ratio was less than one then EPI would
be favoured over SRS in terms of less distance travelled
for comparable mean square error. In order to evaluate
designs in terms of increased variance alone. the ratios
of the EPI variance multiplied by distance to that of
SRS variance multiplied by SRS distance was calcu
lated. If this ratio was less than one. the EPI approach
would be favoured over SRS in terms of less distance
travelled for comparable variance. J()

An alternative to cluster sampling using EPI or SRS
would be to examine all children in selected villages,
since the cost of travel to villages is greater than the
cost of travel within villages. The cost of these different
survey designs can be calculated in days to complete
the survey using the following formula: mn/x + mt l
«n/y) - I] + mt, where m is the number of clusters. n is
the number of ~hildren examined per cluster. x is the
number of children that can be examined per day, y
is the number of children per household. t l is the aver
age travel time between houses in days, and t2 is the
average travel time between villages in days. The total
sample size. N = nm. varies according to the design
effect of cluster sampling. which is greater the larger
the cluster size. JU2

RESULTS
A total of 4920 households were censused in the 40
wards, and 57.4% of households were identified as
having children under 5 years of age. The number of
children under 5 living in these households was 4765.
Of these, 4297 (90.2%) Were interviewed about their
morbidity in the past week and examined for xero
phthalmia. These children formed the population from
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FIGURE 1 Frequency distribution of.<erophtl/(/Imia preVltlence by ward. Nepal, 1989

TABLE I Design effect ar the second stage of cluseer sampling TABLE 2 Bias (sample prel'alellCe minus true prevalence in per
(VariwlceEP/1 VarillilceSRS)' Nepcrl, 1989 cent), Nepal, J989

Clus!er size No. of houses skipped Clusler size No. of houses skipped

0 2 3 4 0 2 3 4

7 I.IJ 0.90 1.12 1.20 1.16 7 0.49 0.27 0.77 0.86 0.95
10 1.19 0.91 J.l1 1.35 1.15 10 0.63 0.30 1.00 0.92 1.16
IS 1.13 LIS 1.00 1.10 1.15 15 0.74 0.55 1.10 0.64 0.94
20 1.20 1.00 0.80 0.93 0.83 20 1.04 0.79 0.98 0.57 0.70
25 0.90 0.80 0.73 0.83 0.83 25 LOU 0.75 0.79 0.54 0.92

which repeat samples were drawn. The number of
children in each ward ranged from 13 to 284 and the
number of households ranged from 31 to 315. The
prevalence of xerophthalmia was 2.8% among the 4297
children surveyed in the 40 wards. However, the ward
prevalences ranged from 0% to I I% (Figure I). The de
sign effect at the second stage of sampling (variance of
EPI divided by the variance of SRS of a fixed number
of children per ward) ranged from 0.73 to 1.35 (Table I).

The bias generated by EPI sampling ranged from
0.27% l(J 1.16% (Table 2). The EPI design consistently
led to overestimation of xerophthalmia prevalence.
The true prevalence was 2.8% but the EPr prevalences
ranged from 3. I% to 4.0% (Figure 2). The bias was not
related to sample size per cluster, nor to number of
houses between selected houses.

As expected, the .median distance ratios for EPI
relative to SRS increased with distance between houses

and with the increase in fixed cluster size (Table 3).
The larger the cluster size, the greater the proportion·
ate increase in the distance ratio. For next nearest
houses, the distance travelled was always less for EPI
than SRS, even when sampling 25 children per cluster.
However, for houses with at least two houses between
them and for cluster sizes of 20 or more, the advantage
of EPr in terms of distance travelled disappeared.
For houses with four houses between them, EPI of
fered a clear advantage for cluster sizes of seven only.
Based on minimizing the combination of mean square
error and distance travelled. EPI was preferable for
cluster sizes of I() or fewer and for houses spaced close
together (Table 5). Based on minimizing the com
bination of variance and distance travelled, EPI was
preferred over SRS for all cluster sizes where no
more than two houses were between selected houses
(Table 6).
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FIGURE 2 Prevalence and 95% confidence illten'als for xeroplrtllalm;a «S;IIII differelJl s"mplillg
de.~igns. Nepal. J989

TABLE 3 Median ratios of dislllllce" traveiled within wards for
Exptmded Program OIl lmmrllli,arimi (EPI) vers«s Stratified
Random Sampling (SRS). Nepal. 1989

TABLE 4 Ratio", of meall square amr f01' Expanded ProRram
Oil Immwri<.at;olJ (EPI) 10 meall .~tUlrdard error for Stratified
Ralldam Sampling (SRS). Nepal. 1989

CI usler size No. of houses skipped

0 2 3 4

7 0.39 0.53 0.64 0.72 0.82
10 0.42 0.58 0.68 0.80 0.92
15 0.49 0.62 0.80 1.01 1.07
20 0.55 0.77 0.92 1.28 1.33
25 0.65 0.95 1.13 1.47 1.62

, Ratio of < I means EPI favoured over SRS.

Cluster size

7
10

15
2()
25

No. of houses skipped

0 2 3 4

1.31 1.02 1.63 1.83 1.93
1.69 1.02 2.37 2.41 2.M

2.18 1.73 3.33 1.88 2.85
3.84 2.51 3.17 1.71 2.02
4.23 2.66 2.80 1.80 3.67

Given the above results. EPI appears to be a good
alternative to SRS at the second stage of sampling
(at the ward level) since the cost in terms of distance
travelled within wards was much lower for EPI using
nearest neighbours. However. the estimates of preval
ence generated by EPI for cluster sizes from seven to
25 were overestimated by between II % and 36%. In

addition. other important costs come into play in the
choice of design. The lime it takes to travel from one
cluster to another may muke it more efficient to survey
every child in the cluster. One disadvantage of this
lalter design is that the design effect increases with the
size of the cluster. Figure 3 gives the time taken in days
to complete a survey using EPI with fixed cluster sizes
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TABtE 5 Efficiency" ofExpanded Program on Immunization (EPI)
relative (0 Stratified Random Sampling (SRS) = (media" dis.
tanC€IiPl x Mean Square Error [MSEluIJ/(median distanceslIs x
MSEslIs) by cluster size and house proximity. Nepal, 1989

400,..---------------,

350

• Ralio of < I means EPI favoured over SRS.

Cluster size

7
10
15
20
25

No. of houses skipped

0 2 3 4

0.51 0.51 1.04 1.32 1.58
0.71 0.59 1.61 1.93 2.61
1.07 1.07 2.66 1.90 3.05
2.11 1.93 2.92 2.19 2.69
2.75 2.53 3.16 2.65 5.94
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TABLE 6 Median distance ratios of Expanded Program on
Immunization (EPI) 10 Sirarified Random Sampling (SRS) mulli
plied by Ihe design effect" by cluster sil;e and house proximily.
Nepal. 1989

FIGURE 3 Total rime 10 complere ij survey plotted lI8ilill,I tile
avemge trm'e/lime betweell elf/'Iers jor Ille E.\p'mded Program
"" ImmwliZll/i,," (EPl) with "hl.Her<ize 10 and J5. alld jf" a
desigll 11101 ext/milles 01/ childre/l ill .<elecled "'Md,. Nepal, 1989

, Ralio of < I means EPI favoured over SRS.

of 10 or 15, compared with one in which all children in
selected wards are examined. Sample size calculations
indicate that approximately 1000 children need to be
examined in order to estimate a prevalence of 2.8%
(95% confidence interval: 1.8-3.8). This is the sample
size needed if a truly simple random sample were
selected from a list of all children in the population
of interest. However, the design effect using EPI with
dusters of size lOis about lA, and about 1.5 for
clusters of size 15. Hence, 1400 or 1500 children must
be examined in 140 or 100 wards, respectively. If all
children in selected wards are to be examined, then
approximately 5500 children in 55 wards are needed
because the design effect is 5.5 for clusters of size 100
(the average number of children per ward).31 The calcu
lation assumes that the travel time between houses is

CI usler size

7
to
15
20
25

No. of houses skipped

0 2 3 4

0.43 0.48 0.72 0.86 0.95
0.50 0.53 0.75 1.08 1.06
0.55 0.71 0.80 1.11 1.23
0.66 0.77 0.74 1.19 1.10
0.59 0.76 0.82 1.22 1.34

5 min, that there are 1.8 children per household who are
under 5 years and that 8 h of work can be done in one
day. If 60 children can be examined in 8 h, then EPl
with 10 children per cluster takes less time than exam
ining all children in selected wards, unless the travel
time between wards is more [han 8 hand 45 min. If 100
clusters of 15 children are examined, then the break
point is about 2 days travel time between wards. Varia
tions in the travel time between houses (tLl changes
the intercept but not the slope of the cost lines. An in
crease in the travel time between houses would reduce
the travel time between wards where EPI.and 'all chil
dren examined' designs were comparable in terms of
time costs. A decrease in t l would have the opposite
effect.

DISCUSSION
Less expensive and more rapid ways of estimating the
prevalence of xerophthalmia would be very helpful for
population assessment and surveillance. Because of the
logistics and cost of constructing a sampling frame of
all children in a population, simple random sampling
from the entire population is almost never an option. A
sampling frame of communities such as villages, wards,
or city blocks can often be constructed with estimates
of community size based on census information already
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available. However. vanatlOns in how to sample in
dividuals from communities that have been selected
proportionate to size can substantially alter the accuracy.
speed and cost of surveys. The EPI sampling design
reduces the cost of surveys by removing the need to
map and census selected communities, and by reducing
the time taken to travel within communities. This re
duced cost needs to be balanced against the potential
bias and increased variance generated by such a sam
pling design. To date. no estimates of the bias and in
creased variance have been available for xerophthalmia
surveys where EPI sampling is used. The magnitude
of the estimate of xerophthalmia prevalence in this
population is comparable to other populations in which
xerophthalmia is of public health importance: 3.9% in
Malawi. 1.3% in Zambia, 1.9% in Indonesia. 31

The magnitude of the bias and increased variance
will depend on the geographical distribution of xero
phthalmia within communities. If cases of xerophthal
mia are evenly spread across the community, then there
should be no bias or increased variance from EPI sam
pling. Increased variance in the absence of bias can result
if clusters of cases are found in certain neighbourhoods.
The selection of a cluster of households in a neigh
bourhood (as tends to be the case with EPI sampling)
will produce prevalence estimates that are sometimes
too low. and sometimes too high, but on average the
prevalence will be accurately estimated. Bias arises if
there is a systematic pattern of distribution of cases in
the community, and if the starting household in the EPI
design is not selected at random. A consistent over
estimate of prevalence using EPI. as seen in these data,
might arise if cases were concentrated in the centre of
the ward and if EPI more often resulted in the selection
of a starting house near the centre. This was not a likely
explanation because. when the ward was divided into
an inner and outer circle. one of which was selected at
random to contain the starting house. the bias was not
reduced. The bias was also not reduced by increasing
the distance between surveyed houses, thereby spread
ing the sample across a larger area of the ward. The bias
was smaller when cluster sizes were small and there were
fewer houses between selected houses. These findings
are contrary to those of Bennett for other health out·
comes. 22 However. we found similar results to Bennett
for different morbidity outcomes such as diarrhoea, so
the bias pattern appears to vary with the health outcome
of interest. In this population. the variance was in
creased by using EPI. but only for small cluster sizes
and houses of close proximity, and the largest design
effect would have resulted in a 35% increase in vari
ance of the prevalence estimate (a 16% increase in the
length of the confidence interval).

Obviously. a design in which fewer communities are
visited but more children within the communities are
examined is preferred because of the cost of travelling
between communities. However. the more children ex
amined per community. the larger the design effect and
the greater the total number of children who need to be
examined. For example. the design effect was 5.5 if all
children in the 40 wards were examined.J1 This would
result in the need to examine 5500 children in 55 wards
(100 children per ward) to obtain a 95% confidence
interval around the prevalence estimate of 1.8-3.8.
To achieve the same level of precision. a design that
sampled 15 children per ward would require only 1500
children but necessitate visiting 100 wards. Hence. the
distance between communities is important in deciding
which design is less costly. Other costs include reim
bursement of trained examiners (the same per unit time
for both designs) and the cost of mapping and census
taking (for SRS and 'all children examined' designs). In
our study. the average ward took 3 days to map and cen
sus. The cost of trained examiners as a per cent of total
costs is relatively small. but would vary by whether
a local or expatriate ophthalmologist. or ophthalmic
assistant was hired. In the context of our data. EPI with
15 children per cluster would be favoured over exam
ining all children in a ward if travel time between wards
did not exceed 2 days on average. With clusters of size
10. EPI would be favoured if time between wards did
not exceed 8 h. If fewer children can be examined per
day, if the distance between houses within communities
is greater. or if there are fewer eligible children per
household, then examining all children will become pre
ferable with a shorter travel time between communities.
While these calculations provide guidelines for the
choice of sampling design. the situations may vary from
one population to another. The design effect when
sampling all children in selected villuges ranged from
2.03 to 5.50 for two African and two Asian countries
with a median number of children per cluster ranging
from 25 to 99.·'1 Hence, it is possible that there is some
variation in disease clustering within neighbourhoods
from one population to another and this might lead to a
different optimal design in a different setting. Based on
our data from Nepal. we favour the traditional EPI de
sign with a fixed cluster size of 15. except when vil
lages are on average further than 2 days apart, but we
caution that the process of selecting an appropriate
design should be done using as much local information
as is available. It should also be cautioned that the EPI
approach could overestimate the prevalence of xero
phthalmia by up to 41 % of the true prevalence. and that
this is one of the disadvantages that must be weighed
against the reduced survey costs attained using EPI.
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Pupillary threshold as an index of population vitamin A
status among children in India1-3

Ana M Sanchez. Nathan G Congdon, Alfred Sommer, L Rahmathullah, PG Venkataswamy,
PS Chandravathi. and Lily Clement

Vitamin A deficiency is both the leading cause of pediatric
blindness in the world today (1, 2) and a significant source of
childhood mortality in the developing world (3-5). Our ability
to combat vitamin A deficiency has been limited in part by the
lack of a simple, practical field t,echnique for identifying com
munities in need of intervention.

We recently reported encouraging results from a field trial in
Indonesia of a portable, inexpensive, hand-held device de
signed to measure the pupillary and visual light threshold as an
index of vitamin A status (6). The afferent pupillary reflex

ABSTRACT Two hundred seven \itanlin A-<feficient southern
Indian children aged 1-7 y (mean age: 56.9 mo) underwent testing of
dark-adapted visual and pupillary thresholds in their village setting
according to a previously reported protocol. One hundred thirty
(62.8%) of the children also undcrwent serum retinol testing, and 178
(86.0%) participatcd in a randomized. placcoo-controlled vitamin A
dosing trial with pre- and postdose testing of dark-adaptation thresh
old. Most subjects (184 of 207, 88.9%) were able to complete pupil
lary testing, an objective sign re{juiring minimal cooperation. includ
ing a high proportion of the youngest children (72.2% of subjects aged
2 y). The proportion of children completing visual threshold testing.
which requires greater understanding and cOOpeIation, was signifi
cantly smaller than that able to complete pupillary testing (131 of 207,
63.3%; P < 0.0001. chi square). At baseline (preclosing). the mean
serum retinol concentration declined in linear fashion with a higher
pupillary threshold (0.73 MmollL with a score :S 4; 0.47 MffiollL v.ith
a score 2: 8; P < 0.01). The mean pupillary threshold for these highly

.vitamin A-<feficient Indian children (-0.62: log cdlm2
) was signif-

icantly higher than that for 136 more moderately deficient Indonesian
children (-0.985 log cdlm2

; P < 0.001, two-sample t test) and 56
normal American children (-1.335 log cdlm2

; P < o.oon. two
sample t test). The improvement in pupillary dark-adaptation testing
was not significant for children receiving vitamin A or placebo.
though there was a nonsignificant trend toward greater improvement
in children receiving vitamin A (P = 0.2, two-sample t test), Pupillary
threshold testing represents a new, noninvasive, practical. and seem
ingly valid approach to assessing the vitamin A stams of a moderately
to severely deficient preschool population. Am J CIin Nutr
1997;65:61-6.

KEY WORDS
pupil, children

INTRODUCTION

Vitamin A. night vision. dark adaptation.

(tendency of the pupil to constrict under illumination) has been
shown to correlate well with a subject's ability to detect a light
stimulus near the visual threshold (7). Dark vision is known to
be impaired in vitamin A deficiency, often before the appear
ance of other clinical signs such as Bitot's spots (8). We found
that both visual and pupillary thresholds of a group of mildly
vitamin A-<feficient Indonesian preschool-aged children were
significantly correlated with other measures of vitamin A sta
tus, including serum retinol. Most importantly, visual and pu
pillary thresholds rose s.ignificantly (their retinas became less
light sensitive) the longer the time since a single high-dose
(l05 ]Lmol) supplement of vitamin A. Thresholds subsequently
fell significantly among children supplemented in randomized,
double-blind fashion with vitamin A, but not among control
children receiving placebo (6).

The current report presents results of pupillary and visual
threshold testing on a group of children in southern India who
were clinically (therefore more severely) vitamin A-cleficient
or the siblings of clinically deficient children. in whom defi
ciency is more common than in children at large (8), in contrast
with the more mildly deficient, nonxerophthalmic Indonesian
subjects. None of the Indian subjects had recently received
vitamin A. Additionally, we tested the technique under less
favorable field conditions. Although subjects in Indonesia had
been tested at a single, central site, in the current study children
from 40 different villages were examined.

SUBJECTS AND METHODS

Subjects and study design

A total of213 southern Indian children aged 1-7 y (i :!: SD:
56.9 :!: 15.2 mo, 55.4% male) were identified as eligible for the
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study on the basis of a history of nightblindness, the presence
of Bitot's spots on clinical examination, or being the sibling of
a child with nightblindness or Bitol's spots. Subjects were from
a total of 40 villages in the vicinity of Madurai in the state of
Tamil Nadu. We attempted Doth pupillary and visual testing in
207 (97.2%) of the eligible children. after infonned written
consent had been obtained from their parents in the local
language. Blood for serum retinol analysis was obtained from
130 (62.8%) of the participating SUbjects (mean age: 57.1 =
13.6 moJo Among 184 subjects (88.90/<) completing pupillary
testing, 178 (96.7%) participated in a placebo-controlled dos
ing trial in which 89 children were selected at random to
receive 105 p..mol vitamin A and 89 to receive placebo in
dOUble-blind fashion. All 178 subjects (100%) presented for
follow-up pupillary and visual testing 2 wk after dosing
(Figure 1). All children initially assigned to the placebo group
received 105 p..mol vitamin A at follow-up.

The protocols followed in testing subjects were approved by
the Johns Hopkins Joint Committee on Clinical Investigation.

Apparatus and testing procedure

The hand-held illuminators used to assess pupillary and
visual threshold were described previously (6). Briefly, the
battery-powered machines had a yellow-green, light-emitting
diode (LED) light source with 12 intensity settings at =0.4 log
unit intervals, the range of the pupillary machine being =2 log
units higher than the device used for yi~ual testing. The device
fit entirely over one eye, with an obliquely mounted red LED
light source providing illumination of the contralateral eye.
Before testing, subjects underwent a binocular partial bleach

(ie, exposW"e to bright light to ~ounteract previous partial dark
adaptation) followed by 10 min of dark adaptation in a standard
1.5 X 2.0 X 2.0 m black-doth tent assembled on a portable
metal frame in the testing ¥Ca in each village, usually a central
site such as a school or clinic. The tent was set up indoors and
away from windows, and its interior darkened to the degree
that a dark-adapted observer was unable to read black, hand
sized letters a finger's-breadth in width on a white background.
The tent was cooled internally by a battery-powered air cooler.

The visual threshold was measured first, according to a
forced-choice protocol, where the threshold stimulus was de
fined as that level at which a subject could correctly distinguish
stimulus from nonstimulus on three successive trials. The red
pupillary visualization light remained off during this phase of
testing to avoid confusing the subject. Next, the pupillary
threshold was measured with the machine over the subject's
right eye, the left eye being observed by means of a 2.5 X
loupe. With the subject's attention directed to a nonaccommo
dative target at a distance of 2 m (ie, a target at a sufficient
distance to prevent accommodation or close-up focusing of the
eye, which causes the pupil to constrict), the stimulus intensity
was increased until a pupillary response in the contralateral eye
was clearly visible to the observer on two successive trials.

All examinations were carried out in the child's village of
residence by one of two workers at the Aravind Eye Hospital
after 1 wk of training by one of the authors (NGC). Note that
the unit of measurement used throughout this paper to denote
light intensity is log cd/m2

, the metric unit for luminance,
denoting the light reflected or emitted by a surface per unit area
and per unit solid angle.
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FIGURE 1. Flow chart showing the progress of 213 preschool·aged children throughout the study.
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were significantly correlated with retinol. The relation between
dark-adaptation threshold tests and serum retinol concentra
tions was mudi stronger than that observed in Indonesia (6),
where vitamin A deficiency was less severe, the degree of
depression in dark-adaptation threshold less marked, and the
range of disturbance narrower (Table 1). Nonetheless, this
relation persisted even at the upper end of both the pupillary
and visual curves among children who would not be expected
to be vitamin A-deficient. These observations support our
findings among the less-deficient Indonesian children, further
suggesting that this technique for assessing dark-adaptation
status may be useful in identifying populations at risk of
relatively mild (subclinical) vitamin A deficiency.

In the absence of a gold standard for the assessment of
vitamin A status, the randomized dosing trial provided an
unequivocal means of improving vitamin A status in one
group of deficient children compared with others (placebo
recipients). Our previous trial in Indonesia had shown a
significant improvement in the pupillary and visual dark
adaptation scores of children randomly assigned to receive
vitamin A, but not of those receiving placebo. Although
children randomly assigned to receive vitamin A in the
current study tended to improve their pupillary scores com
pared with children receiving placebo. the difference was
not significant. Several explanations might account for this
discrepancy. We decided on a period of 2 wk for retesting
postdosing on the basis of animal (10) and human (II, 12)
studies that suggested that this would be adequate for return
to baseline dark adaptation, a period that appeared to have
been sufficient in Indonesia. In view of the more severe
degree of vitamin A deficiency among the Indian subjects, a
longer postdosing interval may have been needed. Whereas
some sources indicate a shorter titl'\e for resolution of night
blindness after dosing in less-severe cases of deficiency (8),
other studies have suggested that multiple doses of vitamin
A may be needed to reverse the effects of xerophthalmia in
highly deficient subjects (13, 14). Finally, deficiencies of
other nutrients known to be involved in vitamin A release
and utilization (eg, zinc) might have been present. In view of
the potential effect of vitamin A supplementation on mor
tality in this age group, it was not felt ethical to withhold
dosing from children assigned to the placebo group for> 2
wk. Longer follow-up of both groups might have been
revealing, however.

The ability to identify populations in need of vitamin A
intervention requires a simple, inexpensive, and practical field
technique for assessing vitamin A status in preschool children
(the group most likely to be severely deficient). Pupillary
dark-adaptation testing provides distinctly different results in
populations with presumably normal (eg, United States), mod
erately deficient (Indonesia), and severely deficient (southern
India) vitamin A nutriture. This mode of testing offers obvious
advantages over currently available techniques for the assess
ment of a population's vitamin A status, given that results are
immediate, it is noninvasive, and that blood samples do not
require delicate transport, storage, and sophisticated analysis.
Future testing might be made even more efficient by eliminat
ing the flash, which calculations have shown to bleach < 10%
of available rhodopsin, and by allowing children in groups of a
dozen or so to dark-adapt simultaneously and maximally (eg,
for 30 min). In this way, the time for full evaluation of each

child would be reduced to the S 5 min required for the testing
itself, without separate. sequential dark-adaptation periods for
each subject.

The smaller the sample size required to determine whether
a stated level of vitamin A deficiency exists, the more
practical the test. Among the various factors that determine
sample size, the prevalence of the condition being assessed
and the validity of the test itself (the level of "background
noise") are both important. Detection of impaired dark ad
aptation should, theoretically, have advantages in this re
gard. It represents a demonstrable physiologic consequence
of deficiency, and, because it occurs at relatively mild levels
of deficiency, is more prevalent than more severe clinical
manifestations. For example, examination of the mean
(= SD) dark-adaptation thresholds for Indian, Indonesian,
and American children allowed us to calculate the minimum
number of children required to show a difference between
populations at, eg, the 0.01 level of significance. A sample
of 27 Indonesian children would have been adequate to
show a difference between the Indonesian and American
populations, and only 7 Indian children would be needed to
show a difference between the American population and the
much more deficient Indian population. In comparison,
identifying deficiency with the use of more severe clinical
indicators requires' the examination of hundreds to thou
sands of children (15). In interpreting these numbers, it is
necessary to remember that the populations tested in both
Indonesia and India are not representative of average pre
school-aged children in those countries. but were rather
chosen to be deficient in vitamin A. Among more borderline
populations, larger numbers of subjects would presumably
need to be tested to establish deficiency.

Obviously, testing a larger and more representative group is
necessary to determine the extent and severity of deficiency
and to provide an adequate baseline for assessing the impact of
interventions. Only by testing additional populations of varying
vitamin A status will it be possible to determine appropriate
mean dark-adaptation thresholds to serve as valid criteria for
differing degrees of deficiency. and as the basis for detennin
ing when an intervention program is warranted and whether or
not it is having its intended effect. n
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Effect of vitamin A supplementation on measles vaccination in
nine-month-old infants
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Objective: Childhood immunization programs have been suggested as an infrastructure to deliver vitamin A
supplements to children in developing countries. The effects of giving vitamin A, a potent immune enhancer, with
measles immunization to nine-month-old infants is unknown.
Methods: A randomized, double-masked, placebo-controlled clinical trial of vitamin A, 100000 ill at the time of
standard titer Schwarz measles immunization was conducted with nine-month-old infants in Bogor District, West Java,
Indonesia. Antibody titers to measles were measured at baseline and one and six months following immunization.
Results: 394 infants received measles immunization, and 37 infants (9.4%) had baseline antibody titers > 1: 120, which
is consistent with previous natural measles infection. Of the remaining infants, 98.8% seroconverted to measles, and
99.3% had titers consistent with protection against measles six months postimmunization. Seroconversion rates were
similar in vitamin A and placebo treatment groups.
Conclusion: High dose vitamin A supplementation can be given without reducing seroconversion to standard titer
Schwarz measles immunization in nine-month-old infants.

Keywords: vitamin A; retinol; measles; vaccination; Indonesia

\
Introduction

Vitamin A deficiency is a major cause of childhood
morbidity and mortality in many developing countries
worldwide. Periodic vitamin A supplementation has been
shown to reduce child mortality by 20--50%1 and is one of
the most cost-effective interventions available to increase
child survivaP Child immunization programs involve more
than 500 million contacts per year, and it has been
suggested that the infrastructure of these programs could
be used to deliver vitamin A supplements.3 Vitamin A is a
potent immune enhancer.4 In a recent study, vitamin A
supplementation with measles vaccination was shown to
reduce seroconversion to measles in six-month-old infants
who had high levels of passively acquired maternal
antibody to measles.5 Many child immunization programs
in developing countries routinely immunize against
measles at nine months of age, a time at which the levels
of maternal antibody are generally lower. The effect of
vitamin A supplementation on measles vaccination in nine
month-old infants is not known. We conducted a ran
domised, double-blind, placebo-controlled clinical trial to
detennine the effect of simultaneous vitamin A adminis
tration on antibody responses to measles vaccination in
nine-month-old infants.

Methods

The study population consisted of infants in 27 villages in
the Bogor District, West Java, Indonesia. This area has a
high prevalence ofsubclinical vitamin A deficiency.5 Births
were monitored in the area with the assistance of the rural

Correspondence: Dr RD Semba, Ocular Inununology Service, Suite
700,550 North Broadway, Baltimore, MD 21205, USA.
Accepted 13 February 1997

health centers. The overall design of the study was to
evaluate the impact of integrating vitamin A supplementa
tion with child immunization programs, starting with the
early immunization contacts. Infants were enrolled into the
clinical trial between October, 1992, and February, 1993,
and were randomly allocated by number table in blocks of
ten to receive either 25 000 ill or 50000 ill, vitamin A, at 6,
10, and 14 weeks immunization contacts of the Expanded
Programme on Immunization and vitamin A, 100 000 IV at
nine months of age, or placebo at 6, 10, and 14 weeks, and
nine months of age. Standard-titer Schwarz measles
vaccine, 0.5 mL (Morbilivax, lot 68A09, 4.1310g10 median
tissue-culture infectious doses [TCID50) per dose, Biocine
Sclavo, Siena, Italy), was administered at nine months of
age by three pediatricians. Vitamin A, 100000 ill, or
placebo in identical capsules (Task Force Sight and Life,
Basel, Switzerland) was given orally at the same time as
measles immunization. Infants received identification
numbers as they were enrolled into the study, and each
identification number had an envelope with an identical
capsule containing either vitamin A or placebo. At the time
of treatment allocation, both pediatrician and study nurse
were required to verify the identification number of the
infant. Weight, height, and mid~upper-ann circumference
were measured by an anthropometrist at 6 and 14 weeks,
and 10 and 15 months of age. All infants received a booster
immunization six months after the first measles immuniza
tion.

Blood was obtained by venipuncture at all three visits,
and plasma was separated and frozen at -70°C. Antibody
titers to measles were measured by plaque reduction
neutralisation assay at the Division of Viral ProductsJ US
Food and Drug Administration, Bethesda, Maryland, and
were standardized against measles reference serum \'Norld
Health Organization, Geneva). Seroconversion to measles
was defined as four-fold or greater rise in antibody titer 3rt
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over the calculated expected titer.6 The half-life of
passively acquired maternal antibody was considered to
be four weeks. Baseline antibody titers of > 1: 120 at nine
months were considered to indicate previous natural
measles exposure.6 Titers < 1:8 were regarded as 1:4 for
calculation of seroconversion rates and geometric mean
titers. The antibody level considered to be consistent with
protection six months after immunization was defined as a
titer 2: 1:120.7 Categorical analyses were conducted using
chi-square and exact tests. Student's and Bonferroni's t
tests were used for appropriate comparisons of continuous
data. All procedures were approved by the appropriate
ethical committees in Indonesia and the United States.

Results

The study enrolled 467 infants at 6 weeks of age, and 394
infants (84.7%) were present at the time of measles
immunization at 9 months of age. Of the infants who were
immunized, the follow-up rates were 95.2% and 78.7% at
one and six months after immunization, respectively. As
shown in Table 1, there were no significant differences
between the three treatment groups in age, sex, weight,
height, and mid-upper arm circumference.

Thirty-seven of394 infants (9.4%) had preimmunization
titers at nine months of age > 1:120, consistent with a
previous history of natural measles infection,6 and this
group was analyzed separately from infants with baseline

titers :::: 1:120. Of the remaining 343 infants who were
followed to one month postimmunization, 98.8% serocon
verted to measles. Of 285 infants followed six months
postimmunization, 99.3% had titers consistent with protec
tion against measles. Similar rates of seroconversion to
measles at one month postimmunization and protection to
measles at six months postimmunization were observed in
all three treatment groups (Table 2)

Geometric mean titers before and after measles
immunization in the three allocation groups are shown
in Figure 1. There were no significant differences in
geometric mean titers to measles at one and six months
postimmunization in the three allocation groups. Of the 212
boys and 182 girls who received measles immunization, the
geometric mean titers were 1:1920 and 1:1571 (P=0.07) at
one month postimmunization, and 1:1164 and 1: 1053
(P =0.29) at six months postimmunization, respectively.
Fifty of the 357 infants (14%) had preimmunization titers at
nine months of age> 1:8 and < 1:120. Geometric mean
titers were 1:1772 and 1:2298 (P=0.18) at one month
postimmunization, and 1:1164 and 1:1900 (P = 0.03) at six
months postimmunization in the infants receiving vitamin
and placebo, respectively.

Discussion

This study demonstrates that vitamin A supplementation
does not reduce seroconversion to standard titer Schwarz

Table 1 Characteristics of infants in the treatment groups

Vitamin A Vitamin A Placebo
Characteristic (n= 132) (n= 132) (n= 130)

Dose of vitamin A at 6, 10, 14 weeks 50000 ill 25000 ill placebo
Dose of vitamin A at 9 months 100000 ill 100000 ill placebo
Age (D)a 279 (12) 278 (14) 280 (11)
Sex 72 M, 60 F 74 M, 58 F 66 M, 64 F
Weight (kgs)a

14 weeks 6.1 (0.8) 6.1 (0.9) 6.1 (0.8)
10 months 8.0 (1.0) 8.1 (1.0) 8.1 (0.9)

Height (emsY
14 weeks 60.3 (2.5) 60.4 (2.5) 60.3 (2.1)
10 weeks 69.1 (2.5) 69.2 (2.6) 69.2 (2.3)

Mid-upper arm eirewnferenee (emsY
14 weeks 13.5 (1.2) 13.5 (1.3) 13.7 (1.3)
10 months 14.3 (1.2) 14.5 (1.3) 14.4 (1.1)

zMean±s.d.

Table 2 Seroconversion and protection against measles after immunizationa

Vitamin A supplementation prior to and at time of vaccinea

Placebo x 3 25000 ill x 3 50000 ill x 3
Response to measles inununization: Placebo 100000 ill 100000 ill

Prevaceination titer < 1:8
Infants seroconverted 95 of 96 (99%) 104 of 106 (98%) 90 of 91 (99%)
Infants protected 78 of 79 (99%) 90 of 91 (99%) 79 of79 (100%)

Prevaeeination titer 1:8 to 1: 120
Infants seroconverted 21 of 21 (100%) 10 of 10 (100%) 19 of 19 (100%)
Infants protected 14 of 14 (100%) 8 of 8 (100%) 14 of 14 (100%)

Prevaccination titer> 1:120
Infants seroconverted I of 11 (9%) 1 of8 (12%) 1 of 13 (8%)
Infants protected 11 of 11 (100%) 8 of 8 (100%) 6 of 6 (100%)

'Seroconversion defined as a four-fold or greater increase in titer over the expected titer at one month post-immunization. Protection defined as a serum
neutralizing antibody titer > I: 120 at six months post-immunization.
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The levels of passively acquired maternal antibodies to
measles in infants is likely to depend on complex patterns
of natural measles infection and measles vaccination within
communities. It is unclear whether these findings can be
extrapolated to populations in areas such as sub-Saharan
Africa and Central and South America, and' further studies
are in progress to verify these findings in other populations.
This study suggests that the Expanded Programme on
Immunization could include vitamin A supplementation
with measles immunization at nine months of age without
interference with seroconversion. The benefits of vitamin A
supplementation in reducing child morbidity, mortality, and
blindness in developing countries have been well de
scribed 8
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Figure 1 Geometric means titers to measles at baseline and one
and six months post immunization by allocation group. The
vertical bars represent standard error of the mean. No significant
differences, as assessed by Bonferroni's t-test, were noted
between treatment groups at one and six months postimmuniza
tion.

measles immunization in nine-month-old infants in this
study population in Indonesia. Our previous study showed
that vitamin A supplementation was more likely to interfere
with seroconversion if passively acquired maternal anti
body to measles was present at the time of measles
immunization. Only 14% of infants had maternal titers to
measles at the time of immunization at nine months of age.
Among the infants who had measles antibody prior to
immunization with titers in the > 1:8 to =:: 1: 120 range,
there seemed to be a reduction in geometric mean titers to
measles at one and six months postimmunization, which
corroborates our previous findings. However, all infants
with titers in the > 1:8 to :;; 1:120 range seroconverted one
month following immunization, regardless of whether they
received vitamin A or placebo. Infants who had preimmu
nization titers of > 1: 120 in general did not show a four
fold or greater increase in titer one month following
immunization, and this antibody response is consistent with
infants who had a previous natural measles infection.

At nine months of age, 9.4% of the infants had
preimmunization titers of > 1: 120 which suggested a
previous natural measles infection. In the same community
in Indonesia, only 1.5% of six-month-old infants had
preimmunization titers consistent with previous measles
infection.s Although about 99% of nine-month-old infants
without previous natural measles infection seroconverted to
measles immunization, these data suggest that the timing of
measles immunization may need further evaluation. If one
assumes that approximately 10% of infants will have
natural measles infection prior to measles immunization at
nine months of age and a measles case fatality rate of 20
30%, there could potentially be 20-30 deaths per 1000
infants attributable to measles infection prior to immuniza
tion.

Acknowledgements

This study was supported by grants from the National
Institutes of Health (Al35143, HD30042), the Thrasher
Research Fund, the WHO Expanded Programme on
Immunization, and the Office of Nutrition, Bureau for
Science and Technology, US Agency for International
Development (Cooperative Agreement DAN-0045-A
5094-00). The authors wish to acknowledge the staff of
the Nutrition Research and Development Center for the
field support, Biocine Sclavo, Siena, Italy, for donation of
measles vaccine, and Task Force Sight and Life, Basel,
Switzerland, for donation of vitamin A and placebo
capsules. Technical support was provided by Susette Audet.

References

Beaton GH et al. Effectiveness of Vitamin A Supplementation
in the Control of Young Child Morbidity and Mortality in
Developing Countries. University of Toronto: Toronto,
Canada, 1992, pp 1-108.

2 World Bank. World Bank Reports 1993: Investing in Health.
Oxford University Press, New York, 1993.

3 Expanded Programme on Immunisation Global Advisory
Group. World Health Organ Wldy Epidemiol Rec 1987; 62:
5-12.

4 Semba RD.Vitamin A, immunity, and infection. CUn infect
Dis 1994; 19: 489-499.

5 Semba RD et al. Reduced seroconversion to measles in infants
given vitamin A with measles vaccination. Lancet 1995; 345:
1330-1332.

6 Markowitz LE et al.Immunization of six-month-old infants
with different doses of Edmonston-Zagreb and Schwarz
measles vaccines. N Engl J Med 1990; 322: 580-587.

7 Chen RT et al.Measles antibody: reevaluation of protective
titers. J Infect Dis 1990; 162: 1036-1042.

8 Sommer A, West KP Jr. Vitamin A Deficiency: Health,
Survival, and Vision Oxford University Press, New York,
1996.



PUPILLARY THRESHOLD AS INDEX OF VITAMlN A STATUS 63

100

l
l; 80
.!l
go
~ 60

t
I~=Ia

u 40•
'"J!l
c

I 20

e-
O

0.159 ::: 0.60 log cdlm2
, whereas for children receiving pla

cebo, scores improved by only 0.016 ::: 0.50 log cd/m2• Neither
the change in score for children receiving vitamin A (P = 0.15,
paired t test), nor that for subjects receiving placebo (P == 0.7,
paired t test), nor the difference in improvement between the
two groups (P == 0.20, two sample t test) was significant. There
was no significant difference in the change in visual scores
between vitamin A and placebo recipients (0.020 ::!.: 0.59 and
-0.013 == 0.54 log cdlm2 respectively; P = 0.50, two-sample
t test) (Figure 4). Resistance to multiple blood draws among
children and their parents made postdose serum testing
impractical.

12345 II 7
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Age (y)

nGURE 2. Compliance with pupillary and visual testing by age (n =
number of subjects attempting testing). The difference between the two
curves was significant, (P < 0.0001. chi-square test).

Comparisons between different populations

The children tested in India were more vitamin A-deficient
than the children of similar age tested in Indonesia: the mean
serum retinol concentration Was significantly lower (P <
0.0001, two-sample t test), and the proportion of children with
a serum retinol concentration < 0.70 ,u.mollL (P < 0.0001,
chi-square test) and reported to be nightblind (P < 0.0001,
chi-square test) were significantly higher for the Indian chil~

dren (Table 1).
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FIGURE 3. Mean (:= SE) serum retinol concentrations by pupillary and
visual dark-adaptation scores (number of subjects in brackets). The appar
ent decline in retinol with higher (less sensitive) scores was significant for
pupillary score (P = 0.0 I. chi-square test of trend) but not for visual score
(P = 0.21, chi-square test of trend).

Subject compliance

Most subjects (184 of 207, 88.9%) were able to complete
pupillary testing, including a high proportion of the youngest
children (13 of 18, 72.2% of subjects aged 2 y). The proportion
of children completing pupillary testing was higher than that
for visual testing at all ages, with the overall difference in
compliance between the two tests being highly significant (P <
0.0001, chi-square; Figure 2). The difference in level of com·
pliance between the two tests was most marked among the
youngest children, who generally complied poorly with visual
testing (Figure 2).

Statistical methods

SAS programs (SAS, Inc, Cary. NC) were used to measure
the association between pupillary and visual threshold and
other indicators of vitamin A status, and between the change in
postdosing threshold and a subject's assignment in the placebo
controlled dosing trial. The two-tailed Student's t test was used
to compare means between two groups, whereas the chi-square
test was used to compare proportions. The chi-square test of
trend was used to assess the significance of association be
tween the two dark-adaptation tests and serum retinol. Analysis
of variance (ANOVA) was calculated for a model comparing
the popUlation mean dark-adapted thresholds for American,
Indonesian, and Indian children. The minimum number of
Indian and Indonesian subjects that would have to be tested to
establish a significant difference in mean threshold at the 0.05
level between these groups and nonnal American children with
a power of 99% was calculated with a standard sample-siz.e
formula. A two-tailed probability < 0.05 was considered
significant.

RESULTS

Results of a randomized, placebo-controlled dosing trial

For 89 children receiving high-dose vitamin A supplements,
pupillary dark-adaptation scores improved by an average of

Correlation between threshold testing and vitamin A
status

Mean serum retinol declined linearly with increasing pupil.
lary threshold scores (lower retinal sensitivity) (Figure 3: P <
om, chi-square test of trend). A similar monotonic trend was
observed for mean serum retinol and visual threshold, although
this relation was not significant (Figure 3; P < 0.3, chi-square
test of trend). Age, sex, breast-feeding status, and a recent
(previous 2 rna) episode of mumps, measles, cough. or diarrhea
were not significantly correlated with serum retinol or dark
adaptation score on linear modeling (data not shown).

Children reported by mothers to be nightblind did not have
significantly lower serum retinol concentrations (0.57 ::: 0.27
compared with 0.61 ::: 0.25 j.l.molJL; P = 0.4, Student's t test)
or higher (less sensitive) pupillary threshold scores (-0.55
compared with -0.67 log cdlm2

; P = 0.25. Student's t test),
although the relations were in the expected direction. All
children either had evidence suggesting clinical vitamin A
deficiency (a history of nightblindness or current Bitot's spots)
or were the siblings of deficient children, who are themselves
more likely to be deficient (8).
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FIGURE 5. Pupillary scores for severely vitamin A-dcficient Indian
children compared with scores for moder:nely deficient Indonesian and
normal American children. The mean score for Indian children (-0.622
log cdlm2

) was significantly higher (poorer dark adaptation) than the score
for Indonesian .hiJdren (-0.985 log cdlm2; P < 0.001. I test) and normal
US children (-1.335 log cdlm2; P < 0.0001. r test).

conducted in a portable testing site, constructed of locally
available materials and reassembled in each of the 40 villages,
which were within a 3-h drive of our base at the Aravind Eye
Hospital. The inability of a dark-adapted observer to read
standard-sized tes! letters inside the lest site guaranteed a
reproducible, minimum level of darkness. Our results indicate
that this technique is sufficiently robust to allow valid testing
under these conditions.

As had been the case in Indonesia (6), a very high proportion
of children completed pupillary dark-adaptation testing, signif
icantly greater than the percent:lge able to comply with visual
testing. Pupillary testing, in which the response was Objectively
graded by an observer. was more useful among young children,
especially children 4 y of age and younger, the group at
greatest risk for vitamin A deficiency.

Our data suggest that pupillary testing is not only more
acceptable to young children. but may also provide a more
accurate indication of impaired dark adaptation: pupillary
threshold was significantly correlated with serum retinol
whereas visual threshold was not. If pupillary testing does
indeed prove to be a more accurate indicator of vitamin A
status in this age group. it may well be due to practical
issues of testing rather than to any fundamental difference
between the two tests. Both pupillary and visual testing
assess the function of the dark-adapted retina, known to be
impaired in vitamin A deficiency. It is possible that further
experience will show that the two tests prOVide complemen
tary infonnation, but we are unaware of any data to suggest
that either offers a theoretical advantage in the assessment of
vitamin A status.

The degree of success in pupillary threshold testing is nota
ble, given that children in this part of India are quite unused to
sitting in darkened conditions, and that testing was carried out
during the hottest part of the year. These problems were in part
overcome by designing a portable testing area that was large
enough to accommodate the subjects' mothers. and that could
be made comfortable by means of an electric air cooler weigh·
ing < 10 kg and 70 cm in height.

As expected. mean serum retinol declined in linear fashion
with higher (less sensitive) scores on both pupillary and visual
dark-adaptation testing, although only the pupillary scores

58.5 :!: 7.0
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As anticipated. the apparently poorer vitamin A status of the
Indian children was associated with a higher mean pupillary
threshold (lower retinal sensitivity) compared with the In
donesian children (-0.622 compared with -0.985 log cd!
m2

; p < 0.00 I, two sample t test), who in turn showed
significantly poorer dark adaptation than a group of 56
apparently well-nourished American children aged 54 =18
mo with dark irides (two-sample ( test: -1.335 log cd/m2,

P < 0.0001 ~ comparison of the three populations by
ANaYA; F = 55.95. P < 0.0001) (Figure 5). Although
serum retinol was not measured in the American subjects,
the extremely low prevalence of vitamin A deficiency
among well-nourished American children is well-docu
mented (9). American children with dark irides were chosen
because we found previously (unpublished data) that Amer
ican children with light irides showed a slightly more sen
sitive response to pupillary threshold testing.

Although pupillary data differed significantly between the
Indian and Indonesian populations, visual threshold data did
not (-4.00 compared with -4.09 log cdJm2

; P == 0.5, two
sample t test). Comparable visual threshold data were not
recorded for the American subjects.

DISCUSSION

This study is a sequel to our previous clinic-based assess
ment of this new test of dark adaptation, with measurements
made under actual village-based conditions. All testing was

Pupillary Pupillary Vloual Vl1lUaI
Vllamln A PlltC8bO VIl8mln A Plaeebo

FIGURE 4. Mean (= SE) decline in dark-adaptation thresholds after
supplementation with vitamin A or placebQ. The difference in decline was
not significant between individuals receiving placebQ or vitamin A for
either the pupillary (P = 0.2, r test) or visual (P ::: 0.5. r test) teslS.

TABLE 1
Vitamin A status of 130 Indian children compared with 136 Indonesian
children

I Six months after re.eiving a baseline vitamin A dose of (05 ~mol.

2; == SD.
.1." Significantly different from Madurai, India: J P < 0.0001 (Student's

( test), .. P < 0.000] (chi-~quare test).

Age (rno)
Serum retinol (~mo1JL)

Proportion with retinol
< 0.7 ~molJL (%)

Proportion reported
as nightblind (%) 93/207 (44.9) 01136 (O)~
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Vitamin A prophylaxis

It has been little more than a decade since the initial obser~
varion of the dose dependent relation between the severity
of vitamin A deficiency and childhood mortality,' quickly
followed by the publication of a controlled trial in which
children of preschool age, randomised to receive large
doses ofvitamin A every six months, died at only two thirds
(or less) the rate of control subjects." In the short interval
since this trial, an initially sceptical scientific community
has declared control of vitamin A deficiency a major inter
national goa!.... and potentially one of the most cost effec
tive of all health interventions.7

The Story did not begin in the 1980s. A host of animal
studies and anecdotal clinical reports during the first third
of the century, soon after vitamin A was discovered,
suggested a dose, potentially causal relation between vita
min A status and morbidity and mortality from infection.
These are detailed elsewhere.8

Vitamin A prophylaxis and m.ortality
For ethical and logistic reasons the observational study' has
never been repeated, though a large number of intervention
trials have been carried out. Eight were initially considered
to be suitably rigorous for inclusion in an independently

commissioned meta-analysis (table 1).9 The results were
remarkably similar, particularly given the wide differences
in culture, dietary habits, disease pattems, and malnutri
tion of the populations studied, the differences in study
design, and the variation in the potential effectiveness of
the strategies used to improve vitamin A status.' '0-1.

On an intent to treat basis, six of the eight studies
recorded a statistically significant reduction in mortality
among children assigned to receive vitamin A supplements
(19 to 54%), even though not all those assigned vitamin A
complied with the treatment.2

8

Negative results
Two 'outlier studies', in which no reduction in mortality
was observed, deserve mention. The Hyderabad trialU had
a series of problems that only became apparent after
publication from an e.",change of letters to the editor: chil
dren were routinely examined and treated for disease each
week by specially trained health workers. This may explain
why both the treatment and control arms experienced
mortality much lower than anticipated. This general
reduction in mortality drastically reduced the power of the
study to detect an effect attributable to the vitamin A sup
plement (mean reduction 6%, 95% confidence interval
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-50 to 50%)." In addition, the study had a large and differ
entialloss to follow up and low levels of compliance.

The Sudan trial" probably did not establish a meaning
ful difference in vitamin A starns between its two study
groups. It is likely that the study children were not particu
larly deficient to begin with: almost halflived in homes with
sanitary facilities and piped-in water, hardly representative
of the economic status and living conditions of most chil
dren in the developing world.

Importantly, the senior authors of both these studies
have subsequently supported the value of improving
vitamin A status as a means of reducing childhood
mortality.' 11

Infectious morbidity and mortality
Longitudinal observational data have suggested that
vitamin A stams can affect the incidence of infectious
diseases. IS 19 Intervention trials, however, have not con
firmed a causal relation; instead, improving vitamin A sta
tus primarily reduces the severity ofinfectious episodes,14 20

particularly life threatening diarrhoea and measles (table
2).

Measles
In the four community based prophylaxis trials in which
cause specific mortality was ascertained, mortality from
measles was reduced by roughly 50% (table 2).11 .2" '5 In
the one trial which did not arrive at this conclusion,l5 the
data presented in the published paper clearly prove other
wise (though given the sample size the large clinical differ
ence was not statistically significant). Remarkably, the
treaonem with high doses of vitamin A of children admit
ted to hospital with moderate to severe measles reduces

Table 1 Major community mortality prevention rrials

Annoracions

mortality to a similar extent/'·" strongly suggesting that
the beneficial impact is secondary to the correction of the
underlying vitamin A deficiency and not to a non-specific
adjuvant response related to the large dose.· Treatment
with large doses of vitamin A (200 000 ill on two succes
sive days) also reduces the severity and persistence of com
plications related to measles.22

-
25

Diarrhoea
Children assigned to the vitamin A supplementation arms
of the community based mortality trials had one third
fewer deaths attributable to diarrhoea than the control
subjects (table 2). CommunitY based studies on the effect
of supplementation on morbidity support these results:
although supplementation did not reduce the incidence of
diarrhoea, it did reduce the severity of subsequent
diarrhoeal episodes" 20 The lack of apparent iml'act on
incidence may be real; alternatively, it may reflect an inad
equate sample size given the high frequency of trivial diar.:.
rhoeal episodes among children in the developing world.8

Respiratory disease
Despite evidence for an aSSOClaoon between vitamin A
deficiency and the prevalence and incidence ofrespiratory
disease: I. the prophylaxis trials did not show a consistent
impact on death from respiratory disease (table 2). Indeed,
it has been suggested that vitamin A supplementation may
increase the risk of respiratory infection, though a World
Health Organisation Consultative Group, after reviewing
all available data, concluded that this was unlikely.26 Some
workers have suggested that the apparent contradiction
may reflect the reversal ofsquamous metaplasia of the epi-

Study

Aceh
Bogor
NNIP5
]umIa
Tamil Nadu
Hyderabad
Khartoum
VAST

Country

Indonesia
Indonesia
Nepal
Nepal
India
India
5udan
Ghana

Vitamin A supplemmr

Large dose every six months
Vitamin A fortified monosodiwn glutamate
Large dose every four months
One large dose, follow up at five months
Weekly moderate dose
Large dose every six months
Large dose every dix months
Large dose every four months

Reponed mortali')' rtducwn
("/0)*

34t
45
30
29
54
6 (not 55):::
(+6; not 55)
19

PMmary rejtrenJ:e

50mmereraf
Muhilal er al'0
Wester al"
Daulairc et al"
Rahnl3lhullah er al"
Viiayaraghavan er d"
Herreraetal"
Ghana VA5T 5tudyTeam"

" 6 months and older at baseline (1 year or older if younger children Dot reported separately).
t Alternative analyses suggest at least 40 to > 50%.
; As calculated from data in their publication, but not reported as such.'
5S =Statistically significant (P < 0.01).
Reprinted with permission from Sommer A, West KP. Vitamin A~: health. survival, and vision. New York and Oxford: Oxford UniversitY Press, 1996.

Table 2 Cause specific mortality. vitamin A supplementacion community prevention rrials

Sympro""ldiJeases

MeaslM DiaTTheoa Respiratory

StUdy Vitamin A Cancrol group Vitamin A C01lrrol group Vitamin A Conrrol group

Tamil Nadu"
No of deaths 7 12 16 33 2 3
RR" 0.58 0.48 0.67

NNIPS"
No ofdeaths 3 12 39 62 36 27
RR 0.24 0.61 1.29/J.OOt

]wnJa~"

No of deaths 3 4 94 129 18 17
RR 0.67 0.65 0.95;

Ghacal4

No of deaths 61 72 69 III 47 45
RR 0.82 0.66§ 1.00

+ RR (relative risk): cause 5pecific mortality of vitamin l't. group divided by mortality in conrrol group.
t Original published results' ': RR= 1.29; reanalysis as an associared cause that recognises underlying causes; RR= 1.00 (KP West, unpublished data).
; Pneumonia case management progranune may have confounded results.
§ Defined as 'acme gasrroenteritis'.
~ Except for ]umla, findings relale to children already" 6 months of age when supplemented.
Reprinted with penni5sion from Sommer ..>,., We" KP. Vitamin A deficiency: h<allh, SUN-'it'al, and t';'ion. New York and Oxford: Oxford Univermy Press, ItJ.¥-
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theliallining of the respiratory tract, increasing its ability to
mount a clinically detectable response to an infection. A
definitive answer awaits further investigation.

Young infants
Few data suggest that vitamin A supplementation dramati
cally reduces childhood mortality in infants younger than 6
months of age. The only carefully conducted community
based prophylactic trial even suggests the potential for a
small increase in mortality among children supplemented
with vitamin A during the second and third months of life;
clear cut protection is evident by the age of 5 months.' 27

Whether this is a real effecr or chance variation awaits the
results of follow up investigations.

In one trial Indonesian children randomised to receive
50 000 IV vitamin A at birth had only half the first year
mortality of control subjects.z, Almost all the benefit
occurred during the second to fourth months of life.

Non-infectious morbidity
Apart from infectious disease, vitamin A status appears to
play an important part in gro\.Vth and haemoglobin synthe
sis. Human data on gro\.Vth, particularly from controlled
intervention trials, are confusing: from no impact at all to
an age dependent influence on ponderal and/or linear
gro\.Vth.· Presumably vitamin A can be a limiting factor of
many aspects of the gro\.Vth process, but the degree (if any)
depends on the relative adequacy of other nutrients. In
contrast, numerous studies have shown that improvement
in vitamin A status favourably affects iron metabolism,
reducing the severitY of anaemia.' 102'

Mechanism of action
The protective effects of vitamin A supplementation seem
to be entirely related to restoring normal vitamin A status.
This, in turn, increases resistance to (severe) infection
through at least two mechanisms: the restoration of
normally differentiated epithelia, providing a more effec
tive barrier to infection; and up-regulation of immune
competence.•

For example, children admitted to hospital with severe
measles who were randomised co vitamin A supplementa
tion developed a far greater immune response than control
subjects." The speed of the protective response, graphi
cally illustrated by the 50% reduction in mortality from
measles among children supplemented with vitamin A
after admission to hospital, seems at first glance surprising.
We now know, however, that vitamin A regulates the
expression of at least 300 different genes and that the
nasogastric administration of vitamin A to deficient rats
results in detectable alterations in gene products within an
hour. 9 Hence the dramatic clinical response observed in
hospital and field studies has a readily demonstrable
biological basis, even if it is only currently partially under
stood.

RecoIIlIIlendations for prophylaxis
The ultimate goal of prophylaxis is to restore normal vita
min A status to deficient children. The most effective
means for accomplishing this urgent task will depend on
the vagaries of local culture, the available foods, and the
local health system. Ideally, every child (and woman)
should receive adequate vitamin A as part of their regular
·diet. Small daily doses are more efficiently absorbed and
stored than large periodic supplements. Unfortunately, the
population of those countries in which the problem is most
severe and extensive subsist primarily on vegetable diets,
containing little, if any, preformed vitamin A (aside from
breast milk, which is an excellent source for the young
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Key messages
• Vitamin A deficiency increases the severity of and
mortalitY from measles and diarrhoea
• Increased infectious morbidiry and mortalitY is
apparent even before the appearance of xerophthalmia
• Improving the vitamin A status of deficient children
aged 6 months to 6 years can dramatically reduce their
morbidity and mortaliry from infection
• Prompt administration of large doses of vitamin A to
children with moderate to severe measles, particularly if
they may be vitamin A deficient, can reduce individual
mortality by 50% and prevent or moderate the severity
of complications

infant). Provitamin A carotenoids found in many fruits and
vegetables are inefficiently converted to the active agent
and one of the best, most widely available sources of pro
vitamin A carotenoids, dark green leafy vegetables, is com
monly eaten in only small amounts, if at all, by young
children.

Many wealthier countries rid themselves of the problem
through the fortification of dietary staples, particularly
margarine and bread. Fortification of sugar has proved to
be an effective approach for dramatically reducing the
prevalence and severity of vitamin A deficiency in
Guatemala and is now being instituted in a number of
other Latin American countries.

Where the problem is most severe, however, particularly
in Africa and Asia (India, Bangladesh, Pakistan, Indonesia,
and the Philippines), periodic supplementation of every
child once every three to six months (laO 000 IV at less
than 1 year of age; 200 000 ill for older children) is
recommended. Children at special risk (for example severe
protein energy malnutrition, chronic diarrhoea, repeated
respiratory infection) are provided with an additional dose
if they have not received routine prophylaxis within the past
month. Measles is treated with a 200 000 ill supplement
on two successive days as a medical emergency. To boost
maternal stores and the amount of vitamin A in breast
milk, women are advised to receive 200 000 ill within four
to six weeks of delivery.

Over 60 countries are now planning, or have instituted,
programmes to control vitamin A deficiency. Periodic sup
plementation as a special endeavour generally achieves
sustainable coverage rates of 40-60%, though some coun
tries (and most demonstration projects) attain far higher
levels. In Indonesia, where distribution has been integrated
into a burgeoning health service system and mass media
has been used to educate the public and change dietary
patterns, a 90% reduction in the prevalence of overt
deficiency has been achieved.'

Unquestionably, the major challenge remains the design
and implementation of effective population based interven
tion programmes.

Conclusions
Although there is a great deal more to be learnt about the
value of vitamin A status and childhood morbiditY and
mortality, there is no longer any credible doubt that
deficiency is inimical to optimum health and survival.
These effects becrin to occur even before the appearance of
ocular disease ('~erophthalmia').9 19

ALFRED SOlvL\1ER
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The Duration of the
Effect of Vitamin A
Supplementation

The recent article by Ross et al. I

funher analyzes data from the carefully
conducted vitamin A intervention trials to
garner evidence for whether large dose
supplementation at 4-month intervals pro
vides optimal protection against excess
morbidity and mortality associated with
vitamin A deficiency. Finding no signifi
cant decrement in impact in relation to
either the duration between last dose or
cumUlative number of doses and subse
quent mortality, the authors, and an
accompanying editorial,2 suggest the
4-month interval may be optimally effec
tive.

On the face of it, the results are
indeed reassuring. However, they raise
another question. If a 4-month interval is
maximally effective, and if the impact of
supplements occurs by improving vitamin
A status that is initially suboptimal, why
does repeated periodic dosing work at all?
Either there really is room for further
improvement in vitamin A status and
therefore its impact on morbidity and
mortality (which seems most likely, since
a host of biochemical studies clearly
demonstrate the transient impact of peri
odic supplements on biochemical indices
of improved status),3 or the large dose is
exerting its impact through a bolus effect
by "spiking" vitamin A status. The latter
seems equally unlikely given the brief
period of "normal starus" enjoyed by
supplemented children versus the pro
longed benefit thm ensues.

Letters to the Editor

These considerations suggest that
just as in prevention of xerophthalmia.-I a
periodic large dose is protective longer
than measures of "biochemical indices"
would suggest.s Hence the 4-month inter
val provides a sustained rate of protection,
but probably one that is not as great as it
would be if the child were truly vitamin A
replete.

The editoriaI2 misses this important
point and compounds the problem by
suggesting that the 4-month interval is
highly protective, while a 6-month inter
val probably is not. The evidence pre
sented to support this conclusion rests on
the absence of observed protection in two
trials using a 6-month interval in compari
son with one in which a 34% (to 70%)6.7
protection was observed. A number of
alternative explanations have been offered
to explain the absence of an observable
impact (at any interva! following supple
mentation) in the two aforementioned
studies.3.8 The simplest reasoning, how
ever, belies the editorialist's explanation:
if 4 months is accepted as an effective
interval, then even if 6 months were less
optimal, one would expect two-thirds the
benefit of the 4-month interval rather than
no benefit at all! Expressed differently, the
expected benefit dUring months 1 through
4 would need to be cancetted by a
negative impact, of greater magnitude,
during months 5 and 6.

In conclusion, it is reassuring to learn
that in the Ghana studies no diminution
occurred in protection from excess morbid
ity and mortality with increasing duration
from dosing. Four-month (or shorter)
intervals between doses (the optimal
being daily, smaller doses) over 6 months
seems self-evident. While this analysis
does not demonstrate that. it does raise the
question why the vitamin A recipients
exhibited any benefit from sequential
dosing if 4-month intervals were opti
ma!. 0

Alfred Sommer, MD, MRS
Keith P. West, Jr, DrPH

The authors are with the School of Hygiene and
Public Health. Johns Hopkins Univeislty, Balti
more. Md.
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Vitamin A Deficiency, Child Health,
and Survival

While populations of wealthier coun
tries seek the putative benefits of near
phannacologic levels of antioxidants
(including vitamin A) as protection
from chronic diseases associated with
aging, scientific evidence accumulated
over the past two decades has confirmed
beyond reasonable doubt that excess
childhood morbidity and mortality is at
tributable to classic vitamin A defi
ciency, a condition prevalent throughout
the developing world. l From the relative
disbelief that accompanied the first
modem description of the association
between deficiency and increased child
hood mortality, Z to the ability of inter
vention programs to reverse it, 3 im
provement in the vitamin A status of
deficient populations has become a
mainstream international health goal. 4.5

Two decades ago, less than six countries
were concerned about the problem.
Now, over 60 countries worldwide have
established plans or programs to address
vitamin A deficiency, including the
United States.6

Despite periodic reports earlier in
this century that vitamin A deficiency
affected growth, measles mortality, and
potentially a host of other health out
comes, physicians largely focused on
the dramatic ocular changes ("xeroph
thalmia"). The earliest of these ocular
changes, nightblindness and Bito!' s
spots, virtually defined "mild defi
ciency" and the biochemical criteria as
sociated with it.' This conceptual frame
work has now been completely revised:
ocular abnormalities reflect moderate to
severe deficiency. with clinically rele
vant implications arising earlier in'{he
process and at milder degrees of im
paired vitamin A statu5.!

Childhood mortality rates increase in
direct proportion to the severity of defi-
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ciency,2 beginning before ocular changes
are clinically apparent. I Indeed, among
populations where xerophthalmia is rare
or absent, 6 this is a fact consistent with
the high prevalence of milder manifesta
tions of physiologic disturbance. 1.9 Meta
analyses of community-based prophy
laxis trials indicate that improvement in
vitamin A status reduces preschool-age
(6 mo to 6 y) mortality by 20 to 70%,
depending upon the severity of underly
ing deficiency, the degree to which vita
min A status was improved, and the rela
tive contribution of underlying diseases
to all-cause mortality.I.1O

Most childhood mortality associ
ated with vitamin A deficiency appears
to be related to the severity and not
the incidence of infectious disease, 8

particularly chronic diarrhea and mea
sles. 1 Indeed, treatment of moderate to
severe measles reduces the severity of
complications and cUts mortality in
half, 11-13 the same degree of measles
mortality reduction associated with
community-based prophylaxis.! Since
treatment of measles with high-dose
vitamin A produces the same degree
of reduction in measles-associated
mortality as vitamin A administered
prophylactically in community set
tings, it is likely that the accompa
nying reduction in deaths, in both in
stances. is attributable to improvement
in vitamin A status.

The mechanism( s) by which vitamin
A status influences the severity of infec
tious diseases is undoubtedty complex,
involving the barrier function of epithe
lial linings (altered early in deficiency)
as well as humoral and cell-mediated im
munity.14.15 •

Vitamin A also affects differentiation
and development of a host of tissues and
organs, which probably accounts for its

ELSEVIER

role in immunity, growth, xerophthal
mia, and iron metabolism (and associ
ated anemia), 16 That this long-known vi
tamin, first discovered in 1913, should
have such profound and multifaceted ef
fects is no longer surprising: vitamin A
regulates the expression of over 300
genes, many of which respond within 1
h to oral administration of vitamin A.

It is now estimated that vitamin A de
fiCiency accounts for 1 to 3 million child
hood deaths, 5 to 10 million cases of
xerophthalmia, and half a million children
being blinded each year.!7 The impact of
deficiency on morbidity and mortality
among older children and adults, particu
larly anemia and chronic infectious dis
eases, is as yet unquantified. Recent inter-·
est has focused on the potential role of
vitamin A status in modulating the effects
of HIV infection, particularly vertical
transmission from mother to infant. 18

Many unresolved scientific questions
remain, particularly the role ·and clinical
impact of varying levels of vitamin A
status, especially "mild" deficiency
(e.g., serum vitamin A of 20-30 J1.gl
dL), a condition that only a decade ago
was considered to be within "normal"
limits.

The most pressing health issue, how
ever, is to act upon knowledge already
at hand: finding innovative ways to im
prove the vitamin A status of deficient
populations. This will require local polit
ical commitment and a practical combi
nation of intervention strategies appro
priate to the local determinants of defi
ciency, including c,\lIturaI preferences,
environment, and resources available
within the target population (s). Success
ful interventions usually include some
combination of education and social
marketing (to increase intake of vitamin
A-rich foods), fortification of a com-
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, monly consumed item, and/or periodic
supplementation. Vitamin A deficiency
has virtually disappeared from Singa
pore, Malaysia, and large areas of China,
concomitant with dramatic improve
ments in economic stat;us. Indonesia radi
cally reduced the prevalence of xeroph
thalmia, if not the eradication of milder
deficiency, through dedicated employ
ment of a combination _of programs,
moving initially from dependence on
costly vertically targeted approaches to
ones that were integrated into an ex
panding primary health infrastructure.19

With dedication and leadership, the same
can occur elsewhere.

ALFRED SOMMER, MD, MHS
Dean and Professor

Johns Hopkins School of Hygiene &
Public Health

Baltimore, MD, USA
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Effects of Vitamin A on Growth of Vitamin A-Deficient Children: Field
Studies in Nepal1,2.3

Keith P. West, Jr.,4 Steven C. LeClerq, Sharada R. Shrestha,* Lee S.-F. Wu,
Elizabeth K. Pradhan, Subarna K. Khatry,* Joanne Katz, Ramesh Adhikarit
and Alfred Sommer

The Center for Human Nutrition (CHN), Department of International Health and the Dana Center for
Preventive Ophthalmology (DCPO), the Johns Hopkins Schools of Public Health and Medicine, Baltimore,
MD 21205; *The Nepal Nutrition Intervention Project~Sarlahi (NNlPS) and the National Society for the
Prevention of Blindness, Kathmandu, Nepal; and the tDepartment of Pediatrics and Kanti Children's Hospital,
Tribhuvan University, Kathmandu, Nepal.

ABSTRACT Inconsistencies have been observed in the impact of vitamin A 01A) supplementation on early child
growth. To help clarify this issue, a cohort of 3377 rural Nepalese, nonxerophthalmic children 12-60 mo of age
were randomized by ward to receive vitamin A [60,000 ,ug retinol equivalents (RE)J or placebo-control (300 RE)
supplementation once every 4 mo and followed for 16 mo. VA had no impact on annual weight gain or linear
growth. However, arm circumference (AC) and muscle area (MA) growth improved in VA recipients, by 0.13 em
and 25 mm2

, respectively, over controls. Growth of children with xerophthalmia, Who were treated with 2: 120,000
RE at base line, was also compared to that of nonxerophthalmic children, stratified by initial wasting status, and
adjusted for sex, baseline age and measurement status. Among initially nonwasted children (AC 2: 13.5 cm), VA
treated xerophthalmic children (n = 86) gained 0.7 cm more in linear growth than nonxerophthalmic children.
Among initially wasted children (AC < 13.5 em), VA-treated children (n = 34) gained additional weight (672 g),
height (~1 cm), muscle (76 mm2j and fat (79 mm2j areas, and subscapular skinfold (1.3 mm) compared to changes
observed in nonxerophthalmic children. Relative increments in soft tissue growth occurred within 4 mo of VA
treatment, while the effect on linear growth was gradual. Moderate-lo-severe VA deficiency, marked by xerophthal
mia, is likely to impair normal physical growth, but milder stages of deficiency may not have this effect in rural
South Asia. J. Nutr. 127: 1957-1965, 1997.

KEY WORDS: • Vitamin A deficiency • xerophthalmia • growth • community trial • children

Vitamin A deficiency is an important child heaLth problem
in many developing countries, with consequences ranging from
potentially blinding xerophthaLmia to increased risks of infec
tion and mortality (Sommer and West 1996). Increased vita
min A intake, achieved by supplementation or fortification of
food stuffs, confers a clear survival benefit to young children
(Beaton et a1. 1993, Sommer and West 1996).

Vitamin A is an essential nutrient for mammalian growth
(McCollum and Davis 1913) but it has been difficult to dem-

1 This study was carried out under Cooperative Agreement No. DAN 0045
A-OO·5094-00 between the Office of Health and Nutrition, U.S. Agency for Intema-

• tional Development (USAID), Washington, DC and the CHN/DCPO, The Johns
Hopkins University, Baltimore, MD, USA, with financial and technical assistance
from Task Force Sight and Life (Roche, Basel), the United Nations Children's
Fund (UNICEF), Nepal and NIH grant no. RR04060.

~ The costs of publication of this article were defrayed in part by the payment
of page charges. This article must therefore be hereby marked "advertisement"
in accordance with 18 USC section 1734 solely to indicate this fact.

3 The Sarlahi Study Group (in addition to the authors) include Drs. R.P. Pokh
rei, B.D. Chataut, D. Calder, J. Gmunder, J. Humphrey, J. nelsch, H. Taylor, M.R.
Pandey; Mr. D. Piet, J. Canner, N.N. Achariya, D.N. Mandai, T.R. Sakya, B.B.
Shrestha and R.K. Shrestha.

4 To Whom cOrTespondence and reprint requests should be addressed,
e-mail;kwest@jhsph.edu

onstrate the effect of vitamin A deficiency on the growth of
children. The motivation to verify an effect of vitamin A
deficiency on growth and hence extend the assertion of
McCollum and Davis to the human, is less to influence public
policy (since aims to prevent childhood blindness and mortal
ity suffice in this regard) than to understand the sum of health
effects that can be attributed to vitamin A deficiency and its
prevention in populations where other nutritional ds:hciencies,
infection and mortality are common in children. It is the
working hypothesis of this paper that moderate-tO-severe vita
min A deficiency, marked by the presence of night blindness
or clinical eye signs, can and does impair physical growth in
young children compared to the growth of generally wasted
and stunted children who are also likely to be deficient in
vitamin A, but lack eye signs of xerophchalmia.

Clinical vitamin A deficiency has long been linked to poor
child growth on a cross-sectional basis; often the more severe
the eye signs, the more severe the stunting and wasting (Som
mer 1982). Children who develop mild xerophthalmia (night
blindness or Bitot's Spots) also show less weight gain and linear
growth than their nonxerophthalmic peers. Conversely, im
proved weight gain can accompany spontaneous recovery from
xerophthalmia, although catch-up linear growth is less evident

0022·3166/97 $3.00 © 1997 American Society for Nutritional Sciences.
Manuscript received 11 March 1996. [nitial review completed 30 May 1996. Revision accepted 12 June 1997.
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FIGURE 1 StUdy design and number of wards and children en
rolled in the growth cohort. by supplement group and clinical status at
baseline.
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(Tarwotjo et aL 1992). These associations may represent a
direct effect of vitamin A nutriture on growth or they may be
indirect, mediated by other co-varying nutritional and morbid
states that can effect growth. Vitamin A supplementation trials
have produced mixed results, ranging from improved ponderal
(West et al. 1988) or linear (Muhilal et a1. 1988) growth to
little or no discemable effects (Brown et al. 1980, Fawzi et al.
1997, Lie et al. 1993, Rahmathullah et aL 1991, Ramakrishnan
et al. 1995) in nonxerophthalmic children, casting doubt
about the importance of vitamin A as a determinant of child
growth in free-living populatiOns (Ramakrishnan et a1. 1995).

Here we report the impact of periodic vitamin A supple
mentation on pondera!, linear and body compositional growth
of nonxerophthalmic children participating in a randomized,
double-masked community trial. We also explore the hypothe
sis that vitamin A repletion of moderately-to-severely deficient
children, marked by the presence of xerophthalmia, can im
prove growth under rural conditions where other forms of
childhood malnutrition, infection and risk of mortality are
moderately severe and widespread.

METHODS

The impact on growth of high-potency vitamin A supplementa
tion once every 4 mo was assessed over a 16-mo period in a randomly
sampled cohort of preschool-aged children participating in a double
masked, randomized, placebo-controlled community trial in the terai
(plains) district of Sariahi, Nepal. Field work was conducted between
September, 1989 and December, 1991. The design (West et al. 1991),
procedures (Pradhan et al. 1994) and findings of the trial related to
the impact of vitamin A on mortality (Pokhrel et al. 1994, West. et
al. 1991 and 1995) and xerophthalmia (Katz et al. 1995) have been
reported. We have also attempted to assess the growth impact of
vitamin A on moderately-to-severely vitamin A-deficient children
by comparing within each supplement group the growth responses of
children with xerophthalmia, who were treated with vitamin A at
base line irrespective of their random assignmenr, with the growth
of nonxerophthalmic children, adjusting for multiple potential con
founders.

Briefly, 261 wards in Sadahi District were randomly assigned to
vitamin A (n = 131) or control (n = 130) supplement status. Twenty
wards were randomly sampled from each of these two groups to inves
tigate the impact of vitamin A on growth. This analysis is restricted
to a cohort of children 12-60 mo of age at the outset (the age
range for xerophthalmia in this study). At base line, children were
enumerated and dosed with ward-assigned, coded capsules of identical
appearance containing either 60,000 f.Lg retinal equivalents (RE)5
(200,000 IU "vitamin A") Ot 300 f.Lg RE (1000 IU) ("control") of
vitamin A as retinyl palmitate. plus 40 IU of vitamin E (a gift of
Roche, Basel, Switzerland). Seven-day morbidity histories were ob
tained. Parents or guardians brought their children to a central site
for ocular examination and nutritional assessment. Xerophthalmia
was diagnosed by standard, clinical criteria (Sommer 1995) and by
probing for a history of nightblindness using a local term (rataundhi)
(Khatry et al. 1995). Cases in both groups were treated with 120,000
f.Lg RE of vitamin A (one capsule at presentation and a second taken
the next day) and referred to local health posts for clinical follow
up and further treatment, if indicated. Masking was preserved for the
purpose of the triaL Thus; children in the vitamin A group received
a (coded) vitamin A supplement in their home just prior to examina
tion, providing them with a total dose of 180,000 f.Lg RE. Children
in the control group received their assigned placebo supplement at
home. Children continued to be visited at home every 4 mo and
dosed according to their ward allocation in the trial. This design
produced four supplemenr-clinical status groups: nonxerophthalmic

• Abbreviations used: AC. arm circumference; CL, 95% confidence limits; FA,
fat area; HAZ. height-far-age Z-score; HT, height; MA. muscle area; RE, retinol
equivalent; SS. subscapular skinfold; TS; tricipital skinfold; VA. vitamin A; WAZ.
weight-far-age Z-score; WHZ, weight-for-height Z-score; 'NT, weight.

children receiving vitamin A or placebo-control supplements every
4 mo and children with xerophthalmia at base line in each of these
two groups (Fig. 1). Having all received at least 120,000 /-lg RE at
the outset, cases of xerophthalmia in both supplement groups have
been pooled for the growth analysis presented here, except where
noted.

Baseline anthropometry included 1) weight (WT) measured when
children were naked or lightly clad, read to the nearest 0.1 kg on a
hanging spring scale (Salter Ltd, UK) and calibrated daily' against
known, standard weights; 2) standing height (;=,: 24 mo) or recumbent
length (12-23 mol (HT), read to the nearest o.t cm on a steel tape
attached to a wooden board with a foot-plate and sliding head block
(Shorr Productions, Woonsocket, RI); 3) left mid-upper arm circum
ference (AC), read to the nearest 0.1 cm using a Zerfas insertion
tape (Zerfas 1975); and 4) skinfold thickness, obtained to the nearest
o.t mm after 2-4 seconds' application of a caliper to the left tricipital
(TS) and subscapular (SS) sites (Holtain Ltd, Crosswell, Crymch,
Wales, UK). The median of 3 or 5 independent readings was recorded
for each measurement, except for weight which was usually read once
after the pointer on the scale was steady for;=,: 2 s. Measurements were
performed by a team of four trained anthropometrists: one observer
assistant pair assigned to measure WT and HT and a second pair to
measure AC and skinfolds.

Household visits and anthropometry at the central site (WT, HT
and AC) were repeated every 4 mo for 16 mo (5 visits) by the same
team. Skinfolds (TS and S5) were remeasured only at the 16-mo
visit, the final visit during which children of this age were in the
trial (Pokhrel et a!. 1994).

Inttateam measurement error was monitored by independently
repeating all anthropometry 1-2 h later in a random 5% sample of
children at the central site during each visit (n = 411-414 replicates
for WT, HT and AC and n = 75 for TS and SS). The mean technical
error, expressed as a standard deviation (SD = JI.d2f2n, where d
= the difference between paired measurements and n = the number
of children) was 76 g for WT, 0.35 cm for HT, 0.14 cm for AC, 0.34
mm for TS and 0.27 mm for SS.

In addition to actual measurements, estimates of cross-sectional
upper arm muscle (plus humoral bone) (MA) and fat (FA) areas as
indicators of apparent body muscle and subcutaneous fat mass (Gib
son (990), respectively, were derived from AC and TS measurements
by standard formulas (Frisancho 1981). Weight-for-height, height
for-age and weight-for-age values were expressed as standard normal
deviates (Z-scores, or WHZ, HAZ and WAZ, respectively) based on
the National Center for Health Statistics. median age-sex-specific
values for American children- (Hamill et al. 1977).

Group differences at base line were evaluated by XZ for discreet
variables and unalysis of variance for continuous variables. Differences
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in 4-, 8-, 12- and 16-mo growth increments were compared between
1) randomized groups of nonxerophtha1mic children and 2) xeroph
thalmic and nonxerophthalmic children, by multivariable linear re
gression adjusted for age (in mo), the baseline value of the specific
measurement or indicator being compared, and sex of the child
(Kleinbaum and Kupper 1978). Beta-coefficients provided estimates
of the adjusted cumulative growth effects of vitamin A supplementa
tion relative to placebo receipt in the randomized groups. For compar
isons between xerophthalmic and nonxerophthalmic children, the
beta-coefficients represent the incremental growth of vitamin A
treated children with xerophthalmia over (or under) the growth rate
of nonxerophthalmic children. It became apparent during analysis
that, in this population, ann circumference (AC) size was an im
ponant effect modifier for observed growth responses to vitamin A.
Therefore, growth comparisons were stratified by initial AC size,
< 13.5 and ;:= 13.5 em, representing children who were wasted and
not wasted, respectively, at the outset. Ninety-five percent confidence
limits (CL) for relative increments were derived from the standard
errors (SEM) of the regression coefficients.

Additional regression analyses were carried out to compare growth
increments between randomized groups and between xerophthalmic
and nonxerophthalmic children, adjusting for other potential influ
ences such as baseline morbidity (using diarrhea defined as ;:=1 day
of ;:=4 loose watery stools the previous· week as a proxy), breastfeeding
status at the outset (visit l) and at the relevant visit ending an
interval (yes vs. no), and education of the head of household (any
vs. none) as a proxy for socioeconomic status. These adjustments had
no significant or discemable effects on growth outcomes, but de
creased the effective sample size by about one-third for each compari
son due to missing data obtained either by design (e.g., morbidity
data were only collected for children who were under parental obser
vation the entire previous week) or due to non-responses on some
of these variables. Thus, only findings adjusted by age, baseline status
and sex are presented to preserve sample size and power.

Participation of families and their children in the smdy was volun
tary. Written and verbal disclosures were made about the study to

participating communities and households, respectively, and study
procedures were approved by the Nepal Health Research Council,
Kathmandu, Nepal and the Joint Committee on Clinical Investiga
tion, the Johns Hopkins School of Medicine, Baltimore, MD, USA.

RESULTS

Baseline comparisons. A total 00811 children 12-60 mo
of age were recruited at base line (n = 1991 in the vitamin
A group; n = 1820 in the control group). Of these, 3497 (92%
of all eligible; 91 % in the vitamin A group and 93% of con
trols) obtained an eye exam and anthropometry at a central
site (Table 1): 1760 nonxerophthalmic and 52 xerophthalmic
children in the vitamin A group and 1617 nonxerophthalmic
and 68 xerophthalmic children in the control group. These
children constitute the present growth cohort. Of all clinically
normal children in both supplement groups assessed at base
line, 87-91% were remeasured at 4, 8 and 12 mo; 84% in
both groups were remeasured at 16 mo. Comparable follow
up was achieved for xerophthalmic children with ~80% fol
lowed to completion. Follow-up was similar by gender (not
shown) and initial wasting status (Table 1).

Nonxerophthalmic children in the twO randomized groups
were comparable except for a 0.21 cm larger AC (and larger
constituent MA) among controls (Table 2). Xerophthalmic
children in the twO supplement groups were similar in all
baseline characteristics (not shown). However, xerophthalmic
children were older (by ~7 mo), less likely to be breastfeeding
(15 vs. ~4Z%), and came from more socioeconomically de
prived homes than nonxerophthalmic children (Table 2)
(Khatry et a1. 1995).

Baseline anthropometric profiles of nonxerophthalmic and
xerophthalmic children were compared between and within
each AC stratum. Wasted children, with an AC < 13.5 em,

TABLE 1

Numbers of children receiving anthropometry by visit,
supplement-clinical status and initial arm circumference1

Nonxerophthalmic
children

Xerophthalmic
Visit Vitamin A Control children Total

n

Baseline 1760 1617 120 3497
(100%) (100%) (100%) (100%)

<13.5 em 681 506 34 1221
2:13.5 em 1078 1109 86 2273

4 months 1592 1450 104 3150
(90%) (90%) (87%) (90%)

<13.5 em 617 445 30 1092
"2:13.5 em 975 1005 74 2054

8 months 1599 1434 98 3139
(91%) (89%) (82%) (90%)

<13.5 em 620 438 27 1085
2:13.5 em 979 996 71 2046

12 months 1578 1405 100 3095
(90%) (87%) (83%) (89%)

<13.5 em 604 429 26 1059
2:13.5 em 974 976 74 2024

16 months 1481 1361 96 2954
(84%) (84%) (80%) (84%)

<13.5 cm 587 439 25 1051
~13.5 em 894 922 71 1887

1 Maximum number measured at each follow-up visit. Maximum
number of missing values for one or more measurements at 4, 8, 12
and 16 mo for the nonxerophthalmie vitamin A group = 5, 4, 26 and
control group'" 5, 2, 19 and 5; and 0, 1, 0 and 0 for all xerophthalmic
children.

had lower WHl, WAl and HAl scores (Fig. 2A), smaller
SS and AC values (Fig. 28) and less MA and FA (Fig. 2C)
than children who were not wasted (all P < 0.0001). For all
indicators, nonwasted xerophthalmic and nonxerophthalmic
children were comparable. However, wasted children with xe
rophthalmia were still more stunted and acutely malnourished
than nonxerophthalmic children wirh an AC < 13.5 em,
significantly so for HAZ, W Al, 55, AC and MA (all P <
0.01) and FA (P < 0.03). Also, eye signs of xerophthalmia
tended to be more severe in wasted than nonwasted children
(66% vs. 55% with Bitet's spots, 2% vs. 0% wtth corneal
xerosis, respectively).

Growth effects in nonxerophthalmic children. Findings
from the randomized trial show that four months after initial
dosing (after the major rice harvest in November and Decem
ber) vitamin A-dosed children gained 121 g less weight [and
0.11 less in WHZ (95% CL: -0.16, -0.07)] than controls;
the effect was comparable by baseline AC status (Table 3).
This relative decrement was offset by relative weight gain over
the next 8 mo (encompassing the late dry and early monsoon
season) such that, after 12 mo, vitamin A recipients had gained
an average of 38 g more than controls (not significant). After
16 mo (and a second peri-harvest interval) children receiving
vitamin A had again gained less total weight than controls
(-72 g, -0.06 WHl, 95% CL: -0.10, -0.02). Differences
between groups in weight gain were comparable by baseline
AC (Table 3), sex and age (not shown).

There was no effect of vitamin A on linear growth (0.05
cm and 0.01 HAl at 16 mo), except for a small increase of
0.13 cm after 12 mo among nonwasted vitamin A recipients
(Table 3). Arm circumferential growth of vitamin A recipients
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TABLE 2

Baseline child and household characteristics (at visit 1) by randomized supplement group and xerophthafmia status

Nonxerophthalmic children
Xerophthalmic

Characteristic Vitamin A Control children

Child
n 1760 1617 120
Age,1 mo 35:!: 14 35:!: 14 42:!: 115
Male, % 52.9 52.5 55.0
Breastfed, % 42.2 43.1 15.05

Nutritional status1,2
wr, kg 10.83 :!: 2.52 10.81 :!: 2.49 11 .50 :!: 2.434
HT, em 84.3 :!: 9.9 84.4 :!: 9.9 88.0 :!: 9.105
HAZ -2.46:!: 1.25 -2.44 :!: 1.25 -2.63:!: 1.50
WAZ -2.23 :!: 0.95 -2.25 :!: 0.95 -2.36:!: 1.89
WHZ -1.01 :!: 0.82 -1.05 :!: 0.82 -1.11 :!: 0.89
AC,cm 13.71 :!: 1.133 13.92:!: 1.14 13.77 :!: 1.41

MA,2mm 1066 :!: 1823 1104:!: 181 1087 :!: 210
FA,2 mm 440 :!: 111 449 :!: 108 437 ± 127
SS,mm 5.8 ± 1.3 5.8 ± 1.3 5.7:!: 1.6

Morbidity past week, %
Diarrhea 12.2 10.8 10.0
Cough 16.1 15.1 20.8
Fever 15.5 18.2 22.5

Household
Mother

n 1295 1186 114
Age,1 y 28 ± 7 28:!: 6 29:!: 6
Any education, % 8.3 7.8 2.64

Head
n 1234 1123 108
Any education, % 33.1 31.6 17.65
Laborer, % 22.1 19.5 39.85

1 Mean ± standard deviation.
2 WT = weight; HT = height; HAZ, WAZ, WHZ = z-scores for HT-for-age, WT-for-age and WT-for-HT, respectively; AC .. (left) upper ann

circumference; MA, FA = (left) upper arm muscle and fat areas, respectively; SS = (left) subcapsular skinfold
3 Difference between vitamin A and control children, P < 0.001
4 Difference between xerophthalmic and all nonxerophthalmic children/households, P < 0.05.
S Difference between xerophthalmic and all nonxerophthalmJc childrenlhouseholds, P .s 0.001.

increased 0.16 em over that of controls in the first 4 rna,
more apparent in nonwasted children. This increment, which
persisted, was associated with a 25 mmz (or 32%) increase in
arm MA over the growth in MA of nonxerophthalmic children
(Table 4) which had increased by a total of 77 mm2 (mean)
over the 16-mo period (not shown). No differences be
tween groups were observed in rates of change in FA and SS
(Table 4).

Growth of xerophthalmic vs. nonxerophthalmic chill
dren. The apparent ponderal growth response of xerophthal
mic children to vitamin A, analyzed outside the randomized
design, differed markedly by initial wasting status, whereas the
linear growth response was more uniform across AC strata,
compared to their nonxerophthalmic peers (Table 5).

Wasted xerophthalmic children gained 644 g more in
weight during the first 4 mo than nonxerophthalmic, wasted
children, representing an 84% increase over the mean 4
month gain of 765 g in the latter group. The initial increment
was accompanied by relative improvement in weight-for
height, by 0.57 WHZ (95% CL: 0.37, 0.77), reflecting early,
preferential gain in soft tissue. This weight increment persisted
for the duration of the study. Relative change in AC growth
paralleled that of weight gain: there was an initial increase of
0.77 cm in arm circumferential growth of wasted xerophthal
mic children compared to wasted nonxerophthalmic children.

The increment persisted through the 16-month follow-up
(0.71 cm), by which time wasted xerophthalmics showed addi
tional gains in MA of 76 mmzand FA of79 mm2 over arm area
gains in other initially wasted children (Table 4). Subscapular
skinfolds also preferentially increased in wasted-xerophthal
mics, by 1.31 mm. Linear growth (6.HT in Table 5) of wasted
xerophthalmics gradually accelerated over that of wasted non
xerophthalmic children, showing cumulative relative incre
ments of 0.20, 0.49, 0.74 and 0.97 em by 16 mo, representing
a 10% increase over the mean linear growth (of 9.8 em) in
the latter group over this time.

Vitamin A treatment was associated with modest, gradual
weight gain (196 g by 16 mo) in initially nonwasted xeroph
thalmics (AC ~ 13.5 cm) compared to the weight gain of
their nonwasted, nonxerophthalmic peers (Table 5). Linear
growth of xerophthalmics also improved, by 0.69 em after 16
mo, representing 8% of the mean gain in height (of 9.2 cm)
of nonxerophthalmic children. However, nonwasted xeroph
thalmics showed no advantage in changed weight-far-height
(with relative increments varying from -0.04 to -om WHZ,
all not significant), AC (Table 5), MA, FA or SS (Table 4),
indicating that the relative gain in weight was pondostatural.
Supporting this interpretation, the 196 g weight gain advan
tage of VA-treated xerophthalmics was no longer evident once
6.HT was introduced into the regression equation (b = 70 g)
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FIGURE 2 Baseline anthropometric status of children by arm cir
cumference (AC < 13.5 em, wasted; AC 2= 13.5, nonwasted) and xe
rophthalmic status (Xero vs. Nonxero). A: Z-scores for height-far-age
(HAZ), weight-far-age !YVAZ) and weight-far-height (WHZ); B: arm cir
cumference (AC) and subscapular skinfold (SS) thickness; and C: left
mid-upper arm muscle (MA) and fat (FA) areas. All differences between
nonwasted and wasted children are statistically significant, P < 0.0001.
No comparisons between nonwasted Xero and Nonxero children are
significant, all 0.15 < P < 0.90. All differences between wasted Xero
and Nonxero children are significant (P :s 0.03), except for WHZ (P >
0.1).
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containing age, sex, baseline WT and other covariates sug
gesting that the differential in weight gain was latgely due to
a difference in height gain between groups.

Adding an interacrion term in each regression for xeroph
thalmia X AC showed highly significant interactions (P
< 0.001 for all) for .6.WT, .6.WAZ, .6.WHZ and .6.AC and
insignificant interactions for .6.HT and .6.HAZ (P > 0.4 for
all) during each cumulative interval, and strong interactions
(P < o.ot for all) for 16-mo differences in MA, FA and SS,

as Tables 5 and 6, respectively, indicate. The size of interaction
between effects in xerophrhalmic children with a low vs.
higher AC can be estimated by subtracting the coefficient
values for children with AC > 13.5 cm from values for chil
dren with AC < L3j cm (e.g., 621 g difference in weight
gain between AC groups from 0-4 mo).

Also, adding a xerophrhalmia X supplemenr group interac
tion to each regression showed that continuously VA-supple
mented xerophthalmics gained more fat by 16 mo than cases
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TABLE 3

Cumulative differences in growth by inteIVal and baseline arm circumference (AG) between nonxerophthalmic children, 12-60 mo
of age at baseline, randomized to vitamin A or placebo control supplements eve/}' four months1

Follow-up interval

0-4 months
AC < 13.5 cm
AC:o: 13.5 em

0-8 months
AC < 13.5 em
AC:o: 13.5 em

0-12 months
AC < 13.5 em
AC;;,: 13.5 cm

0-16 months
AC < 13.5 cm
AC 2: 13.5 cm

b

-121
-123
-108
-53
-32
-60

38
48
24

-72
-80
-64

9

95% CL3

(-159, -93)
(-190, -56)
(-155, -61)
(-73, -33)
(-103, 39)
(-109, -12)
(-4, -70)
(-28, 124)
(-29, 77)
(-125, -19)
(-172,12)
(-127, -1)

b

0.02
0.05
0.03
0.00

-0.06
0.06
0.07
0.00
0.13
0.05
0.00
0.11

ll. HT

95% CL3

cm

(-0.04.0.08)
(-0.09.0.19)
(-0.05.0.11)
(-0.08,0.08)
(-0.22,0.10)
(-0.04,0.16)
(-0.03,0.17)
(-0.20, 0.20)
(0.01, 0.25)
(-0.07, 0.17)
(-0.23,0.23)
(-0.03,0.25)

b

0.16
0.09
0.20
0.10
0.07
0.12
0.23
0.22
0.23
0.13
0.07
0.16

D. AC

95% CL3

em

(0.12.0.20)
(0.01, 0.17)
(0.16,0.24)
(0.06,0.14)
(-0.01,0.15)
(0.09,0.17)
(0.19,0.27)
(0.14, 0.30)
(0.17, 0.29)
(0.09, 0.17)
(-0.03, 0.17)
(0.10, 0.22)

1 Differences obtained from multiple linear regression coefficients (b) representing the cumulative effect of vitamin A (60,000 p,g RE) vs. placebo
control (300 p,g RE) supplementation every 4 mo in nonxerophthalmic children adjusted for age and the specified measurement value at baseline
and sex.

2 WT = weight, HT = height, AC = arm circumference.
395% confidence limits of b derived from standard errors of regression coefficients.

treated with VA only at baseline: AC increased by an addi
tional 0.30 cm (95% CL: 0.02, 0.58), FA increased by 38 mm2

(-2, 78) and 55 increased by 0.42 mm (-0.05, 0.89), while
the relative increase in MA was less and not significant [29
mm2 (95% CL: -11, 69)].

Differences in WAZ growth (Figure 3) show that treatment
of xerophthalmic children with vitamin A favored the growth
of wasted xerophthalmic vs. wasted nonxerophthalmic chil·
dren, irrespective of age. Within 4 mo. WAZ growth acceler
ated in wasted xerophthalmics by -0.4 Z-scores over that of
wasted nonxerophthalmic children; thus, idemifying a sub
group of initially more malnourished. vitamin A-deficient
children whose growth responded to vitamin A. Among non
wasted children, vitamin A treatment conferred no WAZ
growth advantage to xerophthalmics over their similarly nour
ished, nonxerophthalmic peers, except for a 0.11 Z increase
in WAZ in older xerophthalmics (36-60 mo of age at base
line) after 16 mo.

DISCUSSION

Nonxerophthalmic children. Findings from the random
ized trial show that periodic, high-potency vitamin A receipt
exerted no effect on linear growth or weight gain over the
course of an entire year in rural Nepal. However, ponderal
growth was negatively affected by vitamin A during two con
secutive periharvest seasons, reflected by -120 g reductions
in weight gain per 4 mo compared to placebo-control children.
It was accompanied each year by small relative decreases in
weight-for-height suggesting that vitamin A redpients may
have been accumulating less fat than children not receiving
vitamin A. Mechanisms for this effeCt remain to be explained.
However, this seasonal decline in weight gain velocity was
countered by improved weight gain over the remaining eight
momhs of [he year, when food availability and anthropometric
status typically decline and morbidity increases (K. West et
al., unpublished data), leaving no net effect of vitamin A on

TABLE 4

Differences in sixteen-month change in muscle and fat indicators by baseline arm circumference (AG)
in children 12-60 mo of age at baseline1

Comparisons of nonxerophthalmic Xerophthalmic vs.
children vitamin A vs. control nonxerophthalmic comparisons

Indicator b 95% CL b 95% CL

~ Muscle area, mm2 25 (17,33) 35 (15, 55)
AC < 13.5 em 20 (8,32) 76 (35,117)
AC;;,: 13.5 em 28 (19,37) 16 (-8,40)

ll. Fat area, mm2 a (-8,8) 7 (-13.27)
AC < 13.5 em -5 (-17,17) 79 (40, 118)
AC 2: 13.5 em 4 (-5,13) -22 (-46,2)

~ Subcapsular skinfold, mm 0 (-08, 0.08) 0.36 (0.13,0.60)
AC < 13.5 em -0.05 (-0.19,0.09) 1.31 (0.86, 1.76)
AC 2: 13.5 cm 0.05 (-0.05,0.15) -0.02 (-0.29, 0.25)

1 Differences obtained from multiple linear regression coefficients (b) representing the growth effects with 95% confidence limits (95% CL).
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TABLE 5

Cumulative differences in growth by interval and initial arm circumference (AC) between xerophthalmic and nonxerophthalmic
children, 12-60 ma of age at baseline1

t:..wr

Follow-up interval b (95% CL)2

g

0-4 months 221 (115, 327)
AC < 13.5 cm 644 (440,848)
AC ~ 13.5 cm 23 (-100,146)

0-8 months 231 (117, 345)
AC < 13.5 cm 686 (459, 913)
AC ." 13.5 cm 37 (-92, 166)

0-12 months 276 (153,399)
AC < 13.5 cm 725 (472,978)
AC"", 13.5 cm 106 (-33,245)

0-16 months 343 (194,492)
AC < 13.5 cm 672 (362,982)
AC 2: 13.5 cm 196 (31, 361)

b

0.21
0.20
0.22
0.34
0.49
0.29
0.51
0.74
0.44
0.77
0.97
0.69

~ HT

(95% el)

cm

(0.03, 0.39)
(-0.19,0.59)
(0.02, 0.42)
(0.11, 0.58)
(-0.04,1.02)
(0.04, 0.55)
(0.24, 0.78)
(0.13, 1.35)
(0.15,0.73)
(0.44, 1.10)
(0.23, 1.72)
(0.34, 1.04)

b

0.18
0.77

-0.09
0.23
0.79

-0.01
0.19
0.74

-0.03
0.20
0.71

-0.02

~AC

(95% Cl)

cm

(0.06, 0.30)
(0.54, 1.01)
(-0.23,0.05)
(0.09, 0.37)
(0.52, 1.06)
(-0.15,0.13)
(0.05, 0.33)
(0.45, 1.03)
(-0.17,0.11)
(0.06, 0.34)
(0.40, 1.02)
(-0.16,0.12)

1 Differences obtained from multiple linear regression coefficients (b) representing the cumulative effect of vitamin A treatment (either 120,000
~g RE or 180,000 ~g RE at baseline) of xerophthalmic children on growth compared to growth of nonxerophthalmic children (periodically receiving
vitamin A or placebo), adjusted for age, measurement status at baseline and sex.

2 95% confidence limits of b derived from standard errors of regression coefficients.

-0.2 --i..o...,....----or-----r-----.....,-

annual weight gain. Seasonal increases in weight gain velocity
associated with vitamin A receipt have only recently been
appreciated. Indian children randomized to receive high-po
tency vitamin A between April and July (late hot/early rainy

seasons) also showed significantly greater weight gain (140 g)
and less wasting malnutrition than placebo controls dosed in
the same season, but no effects were observed the rest of the
year (Bahl et al. 1997).

The lack of impact of vitamin f.. on annual ponderal or
linear growth is consistent with findings from twO other trials
amon~ nonxerophthalmic children in India where oral vitamin
A, provided as a weekly low dose to children ~5 to 71 mo of
age (Rahmathullah et a1. 1991) or as a periodic, high-potency
supplement to children 6 to 36 rna of age (Ramakrishnan et
al. 1995), failed to markedly influence 12-mo weight gain or
linear growth, but seasonality was not examined. Thus, it ap
pears that in South Asia, where moderate stunting and wasting
(ACC/SeN Report, 1992) typically coexist with multiple mi·
cronutrient deficiencies (Gopalan 1989), vitamin A supple
mentation alone may have little effect on height or weight
gain of most preschool children. This is in contrast to studies
in Southeast Asia where improved weight gain (West et a1.
1988) and linear growth (Muhilal et aL 1988) were observed
in vitamin A-supplemented children in populations that were
generally in better health and bener nourished than the popu
lation in rural South Asia (UNICEF, 1997).

Vitamin A may have caused a change of body composition,
reflected by a 32% relative increase in the growth of upper
arm muscle area (~25 mm2) which contributed to a small but
significant increase in arm circumference (0.13 cm) after 16
mo in both wasted and nonwasted VA-supplemented children.
Upper arm muscle area is an index of skeletal muscle mass
(Gibson 1990), shares high correlations with other indices of
lean body mass, such as the creatinine/height ratio (Heymsfield
et al. 1982; Trowbridge et al. 1982), and gradually responds
to protein-energy deprivation and recovery (Wright and
Heymsfield 1984). In the absence of an effect on subcutaneous
arm and trunk fat, the change in muscle (and humoral bone)
area may have reflected a positive shift in lean body mass with
improved vitamin A nutriture_ The effect was similar to rhe
36 mm! relative increase in arm muscle area observed after a
year of vitamin A supplementation in preschool boys in Indo
nesia (West et at. 1988). Improved lean body mass. assessed
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FIGURE 3 Growth by weight-for-age IYVAZl of children with xe
rophthalmia compared to children without xerophthalmia, supplement
groups combined, by wasting status and age at baseline and adjusted
for sex, age (in months) and baseline WAZ by linear regression. All
differences in ~ WAZ between wasted children and wasted nonxeroph
thalmic children are significant (P :s 0.005) except for 12-35 mo-olds
after 12 rna (P ::s 0.02) and 16 mo (P = 0.12). Only the WAZ growth
of nonwasted children after 16 months is significantly different from
nonwasted nonxerophthalmic children (P ::s 0.01).
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in this study by mid-arm anthropometry, may represent an
infrequently evaluated aspect of child growth that responds to
vitamin A, even in the absence of improved height and weight.

Xerophthalmic children. This trial offered a unique oppor
tunity to examine, outside the original randomized design, the
effects of vitamin A on the growth of clinically vitamin A
deficient children, representing -3% of this child population
(Katz et a1. 1996; Khatry et al. 1995). Previous vitamin A
growth trials have excluded, either a priori or in the analysis,
children with xerophthalmia (Fawzie et al. 1997, Rahmathul
lah et al. 1991, Ramakrishnan et al. 1995, West et al. 1988)
who, being moderately-co-severely vitamin A -deficient (Som
mer and West 1996). may have been expected to show a
growth response co vitamin A. Mild xerophthalmia has been
associated with decelerated linear and ponderal growth (Tar
wotjo et al. 1992), low attained height, (Cohen et al. 1986,
Khatry et at. 1995, Mele et al. 1991, Santos et al. 1983), mild
wasting (Hussain et al. 1996, Khatry et at. 1995, Mele et al.
1991) and increased risks of morbidity (Milron et at. 1987,
Sommer et al. 1984) and mortality (Sommer et al. 1983).

Xerophthalmic children who were not wasted at the outset
gradually accelerated their linear growth over nonxerophthal
mic, nonwasted children, by 0.7 em, or 10% after 16 mo. Their
relative increase in weight gain of - 200 g by the end of the
trial was pondostacural; that is, it could be attributed to their
improved linear growth since 1) there was no significant effect
of treatment on changes in weight-for-height, arm fat area or
subscapular skinfold thickness, and 2) relative change in
height largely explained the increment in weight.

Wasted xerophthalmic children, on the other hand, showed
marked increases in weight gain (644 g) and arm circumferen
tial growth (0.7 cm) within four months of being treated with
vitamin A, representing 84 and 130% increases, respectively,
over growth in these measures by other children who were
wasted at the outser. No further improvements in weight gain
or arm circumferential growth occurred, while height gain
steadily improved over that of other wasted children, reaching
a -1 em increment after 16 mo (an 8% increase). Rapid
weight gain in the first four months likely represented a gain
in fat. While not assessed at the second visit, initially wasted
children had clearly gained more fat by the end of the study,
evident by differential increases in arm fat area and subscapular
skinfold thickness. Yet, lean mass also likely improved, re
flected by increased arm muscle area growth. By the final
round, change in weight-far-height (6.WHZ) was more highly
correlated with age-adjusted change in upper arm muscle area
in wasted xerophthalmics (r = 0.72) than in other wasted
children (r = 0.43).

An initial growth response of soft tissue to vitamin A in
malnourished, moderately-to-severely vitamin A-deficient
children has been reported elsewhere. Rapid ponderal gain was
seen in a randomly selected group of mildly wasted, hyporeti
nemic children with measles in South Africa after being
treated with vitamin A (520 g gain in 6 mo), with 75% of
the effect occurting in the first 6 wk (Coutsoudis et aL 1991).
In Indonesia, children spontaneously recovering from mild xe
rophthalmia regained all of their calculated weight decrement
(~120 g) in a 3-mo period, but no't height deficit even after
6 mo (Tarwotjo et a1. 1992), suggesting the need for longer
follow-up to discern a potential effect of vitamin A on linear
growth. However, a more recent randomized, double-masked
trial in Indonesia has also shown high-potency vitamin A to
stimulate both linear and ponderal growth in severely vitamin
A-deficient children (serum retinol < -0.35 p;mol/L) (Hadi
et at. 1997).

It is possible that improved growth observed in wasted xe-

BESTAVAILABLE COpy

rophthalmic children may have been due to factors other than
vitamin A receipt, such as effective follow-up at primary health
care cencers or better child care and feeding at home once
children were diagnosed. These, however, were unlikely: 1)
child feeding and dietary counseling programs were not being
operated by health posts or other facilities in the area during
the trial; 2) all children (12 months and above) with arm
circumferences below 11.5 em, irrespective of xerophthalmia
status, were, nonetheless, referred to health posts; 3) the cutoff
for wasting in this study was mild, with 30% of all children
having arm circumferences below 13.5 em, a level that would
not have provoked parents with few resources to immediately
begin providing their children more food on a regular basis;
4) high-potency vitamin A is -90% effective in treating xe
rophthalmia (West and Sommer 1987), leaving little motiva
tion for parents EO sustainably improve the quality of a child's
diet once eye signs have disappeared follOWing treatment; and,
finally 5) a recently completed prospective, behavioral study
of children with and without a confirmed history of xeroph
thalmia in the study area has shown that previously xeroph
thalmic children, 1-2 years after being treated with vitamin
A, were less likely to be served food at meals, be washed and
given other forms of routine home health care and more likely
to be treated harshly than children living in nonxerophthalmic
households (Gittelsohn, J., Shankar, A. V., West, K. P., Jr.,
Faruque, F., Gnawali, T. and Pradahan, E. K., unpublished
manuscript). Thus, previously xerophthalmic children are
likely to be subjected to poor child caring practices long after
xerophthalmia has been successfully treated with vitamin A.
These factors would argue against the observed growth effects
in xerophthalmic children being due to general improvements
in diet or health care at home.

These findings suggest a role for vitamin A in promoting
growth in children with clinical signs of vitamin A deficiency,
at least in this rural South Asian setting. The effect was espe
cially evident among those who were initially wasted. The
lack of effect among children with milder (subclinical) vitamin
A deficiency appears to emphasize the role of multiple defi
ciencies, as well as morbidity, in restricting growth (Allen
1994). It is unlikely that vitamin A supplementation elicits a
typical growth response across populations or within the same
population over different periods of time. Expectation of
growth impact (or lack thereon, in any event, should not drive
policies to prevent vitamin A deficiency where reductions in
the severity of morbidity and mortality of children can be
realized (Beaton et al. 1993, Sommer and West 1996).
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Summary: Although vitamin A is thought to influence growth, the relationship
between maternal vitamin A deficiency during pregnancy and child growth is
unknown. A longitudinal cohort study of 467 HIV-infected women and their
children was conducted in Blantyre, Malawi. The children's weight and height
were measured every 3 months until they were 24 months old. Maternal vitamin
A deficiency was independently related to both linear and ponderal growth after
adjustment for effects of body mass index, child gender, and child HIV status.
By 12 months of age, infants born to mothers who were vitamin A-deficient
during pregnancy weighed -8% less (p < 0.001) and were -2% shorter (p <
0.001) than infants born to mothers who were not deficient. This study suggests
children born to HIV-infected women who are vitamin A-deficient during preg
nancy are more likely to have growth failure. Key Words: Vitamin A-Retinol
Nutrition-Growth-Human immunodeficiency virus.

Growth failure is one of the most common manifes
tations of HIV infection in children (1,2). Major factors
that may influence the growth of infants born to HIV
infected mothers include maternal nutritional status
and infant HIV status (3). There is evidence from large
studies that ponderal and linear growth are related to
the vitamin A status of preschool children (4). The
vitamin A status of the infant is largely dependent on
maternal vitamin A available to the fetus in utero and
during breastfeeding via the breastmilk. Vitamin A
status may playa major role in growth because retinoic
acid, the active metabolite of vitamin A, is the gene
regulator for growth hormone. (5).

Pregnant women are at a high risk of developing
vitamin A deficiency, and in some cultures, nightblind-
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ness-the earliest clinical manifestation of vitamin
A deficiency-is common enough to be considered
a symptom of pregnancy (6). We recently demon
strated that maternal vitamin A deficiency is associ
ated with increased mother-to-child transmission of
HIV, low birthweight, and higher infant mortality
(7,8). Although maternal vitamin A status is thought
to influence child growth, no studies have addressed
this issue in humans. The purpose of this study is to
determine whether maternal vitamin A deficiency
during pregnancy in HIV-infected women is associ
ated with child growth failure.

METHODS

The study population consisted of567 HIV-infected mothers and
their infants who were born at Queen Elizabeth Central Hospital
(QECH) in Blantyre. Malawi. from November 1989 to August
1991. The details of this study population have been described
elsewhere (7,8). Women presenting to the antenatal clinic of
QECH were confirmed to be HIV infected on the basis of a positive
results from enzyme-linked irnrnunosorbent assay (ELISA) and
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Age (Months)

FIG. 1. Weight-far-age of boys and girls born to HIV-infected
mothers with and without vitamin A deficiency.

Age (Months)

FIG. 2. Height-for-age of boys and girls born to HlV-infected
mothers with and without vitamin A deficiency.
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The mean linear and ponderal growth curves for
HIY-infected and uninfected children born to vita
min A-deficient and nondeficient mothers are shown
in Figs. 3 and 4. As shown in Figs. 3 and 4, HIY
infected children had lower mean linear and ponderal
growth than uninfected children. regardless of mater
nal vitamin A level. Among both HIV-infected and
uninfected children, those born to vitamin A
deficient mothers had lower linear and ponderal
growth than those born to mothers who were not
vitamin A-deficient. For example, by 12 months of
age, infants born to vitamin A-deficient mothers
weighed -0.7 kg less (-8% lighter) compared with
infants born to mothers who were not deficient in
vitamin A. Similarly. at 12 months of age. infants
born to vitamin A-deficient mothers were -1 cm
shorter (-1-2% shorter) than infants born to moth
ers who were not deficient in vitamin A.

Because repeated measures of ponderal and linear

RESULTS

western blot. Age. weight. and height of the mothers and gesta
tional age based upon the last reported menstrual period were
recorded at the first prenatal visit, which occurred during the
second or third trimester of pregnancy. Maternal body mass index
(Quetelet) was calculated using weight (kg)lheight2 (m) (9). Serum
vitamin A levels were measured during the first antenatal visit by
high performance liquid chromatography (7). Serum vitamin A
levels <1.05 j.tmollL were considered consistent with deficiency
in adults in this population (8).

At delivery. gestational age was estimated by Ballard score.
and the infant's weight was recorded. Mothers and infants were
examined every 3 months after delivery. and at each visit the
height and weight of the infants were recorded. All infants were
weighed on the same calibrated digital scale to the nearest gram.
Child length was measured using a child length board. Almost all
infants (>99%) in this study population were still at [east partially
breastfeeding at 12 months of age. At 12 months of age. ELISA
and confirmatory western blot were used to determine HIV·l
infection in the infants. All studies were approved by the Malawi
Health Sciences Committee (Blantyre) and the Committee on
Human Research at Johns Hopkins University (Baltimore).

Generalized nonparametric additive models were used to ana
lyze longitudinal growth data and construct mean growth curves for
infants (10.11). Comparisons were made between growth curves of
(a) infants born to vitamin A-deficient and nondeficient mothers.
(b) infants who were HIV infected and noninfected. and (c) boys
and girls. Population means and 95% confidence intervals about
the mean were calculated for the two groups from birth to 24
months of age. Generalized estimating equations were used to test
for statistical effects of covariates within these correlated longitudi
nal data.

Of 567 HIV-infected mothers. 421 had infants who
survived to 12 months of age, and 146 had infants
who died before 12 months of age. Serum vitamin A
levels were measured in 474 HIV-infected mothers
(in 136 of the 146 mothers whose infants died before
12 months of age and in 338 of the 421 mothers whose
infants survived to 12 months of age). Ninety-four
women were not included in the vitamin A analysis
for the following reasons: 40 mothers had no available
serum sample, 40 infants were lost to follow-up be
tween delivery and 12 months, and 14 infants had
indeterminate HIV serostatus at age 12 months.

Growth data were available for 328 of the 338
infants of known HIV status who survived to 12
months of age. Among the 328 infants (148 boys and
180 girls) with available growth data, 33 infants died
and 40 infants were lost to follow-up between 12 and
24 months of age. The mean linear and ponderal
growth curves for boys and girls born to vitamin A
deficient and nondeficient mothers shown in Figs. 1
and 2. For both boys and girls, linear growth and
ponderal growth were lower in those born to vitamin
A-deficient mothers.
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DISCUSSION

Age (Months)

FIG. 3. Measurements of weight-for·age of HIV·infected and
uninfected children bom to HIV-infected mothers with and without
vitamin A deficiency.

Our study suggests that maternal vitamin A defi
ciency in HIV-infected mothers is an independent
predictor of child growth failure. Children born to
HIV-positive women who were vitamin A-deficient

106.87 <0.0001
94.47 <0.0001

-4.44 <0.0001
2.87 <0.004
3.98 <0.0001

-4.63 <0.0001

Z-score p value

55.48 0.52
1.15 0.01

-1.31 0.29
0.83 0.29
1.16 0.29

-1.74 0.38

Estimate Standard
(cm) error

TABLE 1. Multivariate generalized equation model for
linear growth

Intercept
Age of child
Sex of child
Maternal vitamin A
Maternal BMl
Infant HlV status

TABLE 2. Multivariate generalized equation model for
ponderal growth

Estimate Standard
(kg) error Z-score p value

Intercept 4.90 0.16 3134 <0.0001
Age of child 0.28 0.004 76.94 <0.0001
Sex of child -0.47 0.093 -4.99 <0.0001
Maternal vitamin A 0.30 0.092 3.30 <0.001
Maternal BMI \.47 0.092 5.09 <0.0001
Infant HIV status -0.63 0.106 -5.94 <0.0001

For gender. boy = 0, girl = 1; for maternal vitamin A leveL
deficiency defined as serum vitamin A <LOS ,umoUL; for body
mass index (BMI), low and high divided at the median of 23.15
kglm2; for infant HIV status, HIV negative = O. HIV positive = 1.

during pregnancy consistently had lower weight-for
age and height-for-age compared with children born
to women who were not vitamin A deficient. To our
knowledge, this is the first study in humans to demon
strate that maternal vitamin A deficiency during preg
nancy is associated with child growth failure.

The vitamin A status of infants depends on liver
stores of vitamin A established through placental
transfer while in utero and through the vitamin A
in breast milk after delivery (12). Animal studies
demonstrate that vitamin A deficiency during preg
nancy has a profound effect on growth and mortality
of offspring (13). In the human life span, infancy is
the most vulnerable period for vitamin A deficiency,
and vitamin A deficiency may be overlooked because
night blindness is difficult to assess in infants and
because Bitor's spots. which are considered patho
gnomonic for vitamin A deficiency. do not usually
occur during infancy.

The impact of maternal vitamin A deficiency on
the newborn infant is complex because vitamin A
is involved in many different biological functions.
including the development of the immune system,
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growth were obtained from each infant, we used gen
eralized estimation equations that were robust to in
traindividual colinearity to estimate simultaneously
the effect of maternal vitamin A levels, body mass
index, infant gender, infant age, and infant HIV status
on growth. In stepwise, bivariate generalized equa
tion models where linear and ponderal growth were
the outcome variables, all five variables were signifi
cantly related to linear and ponderal growth, respec
tively, and were fit into final multivariate generalized
equation models for growth (Tables 1 and 2).
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FIG. 4. Measurements of height-for-age of HIV·infected and un·
infected children born to HIV-infected mothers With and without
vitamin A deficiency.

For gender. boy = O. girl = [: for maternal vitamin A level,
deficiency defined as serum vitamin A <\.05 /LmoI/L; for bodv
mass index (BMI). low and high divided at the median of 23.15
kglm2; for infant HIV status. HIV negative = O. HIV positive = I.
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maintenance of mucosal surfaces, and mucosal immu
nity and growth. The development of the thymus and
the normal maturation of T and B cells is dependent
on vitamin A (14). Thus, an infant born to a vitamin
A-deficient mother may have a greater degree of
immune dysfunction than an infant with healthy vita
min A stores. Vitamin A-related immune dysfunc
tion could predispose to more severe infections and
associated morbidity, which would be reflected in
growth failure. Maternal vitamin A deficiency could
also be more directly related to growth failure
through regulation of growth hormone (4,5).

This study is limited in that other micronutrient
abnormalities in pregnant women that may contrib
ute to child growth failure were not evaluated. Mater
nal iron deficiency is associated with low birth weight
and prematurity (15). Iodine deficiency disorders in
crease the risk of prematurity, stillbirths, spontaneous
abortions, and retarded growth and mental develop
ment (16). Zinc deficiency can affect the growth of
young children (17). Certain micronutrients may in
teract; for example, zinc deficiency may affect the
availability of circulating vitamin A (18), and vitamin
A status can influence the mobilization of hepatic
liver stores of iron (19). Further studies are needed
to address the effect of multiple micronutrient defi
ciencies on child growth.

It is unknown whether improving maternal vitamin
A status during pregnancy will improve child growth,
and the use of vitamin A supplements during preg
nancy should be approached with caution because
teratogenicity may be a concern with supplemental
doses greater than 10,000 IV/day. Periodic vitamin
A supplementation of children may increase both
linear and ponderal growth, but the observations
have not been consistent in all populations (20). Stud
ies are currently in progress in sub-Saharan Africa
and in the Indian subcontinent to determine whether
maternal vitamin A supplementation will improve
child growth and infant mortality.
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By the year 2000 there will be an estimated twenty-six million individuals infected with
human immunodeficiency virus (HIV) (Quinn, 1996). About four to five million cumu
lative cases are expected among children by the year 2000. The areas hardest-hit by the
acquired immune deficiency syndrome (AIDS) epidemic are sub-Saharan Africa, south
Asia, and south-east Asia, where the prevalence of micronutrient deficiencies is generally
higher. More than 90 % of new HIV infections are now occurring in developing countries.
Although HIV infection is characterized by a variety of micronutrient deficiencies and
wasting (Beach et ai. 1992; Kotler & Grunfeld, 1995), the relationship between nutritional
status and clinical outcome in HIV infection is not well understood. Vitamin A plays a
major role in normal immune function (Semba, 1994), and as early as the 1960s it was
acknowledged that 'no micronutrient deficiency is more synergistic with infection than that
of vitamin A' (Scrimshaw er ai. 1968). The present review focuses on the relationship
between vitamin A, immunity, and HIV infection.

VITAMIN A AND IMMUNITY

Vitamin A deficiency is a nutritionally-acquired immunodeficiency disorder characterized
by widespread pathological alterations of mucosal epithelia of the respiratory,
gastrointestinal, and genito-urinary tracts, impaired antibody responses to protein antigens,
altered cell-mediated immunity, and alterations in T-cell subsets (Semba et al. 1992,
t993b; Wiedermann et al. 1993; Zhao & Ross, 1995; Cantoma et ai. 1996; Ross, 1996).
Vitamin A, through its active metabolite, all-trans retinoic acid, regulates genes through
nuclear receptors in the steroid and thyroid hormone superfamily (Ross & Temus, 1993).
The genes relevant to immunity which are regulated by vitamin A have not been
completely characterized, but probably include those for interleukin-4, interferon-y
(Cantoma et ai. 1996), interleukin-2 receptor (Sidell et ai. 1993), and others. Growth and
activation of T and B cells are dependent on vitamin A (Buck et al. 1990; Garbe et al.
1992), and vitamin A supplementation is associated with increases in circulating
lymphocytes, including CD4 T-cells and natural killer cells, suggesting that lymphopoiesis
is enhanced by vitamin A (Semba et ai 1993b; Ross, 1996).

The potential consequences of the immunodeficiency associated with vitamin A
deficiency have been shown in longitudinal studies of preschool children which were
conducted in Indonesia in the late 1970s. These studies demonstrated that children with
mild vitamin A deficiency were at higher risk of respiratory and diarrhoeal disease and
higher mortality (Sommer et al. 1983, 1984). A series of community-based clinical trials of
vitamin A supplementation for preschool children soon followed in Indonesia, India,
Nepal, Sudan, and Ghana, which showed overall that vitamin A supplementation or
fortification reduced child mortality by about 20-30 % (Beaton et al. 1993). Further
analysis showed that vitamin A reduces the severity of diarrhoeal disease but seems to have
little effect on respiratory disease (The Vitamin A and Pneumonia Working Group, 1995).
High-dose vitamin A supplementation was also shown to reduce morbidity and mortality in
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children with acute, complicated measles (Hussey & Klein, 1990; Coutsoudis et at. 1991).
These clinical trials demonstrate that vitamin A is an immune enhancer and suggest that
vitamin A may have other therapeutic applications as a therapy for mv infection.

PATHOGENESIS OF VITAMIN A DEFICIENCY

Factors which may contribute to the development of vitamin A deficiency include: low
intake of vitamin A-containing foods, anorexia of chronic disease, diarrhoea and
malabsorption, concomitant protein-energy malnutrition, liver disease, abnormal urinary
losses of vitamin A during infections, the acute-phase response, and accelerated utilization
of vitamin A. In many developing countries where HIV infection is common, the intake of
vitamin A-containing foods may be marginal. Oesophageal candidiasis, cryptococcal
meningitis, and progressive multifocal leukoencephalopathy during mv infection are
associated with anorexia and wasting (Nablen et al. 1993). Diarrhoea and malabsorption
syndromes are common during HIV infection and can be caused by a wide variety of
pathogens, including cryptosporidiosis and isosporiasis. Fat malabsorption has been
reported in mY-infected individuals and may interfere with vitamin A absorption and
metabolism.

Protein-energy malnutrition increases the risk of developing vitamin A deficiency
(Smith et at. 1973), probably because vitamin A transport relies on a carrier-protein
complex of retinol-binding protein and transthyretin. Hepatitis appears to interfere with the
metabolism of vitamin A (Smith & Goodman, 1971), and hepatitis Band C are common in
many HIV-infected populations. During the acute-phase response, retinol-binding protein
may break off from the carrier complex of transthyretin and retinol, allowing abnormal
glomerular losses of vitamin A which may reach several times the required daily allowance
for vitamin A (Stephensen et al. 1994; Alvarez et al. 1995). Individuals with mv infection
and AIDS have been shown to have higher abnormal urinary losses of vitamin A compared
with controls (Silveira et al. 1996). Whether infections accelerate the utilization of vitamin
A is not clear; however, the depletion of hepatic vitamin A was shown to be increased in
children who incidentally contracted chickenpox during a vitamin A dosing study (Campos
et al. 1987). It is unknown whether the virulence of HlV itself may influence vitamin A
status.

PREVALENCE OF VITAMIN A DEFICIENCY DURING HUMAN IMMUNODEFICIENCY
VIRUS INFECTION

The prevalence of vitamin A deficiency may vary widely, depending upon the population.
Serum or plasma vitamin A levels have been used as the main indicator of vitamin A status
in most of these investigations. In a hospital-based, cross-sectional study of fifty-nine
adults with AIDS in New York City who were not taking vitamin :supplements, 20 % had
serum vitamin A levels < O·70 J.lmolll (Karter et at. 1995). A study of 100 asymptomatic,
HIV-infected homosexual men in Miami showed that 18 % had serum vitamin A levels
< 1·23j.lmolll, which were considered to be in the marginal range (Beach et al. 1992). In
forty-seven HIV-infected adults with wasting syndrome in Portland, Oregon, 14 % had
serum vitamin A levels < 1·75 J.lmolll (Coodley et al. 1993). A study of seventy-four HlV
infected pregnant women in Thailand showed mean vitamin A levels of 1·23 j.lmolll. Direct
comparispns of the vitamin A status in these various studies is problematic because of the
different cut-offs of serum or plasma vitamin A used to define vitamin A deficiency in
adults.
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We investigated the vitamin A status of different HIV-infected populations which
included injection drug users, homosexual men, adults in Uganda, pregnant women in
Malawi, pregnant women in the USA, and lactating women in Haiti. Comparison of
vitamin A levels in these different populations is useful because it may provide clues to the
epidemiology and pathogenesis of vitamin A deficiency during HIV infection. Plasma
vitamin A levels were measured in 284 HIV-infected injection drug users from a cohort
study in Baltimore, Maryland (AIDS Linked to Intravenous Experiences, ALIVE study;
Vlahov et ai. 1991). The frequency distribution of vitamin A levels is shown in Fig. ]. In
our studies in adults we have defined vitamin A deficiency as consistent with serum or
plasma vitamin A levels < 1·05 !!molll, a level at which some individuals may have
impairment of biological function (Pilch, 1987). Using this criterion, about 29 % of HIV
infected injection drug users had plasma vitamin A levels consistent with deficiency in
adults. Data from the first National Health and Nutrition Examination Survey show that in
the normal adult population in the USA, 1-3 % of adults have serum vitamin A levels
< 1·05 j.lmolll (Pilch, 1987). In a study of 311 HIV-infected homosexual men (Study to
Help the AIDS Research Effort, SHARE) in Baltimore and Washington, DC, the frequency
distribution of plasma vitamin A leveis suggested that this population was replete in
vitamin A (Fig. 2). The frequency distribution is flatter and shifted to the right in this
population of homosexual men. Serum vitamin A levels were measured in 522 HIV
infected adults followed in a large cohort study in an outpatient clinic at Old Mulago
Hospital, Kampala, Uganda (Fig. 3). The adults in Uganda were HIV 'seropositive and
purified-protein-derivative positive or negative with no radiological evidence of
tuberculosis.

Pregnant and lactating women are generally at higher risk of vitamin A deficiency. The
frequency distribution of serum vitamin A levels in 474 HIV-infected pregnant women
followed in the antenatal clinic at Queen Elizabeth Central Hospital, Blantyre, Malawi is
shown in Fig. 4. Of these women 63.3 % had serum vitamin A levels consistent with
vitamin A deficiency. In comparison, serum vitamin A levels from 513 HIV-infected
pregnant women from the Womens and Infants Transmission Study (WITS), a multicentre
study in the USA are shown in Fig. 5 (S. Landesman, D. Burns, D. Cotton, G. Fitzgerald,
M. G. Fowler, R. Hershow, 1. Pitt, R. D. Semba and C. Zorilla, unpublished results). Of the
women in WITS, 22 % had serum vitamin A levels consistent with vitamin A deficiency.
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Overall, the vitamin A status of HIV-infected pregnant women in the USA was better than
that in Africa. Vitamin A levels were measured in 126 HIY-infected lactating women at 6
months post-partum who were being followed in an outpatient clinic in Cite Soleil, Port Au
Prince, Haiti (J. S. Coberly, R. D. Semba, N. Halsey, J. Desonneaux, D. Jules-Joseph, P. A.
Carrenard, M. McBrien, R. Boulos and A. J. Ruff, unpublished results; Fig. 6). Over 75 %
of these lactating women had vitamin A levels consistent with vitamin A deficiency.

Comparison of the frequency distributions of vitamin A levels in these six different
populations allows some possible generalizations. First, HIY-infected adults from
developing countries had lower vitamin A levels than HIY-infected adults in the USA.
Such an observation might be expected because the intake of vitamin A-rich or vitamin A
fortified' foods is lower in developing countries. Second, HIY-infected injection drug users
from inner city Baltimore had lower vitamin A levels than HIY-infected homosexual men
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Fig. 4. Frequency distribution of vitamin A levels in 474 HIV-seropositive women seen in the antenatal clinic of the
Queen Elizabeth Central Hospital, Blantyre. Malawi. (_). Proportion of individuals with vitamin A levels < 1·05 ~moll
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from the same region. Dietary and socio-economic factors probably account for these
differences. Third, many of the homosexual men were taking vitamin supplements (Tang et
ai. 1993), which suggests that supplementation reduces the risk of having a low vitamin A
level, in spite of opportunistic infections associated with HIV infection. Finally, it is well
known that pregnancy and lactation are high-risk periods for vitamin A deficiency in
women. and these findings show an alarmingly high prevalence of vitamin A deficiency
among HIV-infected pregnant and lactating women.

VITAMIN A DEFICIENCY AND MORTALITY

Vitamin A deficiency and HIV infection constitute a combined immunodeficiency
syndrome which might be expected to have adverse clinical consequences. Vitamin A
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deficiency was shown to be associated with increased mortality in a longitudinal study of
injection drug users in Baltimore (Semba et a1. 1993a). Adults with vitamin A deficiency
had decreased survival by about 1 year. This was corroborated by a larger nested case
control study within the ALIVE study which showed that vitamin A deficiency was an
independent risk factor for mortality and was associated with a four-fold increased risk of
death (Semba et a1. 1995a). Three other studies from Haiti (Rwangabwoba et at. 1996),
Uganda, and Miami have recently continned the association between vitamin A deficiency
and increased mortality during HIV infection, with relative risks for mortality estimated
between 2 and 4 in these different studies. In addition, further follow-up in the cohort of
HIV-infected women in Malawi shows that women in the lowest quartiles of serum vitamin
A levels had significantly higher mortality (Semba, 1997). Although data from five
different study populations around the world now demonstrate a similar relationship
between vitamin A deficiency and increased mortality in adults, it is unknown whether
vitamin A supplementation will reduce mortality in HIV-infected adults.

VITAMIN A DEFICIENCY AND VERTICAL TRANSMISSION OF HUMAN IMMUNO-
DEFICIENCY VIRUS

The period of highest risk for vitamin A deficiency in women is during pregnancy, when
there are increased demands for vitamin A because of the growing fetus. Epidemics of
nightblindness, the earliest clinical manifestation of vitamin A deficiency, were common
among pregnant women in Europe in the nineteenth century and early part of this century
before dietary improvements (Birnbacher, 1928). NightbJindness was so common in
pregnant women near Bombay, India, that it was considered to be a nonnal symptom of
pregnancy, along with morning sickness (Dixit, 1966). It has been shown recently in a
case-control study in Nepal that pregnant women with nightblindness have significantly
higher infectious disease morbidity than matched controls without nightblindness
(Christian et al. 1996). As shown in Figs. 4 and 6, vitamin A deficiency has the highest
prevalen,ce among pregnant and lactating women. The major factor contributing to the high
prevalence of nightblindness during pregnancy is probably insufficient intake of vitamin A
rich foods.
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The rates of vertical transmission (mother-to-child transmission) of HIV generally are
estimated to be 10-40 %, with rates being higher in developing countries. Prolonged
duration of breast-feeding in developing countries was generally thought to account for the
higher rates in areas such as sub-Saharan Africa, because HIV may be present in breast
milk. Other known risk factors for vertical transmission include prolonged duration of
rupture membranes at delivery (Landesman et af. 1996), high maternal HIV viral load
(Dickover et aJ. 1996), low maternal CD4 count, and chorioamnionitis (Temmerman et ai.
1995).

Given the potential effects of vitamin A deficiency on immunity, and the high
prevalence of vitamin A deficiency during pregnancy, we investigated the relationship
between vitamin A deficiency and vertical transmission. HIV-infected pregnant women in
Malawi who were vitamin A-deficient were three to four times more likely to transmit HIV
to their infants (Semba et at. 1994). There was a strong association between low maternal
vitamin A levels and increased vertical transmission after controlling for CD4 count,
maternal age, and maternal BMI. Infant mortality was higher among those born to vitamin
A-deficient HIV-infected pregnant women, reaching 93 % mortality among infants born to
the most-severely-vitamin A-deficient women (Semba et ai. 1995b). Further studies in
Malawi (Semba, unpublished results) have recently shown that HIV-seronegative pregnant
women with serum vitamin A levels consistent with deficiency also have significantly
higher infant mortality. Thus, the findings of maternal vitamin A deficiency and increased
infant mortality are consistent among both HIV-seropositive and -seronegative women.

Whether low serum vitamin A levels are a 'marker' for increased vertical transmission
or are causally involved is unknown. In experimental animal models, vitamin A deficiency
during pregnancy is associated with chorioamnionitis (Noback & Takahashi, 1978), a
placental infection which is a known risk factor for vertical transmission. In addition,
animals made deficient in vitamin A during pregnancy have low birth weight and high
mortality of offspring, which is consistent with the findings from human studies. Vitamin A
deficiency may have serious consequences for immune function in the mother as well as
immune development in the fetus, but these biological mechanisms have not been
characterized. The association between maternal vitamin A deficiency and vertical
transmission has beelJ. confirmed in Rwanda (Semba, unpublished results), Haiti (J. S.
Coberly, R. D. Semba, N. Halsey, J. Desormeaux, D. Jules-Joseph, P. P. Carrenard, M.
McBrien, R. Boulos and A. J. Ruff, unpublished results), and in Baltimore and New York
City (Greenberg et at. 1996). A recent study from Kenya shows that HIV-infected women
with vitamin A deficiency have a greatly increased risk of HIV load in breast milk, which
suggests a possible wechanism for increased transmission through breast-feeding (Nduati
et al. 1995).

VITAMIN A DEFICIENCY AND VIRAL LOAD

High circulating HlV viral load has been shown to be a risk factor for HIV progression
(Ferre et ai. 1995) and vertical transmission (Dickover et ai. 1996). The relationship
between serum vitamin A levels and viral load is of potential importance, because the HIV
genome contains a retinoic acid response element in the long terminal repeat (Orchard et
ai. 1993), and all-trans retinoic acid, the active metabolite of vitamin A, has been shown to
influence HIV replication (Poli et ai. 1992; Turpin et ai. 1992). In a cross-sectional study of
284 HIV-infected injection drug users from the ALIVE cohort, no relationship was found
between plasma vitamin A levels and viral load (Semba, unpublished results). In a study of
homosexual men from the Multicentre AIDS Cohort Study, there was no relationship
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between serum vitamin A levels and viral load (Semba, unpublished results). A
randomized, double-masked, placebo-controlled clinical trial of high-dose vitamin A
supplementation for 120 HIV-infected adults shows that vitamin A supplementation has no
effect on viral load (Semba, unpublished results). In a related study, a phase 11I1 trial of all
trans retinoic acid treatment for Kaposi's sarcoma showed no effect of retinoic acid on
HIV p-24 antigenaemia, suggesting that retinoic acid had no effect on viral load (Bailey et
at. 1995).

These studies suggest that vitamin A levels and viral load are independent risk factors
during HIV infection, and that vitamin A deficiency is not a marker for viral load. High
dose vitamin A supplementation does not seem to have an effl<ct on viral load levels, and
this finding has implications for clinical trials of antenatal supplementation of vitamin A as
a strategy to reduce mother-to-child transmission of HIV. These findings refute the idea
that vitamin A supplementation would work in the same manner as an anti-retroviral
medication, although some clinical trials are designed as if this were an expected biological
effect. Perhaps it is more important that these findings show that vitamin A
supplementation does not seem to up-regulate the expression of mv, a theoretical
consideration raised by in vitro studies. Should clinical trials of vitamin A therapy to
reduce mother-to-child transmission show a beneficial clinical effect, these studies suggest
that the biological mechanism(s) would probably be mediated through some other means,
such as reduction in chorioamnionitis or improvement of immune development in mother
and infant.

VITAMIN A AS THERAPY IN HUMAN IMMUNODEFICIENCY VIRUS INFECTION

The community- and hospital-based clinical trials of vitamin A for child survival and
treatment of acute measles provide compelling rationale for investigating the use of
vitamin A as therapy in HIV infection. Epidemiological studies demonstrate that vitamin A
deficiency is common in HIV-infected pregnant women, injection drug users in the inner
city, and in adult populations in developing countries. In sub-Saharan Africa, where anti
retroviral and prophylactic therapies may be prohibitively expensive, the optimization of
micronutrient status may be among the affordable strategies available for potentially
prolonging survival and reducing vertical transmission of HIV. Two recent clinical trials of
vitamin A therapy for HIV-infected children suggest that vitamin A supplementation
reduces diarrhoeal morbidity (Coutsoudis et ai. 1995) and improves immunity (Hussey et
al. 1996). Four clinical trials are currently in progress in Tanzania, South Africa, Malawi,
and Zimbabwe to determine whether antenatal vitamin A supplementation can reduce
vertical transmission and infant mortality. A large clinical trial in Uganda is addressing the
question of whether periodic vitamin A supplementation can improve survival for HIV~

infected children. A recent World Bank (1993) analysis has shown that vitamin A
supplementation has the second-highest cost-benefit effect of forty~seven major health
interventions studied. It remains to be detennined whether vitamin A supplementation will
have therapeutic benefit in reducing vertical transmission of HIV, infant mortality, and
mortality of young children.
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Vitamin A is an essential micronutrient for normal immune function. Vitamin A deficiency is common
among human immunodeficiency virus (HIV)-infected pregnant women and is. associated with higher
mother-to-child transmission of IHV-1 and increased infant mortality. The biological mechanisms by which
vitamin Adeficiency could influence mother-ta-child transmission ofHIV-1 include impairment ofimmune
responses in both mother and infant, abnormal placental and vaginal pathology and increased mv viral
burden in breastmilk: and blood. Clinical trials are currently in progress to determine whether daily
micronutrient supplementation, including vitamin A, during pregnancy can reduce mother-to-ehild trans
mission of HIV-l. OAcquired immruuxiejU:iency syndrome, HN-l, vitamin At vertical transmission
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Vitamin A, or all-tranNetinol, is an essential micronutri
ent for immunity, growth, reproduction, maintenance of
epithelial surfaces and vision (1). This fat~soluble vitamin
is found either as preformed vitamin A in liver, cod~liver

oil, butter, egg yolks and other dairy products, or as provi
tamin A carotenoids, such as /3-carotene, in carrots, dark
green leafy vegetables and various orange and yellow fruits
and vegetables. The liver contains approximately 90% of
the body's stores of vitamin A, and the liver has the
capacity to store many months' worth of vitamin A, with
a longer storage capacity for adults than children. Vitamin
A is released into the blood in a one~to·one molar complex
with transthyretin and retinol-binding protein, and it is
utilized by all nucleated cells in the body. In the cytoplasm,
all-trans-retinol is converted to all-trans-retinoic acid, the
main active metabolite of vitamin A. The cell nucleus
contains receptors that belong to the superfamily of steroid
and thyroid honnone receptors (2) and bind to both retinoic
acid and to specific DNA sequences. Through these recep
tors. known as retinoic acid receptors (RAR) and retinoid
X receptors (RXR), the active metabolites of vitamin A
effect gene transcription (3). It is thought that vitamin A
may ultlmatel.y be involved in the regulation of more than
300 genes. The recent discovery of these nuclear receptors
in the last decade has lent credence to the concept that
vitamin A acts as a potent gene regulator.

Vitamin A deficiency as an immunodeficiency
disorder
Vitamin A deficiency Can occur due to such factors as
inadequate intake of vitamin A-containing foodstuffs,
malabsorption of vitamin A, impaired storage due to liver

o ScandinavilUl University Press 1997. ISSN 0803·5326

disease and accelerated utilization and urinary loss of
vitamin A during acute and chronic infection. Vitamin A
deficiency bas been traditionally defined on the basis of
ophthalmological signs and symptoms of deficiency, i.e.
nightblindness and xerophthalmia, or other biochemical
indicators of low circulating vitamin A levels or stores.
Children or adults with vitamin A deficiency are more
susceptible to infectious diseases, and longitudinal studies
have suggested that vitamin A-deficient children may have
a fourfold increased risk of death in developing countries
(4).

Vitamin A deficiency itself is a mild immunosuppressive
disorder that is perhaps the most common of what has
recently been dubbed the "Nuttitionally Acquired
hnmunosuppressive Disorders," or NAIDS (5). The main
immune abnormalities caused by a deficiency in vitamin A
include impaired antibody responses to T-cell-dependent
protein antigens, impaired cell-mediated immunity, atro
phy of lymphoid tissues such as thymus, spleen, lymplr
nodes and Peyer's patches, altered circulating T-cell sub
sets and metaplasia of ocular, respiratory, gastrointestinal.
and genito-urinary mucosal surfaces. There is a wealth of
anill',lal and human studies that demonstrate these abnorm
alities (1). Vitamin A deficiency is known to increase the
risk of subsequent infections, and infections increase the
subsequent risk of vitamin A deficiency, leading to a
vicious cycle of infection and deficiency I sometimes
ending in death. .

Vitamin A deficiency during HIV infection
Given the close relationship between vitamin A deficiency,
compromised immunity and infections, we began detailed
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longitudinal observations to determine whether vitamin A
deficiency may influence the clinical course of human
immunodeficiency virus (HIV) infection. At that time
there were cross-sectional studies suggesting that perhaps
10-30% of HIV-infected adults might be deficient in
vitamin A (6-8). We commenced a longitudinal study of
vitamin A deficiency in mY-infected intravenous drug
users (!DUs) in Baltimore, Maryland (9). Plasma vitamin
A levels were measured in a random sample of 179
individuals from a cohort of over 2000 mus who were
participating in the AIDS Linked to Intravenous Experi~

ences, or ALIVE Study (10). This study suggested that
about 15% ofIDDs had plasma vltamin A levels consistent
with deficiency, and those who were vitamin A deficient
had a fourfold increased risk of death and shortened sur-
viva! compared to those \','ithcut v:tamin l\. deficiency4

Because of the limited size of this study, we wanted to
confirm these findings with a larger, more rigorous epi
demiological study design. We conducted a nested case
control study comparing those who died with AIDS and
infections with those who survived in the similar time
period, matched by CD4 T-cell count on enrollment in
the ALNE cohort (11). We matched 50 cases with 235
controls. The nested case--control study suggested that
vitamin A deficiency, wasting and low CD4 T-cell count
were all independently predictive of death during HIV
infection.

To summarize, a variety of cross-sectional studies indi
cate that vitamin A deficiency is a common micronutrient
deficiency during HIV infection (6-8, 12), and longi
tudinal studies suggest that serum vitamin A levels con
sistent with vitamin A deficiency are associated with
increased risk of death (9, 11). In the absence of clinical
trial data, one cannot definitively conclude that vitamin A
deficiency leads to higher mortality during mv infection.
However, among children, supplementation with vitamin
A during HIV infection may potentially reduce mOrbidity
(13), and there have been over a dozen clinical trials
showing that vitamin A supplementation can reduce mor
bidity and mortality in general among non-mY~infected

individuals (1).

Vitamin A deficiency and mother-to-child
transmission of HIV-1
The mother-to--child transmission rate of HIV-l is gener
ally higher in developing countries than in developed
countries. For example, in Malawi the rate is about 34%,
compared with 13% in Europe (14, 15). Although the
difference between these rates was usually attributed to
longer duration of breastfeeding in developing countries, it
seemed reasonable that nutritional abnormalities might
also contribute to the higher mother-to-child transmission
rates in developing countries.

Nightblindness, the mildest clinical manifestation of
vitamin A deficiency, is comJilon during pregnancy in
many developing countries, and in some places it may be
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so common that it is considered to be a normal part of
pregnancy, along with morning sickness (16). Epidemics of
nightblindness among pregnant women were frequent in
Europe until dietary improvements occurred after the
1930s (17). Other common micronutrient deficiencies
during pregnancy include iron and folate deficiency.
Given the high prevalence of vitamin A deficiency during
pregnancy and studies that suggested a relationship
between vitamin A deficiency and mortality during IllY
infection, it seemed reasonable to commence an investi
gation to detennine if maternal vitamin A status is
related to vertical transmission rates, child morbidity
and mortality and maternal mortality. We studied the
relationship between vitamin A deficiency and clinical
outcome within the context of a large natural history
study of mv infection in pregnant women in Blantyre,
Malawi, which was supported by the National Institutes of
Health as one of the International Collaboration in AIDS
Research (lCAR) projects.

The study population consisted of 567 mv-infected
mothers and their infants who were born at Queen
Elizabeth Central Hospital in Blantyre, Malawi, from
November 1989 to August 1991. Serum vitamin A levels
were measured during the second or third trimester of
pregnancy. and mothers and infants were followed from
delivery until the infants reached 1 year of age. The
relationship between maternal vitamin A levels and verti
cal transmission ofHIV-1 was studied in 338 mv-positive
mothers whose infants survived to 12 months of age, at
which time the HIV serostatus was determined by EUSA.
Mean vitamin A levels in 74 mothers who transmitted IllY
to their infants was 0.86::!: 0.03 JL1llo11-1 compared with
1.07::t O,02pmoll- 1 in 264 mothers who did not transmit
mv to their infants (p < 0.0001) (18). Both maternal
serum vitamin A levels and maternal percentage CD4
levels were independently related to mother-to--child trans
mission ofHIV. This study suggested that maternal vitamin
A deficiency might contribute to increased mother-to--child
transmission of HIV-1.

Maternal vitamin A deficiency and mortality of
infant and mother
We then studied the relationship between maternal vitamin
A levels and infant mortality among women in the same
cohort in Malawi (19). This included the 338 HIV-positive
mothers whose infants survived to 12 months of age and
136 mothers whose infants died before 12 months of age.
Infant mortality rates were the highest among infants born
to the most vitamin A-deficient mothers, with 93.3%
mortality among infants born to mothers with vitamin
A levels < O.35/illloll-I, compared with 14.2% infant
mortality among the most vitamin A-replete mothers
(serum vitamin A > 1.75,amoll-l). In a multivariate
analysis, both maternal serum vitamin A levels and
maternal age were significantly related to infant mortality.
Infant birthweight was also significantly lower among
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A levels and antibody responses to mv antigens by
examining the presence or absence of bands to different
mv antigens on the Western blot of pregnant mothers in
the Malawi study. Mothers with a positive mv ELISA
(Wellcozyme, Wellcome Diagnostics, Dartford. UK) had
their mv status confirmed by Western blot (Bio-Rad
Laboratories, Hemel Hempstead, UK). The Western
blot consisted of bands to env (gp4I, gpl20, gpl60).
gag (gp17, gp24) and pol (p31, pSI, p55, p66) antigens.
Among 470 mv-infected mothers whose Western blot
bands were ~d. vitamin A deficiency (serum levels
< l.05/Lmoll-1) was associated with a significantly higher
proportion of individuals missing bands to gp41, gp120.
gp17, p31 and p51 (Fig. 2). Although the method of
assessing antibodies to different mv antigens was semi
quantitative. t'1ese data suggest that maternal vitamin A
deficiency is associated with decreased antibody
responses to 5/9 mv antigens in the Western blot
assay. Further studies using more precise quantitative
techniques are necessary to determine whether antibody
titer to HIV is altered in mv-infected mothers with
vitamin A deficiency.

(ii) Hypothesis 2: Maternal vitamin A deficiency causes
lowered antibody responses to a wide variety ofpathogens.
thus conferring lower titers of passively acquired anti~

bodies to a variety ofpathogens to the infant, resulting in
higher infant morbidity and mortality. This is currently a
major gap in knowledge, as little is known for either
mv-infected or non-infective mothers and their infants.
For example, it is unknown whether maternal vitamin A

Fig. 2. Percentage of HIV-infected mothers with missing bands on
Western blot for mV-I. as related to vitamin A deficiency: *p < 0.001
and **p < 0.05.
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Potential biological mechanisms-some
hypotheses
Because of the essential role that vitamin A plays in both
antigen-specific immunity and non-specific immunity, i.e.
maintenance of mucosal barriers, it seems reasonable that
vitamin A deficiency could influence mother-to-child
transmission of HIV, infant mortality and maternal
mortality. Although the specific biological mechanism(s)
is unknown, there are several hypotheses that could be
examined:

(i) Hypothesis 1: Maternal vitamin A deficiency impairs
antibody responses to HIV, thus conferring a lower titer of
passively acquired antibodies to HlV to the infant, result
ing in less passive protection and higher vertical trans
mission ofHlV. The hallmark ofvitamin A deficiency is the
impainnent of antibody responses to T-cell-dependent
antigens (21). The exact role of "neutralizing" antibodies
to mv is undear and may depend upon stage of mv
infection and other factors. We attempted to gain some
insight into the relationship between maternal vitamin

Months after delivery

Fig. 1. Survival rates of HlV·infected mothers as ~lated to quartile of
vitamin levels. with quartile 1 as the lowest and quartile 4 as the highest.
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those born to vitamin A-deficient mothers, although the
magnitude of the difference was relatively small (19).
Although animal models have long suggested a relation
ship between vitamin A deficiency during pregnancy and
adverse outcomes such as low birthweight and higher
mortality of offspring (20). it was previously unknown
whether this relationship existed in humans. We also
examined the relationship between maternal vitamin A
levels and maternal mortality during further subsequent
follow-up in Malawi. In follow~up until the end of 1993. 38
of 474 lllV-infected mothers died. We divided the serum
vitamin A levels into quartiles, and those mothers in the
lowest quartile of vitamin A levels during pregnancy had
significantly lower survival than the higher quartiles of
serum vitamin A (Fig. 1). This study confirms previous
1:Ituwes showing that luw vilamin A levels are associated
with increased risk of mortality (9, II).



i
I·..:: .
;
j

110 RDSemba

deficiency would result in lower titers of passively trans
ferred antibodies against measles to the infant.

(iii) Hypothesis 3: Maternal vitamin A deficiency causes
abrwrmal placental pathology. i.e. chorioamnionitis. allow
ing highervertical transmission ofHIV. Animal studies sug
gest that deficiency ofvitamin A is associated with increased
placental infections, low birthweight and prematurity (22,
23). Currently studies are in progress to detemrine whether
m.aternaI vitamin A deficiency or other micronutrient defi
ciencies are associated with increased placental pathology in
two large HIV-infected cohorts in Uganda and Thailand.

(iv) Hypothesis 4: Maternal vitamin A deficiency is
associated with increased HN viral burden in breastmilk,
allowing higher vertical transmission of HIV through
breastfeeding. .A recent study in Kenya indicates that
mv-infected lactating women with vitan1in A deficiency
and CD4 T-cell count < 400 cells ",r1 have more than a
2Q-fold higher risk ofhaving high levels of HIV-I DNA in
breastmilkcompared to women who are non-deficient (24).
This relationship has recently been confirmed in a separate
study in Haiti (Coberly et al., submitted for publication).
Whether vitamin A supplementation, either during preg
nancy or after delivery, will reduce HIV viral burden in
breastmilk and HIV transmission through breastfeeding is
unknown and currently being addressed by clinical trials in
Malawi, Tanzania and South Africa.

(v) Hypothesis 5: Maternal vitamin A deficiency is
associated with increased HN viral burden. Vitamin A
associated immune impainnent may allow higher HIV
viral burden, which itself may cause higher vertical trans
mission of HIV. We have examined HIV viral load and
plasma vitamin A levels in IDUs and have not found a
relationship between vitamin A levels and HIV viral load
(Semba et al., submitted for publication).

(vi) Hypothesis 6: Maternal vitamin A deficiency causes
abnormalities of the vaginal mucosa, resulting in more
bleeding at the time ofdelivery and more exposure of the
in/ant to HN-infected blood. There is a paucity of data
from humans, but animal studies show that during vitamin
A deficiency there is loss of mucus and squamous meta
plasia in the vagina (25). Whether vitamin A deficiency and
pathological changes in the vagina might increase suscept
ibility to bleeding, infection or increased .HIV in the birth
canal is unknown.

(vii) Hypothesis 7: Vitamin A deficiency during preg
nancy in the mother also causes deficiency in the fetus,
allowing vitamin A-related immune impainnent in the
infant and increased vertical transmission of HN and
higher infant mortality. Mothers who are deficient in vita
min A during pregnancy are more likely to have infants
who are also deficient (26), and this relationship appears to
occur during HIV infection (Coberly et al., submitted for
publication). A relationship between maternal vitamin A
deficiency and infant immune dysfunction has not yet been
demonstrated.
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Further unanswered questions
The major micronutrient deficiencies that are common
during pregnancy are those of vitamin A, folate and iron.
Other micronutrient deficiencies are less common or not
known to be associated with adverse birth outcome, thus
vitamin A deficiency was a reasonable point at which to
begin investigations. Are other micronutrient deficiencies
involved in increased vertical transmission -of mv and
increased infant mortality? One ofthe difficulties in study
ing this question retrospectively from cohorts of HI'(
infected women is that the archived samples were often
not originally handled in consideration of subsequent
micronutrient studies. For example, serum samples for
zinc need to be drawn and stored in special trace element
vials. Further prospective studies are needed to inve~tigate

this issue.
Axe low vitamin A levels only a "marker" for severity

of infection rather than true vitamin A deficiency? This
question was also raised with other diseases, such as acute
measles, until it was demonstrated that vitamin A supple
mentation could reduce measles mortality by greater than
50% (27). During HIV infection, vitamin A levels consist
ent with deficiency are independently associated with
adverse clinical outcome during HIV infection, controlling
for levels of CD4 T cells, protein energy status and other
factors. Vitamin A levels are not correlated with circulating
HIV viral burden (Semba et al., submitted for publication).
No studies to date have shown that vitamin A is merely a
"marker" for a more important factor, and this reductionist
argument may be settled by clinical trials. Is there a similar
relationship between maternal vitamin A deficiency and
mother~to-ehild transmission of HIV-1 in developed
countries? A preliminary study suggests that such a rela
tionship may exist among inner city women in New York
and Baltimore (Greenberg, Semba et al.• unpublished data).
Could vitamin A supplementation actually increase mY
viral burden and worsen the clinical course of HIV
infection? In vitro studies show that, depending on cell
line and culture conditions, retinoids can either up- or
down-regulate .HIV replication (28, 29). The mv viral
burden is currently being measured in a clinical trial of
vitamin A supplementation involving 110 mv-pasitive
mus (Semba et al., unpublished data).

Clinical trials of vitamin A for reducing vertical
transmission of HIV
Although the temporal relationship between vitamin A
deficiency during pregnancy and increased vertical trans
mission of HIV-1 and infant mortality suggest that vitamin
A is playing an important role, the ultimate proof of a
causal role will be detennined by clinical trials of vitamin
A supplementation during pregnancy in HIV-infected
women. Four clinical trials are currently being conducted
in sub-Saharan Africa in Malawi, Tanzania, South Africa
and Zimbabwe. A comparison of thes;clinical trial designs
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Table 1. Clinical trials of vitamin A and vertical transmission of HIV-1.

Vitamin A and HN venica! rransmission 111

Silc

Btantyn:,
Malawi

Duman,
South Africa

Dar Es Salaam
Tanzania

Harare,
Zimbabwe

n

700

7S0

960

600

TmItmel1t groups

(1) Vitamin A. iron, fo1alc
(2) Iron. folate

(1) Vitamin A. ,60Qt0tene, iron, folate
(2) Iron, folate

(1) Vitamin A. )3-<:arotene
(2) Vitamin A. ,6-<:arotene, multivitamins
(3) Multivitamins only
(4) Placebo only

(1) Multivitamins, iron, folate
(2) Placebo only

Outcomes

(1) Vertical transmission
(2) Infant motbidity

llDd mortality
(3) HIV in breast milk

(1) Vertical transmission
(2) HIV in breast milk

(1) Vertical transmission,
(2) Progression to AIDS

in mothers

(l) Vcrtical transmission

Collaborators

Johns Hopkins University
University of Malawi

University of Natal
Columbia University

Harvard University

Royal Veterinary and
Agricultul'll1 University,
Copenhagen
University of Zimbabwe,
Blair Research Laboratory

is shown in Table 1. Two of the four studies include iron
and folate for all women participants, while the studies in
Tanzania and Zimbabwe have a true placebo ann, Le.
women receiving no nutritional supplementation. Only
the Malawi study is a clinical mal examining vitamin A
supplementation, while the others are examining a com
bination of vitamin A and J3-carotene, or in the case of
Zimbabwe, the use of multiple micronutrient supplements.
The designs of these vitamin A clinical trials raise further
questions regarding the dose of vitamin A, whether to
incorporate J3-earotene as well, the duration ofsupplemen
tation, the addition of other micronutrients and combina
tion with other therapies. These clinical trials should
provide information on the effects of vitamin A on both
early transmission (during pregnancy and delivery) and
late transmission (through breastfeeding) ofHIV. Results
of these clinical trials regarding the impact of vitamin A on
vertical transmission of:mv are expected later this year.

Ideally, an intervention to stop transmission ofIllV from
mother to child would have the following attributes: (i)
inexpensive; (ii) easy to administer; (iii) not requiring mY
testing of pregnant women, Le. given to all pregnant
women as routine antenatal care; (iv) safe with no side
effects; and (v) not requiring monitoring. If the clinical

, trials mentioned above should demonstrate that vitamin A
supplementation has efficacy in reducing mother-to-child
transmission of IllY, it might meet the attributes for an
ideal intervention.

Summary and conclusions
In many parts of the world, the AIDS pandemic is predicted
to reverse much progress in the last 50 years with regard to
morbidity and mortality of infants, children and adults.
Many factors, such as stage of disease in the mother,
prolonged breastfeeding and birth order, have been

shown to increase the risk of vertical transmission of
ffiV. Until recently, the nutritional status of IllY-infected
pregnant women has been ignored. Vitamin A deficiency is
common in mv-infected pregnant women and is asso
ciated with increased vertical transmission of HIV,
higher infant mortality, low birthweight, impaired antibody
responses to HIV and increased maternal mortality. Studies
suggest that possible biological mechanisms include
increased HIV viral burden in breastmilk and impaired
antibody responses to HIV in vitamin A-deficient mothers.
Clinical trials are currently in progress in sub-Saharan
Africa to determine if simple supplementation with vitamin
A or other micronutrients will reduce mother-to-child
transmission ofHIV.
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Association between serum vitamin A and E levels and
HIV·1 disease progression

Alice M. Tang*, Neil M.H. Graham*t, Richard D. Sembat:l:
and Alfred J. Saah*t

Objective: To examine the associations between serum vitamin A and Elevels and
risk of progression to three key outcomes in HIV·l infection: first AIDS diagnosis,
C04+ cell decline to < 200 cells x 10b/l, and mortality.
Design: Non~concurrent prospective study.

Methods: Serum levels of vitamins Aand Ewere measured at the enrollment visit of
311 H1V~seroprevalent homo-/bisexual men participating in the Baltimore/
Washington DC site of the Multicenter AIDS Cohort Study. Cox proportional
hazards models were used to estimate the relative hazard of progression to each
ol;!tcome over the subsequent 9 years, adjusting for several independent covariates.
Results: Men in the highest quartile of serum vitamin E levels (~23.5 IJmol/O
showed a 34% decrease in risk of progression to AIDS compared with those in the
lowest quartile [relative hazard (RH), 0.66; 95% confidence interval (CI),
0.41-1.06)]. This effect was statistically.significant when comparing the highest
quartile of serum vitamin E to the remainder of the cohort (RH, 0.67; 95% Cl, .
0.45-0.98). Associations between serum vitamin A levels and risk of progression to
AIDS were less clear, but vitamin A levels were uniformly in the normal to high
range (median =2.44 IJmol/l). Similar trends were observed for each vitamin with
mortality as the outcome, but neither vitamin was associated with CD4+ cell decline
to < 200 cells x 106/1. Men who reported current use of multivitamin or single
vitamin E supplements had significantly higher serum tocopherol levels than those
who were not taking supplements (P= 0.0001). Serum retinol levels were unrelated
to intake of multivitamin or single vitamin A supplements.
Conclusions: These data suggest that high serum levels of vitamin E may be
associated with slower HIV~ 1 disease progression, but no relationship was observed
between retinol levels and disease progression in this vitamin A-replete population.

AIDS 1997,11 :613-620

Keywords: AII?S, diet, HIV~l infection, nutrition, retinol, tocopherol,
vitamin A, vitamin E
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Introduction

The time to development of AIDS in individuals
infected with HIV-1 varies considerably between indi
viduals. The median incubation period for AIDS has
been estimated at approximately 10 years [1]. However,

the range is large. with some patients progressing to
AlDS within 2 years of infection whereas others may
remain AIDS-free for 15 years or more [1,2]. Both viral
factors and the host immune response to HIV-1 appear
to be important in influencing the length of time
between infection and the onset of AIDS [3]. HIV-1
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infected individuals with non-progressive disease (those
who remain healthy with stable CD4+ cell counts) are
thought to be infected with less virulent HIV strains or
may have the ability to mount a highly effective
immune response [4].

Nutritional status has been hypothesized to be a poten
tial cofactor which could modity the course of HIV-1
disease progression through its effects on immune func
tion [5,6]. Vitamins A and E are both important for
optimal functioning of the immune system Pl.
Deficiencies of these vitamins have been found to
impair immune responses in a variety of studies [7,B}.
There is ample evidence from both human and animal
studies that supplementation with vitamins A and/or E
enhances inununity and resistance to various infectious
diseases [7-13]. Previous studies have found ~jgni6.c;mt

proportions ofHIV-1-seropositive individuals with low
serum levels of either or both vitamins [14-18]. Low
serum levels or' low intakes of vitamin A in HIV-1
infection have been associated with lower CD4+ cell
counts [17], increased maternal-fetal transmission [18],
increased mortality from AIDS or infections (19), and
increased risk of progression to AIDS [20]. Low serum
vitamin E levels in HlV-1-infected individuals have
been correlated with a higher degree of lipid peroxida
tion [21], increased p24 antigenemia [22], decreased
plasma levels of polyunsaturated fatty acids [22], and
increased plasma immunoglobulin (Ig) E levels [23].
Supplementation with vitamins A and E has been
shown to improve immune parameters in several
murine AIDS models [10,24-26]. There is also evi
dence that vitamin A supplementation in children with
HIV-1 may decrease diarrhoeal symptoms [27].

In this study we examine the association between
serum levels of vitamins A and E and subsequent dis
ease progression in a cohort of HIV-1 infected homo
/bisexual men.

Methods

Eligible subjects were 341 men who were HIV-l
seropositive upon enrollment into the Baltimorel
Washington, DC site of the Multicenter AIDS Cohort
Study (MACS), a prospective study on the natural his
tory of HIV-1 infection in homosexual and bisexual
men. The objectives, design and recruitment protocol
of the MACS have been described elsewhere [2B}. Of
those who were eligible, 312 (91%) had serum available
in the repository from their 1984 baseline study visit.
The remaining HIV-1-seropositive individuals (n = 29)
did not differ significantly with respect to age, race,
education, cigarette smoking, CD4+ cell counts or
weight (data not shown). Concentrations of vitamins A
and E were estimated for 311 of the 312 subjects.

Levels were determined using high. performance liquid
chromatography procedures [29]. The stability of vita
mins A and E in sera stored for long periods of time has
been examined in several studies and results have indi
cated that under optimal storage conditions, both vita
mins can be quite stable for periods of several years and
through several freeze-thaw cycles [30-33]. Serum
albumin and C-reactive protein (CRl') levels were
assessed in 308 of the subjects (by Dr Ranjit Chandra, St
John's University, St John's, Newfoundland, Canada,
1993). Serum albumin concentrations were determined
using a colorimetric assay, with normal range designated
as 35-50 gil. The CRP levels were determined using
an enzyme-linked immunosorbent assay (ELISA). Levels
below 8.0 mg/l were considered to be nonnal while
levels ~ 8.0 mgll were considered to be elevated.

The majority of variables used in these analyses were
based on data collected at each subject's baseline clinic
visit. Usual dietary intake was assessed at baseline using
a self-administered, semiquantitative food frequency
questionnaire [34]. Subjects were asked to estimate
their frequency of consumption ofeach of the 116 food
items, in tenns ofa typical portion size, over the previ
ous 12 months. Nine frequency categories were avail
able to choose from, ranging from 'never or less than
once per month' to 'more than six times per day'. The
questionnaire also had sections for recording the brand
name, frequency and amount of vitamin supplements
taken, a write-in section for foods not listed, and ques
tions on the exact brands and types of fat used for fry
ing, cooking and baking. Completed questionnaires
were reviewed and coded by ·a trained researcher and
entered into computer data files. Estimates of food
intake and total intake (food and supplements com
bined) of vitamins A and E were detennined using the
nutrient analysis program developed specifically for the
questionnaire [34].

HIV-1 serostatus was determined by enzyme
immunoassay (Genetic Systems, Seatde, Washington,
USA) and a Western blot test (DuPont Co.,
Wilmington, Delaware, USA and Bio-Rad, Hercules,
California, USA) with interpretation using standard cri
teria. Subjects were divided into three categories based
on their CD4+ cell numbers at study entry: < 500,
500-750 and> 750 cells X 10611. These categories were
formed to give approximately equal numbers of men in
each category. Those who were missing data on CD4+
counts at their baseline visit (n = 32) were assigned to
one of the three categories based on data from subse
quent adjacent semi-annual visits. It was possible to
estimate the appropriate CD4 category for these indi
viduals since the mean CD4+ cell decline in the cohort
was 30 cells X 10611 per 6 months.

Body mass index was calculated as weight/height2
•

HIV-related symptoms were defined as the presence of



one or more of the following most commonly reported
symptoms lasting a period of 2 or more weeks: persis
tent/recurring fever> 37.SoC, persistent diarrhoea.
oral thrush, persistent fatigue, and/or unintentional
weight loss of 4.5 kg. Frequency of alcohol consump
tion was based on the variable 'how often do you drink
now?' which was originally coded into eight categories
ranging from 'one to five times/year' to 'at least
once/day'. For analyses, this variable was collapsed into
two categories: less than or equal to two times per
week and more than twice per week. For 23 subjects
who were missing this data at their baseline visit, values
from their next study visit (approximately 6 months
later) were substituted. Subjects were placed into one
of two categories based on their smoking status: either
non-smokers or regular/occasional smokers.

Treatment variables were obtained from data coUected
over the follow-up period of the study. For the analy
ses, two binary treatment variables were created indi
cating 'ever' or 'never' use of antiretroviral drugs
(zidovudine, didanosine, zalcitabine) and Pneumocystis
carinij pneumonia (PCP) prophylaxis (aerosolized pen
tamidine, trimethoprirn-sulfamethoxazole. dapsone)
before the onset of AIDS.

The cutoff date for analysis was 31 December, 1993,
slighdy more than 9 years after the beginning of the
Baltimore MACS. Three outcomes were examined in
this study including time from baseline study visit to
first AIDS diagnosis, time from baseline to death, and
time from baseline to first CD4+ cell count < 200
cells X 1OliII. AIDS diagnoses were based on the 1987
revision of the Centers for Disease Control surveillance
case definition [35]. Mortality data were obtained from
physicians' reports, hospital records, and death certifi
cates. CD4+ cell counts were measured at every 6
month follow-up visit.

Statistical methods
Proportions of subjects with low serum vitamin A and
vitamin E leyels were determined according to cutoffi
derived from the laboratory standards. All of the inde
pendent covariates were examined for their associations
with serum vitamin A and E levels using Student's
t tests for continuous variables and X2 tests for categori
cal covariates. Univariate associations between serum
micronutrient levels and each of the three outcomes
were assessed using the non-parametric Kaplan-Meier
product-limit method and the log-rank test. The log
rank test was also used to examine associations between
the covariates and disease progression.

Cox proportional hazards models were used to adjust for
covariates found to be either associated with serum
micronutrient levels (P < 0.15) or independent predic
tors of progression in the previous analyses. Variables that
did not produce significant changes in the model esti-
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mates were eliminated using a step-down procedure.
Semm nutrient levels were entered into the models as
binary variables ~ow versus adequate levels) and in quar
tiles. All independent covariates were entered into the
models as categorical variables. Separate Cox proportion
al hazards models were fit for each micronutrient.

Speannan rank-order correlations were used to exam
ine the linear associations between serum nutrient lev
els and intake from food and vitamin supplements. The
Wilcoxon rank-sum test was used to compare median
serum nutrient tevels between current and past/never
users ofmulti- and sing1e~vitaminsupplements.

Results

Descriptive statistics
Table 1 shows the characteristics of the 312 eligible
men in the study. The mean age of the study popula
tion at baseline was 34 years (range: 30-652. The mean
CD4+ cell count was 643 ±314 cells X 10 /1 with only
11 men ~4%) having CD4+ cell counts below 200
cells X 10 /1. Although most of the men (81%) were in
the asymptomatic stage of their infection, 55% had ele
vated sernm CRP levels P- 8.0 mg/I) and 71 (23%) had
low serum albumin levels « 35 gil).

Over the 9-year follow-up period, 163 men (52%) pro
gressed to AIDS, 162 (52%) died, and 180 (58%)
reached a CD4+ cell count of lower than 200
cells X 106/1. First AIDS diagnoses were predominantly
due to PCP (35%) and Kaposi's sarcoma (25%), fol
lowed by Candida albicans (8%) and Mycobacterium
avium~intTacellulare complex (6%). Wasting syndrome
and dementia were the first AIDS diagnoses for seven
(4.3%) and five (3.1%) of the subjects, respectively.
Eighty-one per cent (n = 132) of the deaths were
attributed to AIDS.

Table 2 summarizes the serum and dietary intake levels
of vitamins A and E for the 311 subjects. Mean and
median serum levels were within the nonnal range for
both vitamins. Thirty-one subjects (10%) had serum
retinolleve1s below 1,40 ~olll. and only seven (2%)
had levels below 1,05 llffiollL Twenty-nine per cent of
subjects had total intakes of vitamin A (including vita
min supplements) below the recommended dietary
allowance (RDA), and 27% had total vitamin E intakes
below the RDA.

Univariate analyses
Subjects with low vi.tamin E levels « 11.6j.1mol/l)
were more likely to be non-whites r.x2 P-value =0.02),
not have a college degree r.x2 P~va1ue = 0.007), and not
to have used antiretroviral drugs before the onset of
AIDS r:x2 P-value = 0.07).
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Table 1. Characteristics of 312 HIV·, seropositive homOo11lfsexual
men participating in the Baltlmore/Washington, DC site Qf the
Mull/centel' AIDS Cohort Study, 1984.

'Presence of fever> 37.8°C, diarrhoea, persistent fatigue, thrush,
or unintentional weight loss ~ 4.5 kg. tBMl '= weight (kgljheight
(m)2. tZidovudine, dldanosine or zalcitabine use at any time duro
ing follow-up period. sAerosolized pentamidine, trimethoprim-suJ
famethoxazole, or dapsone used during follow-up period. pcp,
Pneumocystis carini! pneumonia.

Demograpnics (at baselinel
Age (years)

<30 67 22
30-40 194 62
>40 51 16

Race/ethnicity
While, non·Hispanic 269 86
Other 43 14

Education level
College degree t 88 60
No college degree t 24 40

Alcohol consumption (frequency)
S 2 time5lweek 171 55
> 2 timeslweek 141 45

Cigarette smoking
Non-smoker 194 62
Regular/occasional smoker 1t 8 38

Health status (at baseline)
HIV-related symptoms'

No symptoms 254 81
Symptomatic 58 19

CD4+ T cells x t 06/1
< 500 118 38
500-50 97 31
> 750 97 31

Body Mass Indext (quartiles)
<21.5 80 26
21.5-22.7 78 2S
22.8-24.4 76 24
~24.S 78 25

Serum albumin (gil)
<3S 71 23
~ 35 241 77

C-reactive protein (mg/ll
cU 1~ ~

~M 1~ ~

Treatment
Antiretroviral therapy'

Not used before AIDS 165 53
Used before AIDS 147 47

pcp prophylaxisS

Not used before AIDS 236 76
Used before AIDS 76 24

Frequency

Older age was strongly and independently associated
with an increased risk of progression to AIDS, mortali
ty and CD4+ cell decline. Higher CD4+ cell counts,

No significant difference was observed in risk of AIDS
progression between low versus adequate serum vita
min E levels in univariate analyses (Table 3). There was
also no significant difference in risk of AIDS progres
sion when comparing those in the lowest quartile of
serum vitamin A « 1.821Uriol/l) with those in each of
the upper three quartiles. When vitamin E levels were
examined by quartiles, however, a monotonic decrease
in risk of progression to AIDS was observed with
increasing serum vitamin E levels. The risk ofprogres
sion to AIDS in the highest quartile of vitamin E level
was 35% lower than the risk in the lowest quartile [(rel
ative hazard (RH), 0.65; 95% confidence interval (el),
0.42-1.02)]. In Kaplan-Meier analyses, median AIDS
free time for subjects in the highest quartile of serum
vitamin E level was approximately 1.5 years longer
than those in the iower three quartiles combined (1og
rank P-value = 0.07). There was also an approximate
1 year difference in median survival time between
those in the highest quartile of vitamin E levd com
pared to the lower three quartiles combined aog-rank
P-value = 0.10). No differences were observed in the
proportions of subjects whose CD4+ cells declined to
< 200 cells X 106/1 for either vitamin A or vitamin E
(data not shown).

Multivariate analyses of serum nutrient levels
and HIV-1 disease progression
In order to examine the independent effect of serum
nutrient levels on HIV-1 disease progression, Cox pro
portional hazards models' were used to adjust for
known and putative confounders. Variables which
were associated with AIDS diagnosis, mortality, CD4+
cell decline andI or serum micronutrient levels (P <
0.15) were entered as covariates into the Cox models.
These included HIV-1 related symptoms, CD4+ cell
count, age at baseline, serum albumin, serum CRP use
of antiretroviral therapy before AIDS, and frequency of
3l.cohol consumption. Serum albumin and CRP levels
were subsequently dropped from the Cox models as
they did not produce significant changes in the model
estimates for any of the three outcomes.

%nCharacteristic

Table 2. Summary of serum micronutrient levels and total nutrient intake (from food and supplements) in 311 HIV·1 seropositive homo-/
bisexual men participatiog in the BallimoreJWashington, DC site of the Multicenter AI DS Cohort Study, 1984.

Mean ::I: SD Median (lQRl Inadequate ("!o) Cutoff for inadequacy

2.45 (1.82-3,15)
17.2 (12.3-23.5)

2.62 ± 1.08
19.4::1: 11.7

Serum nutrient level
Vitamin A(~mol/l)

Vitamin E(~moJII)

Total nutrient intaket

Vitamin A(IU/day) 7405 ± 8562 4739 (1700-3572) 29* 333011

Vitamin E(mg a-TI:/day) 133 ± 281 17.9 (8.8-72.9) 27t 10"

·Percentage below normal. tData available on 271 subjects. *Percentage below RDA. Slower limit of normal. IIRDA, recommended dietary
aUowance.1QR, Inter-quartUe range; a-TE, Cl-toeopherol equivalents.
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Table 3. Cox proportional hazards models for serum micronutrien! levels'in 311 HIV-T seropositive homo-~isexulll'men In the the
Baltlmor~ashington,DC site of the Multicenter AIDS Cohort Study, 1984-1994. Outcome is time to first AIDS diagnosis.

Crude relative hazard Adjusted· relative hazard
Serum nutrient levels Number of events / total (95% Cil (95% CI)

Low versus adequate:
Vitamin E

2 11.6 flmolll 128/242 1.00 1.00
<: 11.6 flmol/l 35/69 1.22 (0.84-1.78) 1.11 (0.7&-1.63)

Quartiles
Vitamin A (lJmoVil

Ql: VitA <: 1.82 42/76 1.00 1.00
Q2: '.82 :!> VitA <: 2.45 44/80 0.79 (0.52-1.21) 1.13 (0.73-1.75)
Q3: 2.45 SVitA <: 3.15 37/78 0.69 (0.44-1.07) 0.94 (0.60-1.47)
Q4: VitA ~ 3.15 40/77 0.75 (0.49-1.15) 0.73 (0.4&-1.16)

Vitamin E(lJmoll!)
Q1: VitE< 12.3 40176 1.00 1.00
Q2: 12.3 SVitE < 17.2 43/79 0.91 (0.59-1.40) 1.01 (O.65-1.56)
Q3: 17.2 :!> VitE <: 23.5 43/78 {J.85 (0.56-1.32) 0.97 (0.63-1.50)
Q4: VitE ~ 23.5 37/78 0.65 (0.42-1.02) 0.66 (0.41-1 .06)

;'a1l models adjusted for the iollowing covariates: HiY.reiated symptoms, CD4+ ceU counl, age at ba;eiine, u;e of alitiretrov;ral therapy
before AIDS, and frequency of alcohol consumption. Cl, Confidence interval; VitA, vitamin A.

Discussion

We examined the associations of serum levels of vita
mins A and E with three key outcomes in the course of

Vitamin A (IJmollll 2.53 2.42 0.20
Vitamin E(llmol/l\ 20.1 14.0 0.0001

'Current use of multivitamin and/or single vitamin supplements.

tionnaire with respect to the other independent vari
ables, AIDS progression, mortality or CD4+ cell
decline.

Vitamin supplements

Wilcoxon
Current use* PasVNever use P-valueSerum nutrient

Table 4. Median serum micronutrient levels by use of oral vitamin
supplements for 272 HIY·1 seropositive homo-Ibisexual men in the
the BaltimoreJWashington,OC site of the Multicenter AIDS Cohort
Study, 1984.

Table 4 shows the median serum micronutrient levels
according to use or non-use of single andlor multi vit
amin supplements. Subjects who reported current use
of multivitamin or single vitamin A supplements
(n =167) had only a slightly higher median serum vita
min A level than the 104 past/never users. However,
current users of multivitamin or single vitamin E sup
plements (n = t70) had a significantly higher median
serum vitamin E level than past/never users (n = 101).

Speannan's correlations were weak and non-significant
between serum vitamin A levels and vitamin A intake
from food alone (r = -0.02, P = 0.72) and from food
and supplements combined (r =0.02, P = 0.74).
Whereas the correlation between serum vitamin E level
and vitamin E intake from food alone was weak (r =
-0.06, P = 0.29), the correlation between serum vita
min E level and total vitamin E intake was stronger and
statistically significant (r =0.30, P = O,QOOt).

more frequent alcohol consumption, and use of anti
retroviral therapy before the onset of AIDS were all
significantly and independently associated with a
decreased risk of progression to AIDS, mortality, and
CD4+ cell count decline. The presence of HIV·1
related symptoms at baseline wa.<; significandy associated
with an increased risk of progression to AIDS and
CD4+ cell decline, but not with mortality.

The last column of Table 3 shows the adjusted hazard
ratios comparing low versus adequate serum Vitamin
levels, and quartiles of serum vitamin A and E levels.
For quartiles of vitamin A, there was no apparent rela
tionship between serum levels and progression to
AIDS. For vitamin E levels, however, the risk of AIDS
remained lower for the highest quartile compared with
the lowest quartile (RH, 0.66; 95% CI, 0.41-1.06).
This eftect was again statistically significant when com
paring the highest quartile ofserum vitamin E with the
remainder of the cohort (RH,0.67; 95% CI,
0.45--0.98). Similar trends, although not statistically sig
nificant, were observed for each vitamin when survival
was used as the outcome. In these survival models, we
also adjusted for use of antiretroviral therapy after the
onset 'of AIDS, but observed no significant changes in
the RH. Furthermore, no significant trends were
observed when CD4+ cell decline to < 200
cells X 106/1 was used as the outcome (data not shown).

Association between serum nutrient levels and
self-reported nutrient intake
Data concerning food and supplemental intake of vita
mins A and E were available for 271 of the 311 sub
jects. Those who completed and returned the
self-administered food frequenc~ questionnaire were
mote likely to be non-smokers (x. P~value =0.001), to
have a college degree (X2 P-value = 0.002), and to be
older (Student's t test P-value = 0.02) than those who
did not return the questionnaire. There were no differ
ences in those who did and did not return the ques-
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HIV-1 disease progression: development of first AIDS
diagnosis, CD4+ cell decline to < 200 cells x 106/1,
and mortality. The results of this study showed that
subjects in the highest quartile of serum vitamin E lev
els ~ 23.5 /!11101/1) had a 35% decrease in risk of pro
gression to AIDS compared with those in the lowest
quartile, after adjusting for several covariates. A
dose-response relationship was evident in univariate
analyses. Similar trends were observed for both vita
mins when mortality was used as the outcome, but
serum levels of neither vitamin were .associated with
CD4+ cell decline to < 200 cells X 106/1.

Previous studies have measured serum levels ofvitamin
E in HIV-1-infected patients, but ours is the first study
to demonstrate a link between increased serum toco
pherol levels and detttas,~d risk ofprogressiotl to AIDS.
The prevalence of overtly or marginally low serum vit
amin E levels has been documented to range between
8% and 20% in studies of HIV-1-positive individuals
[14-16,36-38J. None of these studies have examined
the consequences of low serum vitamin E levels on
HIV-1 disease progression nor have the mechanisms
leading to vitamin E depletion during HIV-1 infection
been clearly elucidated. In this study we found that
22% of our popu!:ltion had low concentrations of
serum vitamin E (< 11.6 J.LII10IIl), but we found no
apparent relationship between low vitamin E levels and
risk of progression to AIDS. Instead, we found that
subjects in the highest quartile of serum tocopherol lev
els ~ 23.5 lUUol/l) demonstrated a significant decrease
in risk of progression to AIDS compared with those in
the lower three quartiles combined.

The effects of various states of vitamin E nutrition on
immune function and the potential benefits of vitamin
E therapy in HIV-infected patients have been reviewed
in several published articles [12,13,39]. The majority of
evidence put forth by these reviews suggests that vita
min E is not only necessary for proper functioning of the
immune system, but also has important immunostimula
tory properties. Studies in both humans and animal
models have shown that vitamin E supplementation, in
approximately two- to 10-fold excess of the recommen
dations, significantly increases humoral and cell-mediated
immune responses to antigens and enhances phagocytic
functions [12]. More specifically, high doses of vitamin
E along with a nutritionally adequate diet has been
repeatedly shown to enhance in vitro and in villO anti
body production, phagocytosis, lymphoproliferative
responses, and resistance to viral and infectious diseases
[13]. Studies in the elderly have examined the effects of
vitamin E supplementation on immune dysfunctions
associated with the ageing process [9,40J. Daily supple
mentation of healthy elderly individuals with 800. mg
dl-a-tocopheryl acetate for 1 month significantly
improved delayed-type hypersensitivity reactions and
enhanced in vitro response to the mitogen, concanavalin

A [9]. Other epidemiological studies in the elderly have
found lower incidences of cancer and infectious
diseases in those who maintain high plasma vitamin E
levels [40,41J.

In a recent study [25], the effects of dietary vitamin E
supplementation on immune dysfunctions were exam
ined in mice with murine AIDS, a retrovirus-induced
infection similar to human AIDS. In this study, infected
mice treated with vitamin E showed an increase in secre
tion of interleukin (IL)-2 and interferon (IFN)-y, and an
improvement in mitogenesis of splenocytes and natural
killer cell activity compared with retrovirus-infected, but
non-treated mice. At the same time, vitamin E supple
mentation was associated with a reduction in levels of
IL-4, IL-5, IL-6, and tumour necrosis factor (TNF)-a.,
cytok.ines whil;h were devaler] in llI.m-treatt'd w.i!.:t'
which had murine AIDS. This suggests that vitamin E
supplementation may serve to nonnalize the immune
abnormalities observed in murine retrovirus infection.
Whether or not these results can be extrapolated to
human HIV-1 infection, however, remains uncle:rr.

Another mechanism by which vitamin E enhances
immun~ functions is through its antioxidant properties.
Rapidly proliferating cells of the immune system are
highly susceptible to peroxidative daniage by free radi
cals, peroxides and superoxides [12]. Vitamin E aets as a
free radical scavenger and prevents the lipid peroxidation
of cell membranes. Vitamin E also modulates the pro-'
duction of prostaglandin E2 (PGE 2) in the body.
Elevated levels ofPGE:2 decrease the production ofIL-2,
a cytokine critical for the growth and differentiation ofT
and B lymphocytes, and increases the differentiation of
PGE2-receptor-bearing T-cells into T -suppressor cells.
PGE:2 also inhibits actintion of natural killer cells, which
are a major source of IFN-y, another important eytokine
in the host defence system. It is believed that downregu
lation of PGE2 by vitamin E serves to increase the
production of lL-2 and IFN-'Y, thereby stimulating the
immune system. Other proposed actions ofvitamin E on
the immune system are through its direct interaction
with macrophages, causing upregulation of lL-1 and IL
2. Vitamin E is also believed to decrease levels of TNF
ex through its antioxidant properties. Thus, in addition to
its role as a free-r::tdical scavenger, the impact of vitamin
E on the regulation of various eytokines in the immune
process is believed to playa major role in inhibiting
HIV-1 replication.

The results of our study support the hypothesis that
these immune-enhancing effects of vitamin E may
delay the onset of AIDS in HIV-1-infected individuals.
The strong correlation between vitamin E supplemen
tation and increased serum vitamin E levels in our sub
jects suggests that oral vitamin E therapy may be
beneficial in slowing progression to AIDS. even in
nutritionally-replete populations.
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Vitamin A is essential for many aspects of immune
function, including both B- and T-cell growth and
function. In animal models, vitamin A deficiency has
been associated with diminished resistance to infections
[42], reduced antibody responses to diphtheria and
tetanus toxoids [7], and decreased lymphocyte respons
es to mitogens [7,43]. In humans, the morbidity and
mortality of many infectious diseases (e.g. measles,
pneumonia and diarrhoea) have been associated with
low vitamin A statw [8,44-46}. Studies of serum vita
min A levels in HIV~l-infected populations have found
that levels below 1.05 ~olJl are commonly observed,
with prevalence generally ranging from 10-20%.
S~mba et aI. [18] showed that low serum vitamin A lev
els in HIV-l-infected mothers were significandy associ
ated with a three- to fourfold increase in rates of
transmission of HIV-1 to their infants and that HIV-1
infected mothers whose infants died before reaching
1 year of age had the lowest serum vitamin A levels. In
another study by Semba et aI. [19], low serum vitamin
A levels « 1.05 f.l1l1ol/1) were significandy associated
with a four- to fivefold increase in risk of mortality
from AIDS and infections in a population of adult
injection drug users. Since biological function is
thought to be compromised when serum retinol levels
fall below 1.05 J.Lrnol/l [8], we did not have large
enough numbers to examine associations with HIV-1
disease progressio;j in this lower range. The vast major
ity of our subjects had retinol levels in the high-normal
range (median = 2.44 JUIlolll) so it is not surprising that
we found no relationship with disease progression.
These data, taken with other studies of retinol status in
HIV-1 and other infectious diseases suggest that the risk
only significandy increases in those with frank or mar
ginal deficiency [17-19). Furthermore, given individu
als with increased serum CRP levels, we still had a
vitamin A-replete population, which shows that better
vitamin A nutriture can protect against drops in serum
retinol into the deficient ranges seen in the acute phase
response.

As might be expected since plasma vitamin A levels are
homeostatically controlled and do not tend to fluctuate
with dietary intake, we found litde association between
serum vitamin A levels and vitamin A intake from food
and/or supplements in our subjects. In a previous study
of dietary intake in this population [ZO}, we found that
high vitamin A intakes were not associated with a
decreased risk of progression to AIDS, wheras moder
ate intakes were associated with an approximate 40%
decrease in risk ofAIDS progression.

We compared serum nutrient levels from our popula
tion with those from studies of other HIV-l-infected
populations in order to detennine if concentrations fell
within the range of those measured from fresh sera of
comparable populations. The mean vitamin A level in
our study population (2.62 ± 1.08 lllllolll) was, in fact,
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higher than the mean vitamin A levels found in most
other published studies of HIV-1-seropositive popula
tions [14-18,22,38,47,48]. The Q.tean vitamin A levels
in these studies ranged from O.91Ilmol/l to 4.54
J.LITlolll, with only one smdy [16] reporting vitamin A
levels above the mean level found in our subjects. The
mean vitamin E level in our study population was 19.4
lUtlolll, which is in the range reported by most studies
[14-16,21-23,38,49].

In conclusion, the results of this study suggest that ele
vated serum levels of vitamin E were associated with a
subsequent decrease in risk of progression to AIDS and
mortality. High serum vitamin E levels were strongly
associated with current use of multi- or single-vitamin
E supplements, indicating that vitamin E supplementa
tion may be beneticiai in slowing the risk of progres
sion to AIDS. Higher serum vitamin A levels were not
associated with intake of vitamin A supplements in this
study, however. These data suggest that vitamin E sup
plementation trials should be considered in HIV-1
infected individuals given the non-toxic nature of the
vitamin, its potential therapeutic effects, and the rela
tive sensitivity of serum levels to supplementation.
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Serum Ferritin, Erythrocyte Protoporphyrin and Hemoglobin Are Valid
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ABSTRACT In many African populations, the prevalences of both iron deficiency and malarial infection exceed
50%. The control of iron deficiency anemia is of urgent public health importance, but assessment of iron status
in these contexts has been controversial because of the effects of malarial disease on common iron status
indicators. We assessed iron status in 3605 school children in Zanzibar by measuring hemoglobin, erythrocyte
protoporphyrin (EP) and serum ferritin concentrations. Malaria parasitemia was quantified by counting against
leUkocytes. Iron deficiency was highly prevalent: 62.4% of hemoglobin concentrations were <110 giL, 59.7% of EP
values were >80 ,umol/mol heme, and 41.5% of ferritin concentrations were < 12 ,ug/L. Prevalence of Plasmodium
falciparum parasitemia was 60.6%, but <1% of children had densities above 5000 parasites/,uL blood. Neither
hemoglobin nor EP concentration was associated with malaria parasite density, but prevalence of abnormal values
increased by ,;;25% with parasite density. Erythrocyte protoporphyrin and hemoglobin were strongly inversely
related regardless of parasite density. The relationship of EP to hemoglobin was slightly attenuated when parasite
density exceeded 1000 parasites/.uL blood. Ferritin rose by 1.5 .uglL per 1000 parasites/.uL for parasite densities
> 1000 parasites!,uL, but the relationship of ferritin to hemoglobin or EP was strong even when parasite densities
exceeded this cutoff. The population prevalences of iron deficiency were not significantly biased by malarial
infection. In this population of school children, iron status assessment using these indicators was not seriously
influenced by malarial infection. We hypothesize that these indicators perform reliably in populations in which
malaria! infection is infrequently associated with disease; namely older children and adults in holoendemic environ
ments. J. Nutr. 127: 293-298, 1997.

KEY WORDS: • humans • iron deficiency • malaria • Plasmodium falciparum • hemoglobin
• ferritin • protoporphyrin

Iron deficiency is probably the most common form of mal
nutrition in the world, affecting more than half of the women
and children in developing countries (DeMaeyer and Adie1s
Tegman 1985). In many regions where iron deficiency is of
great public health importance, malaria is endemic and the
majority of the population harbors subclinical infections. In
Africa alone, an estimated 275 million people are infected

1 These data were presented at Experimental Biology 96, April 14-17, 1996,
Washington, DC. [Schulze, K. J., Stoltzfus, R. J., Chwaya, H. M.. Albonico, M.,
Savioli, L & Tielsch, J. M. (1996). Performance of iron deficiency indicators in a
malaria-holoendemfc population. FASEB J. 10: A729 (abs.)].
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with this parasite (Najera et at. 1993). Malaria and other
infections have complex effects on iron metabolism that may
affect the interpretation of hemoglobin, erythrocyte protopor
phyrin (EP) and serum ferritin (Baynes et a1. 1986, Brabin
1992, Hastka et at. 1993), commonly used indicators of iron
deficiency. Although these effects have been described in stud
ies of individuals acutely ill with malaria (Adelekan and
Thumham 1990, Ayatse and Ekanem 1994, Phillips et a1.
1986), there is a need for practical guidance regarding the use
of indicators to assess iron deficiency in apparently healthy
people in malaria-endemic environments.

The spectrum of iron status covers several well-defined
stages, ranging from adequate iron stOrage to depleted iron
stores, iron-deficient erythropoiesis, and iron deficiency ane
mia (Bothwell et at. 1979). To characterize the iron status of
a population or to monitor changes in status, it is desirable to
use a combination of indicators that provides information
about this entire spectrum. Serum ferritin is a particularly use
ful indicator of iron status, because it is linearly related to iron
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TABLE 1

Expected relationships among iron status indicators during iron deficiency and as a consequence of malaria pathology

Process

Iron deficiency

Malaria
Acute phase response to infection
Hemolysis
Dyserythropoiesis
Iron loss in urine or iron trapping

in malarial pigments

Effect

Loss of iron stores, accumulation of iron-poor heme, decrease in
hemoglobin

Alterations in indicators unrelated to true iron status
Recycling of iron. increase in iron stores. stimulation of erythropoiesis
Suppressed heme production despite anemia, increase in iron stores
Decreased body iron stores

Expected change in
indicators1

Hb EP SF

! t !

! t t
! t t
! ! t
! t !

1 Hb ~ hemoglobin, EP = erythrocyte protoporphyrin, SF = serum ferritin.

stores when stores are present (Cook et al. 1974). Erythrocyte
protoporphytin is a precursor to heme in red cell production.
Elevated EP is a sensitive indicator of iron-deficient erythro
poiesis (Langer et al. 1972), because EP accumulates when
iron is limiting. Hemoglobin concentration is used to define
anemia, the end stage of iron deficiency (Anonymous 1989).

The effect of malaria on iron metabolism is not fully under
stood, but distinct changes in iron metabolism occur during
malarial infection that may affect iron status indicators and
their interrelationships (Table 1). Malarial disease causes de
struction of red blood cells while suppressing erythropoiesis,
resulting in a profound anemia (Phillips et al. 1986). These
processes would shift iron out of heme toward storage fonns.
As long as heme iron from destroyed erythrocytes is effectively
recycled, these processes would not alter total body stOres of
iron but would certainly alter the expected relationships
among iron status indicators. Malaria may also cause loss of
functional body iron, through immobilization in the fonn of
hemazoin (malarial pigments) and through urinary excretion
(Brabin 1992). This would decrease iron stOres and potentially
induce iron deficiency. The effect of the acute phase response
to infection may overlap malaria-specific changes in iron me
tabolism (Baynes et al. 1986). During illness, serum iron con
centrations fall as iron is apparently redistributed to storage
sites (Elin et at. 1977). As a consequence, hemoglobin falls
and EP rises, mimicking the anemia caused by iron deficiency,
but ferritin is elevated considerably. In general, on the basis
of expected changes in iron status measures, hemoglobin mea
sures would overestimate and ferritin measures would underes
timate the prevalence of iron deficiency in a malaria-endemic
population.

To determine whether malarial infection influenced indica
tors of iron defiCiency in asymptomatic children, we examined
relationships among hemoglobin, EP, ferritin and malaria para
sitemia in 3605 children attending schools on Pemba Island,
Zanzibar, Tanzania. Coastal East Africa, including the islands
of Zanzibar, has the highest malaria endemicity in the world.
Plasmodium falciparum malaria is holoendemic, that is, para
sitemia is highly prevalent but oflow density, and transmission
is relatively stable, with little seasonality of prevalence of infec
tion (Marsh 1992). This article will speCifically address the
follOWing questions regarding the relationships of iron status
indicators and malaria parasite density in these children: I) Is
hemoglobin, EP or ferritin or the prevalence of iron-deficiency
anemia associated with the level of malaria parasitemia? 2)
Does malaria parasitemia obscure the expected relationships
among these indicators of iron status? 3) Does malarial infec-

tion bias estimates of the population prevalence of iron defi
ciency or iron deficiency anemia using these indicators?

MATERIALS AND METHODS

Study population. This survey was conducted in March through
May 1994 on Pemba Island, the smaller of the two islands of Zanzibar,
just off rhe east coast of mainland Tanzania. We randomly selected
12 primary schools from the 72 schools on Pemba Island. The random
ization· was stratified by the four districts of Pemba Island, so that the
12 study schools represent all parts of the island. From these schools,
76 morning classes of standards 1-4 were invited to participate in
the survey. A toral of 3605 children were enrolled in the survey,
constituting 90% of children registered in those classes and approxi
mately 11 % of the total school child population on Pernba Island.
The research protocol was reviewed and approved by the internal
review boards of The Johns Hopkins University, the World Health
Organization, and the Ministry of Health of Zanzibar.

Data. Data were collected in the school classrooms by specially
trained local staff of the Ministry of Health. Blood samples were
collected by venipuncture from 100% of children surveyed. Hemoglo
bin concentration was determined in the classroom using the Hemo
cue portable hemoglobinometer (HemoCue, AB, Angelhom, Swe
den). The accuracy of the Hemocues was checked daily with a control
cuvette provided with the machines. Precision was :t30 gIL. Erythro
cyte protoporphyrin was also measured in the classroom using a hema
tofluorometer (Aviv Biomedical, Lakewood, NJ). This machine was
standardized daily using comrol solutions provided by Aviv Biomedi
cal. Coefficient of variation for the assay was typically 10=-14%. Thick
and thin blood smears were made for determination of malaria para
sitemia. These were fixed and stained with Giemsa, and malaria para
sites were counted against leukocytes. Typically, 200 leukocytes were
counted; if < 10 parasites were seen, the microscopist continued
couming up to 500 leukocytes. Parasite counts were converted to
parasite densities on the basis of 8000 leukocytes!J.lL blood (Trape
1985). Malaria species were identified from the thin smear. All infec
tions were P. falciparom; in less than 5% of slides, P. malariae was
also identified. A random 10% subsample of slides wete reread by the
Malaria Team leader. Agreement between readers was excellent for
the presence of malaria patasitemia [(kappa = 0.93, 95% c.r. (0.89,
0.98)], and parasite density measures were also highly reliable with
an intracIass correlation of 0.85. The remaining blood was centrifuged
and serum was collected. Sera were stored at - lOoC for up to lO wk,
transported on liquid nitrogen to Baltimore, and stored at - 70°C
for up to 6 mo. Ferritin was determined using a fluorescence-linked
immunoassay {DELFIA System by Wallac. Inc., Gaithersburg, MD}
on 3309 serum samples (91.8% of the total enrollment). A set of
Wallac standards was assayed in each assay plate. Coefficient of varia
tion for this assay was <5%.

Statistical analysis. To determine meaningful cutoffs for catego
rizing malarial infection in these analyses, we examined the scat-

.I
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TABLE 2

terplocs of hemoglobin, EP and ferritin against malaria parasitemia.
No significant shifts in the mean or variance of these indicators were
apparent at infections of <1000 parasites!,uL. In subsequent analyses,
malarial infection was categorized by thousands of parasites per micro
liter of blood.

The relationships of hemoglobin, EP and ferritin to malaria para
sitemia level are expressed using indicator means and selected cutoffs
to define deficiency. Distributions of EP and ferritin were skewed to
high values; therefore geometric means are presented. Anemia was
defined as hemoglobin < 110 giL. This anemia cutoff is lower than
the WHO-recommended cutoff for this age group, but a race-speCific
anemia criterion (10 g/L lower for blacks} optimizes the screening
performance of this indicator to detect iron deficiency (Johnson
Spear and Yip 1994). Ferritin values <12 ,ug/L were considered to
indicate exhausted iron stores, and an EP value of >80 ,umolfmol
heme was used to indicate iron-defiCient erythropoiesis (WHOfUN1
CEFfUNU 1995). Iron-defiCiency anemia was defined as abnormal
values for hemoglobin, EP and serum ferritin. Linear trends in mean
values were tested by linear regression, and trends in proportions were
tested by chi-square test for trend (Snedecor and Cochran 1980).

To evaluate whether the relationships among ferritin, EP and
hemoglobin levels differed by low and high parasitemia, we stratified
the sample using a cutoff for parasite density of 1000 parasites/,uL.
Various cutoffs for level of parasitemia were considered, and this
cutoff was chosen because It maximized the fit of the model when
ferritin or EP was regressed on hemoglobin, level of parasitemia, and
their interaction term. Means, so, and proportions ofabnormal values
were· examined for EP by level of hemoglobin, and ferritin by level
of hemoglobin or EP. To determine wherher linear crends in these

Characteristics of study sample

Sex. % male
Age,y
Hemoglobin, gIL
Erythrocyte protoporphyrin, p.mollmol heme
Serum fettltin, J.l.gIL
Malaria parasites!J.l.L blood, % frequency

o
1-999
1000-1999
2000-2999
3000-3999
4000-4999
:2:5000

1 Mean ::: SD, n = 3605.
2 Geometric means =SD.

52.2%
10.5 ::: 1.81
104::: 16
97 (56, 166}2

14.0 (7.2,27.3)

39.2%
47.0%
10.0%
2.1%
0.8%
0.3%
0.6%

indicators by category were statiscically Significant for both high and
low malaria groups, the indicator was regressed on hemoglobin or EP,
malaria level, and their interaction term. The significance level of
the interaction term was used to determine whether the relationship
between indicators differed by malaria level, with P < 0.15 indicating
a potentially important difference.

To evaluate the bi3!' caused by malarial infection in evaluating
iron status of this population, we compared mean values and the
percentage of abnormal values of each indicator in the total sample
to those of the children with lower malaria parasitemias. These were
tested by Student's c test and chi-square test, respectively (Snedecor
and Cochran 1980).

Data were entered using Epilnfo software (Centers for Disease
Control and Prevention, Atlanta, GA) and managed and analyzed
using Systat statistical software (SYSTAT Inc., Evanston, IL).

RESULTS

Characteristics of the study sample. Several characteris
tics of the study sample are noteworthy (Table 2). First, these
first- through fourth-grade school children were relatively old
for their school classes. This is typical in Zanzibar, where late
school entrance is common. The average age was 10.5 y, with
over 75% of children between 9 and 12 y (range 5-19 y).
Second, their iron status was very poor; 63% of them were
anemic (hemoglobin < 110 gIL), 59% had EP values >80
t-tmol/mol heme, and 41 % had ferritin values < 12 J.Lg/L. Third,
the malaria parasitemia distribution indicated a population
with a high prevalence of infection but a low parasite density.
Less than 1% of children had > 5000 parasiteslJ.LL blood, a
level that begins to be predictive of clinical disease in highly
endemic areas in Africa (Trape et a1. 1985).

Association between malaria parasitemia and hemoglobin
erythrocyte protoporphyrin and ferritin concentrations.
Hemoglobin and EP concentrations were not associated with
malaria parasitemia (Table 3). The proportion of abnormal
values for both hemoglobin and EP showed significant increas
ing trends with ascending level of malaria parasitemia. Both
trends were similar in magnitude, with the prevalence of ab
normal values in infected children reaching a maximum of
125% of the prevalence of children with no parasitemia. The
highest prevalence of abnormal values was, however, not found
in the highest malaria parasitemia group.

Ferritin concentration demonstrated no re1arionship with
parasitemia at parasite densities < 1000 parasites!J.tL blood, but
above this cutoff ferritin increased slightly at a rate of 1.5 J.tg/
L per 1000 parasites. This cutoff was used to defin~ high and

TABLE 3

Means and prevalence of abnormal values of iron status indicators by level of malaria parasitemia in children

Protoporphyrin lron-
Hemoglobin Serum ferritin deficiency

% >80 anemia1

Malaria % <110 J.l.mol/mol J.l.mol/mol % <12
parasiteslJ.l.L n giL giL n heme heme n J.l.g/L J1.g/L n %

0 1406 105 z 162 593 1406 93 (54, 159)4 563 1268 14.1 (7.2,27.7)4 403 1267 24
1-999 1678 103 ;!; 16 65 1678 100 (58, 173) 62 1564 13.3 (7.0, 25.3) 44 1542 30
1000-1999 351 104 == 16 61 351 99 (59, 165) 63 324 15.1 (7.6,30.1) 40 324 27
2000-2999 75 104 =16 69 75 91 (55,150) 64 70 17.5 (8.7, 35.4) 27 70 21
3000-3999 27 102 ± 16 74 27 101 (66, 154) 70 27 18.9 (9.1. 39.2) 26 27 22
2:4000 33 104;!; 16 58 33 93 (50.175) 55 30 26.9 (13.7,52.8) 13 30 3

1 Defined as hemoglobin <110 giL and erythrocyte protoporphyrin >80 J.l.moilmol heme and ferritin <12 ,ugL
2 Means ± so.
3 Significant linear trend by malaria parasite density category (P < 0.05).
4 Geometric means Z SD.
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TABLE 4

The influence of high malaria parasitemia on the relationship of erythrocyte protoporphyrin to hemoglobin (Hb) levels in children

< 1000 malaria parasites/Ill ;;" 1000 malaria parasites!j.ll

Hb

giL

2:110
90-109
<90

n

1162
1492
428

Protoporphyrin

fJ.trIollmol heme

77 (52, 114)1
96 (60,152)

190 (103, 349)

>80 Ilmol/mol heme

%

42.0
63.3
91.6

n

181
233

72

Protoporphyrin

tffI'ol/mol heme

78 (53,114)
99 (62,158)

164 (94, 286)

>80 j.lmol/mol heme

%

45.3
67.8
90.3

1 Geometric means:!: so. Trends in protoporphyrin (both mean value and % >80 /lmoVmoJ heme) with decreasing Hb were statistically significant
at both levels of malaria parasitemia (P < 0.001). The increase in protoporphyrin (but not in % >80 Ilmol/mol heme) associated with the decreasing
Hb was greater in those with <1000 parasites/Ill (interaction P < 0.002).

low malaria parasitemia in subsequent analyses. The prevalence
of abnormal ferritin values began to fall at malaria parasite
densities> 2000 parasites/,uL Barh the trend in ferritin concen
tration and prevalence of abnormal values were significant. The
prevalence of iron-deficiency anemia did not show a significant
linear trend with malaria parasite density but was dramatically
lower in the 30 children with ~4000 parasites/,uL.

Relationships between indicators at low and high parasite
mias. Erythrocyte protoporphyrin concentrations, when ex
pressed either as mean values or prevalence of values above
80 ,umol/mol heme, showed the expected inverse relationship
to hemoglobin (Table 4). This relationship was apparent at
both low and high levels of malaria parasitemia. The propor
tion ofchildren with EP >80 ,umol/mol heme was not different
between groups with high and low parasite densities. However,
EP values associated with the most severely anemic children
were not as high in the group with higher parasite densities.

Ferritin was shifted significantly toward higher values when
malaria parasitemia was> 1000 parasites/,uL; this shift is re
flected in increases in mean values and decreases in the per
centage of children with ferritin < 12 ,ug/L. Nonetheless, the
positive association between ferritin and hemoglobin and the
negative association between ferritin and EP were strong re
gardless of malarial infection (Table 5).

These analyses were repeated using malaria parasite denSity
cutoffs of 1 parasite/,uL (i.e., any parasitemia) and 2000 para
sites/,uL (data not shown). The relationships between the indi-

cators was not modified by malaria using any parasite denSity
cutoff.

Effect ofpara.site density on population assessments of iron
deficiency and iron-deficiency anemia. To evaluate the effect
of holoendemic malarial infection on population prevalences
of iron deficiency and iron-deficiency anemia, we compared
the prevalences in the total study sample, representing the
general population of school children, to the prevalences in
children without parasitemia. The prevalences in the total
sample vs. the subgroup with parasitemia were as follows;
62,4% vs. 58.6% for anemia (P = 0.014), 59.7% vs. 56.0%
for EP (P = 0.003), 41.5% vs. 40.5% for ferritin (not signifi
cant), and 27.0% vs. 24.2% for iron-deficiency anemia (P
= 0.05). (For numbers of all children and children without
parasitemia, see Table 3.) Although significant due to the large
sample size, these differences are not of practical importance
when describing the iron status of a population. The mean
concentrations of the three indicators in the tOtal sample vs.
children without parasitemia were nearly identical: 104 :!: 16
vs. 105 :!: 16 gil hemoglobin, 97 (56, 166) vs. 93 (88, 157)
,umol protoporphyrin/mol heme, and 14.0 (7.0, 28.0) vs. 14.1
(7.2, 27.8) gIL ferritin, respectively.

DISCUSSION

We have shown that iron status indicators performed reli
ably in school-age children in a malaria-holoendemic area.

TABLE 5

The influence of high malaria parasitemia on the relationship of serum ferritin to hemoglobin (Hb)
and erythrocyte protoporphyrin (EP) levels in children

< 1000 malaria parasiteslill ;;" 1000 malaria parasites/Ill

n Ferritin <12 1l9/L n Ferritin <12 i-lg/L

IlglL % i-lgiL %

Hemoglobin, giL
;;,,110 1038 17.7 (10.0, 31.2)1 25.0 163 21.5 (11.8, 39.1) 18.4
90-109 1377 13.1 (7.2,23.8) 46.4 219 15.2 (8.2, 28.1) 37.4
<90 395 8.1 (4.0,16.7) 74.7 69 10.6 (4.2. 26.4) 66.7

Protoporphyrin, Ilmollmol heme
<80 1130 17.6 (9.6,32.2) 24.7 167 20.0 (10.4, 38.6) 18.0
80-119 866 14.5 (8.0, 26.1) 39.2 159 17.8 (9.1,34.6) 29.6
;;,;120 815 9.1 (5.0, 16.6) 70.7 125 11.0 (5.7, 21.3) 64.8

1 Geometric means:: so. Trends in ferritin (both mean ferritin and % <12 /lgll) with increasing level of iron deficiency (by either Hb or EP level)
were significant (P < 0.05).
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Specifically, 1) hemoglobin and EP concentrations were not
associated with malaria parasitemia, although ferritin concen
tration did increase slightly with parasitemia when parasite
density was > 1000 parasites/ILL; 2) expected relationships
among indicators were strong regardless of the level of malaria
parasitemia; 3) malarial infection did not modify the relation
ship among the indicators, except that the elevation in EP
with low hemoglobin was slightly attenuated when parasitemia
was > 1000 parasites/,uL; and 4) malarial infection did not bias
population esrimates of iron deficiency to a meaningful degree
using these indicators.

We cannot evaluate the influence of malarial infection on
other indicators, such as transferrin saturation or serum trans
ferrin receptor, because they were not assessed in this survey.
A similar evaluation of these indicators in a malaria-endemic
population is needed. The three indicators used in this survey
were chosen because of their simplicity in the field (in the
case of hemoglobin and EP), Long-term stability at -20°C (in
the case of serum ferritin), relatively low cost to determine,
and their complementarity across the spectrum of iron status.
Because of these advantages, it is encouraging to find that
these indicators are useful in this population.

The influence of malaria on iron sta~ indicators. Al
though hemoglobin typically falls precipitously (Fleming 1982,
McGregor 1982, Phillips et a1. 1986) and severe anemia is a
common complication and cause of death from acute malaria
(Brabin 1992), our data suggest that asymptomatic malarial
infection does not much influence hemoglobin concentration.
Hemoglobin concentration was not associated with para
sitemia, and the increase in prevalence of anemia associated
with parasitemia was modest «25%). Hemoglobin main
tained relationships with EP and ferritin that are typically
observed during iron deficiency.

Few data are available on the effect of malaria on EP, and
we found no published data on EP concentrations during acute
malarial disease. In theory, EP values could be elevated in
response to infection, as observed in chronic tuberculosis
(Langer et a1. 1972) and chronic inflammatory neoplastic dis
eases (Hastka et aL 1993), or decreased due to the dyserythro
poiesis that occurs during malaria. In this study, the relation
ship of EP to hemoglobin Was somewhat attenuated in children
with higher parasite densities. In contrast to our findings,
Schneider et a1. (1993) found that mean EP concentration
was elevated in children in Togo aged 6 mo to 3 y with
parasitemia>3000 parasites/t-tL. Prevalence of anemia was not
associated with parasitemia in those children. The authors
noted that the hemolytic breakdown products of heme fluo
resce similarly to EP, and speculate that the elevation in EP
associated with malaria is artifactual rather than caused by
true changes in erythropoiesis. Although the discrepancy of
our findings with those ofSchneider et a1. (1993) is unresolved,
the effect of parasite density on EP was not an important
consideration when evaluating iron status at the population
level in these children.

The most important finding was that the relationship of
ferritin to hemoglobin and EP was not affected by malaria
parasitemia, even thoughthe magnitude of ferritin values was
greater when parasitemia was> 1000 parasites/,uL. Even in
individuals in our population with high parasite denSities, ferri
tin was directly related to hemoglobin and inversely related
to EP. Had malaria been a major contributor to anemia, we
would have expected the normal relationship between ferritin
and degree of anemia to be obscured (Phillips et a1. 1986)
or reversed (Adelekan and Thumham 1990), because sicker
individuals typically have lower hemoglobin and higher ferri
tin. Although ferritin values increased slightly with parasite

densities> 1000 parasites/,uL, ferritin was still well below val
ues reported for individuals with acute malaria. For example,
the mean ferritin concentration at admission among 23 indi
viduals hospitalized with acute, symptomatic, uncomplicated
P. falciparum malaria was 1773 ,ug/L (range 170-10,000 ,ug/
L). Ninety days after initiation of treatment, all values had
returned to 150 ,ug/L or below (Phillips et a1. 1986). Only five
individuals in our population had ferritin> 200 ,ug/L. At the
population level, endemic malarial infection did not affect the
prevalence of abnormal ferritin values.

Comparison with other population studies. Others have
drawn similar conclusions regarding the reliability of iron sta
tus indicators in community surveys of P. fakiparum-endemic
populations. Hercberg et a1. (1986) assessed iron status in a
randomly selected sample of all community members in a rural
district of South Benin, where the prevalence of malaria para
sitemia was 96.5%. They reported that hemoglobin concentra
tions and iron deficiency indicators (ferritin, EP and transferrin
saturation) were not related to the density of malaria para
sitemia; unfortunately, the evidence for this was not presented
in their article. Similarly, in pregnant and nonpregnant
women in Papua New Guinea, malaria parasitemia was not
associated with significant differences in hemoglobin or EP
concentrations (Brabin 1992).

Our findings are in contrast to studies that examined the
relationships of malaria infection and iron status indicators in
two types of populations: those acutely ill with malaria, in
whom iron status indicators are dramatically perturbed (see
above), and in young children. Bradley-Moore et a1. (985),
in a study of Nigerian children aged 3 mo to 2 y, found that
children with parasitemia had around 10 g/L lower hemoglobin
and approximately doubled ferritin concentrations compared
with their peers without parasitemia. The prevalence of para
sitemia in this community was 41 %. An age-related effect is
also supported by studies in Papua New Guinea (Spencer 1966)
and The Gambia (McGregor et aL 1966), in which the associa
tion of malaria parasitemia with hemoglobin concentration
disappeared with increasing age. Among infants in both stud
ies, children with parasitemia had hemoglobin concentrations
10-20 gIL lower than did their peers without parasitemia.
Among children aged 2-4 y, parasitemia was associated with
12 giL lower hemoglobin concentration in Parua New Guinea
but was not associated with lower hemoglobin concentration
in The Gambia. Among Papua New Guinean children aged
5-9 y, the association of parasitemia with hemoglobin concen
tration was slight (a reduction of 3 gIL). Finally, Premji et
a1. (1995) also found a strong association between anemia
(measured by hematocrit) and parasitemia, which decreased
with age in 6- to 40-mo-o1d children in coastal Tanzania, an
area expected to have transmission patterns of the parasite
similar to those in Zanzibar. Further studies are needed to
document, however, whether the effect of parasitemia on other
iron status indicators shows a similar disappearance with age
in holoendemic environments.

The importance of different patterns of malarial infection
and disease. The validity of indicators to assess iron defiCiency
may be influenced by several factors that dictate how malarial
infection will affect a population: parasite species, patterns of
transmission, and the susceptibility of population subgroups of
interest. Decisions about the use of iron status indicators in
Plasmodium-infected groups must consider these different situa
tions and population subgroups. Of the four different Plasmo
dium species that cause malaria, each with distinct clinical
sequelae, P. fa1ciparum predominated in this population. This
species causes the most profound changes in iron metabolism
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and thus presumably could have the most dramatic effect on
iron· status assessment.

Different patterns of malaria transmission are broadly cate
gorized as holoendemic, hyperendemic and epidemic, ac
cording to intensity and stability of transmission (Najera et
a1. 1993). The immunity of the population, and thus the proba
bility that infection is associated with disease, differs greatly
depending on these patterns. In holoendemic settings such as
Zanzibar, parasitemia is prevalent and of high density and
splenomegaly is common in infants and young children; how
ever, in adults, malaria parasitemia is prevalent but of low
density. Because of the immunity to infection that is acquired
in holoendemic settings, the distribution of malarial infection
may differ dramatically from that of malarial disease across age
groups and seasons (Marsh 1992).

Finally, within a given ecological context, population sub
groups have different levels of immunity to the parasite. Immu
nity, as well as age, is dependent on factors such as general
nutritional status and physiologic state, notably pregnancy
(Marsh 1992)..

We hypothesize that hemoglobin, EP and ferritin are valid
indicators of iron status in population groups with relatively
high immunity to malaria, but will be less reliable in groups
who are less immune. Put in another way, iron status indicators
will measure iron status independently of malaria parasitemia
in population groups where parasitemia is not strongly associ
ated with disease, which is generally the case among older
children and nonpregnant adults in holoendemic environ
ments. If true, this would be important and encouraging news
for the assessment of iron deficiency in tropical Africa, where
iron deficiency is a prevalent problem among school-age chil
dren and adult women. In surveys of iron status in these popu
lation groups, it will still be desirable to exdude people who
are experiencing fever and those with parasite densities greater
than some threshold; Trape et al. (1985) suggest a threshold
of 5000 parasites!,I..lL blood. Our data indicate that 5000 para
sites!,I..lL would be an appropriate cutoff for hemoglobin and
EP. For ferritin, 1000 parasites!,I..lL might be more appropriate,
but ferritin would not bias population estimates if the propor
tion of individuals above such a threshold is relatively smal!.
Further research is required to extend our findings to other
vulnerable population groups.
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High Moderate _Lo_w _

Any anaemia' >40 10-39 1-9
severe anaemiat >10 1-9 <0·1...()·9

'Haemoglobrn concentration <110 giL in pregnant women or young children.
<120 gil in schoolchildren or non-pregnant women, <130 giL in adult men.
tHaemoglobin concentrations <70 giL.

Table 1: Epidemiological criteria for assessment of severity and
magnitude of lron-deflclency anaemia

2000 is "unlikely to be met without a significant
acceleration of effort over the next 6 years".J

Is it true that efforts to control iron-deficiency anaemia
are failing, despite substantial health and economic
improvements in some pans of the world? Table 2 shows
haemoglobin concentrations for different populations of
women. Although all the women are from less developed
countries, they were not selected purposively. These data
are from studies conducted since 1990 at the Center for
Human Nutrition, Johns Hopkins University, Baltimore,
USA; none of the studies should be interpreted as
nationally representative. The Nepal data were collected
in a continuing community-based studyll in the Terai
region, which is representative of the northern Gangetic
flood plain of India and southern Nepal. Protein-energy
malnutrition, vitamin A deficiency, and hookworm
infection" are common in women from this region,
but there is no programme to provide iron supplements
to these women. The Zanzibar data were collected from
a rural community-based survey on Pemba Island
(Chwaya HM, unpublished observations), where acute
malnutrition is common in children, and hookworms and
Schistosoma haematobium and Plasmodium jaldparum are
endemic. IS Iron supplements are provided to pregnant
women by the Zanzibar Ministry of Health, but coverage
is low because of limited tablet supply. The other three
areas represent populations where malnutrition is
declining and public-health infrastructures are reasonably
good. In Peru and Indonesia, iron supplementation for
pregnant women has been a long-standing health policy,
and tablets are widely available. The Peru data were
collected from women who attended antenatal clinics in
low-altitude urban areas (Zavaleta N, Fukomoto M,
unpublished observations), and the Indonesia data are
from a rural community-based study in Central Java.'·
The Shanghai population comprised women who received
antenatal care at urban public hospitals.17 Although this
population is poor, acute malnutrition is'' rare and
antenatal care is very good; iron supplements are available
but are used by less than 10% of pregnant women. 17

From all we know about these populations-eg, their
dietary adequacy, burdens of infectious diseases, and
availability of health services-we would expect to find
striking differences in the prevalence and severity of iron
deficiency anaemia. A good indicator should be able to
separate these populations according to different degrees

THE LANCET

Rethinking anaemia surveillance

Rebecca J Stoltzfus

Iron-deficiency anaemia affects about 1·3 billion people'
and is the most common form of malnutrition in the
world. In the past few years, there have been renewed
efforts to control iron-deficiency anaemia. At the 1990
World Summit for Children, leaders from more than 159
countries agreed to try to reduce the prevalence of iron
deficiency anaemia by a third by the turn of the century.',J

In 1993, the World Bank' ranked anaemia as the eighth
leading cause of disease in girls and women in developing
countries, and concluded that iron-deficiency anaemia
could be effectively controlled with existing cost-effective
interventions.

Surveillance systems for anaemia are fundamental to
public-health decision-making and for monitoring the
progress of national and worldwide goals to control
anaemia. S Effective anaemia surveillance is essential to
identify which populations are most in need of
intervention and to assess whether programmes are
working. As the World Declaration and Plan of Action for
Nutrition" states, the international community should
"strengthen micronutrient surveillance capabilities and
activities by devising indicators to monitor ... strategies
for achieving national goals". There is a need for simple
indicator cut-oft's that enable progress to be tracked
and compared across regions, and for criteria on
prevalence that identify the most severely affected
populations. Such surveillance activities differ from
population assessments of the underlying causes or
interventions and from the clinical assessments of
individuals, for which other methods are recommended.7

-9

Haemoglobin concentration is the key indicator of iron
deficiency anaemia for surveillance purposes, especially
since the advent of the HemoCue system (HemoCue, AB,
Angelholm, Sweden) which measures haemoglobin
concentration within seconds from a drop of whole blood
without need of electricity. '0 The current criteria for the
assessment of the severity and magriitude of iron
deficiency anaemia in populations are the prevalence of
any anaemia and severe anaemia (table 1).

Little progress seems to have been made against
iron-deficiency anaemia. Based on surveillance data from
1975 to 1990, the United Nations reported that the
prevalence of anaemia worldwide had not declined. lI

Similarly, in sub-Saharan Africa, a region challenged by
war and economic instability, and in Southeast Asia, a
region characterised by economic emergence and
declining rates of other forms of malnutrition, the
prevalence of iron-deficiency anaemia has not fallen.
A midterm report of the objectives of the World Summit
for Children warns that the goal to reduce anaemia by
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Nepal. 3 months post partum 613 81·4 28·4 13·6 6·3 2·4
Central Java, 3 months post partum 146 71·9 15·1 2·7 2·1 2·1
ZanZibar, not pregnant 583 71·7 26·2 13·0 8·9 5·3
Nepal. pregnant 1052 69·8 40·5 20·8 9·5 4·9
Shanghai. pregnant 829 66,2 25·3 5·5 0·8 0·2
Peru. pregnant 670 44·3 14·5 4·3 ,,0·1 ,,0·1

'Anaemia define<! as haemoglObin concentrations <110 g/L in pregnant women or
<120 g/L in non-pregnant women.

Table 2: Haemoglobin concentrations In different populatlons of
women

of risk of iron-deficiency anaemia. However, based on the
current criteria for any anaemia, all the populations would
be classified as areas with a high prevalence of iron~

deficiency anaemia. By contrast, based on the prevalence
of severe anaemia, none of the populations would have
high rates of anaemia. But this opposition simply does not
make sense. Either iron-supplementation programmes
and general health indicators have no bearing on the
prevalence of iron-deficiency anaemia, or the current
criteria do not provide the information needed for the
population burden of iron-deficiency anaemia to be
assessed accurately. The answer lies in the lower end of
the distribution of haemoglobin concentrations. The
cumulative distributions in table 2 show the expected
differences between the populations. There is only a
I·S-fold difference in the prevalence of anaemia between
the populations; however, if haemoglobin concentrations
below 90 giL (moderate-to-severe anaemia) are used as
the indicator, there is a 7'7-fold difference between
populations. Some comparisons are illuminating. The
prevalence of anaemia is similar among non-pregnant
women in Central Java and Zanzibar. However, the
prevalence of moderate-to-severe anaemia is five times
higher in Zanzibar than in Java. The rate of anaemia in
pregnant women is similar in rural Nepal and Shanghai,
but the prevalence of moderate-to-severe anaemia is
2·5 rimes higher among Nepalese women than among
women from Shanghai.

Severe anaemia (haemoglobin concentration <70 gIL)
is closely linked to risk of mortality, but is difficult to
monitor because the prevalence rarely exceeds 5-7%,
even in populations with a high prevalence of iron
deficiency anaemia. Furthermore, this indicator does not
always distinguish between populations with very different
haemoglobin distributions-eg, Nepalese and Central
Javanese women in the post-partum period (table 2).
Changing the cut-off for haemoglobin concentration in
anaemia surveillance is such a simple idea that it seems
unimportant, but it is not. Let us return to two key
objectives of anaemia surveillance: to identify population
groups in greatest need of intervention and to monitor
progress in anaemia control. The first objective enables
donors and governments to use scarce health resources
wisely and the second enables them to set goals and see if
they are met. How would public-health decision-making
be influenced by surveillance of moderate-to-severe
anaemia-ie, a haemoglobin cut-off of 90 giL?

First, public-health resources for anaemia control
would be allocated differently. The prevalence of all
anaemia or moderate-to-severe anaemia give different
indications of the severity of anaemia in the population
groups (table 3). The current perception is that anaemia is

'tlaemoglobin concentrations <110 g/L in pregnant women. <120 giL in women who
are not pregnant.

Ta~le 3: IrolHfeflciency anaemia In different popUlations by
prevalence of all anaemia and prevalence of moderate-to
severe anaemia

widespread in all countries. Fund donors, who need to
address health issues that are well~defined and amenable
to solution, find it difficult to focus their programme
efforts on anaemia. Governments of developing countries
are overwhelmed with health problems, and may not feel
compelled to tackle anaemia when their better-off
neighbours report similar rates of anaemia. But, table 3
shows that there are differences in the prevalence of iron
deficiency anaemia between countries and regions, and
highlights the need for action in Nepal and Zanzibar.

Second, in developing countries, the prevalence of
moderate-to-severe anaemia is more likely to indicate
progress in anaemia control if other health improvements
are being made. The prevalence of all anaemia in
Indonesian women has remained above 50% during the
past 30 years, even though progress has been made in
most other health indicators, especially nutrition. It would
be interesting to know whether the prevalence of
moderate-to-severe anaemia has declined or whether it
has always been low. I suspect it has declined greatly.
Indeed, the lower end of the distribution of a
homoeostatically controlled indicator, such as
haemoglobin concentration, would be likely to change
more rapidly than the upper end. If a successful
programme for anaemia control were implemented in
Nepal or Zanzibar, the distribution of haemoglobin
concentrations might first shift to become like
Indonesia-ie, with high prevalence of all anaemia but
low prevalence of moderate-to-severe anaemia. This
distribution would represent substantial progress, but
would not be revealed with surveillance that relied on the
prevalence of all anaemia.

If we begin to use the prevalence of moderate-to-severe
anaemia for surveillance purposes, it is important not to
lose sight of the prevalence of mild anaemia. A survey of
haemoglobin concentrations provides data on both mild
and moderate-to-severe anaemia. For countries where the"
prevalence of mild or all anaemia has already fallen below
50%, such as Latin America, the Middle East, and North
Africa, the prevalence of all anaemia will measure the
lower end of the haemoglobin distribution and is the best
indicator for monitoring progress in the control of iron
deficiency anaemia. A suggestion to monitor the
prevalence of moderate-to-severe anaemia in regions
where the prevalence of iron-deficiency anaemia is high
does not imply that there are no health risks associated
with mild anaemia. Mild iron-deficiency anaemia affects
cognitive capacity in children,18 increases the risk of
preterm delivery in pregnant women,17.J9 and reauces work
output in all individuals.'· Public-health interventions to

13
21
6
4

72
70
66
44

Pr8~alenc8 of lron-deflclency anaemia ("l

Define<! by Defined by prevalence
prevalence of of moderate-to-severe
all anaemia' anaemia
____ (haemoglobin <90 g/L)

81 14
72 3

Population No

Nepal. 3 months post partum 613
Cenual Java. 3 monthS 146
post partum
Zanzibar. not ptegnant 583
Nepal. pregnant 1052
Shanghai. pregnant 829
Peru. pregnant 670

" of populatlon wltlllIaemollIobln
concentrations (&ILl

Below <100 <90 <80 <70
anaemia
cut-olf'

NoPopulation
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control iron-deficiency anaemia are needed in all the
populations listed in table 2. But the addition of a lower
haemoglobin cut-off for surveillance purposes is
important because the health risks associated with
moderate-to-severe anaemia are substantially greater; it is
within this range that anaemia contributes directly to
mortality among women and children.

A helpful analogy is the use of the prevalence of
moderate-to-severe stunting or wasting (more than 2 SD
below the reference mean) to monitor protein-energy
malnutrition worldwide, even though many children who
are 1 SD below the reference are malnourished and
experience adverse health risks.21 Similarly, use of low
birthweight defined as below 2500 g to monitor rates of
low birthweight does not mean that the risk of mortality
for a baby who weighs 2600 g is the same as that for a
3300 g baby.22 Surveillance indicators are chosen because
they serve the purposes of surveillance, not because they
indicate the point of minimum risk. Despite effective
interventions, control of iron-deficiency anaemia has not
proved to be easy. We need to intensify our surveillance of
anaemia so that the progress we make can be assessed,
especially in those countries with a high preve1ence of
anaemia. A simple change in the haemoglobin cut-offs
used for anaemia surveillance would sharpen our focus.

I thank Keith West, :Wchele Dreyfuss, Li-Ming Zhou, Nelly Zavaleta, and
Hababu Mohammad Chwaya for making their data on anaemia prevalence
available for my analysis, and Jim Tielsch for discussions that spawned
these ideas. This srudy was supported by cooperative agreements DAN
0045 and DAV 5116 between the Center for Human Nutrition, Johns
Hopkins University and the Office of Health and Nutrition, US Agency for
International Development.
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The hookworms Necator americanvs and Ancy
lostoma duodenale infect approxima:ely 1 billion

.people worldwide. The prevalence of hookworm
infection increases with age in children, typically
reaching a plateau in late adolescence, whereas
the intensity of infection may continue to increase
throughout adulthood. Hookv/orms cause intesti
nal blood loss in amounts proportional :0 the num
ber of adult worms in the gut. The relationship
between hookworm infection intensity and he[jlo
globin concentration is evident in epidemiologic
studies, but may be apparent only abcI'e a thresh
old worm burden that is related to the iron stores
of the population. Current hooh'rorm control ef
forts are focused on reducing infection load and
tra(Jsmission potential through periodic anthel·
minthic chemotherapy. Several controlfed trials
have demonstrated a positive impact of anthel·
minthic treatment on hemoglobin levels, with best
results obtained in settings where iron intakes
were also increased. Evidence suggests that an
thelminthic programs will have modest impacts
on iron deficiency anemia in the short term, with
greater impacts on more severe anemia. Hook
worms are an important cause of anemia in
women, who are often overlooked by current hel
minth control programs. Current WHO recommen
dations for use of anthelminthics in schoolchildren
and women are reviewed. There is a need to clarify
whether hookworms are an important etiology of
iron deficiency anemia in preschool children.

Introduction

For ~ecades it has been beyond doubt that hod....worms
c~use blood loss, yet there are few modem examples of

Dr. Stoltzfus and Ms. Dreyfuss are with the Center
for Human Nutrition and the WHO Collaborating Center
for Research on Intestinal ParasHes and Human
Nu'lrition, Johns Hopkins School of Hygiene and Public
Health, Ballimore, Maryland 21205, USA. Dr. Chwaya
is with the Ministry of Heallh, Zanzibar, United Republic
of.Tanzania. Dr. Albonico is with the de Carneri
Fo~'ndation, Milan, Italy 20129.
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bookworm control programs that have been designed with
the measured objective of reducing iron deficiency. ~or
are there outstanding examples ofanemia control prop-ams
that have integrated hookwonn control as a part of u'1e
control strategy. In pzrt this is due to the difficulty oferadi
cating hoob\'orm infection in populations and the disen
chantment with interventions that can reduce the problem
but cannot get rid of it. We suspect it is also because
scientists are trained to focus within their own discipline,
and effective integration of hool...worm control and pro
grams to prevent iron deficiency requires collaboration
between parasitologists and nutritionists. However, jfwe
are serious about meeting the current global objecth'e of
reducing anemia by one-third,' bool....wonn·related blood
loss cannot be ignored.

This paper focuses on boobvonns and their relation
to iron status. However, let us remember that h00\"-worms
are not the only helminth-often Ascaris lumbricoides and
Trichuris trichiura are more prevalent than hook"worm
and that helminths have otber adverse effects in addition
to causing iron loss. These effects may include grO\\1h
retardation., vitamin A deficiency, and cognitive deficits.

We address the following objectives: to review the
evidence that hook."v..orm infection is an important etiology
of iron deficiency in most populations where hook."worms
are endemic, to present recent data showing that current
anthelminthic therapies can improve iron status, 2nd to
summarize current public health recommendations for hook
worm control and suggest some ways they could be ad· •
vanced. Throughout the paper we will draw attention to
the importance ofbook'"\\'offilS as a cause of iron deficiency
in women., agroup who have been neglected until recently
in most discussions of these issues.

Prevalence and Epidemiology of Hookworm
Infection

Hookv.'onns infect approximately I billion people world
",ide? Prevalence TZtes range from 10% to 20% in relatively
dry, unsani12ry areas such as Iran and parts of Pakistan to
greater than 80% in rural, unsanitary conditions in tbe wet,
humid tropics.3 Two species of hookwonD, Ancylostoma
duodenale and .\'ecator americanus, are endemic in bu
man populations. Ancylostoma duodenale is usually found
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in coolcr, dricr regions, such JS Eun'i'e. the ~1iddlc Ea!'t,
the Mcdilcrr.mc:m, North Africa. Paki~l:m. Jnd northcr.1
India. Neca/or amcriconus prcdC'minJles in thc AmcrieJs.
Ccntrol Africa, easlcm and southern India. Indonesia. Jnd
the South Pacific, However, mixed infections Jrc found in
many areas of the world, including parts (lfLatin America.'

Both species of hookworm require In infectivc stage
in the human host to complete their life cycles. The trans
mission ofhookwonn infection in hum:!n populations de
pends on three factors: the eXlent of fcc:>] pollution of the
soil, the suitability of environrnent31 conditions for egg
hatching and lan'al development, and the extent ofcontact
ofcontaminated soil with human skin.! Contzmination of
soil occurs when sanitary facilities are not a\'ailable and
community members defecate directly in the soil or when
human feces is used as fertilizer for agricultural activities.
In wann, humid environments, hookwonn eggs in feces
hatch and develop into infective Jar.ae, which can li\e for
a period of several days to I month' ::'efore needing [0

enter a human host to continue their deyc)ojJment. The
larvae enter the host through the skin, migrate L.)..Jougb the
circulatory system to the lungs, pass through L~e alwo[2.f
system up the trachea, are swallowed, a.:J.d tina!!}' t.1ke up
residence in the intestines where they mature into adult
wonns with a life span of2-3 years. Adult female WOi7!lS

lay eggs, which pass in the feces and cOLl/lnue the trans
mission cycle. The presence and number of eggs in the
feces also serve as the most practical indicatOrs of hook
worm infection in population studies.

People ofalI ages are susceptible to bookv.·oruJ infec
tion. However, the prevalence of infection increases with
age in children, typically reaching maximum leyels at. I5-20
years and leveling off in adulthood.s Infectioil intensity
follows a similar pattern of increasing with age, but does
not necessarily level offduring adulthood, often continu
ing to increase in older adults. Hook:v..orrn infection is dif
ferent in this regard than A. lumbricoides and T. tn'chiura

infections, which reach maximwn prevalence and intensity
in the school-age years and then decline in adulthood.

Men often have higher levels ofhoobl,'onn infection
than women, and this is most likely related to gender differ
ences in exposure to contaminated soiLl For example, in
western and northern Nigeria, women do not do :::gricul
lUral work in the field, so infection is heavier :::nd more
prevalent among men."a However, in eastern Africa and
other areas wbere women participate in agncultunl work,
tbere is no significant difference in prevalence r"les be
Meen the sexes.7

Where hookworm infection is endemic, it is co:nmon
, in pregnant and lactating women. Infection in pregnancy

is particularly disastrous to iron status bec2use iron de
mand is already very high in pregnancy. It is possible that
changes in tbe immune response during pregnancy and
lactation may modulate tbe susceptibility ofpregm.nt and
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lactating women 10 hlwk\\'lmn infection, but ulis !lJS not
been adequately investigated,

A characteristic ofhookwonn and othcr helminth in
fections is thJt J slnJlI proportion of individuals carT)' the
majority ofthe hoC'l,:womls in the conUllunily. For example,
a study in West Bengal found lhat greatcr th;m 60% of the
booJ..."Vt'orms were harbored by less than 10% ofthe popula
tion sampled.9 This clearly idenlificd distribution pattern
of infection in populations has led some to hypothesize
that certain "wormy people" arc predisposed 10 hea\')' in
fections because of undefined genetic, ecological, behav
ioral, and social factors, Numerous studies conducted to
test this hypothesis have found that the infection inlen
sity prior to anthelminthic treatment is significantly corre
lated \\;th the infection intensity from reinfection after trCJt
ment9-l~ The causes of this predisposition to hookworm
infection have yet to be fully elucidated and could be ei
ther behavioral or biological in nature. This epidemiolC'gic
characteristic of the disease has Jed some to suggest th:lt
an efficient, economic, and effective hookworm control
program would target those individuals predisposed to
heavy infection for chemotherapy treatmcnl.9 Howeyer,
suco a strategy would not address the fact that light or
moderate hoo\,,-woi!ll infeclion is sufficient to cause anemia
in people with low iron stores and intakes, FurJlennore, for
such a strategy to work in practice, a simple method for
accurately ideotifying "wormy people" within treatment
programs would need to be developed.

Effects of Hookworm Infection on Iron Status

Relationship of Hookworm lnfection to Iron Loss
The mechanism by which hook"Vt'orm infection leads to iron
deficiency anemia is chronic intestinal blood 10ss.13 Adult
bookworms attach to mucosa in the upper small intestine,
ingesting tissue and blood and cbanging their feeding site
every 4--S bours.I":~ Blood is primarily lost when it passes
through the hookwonn's intestinal tract and is subse
quently expelled during feeding, but secondary loss also
occurs from bleeding of the damaged mucosa.4

Numerous studies have shown that both the worm
load and the fecal egg count are strongly correlated with
the amount ofblood 10S5.1•. :5-19 \Ve measured this relation
ship in Zanzibari schoolchildren~o from a sample of 200
chosen to represent the range of hook\vonn infection in
tensity in the population (Figure 1). Hookworm infection
intensity was measured using fecal egg counts, and gas
troiniestinal blood loss was measured by detennining the
concentration ofbeme in the feces, using the HemoqU2.ot
metbod.:J This method determines the amount ofporphy
rins contained in the feces before and after digestion that
degrades heme to its porphyrin constituents. The concen
tration ofporphyrin after digestion is used to calculate tbe
total feC2l heme concentration, and the ratio ofthe porphy-
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'~ormal requirements from reference 22. Losses from parasites
from reference 3.

Table 1. Iron Losses and Requirements for a Typical
Woman'

15 r--...,.-----y--.....--,---y---,--,

o

Source

Basal requirement
Menstruation
Pregnancy
Lactation
Hookworm infection (moderate intensity)

N. americanliS
A. duodenale

Other parasitic infections
T. trichiura (moder:!te intensity)
S. haemarobium (se\'ere infection)

Iron Cost
CroWds)")

0.72
0.44
2.14
0.23

1.10
2.30

0.16
2.10

'" § C> C> 8 .
;!: C> 8 8i=i C> C>

d ~
.... 0

0- J. I c::>
to 0

" 0 0 0 0
0 0 0 0
0 N ... <.;)

Figure 1. Fecal heme content and hookv"oIT:1 infec~on inle:1si,)'
in Zanzibari schoolchildren. Bars represenl SE~i. Inc:-:asing C"e:1d
in fecal hemoglobin is significant (p < 0.001). \'Ul':"Joers of chil·
dren at each ascending level ofhook-v.'orrn eggs per gra.'!l offeces
arc 45, 83. 19, 22, ]8, and 16. Reprinted with permission from
reference 20.

: rin concentration before and after digestion indicates where
the blood loss occurred in the intestinal tracl A high pro
portion ofporph)un in the feces before the digestion pro"
cess indicates blood loss higber in the intestinal tract. In
the case ofthese samples, a high proportion of fecal heme
was already degraded to porphyrin, suggesting blood loss
in the small intestine. This is what we would expect from
hookworms. A nonnal Hemoquant value is < 2mg hemell
g feces. Like data from earlier experiments using different
methods, Figure 1 demonstrates that there is no threshold
in the relationship betv.:een hookworm infection intensity
and intestinal blood loss and that the relationship is ap
proximately linear.

The magnitude of blood loss represented by heavy
hookworm infection is substantial. A concentration of 10
mgfg fecal heme represents a daily loss ofmore than 2 mg
iron. more than double the median iron requirement of a
healthy scbool-age cbild. In children whose fecal heme
exceeded 10 mg/g feces, 100% had serum ferritin concen·
trations < 18 flgldL, 93% had hemoglobin concentrations
< 110 giL, and 29% had hemoglobin concentrations
< 70 gIL.1.O In this sample ofchildren, the predominant hook
worm species was N. americanus, although some A.
duodenale was found in about 10% oftbe children. From
studies that have been made of pure infections of the tv.'o
species, blood loss fromA. duodenale is 2-10 times higher
than that measured in infectio~s of 1'1. americanus. 13 Fig
ure 1thus represents the less pathogenic oflbe hookv.·orm
species.
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From this and other studies, the iron loss from a mod
erate hook."wOIm infection can be comjJared with other iron
requirements (T:lble 1). A moderate hookworm infection
approximately doubles the iron requirement of a woman.
Two other parasitic infections are also included in this 12ble
for compmson with hookworms. Trichuris tn'chiura is
believed to cause a loss of iron about one-tenth that of
hookworms, although much less evidence supports this
estimate than supports the hooJ..."\vorm figures. Schistosoma
haematobium infections cause significant urinary iron loss
when the infection is severe. However, this parasite is lim
ited to Afiica and the :>1iddle East.) ~alaria, especially
Plasmodiumfalcipar.J.m malaria, is commonly associated
with anemia, but there is no good evidence that malarial
infection brings about iron loss. Rather, body iron is dra
maticaIty redistributed toward storage forms. Thus, ma
laria is not a cause of iron deficiency in the same sense as
these parasites.

Relationship of Hookworm Infection to Iron
Deficiency Anemia

From what we know about bookv.'orms, this parasitic infec
tion should be strongly associated with iron deficiency
anemia. Have population studies found this to be the case?

Numerous studies dating back to 1920 have found a
significant correlation between hemoglobin levels and
worm load and/or fecal egg counts. ll.:) A review of the
evidence for the relationship between hookworm infection
and iron deficiency anemia also identified some studies
wbere tbe relationship was not significant. Roche and
Layrisse13 described four conditions necessary to identifj
this relationship in population studies: a large sample size
to aCcount for individual v2.riation, quantitative measure·
ment ofhemoglobin levels and worm load.s (or egg counts),
a wide range of infection levels, and no more th2.n a mini
mal presence of other anemia-producing deficiencies. In
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Table 2. Relation Bel\."een Hook'o\'orm Infection In:ensity and Hemoglobin Concentration in Nepal and

Zanzibar

Hooh."l\'onn Hrmoglobin Concentrations Cli!:-)
Infecdon Intensity Srp3lr~e Zanzibari Zanzibari Zanzibari

(eggs/g feces) Pl"f'goant Women" SchoolchiJdren~ Adult :\trn :"onpregnaDt Women

0 105:: 12 11O::!:; 13 129± 19 115 ± 16
(97)' (215) (24) (53)

1-1999 102± 14 IDS::!:; 13 121 ±22 109::!:; 18
(256) (2562) (35 t) (375)

2000-3999 100= 18 100± 17 113:: 28 lOS ± 22
(39) (456) (72) (9i)

4000-5999 56 ± 21 96:!: 19 104 =23 105:: 24
(24) (128) (34) (42)

~6000 $9 ==:0 93 =23 96::38 98=20
(IS) (6i) (14) (15)

"From reference 27.
b From reference 28,
<.\fean ± SD; sample size in p::.rentheses.

most studies finding no signific:?."1t correlation betwe:::l
hook..wonn infection and iron deficie:Jcy ancUlia, at least
one of these conditions was not mel.:;

Layrisse and Roche's seminal po?:.:Jation·based study
ofhooJ...·v..orm infection in Venezuela~ documented a highly

. significant relationship between hemoglobin levels a:ld
! fecal egg counts. However, a threshold effect was also

observed, demonstrating the depende:lcy of this relatio:::
ship on'a minimum level of infection. Hemoglobin levels
were significantly lower in women and children \\ith mon:
than 2000 eggs per gram (epg) of feces and in men with
more than 5000 epg compared with those witb light infec-

: tions. Some other studies have found ilie same pbenom
enon., although tbe threshold worm load varied from 1000
to 5000epg.~~~6

The threshold worm load associated with anemia does
not derive from the chazacteristics ofhook~",'orm infection
we have seen that the relationship betv.'een bookworm in
fection mtensity and iron loss has no threshold-but rather
from the characteristics of anemia as an indicator of iron
status. Hemoglobin concentration falls only wben iron
stores are depleted. The development of iron deficiency
anemia from hookwonn infection thus depends on three
factors: iron intake, iron stores, and the intensity and dura
tion ofinfection.7 Iron intake and stores differ significantly
between communities and population subgroups. Thus, a
light infection might be sufficient to cause negative iron
balance in someone with a low iron·bio2.vailable diet, but
another person with a more iron·rich diet would bave nega
tive iron balance only ifmore beavily infected. Women and
young children usually bave the lowest iron stores, mak·
ing them particularly vulnerable to developing iron defi·
ciency anemia from chronic blood Joss due to hookv.'onn.
This is illUStrated in the work of Layrisse and Rocbe2l in
Venezuela, wbere low hemoglobin le\'els occurred at a lower
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threshold worm lOad in women and children than in men.
At the opposite extreme, in a :\igerian population where
average iron in12.ke is 21-30 mg'day, iron deficiency ane·
mia was not apparent unless subjects were infected with
more than 800 worms.1

We have studied the association betv..een hook,"'\l,'onn
infection intensity and iron deficiency anemia in 1\\'0 re
gions that ~ave iron·poor diets: Pemba Island, Zanzibar, in
East Africa, and the Tend region of Nepal, just across the
border from northern India. In Zanzibar, tbe :\1inistry of
Health has conducted a representative survey of school
children on Pemba Island and a community-based survey
of adult men and nonpregnant women. In Nepal, we are
continuing to evaluate the iron status and risk factors for
iron deficiency in pregnant women in Sarlahi district. In
each of these studies, hemoglobin and erythrocyte proto
porphyrin concentrations have been determined from
venous blood samples, and hook"Worm infection intensity
was assessed by the Kato·Katz method of counting eggs
per gram feces.

In each of these population subgroups the relation
ship between hookworm infection intensity and hemoglo
bin concentration is vet)' strong (Table 2). In Zanzibari
women and children and pregnant Nepalese women. the.
hemoglobin concentration falls about 5 giL per 2000 hook
worm epg. In Zanzibari men the decline is even steeper,
about 8 gIL per 2000 bookworm epg. The iron status of
these populations is vet)' poor. Even among tbe groups
with DO bookworm infection, mean hemoglobin levels are
below normative definitions ofanemia. Therefore, the de
cline in hemoglobin is apparent even at the lowest levels of
hookworm. infection intensity. In populations like these,
individuals have no iron stores to buffer the losses caused
by bookworms, and thus the linear intensity..{lependeDt
relationship bel\\'een hooh'orm infection and iron status
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Tabla 3. PropOl1ions of Anemia Attributable 10 Hookworm Infection in Different Population Groups

l)'Pe o(AI1('mia'

Population Group

Zanzibari schoolchildren

Zanzibari men

(ron Defidcnc)' ..\Demla

41%

31%

:.todcrate to Senre Anemia

57%

31%

Zanzibari nonpregnant women 19% 56%

Nepalese pregnant womenb 29010 41 %

•Iron deficiency anemia is deflned as protoporphyrin> 80 Ilmol'mol heme and hemoglobin < \ 1091. in pre£n:ult women and schoolchildren
or <J 20 gil in nonpregnant women or < 130 g1. in men. Moderate to Severe anemia is defined for all groups as hemoglobin < 90 g:1..
~From reference 27.

is readily observed.
Because these data are representative of their respec

tive c8nununities, we can calculate the proponion ofane
mia in the population group that is attributable 10 book
wonn infection, i.e., the arnibutable fraction (Table 3). This
is analogous to attributable risk,=9 but anemia prevalence
rather than incidence is used. These propol1ions can be
thought ofas the ma.ximwn fraction ofanemia that would
be prevented ifhook.-v.'orms were removed from the popu
lation. Reduction ofboob';orm burdens ""ill make a sizable
impact on the prevalence of iron deficiency anemia, espe
cially moderate to Severe anemia, in these groups.

Treatment and Prevention of Hookworm Infection

Surely the eradication ofbook-worm infection is an appro
priate long-term goal for cOUDtries and regions where the
parasite is now endemic. However. the inability to perma
nently rid communities ofbook.-worm due to frequent rein
fection bas contributed to a loss ofsupport for eradication
effortS. More recently. the programmatic focus has shifted
from eradication to control. The intensity-dependent rela
tio~hip between hook"Vo'orm infection and iron deficiency
means that reduction ofinfection intensity alone will help
control iron deficiency anemia in communities. Thus, cur
rent hookworm control efforts are focused on reducing
infection load and transmission potential to reduce mor
bidity associated with tbe disease.S Periodic anthelminthic
chemotherapy, ideally in the context ofongoing sanitation
en:0rts, is the key intervention in current book\l.orm con
tr?l.~u:ategies.

Anthelminthic Drugs
~ev~ral safe and effective antbelminthic drugs are avail
able to treat bookworm infection. The benzimidazoles
(aibendazole and mebendazole) are broad-spectrum
an'tbelininthics that are increasingly popular for individual

: a,r{~(eOmmunitywide treatment ofhookworm infection. They
; are. -effective at substantially reducing tbe intensity and
I ...... .-

. somewhat reducing tbe prevalence ofinfection with either
li~~onn species.oQ-;3 The benzirnidazoles reduce preva
l~ce'and intensity ofA. lumbn'coides infections with >90%
~ ~ 'i"··
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effectiveness but are much less effective against T. trichiura
infections. usually reducing only the infection intensity.~4

The two benzimidazole drugs, albendazole and
mebendazole, differ in terms ofdose and cost. The recom·
mended dose of al,:>endazole is 400 mg whereas
mebendazole can be t?ken as a single SOO-mg dose or as
200 mg daily for 3 d.:.ys. ,S Although treatment trials indi
cate that mebenc:uole's 3.day dosing schedule is most
efficacious/~-'b-'7 a single-dose treatment is clearly prefer
able for public health control programs. A recent trial com
pared tbe efficacy of single doses of albendazole and
mebendazole and fou:Jd mebendazole to be almost as effi
cacious as albeodazole in lhe treatment ofhook.-v.'orms. JI

Two other drugs may also be used to treat hookworm
infections. PiTantel is etTective in reducing the prevalence
and intensity of hook'V,'orm infections.S The dosage is 10
mglkg body weight for 3 days.!S The requirement for mul
tiple doses presents logistical problems in public health
settings. Levamisole is generally considered to be-less ef
fective at curing hooh'orm infection. However, it does
reduce the intensity of infection as measured by egg
counts.l9 .The recommended dose is 3 mglkg body weight)S

Concern about the safety of anthelminthic drugs for
the fetus and pregnant mother has limited efforts to con
trol hookvo'Onn infection as a cause of iron deficiency ane
mia in women. However, tbe World Health Organization
(WHO) recently convened a meeting to address this issue, •
and it was concluded that "single-dose, oral anthelminthic
treatment can also be given to pregnant and lactating
wOIl?en. However. as a general rule, no drug should be
given in the first tr1rnester:''G This statement should allow
for' new avenues cf iesezrch on hoo10\'orm infection and
the importance of its centrol in women.

Sanitation
Transmission of boekworm infection occurs primarily
through physical contact with soil contaminated by bu
ID2Jl feces:1 Therefoie, 52fe disposal of human feces is
essential for the eradication ofhookwonn infection. Sani
tation measures induce the provision oflatrines along with
training in their use and the appropriate treatment ofhu
m.ari v,'aste before~ i1J. agriculture, Sanitation control pro-
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Table 4. Results from Controlled Trials of Anthelminthic Treatment for Hookworm Infection: Impact on Hemo

globin Levels
Hookworm Prevalence %'

Targcr PopulationCountry

KenyaC

Kenya4

Kenya"
Papua New Guinea'
rndia~

1-5 years
6-14 years
15-44 years, males
15-44 years, females
~ 45 years

Childrcn
Childrcn
Children
Adult males
All

Prrtrcatmcnt Posttreatment

53
SS
44
3

Impact on HemogJobinb

+ 3 giL after 6 months
+ 3 giL aftcr 8 months
+ 4 giL after 4 months
+ 6 giL after 5 months

+ 5 giL after 6 months
+ 6 giL after 6 months
+ 3 giL after 6 months
+2 giL aftcr 6 months
+ 5 giL after 6 months

'Prc\'alence rates of [he treatment group at baseline and posrtreatr::::ll
~[mpact is defUled as the pre-post difference in the ::::atmenl gr0l:? minus the pre-post dilTerence in the placebo group.
'From reference 43.
'From reference 44.
'From reference 45.
'From reference 30.
SAn individuals in the deworming cial had recdved iron-foMified sa!t for 6 months prior to dewor:r:ing and Llu"oughout the deworming
trial. From reference 46.
'Population prevalence from a previous study. Fro:n .-::ference 47.

grams aim to reduce or inteInlpt transmission, prevent re
infection, and gradually reduce worm loads.

Footwear
Use offootwear to protect feet from contact with contami
nated soil bas been recognized as an important preventive
measme againsthookvtOnn infection since the ]920s when
Smillie documented the association betv:een hook.-worm
infection and plantation work.<I In a subsequent study in
Alabama, Smillie fouod that the highest prevalence ofhook
worm in the community was among schoolchildren (99%)
who co~only did not wear shoes, and he strongly advo-

, . cated. footwear use as protection from hook..worm infec
. tion:2This highly sensible recommendation is well ac

cepted. although no real evaluations of its effectiveness
have b~~n done. Also, debate continues on whether pro
motion:of footwear use is a feasible and "effective hook
worm ~""O~trol measure given the difficulties inherent in any
behavior change strategy. However, this would s:em to be
a relatively simple behavior change compared v.;th many
other p~blic health interventions such as condom use and
dietay modification.

Efficacy Trials of Hookworm Control to Improve
Iron Status

Several controlled trials have demonstrated a positive im
pact ofanrheIminthic treatment on hemoglobin levels (Table
4). Other" trials that have Dot fouod a positive impact on
hemoglobin concentration following dewonning have not
employed a control group" or have had follow-up periods
of less than 8 weeks.~9.10 These controlled trials show tliat
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deworming can have a ?ositi\"e impact on hemoglobin con
centration. It is also appareot that hook.....,,·orm does not
need to be cured in all individuals to benefit iron status. In
the Kenyan studies,'3-<1 a positive impact on hemoglobin
was observed even though rhe prevalence of bookl\'onn
infection was decreased at most by around half. In each of
these studies the intensiry of infection was significantly
reduced among those individuals who remained infected.
The results of the trials in Papua New Guinea and India are
particularly impressive because the subjects were also pro
vided with increased amouots of dietary iron. In Papua
New Guinea3{t the men were newly incarcerated prisoners
provided with a nutritionally adequate prison diet, aDd all
participants in the Indian trial were provided iron·fortified
salt for 6 months prior to deworming and throughout the
deworming trial.~

Effectiveness of Hookworm Control Programs to
Improve Iron Status

Several regional hookworm control programs have been
evaluated for their impact on hoo!<",orm infections;>J·ll.~2

however, evaluations ofprogram effectiveness to improve
iron status have been lacking. Until it has been demon
strated that large-scale 2nrhelroinrhic programs actually
do improve the iron status ofcommunities, it will be diffi
cult to gamer support for rheir integration into strategies
to control iron deficiency.

We recently completed an evaluation of the Zanzibar
s<:hool-based dewonning program, which is aimed at all
primary school children in grades 1-5. The prevalence of
hookv.:orm infection in this population and age group is
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more than 90%.:~ So thaI the !\1inistry ofHC3.llh of lanzi
bar could obtain a valid estimate of pr0gr3m impact on
childrcn's nutritional status, the pro£r.lm was phased in
during its first ycar. In this way, children in schools receiv
ing the progmI1l could bc compared with child."'Cn in schools
not yct recciving thc program. By the second year of the
program, all schools received the full program regimcn.

The program was implemented by the l.mzibar minis
tries ofHealth Jnd Education, and the evalu:ltion was imple
mented by the Pcmba Island Helminth Control Team, !\1a
lana Control Team, and the Nutrition Unit oft.ie ~1inistry

of Health. Out of 71 schools on Pcmba Isla.'ld, 12 were
randomly selected for the evaluation. From these schools,
3605 children in grades 1-4 participated io tbe baseline
survey, and 92% ofthese children were measured again at
tbe 12-month follow-up survey. Of the J2 evaluation
schools,4 received deworming 3times per ye:lI, 4 received
deworming 2 times per year, and 4 received DO dewonning
program. Deworming consistcd ofa single 500 rng dose of
generic mebendazole. The cost ofmis drug was CSSO.027
per dose.

In its first year, neither twice-yearly nor thrice-yearly
dewonniog had a significant impact 00 aVer2.ge hemoglo
bin concentrations.!) However, thrice"yearly de worming
reduced the incidence ofsevere anemia during the l-year
period by approximately one half. Dewormiog also im
proved children's iron status as measured by serum ferritin
and erythroC)1e protoporphyrin. As expected from the lin
ear relationship between hoo].,:wonn infection intensity and
intestinal blood loss, children with heavier boob'onn in
fections at baseline benefited most from the intervention.
'. As these results demonstrate, even in populations

where hoob:vv'onns are highly endemic, the short-term im
pact ofdeworming alone on iron deficiency anemia ",ill be
modest. Ifooe thinks ofa person's iron status as a bucket

, that needs filling, supplementation is like pouring iron into
the bucket, food fortification is like trickling iroo into the
bucket, and dewornUng is like partially plugging a hole in
the bucket The impact from deworming alone might be
compared to that ofa food fortification program, because
theimpact is incremental and typically small in a i-year
time frame. However, these early results from the Zanzibar
program coupled with the pattern of attributable risks of
anemia in Table 3 suggest that dewonning will have the
grea~est impact on the left tail of the hemoglobin distribu
tion.

Certainly dewonning alone will not solve the problem.
The control ofiron deficiency anemia in settings like Zan
zibar wilt require integration ofmultiple intet>'en:ions. How
ever, dewonning is low cost, feasible, and bighly desired
by communities, and it does improve children's iron sta
tus. Dewonning will be ooe essential component ofan ef
fective iron deficiency cootrol progra.m for Zarrzibar and
for either communities where hookv.onns are an important
etiology afiron deficiency,

Recommended Approaches to Hookworm
Control
We want to end by reviewing the two current policy rec
ommendations made by WHO with regard to dewonning
and suggesting ways that they can be further advanced.
The first addresses anthelminthic treatment in school
health programs,l9 and Slates: "Trcatment without prior
individual scrccning of the whole population is recom·
mended where surveys ofschool-age childrcn indicate the
prevalence of intestinal helminths or schistosome infec
tion exceeds 50%:' The staled objective Oflhis policy rec
ommendation is to prevent adverse effects ofhelmimh in
fections on health, gO\\1h, and school perfonnance ofchi 1
dreD. To date, the pre\'ention ofanemia in schoolchildren
has Dot often been an explicit objective of school-based
deworming programs. for those of us concerned with the
control ofiron deficie:1cy, it would be helpful to refine this
geoeral recommend::tion to address the prevalence ofhook
wonn for which trea~eDt of the whole population is likely
to bring about some impact 00 the prevalence of iron defi
ciency in schoolchildren. It would also be helpful to have
some estimate oftbe benefit 10 children"s iron status that
can be expected in a given time frame, One ofour current
collaborative research objectives is to begin to address
these policy questions with the data from Zanzibar.

More recently, a recommendation was made to ad
dress the problem of hook:v.onns in girls and women..lO
This recommendation reads: "Since hookwonn infections
contribute to iron-deficiency anaemia, it is recommended
that, in areas where these infections are endemic (preva
lence > 2G-30%) and where anaemia is preval~t, hook
worm control ... be included in strategies designed to im
prove the health, development and outritional status of
girls and women." It goes on to state that several anthel
minthic drugs may be safely given to pregnant women
beyond their first trimester. This policy stalement, in con
trast to the one for school-age children, was specifically
motivated by the role of book-wonns in causing anemia.
The expectation is that anthelminthic treatment, especially
combined with supplemental iron, will help prevent iron
deficiency anemia and its consequences during pregnancy.

Sri Lanka has made dewonning, in addition to iron
folate supplementation, a routine part of its public health
antenatal care progrzm. In the program, pregnant women
receive a single dose of mebendazole in the second trimes
ter ofpregnancy. The mebendazole is produced locally in
Sri Lanka for less than U5S0.03 per dose. Asingle evalua
tion of this intervention has been carried out in 195 preg
nant tea plantation workers.~~ The plantation commW1ity
was cbosen for tbe study because these women are at
bighest risk for hookwonn infection. Women received in
ten'enlious as they were delivered by the public health
service; the study investigators did not control the inter
ventions in any way. Thus, it happened that some women
received iron-folate tablets and some did not, but all ofthe
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women who Tt:cci\'cd mct>cndazolc also rt"ccivcd iron· folate
tablets. Receiving the combination of mcbendazolc with
iron-folate supplementation was more effective in improv
ing women's iron status during prcgnanC'y than n:ceiving
iron-folate supplemental ion alone.

This is a small study, but the results suggest that an
tenatal anthelminthic therapy could play an imporunt role
in prev~nting iron deficiency in women of reproductive
age. Unfortunately, hoo\....woml infections were not assessed
in these women, so this impact cannot be related to the
baseline prevalence and intensity ofinfectioD in the popu
lation. Additional research is needed to refine the recom·
mendation with regard to the endemicii)' ofhook.·wonn in
fection in populations ofwomen and whether a single treat
ment is the appropriate regimen in most circumsunces.

From a nutrition perspective, it is noteworthy wt there
are no recommendations for the use ofanthelminthic thera
pies for prescbool children, in whom the problem of iron
deficiency is particularly prevalent and scvere. Ii anthel
minthic therapy can improve the iron status ofa 7'~'ear-old
scboolchild, can it also benefit a 5-year-old or a 3-year
old? The potential adverse effects ofAscaris inf~tion on
grov.th and vitamin A status have been the foc~ of the
discussion ofdeworming in this age group. But wbe7e hook
worm infection is endemic, it would be very lLc;eful to clarify
whether hookworms are an irnport.mt etiology ofiran defi
ciency in young children and an additional motivation for
preschool deworming programs.

Theoretical calculations suggest that bookworms could
contribute to iron deficiency in prescboolers. A.Jthough
hookworm infection intensities are light in young children
compared with school-age children and women, a small
blood loss in a small child is important. A light infection
(1000 epg or 40 worms) of N. americanus causes a daily
blood loss of around 0.55 mg,3 equal to the median iron
requirement of0.56 mg for children 2--6 years old.=Ifchil
dren in many environments cannot meet this normal re
quirement, they certainly cannot offset a blood loss that
doubles their requirement for absorbed iron. In many coun·
tries where targeted fortification efforts are not yet fea
sible, no interventions exist to address the problem ofiron
deficiency in young children. \\'here hookv,:onns are en
demic, anthelminthic therapy may be a feasible interven
tion.

In conclusion, it is import2nt to reiterate that hock
wonns are not the only helminth and that booh.orms may
inhibit children's grov,"th and other aspects of develop
ment as well as induce iron deficiency. Helminth control
programs must be designed to address a broader frame
work of health concerns than only iron deficiency. Yet at
this moment, while there is a global commitment to tbe
control of iron deficiency and a particular enthusiasm for
dewonniog as a public health intervention, it is timely for
nutritionists to clarify the importance ofhooJ<v,·orms as an
etiology ofimn deficiency in different population contexts
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and to evalua[c the r~'1c ofanthelminthic lhcrapy in Str:llc·
gies to control ir~lD deficiency.
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Epidemiology of iron deficiency anemia in Zanzibari
schoolchildren: the importance of hookworms1-3

Rebecca J Stoltzfus, Hababu M Chwaya, James M Tielsch, Kerry J Schulze, Marco Albonico, and
Lorenzo Savioli

ABSTRACT Anemia is estimated to affect one-half of
school-age children in developing countries. The school years are
an opportune time to intervene, and interventions must be based on
sound epidemiologic understanding of the problem in this age
group, We report on the distribution of iron deficiency and anemia
across age, sex, anthropometric indexes, and parasitic infections in
a representative sample of 3595 schoolchildren from Pemba Is
land, Zanzibar. Iron status was assessed by hemoglobin, erythro
cyte protoporphyrin (EP), and serum ferritin concentrations from a
venous blood sample. Overall, 62.3% of children were anemic
(hemoglobin < 110 gIL), and 82.7% of anemia was associated
with iron deficiency. The overall prevalence of iron-deficient
erythropoiesis (EP > 90 MmoUmol heme) was 48.5%, and the
prevalence of exhausted iron stores (serum ferritin < 12 MgIL) was
41.3%. [n bivariate analyses. iron status was slightly better in girls
than in boys, and was better in children aged 7-11 y than in those
older or younger. Hemoglobin but not EP or serum ferritin con
centrations were lower in stunted children. Infection with malaria,
Trichuris trichiura, Ascaris lumbricoides, and hookworms were all
associated with worse iron status; the association with hookworms
was strongest by far. In multivariate analyses, hookworm infection
intensity was the strongest explanatory variable for hemoglobin,
EP, and serum ferritin. Sex, malarial parasitemia, A. lumhricoides
infection, and stunting were also retained in the multivariate model
for hemoglobin. Twenty-five percent of all anemia, 35% of iron
deficiency anemia, and 73% of severe anemia were attributable to
hookworm infection; < 10% of anemia was attributable to A.
lumbricoides, malaria infection. or stunting. We conclude thar
anthelminthic therapy is an essential component of anemia control
in schoolchildren in whom hookworms are endemic, and should be
complemented with school-based iron supplementation. Am J
Clin Nutr 1997;65:153-9.

KEY WORDS Humans, iron deficiency, anemia, school
children, geohelminths, hookwonns, malaria, schistosomiasis,
ascariasis, trichuriasis

INTRODUCTION

Iron deficiency affects more people in the world than any
other fonn of malnutrition, and its control is a global priority in
public health. Iron deficiency anemia results from a variety of
causes, including inadequate iron intake, high physiologic de
mands in early childhood and pregnancy, and iron losses from
parasitic infections. The relative importance of these causes,

and thus the appropriate strategies for prevention of iron defi
ciency anemia, differs among populations and age groups.

Iron deficiency anemia is most prevalent and severe in young
children and women of reproductive age (1). As a result, these
groups have been the focus of most epidemiologic investiga
tions of the problem and its causes. However, iron deficiency
anemia is also common among school-age children. In devel
oping regions of the world, the prevalence of anemia in 5-l2-y
aids is estimated to be 46%, with the highest rates found in
Africa (49%) and South Asia (50%) (2). The school-age years
are an opportune time to address this problem for several
reasons. Iron deficiency impairs children's cognitive abilities,
and interventions to prevent and correct iron deficiency may
enhance children's learning potential in school (3). Improving
the iron status of schoolchildren will also increase their fitness
and work capacity (4), and improvements in girls' iron status
during the school-age years may help to prevent anemia during
their reproductive years. Finally, the school setting offers an
ideal distribution system for public health interventions of
many types (5), including health education, iron supplementa
tion, and treatment or prevention of parasitic infections.

To develop and target effective interventions to prevent iron
deficiency anemia in schOOl-age children, a sound epidemio
logic understanding of the problem is needed. As a first step to
evaluate a school-based dewonning program in Zanzibar, we
conducted a baseline survey of iron deficiency anemia and its
detenninants in schoolchildren. Our objective in this paper-was
to describe the distribution of iron deficiency and anemia in
Zanzibari schoolchildren by age and sex, anthropometric indi
cators, and parasitic infections. We then used these findings to
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discuss the most promising strategies for control of iron defi
ciency anemia in schoolchildren of cOa$tal east Africa.

SUBJECTS AND METHODS

Study population

The study was conducted on Pemba Island, the smaller of the
two islands of Zanzibar, just off the east coast of mainland
Tanzania. The population is predominantly rural, with agricul
tural activities devoted to subsistance crops and cloves, an
exported cash crop. Typical of coastal East Africa, Pemba
Island is characterized by intense transmission of Plasmodium
falciparum malaria, Schistosoma haematobium, and geohel
minths. Both species of hookwonns (Necator americanus and
Ancylostoma duodenale) are endemic, with N. americanus
predominating (6). The iron bioavailability of the Pembian diet
is low. The primary staple food is cassava, with rice being more
desired but less affordable. These foods are usually eaten with
vegetable sauces and small fish. Meat is always a luxury item,
and there are seasonal shortages of vegetables and fish.

The study population comprised first- through fourth-grade
schoolchildren of Pemba Island, Zanzibar. This survey was
conducted between March and May 1994, and was reviewed
and approved by the institutional review boards of The Johns
Hopkins University, the Ministry of Health of Zanzibar, and
the World Health Organization. To fonn the study sample, we
randomly selected 12 primary schools from the 72 schools on
Pemba Island. From these schools, 76 morning classes of
standards 1-4 were invited to participate in the survey. A total
of 3605 children were enrolled in the survey, constituting 90%
ofchildren registered in those classes and =11 % of the total
schoolchild population on Pemba Island. Data were collected
in the school classrooms by specially trained local staff of the
Ministry of Health. Age and sex data were obtained from 3595
children (99.7% of the sample), and these children were used in
the present analyses.

Assessment of nutrition and health status

Children's weight was measured to the nearest 0.1 kg with a
battery-powered digital scale (Seca, Inc, Columbia, MD).
Height was measured to the nearest millimeter with a wooden
stadiometer (Shorr Productions, Inc, Olney, MD). Age was
calculated from the birth date on school records, which are
based on birth certificates. When the school had no record of
age, the child's self-reported age was used.

Iron status and anemia were assessed by hemoglobin, eryth
rocyte protoporphyrin (EP), and serum ferritin (SF) concentra
tions. Assessing the iron status of malaria-endemic populations
has been a subject of controversy; however, we found that
these indicators assessed iron status reliably in this population
(7). Blood samples were collected by venipuncture from 100%
of children surveyed. The hemoglobin concentration was de
termined by using the HemoCue hemoglobinometer
(HemoCue, AB, Angelhom, Sweden), and the EP concentra
tion was measured with a hematofluorometer (Aviv Biomedi
cal Inc, Lakewood, NJ). An aliquot of blood was centrifuged at
1000 X g for 20 min at room temperature and serum was
collected. Sera were stored at -10 °C for :$ 10 wk, transported
on liquid nitrogen to Baltimore, and stored at -70°C for:::; 6
mo. SF was determined by using a fluorescence-linked immu-

noassay (DELFIA System by Wallac, Inc, Gaithersburg, MD)
on 3309 serum samples, 91.8% of the total enrollment. Missing
data for SF were the result of losses of samples from mishan
dling or mislabeling in transport to Baltimore, or the result of
laboratory error.

Thick and thin blood smears were fixed and stained with
Giemsa, and malaria parasites were counted against leukocytes.
Typically, 200 leukocytes were counted; if < 10 parasites were
seen, the microscopist continued counting up to 500 leuko
cytes. Parasite counts were converted to parasite densities on
the basis of 8 X 109 leukocyteslL blood (8). Malaria species
were identified from the thin smear. All infections were P.
falciparum; in < 5% of slides, P. malariae was also identified.
A random 10% subsample of slides were reread by the Malaria
Team leader. Agreement between readers was excellent for the
presense of malaria parasitemia (kappa = 0.93, 95% CI: 0.89,
0.98), and parasite density measures were also highly reliable
with an intraclass correlation of 0.85.

For the assessment of helminth infections, containers were
distributed to each class and the children were asked to bring a
sample of their feces to school the next day. More than 95% of
children surveyed returned a fecal sample. These samples were
stained the same day and examined within I h of staining by
using the Kato-Katz method (9). Hookworm, Trichuris tri
chiura, and Ascaris lumbricoides eggs were counted. If
> 10 000 eggs per gram feces (epg) were found for any hel
minth, the sample was diluted by using a modified Stoll tech
nique (10) and was reexamined. A random 10% subsample of
fecal smears was reexamined by the most skilled technician for
quality control. Intraclass correlations between staff and qual
ity-control readings were 0.88 for A. lumbricoides epg, 0.79 for
T. trichiura epg, and 0.89 for hookwonn epg.

As an indicator of S. haematobium infection, urine samples
were collected on the day of the survey to test for microhema
turia with Hemastix test strips (Ames Laboratories, Elkhart,
IN). This procedure screens for urinary schistosomiasis with
69% sensitivity and 89% specificity (11).

Data analysis

Stunting was defined as a height-far-age Z score < -2.
These Z scores were calculated by using EpiInfo (Centers for
Disease Control and Prevention, Atlanta). An appropriate in
dicator for wasting in primary school-aged children is not well
defined. For children aged> 10 y, the 5th centile of body mass
index [BMf, weight (kg)/height squared (m2

)] is recommended
whereas for children aged 5-10 y, there is no accepted recom
mendation (12). We used a BMI less than the 5th ceutile
according to the sex- and race-specific tables of Must et al (13,
14) to define wasting. The relation of iron deficiency and
anemia to stunting and wasting was examined separately for
children younger than and older than lay, to separate prepu
bertal and pubertal growth patterns.

Anemia was defined as a hemoglobin value < 110 gIL. This
anemia cutoff value is lower than the WHO-recommended
cutoff for this age group, but a race-specific anemia criterion
(10 gIL lower for blacks) optimizes the screening peIfonnance
of this indicator to detect iron deficiency (15). Distributions of
EP and SF were skewed to high values so geometric means are
presented. Iron deficiency anemia was defined as anemia with
a SF concentration < 18 p.glL or an EP concentration> 90
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/-LmoVmol heme. Severe anemia was defined as a hemoglobin
value < 70 gIL.

The categorizations of age and parasitic infections in Tables
1-3 were based on relations observed in exploratory analyses
of those variables and iron-status indicators. For example,
malaria parasitemia was considered as a dichotomous variable
because there was no evidence of an empirical relation of
parasite density to the iron-status indicators. Because hook
worm and T. trichiura egg counts were linearly related to
iron-status indicators, increasing categories of 2000 epg were
used in subsequent analyses (Table 2).

Means of continuous variables were compared by using
Student's t test, proportions were compared by using the chi
square test, and linear trends in mean values and proportions
were tested by linear regression. Multivariate-linear-regression
models of hemoglobin. EP, and SF were built in a forward,
stepwise fashion. Variables were entered into the model in the
order of their strength of association in the bivariate tables, and
those that did not remain significant at a probability level of 5%
were not retained. Interaction terms were considered for age,
but none were retained using a probability level of 15% as
criterion for significance.

To assess which risk factors were associated with the great
est proportion of the anemia in this population, we estimated
the attributable fraction of anemia for each risk factor. This is
analogous to attributable risk, except that, anemia prevalence
was used in place of incidence. The equation for attributable
risk and its variance were taken from Kahn (16).

Data were entered by using EpiInfo software and were
managed and analyzed by using SYSTAT statistical software
(SYSTAT Inc, Evanston, IL).

RESULTS

The sample comprised approximately equal numbers ofboys
and girls, mostly between the ages of 7 and 13 y (Table 4).
Parasitic infections were extremely prevalent. The prevalences

TABLE 1
£ron-status indicators by sex and age

of hookworm, T. trichiura, andA.lumbricoides infections were
94%, 96%, and 72%, respectively, and 99% of children were
infected with at least one of these helminths. Of the 3361
children with complete parasitologic data, only one child was
negative for all three helminths, malaria, and hematuria.
Growth retardation was also highly prevalent.

The iron status of the children was very poor (Table 1).
Overall, 62.3% of children were anemic and 51.5% had iron
deficiency anemia by our definition. The overall prevalence of
iron-deficient erythropoiesis (EP > 90 j.LmoVmol heme) was
59.7%, and the prevalence of exhausted iron stores (SF < 12
JLgIL) was 41.3%.

By all indicators, the iron status of boys was slightly worse
than that of girls (Table 1). The EP and SF values supported the
fact that iron status was best in 7-10-y olds, slightly worse in
children 11 y and older, and notably the worst in the small
group of children younger than 7 y. In contrast, hemoglobin
concentration and anemia prevalence improved with age. with
no trend toward worsening values in children 11 y and older.

Hemoglobin concentration and anemia prevalence were sig
nificantly worse in stunted children, in both children younger
than and older than to y. Overall. the hemoglobin concentra
tion (x :t SD) was 102 :t 16 gIL in children with a height-for
age Z score < -2, and 105 :t 16 gIL in children with Z
scores =:: -2 (P < 0.001). The prevalences of anemia and iron
deficiency anemia were also higher in stunted children than in
nonstunted children (66.3% compared with 58.6% for anemia,
54.7% compared with 48.6% for iron deficiency anemia; P <
0.001 for both comparisons). However, iron status as assessed
by EP and SF was not worse in stunted children. Wasting was
not associated with iron status by any indicator.

By far the most dramatic relation to iron status was that of
hookworm infection (Table 2). This intensity-dependent rela
tion was strongly apparent in every indicator. For example,
hemoglobin concentration decreased by =50 gIL for each 2000
hookworm epg. Particularly noteworthy is the relation of hook
worm infection to severe anemia. Among children with 2 6000

Sex
Boys (n = (864)
Girls (Il = (731)

Age (y)
< 7 (Il = 46)
7.0-8.9 (n = 734)
9.0-10.9 (Il = 1585)
11.0-12.9 (Il = 935)
2: 13 (n = 295)

All children (n = 3595)

Hemoglobin

giL

t03:!:: 16",,5

106:!: 15

92:!: Ie
103:!: 16
104:!: 16
104:!: 16
t05:!: 16

104'" 16

Protoporphyrin

JJ.1Tlol/mal heme

99 (56, 174)5.6
95 (55, (63)

128 (75, 217f
94 (54, 161)
94 (54, (64)

tOO (58. 174)7
104 (61.178/
97 (56, 166)

Serum ferritin

iJ-glL

13.4 (6.9, 25.W,6
14.8 (7,5, 29.0)

11.7 (6.1. 22.5f
14,5 (7.4,28.4)
14.4 (7.3, 28.3)
13.7 (7.0, 26.9)7
12.7 (6.6, 24.6)7
14.0 (7.2, 27.3)

Anemia l Severe anemia'?
Iron deficiency

anemia]

% % %-

65.65 4.15 55.75

58.8 2.8 47.2

73.9 19.67 67.4
63.0 4.4 50.8
62.8 2.6 50.6

61.7 3.5 53.3
57.6 2.7 50,2

62.3 3.5 51.5

I Hemoglobin < 110 gIL.
2 Hemoglobin < 70 gIL.
] Anemia with protoporphyrin> 90 JLmoUmol heme or ferritin < 18 JLg/L.
4 X :': SO.

S Significantly different from girls. P < 0.05.
6 Geometric mean (-1 SD, + 1 SD).
7 Significantly different from children aged 7.0-10.9 y, P < 0.05 (chi-square test).
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TABLE 2
Iron-status indicators by parasitic infections

STOLTZFUS ET AL

Parasitic infection Hemog[obin Protoporphyrin Serum ferritin Anemia/ Severe Iron deficiency
anemia2 anemia!

gIL pmo/ll1Wl heme Jk8/L % % %
Malaria parasitemia

Negative (n = 1406) lOS:!:: 164.5 93 (55, 156)5.6 14.1 (7.2,27.9)5 58.65 3.cr 46.)5
Positive (n = 2164) 103:t 16 99 (57,174) B.9 (7.1.27.2) 64.8 3.8 55.1

Microhemaruria7

Negative (n = 2469) 104:!:: 16 97 (56,169) 14.0 (7.3, 27.2) 62.9 3.4 52.4
Positive (n = 1096) 104 :!:: 16 96 (56,163) 14.1 (7.3.27.2) 60.9 3.5 49.5

Hookworms
oepg (n = 215) 110:!:: 138 84(49,142l 18.3 (9.6, 34.6)8 46.58 0.98 33.58

1-1999 epg (n = 2562) 105:t IS 93 (56,155) 14.8 (7.9, 27.9) 60.0 2.5 48.7
2000--3999 epg (n = 456) 100:t 17 107 (63. 183) U.5 (6.0.21.7) 73.7 5.9 64.7
4000--5999 epg (n = 128) 96:!: 19 127 (75.216) 9.9 (5.2, 18.7) 79.7 10.2 71.1
;;., 6000 epg (n = 67) 93:!: 23 152 (90, 259) 8.1 (4.3, 15.4) 77.6 [4.9 74.6

Trichuris trichiura
oepg (n = 137) 106:!: 16 97 (56,166) 15.4 (8.0. 29.8)8 60.6 2.2 52.6
1-1999 epg (n = 2642) 104:!:: 16 96 (54,170) 14.3 (7.2, 28.5) 61.7 3.4 50.4
2000-3999 epg (n = 428) 104 :t 16 97 (56.166) 13.4 (6.9.25.8) 63.3 3.5 54.4
4000-5999 epg (n = 124) 103::!: 16 99 (58.169) 13.1 (6.8,25.3) 66.9 4.0 55.7
;:: 6000 epg (n = 96) 103:!: 16 98 (58, 166) 12.1 (6.2,23.4) 62.5 4.2 50.0

Ascaris lumbricoide5
Negative (n = 961) 106 :!:: 165 96 (56.162) 14.6 (7.4. 28.6) 56.55 3.1 46.]5
Positive (n = 2466) 104:!:: 16 97 (56,167) 14.0 (7.2. 27.2) 64.2 3.5 53.1

/ Hemoglobin < 110 gil.
2 Hemoglobin < 70 gil.
J Anemia with protoporphyrin> 90 ~mollmol heme or ferritin < 18 IJ-glL.
4j:!: SD.
5 Significantly different from positive, P < 0.05.
6 Geometric mean (- I SD, +1 SD).
7 An indicator of urinary schistosomiasis.
8 Significant linear trend with increasing intensity of infection. P < 0.05.

hookwooo epg, the prevalence of severe anemia was nearly
15%. Children with circulating malaria parasites had hemoglo
bin and EP concentrations slightly but significantly worse than
children without parasitemia; however, SF concentrations were
not different. T. trichuris infection was associated with lower
SF, and this relation was intensity-dependent, but no other
indicator of iron status was related to T. trichuris. A. lumbri
coides infection was associated with lower hemoglobin con
centrations, but not with EP or SF. Hematuria was not related
to iron status.

When demographic, anthropometric, and parasitologic vari
ables were considered jointly in multivariate models, hook
wooo remained the strongest explanatory variable for hemo
globin, EP. and SF. For SF, the only variables retained in the
multivariate model were hookwooo infection and age> 11 y.
For EP, hookwooo infection, age < 7 y, and stunting were
retained. The final multivariate model for hemoglobin concen
tration was more complex. Hookwooo infection, sex, age
< 7 y. A. lumbricoides infection, malaria parasitemia, and
stunting were significant and all appeared to have independent
associations with hemoglobin because the regression coeffi
cients from the multivariate model were practically identical to
the bivariate differences shown in Tables 1 and 2: Wasting and
age > II Y were not retained in the final hemoglobin model.

To assess the importance of parasitic infections as causes of
anemia in this population. we estimated the attributable frac
tion of the three fcoos of anemia associated with the parasites

(Table 3). We also calculated an attributable fraction for stunt
ing because it may be consioered an indicator of a chronically
poor diet. Sex and age, although significantly associated with
anemia prevalence, were not considered because they are not
preventable. About one-fourth of all anemia, one-third of iron
deficiency anemia, and three-fourths of severe anemia were
attributable to hookwooo infection in this population of school
children. Eleven percent or less of anemia and iron deficiency
anemia were attributable to malaria, A. lumbricoides infection.
or stunting.

DISCUSSION

Evidence of iron deficiency anemia

Our findings confioo that iron deficiency anemia is an urgent
problem among schoolchildren in coastal East Africa. In the
context of sub-Saharan Africa, Pemba Island is underdevel
oped with regard to health and nutrition status. but it is not
unique in the prevalence of iron deficiency or parasitic infec
tions. Similarly, poor iron status of schoolchildren has been
reported in other studies from both west (17) and east (18, 19)
Africa. Given the relative feasibility of addressing parasitic
infections and iron deficiency through school health programs,
public health actions should be carefully considered.

The pattern of EP and SF concentrations by age remained
significant in multivariate models and are biologically plausi-
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1 epg, eggs per gram feces.
2 An indicator of urinary schistosomiasis.
J Height-for-age Z score < -2.
4 Body mass index below the 5th centile of reference population.

TABLE 3
Attributable fractions of anemia associated with preventable risk factors!

Fonn of anemia and Prevalence of Prevalence Attributable

risk factor risk factor ratio2 fraction2

% %
All anemia

Hookwonn infection 94 1.36 (1.17, 1.57) 25 (15,35)

Ascaris infection 72 1.14 (1.07, 1.21) 9 (5, 13)

Malarial infection 61 1.11 (1.05, 1.17) 6 (3, 9)

Stunting 48 1.13 (1.08, 1.19) 6 (3, 8)

Iron deficiency anemia
Hookwonn infection 94 1.56 (1.29, 1.89) 35 (23,47)

Ascaris infection 72 1.15 (1.06, 1.24) 10 (5,15)
Malarial infection 61 1.19 (1.11, 1.27) 10(7,14)

Stunting 48 US (1.06, 1.20) 6 (3, 9)
Severe anemia

Hookwonn infection 94 3.81 (0.95, 15.33) 73 (110. 35)

! All anemia defined as a hemoglobin c(lncentration < 110 gIL; iron
deficiency anemia defined as arlemia with protoporphyrin > 90 p.mollmol
heme or ferritin < 18 p.gIL; severe anemia defined as a hemoglobin
concentration < 70 gIL.

2 95% CIs associated with risk factor in parentheses.

ble. The youngest children « 7 y) would have most recently
experienced the high iron demands of early childhood, whereas
children aged;=: 11 y may have been experiencing the pubertal
growth spurt. Boys had EP and SF values indicative of greater
iron deficiency compared with girls, but this sex difference did
not remain significant in multivariate analyses. Because boys
tended to have more intense hookworm infections than girls,
the sex difference disappeared when we controlled for hook
worm infection intensity. Other smdies of iron status of school
children have also found no important sex differences in SF
until the later teenage years (20-22).

TABLE 4
Characteristics of the study sample!

Age (y)
<7
7.0-8.9
9.0-10.9
11.0-12.9
:=: 13

Sex (boys)
Malaria parasitemia
Hookwonn infection

Negative (0 epg)

Light (1-1999 epg)
Moderate (2000--4999 epg)
Heavy (:=: 5000 epg)

Trichuris trichiura infection
Negative (0 epg)
Light (1-1999 epg)
Moderate (2000-9999 epg)
Heavy (:: 10 000 epg)

Ascaris lumbricoides infection
Negative (0 epg)
Light (1-9999 epg)
Moderate (10 00Q-49 999 epg)
Heavy (:=: 50000 epg)

Microhematuria2

Negative
Positive

Stunted]

Wasted4

Frequency

%

1.3
20.4
44.1
26.0

8.2
51.8
60.6

6.3
55.5
34.9
3.3

4.0

77.1'
17.9
1.0

28.0
61.7
10.3
0.1

69.2
30.8
47.6
35.3

Evidence for non-iron deficiency anemia

Anemia can stem from a variety of causes, and it is apparent
in this population that iron deficiency does not account for all
the anemia observed. Whereas EP rose and SF declined at ages
> 11 y, hemoglobin did not change significantly. Also, stunt
ing was associated with a lower hemoglobin concentration but
was not associated with EP or SF. Lastly, A. lumbricoides
infection and malarial parasitemia remained significant in the
multivariate model for hemoglobin, but were not retained in the
models of EP and SF after hookworms were controlled for.
These findings suggest that factors other than poor iron status
contribute to the low hemoglobin concentrations in this popu
lation. It is possible that one or more other nutrient deficiencies
link smnting, ascariasis, or malaria to erythropoiesis.

The negative association of hemoglobin to A. lumbricoides
(23) and malaria (24-26) infections has been reported by others
as well. Hemoglobin may be lowered in a nonspecific way
during infection-the so-called anemia of chronic disease (27
29). However, it is unlikely that the acute-phase response to
infection with malaria or A. lumQricoides would influence
hemoglobin more than EP or SF. As we described in greater
detail elsewhere (7), there was no decreasing trend in hemo
globin concentration as malarial parasitemia increased in this
population. We hypothesize that this is because Zanzibari chil
dren are exposed to P. jalciparum repeatedly in their preschool
years, and by school age they have developed significant

resistance to this infection (7). The difference in hemoglobin
concentration between children with and without these infec
tions was significant but small (20 gil for both malaria and
ascariasis).

Risk factors for iron deficiency anemia

The most impressive finding in this study was the contribu
tion of hookworms to the burden of iron deficiency and ane
mia. The strength of the association we observed is expl;pned
by the range of hookworm infection intensities in the popula
tion, and the lack of storage iron that would buffer the effect of
hookworm-related blood loss on iron status (30). Our data
confirm the findings of Stephenson et al (18, 31) in coastal
Kenya, in which the hemoglobin deficit ~sociated with hook
worm infection was greater than that of either schistosomiasis
or malaria among schoolchildren.

Although we did not assess dietary iron intake, it is also clear
from our data that dietary iron intakes were seriously inade
quate. Even among children with no hookworm infection, the
prevalence of anemia was 46.5%, and the average values for
hemoglobin, EP, and SF only bordered on adequacy. Although
anemia was prevalent in children without hookworm, severe
anemia was rare « 1%). [f one imagines a normal hemoglobin
distribution, it appears that dietary deficiency shifts the distri
bution significantly to the left, driving many children into a
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state of mild iron deficiency anemia. The addition of hook
worms pulls the center of the distribution even farther left, and
dramatically pulls down the left tail.

The intensity-dependent association between T. trichiura
infection and SF concentration is likely explained by their
common association with hookworm, because T. trichiura in
fection did not remain significant in the multivariate model of
SF. The presence and intensity of T. trichiura infection was
significantly associated with hookworm-infection intensity, de
spite the different routes of transmission of these two hel
minths. One clinical study found intestinal blood loss associ
ated with T. trichiura infection (32), but another did not (33).
We studied intestinal iron loss in this population and found no
association between fecal hemoglobin concentration and T.
trichiura infection after hookworm infection was controlled for
(34). Thus, we conclude that the cross-sectional association
between iron-status indicators and T. trichiura infection ob
served by us and others (35) was probably not caused by T.
trichiura-associated blood loss.

Other investigators have found a strong association between
urinary schistosomiasis and iron status in sub-Saharan Africa
(18,31, 36). The lack of association in our study may be due
to several reasons. Most probably, it is because a highly effec
tive test-and-treat campaign for schistosomiasis was conducted
on Pemba Island from 1988 to 1992 (37). Thus, children with
a positive indication of schistosomiasis in our study may have
had the disease for only a short duration. Also, hookworm
infection was significantly less common in children with schis
tosomiasis in this sample. Finally, hematuria is an excellent
field tool but an imperfect diagnostic indicator of schistosomi
asis (11), and misclassification would attenuate a true associ
ation. Use of quantitative egg counts in urine would be a more
powerful way to examine this relation.

hnplications for control of iron deficiency anemia

The most impo'rtant application of these findings is to guide
development of appropriate interventions to control iron defi
ciency anemia in African schoolchildren. Our results provide a
strong basis for hookworm control as a strategy to control iron
deficiency in this population group. If hookworms could be
eradicated, anemia might be reduced by as much as 25%, iron
deficiency anemia by 35%, and severe anemia by 73%. Be
cause of the intensity-dependent relation of hObkwonn infec
tion to intestinal iron loss and iron status, reducing hookwonn
burdens (rather than eradicating infection) is the most rational
short- to medium-term goal (38). Anthelminthic drugs are safe
and inexpensive ("""USSO.025-0.20 per treatment), and periodic
delivery of them through the school system is a highly feasible
public health intervention (39). Our findings indicate that
hookworm control will have the greatest effect on the lower tail
of the hemoglobin distribution, ie, preventing relatively severe
anemia.

Stopping the leakage of iron from children's bodies will not
replenish their stores however, and thus hookwonn control
alone will not solve the problem. Additional intake of iron will
be needed. In Zanzibar and many other parts of sub-Saharan
Africa, iron fortification of foods is not yet feasible. School
based iron supplementation could be an opportunity to make up
the iron deficit that many children bring with them from the
preschool years, and to build stores to carry them into adult-

hood. Applied research is needed to find the most effective
dosing regimens to achieve these goals. n

We thank Kassim Shemel Alawi and the entire staff of the Pemba Public
Health Team for their excellent work in collecting these data.
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ABSTRACT Although reports suggest that infant mortality is increased during iodine deficiency, the effect of
iodine supplementation on infant mortality is unknown. A double-masked, randomized, placebo-controlled, clinical
trial of oral iodized oil was conducted in Subang, West Java, Indonesia to evaluate the effect of iodine supplementa
tion on infant mortality. Infants were allocated to receive placebo or oral iodized oil (100 mg) at about 6 wk of
age and were followed to 6 mo of age. Six hundred seventeen infants were enrolled in the study. Infant survival
was apparently improved, as indicated by a 72% reduction in the risk of death during the first 2 mo of follow-up
(P < 0.05) and a delay in the mean time to death among infants who died in the iodized oil group compared with
infants who died in the placebo group (48 days vs. 17.5 d, P = 0.06). Other infant characteristics associated with
reduced riSk of death included weight-far-age at base line, consumption of solid foods, female gender and recent
history of maternal iodine supplementation. Oral iodized oil supplementation had a stronger effect on the mortality
of males compared with females. This study suggests that oral iodized oil supplementation of infants may reduce
infant mortality in populations at risk for iodine deficiency. J. Nutr. 127: 574-578, 1997.

KEY WORDS: • infants • mortality • iodine deficiency • goiter • cretinism

Approximately 1.6 billion people worldwide may consume
inadequate daily amounts of iodine (UNICEF 1995) and are at
ris~ for iodine deficiency disorders (IDD)4 (Hetzel and Pandav
1994), which include enlargement of the thyroid (goiter) and
a wide spectrum of mental, psychomotor and growth abnormal
ities (Delange 1994). Currently, there are an estimated 655
million cases of endemic goiter and 26 million cases of prevent
able mental deficiency, including 5.7 million cases of cretinism
worldwide (Hetzel and Pandav 1994, WHO 1991b). Seventy
five percent of people with goiter live in developing countries
(Gaitan et al. 1991). In areas with a high prevalence of IDD,
maternal and fetal iodine deficiency has been associated with
increased rates of stillbirth. abortion, congenital anomaly, and
infant mortality (Pharoah et a1. 1976, Thilly et a1. 1980).
Iodine supplementation of women before conception or during
pregnancy seems to reduce abortions, stillbirths and infant
mortality (Chaouki and Benmiloud 1994, Fierro-Benitez et a1.
1988, Olinoer et al. 1995, Hetzel 1983, Pharoah and Connolly
1987, Pharoah et a1. 1971 and 1972, Potter et al. 1979). Al
though these studies suggest that iodized oil supplementation
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dine deficiency disorders; WAZ. weight-far-age Z·score.

of infants might improve their survival, this has not been
shown definitively.

Oral iodized oil supplementation might influence infant sur
vival through its effect on thyroid status and immunity. Thyroid
hormones 'exert a powerful modulating effect on the immune
system (Fabris 1973), including effects on B cell differentiation
(Paavonen 1982), antibody responses (Keast and Ayre 1980),
lymphoproliferation to mitogen (Keast and Taylor 1982) and T
cell subsets (Ohashi and Itoh 1994). Although the relationship
between thyroid disease and autoimmunity is well documented
(Mooij and Drexhage 1992), less is known regarding rDD and
immune function in humans. Thyroid status and vitamin A
status may also potentially interact to modulate immune re
sponses. Both an active metabolite of vitamin A, 9-cis retinoic
acid, and thyroid hormone can bind to retinoid~X receptor
(Leng et al. 1994) and control gene transcription.

SUBJECTS AND METHODS

The study population consisted of mothers and their infants from
28 villages in an area of mild-to-severe !DO in Subang. West Java,
Indonesia. Eligible infants were 6-10 wk old, clinically euthyroid,
and bom in the study villages. The time of supplementation of 6
10 wk of age was based upon the possible programmatiC integration
of oral iodized oil supplementation with the first visit of the Expanded
Programme on Immunization (EPI) (Bruning et al. 1993, WHO 1987,
1990 and 1991a) at which time infants received lJtal poliovirus and
diphtheria-percussis-tetanus vaccines. The study design was a random
ized, double-masked, piacebo-conrroHed, clinical trial. Infants were
allocated by random number cable in blocks of 10 to receive vral

0022-3166/97 53.00 © 1997 American Society tor Nurritional Sciences.
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iodized oil or placebo, which was given at the first EPI visit. Upon
enrollment, infams were assigned sequential identification numbers.
An envelope labeled with the identification number contained identi
cally appearing capsules of either oral iodized oil in poppyseed oil
(loa mg) or poppyseed oil placebo (Lipiodol. Laboratoire Guerbee,
Aulnay-sous-bois, France). The code was unknown to the investiga
tors and study team until after the completion of the study. The
capsules were administered immediately after the first dose of oral
polio vaccine. Infants in the clinical trial then completed the immu
nization schedule of the EPI with visits at 10 and 14 wk of age, and
a final follow-up evaluation at 6 rna of age.

A 7-d morbidicy history was obtained at each visit. Height, weight,
mid-upper arm circumference and head circumference were assessed
at the first, third and final visits using standard procedures. At each
visit, mothers were asked whether their infants were being breast-fed
and/or given solid food or other liquids besides breastmilk, how many
times a day they were breast-fed and/or fed other foods, and the list
of other foods given. Community health workers visited the homes
ofparticipants on a monthly basis and monitored the study population
for deaths, including those among infants who dropped out of the
study but remained in their villages. Probable causes of death were
determined by the pediatrician after interviewing relatives of the
deceased infant using verbal autopsy techniques adapted from other
pediatric studies (Dowell et al. 1993, Kalter et al. 1990).

Base-line and follow-up, comparisons between treatment groups
were made using Student's c test for comparison of two means and
Fisher's exact test for comparis·o!). between proportions, with statistical
significance at a two-tailed P value of 0.05 or tess. Absolute and
gender-stratified relative risk, mortality rates and Kaplan-Meier sur
vival curves were calculated and compared between allocation groups
(Armitage and Berry 1987). Adjust"ed survival analyses were con
ducted using Cox regression models (Kleinbaum et al. 1982). Written
informed consent was obtained from parents or guardians. The study
was approved by the institutional review board at the Johns Hopkins
School of Medicine and by the ethical committees of the Hasan
Sadikin Hospital, University Pajajaran and the Ministry of Health,
Govemm~nt of Indonesia.

RESULTS

From June to October 1994,617 infants were recruited to
participate in the study. Of the 617 participants, 307 (49.8%)
infants received oral iodized oil and 310 (50.2%) received
placebo; 311 (50.4%) infants were males and 306 (49.6%)
were females. The treatment groups were similar by maternal
goiter status, maternal age, infam gender, socioeconomic sta
tus, use of iodized salt and all other characteristics at base line,
some of which are displayed on Table 1. Five hundred seven
infants completed follow-up to 6 mo, 255 of 307 in the iodized
oil group (83%), and 252 of 310 (81 %) in the placebo group.
There was no differemialloss to follow-up by treatment group
or gender. Eighty-eight infants dropped out of the study before
6 rna of age. Their base-tine characteristics were similar to
those who remained in the study (data not shown). A total
of 22 infants died, 15 (68.2%) in the placebo group and 7
(31.8%) in the iodized oil group. Of those who died, 14
(63.6%) were male and 8 were female (36.4%).

Infants who died before 6 mo of age were significantly
lighter and had smaller head and arm circumferences at study
entry than the infants who survived to 6 mo of age. Their
mean weight-for-age was also significantly lower, indicating
that they were malnourished a~ base line in comparison with
the surviving infants (Table Z). None of the mothers whose
infants died had a history of iodized oil supplementation in
comparison with 86 (17%) of the 507 mothers whose infants
survived to 6 rna of age (P =: 0.034). Supplemented mothers
'had received oral iodized oil on average 120 d before the
beginning of the study. No other base-line differences were
observed between those who survived to 6 mo of age and
those who did not. The percentage of mothers who had been

supplemented in the past and the time elapsed between mater
nal and infant supplementation were similar in the iodized
and placebo groups.

Deaths in the iodized oil group occurred on average 48 d
(~ 13.1) after the intervention, whereas in the placebo group,
deaths occurred on average 17.5 d (~ 4.0) after the initial visit
(P == 0.06). There were 13 deaths (65%) due to pneumonia or
bronchopneumonia, 1 death (5%) due to meningoencephali
tis, 1 death (5%) due to asphyxia, and 2 deaths with unspeci
fied diagnoses (allergic reaction and shock of undetermined
nature). Five deaths were not investigated through verbaL au
topsies. The unadjusted relative risk of death in the iodized
oil group in comparison with the placebo group during the
first 1, 2 and 4 mo offollow-up were 0.19 (95%CI 0.04-0.85,
P =: 0.021); 0.28 (95%CI 0.09-0.82, P =: 0.018); and 0.48
(95%CI 0,20-1.15, P =0.126), respectively. Figure 1 shows
the Kaplan-Meier survival curves according to treatment
group. At the end of 4 mo of follow-up, the overall mortality
experience in the iodized oil group was still considerably lower
than that of the placebo group, corresponding to a 52% reduc
tion in mortality in the supplemented group. The tinal mortal
ity difference at 6 rna of age, however, failed to reach statistical
significance, perhaps due to the small sample size studied. The
power to detect a difference such as the one observed at 6 mo
of age was approximately 32%.

Multivariable Cox regression analysis was used to measure the
effect of other independent variables on survival, to control for
potential confounding and to test for interactions. Variables ana
lyzed included gender, infant's diet at base line (breastfeeding
and/or introduction of solid foods), diarrhea or acute respiratOly
infection (cough, difficult breathing, or fast breathing) at base
line, history of maternal iodized oil supplementation, anthropom
etry at base line, and interaction among treatment, gender and
other variables showing association with survivaL Iodine supple
mentation, consumption of solid foods or liquids at base line,
female gender, weight, weight-far-age Z-score (WAZ), and head
and arm circumference were independently associated with lm
proved survivaL WAZ was selected for the final model on the
basis of the magnitude and statistical significance of the beneficial
effect on survival and multicolinearity between anthropometric
parameters. Table 3 presents the results of the multivariable Cox
survival analysis with the effect of iodine supplementation ad
justed for gender, WAZ and consumption of solid foods at base
line. Treatment effect was not confounded and did not interact
with the effect of solid foods and anthropometry at base line.
Sex-stratified analysis of treatment effect indicated.: that male
survival at 6 mo of age in the iodized oil group was significantly
better than that of male infants in the placebo group (22.9 per
1000 vs. 84.6 per 1000, P == 0.03). The P-value tor the interaction
berween treatment and sex in the Cox regression model was
0.15. Because the difference in mortality occurred soon after
enrollment, there. were limited data regarding time-dependent
variables such as anthropometry and diet for the infants who
died; therefore, the Cox regression analysis was limited to base
line variables only.

Among 326 infants whose ba,se-line diets included foods or
liquids, 164 (50.0%), 126 (38.4%),35 (l1.3%) and 1 (0.3%)
were fed solid foods or liquids 1, 2, 3 and 4 times/d, respec
tively. Other liquids consisted of water, tea with sugar or
honey, or fruit juic~. Solid or mushy foods included premasti
cated rice (bubud, mashed bananas, biscuits, industrialized
infant food (e.g., Promina and Farley) and infant formulas
(e.g., Lactogen, SNN and SGN). The proportion of infants
breast-fed at base line was lower, but not significantly so,
among infants who received supplements (95. i vs. 97.9%, P
== 0.125). Infants who received solid foods or liquids supple
ments at base line were slightly, but signi!i.cantly older at study

rr&
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TABLE 1

Selected base~/ine characteristics by allocation group

Placebo n .. 310 n (%) Iodized oil n .. 307 n (%) P-value

Maternal characteristics
Goiter grade1

00
1A
18
02
03

Previous maternal iodine supplementation
Use of vitamin and mineral supplements during.pregnancy
Mean age,l.2 y
Pregnancies, n
Deliveries, n
Uve births, n
Children alive, n
Maternal education, y
Maternal occupation: housewife
Infant gender, age at base line, and delivery history
Gender

Male
Female

Place of delivery
Home
Midwife's house
Hospital
Clinic

Delivery assisted by
Traditional birth attendant
Midwife
Doctor

Mean birth weight, kg1
Mean age, mo

275 (89.6)
20 (6.S)

7 (2.3)
3 (1.0)
2 (0.6)

52 (16.8)
259 (84.6)

25.4 ::!: 0.32
2.3 :!: 0.09
2.2 ::!: 0.09
2.2 == 0.09
2.1 :!:0.08
7.1 :!: 0.15
272 (94.1)

157 (50.6)
153 (49.3)

269 (86.8)
16 (5.1)
17 (5.5)
8 (2.6)

235 (76.1)
65 (21.0)

9 (2.9)
3.20 == 0.03
1.82 == 0.02

267 (87.6)
26 (8.5)

8 (2.6)
4 (1.3)
0(0.0)

47 (15.3)
261 (85.6)

25.7 :!: 0.32
2.3 :!: 0.08
2.2 == 0.08
2.2 ::!: 0.08
2.1 :!:0.07
7.4 == 0.16
266 (90.5)

1S4 (50.2)
153 (49.8)

272 (89.2)
11 (3.6)
17 (5.6)
5 (1.6)

237 (77.5)
65 (21.2)

4 (1.3)
3.20 :!: 0.03
1.80 ::!: 0.02

0.54

0.66
0.82
0.61
0.69
0.76
0.69
0.98
0.32
0.32

0.90

0.66

0.38

0.74
0.54

1 Data from placebo group (n .. 3D?), iodized oil group (n .. 305).
2 Mean::!: SEM.

TABLE 2

1 Mean:!: SEM.
2 For birthweights, those who died (n .. 17), those alive (n .. 331).

Birth weight and base-line age and anthropometry
by infant vital status

12030 60 90
Days from Baseline

Allocatlon
Group

··.. ··t.......:......,
•...·....····~l······ ..·..l ..... -;

•· ..·······..···..·······..·.....·..······1...

1.00
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DISCUSSION

This study suggests that iodine (loa mg) given at 6 wk .of
age may reduce the risk of death among infants in a geographi-

FIGURE 1 Survival of infants in the oral iodized oil and placebo
groups from time of supplementation through 120 d of follow-up. Age
at base line was 6 wk.

years of parental schooling (data not shown). The effect of
supplemental foods/liquids on survival did not change when
controlled for age, socioeconomic status, iodine supplementa
tion, WAX or gender.

0.10
0.32
0.03
0.12
0.Q1
0.02
0.01
0.09
0.11

3.2 ::!: 0.02
1.8 == 0.D1
4.8 == 0.03

55.8:': 0.11
37.9 :!: 0.06
12.5 :!: 0.05
0.03:': 0.04

-0.38 ::!: 0.04
0.40 == 0.03

Dead n = 22 Alive n .. 507 P-value

3.0 == 0.11
1.7 ::!: 0.07
4.5 == 0.14

55.0:': 0.49
37.2 :':0.24
11.9:': 0.21

-0.43 ::!: 0.17
-0.70 ::!: 0.20

0.16 ::!: 0.17

Birthweight,1.2 kg
Age at base line. ma
Weight, kg
Length, em
Head circumference, em
Arm circumference, em
Weight-for-age Z-score
Height-for-age Z-score
Weight-for-height Z-score

entry than infants who did not receive supplements (1.9 vs.
1.8 rna, P < 0.0001). They were also heavier and taller (4.9
vs. 4.7 kg, P = 0.0041; 56.2 vs. 55.5 em, P = 0.0003), had
slightly greater head and arm circumference (38.0 vs. 37.7 em,
P = 0.002; and 12.5 vs. 12.4 em, P '= 0.05), but similar age
adjusted Z-scores (WAZ 0.03 vs. -0.03, P = 0.371; height
for-age Z-score -0.34 vs. -0.45, P '= 0.109; weight-for-height
Z-score 0.37 vs. 0.39, P :; 0.622). Infants who did not receive
solid foods were more likely to have a better socioeconomic
status as indicated, for instance, by the significantly higher
percentage living in houses with electricity and higher mean
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TABLE 3

Relative risk (RR) of death and 95% confidence interval (el) at 1, 2 and 4 mo after study entry according to iodine
supplementation adjusted for gender, weight-for-age Z-score and consumption of solid foods at base line

577

Variable

Iodized oil vs. control
Solid food vs. no solid food
Female vs. male
Weight-for-age Z-score at base line

1 mo

RR (95% Cl; p)
0.20 (0.04-0.91; 0.04)
0.41 (0.12-1.35; 0.14)
0.54 (0.18-1.68; 0.29)
0.58 (0.30-1.13; 0.11)

2 mo

RR (95% CI; p)
0.30 (0.10-0.90; 0.03)
0.41 (0.15-1.09; 0.08)
0.39 (0.15-1.04; 0.06)
0.53 (0.30-0.92; 0.02)

4 mo

RR (95% CI; P)
0.52 (0.21-1.28; 0.15)
0.41 (0.17-1.01; 0.05)
0.49 (0.20-1.18; 0.11)
0.55 (0.33-0.91; 0.02)

cal area of iodine deficiency. The absence of deaths among
infants whose mothers received iodine supplementation in the
recent past was another finding in this study that also supports
the potentially beneficial role of iodine in reducing mortality.
To our knowledge, this is the first study to demonstrate that
infant oral iodine supplementation can reduce infant mortal
ity. This finding is corroborated by previous studies that suggest
that infant survival is improved among infants born to women
whose iodine deficiency was corrected before or during preg
nancy. ln Algeria, the rates of abortion, stillbirth and prematu
rity were significantly lower among women treated with oral
iodized oil 1-3 mo before conception or during pregnancy
than among untreated women (Chaouki and Benmiloud
1994). Infant mortality was lower among infants born to
women who received intramuscular iodized oil supplementa
tion at around 28 wk of pregnancy compared with infants born
to controls in a clinical trial from Zaire (Thilly et al. 1980).
Studies in Papua New Guinea indicated an inverse relation
ship between levels of maternal thyroxine during pregnancy
and death rates among the offspring (Pharoah et a1. 1976),
and an improved long-term survival among children born to
women whose iodine deficiencies were corrected during or
shortly before pregnancy (Pharoah and Connolly 1987). A
possibly related finding is a recent report of significantly re
duced mortality among young sheep in villages receiving io
dine in irrigation water compared with control villages in
China (Cao et al. 1994).

This study suggests that there may be a possible differential
effect of treatment according to gender. Nutritional and immu
nological differences between boys and girls may influence
response to infections and survival. For example, boys are more
susceptible to vitamin A deficiency than girls, which is a con
sistent observation in different countries (Sommer 1982). Dif
ferences in immunologic status (Leon et al. 1993), responses
to vaccination (Garenne et a1. 1991) and micronutrient sup
plementation (Sazawal et al. 1996) are known between boys
and girls. It is unknown whether boys are at higher risk of
iodine deficiency or whether there is a gender difference in
response to iodine supplementation. A treatment effect may
not have been observed in girls because of their already high
survival rate of 97%.

It is possible that infants receiving solid foods were exposed
to commercial products which potentially provided them with
additional sources of iodine. However, the study did not use
systematic methodologies carefully designed for the evaluation
of dietary practices or for adequate assessment of iodine con
tent of foods. The finding of improved survival among infants
having solid foods in the diet at study entry should be investi
gated further by means of a more precise dietary assessment.
This study is limited in that biochemical indicators of iodine
and thvro'id status were not available. However, detailed an
thropo~etric evaluation and clinical assessment of maternal

goiter suggest that the observed differences in mortality were
not due to base-line imbalances in the treatment group.

Traditionally, the main focus in the prevention of IDD has
been to eliminate the ensuing mental impairment, cretinism
and goiter. Ideally, adequate iodine levels should be made
available from the beginning of fetal development in utero by
adequate supplementation of women of childbearing age and
pregnant women. The EPI may serve as an additional delivery
system for providing supplementation to mothers and infants
who missed earlier opportunities. The duration for which one
100-mg dose of iodine will correct iodine deficiency in a 6
wk-old infant is unknown; however, WHO (1991) estimates
that a 240-mg dose of iodine administered once in the tirst
year of hfe will correct iodine deticiency for up to 2 y. Infant
iodine supplementation may be a potential intervention that
could reduce infant mortality in iodine-deticient areas by 50%;
further study is required to corroborate these findings with a
larger sample size. Iodine supplementation may be an im
portant strategy for child survival, and this study suggests that
the infrastructure to deliver supplements could be provided by
the Expanded Programme on Immunization.
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PARASITIC INFECTIONS IN PEMBA ISLAND SCHOOLCHILDREN

M. ALBONICO. H. M. CHWAYA. A. MONTRESOR. R. 1. STOLFZFUS.
J. MTIELSCH. K. S. ALAWI and L. SAVIOLI

SUMMARY

Intestinal helmintbs, schistosomiasis and malaria have been recognised for decades to be
major public health problems in ZanZibar, Tanzania. During the evaluation oftbe impact of
the Zanzibar Helminth Control Programme, baseline parasitological data on 3,605 school
children were collected in Pemba Island. Prevalence of intestinal helminth infections was
72%,94% and 96% for Ascarislumbricoides, Trichuris trichiura and hookworm, respectively.
Thirty one percent ofcbildren tested positive for haematuria, a reliable indicator of urinary
schi."itosomiasis in the study area. Malaria parasites were found in 61 % of children.
Hookworm infections and haematuria were more prevalent in boys. Sixty seven percent of
the children were infected with all the three helminths, and 28% harboured double infection.
No association was found between intestinal helminths and schistosomiasis or malaria.
Cbildren living in rural areas were more heavily infected with hookworms, schistosomiasis
and malaria compared to children in towns. Results from this study provided relevant
information for designing a "plan ofaction" for the integrated control of filariasis, intestinal
helminths, malaria and schistosomiasis in Zanzibar.

INTRODUCTION

It is Widely recognised that school children carry the
heaviest burden Dr nwrbidity due to intestinal helminths
mld schistosomiw;is infcction( I). Apart from the morbidity
associated WiUl acute infections, Ule burden of chronic
parasitic infections may affect physicallimess(2). cognitive
performancc(3), nutritional sUltus,U1dgrowth(4)mlo school
~l.llendmlcc(5) of school age children. Acute and chronic
malaria infections may affect school performance of
children in endemic areas(6).

Parasitic infections have been recognised for decades
to be major public health problems in Z,mzibnr, United
Republic of T,mzania(7-9). Malm;a is Ule major public
hea.lUl problcm accounting for more than 30% of child
mortality()O). TIlC present str'dtegy of malaria control is
based on early diagnosis and prompt case treaunent.
Major constraints arc the lack of ,ill efliciem referral
system, im;reasing resistance of Plasmodium jalciparulll
to chloroquine and shortage of second line antimalarial
drugs. Schistosomiasis control was initiated in 1986
tlU"ough a school-based approach and was integrated in
1994 within a National Plan of Action for the control of a
schistosomiasis and intestinal helminthic infections. The
strategy adopted was based on a combination of regular
chemotherapy of school children wiUl praziquantel and
mebendazole administered as single doses and health
education. Children were selected for treaunent WiUl

praziquamel on the basis 0 f Ule presence ofhaematuria(7),
while mebendazole was given as targeted mass treaunent
due to the high prevalence and intensity of helminthic
infectiolls(8). An inexpensive and effective drug and
healUl education delivery system was set up through the
teachers with supervision from healtll staffof the helminth
control prognunme.

In 1994 tile Ministry of Health of Zanzibar, in
collaboration with the World Health Organization (\VHO)
and TheJohns Hopkins University, recognised tbe need to
evaluate the impact of the Helminth Control Programme.
A large scale longitudinal survey was planned to.collect
nutritional and parasitological data on growth, iron
deficiency. vitnmin A st..'ltus, malaria. haemau.uia and
prevalence and intensity of soil transmitted nematodes
infection in school children. TIle baseline nutritional status
dalahas been published elsewhere( 11). The epidemiology
and geographical distribution of parasitic infections. their
association and tile implication for integrated control are
presented in tilis paper.

MATERIALS AND METHODS

The survey wasconducted on the island of Pemba, Tanzania
by thestaffof the Pemba Helminth Control Programme. Important
features of the island have been described in detail elsewhere(7).

The survey was carried uut during April and May 1994 in
12 schools. randomly selected from the 72 schopls on Pemba
Island. Three schouls were selected from each of the four
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Table 1

C:haracler;,,-/;,., ofstudy ,,,mple

RESULTS

U
20A
-t4.\
26.0
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5U\
-18.2

80.b
19A

P"rc.:nra~"

<7
7.n .. R,ll
9.0-10.9
11.0-12.9
>13

Se..~:
Mal"s
F"males

Reslden,.e:
Rural
Urban

define lhe lower boundaries of moderate and heavy infections.
resJ.'tlctively. Differences between prevalence were tested by Chi
square statistic and means were compared using Student's t
statistic. Associations between parasitic infections were
investigated using 2x2 contingency tables for ea.;h combination
of pardsites. The association between parasitic infections was
measured using the ratio ot" prevalence and tested using the Chi
square statistic ".

TIle demographic characteristics of dIe study population
are shown in Table 1.

Late school enrolment ,md progressive drop-oul of
girls characterise lhis school population. 11le children
were heavily infected with parasites (Table 2). TI)C
prevalence of intestinal helminth infections was 72%,
94% and 96% for A. !lImbricoides. T. trr:chiura and
hookwonn. respectively. TIlirty per cent of the children
lesled positive for haemaluria. Malaria parasites were
found in 61 % of the children though parasilaemia was of
low density with 47 % of children having less tlUUl 1,000
parasites per microhter ofbloou ,Uldonly one percclll wi th
more 11HUl 5,000 parasites per microhter. All infections
were P,fah.:iparulll. P. lIIa!ariae ww, identified in less than
5% of slides.

dislricts. From these schools, children enrolled in 76 morning
classes in standards one to four. were invited to participate in the
study. Out of 3944 enrolled children, 3.605 participated in the
survey.

In every school, demographic information. weight, height
and stool. urine and blol,d samples were collected from each
child. The sample collection rates were 100%.99% and 97% for
blood. urine and stool samples. respectively. Urine was tested
with a reagent strip for semiquantitative values of haematuria
(Hemastix, Ames-Miles Laboratories. Hclkhart, IN). In this
population. microhaematuria is considered to be diagnostic of
urinary schistosomiasis (69% sensitivity and8a%specificity)( 12).
Children testing positive for visual haematuria were treated with
praziquantel 40mglkg body weight. Haemoglobin, erythrocyte
protoporphyrin and serum ferritin were assessed as part of
nutritional evaluation( II). Those with severe anaemia(Hb below
7 gldl) received mebendawle500mg as a single dose and ferrous
sulphate 25 mg tablets twice aday for one month. A thin and thick
malaria smearW<ls also made for l:<Ich child. Children with fever
were treated with astalldard dose of pyrimcthamine-sulphadoxine
according to wl;light. All children wen~ treated with mebemlazole
500 mg as a single dose at the end of the trial.

In the laboratory, stool samples wen: processed by the
Kato-Katz technique according 10 WHO reconunendalions( 13)

and examined for helminth eggs: samples containing more than
10.000 eggs were re-examined using a modified Stoll dilution
technique(\4). Thick and thin blood smears were stained with
3% Giemsa solution and malaria parasites were counted against
leucocytes to calculate parasitaemia per microliterof blood( 13 l.
and identified by species. Qualitycontrol fol' malariaand intesthlal
helminths. was performed by two supervisors by re-ex;)mining
10% of the slides chosen at random. Agreement belween readers
was excellent for the presence of malaria parnsitaemia (k:O.93)
and parasite density were also highly reliable with an incerclass
correlation of 0.85. Interclass c\>tTelation between staff and
quality control readings were 0.88 for Ascaris lumbricoides egg
per gram (epg), 0.79 tor Trichuris trielriura epg. and 0.89 for
hookwonn epg. Data were entered into a microcomputer using
the Epi-Info package.

Statistical analysis: Intensity of intestinal helminth
infections was measured by the eggs per gram of faeces (epg).
The geometric mean was used to normalise the over- dispersed
distribution of worm intensity. Infections were classified as
light, moderate and heavy according to WHO eliteri;) given in
Table 2( 15). For bookworm. 2.000 and 5.000 epg were useJ to

Table 2

, -
Prevalellce (lila illlellSit)' categories vf ilitestinalllelmilJ/l,s. lIIalwi" llIui Illu'!/I(uuria

A. /ltmbricoides T. triehiura

Prevaknce 72.0%

Intensity (epg)

Negalive 28.0%

Light 51.7%

Moderate 20.2%

,Heavy 0.1%

96.0%

-1.0%

54.9%

40.1%

1.0%

Hookworms Malaria Hacm.l[Urja

93.7% 60.6% 30.5%

(Parasi[e/~t1 of blood)

6.3% 0 39.-1% Seg:uiw 6\1.5%

74.7% 1m') 47.0% Microhaemaluria+ 16.0%

15.5% 1000-4999 12.6% Micmhaemamria+-+- 11.0%

3.5% 5000-+- 1.0% Visual hael11aluria 3.5%

A. Lumbrieoides

Ught=1-4999 epg
Mod=5QOO.49999 eps

Heavy:5()()()()+ epg

T. tridliura

Light=1-999 epg
Mod:lQOO.9999 epg

Heavy=l00<J0.+ epg

Hookworms
Ught=:I-1999 epg

Mod==Z0Q0-4999 epg
Heavy:5000+ epg
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TableJ

PmlQJetu:e ofparasitic infections by sex. age and residence

Boys Girls Age< 10 Age >=10 Rural Urban All
0=-1851 n::01720 n=-1565 0=2905 n=IS72 0=700 n=3578

A.lumbricoides
any infection 73.4 70.4 74.4 70.0*· 72.0
moderate+heavy infection· 21.9 IS.6 23.1 IS.O··· 203
T.trichium
any infection 95.9 96.1 96.4 95.7 96.0
m0der3te+beavy infection· 42.5 39.6 43.2 39.3t 41.1
Hookworm
any infection 94.7 92.7· 93.4 94.1 94.2 91.S· 93.7
moderate+heavy infection· 21.1 16.8" 18.4 19.4 21.8 7.4··· 19.0
Malaria
any parasitaemia 60.6 60.7 45.7 54.3 62.4 91.8· 60.6
>1.000 parasiie$1 13.8 13.4 15.8 11.7·" 13.8 7.4· 13.6
Total haematuria 32.6 2S.1" 29.0 31.6 30.5
Visual haematuria 4.8 2.2·" 3.5 .~.5 3.S 2.2· 3.5
Microhaematuria# 28.4 26.3 26.8 28.5 31.3 16.0··· 27.0

···p<O.OOl ··p<O.OI ·p<O.OS
• defined as in Table 2 #+ and ++ categories combined

Hookwonn infcction was more prevalent in boys
<Table 3). Visuallmematuria was 4.8% in boys and 2.2%
in girls giving a relative prevalence of 2.21 for boys (95%
CI=I, 51-3. 22). TIlough less dramatic microhaematuria
was also more prevalent in boys.

Prevalence and intensity ofA. ltlmbricoide.t infection
and imensHy of T. trichillra was slightly lower in older
children (Table 3).Malariaparasitlemia(>I,OOOparasitcsl
micmliter) wrL"also lighter in youngerchildren Cp<O.OO I).
Prcvalenceand intensityof hookworm andS. haematobi1411l
inlections did not ditTer by age.

TIle prevalence of malaria purasil.1.cmia, hookworm
infcction and haemaluria was smaller in urban than rural
schoolchildren (Table 3).TIlcse differences were smaller
for malaria than for hookworm infection and haematuria.

Multiple infections widl helminths were common.
Only one child was negative forull dIe parasites. Infection
with all three helmin tllS was observed in 67.2% ofchildren
compared to 28.l)% widl double infection. TIle association
betwecn each pair of gcohelminths, hoth for prevalence
and intensity, was higher than expected by chance (Table
4).

Children free frulll infection due to anyone of the
gt-'ohclmintllS were more likely to be free from infection of
any of the other two helminths. 'Ille pairwise relative
prevalence of not being infected varies between 2.0 (CI=
1.44·2.78) for A./umbricoides llnd T. Irichillra and 2.97
(CI= 1.95-4.31) for T. Iricltillra and tItc hIXlkwonns. In
contrast there was a negative association between
hookworm infection and haematuria (Table 5).

DISCUSSION

We have documented'lvery heavy burdenofparasi tic
infection in Zanzibari school children. A number ofother

Table 4
Assod<ltion between geohelminlh infections categories

n Trichuris

<Loooepg ~1.oooepg

Hookwoml

<2.000epg 2783 65.9% 34.1%

<:2.000ep~ 653 28.9% 71.1%

n Ascaris

<5,oooepg <:5.oooepg

Trichuris

<l.OOOepg 2024 91.0% 9.0%

<:l,oooepg 1412 63.5% 36.5%

0 Hookworm

<2.000 epg 2:2.000epg

Ascaris

<5.000 2739 85.8% 14.2%

2:5.oooepg 697 62.0% 38.0%

p<O.OOOI

Table 5

Hookwonll infection by haematuria

n Haematuria

negative Positive

Hookworm

Negative 215 56.8% 43.2%

Positive 3214 70.2% 29.8%

p<O.OOI
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recent studies in East Africa have found high rates of
geoheIminth infections, especially in coastal areas(l6
18). Although theprevalenceofinfection withany helminth
varies among these studies. they have all found. as we did.
that most schoolchildren are infected with at least one
helminth. However, the intensityofgeohelmioth infections
from our survey, partiCUlarly of hookworms. is striking.
The tates are higher than in otherstudiesofAfrican school
children and from other parts of the world such as
Jamaica(S), India(19) and Cbina(ZO).

We also found that 31% of school children in our
study hadhaematuria, areliable indicatorofschistosomiasis
infection in this populationOZ). This is the average
prevalence of haematuria maintained by the ongoing
schistosomiasis control progrnmme, based on yearly
selective treatmentofchildren in schools where haematuriu
is more than 20%. This survey was perfonned about ten
months after the previous treatment with praziquantel.
The 54% prevalence estimated in 1986, before the
intervention. is similar to the prevalence found in other
studies in sub·Saharan Africa. such as the 76.4% and 55%
prevalence found respectively in Niger(21) and in
Ethiopia(18). The chronic loss of blood in urine was
recognised by Proal et al(2l) to be an important cause of
iron-deficiency anaemin.

We found nodifference ineitherprevalenceorintensi ty
ofA.lumbricoides and T. tricllillra infection by sex though
boys had slightly heavier bookworm infections. TIlesc
results are in agreement with previous studies(l6,22).

We further found that visual haematuria in boys was
more than twice as prevalent in girls. This is in agreement
with several other studies which have found higher rates
ofschistosomiasis among boys, possibly retlecting higher
exposure to infection due to closer contact willI water
bodies(18,23.24).

We found tllat AllllnlJricoides and T. triclliura
infections decreased after the age ten but there was no
cbange in prevalence of hookworm infection with age.
Others have found that intensity of infection with
A.lumbricoides and T. tricllittra in school children remain
constant with age whereas that of hookworm infection
increases steadily with age(25).

FiIk'lIly, we looked at the interaction betweendifferent
parasites. We found a strong positive correlation mnong
the three helmintbs as previously demonstrated by Booth
et al(26) with data from I1le s<une environment. Although
we expected A. lwnbricoides and T. triclliura to be most
strongly associated. our findings suggest that frequent
contactswilli soil contaminated with human faeces, equally
expose lile children to alllhe three geohelminth infections
regardless oforal orperculaneous transmission. Although
Necator americanlls is thepredominant hookwOffil species
in Pemba, 27% of children are infected with Ancylostoma
duodenale(27). and its possible faecal-oral transmission
may account in part for the association with the otller
geohelminths. The negative correlationbetween hookworm

. infection and schistosomiasis is surprising. Children
infectedwith hookwonnsare less likely to havehaematuria.

The expected positivecorrelation may have been reversed
in Pembaas a consequence of the periodic treatment with
praziquantel that children have been receiving since 1986.

We also looked at the difference between children
attending schools in urban and rural areas. Generally, we
found the prevalence to be the same but with an increase
in intensity of the geohelminths in rural areas. These
findings contraSt with previous results(28) in the same
population, in a smaller sample size. It is interesting to
note that in rural areas where transmission is more intense
and prevalence very high. higher exposure is reflected
only by higher intensity of infection. As expected we also
found a lllrge difference in schistosomiasis, with the
prevalenceofhaematunaalmost doubled in ruralchildren.
TIle strong association between schistosomiasisand water
bodies and tlle availability of piped water in urban areas
are likely to account for this difference. Malari~

parasitaemia was also higher in rural school children.
Malaria inoculation rate might be lower in urban areas
because of lower mosquito density and Ule more conunon
use of bednets(29). Urban children have also better access
to medication dIan children living in rural areas.

In conclusion, I1le parasite burden isdistributed broadly
and allllough I1lere is a difference between urban and rural
areas, parasitic infections are still high in boll}. TIle burden
of disea.,e associated with parasitic infections htlS been
shown to have a negative impact on iron status of school
children in, tllis population( 11).TIle iron status of our
population was very poor as illustrated by 62% of children
having all~lemia and 78% of the anaemia being iron
det1ciency lype. Iron-deficiency tUlaemia is an important
public health problem in Zanzibar schoolchildren( II}.
Although schisIOSomia.,is<Ultl m'llariacmlConUibutc to its
<letio logy, the most importmll cause in school children are
intestinal blood loss due to hookworm infection and peK)r
die{( 11,30>-

Our findings have a number ofimplications for public
health inlervention in Zmlzibar. First. the high prevalence
of intestinal helminthiasis lUld schistosomiasis mnong
school children justifies tlle implementation of school
based interventions such as periodic anthelminUlic
treaunenl. Because of tlle enonnously high prevalence
and tlle availability of safe mld inexpensive single-dose
drugs. screening individuals for selective treaunent mig.ht
not be cost-effective. Indicators for morbidity such as
intensity ofinfection and visual haematuria on a sample of
the populalion should be sufficient for monitoring and
guiding control progranmles. Similarly. tlle relatively
evell distribution by age :mdby sex does notjustifya priori
selection of school children for {reatmenl. However, the
large decreusl' ofsclwolattendance in girls with increasing
age might cause a large proportion of older girls to be
missed out through school-based interventions inZanzibar.
TIlis is an important and unresolved challenge because
uncontrolled pamsitic infection will cause women toatlain
their reproductive Iifes while at a high risk of anaemia.

These results advocate for an integrated control
programme which t.akes into account otller endemic
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diseases like filariasis, that can be controlled using similar
strategies. The results of this study have led to tile
preparation of a Plan of Action for tile integrated control
of intestinal helminths, filariasis, malaria and
schistosomiasis by tile Ministry of Health of Zanzibar
with .the technical support from the Division for Controlof
Tropical Diseases of the World Health Organization(31).
Malaria control is an especially complex issue, but it can
be implemented i~. an Integrated Disease Control
Programme where resourcesare shared and intervention is
carried out at both central and community levels with the
supervision and co-ordination from the District Health
Man.'lgement Team(3l).
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Estimating Reactivity in Direct Observation
Studies ofHealth Behaviors

JOEL GITTELSOHN, ANITA V. SHANKAR, KEITH P. WEST, JR.,
RAVI M. RAl\I, A~D TARA GNYWALI

Direct observation teChniques arc increasingly being used to measure human behavior as part of health research and intervention
studies. One problem with this approa.;;h that has not been welJ-explored is the effect of the observer's presence on the behaviors being
observed, the reactivity effect. This article examines reacthlty effects in a direct observation study of child care and feeding prncticcs
in rural Nepal. Trained field workers conducted day·long stl1lctured observations in 160 households. seven times per household. Our
results indicate that the first day ofobservation is more rea::tive than later days. A nUrIJbel" of individual behaviors changed in frequency
from observation day to observation day. including punishment of the child and method of serving food to the child. Observation days
with higher levels of reactivity showed an increase in the number of positive health behaviors and a decrease in the number of socially
negative behaviors. We conclude thal the validity of direct observation studies ofbehavior can be enhanced by examining and controlling
for reactivity effects.

Key words: direct observation. reacU\'ity, measurement, b-..aIth behaviors. Nepal

Direct observation is a method for assessing human beha,ior
in natural settings. In recent years. observational methods

have begun to be incorporated into health interventions and
health-related studies as a means of identifying behaviors which
place individuals or households at increased risk for morbidity
and mortality. and for evaluating the effectiveness of programs
to promote positive health behaviors. For instance. structured
observations have been used to estimate intra-household food
allocation patterns in Nepal (Gittelsohn 1991). dietary
management of diarrhea in Peru (Bentley 1991). and sanitary
behaviors in Bangladesh (Stanton and Clemens 1987) and in
Burkina Faso (Curtis 1993). .

The primary advantage of direct observation over other
methods for acquiring infonnation on how humans behave is
that direct observation captures actual behavior. Most methods
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for estimating human behavior rely on reports of previous
behavior by the human actor or a proxy (as in the mother
reporting what her child ate). For many reasons. there is
frequently a big difference between what people say they do
(or did) and what they actually do (Ricci et af. 1995). People
may forget what they did. or prefer to answer with what is
considered locally appropriate, or what they think the
interviewer would like to hear (Bentley et al. 1994). A second
advantage of structured observations lies in their ability to
capture the context of human behavior. Much human behavior
occurs as a result of or precedes other behaviors. This kind of
infonnation. sometimes termed the "behavioral stream." can
be captured best using direct observations.

Despite these advantages. a number of concerns have been
raised about the validity of direct observation data. These
concerns were laid out by Haynes (1978) and include: 1)
excessive variance in observers (i.e.• inaccuracy) or observation
situations (e.g. sampling error): 2) inadequate or erroneous
sampling procedures: 3) observer bias and drift; 4) inaccurate
recording or coding methods; 5) inadequate development of
codes; and 6) reactivity. This article will focus on the last
concern.

What is reactivity? Reactivity occurs when actors change
their behavior due to the presence of an observer. Baum er al.
(1979) noted that "the presence of an observer constitutes a
significant social stimulus which may cause subjects to alter
their behaviors and which may elicit socially desirable
responses. The investigator is then presented with an atypical
sample of behavior which deviates from that manifested by the
subject outside of the research setting." Of concern. then. is
that these changes in behavior will create systematic bias in
the data, particularly those behaviors of interest for the study.
For instance. in a study of food allocation. family members
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might change their dietary intake (e.g.. eating more expensive
foods) in response to the presence of the observer.

Reactivity can potentially effect the validity of a study. In
intervention studies. it can compromise internal validity by
directly affecting measurement of the dependent variable since
reactive behavior changes may be wrongly attributed 10 an
experimental intervention (Kent and Foster 1977). It can effect
the generalizability (external validity) of studies by leading to
erroneous study findings.

The importance of investigating the phenomenon of
reactivity has not escaped other investigators. Probably the
single most comprehensive body of work comes from the field
of psychology and behavioral sciences. Direct observation of
human behavior is a hallmark of many psychological studies.
including studies of children at play. the interactions between
adults and children. of couples. and so on.

Psychologists have studied the phenomenon of reactivity
for many years. Studies have varied considerably in terms of
the paradigm used and according to the selling of the
observations. Baum et al. (1979) in a review of 17 studies of
adult-child interactions which had a reactivity componenL found
reactivity reponed in three fourths of the studies. Most of the
17 studies were conducted in a laboratory (8/17) under
controlled circumstances or in classrooms (5/17) - very few
of the studies were conducted in the home environment (4/17).
Baum et al. conclude from their review that reactivity was an
issue - with cenain behavioral biases more common than
others. Adults reacted to the presence of observers with more
positi ve and neutral verba") interactions and physi cal
performance. There was no change in tenns of negatjve
categories of behavior. Children show no clear trend in
reactivity. and the authors conclude that there are not enough
studies of reactivity in children yet to justify conclusions. In
the 17 studies. three different paradigms for measuring reacti'.ity
were used:

I) Habituation: where behavioral changes over time
indicate adjustment to the presence of the observer. 11 is
assumed that such changes refl ect initial reacti vity and
subsequent adaptation to the observer's presence.

2) Conspicuousness: which involves a comparison of
procedures which vary the obviousness ofthe observer's
presence to the person(s) being observed (Le. observer
present in room. use of a video-tape recorder. observer
behind one-way mirror).

3) Awareness: which involves manipulation of subject's
consciousness ofbeing observed (Le. telling the subje:::t
they will be observed and when, telling the subject they
will be observed but not at what times. not telling the
subject they will be observed).

The awareness paradigm was the most common means aftesting
reactivity effects in these studies. All three of these paradigms
have disadvantages. Habituation relies heavily on assumptions
of patterns of reactivity. and how these patterns will change
over time. The conspicuousness paradigm is useful primarily
in highly controlled settings, such as the laboratory. In a study
of couples, Carpenter and Merkel (1988) found no difference
in reactivity related 10 the use of a one-way mirror, compared
to audio-taping or video-taping. Manipulating awareness of
being observed has a number of obvious ethical concerns.

The habituation paradigm deserves further discussion. There
is evidence to suppon me premise that initial observations are
reactive. but later observations are not (or much less so). Several
investigators (Haynes and Follingstad 1977; Moos 1968; Purcell
and Brady 1966) have found that reactivity decreases as
observation sessions continue. Haynes (1978) observes.
"Reactivity may also be inferred from a slope in the resultant
data, although slope may also be a function of other
detenninants. A gradual increase or decrease in rate may suggest
that initial levels of the behavior were a function of the reactivity
of the observation process and thaI. because ofhabimation.later
behavior rates are a more accurate representation of the "true"
rate."]n one study. while reactive positive behaviors decreased
as subjects became more accustomed to being observed, they
immediately increased when a new observer was introduced
(Zegiob er al. 1979).

Haynes (1978) concludes. "under some condirians the
observation process results in a significant change in the
behavior of target subjects. The task of the behavior analyst is
to understand factors determining reactivity and'methods
available to reduce. control or predict its effects:' Despite the
work that has been conducted. there are large gaps in our
knowledge of reactivity effects in observational studies of
human behavior. A gap that directly applies to the topic of this
anicle lies in the absence of information on reactivity effects
in regard to health behaviors. To our knowledge, no studies
have been conducted in this area. In addition. few studies of
reactivity have been conducted in naturalistic settings. This is
a critical omission when doing health-behavior studies. Health
behaviors are expressed within the household in the context of
daily life. and would be difficult to examine in highly controlled
settings, especially in developing country settings.

The overall purpose of this paper. then. is to examine
reactivity effects in the context of a household-level health
behavior study in a community setting. The reactivity data here
use the habituation paradigm, where trends in the frequency of
behaviors are viewed as evidence of reactivity. We seek 10

answer the following questions:

I) What is the pattern ofreacti vity in direct obSet"Vations
ofhealth behaviors? Are first observations more reactive
than later observations?

2) Over multiple days of observation. will there be
stabilizing trends in the frequency of key health-related
behaviors (indicating habituation to the presence of the
observer)? When does this occur? •

3) Do more reactive days of observation show different
patterns of health behaviors than less reactive days of
observation?

4) Do more reactive days of observation show different
patlerns of socially positive and negative behaviors than
less reactive days of observation?

5) What is the significance of our findings for other
investigators planning to use observational techniques
to explore and measure health behaviors?

Methods

The reactivity data presented in this anicle were collected
as part of a study looking at the behavioral detenninants of
vitamin A deficiency among children in rural Nepalese
households. The study was conducted in Sarlahi district in the
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Code Definition

Table 1. Codes for Summary Estimates of Reactivity
by Household Members

Very minImal contact with lhe observer. Household memt>ers may

exchange greetings 'Nuh the observer. but othel"'''''lse do nOI
nouceably change behavio~.

2 Interacts minimally with the observer (e.g. 1-2 times asking
questions). There may be a few minor changes in behavior (e.g.
offering food to the observer. crowd galhers dunng observallon).

17
6
6
5

o
o
o
I

Mean STD Minimum MaximumReactivity Code

Low-level reactive behavior 0.757 1.663

Moderate-level reactive behavior 0.321 0.774
High-level reactive behavior 0.090 0.433

Overall observation day reactivity est. 1.6J2 0.828

Table 2. Frequency ofThree Behavior-level Reactivity
Code Usage and the Reactivity Summary
Estimate (N=llOl Day-long Observations)

3 Interacts 3·5 times with the observer dunng the dtl)'. Women may
hide their face while doing acti\'1lies (may stay in the house). Food
usually offered to observer.

5 Change in household feeding or child care behaviors. Foods may
be prepared especially for the observer. ThiS is different from 114
because the household members verbally "erified the change in
behavior is due 10 the presence of the observer. Foods may appear

to be not allocated to household members so Ihey can be gwen 10

the observer.

4 Interacts with the observer more than 5 limes. Women may hide
breasl-feeding or other eating from the obser\'er. Foods may be
prepared especially for the observer.

rural Terai (lowland) region of lhe country. The population of
the area is predominantly Hindu. living primaril~ at a
subsistence agricultural level.

Seven day-long observations were conducted in each of l61
study households during the period from April. 1993. to ~ay.

1994. Observations in a household were spaced roughly two

months apart. 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 recording
instrument (Giltelsohn er al. 1994). Observations were event
focused; each time a behavior of interest occurred. it was
recorded. A minimum of one record per fi ve minutes was
required when behaviors remained constant for prolonged
intervals. e.g. playing. walking, sleeping. Priority was given to
observing the behavior of a focal child 2-5 years old and that of
caregivers for that child. However. observations were recorded
for other household members. particularly other children.
Observers recorded the following information regarding each
behavioral event: time, location of behavior. actor doing
behavior. recipient of behavior (if any). actual behavior (or
activity) observed. food name (if any). food condition. and food
quantity. Observations were conducted from early morning (6
am) until the focal child went to sleep for the night and the
evening meal had been consumed (usually around 8 pm). The
observer took a }·4 hour break in the middle of the day.

Observed behaviors were recorded as 5 letter mnemonic
codes. each representing a Nepali phrase (e.g. AFKLI stood
for Aaphno khaana linchha, or "person takes their own food").
In tota!. 1] 0 different behavioral codes were developed for the
study. The codes covered seven topical areas: child care. food
preparation and serving. general. observer-related. personal
hygiene and health. conversation, and work.

In total. ] 101 days of observation were collected. Several
households were dropped from the study due to migration. and
three households refused to continue with the observations after
the first visit. An average of 363 lines of observation were
collected from each study household for each day of observation.
yielding a total of 399.730 total lines of obsen'ation.

LIMITING REACTIVITY

Observers were trained to behave in a manner which would
reduce overall reactivity as much as possible. This included
visiting the household for a short period prior to beginning actual
observations. training on how 10 be inconspicuous. not to engage
in child care activities. and in particular, not to participate in
household food behaviors.

OPERATIONALIZING REACTIVITY

Measurement of reactivity was built into the study from the
outset. Two systems for estimating level of reactivity were used:
1) A set of codes for reactive behaviors were created; and 2}
An overall estimate of level of reactivity was made by the
observer at the end of the observation.

Three reactivity codes were created: Low. Moderate and
High. Low-level reactivity behaviors. most commonly involved
watching the observer. The Moderate-level reactivity code was
used when the observer's work was interrupted by others. often
in the form of conversation. This included instances of being
asked for favors. medicine. etc. The High-level reactivity code

was used to indicate a behavior with an obvious high level of
reactivity to the presence of the observer. This code was used
when actors changed behaviors of interest to the study 
especially feeding. preparation of special foods and child care.
The decision on whether or not to use this code was made
initially by the observer, but later corroborated by p"erson(s)
observed.

A summary estimate of reactivity was made by the observer
at the end of the observation. Observers were asked to SCOre
reactivity of the observation along a scale of J to 5, with I
indicating little to no reactivity and 5 indicating very high
reactivity. where household members altered behaviors of
interest to the study (i.e. feeding and child care) (Table I).

Table 2 presents the mean number of times each reactivity
code was used for all the days of observation combined. as
well as the mean summary estimate of reactivity made by the
observer. The Low-level reactivity code (LRC) was used an
average of 0.757 times per observation visit. while the
Moderate-level reactivity code (MRC) was used at about half
that frequency. The code indicating highly reactive behavior
(liRC) was very rarely usedThe mean of the Overall Observation
Day Reactivity Estimate (OODREACT) was 1.605 (on a scale
of lto 5). indicating a very low level of reactivity, when
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Figure 1. Change in Reactivity Score by Day of Observation

compared against an average of 363 recorded behaviors per
observation-day."' .

A principal components factor analysis was conducted on
the mean daily scores for Low. Moderate and High-level
reactivity and on the Overall Observation Day Reactivity
Estimate to determine whether these items could be combined
into a scale (Mahoney el al. 1995). Two factors had eigenvalues
greater than 1: (a) a combination of the Low-level reactivity
code. Moderate-level reactivity code and the Household
Reactivity Summary Estimate. and (b) the High-level reactivity
code alone. In total. these two factors account for 67.8% of the
variance. We decided to combine all four variables into a single
reactivity score, using the standardized scoring coefficients
produced for the first factor as weightings. The final reactivity
score was calculated as follows:

Final Reactivitv Score =(# LRC • 0.45791)-+
(# OODREAcT· 0.43537) -+ (# MRC· 0.41951)-+
(# HRC • 0.29307) - 0.43~37

The lowest possible value of the final reactivity score (0.43537)
was subtracted in order to create a scale with the base score of
O. The data were then divided into terciles for analysis. In this
manner, each observation day was described in terms of its
overall level of reactivity.

It was necessary to eliminate several behaviors before further
analysis could be conducted. As the observations were
conducted over a year. there is a strong possibility that
frequencies of certain behaviors would be effected by changes
in season. Twenty-two such codes were dropped from the
analysis. Codes dropped due to possible seasonal effects
included gathering wild greens. work in agricultural fields.
gathering firewood., and so on. AnotlJer set of codes dropped
from the analysis were those with frequencies that might be

affected by maturation of the child over the course ofthe study.
Fo~us child ages at the initiation of the study ranged from 2 to
5 y~ars. Certain of these behaviors. such as the child defecating
or urinating in plain sight of the observer. are less likely to
occur as the child grows older.

Results

PATTERNS OF REACTIVITY

Household observations were characterized by relatively
high initial reactivity, followed by much less reactivity from
the second observation day on. Figure 1 presents the mean Final
Reactivity Score for each of the seven days of observation. The
Pearson correlation coefficient for this relationship is -0. 175
(p<O.OOO 1). Therefore. using our observer-generated codes for
reactivity. it appears that the initial day of observation is more
reactive than later days.

CHANGES IN THE FREQUENCY OF KEY BEHAVIORS

Reactivity can also be examined indirectly by examining
changes in the frequency of behaviors from observation visit
to observation visit; the key assumption of the habituation
paradigm. Given the finding of higher initial reactivity based
on specific reactive behaviors recorded by observers, it is
important to see how this mayor may not relate to other key
behaviors. .

Figures 2-5 indicate trends in the daily frequency of selected
behaviors involving the focus child. Physical punishment of
the child did vary significamly by day of observation, with the
amount of mild (J:-.132, p<O.OOOl) and moderate beating (J:
.I 24, p<O.OOO1) of the child decreasing with later observations

VOL. 56, NO.2 SUMMER 1997 185



Legend

~ Hits ughtly

..- .. Hits Moderately

~K Beats Severely

73 4 5 '6

DAY OF OBSERVATION

............. 1\

......"
" .....

-._-~_.._.~.....-....._..~

1 2

1~]

, I
I

!

~ 0.81
a:w

0.6 Ja.
enw
::::!:
F
'* O.4l

O.2l
i

0 1

Figure 2. Trends in physical punishment involving the focus child
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Figure 3. Trends in displays of affection involving the focus child

, ,

(Figure 2). No significant trend was observed in the frequency
of harsh beating. a fairly rare occurrence. Nor was any
significant trend found in the frequency of individual behaviors
relating to displays ofaffection (Figure 3). including affectionate
gestures to the child, holding the child, or picking lice from the
child's hair.

In tenns of food serving, changes were observed in the
manner in which food was served to the child from one

observation to t.he next In all instances where the focus child
received food (Figure 4), there is a tendency for the child to
reduce the frequency ofself-serving (r=-.1 04. p<O.00b6), to be .
served automatically less often (r=-.246, p<O.OOOl) and to be
asked if they want food more often (r=.083, p<O.OOS6) in later
observations..•No significant trend is observed in the frequency
of times the focus child asked for food and was served food.
Nor were any significant trends observed from visit to visit in
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Figure 5. Trends in types of food serving refusals to the focus child

terms of the frequency of food serving refusals. where the focus
child asked for food but was refused (Figure 5).

REACTIVITY EFFECTS ON HEALTH BEHAVIORS

How does reactivity effect the health behaviors ofhousehold
members being observed?This question is ofcentral imponance
to investigators and program planners who wish to use

observation to obtain estimates ofhealth-related practices within
the household. In order to examine reactivity effects on health
behaviors in this study. we developed two additive scales:
positive health behaviors and negative health behaviors. From
the list of household behaviors. 15 positive and 7 negative
health-related behaviors were identified. What was considered
positive or negative was determined from a biomedical
perspective. Positive health behaviors included: encouraging
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Table 3. Scaled Positive and r-;egati\'e Health Beh:;vior Scores by Day of Observation Reactivity Effect

All Household BehavIors Beha,~ors Involving the Focus Child

Reacti"ny (TOTREACTI) ASOVA Re:lctlvllY (TOTREACT) A:"OVA
LOW MED HIGH LOW MED HIGH

Me:ln SId Error Mean SId ElTor ~le;l/\ StdE=, F MeJ1l SId Error Mean SId Error Mean SId Error F
POllla'~ H~a{lil B~ila~'lors

1.000 0.022 1.002 0.028 0.970 0.0:': 0.5.1 1.000 0053 1.059 0.058 1.187 0.056 3.11"
N~gali"~ H~a{lh BeNn'iors

1000 0.~2 0.979 OQ.16 0937 O~~ 055 1.00.: 0.101 1.172 0.113 1053 0.10, 063

• p<O.05. Repon:d:lS ratios 10 10..... re:l~tivily t:r~ile summed over a:: ~:; of observauon

Table 4. Scaled Positive and !\egati\'e Social Bet:;vior Scores by Day of Observation Reactivity Effect

All Household Be haviors Behaviors Involving the Focus Child

Reaclimy (TOTRE.-\CT) ASOVA Reacti~'ity (TOTREAcr) ASO\·.:"
LOW MED HIGH LOW MED HIGH

Me:ln SId Error Me;l/\ SId Error :-'lean SId E:7::: F Mean Std Error Mean Std Error Me;l/\ SId Error F
Poma'e Soclaf B~hanors

1.000 0.022 0.969 0.02.1 1.006 0.0:': 068 1.000 0.033 0.993 0.033 1.003 0032 003
N~gali,·t SocIal B~ha"fors

1.000 0048 IlJQ 0.052 0.9S8 ON: 2.S3 1.000 0.052 1.018 0.051 0.840 0.~2 ':.O~·

• p<O.05. Reponed as r:atios co low reactivity ter~iJe summed o\'er ~: ;!.;lys of observation

someone to eat more food. picking lice. brushing teeth. cleaning
up feces in a sanitary manner. and using soap for cleaning!
washing. Negative health behaviors included beating som~one

moderately or strongly. refusi ng requests for food (in a
discriminatory fashion). injuries. and cleaning up feces in an
unsanitary fashion.

TOlal Observation-day scores for both scales are reported as
a ratio to the score for Ihe least reactive days of observation.
Final Reactivity Scores have been divided into terciles using
the TOTREACf variable. Anumber greater than one indi.:ates
a relatively higher frequency of health· related behaviors
(compared to low reactivity days). while a number less than
one indicates the opposite. From Table 3. it appears that t..'Jere
is a trend towards decreasing frequency of both positive and
negative health behaviors with more reactive observation days
at the household level, however these differences were not
significanl using analysis of variance procedures. However.
w~en heallh scores were calculated using behavioral events only
involving the focus child. the analysis of variance procedure
did show a significant increase in positive health behaviors with
greater reactivity.

REACTIVITY EFFECTS ON POSITIVE/NEGATIVE SOCIAL
BEHAVIORS

As reported earlier. the literature indicates that socially
positive behaviors are more likely to occur in initial, more
reactive observation periods. Behaviors considered socially
negative are presumed to be less frequent in those initial periods.
Twenty-three socially positive and nine socially negative
behaviors were identified based on our working knowledge of
the culture and setting. Socially positive behaviors included:
affectionate gestures, holding the child, picking lice.
encour:lging someone 10 eat. cleaning up feces, and teaching
someone. Socially negative behaviors included beating
someone, refusing to gi ve someone food (discriminatory).

stealing food from anolher, fighting. and quarreling.
Again. scores for both scales are reported as a ratio to the

score for the least reactive days ofobservation. Anumber greater
than one indicates a relatively higher frequency of social
beha\;ors (compared to low reactivity days). while a number less
than one indicates the oppoSite. From Table 4. it appears that there
is no specific trend towards increasing or decreasing positive or
negative social behaviotS with more reactive observation days at
the household level. On the other hand. there is a significant trend
tow:lt(is decreasing the socially negative behaviors with more
reactive days when just the focus child is considered.

Discussion and Conclusion

We were able to operationalize a reactivity variable that
proved useful in evaluating the quality of our observational
dataset. Overall, our measures indicated that the level of
reactivity was low. Of the seven days ofobservation. the initial
day was considerably more reactive than other successive days.

After eliminating a number of behaviors that are effected
by season and growth or aging of the child, trends in the
frequency of remaining specific key behaviors were observed
over the course of the observation period. In tenns of physical
punishment of children, it is important to observe that Our
findings are in the opposite direction that one would expect
from the literature. Children were punished much more
frequently in initial observations than in later observations. This
trend mayor may not reflect reactivity to the presence of an
observer. It is possible that the focus child was punished
frequently in the beginning of the observations due to the
perception thaI he or she was disturbing the observer. On the
other hand. this trend may reflect an aging effect. where younger
children make more frequent mistakes and need to be disciplined
more often. Ch:mges in patterns of food serving to the focus
child were observed and may also be related to an unanticipated
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maturation effect. As children grow older. they may be less
likely serve themselves or to be automatically served - and
more likely to be asked if they want food.

While no appreciable reactivity effects were observed in
terms of overall scores of positive and negative social behaviors
or negative and positive health behaviors when looking at the
entire household. significant differences were observed when
just behaviors involving the focus child were considered. The
increase in the number of positive health behaviors related to
more reactive days is believable as many of the behaviors
involved cleaning. an activity that household members are likely
to perform in the presence of an outsider. The significant
decrease in the score for negative social behaviors in more
reactive observation-days agrees with findings in the
psychological literature on reactivity. It is interesting that the
negative social behavior scale moves in the opposite direction
of some of its component variables. namely physical
punishment of the child. On closer inspection of the data.
quarreling. scolding and fights involving the focus child occur
much more frequently than do episodes of physical punishment
and account for this reversal. It appears thaI as levels of
punishment go down. negative social behavior on the part of
the focus child increases. We interpret these results to mean as
we moved on with our observations in a household. reactivity
decreased and behaviors became more normal.

This study in Nepal has several implications for studies using
direct observations of health behavior. First. reactivity effects
may very well playa role in patterns of health behaviors
observed. especially positive health behaviors. Second.
reactivity appears to effect the frequency of negative social
behaviors. These. in tum. may be related to patterns of health
behaviors in the household. Third. these effects appear stronger
among selected household members (in our case. among young
children). It is also possible that since we were focusing our
observations on young children. we only had sufficient numbers
of behaviors recorded to detect differences for that age group.
Finally. most of the reactivity appears to occur during the first
day of observation.

This last finding is of key importance to investigators and
program planners intending to conduct direct-observation
studies of health behavior. The social science public health
literature provides numerous examples of the "single shot"
observation study. where households or individuals are
monitored on one occasion only. This approach to doing direct
observation studies should be reconsidered. When multiple
episodes are collected for the same individual(s). elimination
of the first observation day's behavioral data, or standardizing
it according to successive days is an option to control for
reactivity effects.

It should be understood that our most reactive observation
days were actually only relatively more reactive than others
- there is no way to objectively stale one observation visit
was reactive while another was not. We conclude that direct
observation provides a replicable and robust means for
estimating behaviors of importance for health behavior studies.
The validity of the method can be enhanced by measuring and
controlling for reactivity effects.

REFERENCES CITED

Baum. Cynthia G.• Re:\: Forehand. and Leslie E. Zegiob
J979 A Review of Observer Reactivity in Adull-Child

Interactions. Journal of Behavioral Assessment 1(2): 167-178.
Bentley. Margaret E.. Rebecca Y. Stallings. Mary Fukumoto Moo and

John A. Elder
1991 Maternal Feeding Behavior :md Child Acceptance of Food

during Diarrhea. Convalescence. and Health in the Central
Sierra of Peru. American Journal of Public Health 8I(l):43-47.

Bentley. Margaret E.. Marieke T. Boot. Joel Gittelsohn. and Rebecc:l
Y. Stallings

1994 The Use of Structured Observations in the StudY of Health
Behavior. Occasional Article No. 27. IRC lnternati'onal Water
and Sanitation Centre: The Hague. The Netherlands.

Carpenter. Linda J. And William T. Merkel
1988 The Effects ofThn::e Methods of Observation on Couples

in Interactional Research. The American Journal of Family
Therapy. 16(1):144-157. 

Curtis. Valerie
1993 Structured Observations of Hygiene Behaviors in Burkina

Faso. Bulletin of the World Health Organization 7In ):23·32.
GitteIsohn. Joel

199 t Opening the Box: lntrahousehold Food Distribution in Rural
NepaL Social Science and Medicine 33( 10): 1141·1154.

Gittelsohn. Joel. Anita V. Shankar. Keith P. West. Jr.. and Ram P.
Pokhrel

1994 Accuracy ofDirect Observation for Food Intake Estimation
in Rural Nepal. Journal of the American Dietetic Association.
94 (11):1273-1217.

Haynes. Stephen H. and D. R. Follingstad
1977 Behavioral Assessment of Marital Dysfunction."

Unpublished Manuscript, Southern lllinois Universitv.
Haynes. Stephen H •

1978 Principles of Behavioral Assessment. New York. NY:
Gardner Press. Inc.

Kent. Ronald N. and Sharon L. Foster
1977 Direct observation procedures: Methodological issues in

naturalistic settings. In A. Ciminero. K. Calhoun. and H.E. Adams
(cds). Handbook of Behavioral Assessment New York: Wiley.

Mahoney. Colleen A.• Dennis L. Thombs. and Christine Z. Howe
1995 The Art and Science of Scale Devc:lopment in Health

Education Resc:arch. Health Education Research 10(1): I-I O.
Moos. Rudolph H

1968 Behavioral Effects of Being Observed; Reactions to a
Wireless Radio Transmitter. Journal of Consulting and Clinical
Psychology 32:383-388.

Purcell. Kenneth and Kirk Brady
1966 Adaptation to the Invasion ofPrivacy: Monitoring Behavior

with a Miniature Radio Transmitter. Merrill-Palmer Quarterly
of Behavior and Development 12:242-254.

Ricci. Judith A. Norge W. Jerome. Nadia Megally. Osman Gala!. Gail
G. Harrison. and Avanelle Kirksey

1995 Assessing the Validity of Informant Recall: Results of a
Time Use Pilot Study in Peri -Urban Egypt. Human Organization
54(3):304-308.

Stanton. Bonita and Jonathan Clemens
1987 Twenty-Four Hour Recall. Know[edge.Attitude-Practice

Questionnaires. and Direct Observation of Sanitary Practices:
A Comparative Study. Bulletin of the World Health
Organization 2(63):217-222.

Zegiob. Leslie E.• Rex Forehand. and P.A. Resick
1979 Parent-Child Interactions: Habituation and ResensitiZ3tion

Effects. Journal of Child Clinical Psychology 7:69-71.

VOL. 56. NO. 2SUMMER 1997 189



t1) Pergamon So,.. Sci. Mc·d. Vol. 44. No. II. pp. 17W· 1749. 1997
I 1997 Elsevier Science Ltd

PH: 80277-9536(96)00375-9 All rights reserved. Printed in Great Britain
0277-9536/97 $17.00 + 0.00

CULTURAL FACTORS, CALORIC INTAKE AND
MICRONUTRIENT SUFFICIENCY IN RURAL NEPALI

HOUSEHOLDS
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Abstract-This study examined the allocation of food within 105 Nepuli households using a comhi
nation of recall and observation methods. While a relationship exists hetween calork intake lind sulll
ciency of intake of several key micronutrients (i.e., bela carotene. vililmin C and iron) for the study
population as a whole. this relationship is weaker for cerlain subgroups. In particular. micronutrient
intakes of adolescent girls and adult women lire much less likely to be tied to total ca loric consumption
when compared with the intakes of other household members. This gender difierential appears linked
in part to specific food heliefs and practices that tend to reduce women's consumption of micwnutri
ent·rich foods. such as dietary restrictions during menstruation. pregnanc>' and lactation. Overlapping
with these beliefs and practices. an overall pattern of di'sfavoritism of females in the inlrah\)usehold <.1
location of food is evident in the study communities. While staple food items (i.e. ricc. lentil soup.
bread. etc.) are distributed fairly equally. side dishes usu\\lIy contllining a higher proportion or micronu
trients (i.e. vegetables. meat. yogurt. KII<'r. etc.) are often prefercntially allocated to valued household
members. including adult males and small children (of hoth sexes).i" 1997 Elsevier Science Ltd

Key 1i'nnl.~~micronu!rient sufficiency. caloric sufficiency. food heliefs and practices. intrahousehold
food allocation. diet. Nepal. gender

INTRODUCTION

This paper explores the relationship between caloric
sufficiency and micronutrient sufficiency in rural
Nepali households. For many years. a prevailing
belief in the field of international nutrition was that
one need only provide adequate calories and ade·
quate micronutrient intakes would naturally follow
O}. Today. it is more widely accepted that adequate,
energy intake does not ensure adequate levels of
micronutrients. Still, few studies have looked at this
relationship within specific household and cultural
contexts. The data presented here, based on a study
of intrahousehold food distribution patterns and
nutrient intake in Nepal conducted in 1986-87 [2],
provide a case example examining the relationship
between caloric and micronutrient intakes. and
describe sociocultural factors which influence this
relationship.

The conceptual framework employed portrays in·
dividual dietary intakes (and nutritional status) as
part of an integrated process of food selection, ac
quisition, distribution and consumption. These fea
tures are, in turn. affected by a complex interplay
of environmental, economic, and sociocultural fac
tors at national. community. household and individ·
ual levels (Fig. I).

The focus of this paper is on dietary outcomes,
specifically, gender and age-based differentials in

nutrient intake, and thc sociocultural and beha
vioral factors that determinc these patterns. In
examining dietary patterns and their effects on the
caloric and micronutrient intakes of households. the
following questions were addressed:

(I) What cultural beliefs appear to inllucnce the
allocation of foods to members of rural
Nepalese households?

(2) What is the relationShip between energy and
micronutrient intakes in this setting? Are
diets sufficient in energy also sufficient in
micronutrients?

(3) How does the sex and age of the individual
affect this relationship?

BACKGROUND

Differential inlta/rousdlOld allocation (If'food: eifeCIS
ofgender and statlls

In most social settings an individual's status
within the household is largely determined by three
main variables: age, gender and kin relationship [2·
6). In South Asia, gender-based dilTcrentillls in sta
tus are reported to reRect the mrrent economic con
tribution of adult males versus adult females and
the perceived fUlure economic potential of the male
child versus the female child Pl. Female children, in
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Intra-household
food distribution
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Individual nutrient
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-Morbidity

1
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Fig. I. "Food flow" model of intrahousehold food distribution.

these settings, are perceived to be an economic
drain on the household. All inputs (e.g. food, edu
cation, health care) to female children are unlikely
to be returned as they mature, except in labor
extracted before they marry and leave the house
hold. The lower value placed on women is social
and cultural, as well as economic. Some investi
gators have noted that in Hindu societies women
are viewed as polluting (particularly during men
struation) and as potentially threatening to the
patrifocal system (8]. Bennett observes, "women are
problematic-partly because of their association
with sexuality and fertility and partly because they
are perceived as destructive to agnatic solidarity"
[7J. In a study of female discrimination in Punjab,
Das Gupta [9J points out that discriminatory beha
vior does not always occur on a conscious level:

Parents in a society may simply have internalized certain
norms that lead ~~em to give beller care to their sons than
their daughters. and excess female mortality may be an
unintended consequence.

Within the household, the allocation of food, like
other resources, varies according to culturally pre
scribed patterns. This is not a new concern. Pelto
[IOJ observes, "It has long been recognized that
malnourished children are often found in house
holds where their siblings approach normal height
and weight". Van Esterik [II] notes,

There is sufficient evidence to say thai food is not equally
divided within households... the distribution of food reflects
the order of precedence and social value of the food con
sumers.

Pinstrup-Anderson's [12] metaphor of intrahouse
hold food allocation as a "black box" is well
known. In recent years, several researchers have
attempted to describe the inside of this "black
box", including the form of behaviors by which
some household members are shown preference and
olhers disfavored, as well as the economic. environ
mental and sociocultural determinants of food allo
cation patterns (I, 13-17J.
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Gender differences in household food allocation
have been observed in such diverse locales as
Bangladesh (18J, Brazil [19J, Great Britain [20], the
ivory Coast [21]. and the Sudan [22]. In South
Asia. studies have identified several determinants of
preferential food allocation. Preference in food al1o
cation for adult males has been widely reported in
India. Bangladesh and Nepal [2. 23. 24-26J. Much
of the available evidence is based on either nutri
tional status data and/or health outcome data
which show higher rates of morbidity and mortality
in females [27-30J, or by inference from stated
beliefs and reported behavior [31-35J. In Punjab.
Das Gupta [9J found consistent differentials in milk
and fat allocation between boys and girls. although
caloric intake was roughly similar between the two
groups.

...milk and fats are highly valued (and high-cost) foods of
this society. They also have high nutritional qlHllity.
Among older children. boys are given a little more of each
foodstuff. with the difference greatest in the case of fats.

Gender differentiation between children is less
common. although Chen et al. [l8J report favoring
of male children over female children in
Bangladesh. Age differentials have been found to
favor children of both genders over adults in terms
of caloric adequacy, especially in times of food scar
city [2. 36J.

Gitlelsohn [2J additionally found that household
wealth and caste influence food allocation in Nepal.
As expected. wealthier households do better nutri
tionally than poorer households. However, when
controlled for economic effects. higher castes eat a
decreased variety of foods and run a greater risk of
certain nutrient deficiencies.

METHODOLOGY

Researc/r selling

Research was conducted in Pahargaon* Village
Development Committee (VDC)t in the Western
hills of Nepal. The VDC is comprised of 15 villages
(total population: approximately 4320). A total of
105 randomly selected households were studied.
representing 767 individuals in six contiguous vil
lages. Ethnically. the VDC is comprised of members
of all four main caste groups (Brahmin. Chhetri,
Vaisya and Shudra) plus significant numbers of
Magar and Sunyasi households.

The mean household size for all castes in
Pahargaon was 6.7 persons. Nuclear households are
quite common as interpersonal problems frequently
complicate relationships in extended or joint house
holds.

A wide variety of income generating activities is
employed by villagers. including subsistence agricul-

•A pseudonym.
tFormerly termed panchayal.

ture. cash cropping (of ginger). manual labor. gov
ernment service. business. poljtics. jankri
(traditional healers). priests and artisan work.
Women are only marginally involved in income
generating activities. Their province is primarily
domestic. e.g. fetching water and firewood. main
taining the household. child rearing. and assisting
their husbands with planting and harvesting the
family fields. The elderly are usually accorded
highly respected st<ltus, and are given the lightest
household tasks. Small children arc not expected to
do much work. although informants often specified
that little girls will often be required to "take care
of their younger siblings. while boys study and play
and eat". Children's household responsibilities
increase as they grow older.

Foods available in the study area vary greatly
with season. with the post-monsoon months
(October-December) being the period of greatest
abundance and the monsoon months (July
September) heing the period of greatest scarcity.
Most foods are produced by villagers on their own
land; however supplementary food is purchased and
sold in the villages or in nearby markets as well.
Overall there is a large variety of foods. although
even at times of abundance no more than a third of
these foods are available.

In most households two main meals are con
sumed during the day. although snacking between
meals by children is quite common. A "meal" is
defined here as a gathering of household members
for the purpose of food consumption. in which
food is served by one household member to another
(or to a guest). The term "meal" encompasses food
selection. preparation. serving. timing, attendance,
mood, ritual associations. interhousehold food-shar
ing and the treatment of guests.

Melltocl~

Data were collected in five overlapping phases and
included both qualitative and quantitative method
ologies [2]. P/rase aile involved key informant inter
views and participant observations as initial
exploratory exercises. In phase t1\'O a demographic/
economic survey was conducted on 115 households
to collect individual demographic and anthropo
metric data within each household. Phase tllree
involved unstructured pilot observations of meals in
20 non-study households. In phase /OW'. dietary
data was collected in 105 households. from May
August 1987. Dietary information was gathered on
all household members. based on combined direct
observation (centered around one of the two daily
meals. but including snacking prior to the meal)
and recall to obtain estimates of 24 hour intakes.
The method used has been described in detail else
where [I3}. Die tary data were collected on three to
four occasions in each household on randomly
selected days; there was no advance notification to
households that their meals were to be observed I
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recalled. Spot checks were also conducted on the
households to determine time allocation patterns.
In phase jive key informant interviewing was rein
troduced to clarify findings from the previous four
phases. Focus-group interviews were conducted on
a wide variety of topics and included groups of 2-6
people, usually of the same sex and caste group.
Finally, structured pile sorts were conducted on
subjects such as food classification.

Data analysis

Data analysis was performed using the SAS stat
istical analysis software package. Some of the out
come variables are presented in the form of Mean
Nutrient Adequacy Ratios (MNAR), the percent of
requirement met for a particular nutrient by the in
dividual. Recommended safe levels of protein intake
for individuals were calculated by multiplying the
average safe protein allowance per kilogram of
body weight (based on WHO/FAO recommen
dations for a particular age-sex group) by the aver
age weight (kg) of a person in the corresponding
age-sex group [37].

Individual energy requirements were calculated
according to the foHowing formula:

Energy Requirement (kcal~) = (BMR x BMRC)

+FPS

Basal Metabolic Rates (BMR) were calculated
based on regression equations incorporating sex.
age, and body weight [37J. Energy expenditure was
expressed in terms of the BMR multiplied by a
metabolic constant (BMRC), derived on an individ
ual basis from observed daily activities, and includ
ing a factor for Female Physiological Status (FPS),
when appropriate based on WHO/FAa recommen
dations [37].

Individual daily allowances for seven micro
nutrients (calcium, iron, beta-carotene, thiamin,
riboflavin, niacin, vitamin C) were based on rec
ommendations by the Indian Council of Medical
Research [38J.

As breastmilk intake was not quantified in this
research, breastfeeding children « 2 years) were
eliminated from the analysis.

RESULTS AND DISCUSSION

Food belief systems

Khare [39] has described the "cultural economy"
of the Hindu food system, which he sees as having
both materialistic and ernie-cultural components.
Food selection. preparation, serving and consump
tion in Pahargaon is regulated by an interwoven set
of beliefs and rules, including ways that food (and
individuals) can become polluted, food classification
systems, local explanatory models of illness (where
food is perceived either as a causal agent or as a
treatment), and normative patterns of favoring/dis-

favoring household members based on their age
and gender. Many of these food beliefs have direct
consequences for the diets of women [40J.

Nichter [4IJ describes several food classification
systems operating concurrently in a South Indian
village. A version of the hot-eold food classification
system is common throughout Nepal. Almost all
foods can be assigned to one of three "valence" cat
egories: hot, cold, or neutral. In Nepal, it is per
ceived that when an individual consumes a lot of
food of a particular valence, illness can result,
which can be corrected by consuming foods of the
opposite valence [42]. The hot-cold valence of
foods appears 10 be most important when persons
are in a vulnerable state, such as pregnancy or the
postpartum period.

In the present study, a mean "hot-cold score"
was derived by interviewing 30 different local
respondents. A mean valence ranking was calcu
lated by assigning a score of -I if the food was
described as cold (thundao), + I if hot (garmi) and
o if neutral (Table I), and taking the average for all
informants. Water buffalo milk (mean: + 1.00),
jll'allo [caraway] soup (mean: + 1.00), millet alcohol
(mean: + 1.00), chicken (mean: + 1.00), corn
(mean: + 1.00) and soybeans (mean: + 0.98) were
all listed as hot foods. Corn porridge
(mean: - 1.00), cauliflower (mean: - t .00), eggplant
(mean: - 1.00) and pumpkin (mean: - 1.00) are
among many foods considered cold. An analysis
conducted on these data indicated a high level of
consensus among the 30 respondents. Interestingly,
there was more agreement by informants on what
foods should be considered hot (+ 0.5 to + 1.0) or
cold (-1.0 to -0.6), than on what foods should be
considered neutral (-0.59 to + 0.49).

Many community members classify foods in
terms of digestibility. In general, poorly cooked
foods, fatty meats and many kinds of legumes,
including soybeans, peanuts, peas and lentils are
considered difficult to digest. These foods were said
to make one sick, especially with diarrhea, vomiting
or a cold. Digestibility is particularly important
where the age of the consumer is concerned. Young
children and the elderly are felt to require easily
digestible foods (e.g. rice, nuts, sweets and yogurt)
as do people in vulnerable phases of life or states
(such as infancy or postpartum). Digestibility does
not appear to be related to the hot-cold valence of
the food, however.

Other less common systems of classification
include taste and perceptions of healthiness. In gen
eral, Nepali foods have strong flavors: sweet. salty,
sour and spicy. Foods that are not sally or are bit
ter arc less popular. Bitler is perceived to be the
taste of medicine, like kaa/o jiraa (fenugreek).
Particular care is take to ensure that small children
do not consume spicy foods. VDC residents per
ceive certain foods as being beneficial to health.
This notion of "healthiness" of a food is related in
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Tahle I. Me,m hot-cold valence ,core
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Food

Cold (-1.00-' - 0.60)

Score Food

Neutral (-0.59- + 0.49)

Score Food

Hot (+ 0.50- 7,1.00)

Score

'Corn (porridge/roli) -1.00 Yams -0.57 Breasrmilk +0.60
'Cauliflower -1.00 Ghee (cow) -0.54 Goat (milk) +0.70
'Eggplant. taro -1.00 Sweet palata -0.49 Wi Id berries +0.76
'Pumpkin -1.00 Milk (cow) -0.38 Wheat +0.85
'Gourds. cucumber -1.00 Lemon -0.30 Peanut +0.89
'Peaches -1.00 Onions -0.23 G",,,lruk +0.89
'Chang (corn/rice) -1.00 Broad beans -0.18 Garlic +0.91
"Tomatoes -0.98 Bethe greens -0.16 'Mustard oil +0.96
!>Yogurt (buffalo) -0.98 Eggs -0.13 'Tea (black/pepper) +0.96
bPork -0.97 Coriander seed +0.07 bSoybeans +0.98
Apple. pears -0.96 Dried beans +0.07 beorn (khaja) +0.98
Green beans -0.96 Blackeyed peas +0.09 'Millet +0.98
Banana ~O.93 Fern small +0.12 'Red gram +0.98
Black gram -0.91 Sugarcane (black) +0.15 'Fish + 1.00
Mustard leaf -0.91 Mango +0.34 'Chicken + 1.00
Guava, plum -0.90 Orange +0.40 'Milk (bull) + 1.00
Buff (meat) -0.89 Pomegranate +0.42 'Rak..i (millet + 1.00
Okra. radish -0.87 Lentil balls +0.44 Jwmro soup + 1.00
Yogurt (cow) -0.83 'Natal +1.00
Rice -0.80
Ghee (bull) -0.74

'Perfect agreement by respondents. 100% reported food as same valence.
'High agreement by respondents. 80~99% reported food as same valence.

part to a notion of the nutrient content of foods.
The notion of certain foods as being
"strengthening" or "weakening" is also common in
the VDC, and relates to the concept of health-pro
moting foods.

Food consumption through the life span

The food belief systems described above are
applied to individuals differentially over their life
spans. The data presented in this section are pri
marily based on reported beliefs and behaviors,
though much of the information was verified
through direct observation [13].

Some dietary rules exist for breastfeeding women.
In particular, if the breast feeding child is in a vul
nerable state. dietary restrictions may be followed
by the mother, as it is perceived that qualities as
sociated with specific foods are passed on to the
child through breastmilk. The primary proscription
appears to be avoidance of certain foods when the
infant is ill so that qualities of "coldness" and
"indigestion" will not be passed along. An excep
tion are fresh green leafy vegetables which are
avoided continuously during lactation. as they are
perceived as "cold" and are thought to cause arthri
tis, swelling and other illnesses in both the mother
and infant. Instead. lactating women dry green
leafy vegetables before eating them (eliminating the
majority of water-soluble vitamins).

Through infancy and childhood, children of both
genders are often shown favored treatment in terms
of food, receiving special foods when available. On
the other hand, food avoidances during illness
appear to be most stringently observed for small
children. No differences were observed in the feed
ing of young boys compared with girls.

Sometime between the second and fourth year of
life. Pahargaon children begin to consume the regu
lar adult diet, although they may receive less heavily
spiced food than their parents. As children move
into puberty and adolescence, they begin to assume
adult roles and responsibilities. Boys start to work
in the fields and/or attend school. Girls begin to
take up domestic responsibilities. including child
care, water and wood fetching. and herding. Older
daughters begin to be served last with their mothers
in some households. While only 19% of mothers
reported differential feeding by the gender of the
child at adolescence, our observations indicate that
this practice is more pervasive. Reasons emphasized
that boys needed to be strong (for work) and that
they needed more food because they would be
expected to take care of the family in the future.

In adulthood, the distinctions made between
Pahargaon males and females emerge in full force.
with pronounced favoring of males in food distri
bution. These patterns are expressed in the order in
which persons are served. in amounts of food given.
and in the preferential allocation of special. high
status foods. resulting in a somewhat greater variety
of foods for males. Early adulthood appears to be a
time of particular stress for rural Nepali women. A
woman marries and moves to her husband's house
hold, where she has very low status. She is expected
to do a great deal of the hard physical work, pro
duce children and not complain about her state. In
Pahargaon, while usually permitted to eat their fill
of staple foods. junior adult females receive subtle
discouragement in the consumption of special foods
(e.g. animal products, special fried foods). They are
not encouraged to eat second helpings of these
foods. When new daughters-in-law begin to fulfill

J~O
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their reproductive role through the production of
offspring, their overall status increases.

Generally, pregnancy is not seen as a time for
special food restrictions or prescriptions. Mothers
were asked what foods they consumed specially
during their previous pregnancy; 38.6% stated that
they consumed no special foods during pregnancy,
and merely ate the regular family diet. Five percent
of mothers interviewed said they consumed certain
foods preferentially during pregnancy. Animal pro
ducts, especially meat and dairy products were the
most frequently mentioned food items to be eaten
preferentially. The most common reason women
gave was due to "craving", not to any perceived
quality of the food.

During the postpartum period, when the mother
and infant are considered to be especially vulnerable
to cold, new mothers will avoid working in the
rain, doing laundry and planting rice, all activities
associated with "cold" water. There is agreement
among respondents that hot foods should be con
sumed during this period. Limited observations on
postpartum women indicate that certain hot foods
like jll'lIno soup, chicken. fish and millet roti are
indeed preferentially consumed. Many of these
foods are good sources of animal protein and
would seem to be advantageous to Pahargaon
women. However, the most commonly mentioned
avoided foods are also hot foods; for example soy
beans, wheat bread, peanuts and corn porridge,
which are believed to cause indigestion in mothers
and infants, illustrating how food choices are the
result of multiple overlapping belief systems.

As Pahargaon men move into adulthood, their
status increases. They assume primary responsibility
for decision-making about the household, though
adult women may have an important advisory role.
The higher status of adult males is recognized in
many ways, including household food behavior. In
general, the adult male is considered the least vul
nerable of any state; thus, there are few concerns
about avoiding foods that affect those in vulnerable
states, unless he becomes ill.

Elderly persons, both male and female, are seen
as being in a vulnerable state, requiring more
strength-giving foods. If a household member is
very elderly, foods will be prepared that are easier

to consume. In general, "cold" foods are not given
to the elderly for fear of causing illness.

Effects on dietary intake and adequacy

This section describes patterns of intrahousehold
variation in dietary intake and nutrient adequacy in
Pahargaon VDC. As dietary intake data were col
lected from May-August 1987, we will not be able
to present seasonal differences. The dietary assess
ment period took place during the pre-monsoon
and monsoon seasons. This period is characterized
by overall scarcity of most foods, except domestic
and wild fruits, which are highly available.

Table 2 shows how differences in gender and
transitory states are played out in terms of the con
sumption of food types during household meals.
Numbers in the table represent the percent of per
sons who ate a food from a particular group during
an observed meal. Chi-square tests were employed
to detect whether the differences observed between
adolescent males, adult males, adolescent females,
non-pregnant and non-lactating females and lactat
ing females were due to chance alone. The number
of meals observed with menstruating, pregnant and
postpartum women were too small to include in the
test, but averages are presented in the table for
comparative purposes.

For staple grains (rice. wheat roti), no significant
differences were observed between any of the five
groups; almost everyone received at least one kind
of staple food during a meal. Nor were any signifi
cant differences observed in the number of persons
consuming of daa! (lentil soup), meat/eggs and
pickles.

Adult males were significantly more likely to con
sume vegetables than adolescent males (/ = 7.068,
p = 0.008), and lactating females (/ = 4.276,
p = 0.039). They are more likely to receive milk
and milk products than adolescent males
(/ = 2.726, p = 0.099), adolescent females
(/ = 3.309, p = 0.069) and lactating females
(i = 10.095, p = 0.00 I). These findings reinforce
their position as the preferred recipient of food
during mealtimes.

On the other hand. adolescent males were signifi
cantly more likely to consume fruits during a meal
than either adult males (/ = 4.673, p = 0.031) or

Table 2. Gender/physiological stalus-based differences in % persons receiving at least one item rrom rood category (during a meal)

Adult females (18-·_·50 years)

Adolescenl males Adull males Adolescent remales Non-preg. Lactaling MenSlruating Pregnant POSlpartum
(10-18 yr) (18-50 yr) (10-18 yrj Non·lac!. (II = 186) (11= 16) (II = 20) (n = 20)

Food group (n = 14l) (n = 207) (II = 163) (II = 143)

Staple grain 96.3 95.8 97.0 99.3 97.3 93.8 100 90.0
Daal 28.7 31.1 30.7 25.9 29.6 31.3 15.0 .30.0
Vegetable (TK) 46.3 60.9 53.6 53.2 50.5 62.5 80.0 30.0
Saag (DGLVj 7.4 7.6 12.7 12.6 7.0 12.5 5.0 10.0
Meat, eggs 12.5 12.7 9.0 14.7 9.7 0 10.0 30.0
Milklghee 28.7 37.3 30.7 28.0 22.6 18.8 30.0 25.0
AdJar/pickles ,. 14.7 17.5 16.3 15.4 15.1 12.5 15.0 5.0
Fruit 22.1 13.2 19.3 8.4 16.7 25 40.0 10.0
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adult females (/ = 10.182. l' = 0.00 I). Adolescent
females were more likely to consume fruit than
adult females (l = 7.454. P = 0.06). These results
relate to the unique position of fruits as a food cat
egory. Fruits were relatively abundant during the
observation period (May-August). and many were
gathered wild by adolescents and small children,
consumed during the meal observation period. but
not as part of the prepared meal.

lactating women consume less DGlV (dark
I green teafy vegetables) (/ = 3.222, P = 0.073) and
milk (i = 2.991, l' = 0.084) than adolescent
females, and less DGlV (i = 2.969. p = 0.085)
than adult females. The results concerning DGLVs
would appear linked to food proscriptions for lac
tating women reported earlier. On the other hand,
lactating women appear to be eating more fruit
than non-lactating adult females (/ = 4.873,
p = 0.027).

While the sample size was too low to calculate
chi-square statistics for women in different phase
states (menstruating. pregnant. postpartum). overall
differences in consumption of food types were con
sistent with expressed beliefs about food proscrip
tions. These food consumption patterns have
consequences for the adequacy of the local diet. In
general. women are less likely than men to meet
their requirements for kilocalories. with significant
differences observed between males and females 3-6
years. 10-14 years, and 25-49 years (Fig. 2). While
able to eat their fill of staple foods. it appears that
these less energy-dense foods alone are insufficient
to meet women's caloric needs in many cases. par
ticularly those women with increased needs due to
pregnancy and lactation. Interestingly, children are
more likely to meet their energy requirements than
adults of both sexes.

The intake of beta carotene shows a similar pat
tern, with significant dilferences in mean intake rela
tive to requirement between adult (> 2'5 years) men
and women. Similar age-related variation, with chil
dren doing better than adults, was found for beta
carotene as well (Fig. 3). Children are frequently
"channeled" special foods in short supply. like
milk. sweets and fruits.

For vitamin C. significant differences were
observed only between adult men and women
(Fig. 4). Again, for this nutrient, children tend to
do better than adults. Fruits were the main source
of vitamin C in the diet during the dietary assess
ment period. As most fruits are eaten as snacks.
their frequency tends to be underreported in
Table 2.

Figures 2--4 indicate very low intakes (relative to
requirements) of calories and micronutrients for
reproductive-aged women. This appears linked lar
gely to food restrictions for pregnant and lactating
women (included in the figures). and to increased
nutrient requirements considered in calculating their
energy and micronutrient requirements.

Determinallts of dietary adequacy

]n order to examine the effect of gender and age
of the individual in the context of other household
and individual-level variables. a series of multiple
linear regressions were calculated for all nutrients,
incorporating a variety of other variables (Table 3).
The other variables tested in the model included
"respect" (a measure of relative household status
based on a ranking of kin types assigned by key
informants), "overall wealth" (based on land own
ership. material possessions. housing quality. and
animal ownership). "meal size" (mean number of
people present during a household's meal),
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"education" (in years), "caste", "meal phase"
(proportion of regular household members present
during a meal) and "household type" (higher num
bers meaning more generations, presence of
extended family and non-family members, etc.).

R-squares for these regressions were low,
accounting for 5-15% of the variance. Many vari
ables were significant predictors for kilocalorie
MNAR scores. Age was the strongest predictor,
with young children most likely to have high scores,
as well as overall household wealth. Higher Kcal
MNAR scores were also associated with being male
and from a higher respect grouping. Variables that
seemed to be associated with increased intakes of
other micronutrients included small meal size (for
kcals and protein), higher education (for iron, vita-

min C and calcium), higher caste status (for protein
and calcium) and smaller, less complex households
(for beta carotene and vitamin C). Overall, male sex
and age (although the direction for age differs by
nutrient) are the most important predictors for ade
quacy of nutrient intake in these models.

Caloric su.fficiency and micronutrient sufficiency

Given that men appear to have larger intakes of
nutrients than women (relative to requirements) and
that patterns of allocation appear to favor men's
intake over that of women for particular foods
(especially non-staple luxury foods), it seems a clear
possibility that in the context of rural Nepal there
is a lack of relationship between energy intake, pri
marily derived from staple diet foods (rice, wheat
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Table 3. Summary of multiple regression results: individual and hOl1sehold-level determinants of MNAR scores for key nUlrients

Nl1trient

Keals Protein Beta carolene Iron Vitamin C Calcium
(R1 = 0.12) (R1 = 0.13) (R" = 0.09) (R" = 0.08) (R l = 0.05) (R" = 0.14)

Variable Beta ,,< T Beta I'<T Bela p<T Bela p<T Bela p<T Beta p<T

Age -0.245 •••* -0.198 .... 0.157 ...... 0.065 NS 0.136 ....
Sex (- = male) -0.065 -0.080 -0.132 .... -0.17\ ..... -0.063 NS
Respe;:t 0.128 ••• NS NS NS -0.079 •• 0.110 ..
Overa11 wealth 0.183 ..*. NS 0.074 .. NS NS 0.211 ....
Meal size -0.083 .. -0.085 .. NS NS NS NS
Educalion NS -0.125 ••• * NS 0.139 *"'•• 0.127 .... 0.106 ....
Caste (- = higher) NS -0.062 NS NS NS -0.107 t+••

Meal phase NS NS NS -0.063 • NS -0.056
Household type NS NS -0.083 •• NS -0.133 •••• NS

'p < 0.05.
"p < 0.01.
"'p < 0.001.
••••p < 0.0001.

and corn), and micronutrient intake, derived largely
from "luxury"' or non-staple foods (meat, 'veg
etables. dairy products, beans and pickles).

Energy and protein intakes are correlated across
all age and sex groups. However, energy intakes are
not correlated with beta-carotene, iron and vitamin
C intakes for older individuals and, in particular,
for adult females (Table 4). In general, women are
more likely than men to have micronutrient intakes
that are not correlated with energy intakes. Even
among other age and sex groups, correlations
between energy and micronutrients are low. In this
setting, then, it appears that a diet high (or low) in
energy is not necessarily high (or low) in other
micronutrients.

What are the implications of these findings for
overall dietary adequacy? Table 5 shows the percent
of male and female adults with MNAR scores
below 100% for different nutrients. The number
of adults with less than 100% ranges from nine
(protein) to 159 (beta carotene). The data have
been disaggregated so that the percent of men and
of women who are calorically sufficient (KCal
MNAR scores> 100%) can be compared to those

who are caloricafly insufficient (KCal MNAR
scores < 100%). In both men and women, high
percentages of individuals have both low intakes of
micronutrients and low intakes of calories, ranging
from 4% of adult males for iron to 52% of adult
females for beta carotene. For all nutrients, women
are more likely than men to have both energy
intakes and micronutrient intakes less than 100% of
the MNAR.

Significant numbers of men and women are
calorically sufficient and micronutrient insufficient,
ranging from a low of 2% of adult males for iron
and calcium to 32% of adult males for beta·caro
tene. Larger percentages of adult women than men
are calorically sufficient, but have insufficient
intakes for micronutrients for iron, vitamin C and
calcium. Adult men are more likely to be calorically
sufficient, but have sufficient intakes of beta caro
tene.

CONCLUSIONS

Sufficient caloric intake does not assure sufficient
micronutrient intake in this setting. From our data,

Table 4. Correlations between mean daily energy intake and intake of other nutrients by age and se,

Age group

Children Adolescents Young adults Adults Older adulls
(2-10 years) (10.1-18 years) (18.1-30 years) (30-50 years) (50+ years)

Male Female Male Female Male Female Male Female Male Female
Nutrient (n = 84) a(n = 75) (n ~ 48) (/1 = 53) (/1 ~ 32) (n = 65) (II = 5l) (n = 61) (II = 19) (It = 16)

Protein 0.761 0.571 0.612 0.573 0.767 0.673 0.658 0.612 0.847 0.752..... .... ".... ..... .**.. ..** .... .... .... •••
Bela-carotene 0.306 0.383 0.338 0.100 0.420 0.192 0.147 0.3260 0.517 0.160.. ... NS NS NS • NS
Iron 0.503 0.636 0.469 0.220 0.338 0.306 0.320 0.390 0.670 0.323.... •••• ... NS NS •• •• NS
Vitamin C 0.391 0.230 0.286 0.160 0.242 0.137 0.115 0.223 0.441 0.302... NS NS NS NS NS NS NS
Calcium 0.514 0.466 0.608 0.369 0.545 0.427 0.419 0.534 0.666 0.369..... ••• * •••• •• •• ... .. .... .. NS

'p < 0.05.
"p < 0.01.
"'p < 0.001.
••••p < 0.0001.
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Table 5. Micronulrient sufficiency related lO energy sufficiency [adulls 18-50 years only: 11 ~ 85 males. 128 females)

Calorically insufficient MNAR Keats < 100%

Male FemaleNUlrienl (MNAR < 100% only)

PrOlein (II ~ 9)
Beta-carolene (n ~ 159)
Iron (II = 30)
Vitamin C (II ~ 123)
Calcium (I' = 55)

4% (3)
38% (32)
4% (3)

28% (24)
14% (12)

5% (6)
52% (67)
16% (20)
43% (55)
26% (33)

Calorically sufficienl MNAR KCats > 100%

Male Female

0% (0) 0% (0)
32% (27) 26% (33)

2% (2) 4% (5)
16% (14) 23% (30)
2% (2) 6% (8)

it appears that while there is a positive relationship
between caloric intake and the intake of some
micronutrients at the population level, this pattern
does not hold true for certain subgroups within the
population, in particular adult women and adoles
cent girls. In the rural Nepali setting, these sub
groups appear to be at a particular risk for diets
deficient in vitamin A and vitamin C.

In Pahargaon, food beliefs and practices appear
to place individuals at risk for nutritional de
ficiencies and may account (at least partially) for
the low correlation between energy and micronutri·
ent intakes. Our dietary information, comprised of
both recalled intake and direct observation of
meals, shows that while there is variation in individ
ual application of these cultural rules, dietary pro
scriptions and prescriptions directly influence actual
food consumption behavior. Gender-based differ
ences in access to certain foods appear linked, in
part, to specific food beliefs and practices that
reduce women's consumption of micronutrient-rich
foods, such as dietary restrictions during menstrua
tion, pregnancy and lactation [43J. Overlapping
with these beliefs and practices, an overall pattern
of discrimination against women in the intrahouse
hold allocation of food is evident in the study com
munities. While staple food items (i.e. rice, lentil
soup, bread, etc.) are distributed fairly equally, side
dishes usually containing more micronutrients (i.e.
vegetables, meat, yogurt, ghee, etc.) are often pre
ferentially allocated to valued household members,
including adult males and small children (of both
sexes).

To what extent can women's poorer nutrient
intakes be attributed to culture-based food proscrip
tions versus overt discrimination? Differences
observed between lactating and non-lactating
women suggest that food proscriptions do affect
dietary choices independent of discrimination based
on gender. Unfortunately, the small number of
women sampled who were menstruating, pregnant
or postpartum do not permit statistical comparisons
with these groups. Such knowledge would be crucial
for planning nutrition education strategies to
improve the lot of Nepali women, but must await
future studies.
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Editorial

See corresponding article on page 160.

What do indicators indicate?1,2

Jean-Pierre Habicht and Rebecca J Stolttfus

Selection of the best indicators is essential for scientific
progress and for implementation of programs. de Pee et al (1),
in this issue, show that different investigators rank: indicators
differently. One explanation is that different procedures reveal
different aspects of an indicator. It is important that the aspects
revealed are relevant to the indicator's uses. Certain principles
are at hand that pennit a more systematic approach to reveal
these relevant aspects (2, 3).

An indicator is a measurable variable that is supposed to
indicate some underlying reality that is more difficult or im
possible to measure. One cannot evaluate an indicator without
first specifying that underlying reality (4). Serum retinol is an
indicator of vitamin A status-the underlying reality. However,
in practice our definitions of vitamin A status may vary with
the particular question being addressed. Vitamin A status might
mean total body stores of vitamin A, vitamin A uptake by one
or more target tissues, or vitamin A balance. In public health
nutrition the underlying realities of interest are usually not
nutrient status per se. When we llse indicators to make public
health decisions, the correct decision concerns the underlying
reality. The decision of interest might concern the number of
children at risk of death from vitamin A deficiency and its
consequences, or whether a group of women will benefit from
vitamin A supplementation, or whether a particular vitamin A
intervention had the intended effect. The performance of an
indicator will depend on the underlying reality that it is sup
posed to indicate. This issue is inadequately addressed among
nutrition scientists and public health nutritionists.

Once the context of the evaluation is specified, to evaluate an
indicator's performance the indicator is compared with a gold
standard, which is an approximation of the underlying reality.
For an indicator to be useful it must either be summarized for
a population by a mean or a rate, or it must be dichotomized by
a cutoff value or trigger level, respectively, for classifying
individuals or populations. Ranking the performance of indi
cators requires presentation of the indicators' sensitivity-spec
ificity characteristics over their full range (5) and not only at a
single cutoff to be able to test the ranks statistically with
adequate power (6). Considerations of these issues (7) and
methods to address them (8) can be found elsewhere.

The ideal gold standard for vitamin A indicators is often .
stated to be liver vitamin A stores (1). In practical situations,
this is almost never the case. The fundamental problem lies
with the definition of reality, not with its approximation (which
is also problematic). The reality must relate to the decision that
will be made on the basis of the indicator's measurement. A

full review exceeds the space available in this editorial, but a
few examples illustrate the approach.

One set of decisions relates to the consequences of vitamin
A deficiency. First one needs to decide that vitamin A defi
ciency is truly an important determinant of the supposed con
sequences. Then one must decide whether to treat or prevent
the consequences through vitamin A interventions, and finally
how to monitor the effect of those interventions. An example
would be to use the indicators described in the first section of
de Pee et al's article to screen mothers for a vitamin A inter
vention to prevent mortality in their infants. The appropriate
gold standard for this decision would be the prevented deaths,
and the indicators would be ranked on how well they predicted
these prevented deaths. This type of analysis has been done for
anthropometric indexes and risk of child death, but not yet for
deaths preventable by interventions (2).

A second use of the indicators in the first part of de Pee et
al's article might be to screen mothers for maternal interven
tions to improve infant vitamin A intake from breast milk. The
best indicator would best predict the rise in breast-milk vitamin'
A from the intervention. Thus, the gold standard is the rise in
breast-milk vitamin A.

A third use of indicators is to evaluate interventions. This is
the subject of the second part of de Pee et ai's article. It is
important to differentiate indicators of responsiveness to inter
ventions from those indicators that predict benefit from an
intervention. The best indicator for these tasks may be differ
ent. For example, in an anemic population low serum ferritin
may perform well to predict benefit (cure of anemia) from an
iron intervention. But ferritin concentrations might not be
highly responsive to the intervention because the absorbed iron
will be utilized for hemoglobin synthesis, not stored. ~

The performance of an indicator of response may be influ
enced by the sort of intervention given, the statistical treatment
of the variable, and the range of status of the population. Each
of these is illustrated by de Pee et aI's study. First. the gold
standard used by de Pee et al was the response to a low-dose.
five-times-weekly intervention with carotenoids, whereas the

I From the Division of Nutritional Sciences. Cornell University. Ithaca.
NY. and the Center for Human NUlrition, Department of International
Health. School of Hygiene and Public Health, The Johns Hopkins Univer
sity, Baltimore. MD.

~ Address reprinl requests to RJ Stoltzfus. Center for Human Nutrition.
Department of International Health. School of Hygiene and Public Health,
The Johns Hopkins University, 615 North Wolfe Str~et. Baltimore. MD
21205. E-mail: rstoltzf@phnet.sph.jhu.edu.
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intervention to which the results were compared (5) was a
single high dose of vitamin A (9). This difference may explain
the low responsiveness of milk vitamin A in de Pee et ai's
study. Second, and more important, de Pee et al point out that
they used the pre- to postintervention increments in indicator
values within individuals, whereas the other analysis used
postintervention values. Homeostatically controlled indicators,
such as serum retinol, are usually much less variable within an
individual than they are across individuals. Thus, they will
require much smaller sample sizes to identify differences be
tween groups of women if increments are used rather than
absolute values. The opposite is true for nonhomeostatically
controlled indicators such as vitamin A in milk. For instance
the sample sizes needed to detect differences at 3 mo between
postintervention values of groups of women receiving a single
high dose of vitamin A or placebo was 148 for serum retinol,
60 for breast-milk vitamin A, and 35 for breast-milk vitamin A
as a ratio to fat (5). The respective sample sizes needed for the
same comparisons but using the pre- to postintervention incre
ments were 47%, 62%, and 143% as large (RJ Stoltzfus,
unpublished observations, 1997).

TIrird. because of the homeostatic control. serum retinol is
less responsive at higher rather than lower levels of vitamin A
nutriture. Theoretically, breast-milk vitamin A concentrations
will be responsive to vitamin A nutriture at higher concentra
tions, and thus will tend to respond better to vitamin A inter
ventions than will serum retinol in populations with better
vitamin A status. There is some evidence for this in cows (l0).

These examples of decisions related to consequences need to
be e~panded and complemented by examples related to other
kinds of decisions, such as those related to nutritional equity or

to the search for hypothesized benefits of vitamin A nutriture
higher than those necessary to prevent death. For some of these
uses liver vitamin A stores might be a useful gold standard, but
the case needs to be made that this is so, and if so, that it is
practically feasible. n
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Linear Growth Retardation in Zanzibari School Children1,2,3
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ABSTRACT This paper describes the longitudinal changes in height and weight of children in school grades 1
3 on Pemba Island, ZanZibar, a poor rural population in which parasitic infections and anemia are highly prevalent.
Heights and weights of children were measured at base line, and 6 and 12 mo later, and were compared with
U.S. reference data. At base line, the prevalence of height-for-age Z-score < -2 rose from 14% in 7-y-old children
to 83% in 13-y-old children. Prevalence of weight-for-age Z-score < -2 in children < 10 y was -10% or less.
Median 6-mo height increments for Pembian boys were around the 5th percentile at age 8 and around the 10th
percentile from age 9 to 13 y. Height increments for girls improved from below the 25th percentile to above the
median in this age range. Based on the longitudinal yearly gains observed, boys accumulate a height deficit of
11.9 cm and girls 8.5 cm, relative to the reference popUlation. In multivariate analyses, a small part of the variability
in growth increments was explained by ascariasis and anemia (for weight gain) and schistosomiasis (for height
gain). A review of other growth data from rural African Bantu populations provides supporting evidence that
stunting occurs in older as well as younger children. It has been controversial whether school-based health and
nutrition interventions could induce catch-up growth in already stunted children. Our results suggest that appro
priate interventions might actually prevent stunting in late childhood. J. Nutr. 127: 1099-1105,1997.

KEY WORDS: • Africa • school children • growth • stunting

Improving the health of school children is emerging as a
policy priority in international health. The recent World Bank
Developmenr Report, Investing in Health, recommended
school-based health services as a top priority for public health
action in developing countries after concluding that they are
among the most cost-effective activities for reducing the bur
den of disease in developing countries. Proposed models for
school-based health services typically include distribution of
anthelminthic medications and micronutrient supplements,
along with health education (Savio!i et al. 1992, World Bank
1993).

Although it is likely that school-based interventions may
prevent or cure micronutrient deficiencies in school children,
it remains controversial whether these interventions could im
prove growth, particularly linear growth. Because linear growth
retardation is believed to occur mainly in early childhood
(Martorell et a1. 1994, WHO Expert Committee 1995), the
question has focused on whether stunted children can exhibit

1 Funded through cooperative agreement #DAN-5116-1-00-B051-00 between
The Johns Hopkins University and the Office of Health and Nutrition, United
States Agency for International Development.

2 This manuscript has received institutionai approval from the World Health
Organization,

3 The costs of publication of this article were defrayed in part by the payment
of page charges. This artiCle must therefore be hereby marked "advertisement"
in accordance with 18 USC section 1734 solely to indicate this fact.

• To whom correspondence and reprint requests should be addressed.

catch-up growth if their environment is improved in later
childhood. Adopted children whose environment changes
from one of poverty to one of adequacy can attain a normal
adult height (Proos et a1. 1991), and some authors have con
eluded that catch-up growth may occur even when children
remain in their impoverished environment (Kulin et a1. 1982).
However, others maintain that catch-up growth does not oc
cur, except in unusual populations in which maturation is
markedly delayed (Martorell et al. 1979 and 1994).

Schools are usually the most efficient channel for delivering
health interventions to this age group, and school-based sur
veys are most often used to assess need for different interven
tions. Although a survey of height and weight of.school chil
dren is relatively simple to implement, the data may easily be
misinterpreted. Shorrness-for-age (being stunted) is common
among school children in developing countries. However, it
is believed to reflect a process that almost always happened in
early childhood (Martorell et a1. 1994). If linear growth failure
(stunting) is not happening during the school years, then it
cannot be prevented by school-based interventions (although
it might be overcome by catch-up growth). In addition, there
are many pitfalls when using cross-sectional data from school
children in a search for age effects. Nine-year olds may be more
stunted than 7-y aids because they were more malnourished as
young children, not because they are growing poorly as school
children. Also, school enrollment and drop-our patterns may
differ in stunted and nonstunted children, creating a spurious
picture of stunting by age among children who attend schaD I.

0022-3166/97 $3.00 © 1997 American Society for Nutritional Sciences.
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As part of an evaluation of a school-based deworming pro
gram, we monitored the longitudinal changes in height and
weight of Zanzibari school children over a 1-y period. Data
from the nonprogram schools enabled us to examine both the
cross-sectional and longitudinal patterns of growth in primary
school children in the absence of intervention. As we ex
pected, the cross-sectional and longitudinal pictures differ in
important ways. Contrary to our expectation, we found that
these children are experiencing stunting of an important mag
nitude during the school years. These results are relevant for
the planning and evaluation of school health programs in East
Africa and perhaps other regions.

SUBJECTS AND METHODS

Study population. This program evaluation was conducted on
Pemba Island, the smaller of the two islands of Zanzibar, a part of
the United Republic of Tamania. Pemba Island lies 40 km off the
East African coast, 50 south of the equator. The island is divided
from north to south inco four districts of approximately equal size.
The population is predominantly rural but extremely dense, about
330 people/kmz. The economy is devoted primarily to subsistence
agriculture and cloves, an exported cash crop, wirh practically no
tourism. There are two rainy periods of the year, the short rains
around November and the long rains from mid-March to mid-May.
There is little irrigation, making patterns of work and harvests mark·
edly seasonal. The primary staple foods are cassava and rice, the latter
being more desired but less affordable. These foods are eaten with
sauces of vegetables and small fish. Larger fish and meat are luxury
items, and there are pronounced seasonal shortages in vegetables
and fish. Like other parts of coastal East Africa, Pemba Island is
characterized by intense transmission of Plasmodium falciparum ma
laria, Schistosoma haemarobium and geohelminths.

The present analyses were conducted using data collected in four
schools that were assigned as a comrol group for an evaluation of a
school-based deworming program. To form this control group, one
school was randomly selected from the public primary schools in each
of the four districts of the island and morning classes of grades 1-4
were selected. The base-line survey was conducted in March-May,
1994, and anthropometric measurements were conducted at base line,
and 6 and 12 mo later. [n the control schools, 1375 children were
enrolled in the selected classes according to the school records, and
1261 (91.7%) of those children participated in the base-line survey.
Children who were surveyed again 6 mo later (86.7% of those at base
line) and who had sex and age data at base line were used in the
present analyses; this sample numbered 1090 children, 86.4% of the
base-line cohort. Of these children. IOn (98.3%) had anthropomet
ric data at base line and 6 mo, and 978 (89.8%) had complete data
at base line, 6 and 12 mo.

The study protocol was reviewed and approved by the institutional
review boards of The Johns Hopkins University, the Ministry of
Health of Zanzibar and the World Health Organization.

Assessment of nutrition and health status . Two amhropo
metrists were trained and standardized at the stare of the study, but
>95% of height measurements at all surveys were taken by one of
the anthropometrists, who used the same equipment at each survey
time. Children were weighed and measured in light clothing without
shoes. Weight was measured to the nearest 0.1 kg using a battery
powered digital scale (Seca, Colombia, MD), and height was mea
sured to the nearest 0.1 em using a wooden stadiometer (Shorr Pro·
ductions, Olney, MD). Age was calculated from the birth date on
school records, which are taken from birth certificates. a requirement
for school registration. Occasionally, however, the school had no
record of age, and the child's self-reported age was used.

Hemoglobin concentration was determined by use of the Hemo
Cue (HemoCue AB, Angelhom, Sweden). Parasitologic methods are
described in derail elsewhere (Srole:tus et at. 1997). Briefly. thick and
thin blood smears were fixed and stained with giemsa, and malaria
parasites were counted against leukocytes, using standard methods.
Malaria species was also identified. All infections were P. falciparum;
in <5% of slides, P. malariaewas also identified. Prevalence and

TABLE 1

Zanzibari school children: stUdy cohort at base line

Boys Girls

n (%)

All 549 (50.4) 541 (49.6)
Age (yj1

<6.75 2 (0.4) 2 (0.4)
7 6 (1.1) 8 (1.5)
7.5 13 (2.4) 6 (1.1)
8 24 (4.4) 20 (3.7)
8.5 29 (5.3) 21 (3.9)
9 54 (9.9) 59 (10.9)
9.5 44 (8.0) 60 (11.1)
10 89 (16.2) 107 (19.8)
10.5 45 (8.2) 28 (5.2)
11 86 (15.7) 93 (17.2)
11.5 28 (5.1) 34 (6.3)
12 46 (8.4) 60 (11.1)
12.5 22 (4.0) 14 (2.6)
13 28 (5.1) 17 (3.1)
>13.25 33 (6.0) 12 (2.2)

School grade
1 225 (41.0) 201 (37.2)
2 220 (40.1) 229 (42.3)
3 104 (18.9) 111 (20.5)

Parasitic infections2
Malaria 310 (57.0) 301 (56.3)
Ascariasis 393 (75.0) 378 (72.1)
Trichuriasis 492 (93.9) 503 (96.0)
Hookworms 485 (92.6) 474 (90.5)
Schistosomiasis3

Microhematuria 166 (30.5) 143 (26.7)
Visual hematuria 17 (3.1) 13 (2.4)

Anemia4

Hb <110 giL 355 (64.7) 319 (59.0)
Hb <70 giL 23 (4.2) 17 (3.1)

1 Except for oldest and youngest groups, age refers to midpoint of
age group, e.g., 7 includes children from 6.75 to 7.24 Y. 7.5 includes
children from 7.25 to 7.74, and so on.

2 Numbers for parasitic infection and anemia do not match total
number of children because data were occasionally missing.

3 Hematuria was used as an indicator of urinary schistosomiasis as
described in Subjects and Methods. Hematuria categories are mutually
exclusive.

4 Hb, hemoglobin.

intensity of helminth infections were determined using the Kato
Katz method (World Health Organization 1994). S. haematobium
infections were determined indirectly by testing for microhematuria
with Hemastix test strips (Ames Laboratories, Elkhart, IN); grade
++, +++ or the presence of visible hematuria was considered a
positive test. This procedure screens for S. haematobium infection
with 69% sensitivity and 86% specificity (Savioli et aL 1990). Any
child with visual hematuria was treated with praziquantel.

Data analysis. Height·for·age and weight-for-height Z·scores
were calculated using EpiInfo (Centers for Disease Control, Atlanta,
GA). Stunting was defined as heighe-foc-age Z-score < -2. Wasting
as weight-far·height Z·score <-2. We used this indicator only for
children <10 y old because it is not recommended beyond this age
(WHO Expert Committee 1995).

Six-month height and weight increments were calculated as the
difference in measurements between surveys, adjusted to 6-mo differ
ences according to the actual number of days between surveys, which
were approximately but not exactly 6 mo apart. These increments
were compared with the incremental growth tables of Baumgartner
et aL (1986), based on the growth of white children from Ohio (the
Fels Longitudinal Study). For this purpose. an age variable in 6-mo
increments was created, in which children aged 6.75-7.24 y at base
line were categorized as age 7 y, children 7.25-7.74 y as 7.5 y, and

.".-
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Proportion stunted or wasted (%)

100 r------------------,

FIGURE 1 Prevalence of stunting and wasting in Zanzibari school
children by age and sex. Data are from base-line assessments. For
numbers of children, see Table 1; children plotted at age 7 y include
children 7.0 and 7.5 y, and so on.
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from around -1 at 7 y to - 2.7 at 13 y, whereas the standard
deviation of Z-scores remained between 0.85 and 1.2 at aU
ages. In contrast to stunting, the prevalence of wasting was
low (~1O% or lower) and showed no trend by age or sex.

Longitudinal patterns of growth. The cross-sectional pat
terns described above might have been created by secular
trends in malnutrition of early childhood, or by better-off chil
dren enrolling at earlier ages. To detennine whether ponderal
or linear growth retardation was presently occurring in these
children, we compared weight and height increments to refer
ence values. The median growth increments for height in boys
(Fig. 2) were distinctly below the reference median, lying
around the 5th percentile for 8-y aids, and around the 10th
percentile for 9- to 13-y aids. The pubertal growth Spurt was
not apparent in these boys as a group up to age 13 y. The
prevalence of height increments below the 5th reference per
centile was ~35% up to age 12, but fell to <10% by 13 y.
This drop in low values relative to the reference likely reflects
the increased variability in the reference population around
their pubertal growth spurt, at a time when the Pembian boys
have not yet entered their spurr.

In girls, the height increments were around the 5th percen
tile in 8.y aids, around the 25th percentile in 9- to 12-y aIds,
and above the 50th percentile in children 12.5-13.5 y. The
pubertal growth spurt appears to occur in these girls 1.5-2 y
later than in reference girls. The prevalence of height incre
ments below the 5th reference percentile for girls was nearly
40% at age 8, -20% at ages 9-10, and <5% after age 11 y.

For both girls and boys, the height increments for the two
study intervals (roughly April to October and October to
April) were very similar. Apparently, these rather wide sea-

BOYS: Meell.n IMIgIIt In<;rement {cm/6 mol

5,.-----------------------,

Stunted, girls Wasted, girls
• 0

Stunted, boys Wasted, boys
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7 8 9 10 11 12 13
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80

50 on. In the rabIes and figures that follow, our age groupings represent
the age at the start of each growth interval. This is in contrast to
the tables of Baumgartner et al. (1986), in which the tabulated age
is at the end of rhe growth interval.

To illustrate the magnitude of the height and weight deficits at
different ages in this population, we calculated the difference between
each child's height or weight and the median height or weight of
the WHO growth reference population (World Health Organization
1983). The difference in the height or weight deficit at base line and
at 12 mo representS the height or weight deficit accrued by a child
in a l-y period relative to the growth reference. The average annual
height or weight change relative to the reference was calculated
for boys and girls, along with 95% confidence limits (5nedecor and
Cochran, 1980).

To test potential predictors of vuriadon in growth rate, we used
multiple linear regression, with the base-line to 6-mo height or weight
increment as the dependent variable. In both models, we first adjusted
for the variation due to age, sex and school, then tested additional
predictor variables and retained those with significance levels below
0.10. lmeraccions between predictor variables were also tested and
considered significant at P < 0.20. Data analyses were conducted
using Systat statistical software (SYSTAT, Evanston, IL).

RESULTS
8 8.5 9 9.5 10 10.S 11 11.5 12 12.5 13 13.S

Age (yl :at atart of Interval
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FIGURE 2 Six-month height increments of Zanzibari boys and
girls by age. Heavy lines depict the incremental growth curves of Zanzi
bari children. Squares are median increments from base line to 6 mo
in 1072 children, and circles are median increments from 6 to 12 mo
in 978 children. Each point represents between 11 and 99 observations.
Dotted lines depict the 50th and 5th percentiles from the Fels Longitudi
nal Study (Baumgartner et al. 1986).

The study sample was comprised of almost equal numbers
of boys and girls (Table O. Although all children were in
grades 1-3, the age range of the children was wide, because
late school entrance is common in Zanzibar. The prevalence
of anemia in these school children was very high; this is de
scribed in detail elsewhere (Stoltzfus et a1. 1997). Over half
of children had circulating malaria parasites, about one third
had some degree of hematuria, and >99% were infected with
at least one geohdminth. Hookworms and Trichoris trichuria
were especially common.

Cross-sectional patterns of stunting and wasting. In the
cross-sectional data at base line, the prevalence of stunting
rose dramatically with age, from an overall prevalence of 14%
in 7-y aids to 83 % in 13-y aIds (Fig. 1). It is notewonhy that
the increase in prevalence was steady both in the prepubertal
and pubertal age ranges. In girls, the prevalence of stunting
peaked at age 12 and then apparently began to decline,
whereas in boys the prevalence of stunting rose steadily up to
age 13. This striking trend in low Z-scores by age was not
caused by increasing variability of the Z-score distribution by
age. The mean Z-score for the study sample steadily decreased



1102 STOLTZFUS ET AL.
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BOYS: MedIan ~lIht Inc~ (kg/8 mol
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the reference. Based on the average annual losses from age 8
14 y, the cumulative height deficit was 11.9 cm for boys and
8.5 em for girls. The cumu!ative weight deficit in the ~ame

period was 11.8 kg for boys and 9.8 kg for girls.
Predictors of poor growth. In addition to the strong rda

tionships between age and sex and growth increments, several
base-line morbidities were predictive of smaller growth incre
ments in the succeeding 6-mo period (Table 2). Children
infected with A. lumbricoides had 6-mo weight gains 140 g less
than their uninfected peers. Among chHdren < age 11 y, lower
hemoglobin concentration was predictive oflower weight gain.
This association was strongest using a hemoglobin cut-off of
100 gIL; children below this cut-off had lower weight gains
(170 g/6 mol than those with higher hemoglobin. For both
ascariasis and low hemoglobin, the weight increments of nor
ma! children were just above the 25th percentile, and those
of affected children were just below the 25th percentile.

An association between hematuria and poor linear growth
increment was only marginally significant in boys. but it is
noteworthy because of its relationship to treatment. This asso
ciation was found on!y with microhemaruria, which was not
treated. Visual hematuria, indicative of severe infection, was
treated with a curative dose of praziquanrel, and these treated
boys exhibited growth simHar to their uninfected peers. The
linear growth of boys without hematuria was close to the 10th
percentile, whereas that of boys with microhematuria was close
to the 5th percentile.
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FIGURE 3 Six-month weight increments of Zanzibari boys and
girls by age. Heavy lines depict the incremental growth curves of Zanzi
bari children. Squares are median increments from base line to 6 mo
in 1072 children, and circles are median increments from 6 to 12 mo in
978 children. Each point represents between 14 and 106 observations.
Dotted lines depict the 50th and 5th percentiles from Fels Longitudinal
StUdy (Baumgartner et at 1986).

DISCUSSION

We found that Pembian school chi!dren experienced sig
nificant linear growth retardation during their primary school
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FIGURE 4 Mean difference in height of Zanzibari boys and girls
from NCHSJWHO growth reference (World Health Organization 1983).
Dotted lines show cross-sectional pattern of height deficit by age (n =
1090), and solid lines show longitUdinal pattern (n '= 978) for each 6-mo
age cohort. Each point represents between 14 and 107 observations.

sonal intervals did not capture any seasonal patterns in linear
growth.

The weight increments of boys and girls (Fig. 3) were tow
compared with the reference, lying between the 10th and 25th
percentiles and closer to the 25th. There is no evidence of a
growth spurt in this group of boys up to age 13.5 y. The weight
increments of girls improved with age rdative to the reference.
Bdowage 11, girls' weight increments were between the 10th
and 25th percentiles, but after age 11 graduaUy approached
the reference median.

The magnitude of growth retardation in the Pembian chil
dren can be examined in Figures 4 and 5. The base-line
and 12-mo foHow-up data have been converted into mean
differences from the National Center for Health Statistics
(NCHS) reference so that the longitudinal and cross-sectional
patterns of growth retardation can be compared in real terms.
The cross-sectional picture in boys and girls confirms the pat
terns of prevalence of stunting by age seen in Figure 1.

In boys, the longitudinal picture of growth was similar to
the cross-sectional picture, both for weight and for height.
Apart from the group of boys 9.25-9.75 y at base line, whose
growth tended to be better, boys' weight and height declined
steadily away from the reference. Boys lost on average 1.99
cmly (95% confidence limits: - 2.16, -1.82) and 1.97 kg/y
(95% confidence limits: -2.11, -1.83) relative to the refer
ence population. In girls, the longitudinal fall away from the
reference values was less steep than the cross-sectional trend
suggested. Girls began to stop losing height and weight relative
to the reference at ages 12-13 y. Still, girls lost on average
1.42 cmly (95% confidence limits: -1.64, -1.19) and 1.63
kg/y (95% confidence limits: -1.81, -1.45) compared with
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0.-------------,

0.-------------, was not the case. The standard deViation of children's Z-scores
fell between 0.85 and 1.20 for all age groups. This is the
expected variability based on many anthropometric surveys in
developing countries (WHO Expert Committee 1995).

As mentioned previously, schools may provide a biased sam
ple of children. In Zanzibar, school entrance rates are around
80%, but drop out rates are such that overall primary school
enrollment is believed to be around 65% (H. M. Chwaya•
unpublished data). Although patterns of school attendance
have not been described for this particular population, we
expect that better-off children enroll at earlier ages and remain
in school longer. Because we sampled children only in the first
three grades of school, the bias in age at enrollment is probably
a greater factor in this sample than bias in drop-out rates. If
better-off children enroll at earlier ages, then the youngest
children in our sample tend co represent better-off-than-aver
age children, whereas the older children in our sample tend
to represent poorer-than-average children, because better-off
12-y aids would have moved beyond the 3rd grade and are no
longer observed in our surveys. This bias probably explains
why the cross-sectional trend of increased stunting by age is
greater than the longitudinal trend of stunting by age. It would
also explain why the prevalence of stunting in the 7-y aIds is
only 14%, far below the 40-50% rates typical of Africa (UN
ACC/SCN 1992).

Our 1-y longitudinal follow-up period allowed us co avoid
this cross-sectional bias when describing 6- or 12-mo growth
increments. However, when we add up the yearly growth deli-
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FIGURE 5 Mean difference in weight of Zanzibari boys and girls
from NCHSIWHO growth reference (World Health Organization 1983).
Dotted lines show cross-sectional pattern of weight deficit by age (n
= 1090), and solid lines show longitudinal pattern (n = 978) for each
B-mo age cohort. Each point represents between 14 and 107 observa
tions.

TABLE 2

Health characteristics associated with poor growth in
Zantibarlschoolchfldren

1 Increments are from base line to 6 mo, n = 1072. Adjusted for
school, age, and sex and, for weight increment only, stunting at base
line. Multiple adjusted R2 was 0.091 for weight model and 0.124 for
height model. Values for weight increments are for boys. Values for
height increments are for children <11 y.

2 Significance level of age interaction, P "" 0.12.
3 Not significant, P > 0.10.
4 Significance level of sex interaction, P ~ 0.17.
5 These children were treated with praziquantel.

years. This raises several important questions. Could this be a
spurious finding! If it is not. is this population unique, or might
the same pattern be observed in other African populations!
Finally, what is the cause of stunting in this age group and
can it be prevented by nutrition or other health interventions
during the school years?

Validity of the findings. We have considered several fac
cors that might lead to spurious findings from a survey of Afri
can school children. We conclude that our findings are valid,
but the issues merit discussion. A single international growth
reference is now accepted for assessing growth of children
below the age of 5 y (WHO Expert Committee 1995); how
ever, there is little guidance for assessing the growth of children
aged 5-10 y. A WHO expert committee recently evaluated
the use and interpretation of anthropometry throughout the
life span, and children 5-10 y were the only age group not
addressed (WHO Expert Committee 1995). Certainly racial
differences in growth become significant during late childhood.
Evidence suggests that wel1~nourished children of African
Bantu descent (such as the Zanzibaris) grow at least as quickly
as white U.S. children during the school years. For example,
in the NHANES II survey, 8- to lO-y-old African-American
children were on average about 1 em taller than white children
(Eveleth and Tanner 1990). Thus, racial differences are un
likely to explain the difference in growth between the study
children and the NCHS or Fels references.

Age is difficult to ascertain in African populations. In the
context of the school survey, we could not discern with parents
the child's age by use of a local events calendar; rather we relied
on the school records. If our age data were very imprecise, the
variability of children's Z-scores by age would be inflated. This

Base-line characteristic

Ascariasis
Absent
Present

Age <11 y2
Hemoglobin ;=: 100 giL
Hemoglobin <100 giL

Age ;=:11 y
Hemoglobin ",100 giL
Hemoglobin <100 giL

Boys4
No hematuria
Microhematuria
Visual hematuria5

Girls
No hematuria
Microhematuria
Visual hematuria5

Growth
increment1

(6 rna)

weight (kg)

1.18
1.04

1.18
1.01

1.89
1.95

height (em)

2.05
1.88
2.11

2.57
2.55
2.44

Significance [evel of
regression coefficient

P = 0.046

p = 0.026

NS3

P = 0.073
NS

NS
NS
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dts observed in children of different ages, we are again subject
to this bias. In this case, this bias would tend to underestimate
the cumulative growth deficits experienced by typical Zanzibari
children, because typical Zanzibari 8-y aids would tend to grow
more poorly than the subgroup of 8-y olds who were privileged
enough to be in our school-based sample. Secular trends in
feeding practices and infections during infancy may also con
tribute ro the cross-sectional pattern of stunting by age, but
could not create the longitudinal deficits we observed.

Differences in the maturation rate of poorly nourished chil
dren compared with reference populations make the interpre
tation of growth data in this age range problematic. Sexual
maturation was not assessed in this study. Modem-day studies
of African children have found the median age at menarche
to be 13.1-14.5 y, which represents a delay of around 1.5 y
compared with U.S. blacks (Eveleth and Tanner 1990). A
delay of 1-2 y in the start of the growth spurt of Zanzibari
children is also suggested by the pattern of median growth
increments we observed in girls. If. the difference in growth
increments between the study sample and the reference popu
lation was caused by the difference in their maturation, then
the growth increments would be normalized by shifting the
curve of growth increments by age of the Pembian children
1-2 y to the left in Figures 2 and 3. This does not normalize
the growth increments. The median height increment for the
boys in our sample was close to 2.0 cm from age 8 to 12 y.
This does not resemble typical linear growth for reference
children of any age from birth to 15 y. The lowest reference
median height increment in this age range is 2.52 em, observed
berween age 10.5 and 11.0 y (Baumgartner et a1. 1986).

Perhaps the greatest evidence for the validity of our findings
is their internal coherence. On the basis of the cross-sectional
pattern of stunting by age, the incremental growth pattems or
the longitudinal differences in height of age cohorts relative
to the NCHS reference, the phenomenon of stunting is clear.
Although the cross-sectional analysis at base line overesti
mates the magnitude of stunting, the pattern of stunting by
age and sex is consistent.

Comparability to other African studies. Several studies of
primary school-age children in Bantu populations are available
for comparison with our data. As part of the Nutrition Collabo
rative Research Support Program (NCRSP), longitudinal
growth in a rural Kenyan population (Embu, Kenya) was mea
sured (Neumann and Harrison 1993). In young infants, tod
dlers and school-age children, linear growth retardation was
found. To obtain the school-age data. a community-based sam
ple of 7-y aIds was followed prospectively for 18 mo. These
children started off near the NCHS 3rd percentile for height
for-age (7 em shorter than the reference), and ended 18 mo
later well below the 3rd percentile (11 cm shorter than the
reference). This rate of height loss is steeper than the loss we
observed in Pembian 8-y aIds, perhaps because our school
based sample selected for better-off 8-y aIds. As we found in
Zanzibar, Kenyan boys grew more poorly than girls, with height
increments around the 3rd and 25th percentile, respectively,
for the sexes.

Lawless et a!. (1994) conducted an iron supplementation
trial in 87 primary school children, ages 6-11 y, from the
Kenyan coast (Kwale District), where endemic parasitic infec
tions are very similar to Zanzibar. Although this study was too
small to allow an examination of linear growth at different
ages, the average height-for-age Z-scores of control children
fell from -1.26 to -1.34 in the 14-wk study period, a small
but significant decline. The average height gain of control
children over the period was i.1 cm. This would extrapolate

to 1.9 cm/6 mo, a value very similar to the increments we
observed. No comparison was made between boys and girls.

The growth of children from 2-18 y in rural Machakos
District, Kenya, was studied by means of a cross-sectional sur
vey (Stephenson et a1. 1983 in Eveleth and Tanner 1990).
The sample of preschool children was community-based, but
the older children were from two village schools. The mean
length of 2-y old children was already 7.3 em shorter than the
NCHS reference. On average. children from the ages of 2-5
y "lost" 1.0 cmly (total: 3.0 em), and those from the ages of
6-11 y"lost" 1.5 cmly (total: 7.5 em). This pattern of height
by age in the school children may be exaggerated because of
school enrollment biases, although the authors claimed that
below the age of 14 y, the school children were representative
of the community. By age 17, the height deficit was 18.2 cm
in boys, compared with 12.7 em in girls. These older children
were not representative of the community, but rather tended
to come from more privileged families.

Thus it appears that the Pembian children are nor unique.
These studies provide evidence that African children over the
age of 3 y do not grow parallel to reference populations and
that boys are more vulnerable ro stunting than girls.

Possible etiologies and preventive measures. We hypothe
sized that stunting in African school-age children may be
caused by energy deficiencies. micronutrient deficiencies, or
chronic parasitic infection. However, because wasting did not
affect a large proportion of children in this population, energy
insufficiency is unlikely to be a major cause of stunting.

Irop status is very low in these children, but low hemoglobin
was the only base-line indicator of iron defiCiency that was
associated with growth, and ponderal growth only. However.
iron supplementation caused a significant increase in linear
growth of children from coastal Kenya, based on the random
ized controlled trial mentioned previously (Lawless et a1.
1994). Iron-supplemented children gained on average an addi
tional 0.3 cm/14 wk, equivalent to 0.6 cm/6 mo. This amount
of additional height gain would bring the rate of height gain
close to reference values.

The NCRSP study of Embu, Kenyan children also suggests
that dietary etiologies of stunting are operating in this age
group. In multivariate models that included maternal height
and socioeconomic status, dietary energy intake was signifi
cantly associated with attained height at age 8 y, and animal
protein intake was significantly associated with height incre
ment (Neumann and Harrison 1993). Animal protein intake
might indicate better overall protein intakes, b~ter dietary
iron availability or more bioavailable zinc. A higher phy
tate:zinc molar ratio was also associated with poor linear
growth in these children. Inadequate dietary zinc has also been
documented in Ghana and Malawi (Ferguson et a1. 1993).

Our data suggest that parasitic infections may also contrib
ute to stunting. although the relationships we observed were
not statistically very strong, and they explained only a small
fraction of the variability in growth. Two trials of anthelmin
thic treatment with albendazole (effective against the geo
helminths: hookworms, T. rrichuria, and Ascaris lumbricoides)
(Stephenson et a1. 1989 and 1993) and one trial of treatment
with merrifonate and praziquante1 (effective against the geohel
minths and schistosomiasis) (Latham et a1. 1990) found posi
tive effects on height gain in primary school children on the
Kenyan coast, whereas another publication from one of the
same albendazole trials reported no effect on height gain.

A remarkable aspect of helminth infection and malaria is
their chronicity. In Zanzibar and many parts of Africa, it is
rare to find a child who is not infected with at least one of
these parasites throughout their entire childhood and adoles-
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cence. Even small decrements· in growth may become large
when accumulated over 10-12 y.

Slow rates of linear growth in the primary school years
might have either of two implications for health. First, the
process of stunting might be associated with concurrent risks
to the health and development of school-age children, as is
the case with young children who experience stunting (WHO
Expert Committee 1995). Second, school-age stunting might
result in shorter adult height, which decreases work capacity
and increases reproductive risks for women (WHO Expert
Committee 1995). We cannot describe the effect of the growth
retardation we observed on final adult heights, because we did
not measure growth during and after puberty. A porrion of the
height deficit we observed will be compensated by a longer
duration of prepubertal growth. Between the ages of 8 and 14
y, Pembian boys are gaining around 4 crnly, while "lOSing" 2
cmly relative to the reference. A delay in puberty of2 y relative
to the reference population would allow them to recover 8 of
the 12-cm deficit accrued in this period. A pubertal delay of
3 y (i.e., mean age at menarche of 16-16.5 y) would be needed
to compensate fully the deficit we observed. This seems un
likely, based on African values in the literature (Eveleth and
Tanner 1990).

It has been suggested from cross-sectional data that rural
Kenyan stunted children catch up fully during late adolescence
(Kuhn et a1. 1982). However, this evidence is based on obser
vations of seven 18-y-old boys and eighteen 17-y-old girls
compared with reference data collected by other investigators
in 1961. Compared with the NeHS reference data, these Ke
nyan boys had an average height-far-age Z-score of -1.55 at
10 y and -2.74 at 17 y, whereas the girls improved from -2.57
to -1.14.

Our findings raise several new questions: 1) How much of .
the height deficit accrued during the primary school years is
made up through longer prepubertal growth or during the pu
bertal growth spurt? 2) What are the functional implications
of slower linear growth during the primary school years; for
example, do these slower-growing children also have slower
social or cognitive development? 3) Is school-age stunting pte
ventable through school-based or other public health interven
tions, and will these interventions correct the functional dec
rements that might be associated with stunting in this age
group? Further research is required to describe the growth of
African children based on community-based samples and to
evaluate potential interventions to prevent stunting in African
school-age children.
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School-Based Deworming Program Yields Small Improvement in Growth of
Zanzibari School Children after One Year1
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ABSTRACT Efficacy trialS of antihelminthic therapies conducted in Africa have reported improvements in chil..,
dren's growth, but nutritional evaluations of large-scale deworming programs are lacking. We evaluated the first
year effect on growth of a school-based deworming program in Zanzibar, where growth retardation occurs in
school children. Children in four primary schools were given thrice-yearly mebendazole (500 mg) and compared
with children in four schools that received twice-yearly mebendazole and children in four non-program schools.
Evaluation schools were randomly selected and allocated to contrOl, twice-yearly or thrice-yearly deworming.
Approximately 1000 children in each program group completed the 1-y follow-up. Children <10 Yold gained 0.27
kg more weight (P < 0.05) and 0.13 cm more height (P = 0.20) in the tWice-yearly group, and 0.20 kg more weight
(P = 0.07) and 0.30 cm more height (P < 0.01) in the thrice-yearly group, compared with the control group.
Children <10 y old with higher heights-far-age at baseline had higher weight and height gains in response to
deworming. In children 2:10 y old, overall program effects on height or weight gains were not significant. But in
this age range, younger boys had significant improvements in height gain with thrice-yearly deworming, and
children With higher heights-for-age had greater improvements in weight gain with deworming. We conclude that
the deworming program improved the growth of school children, especially children who were younger and less
stunted, but the improvements were small. More effective antihelminthic regimens or additional dietary or disease
control interventions may be needed to substantially improve the growth of school children in areas such as
Zanzibar. J. Nutr. 127: 2187-2193,1997.

KEY WORDS: • humans • Africa • growth • geohelminths • hookworms

School-based deworming has been advocated as a highly
cost-effective public health measure in less-developed coun
tries (World Bank 1993). It is estimated that over 1 billion
people are infected with Ascaris lumhricoides, 880 million with
hookworms, and 770 million with Trichuris trichiura (Warren
et at. 1993), and school children are the group most heavily
infected with these geohelminths (Savioli et a1. 1992). The
expected benefits from deworming in this age group are im
proved school participation and performance, growth and iron
status (Warren et al. 1993).

Improved growth of primary school children could result in
greater adult height, which is associated with greater work
capacity in men and women and with improved reproductive
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States Agency for International Development.
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in accordance with 18 USC section 1734 solely to indicate this fact.
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outcomes in women (WHO Expert Committee 1995). We
previously published evidence that Zanzibari school children
experience significant linear growth retardation compared with
international growth references (StOltzfus et at. 1997a). Be
cause helminth infections are highly prevalent in Zanzibar,
the growth of school children might be improved if helminth
infections were controlled.

Several efficacy trials of antihelminthic therapie~ in school
children have produced promising results (Kruger et a1. 1996,
Latham et al. 1990, Stephenson et al. 1989, 1993a and 1993b),
especially in coastal East Africa, where helminth infections are
prevalent and intense. In these controlled randomized trials,
growth, appetite, fitness and iron status improved in children
treated with antihelminthic drugs. However, evidence is lack
ing in the literature on the program effectiveness of large-scale
school-based deworming efforts.

We report here the results of an evaluation of a school
based deworming program implemented by the Ministries of
Health and Education of Zanzibar on Pemba Island. The evalu
ation measured the effect of the program on helminth infec
tions, nutritional status and school attendance and compared
the effects of two deworming schedules, twice-yearly and
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thrice-yearly. A single 500-mg dose of generic mebendazole
was chosen as the anrihelminrhic treatment because of its
simplicity and low cost (US$O.027 per dose, Albonico et a1.
1994). We describe the effect of twice-yearly and thrice-yearly
deworming on the height and weight gains of primary school
children in Zanzibar.

METHODS

The school-based dewonning program. The Zanzibar school
based deworming program began in 1994 on Pemba Island, the smaller
of the two islands of Zanzibar, a parr of the United Republic of
Tanzania. From 1988 to 1992, a school-I,ased "test-and-treat" pro
gram was conducted on Pemba Island for the control of urinary schis
tosomiasis (Renganathan et at. 1995). This program had been imple
mented by the Pemba Island Helminth Control Team, a unit of the
Ministry of Health, in cooperation with the Ministry of Education
and local school teachers. Surveys conducted by the Helminth Con
trol Team showed that geohelminth infections were also highly preva
lent throughout Pemba (Renganathan et a1. 1995). Building on the
success of the test-and-treat campaign for schistosomiasis, a school
based dewotming progtam to control intestinal parasites was planned.

On the basis of a trial of amihelminthic drugs conducted in Pemba
(Albonico et a1. 1994), a single 500-mg dose of generic mebendazole
was chosen as the regimen to be used in the program. Although
mebendamle did not comrol hookworm infection as well as albenda
zole, its effect on A. [umbricoides and T. trichiura infections was similar
to that of albendazole, and the cost of mebendazole was around 10%
the cost of albendazole at that time. A thrice-yearly regimen was
chosen because of the rapidity of reinfection with helminth infections

. (Albonico et al. 1995) and the limited efficacy of mebendazole against
T. trichiura and the hookworms.

Design of the program evaluation. Because the deworming pro·
gram was planned to be extended to Zanzibar Island and susrained
for the indefinite future, a controlled evaluation of its effect was
justified, even though this meant delaying the start of the program
in a small number of schools. Also, a twice-yearly deworming regimen
was evaluated along with the thrice-yearly regimen of choice, to
provide evidence to the Ministry of Health as to whether a twice·
yearly regimen would be adequate to improve nutrition outcomes and
school attendance. The evaluation was planned before the start of
the deworming program in any school so that an optimal research
design could be implemented.

Of the 72 public primary schools on Pemba Island, 12 schools
were randomly selected for evaluation (Fig. 1). Pemba is divided into
four districts of roughly equal size, and the selection of schools was
stratified by district, so that three schools in each district were chosen.
Within districts, the schools were randomly allocated to the control,
twice-yearly or thrice-yearly group. All children within a school re
ceived the same program regimen. For logistical reasons, only morning
classes were selected for the survey. Although the deworming program
was administered to all classes of grades 1-5, only classes of grades
1-4 were included in the evaluation of nutritional effect, because
malnutrition was expected to be of greatest importance in younger
children. Grades 1 and 2 were deliberately overrepresented for the
same reaSon.

Baseline, 6-mo and 12-mo follow-up nutrition and parasitology
surveys were conducted in March-May 1994, October-November
1994 and March-May 1995, respectively. The design was based on
the comparison of within-individual changes in childrens' nutritional
status from baseline to 12 mo in each treated group vs. the placebo
group, and these are the analyses presented in this article. The 6-mo
follow-up survey was planned to provide an interim measure of pro
gram effect for evaluation of whether a nontreated group could be
maintained ethically. The fuH battery of assessments was not com
pleted at 6 rna, and those data are not presented here. A sample size
of 1000 children per group was estimated to be sufficient to compare
the twice-yearly and thrice-yearly program groups with the control
group, accounting for the design effect of randomizing at the school
level and planning for subgroup analyses.

Before the study began, meetings were held at each school to

inform parents of the deworming regimen that would be implemented

in theit school, the purpose of the evaluation, its risks and benefits,
and alternatives to participation in the surveys. All children present
in school on survey days were inVited to participate in each survey.
Children found to have hemoglobin <70 gIL (35% of children) were
treated with mebendazole and oral iron supplements. Inclusion or
exclusion of these children did not affect the growth results, and they
are included in the analyses presented here. Overall, 91% of children
listed on teachers' class registers participated in the baseline survey,
and 85% of those children were assessed again at the 12-mo follow
up, in the following school year (Fig. 1). Compared with children
who completed the study, those lost to follow-up were similar in all
measured characteristics except that they were more likely to be boys
(60.0% vs. 50.3%, P < 0.001) and less likely to be stunted (height
for-age Z-score < -2, 42.1 vs. 48.6%, P < a.OOS). Both of these
characteristics were associated with greater growth effect from de
worming (see Results); thus, any bias caused by loss to foHow-up
would act to diminish the effect that we measured. The study was
approved by the institutional review boards of The Johns Hopkins
University, the World Health Organization and the Ministry of
Health of Zanzibar.

Nutritional and parasitologic assessments. Nutritional assess
ment methods have been described in greater detail elsewhere (Stolt:
fus et a1. 1997a and 1997b) but are briefly reported here. Children's
weights were measured to the nearest O. l kg using a battery-powered
digital scale (Seca Inc., Columbia, MD}, and heights were measured
to the nearest O.l em using a wooden stadiometer (Shorr Productions
Inc., Olney, MD). Children were lightly clothed and shoes were
removed. Age was calculated from the birth date on school records.
When this was missing, the child's self-reported age was used. A
venous blood sample was drawn co assess micronutrient status. Hemo
globin was determined using the HemoCue method (HemoCue AB,
Angelhom, Sweden), and erythrocyte protoporphyrin was determined
using an fluorometer (Aviv Biomedical, Lakewood, NJ). Serum ferri
tin was determined using an immunoassay (DELFIA System by Wal
lac Inc., Gaithersburg, MD).

Parasitological methods are described in greater detail elsewhere
(Stoltzfus et at. 1997b), and are briefly recounted here. Stool contain
ers were given to children on the day before the survey, and they
were instructed to bring a sample of their stool to school the next
day. About 95% of children returned stool samples in each survey.
Quantitative counts of helminth eggs in feces were determined by
the Kate-Katz method (WHO 1994). Urine samples were collected
from 100% of children. Microhematuria was determined using Hem
astix test strips (Ames Laboratories, Elkhart, IN) and was used as a
proxy indicator of urinary schistOsomiasis (Savioli et at. 1990). Thick
and thin blood films were stained with giemsa, and malaria parasites
were counted against leukocytes using standard methods (WHO
1991).

Data analysis. The study was designed to detect differences in
the twice-yearly or thrice-yearly treated group compared with the
placebo group; however, our sample size was not designed to detect
differences in effect between twice-yearly and thrlce-yearly deworm
ing. Thus we present statistical tests of these twO comparisons, rather
than comparisons among the three groups.

First, baseline characteristics of the treatment groups and the pla
cebo group were compared using simple linear regression. Characteris
tics that differed to a potentially biologically important degree were
controlled for in subsequent tests of program effect.

The measures of program effect on growth were the 12-mo weight
and height increments for each child. All analyses were performed
at the individual level and were adjusted for within-school correla
tions using the generalized estimating equations approach (Diggle et
at.). Some baseline characteristics of children in the three program
groups differed at baseline (Table 1). Thus, the overall l-y program
effects on weight and height increments of children in twice-yearly
and thrice-yearly dewonned schools were compared with those in
control schools, using multiple linear regression to adjust for charac
teristics that differed at baseline.

Given the heterogeneity of schoo! children, we expected that
some subgroups of children would benefit more from deworming than
others. Multiple linear regression models with program group interac
tion terms were used to test whether program dfects were greater in
children with certain baseline characteristics. Baseline characteristics
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72 schools

I
12 schools

I
I I I

control twice-yearly thrice-yearly

4 schools 4 schools 4 schools

I I I
1375 children 1309 children 1275 children

I I I
1260 children 1170 children 1175 children

91.6% of eligible 89.4% of eligible 92.2% of eligible

I I I
1054 children 990 Children 1019 children

83.6% of baseline 84.7% of baseline 86.6% of baseline

Public schools on Pemba
Island:

Completed 12 month
follow-up:

Randomly allocated to
group,
stratified by district:

Randomly selected into
evaluation,
stratified by district:

Entered baseline
survey:

Morning classes
selected for
survey:

FIGURE 1 Schema of research design, including numbers of children in each program group at each step of the evaluation.

associated with greater benefit from the program are termed predictors
of benefict. Interactions with program group were considered poten
tially important if they were significant at P levels <0. t5 and if rhey
were consistent in borh program groups.

Analyses were conducted separately for children < 10 yand 210
y of age, to separate the effects on pre-pubertal and pubertal growth.
Sexual maturation was not assessed. Height-far-age Z-scores were
determined using the anthropometric subroutines of Epilnfo, version
6 (Centers for Disease Control and Prevention, Atlanta, GA).
Weight-far-height Z-scores and body mass index [BMI, weight (kg)!
height2 (m2)J percentiles were considered as indicators of thinness.
Body mass index is presented here because it is recommended for
assessing children > 10 y of age, whereas weight-far-height Z-score
is not (WHO Expert Committee 1995), and there are no recommen
dations for assessing thinness in children 6- to y old. The BMI per
centiles were defined by the sex and race-specific tables of Must et
al. (l99la and 1991b). Analyses were performed using Systat (SPSS,
Chicago, IL) and SAS (SAS Institute, Carey, NC) statistical soft
ware.

RESULTS

Baseline characteristics of the study sample. The study
sample was composed about equally of boys and girls, whose
average age was 10 y (Table 1). Helminth infections were
nearly universal. Around 95% of children were infected with
hookworms and T. trichiura, and about two-thirds were in
fected with A. lumbricoides. Around 60% had circulating ma
laria parasites and about one-third had microhematuria, an
indication of urinary schistosomiasis. Stunting and low BMI
were common and increased with age. The iron status of the
population was very poor. The prevalence of anemia (hemo
globin <110 gIL) was 62.3%, and 82.7% of anemia was associ
ated with iron deficiency (protoporphyrin >90 .umol/mol
heme or serum ferritin <18 fJ.g/L) (Stoldus et a!. 1997b).

There were several significant differences among the three
program groups at baseline (Table 1). This is nor surprising,
because only 12 schools were randomly allocated. Both pro
gram groups had more hookworm and T. trichiura infection
than the control group, but the twice-yearly group had less
A. lumbricoides infection than the other groups. 1n terms of
anthropometry, the twice-yearly group was less stunted [han
the other two groups at baseline.

Program effect on helminth infections. There was a clear
dose response with frequency of deworming on all three hel
minths (Table 2). Ascariasis was effectively comrolled, but
hookworms and T. r:richiura were controlled less well. These
deworming regimens reduced the intensity of T. r:rtchiura and
hookworm infections but had little effect on the prevalence
of infection.

Overall tn'ogram effect on growth. Adjusted for baseline
characteristics, the 12-mo weight gains were - 2 kg for chil
dren < 10 y old and 3 kg for children 2: 10 y old (Table 3).
In children < 10 y old, the twice-yearly group had weight gains
0.27 kg greater than those of the control group (P < 0.05).
The thrice-yearly group had weight gains 0.20 kg greater than
those of the control group, but this difference was not signifi
cant (P :; 0.07). There were no significant program effects on
weight gains in children ::== 10 y of age. In children < lOy old.
the 12-mo height gains in the thrice-yearly group were 0.30
em greater than in the control group (P < 0.01). In children
::== 10 y of age, there was no signincant program effect on height.

Predictors of benefit. As expected, children with certain
characteristics had a greater growth response to deworming.
Among children <10 y old, the degree of stunting was the
only predictor of benefit (Fig. 2). Children who had higher
height-for-age Z-scores at baseline benefited more from de
worming. On the basis of the multiple regression model with
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Characteristic

Male sex, %
Age,y
Hookworms

Infected, %
Eggslg feces

T. trichiuria
Jnfected, %
Eggs/g feces

A. lumbricoides
Infected, %
Eggsig feces

Malaria parasitemia, %
$. haematobium, %

Age <10 Y

HAZ
HAZ < -2, %
8MI
8Ml < 5th centile, %

Age ;,,10 Y

HAZ
HAZ, < -2, %
8MI
8MI < 5th centile, %

STOLTZFUS ET AL.

TABLE 1

Baseline characteristics of study children by program group1

Program group

Control TWice-yearly deworming

(n = 1054) (n = 990)
51.2 50.4

10.5 ± 1.8 10.7 ± 1.8"

91.2 94.5"
332 (48, 2304) 505 (73, 3458)"

94.7 96.7"
531 (95, 2949) 577 (104,3186)

73.0 66.5"
239 (7, 8642) 149 (4, 5307)"

57.3 57.0
31.9 21.3"

(n "" 473) V7 = 442)

-1.44 ± 1.30 -1.21 := 1.30"
30.7 26.0

14.4 :=1.2 14.3 := 1.2
22.6 22.1

(n = 581) (n = 548)

-2.33 == 1.25 -2.24:= 1.24
64.0 59.6

14.8 :=1.4 15.1 := 1.4"
48.9 48.4

Thrice-yearly deworming

V7 = 1019)
49.4

10.5 :!: 1.8

95.8"
601 (86, 4204)"

97.3"
625 (115, 3398)

76.4
335 (9,11,959)

65.6'
'39.5"

(n =476)

-1.44:::: 1.31
36.1

14.4 ± 1.2
21.9

(n = 543)

-2.44 :::: 1.24
66.3

15.0 ± 1.4
43.5

1 Values are means:!: so. For measures at eggs per gram offeces, values are geometric means (-1 so, + 1 so); :zero values were included, with
tog-transtormed values defined as :zero.• Significantly different from corresponding value tor the control group (P < 0.05). HAZ = height-far-age
Z-score, 8MI "" body mass index (kgim2).

TABLE 2

Prevalence and intensity of helminth infections by program
group at 12-mo follow-up survey

height-for-age Z-score as a continuous variable, children with
height-far-age Z :;;: 0 gained 0.44 kg and 0.39 cm more in the
twice-yearly group and 0.46 kg and 0.51 cm more in the thrice
yearly group than children in the control group (all compari
sons ro control group, P < 0.005). In children with height
for-age Z :;;: -2, the only benefit was 0.23 cm greater height

Control

Program group1

Twice-yearly
deworming

Thrice-yearly
deworming

gain in the thrice-yearly group compared with the control
group (P < 0.05).

Among children ~ 10 y old, shortness-for-age again pre
dicted weight gain from deworming (Fig. 3). Children who
were less stunted (higher height-far-age Z-score) at baseline
gained more weight in response to deworming. Also, in this
age group, age and sex predicted height gain from deworming.
Girls grew less than boys in response to deworming, and the
growth response was greatest in younger boys. Ten-year-old
boys gained 0.31 cm more in the twice-yearfy group (P
< 0.020) and 0.49 cm more in the thrice-yearly group (P
< 0.025) compared with the control group.

The presence or intensity of the three geohelminth infec
tions at baseline did not predict benefit from the deworming
program for either weight or height gain, nor did iron defi
ciency or anemia.

A. lumbricoides
Prevalence, % 84 58 38
Eggsig feces 653 (25. 17,367) 54 (2, 1433) 10 (0,289)

T. trichiura
Prevalence, % 97 92 85
Eggs/g feces 788 (96, 6449) 340 (41, 2633) 147 (19, 1256)

Hookworms
Prevalence, % 96 89 88
Eggs/g feces 778 (94, 6728) 329 (41,2826) 262 (30, 2044)

1 Samples sizes per group given in Figure 1. All values for twice
yearly and thrice-yearly groups differ significantly from corresponding
values for the control group (P < 0.05). For measures at eggs per gram
at feces, values are geometric means (+1 SD, -1 so); :zero values were
included. with log-transtormed values defined as :zero.

DISCUSSION

This evaluation provides strong evidence that the school
based deworming program improved the growth of school chil
dren. The pre-post design of the evaluation, the comparison
between randomly allocated program and control schools, and
statistical adjustment for the differences in baseline character
istics among groups enable us to conclude that periodic anti
helminthic treatment caused greater height and weight gains
among children participating in the deworming program.

The fact that control of helminth infections improved the
linear growth of children < 10 y old also provides support for
our previous inference that Zanzibari children experience lin-
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TABLE 3

Overall adjusted 12-mo growth increments in children in
control, twice-yearly or thrice-yearly deworming

program schools

Program group1

Twice-yearly Thrice-yearly
Control deworming deworming

Weight gain, kg
Age <10 y2 2.11 :':: 0.08 2.38:':: 0.08' 2.31 :':: 0.08
Age ..,10 y3 3.01 :':: 0.11 3.20 :':: 0.12 3.04:':: 0.12

Height gain, em
Age <10 y4 4.29:':: 0.07 4.42:':: 0.07 4.59 :':: 0.07**
Age..,10y3 4.74:':: 0.08 4.67:,:: 0.08 4.81 :':: 0.08

1 Samples sizes per group are given in Figure 1. Values are means
± SEM•• Significantly different from corresponding value for the control
group (P < 0.05).•, Significantly different from corresponding value for
the control group (P < 0.01).

2 Adjusted for district, sex, age, and height-for-age Z-score.
3 Adjusted for district, sex, age, height-far-age Z-score, and low

body mass index.
4 Adjusted for district, sex, height-far-age Z-score and low body

mass index.

ear growth retardation during their early school years (Stoltzfus
et a1. 1997a). If these children were achieving their genetic
potential for linear growth in the absence of intervention,
then antihelminthic treatment would not have increased their
rate of linear growth.

However, the magnitude of the growth response to deworm
ing was small. This can be illustrated in several ways. In chil
dren < 10 y of age, the growth responses in the thrice-yearly
program group were 0.2 kg/y and 0.3 cm/y. Compared with
the control group gains, these represent improvements of 10%

in weight and 7% in height. The largest height responses to
deworming, seen in less stunted children receiving thrice
yearly deworming, were around 0.5 cm/Y, or 12% of control
height gains. These gains do not bring the growth of Zanzibari
school children in line with the international growth refer
ence. An average 9-y-old child tracking at the median of the
WHO reference for height would gain 3.7 kg/Y and 5.7 cmly
(average of values for boys and girls, from WHO 1983).

Because Zanzibari children will benefit from the school
based deworming program throughout their primary school
years, the effect on growth has a long period of time to accumu
late. If children gained an extra 0.3 cmly from the thrice-yearly
deworming program, over a 5-y period they might accumulate a
height benefit of 1.5 em. For an II-y-old boy, this represents
an improvement in height-far-age of 0.22 Z-scores (WHO
1983). Even the largest height benefit we observed in a sub
group, 0.5 cmlY, would mean an improvement of only 0.37 Z
scores if sustained over a 5-y period.

A series of smaller randomized placebo-controlled efficacy
trials conducted in Keny:l. where the epidemiology of geohel
minths is very similar to ,hat in Zanzibar, found larger growth
responses to antihelminthic treatment than we did. A single
400-mg dose of albendazole improved height gains by 0.6 em
and weight gains by 1.3 kg in a 6-mo trial in 150 first and
second graders (Stephenson et al. 1989). Treatment with me
trifonate (which treats both hookworms and S. haematobium)
or praziquantel (which treats only S. haemarobium) improved
height gains by 0.2 em in a 5-wk trial in 48 pre-pubescent
boys infected with both parasites (Latham et ·a!' 1990). A
single 600-mg dose of albendazole improved height gains by
0.6 em and weight gains by 1.0 kg in 53 boys after 4 mo
(Stephenson et al. 1993b). However, those boys were part of
a larger trial comparing one dose of albendazole in a 8-mo
period to two 4-mo doses in 284 boys and girls (Stephenson
et a1. 1993a). In the larger and longer trial, weight gains im
proved by 1.0 kg, but there was no effect on height gains.

*

**

HAZ=O

D twice~yearly

• thrice~yearly

Additional height gain (em)
0.6

0.5

0.4

0.3

0.2

0.1

o
HAZ =-2

**

HAZ=O

D twice-yearly
• thrice-yearly

Additional weight gain (kg)
0.6

0.5

0.4

0.3

0.2

0.1

o

FIGURE 2 Effects of twice-yearly or thrice-yearly deworming on 12-mo weight and height gains of children <10 y of age, according to height-for-age
Z-score (HAZ) at baseline. The y-axis represents the average additional height or weight gain associated with being in the twice-yearly or thrice-yearly
dewormed groups compared with the control group, adjusted for sex, age and district. Asterisks indicate weight or height gains that are significantly different
(P < 0.05) from control group gains at the indicated HAZ value. Interaction between HAZ and program group on weight was significant at P = 0.047 for
twice-yearly deworming and at P = 0.005 for thrice-yearly deworming. Interaction between HAZ and program group on height was significant at P = 0.008
for twice-yearly deworming and at P = 0.041 for thrice-yearly deworming. sample sizes per group are given in Figure 1.
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posite to be true, which is consistent with the idea that something
in addition to geohelminth infections is slowing the growth of
stunted children.

Under conditions found in areas such as Zanzibar, additional
zinc or iron may be needed for children to achieve normal growth.
A potential role of vitamin A deficiency can be ruled out, because
the serum retinol distribution of first-graders in this sample was
nearly identical to that of children in the United States (dara
not shown). These children were significantly iron deficient
(Stoltzfus et a1. 1997b), and iron supplementation improved the
growth of Kenyan school children (Lawless et at. 1994). We have
not evaluated zinc status in this population, but zinc deficiency
has been reported in other parts of sub-Saharan Africa (Ferguson
et at. 1993). In addition to geohelminths, chronic malarial infec
tion or strongyloidiasis might limit the growth of school children.
An effective bednet program improved the growth of preschool
children in an area of mainland Tanzania with malaria epidemiol
ogy similar to that in Zanzibar (Shiff et at. 1996). The prevalence
of Srrogyloides stercoralis infection in a subsample of this study
cohort at baseline was 41.2% (Albonico, M., and Cancrini, G.,
unpublished dara), but the nutritional consequences of this infec
tion are largely unknown (Stephenson 1987).

A second possible reason for the small growth effect is that
anthelminthic treatment might cause a temporary growth spurt
that is not sustained. These school children may have multiple
"gates", growth inhibitors or missing growth factors, that limit
their rate of growth. Geohelminths may be one such growth
inhibiror, but when this burden is alleviated the child can grow
at a normal rate only until bumping into the next gate. Thus,
when evaluated over a 1-y period, the growth effect we observed
seems relatively small compared with results from shorter trials.

This explanation is supported by twO trials in the literature.
First is that of Stephenson et a1. (1993a), in which results after
4 mo showed significant height and weight gains; however,
when the 8-mo trial was completed, the weight gain had not
increased further and the height gain had disappeared (Ste
phenson et at. 1993b). However, it should be noted,that the
4-mo results were reported on a subgroup of boys who may
have responded differently from the total group of boys and
girls combined. A recent trial conducted north of Cape Town,
South Africa (Kruger et al. 1996) also suggests that the effect
of deworming on growth velOcity abates over time. Iron-defi
cient 6- to 8-y-old children who received twO 200-mg doses
of albendazole 4 rna apart had height gains about 0.6 cm
greater after 5 mo than children receiving placebo. After II
mo, the relative height gain remained around O.~ em. This
study must be interpreted with caution in this context, because
the children were also given iron-fortified soup in a factorial
design with deworming, and only 73 children composed the
iron-deficient subsample.

To explore this possibility in our own data, we compared
the observed growth effect using the 6-mo follow-up data to
the 12-mo effects. In children < 10 y of age, the weight effects
(difference between weight increments in the treated vs. con
trol group) after 6 mo were 0.32 kg (P < 0.01) in the twice
yearly group and 0.18 kg (P = 0.12) in the thrice-yearly group.
These values are similar to the effects observed after 12 rna
(see Table 2). The 6-mo height effects from deworming were
-0.15 cm (P = 0.23) in the twice-yearly group and 0.19 em
(P = 0.48) in the thrice-yearly group, values that rather sup
port the assumption that the height effect observed in the
thrice-yearly deworming group was gradual throughout the
year. These comparisons provide some supporting evidence
that deworming causes an immediate increase in weight gain
that is not sustained beyond 6 mo. The same does not seem
to be true for height. In children ~ 10 y of age, the 6-mo

girls

o twice-yearly
11 thrice-yearly

HAZ =·3

10 Y12 y

boys

HAZ =·1

10 Y

Additional weight gain (kg)
0.4 r-----------;========::::::;I

01--'-----

FIGURE 3 Effect of twice-yearly or thrice-yearly deworming on
12-mo weight and height gains of children 2:10 y of age, by baseline
characteristics. The y-axis represents the average additional height or
weight gain associated with being in the twice-yearly or thrice-yearly
dewormed groups compared with the control group, adjusted for sex,
age and district. Asterisks indicate weight or height gains that are sig
nificantly different (P < 0.05) from control group gains at the values
indicated on the x-axis. HAl = height-for-age Z-score. Interaction be
tween HAl and program group on weight was significant at P = 0.02 for
twice-yearly deworming and at P = 0.12 for thrice-yearly deworming.
Interaction between age and program group on height was significant
at P = 0.0001 for twice-yearlydeworming and at P = 0.002 for thrice
yearly dewonrning. Interaction between sex and program group on
height was significant at P = 0.11 for twice-yearly deworming and was
not significant (P = 0.30) for thrice-yearly deworming. Samples sizes
per group are given in Figure 1.
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There are several possible reasons why the growth effect we
observed was smalL First, there might be other factors limiting
the growth of these children in addition to helminth infections,
i.e., helminth control is necessary but not sufficient to improve
substantially the growth of Zanzibari school children. This expla
nation is supported by the consistent finding that less stunted
children had the greatest growth response to deworming. This
effect modification was apparent in both program groups for
height and weight gains of children < 10 y of age and for weight
gains of children ~ lay of age. If helminth infection were the
only factor holding back the linear growth of children, then we
would expect to see the most stunted children having the greatest
growth response to amihelminthic treatment. We found the op-
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weight and height effects were trivial, and none was statisti
cally significant.

A third possible explanation is that mebendazole controlled
hookworms and T. r:richiura too poorly to induce a large growth
response. Neither of the benzimidazole antihelminthic drugs
is very effective against T. trichiura (Albonico et a1. 1994).
However, the trials conducted by Latham and Stephenson and
colleagues in Kenya (Latham et a1. 1990, Stephenson et a1.
1989, 1993a and 1993b) used antihelminthic treatments that
are more effective against hookworms, and larger reductions
in the prevalence and intensity of hookworm infection were
attained, This explanation is supported by the dose response
in the effect of twice-yearly and thrice-yearly deworming on
height gains. The height gains of children < 10 y of age in
creased with frequency of deworming, both in terms of the
overall group effects (Table 2) and the subgroup analyses (Fig.
2 and 3). However, a similar dose response was not seen in
weight gains.

If poor control of helminth burdens is the reason for the
small growth effects, then hookworms or T. trichiura rather
than A. lumbricoides must be mainly responsible, given that
ascariasis was controlled quite effectively by mebendazole. The
lack of effect of A. lumbricoides on growth is also suggested
by the finding that the growth response to antihelminthic
treatment did not differ between children with and without
A. lumbricoides infection at baseline (i.e., ascariasis was not a
predictor of benefit from deworming). Over 30% of children
did not have ascariasis at baseline; thus we had reasonable
statistical power to observe. this effect if it existed. This is in
contrast to the hookworms and T, trichiura, which infected
the vast majority of children at baseline.

Finally, the small effect we observed might be due to chance
in the particular sample that we used. It is possible that the
growth response in this sample of children was at the lower end
of effects that will usually result from school-based deworming
programs or that the large growth response in the Kenyan
trials represents the upper expectation and will probably not
be repeated. Additional evaluations of the growth effect of
deworming programs are needed ro provide reliable expecta
tions of effect for program planners.

In summary, controlling A. lumbricoides infection and re
ducing the intensity of T. trichiura and hookworm infections
in Zanzibari school children brought about small improve
ments in weight and height gains, particularly in children < 10
y of age and in children who were less stunted. The public
health relevance of the growth effect we observed is question
able. It is possible that helminth control is necessary but not
sufficient to substantially improve the growth of school chil
dren in areas such as Zanzibar, and additional interventions
or combinations of interventions should be tested. Antihel
minthic regimens that are more effective against hookworms
should be evaluated in programmatic settings and over time
frames of at least 1 y. Improved growth is only one potential
benefit from school-based deworming programs, and a final
appraisal of the worth of such programs must also consider
school participation, educational performance and effect on
iron status.
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T Cell Subsets and Cytomegalovirus Retinitis in Human Immunodeficiency
Virus-Infected Patients

Mel-Ling Tay-}(earney," Cheryl Enger,
Ric:lw'd D. Semba, Walter Royal m. James P. DUDDy
aDd Douglas A. Jabs
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JO/l1I1 Hopki'M Ulli~Uy ScAocl ofM,d/cw, BaJJlmore. Mary/and

Acase-contro1 study .....as done toInv~te the relationsllip betWeen T cell subsets and cytOmega
lovirus (CM,V) retinitis in hUJDllll immunodeficiency virus (HIV)-inf~ted subjccc.s with or without
CMV tetinitis and CD4'" edl counts of <0.050 x 10'lL. Cell:lW'face JniUketS on peripheral bloOd
lymphocyteS .....ere cnraluated using flow eytometxy. Patients with CMV reQni.tJs had. significantly
lower Icvds of COS'" eeUs (1'I1CiiJao: 0.152 x 10'IL) ClOmp_cd with levels for: controls (medbn: 0..296
x 10'1L. P <: .001). Significant down-regulatioo ot COSIlmulatory molecule CD28'" and lympbocyW
function-a:lSoQaced IlIltigen-l (LFA·1) expression was OJ)serve1! in paul;na 'VCml$ controls (CD2S·:
0.048 x 10'IL vs. 0.143 x 1o'IL, P < .001; LPA-l: 0.238 x 1()91L \'S. Q.400 x 10'1L, P < .001), but
DO significant differenceswere Doted for NX ceUs. We propose that progressive lo9lI at tho CD3"'CDS'"
cell subset and down-regulation of CD2S and LFA-l ac:cessocy molc<:ul~ ate a.:lsociated with aD
increllllCd ris1( of CMV redoitls In HJV·1nfected patient3.

CytomegalovUus (CMV) disease is assuming a more sig
nmcant role as people with AIDS live longer. The cumulative
lifetime risk of CMV disease is 45% [11. with retinitis being
its most common manifestation. CM'! retillitis is the, most
common intraocular infection in AIDS patientS and is 11 caUSe
of significant morbidity. It genc:tally occurs when CD4'" cell
coums are <0.050 x I09/L [21.

Despite the presence of antibodies to CMV. 30%-40% of .
AIDS patientS d~lop CMV disease. suggesting that cell-me·
diated inuIumity is necessaxy for tMintaining CMV 1aIeJ:1cy.
This supposition is alSo supported in clinical and animal studies
in which recovery from CMV infection is dependenr on an
in~ cellular immunity, in particular CDS'" T lymphocytes
and NK cells [3}.

m addition to the progressive loss of CD4+ and CD8~ T
lymphocyteS in human immunodeficiency viNS (HI\l) infee..
tion. it was recendy reported that CD28 antigen e."tpre3Sion
declines 15 HIV infection advances [4]. Because loss of this
molecule might panly e:x.plain cytOtoxic T lymphocyte anergy
(51, We postulare that progressive cytOtoxiC/suppressor T cell
(CDg cell) loss or ane.t'l;Y (or both) eQuId predispose HJV·
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infected persons to CMV disease. Furtb.cnnore, since it is desir
able to be able to identify patientS at higher risk of CMV
retinitis (for primaI)' prophylaxis). we conducted a case-conttol
cros~sectional study on the expression of lymphocyte subset
markers in peripheral blood lymphocytes from HIV-infeeted
pexsons with. and without CMV retinitis. We hypothesized that
decreased levels of CD8" cells, NK. cells, and coStimulat01'Y
molecules (CD28 and lymphOCyte function-associated anti
gen·! [LFA.I]) would predispose individuals with mv to
eMV retinitis.

Materials aDd Methods

From september 1994 through May 1995, mv·infe~tcd pati!;nts
with c.\fV retinitis were recruited from the AIDS Ophthalmology
Clinic at Johns Hoplcins Hospital. A dillgnosis ot c.'-i1V r~tinitis

was ma.di on the; basis of typie;al ophthalmologic features. HlV
infected patients without CMV retinitis and with C04'" cell countS
<0.050 x lO?fL were recruited as controls. Patie.nt3 with viscexal
CMV disease~ excluded from. the control group.

Blood was colh;ctcd for flow ~metrY and a complete blood
cell count. Blood foe flow c:yccmetry was 1rat3Sported at room
temperature and prepared within 4 h of collection. Clotted speci
m~ were discarded. Peripheral blood lymphocyteS were isolatl;d.
stained. and analyzed in general compliance with CenterS for Dis-
ease Control and Prevention guidelines for leukocyte immunophe
not)'lling of HIV-infected persons [6].

Peripheral blood lymphocyres were stained with combinations
of monoclonal antibodies (MA'bs). fixed, and analyzed within 12
h of sraining. Isotype..matched MAbs seIVcd as controls for tluo·
rescence marker selIings and identification ofnonspecific staining.
All MAbs were diIecdy conjugated to either fiu.orescein isothiocya
nate (FITe), phycoc:tythrin (PE), or to II tandem dye, phycoer
Ythrin-cyanine: .5 (PE-Cy5). The follOWing MAbs wen:: used: CD3
PE-CyS (Pan-T cells; ImmUllOteeh, Westbrook, ME); MsIgQ1·
mC, MsIgG..·PE, MslgGl-Cy5 (isotypC: control; Irnmunotech);

____________________... ...''i'lHllllllllulllllllmWIl al·ww.lIIIUllllUmn Ulln
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CD4s·mc (lymphOcyteS, monocyteS; BectOn Dickinson, San
Jose. CAl; CDl4-PE (monocytcs; BectOn Pic.kinson); CD4-FITC
(holper T cell; Beeton Diclcinson or Olympus, Lake Success, NY);
CD8-PE (cytotoxic/suppressor T cell; BectOn Dickinson or Olym
pus); CD2S-FlTC, CD2S-Pll (costimulatoty molecull;; Inununo
tech); CD4SRA-mC (naive T "ll; BectOn Dickinson);
CD16"CDS6+-PE (NK cell; Imnumoteeh); and LFA-I-FlTC (ae
CC$Soty, adhesion molecule; I:mxnunotecll).

Two- and three-eolor 1iow eytometIy was done using Becton
Dic.\Qnson FACStar Plus and PACStar Plus Resesrch Software
(LYSIS U). Plow cyromete:r optics were aligned and calibrated
daily with Biosurc chick red blood cells (Riese, S<m Jose, CA).
For each sample, 15,000 ungated eventS were collected, and the
lymphocyte population was selectedby bllclcgating. Quadrant anal
ysis cuxsors were s~t from the isorype con[Iolsample so that >98%
of the gan:d cells were double neptive. These same quadrant
seaings were used for subseQuent antibody combiIlations. The raw
sub!e't percentage value was concctl::d for nonlymphocyte eventS
within the gate (6).

Raw data were analyzed with statistical software (SAS Institute,
Cuy. NC). For many analyses, all patientS with c.\1Y retinitis
were considered a single group. Categorical charaeteristiC$ were
compared ~een group:! by use of Fisher's exact k:S\' Group
means wue compar@d usins: Smdent'~ t ttSt. Median and inter
quartile value:» were used to describe lymphocyte :."ubse,t ranges,
which were not nonnaUy distributed. The percent counts and abso
lute counts of cell surface markers were compared using the wU·
coxon rank sum teSt. Multivariate regn:ssion analysis was done to
adjust for potentially confounding factors. UnadjUSted ? value:s
are given.

Results

One hundred five HIV-infected persons with CD4"" cell
countS <0.050 X lQ911. w~e recruited prospectively, of whom
49 had Cl\N retinitis (patients) and 56 had HlV·infection with·
out CMV retinitis (controls).

Demographics for the patients and controls are compared in
table 1. Of the 49 patients, 22 were receiving anti.cMV treat~

ment (ganciclovir, foscamct, or cidofovir); 27 had newly diag

nosed CMV retinitis and were not receiving tre:ument at the
rime of blood sampling. SUbgroup analyses showed no signifi
cant statistical differences in demographic faccOIS :md medical
historil;$, except for granulocyte colony-stimuJating factor (G
CSF) use, for treated and untreated patients, so they were ana

lyzed as lL single group. PatientS were slightly older than con·
troIs, but the 2 groups did nor differ significantly in their use
of acyclovir, prednisone, or cytotoxic drogs; however, fevm
patients were receiving antiretroviIal dIugs than were controls
(P =.049), and more patients than controls were treated with
G·CSF (P < .001). In addition, more patients than contrOls
had a histoty of Kaposi's sarcoma (P '= .019) and other oppor
tunistic infections (i.e., Pneumocystis carlnii pneumonia and
cryptoco~31 and Mycobacterium avium-inrracellulare COtn

plc::x infections; P = .030).
Lymphocyte subset results, comparing patients and conU'Ols,

are listed in table 2, The median absolute lymphocyte count

Table 1. Demographics~medical hisr.oriCll for HIV·infilcted sub--
jtctS with (patien1:l) or without (cODtrOli) CMV retinitis.

FOllIUl'C :P1Ui~tll Control& p"

No. ofpWc:nlS 49 56
Race .051

While 61 41

!~ 39 59
Gender 1.000
~ 116 88
FCIllAlc; 14 12

l.idt f:IllUlr ,l90
MSM 6S 46
lDU 21 23
MSMwiIDU 0 1
HcleI'~ 1:2 10
Blood I)lC(luOf use 2 4

.o\ge {yCV$}, me.m ::: SD . 40.3:= 3,+ 36.8::: 6.$ .016
AnIi~Vim drug usc .049

Yca 31 SO
No 69 50

G-CSF <.001
Yes ~9 4
No 11 96

1C.:lpoQ·s sartoma .019
y~ 2Z 5
No 78 95

Histoty of OtMr 01 .030
Yes 71 SO
No 29 SO

NOTB. D3f;\ 3te % unl~ ollu:twi3c in~ced. MSM = men ha~ ,",x
with men; rou = injllClion dNg USC; G-CSF = gr.mulocyn: colony-stimulating
txror; 01 = oppot'CUnistie lnfeotioM (defined (IS PMloOnIOC'J"'lis carltlil pncumo.
ni:l. :llld ayp~o,c:~ or MycobtU:reriwm a1Iirm.-lfllraC8JlwlUT complex infet:
noDS).

• Iktemrined by US(: of fisher's =c:t~ 3lUl SDJdcnt's I tqT.

was significantly lower in the patient group than in the control
group (0.517 X l09/L \IS. 0.610 X 109ft, P '= ,01&). However,
both groups had a similar CD4'" cell percent (0.81 X 109/L vs.
1.1 X 109fL. P = JSO) and similar median absolute CD4+ cell
counTS (both <0.010 X l09/l., P = .069).

Compared with CDS'" and CD4SRA· cell counts for con·
troIs, those for patients were lower (CDS""; P <, 001;
CD4$RA.+: P < .001). CDS"'CD45RA'" cell countS were also
significantly lower in patients than controls (P <. 001). Three
color analysis dettmnined that most CD3""CD4SRA.,. cells (i.e.,
CD45RA.'" cells) we:re ll1so CDS·CD45RA'" cells.

CD28 antigen exprBssion was significantly lower for CP3'"
(P == < .001) and CDg'" (P == < ,001) cell subsets in patients
than in controls. Three-color analysis detennined that moSt of
the CDS"'CD2Sof' cells were also CD3+CDS'PCD2S"" cells. T
cells expressing U A·1 were significantly lower in patients
than controls (P < .001). Although the percentage of CD3
S6·CD16"" cells tNK cells) was higher in patients than con
trols, the absolute counts wore similar.

A subgroup analysis was done to determine the effect of
treatment with G-CSF. The absolUte number of lym.phoeytes

----------------------------------_-...wllll, 1111 _
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Table 1. Percent and absclme lymphocyte counrs for HIV-infeCled subjectS with (patients) Qr wirhout (c:onacls) CMV retinitis.

p.ucm:l Conexo\$

CD4- ccU% AbeolllU: no. IYfIlIl~ CD4" ccU°,io Abwolult 0.0. lymphocytes
Sllffw: marlt:I,r (XIO'IL) p. (X1OtJ!.) p. (Xlo'fL) (x lo'lL)

C03·CDS'" 39.50 .006 0.152 <.001 49.62 0.296
(19.13, 49.90) (0.075. 0.308) (34.76, 60.06) (0.163. 0.490)

COJ·CD45lV.- 19.43 .001 O.O~ <.001 34.23 0.211
(9.16., 32.25) (0.036,0.191) (23.51, 43.63) (0.083. 0.367)

CDS"'CD4SM- 16.53 <.001 O.07S <.001 30.38 0.203
(8.Sa, 34.21) (0.035, O.13S) (22.48, 39.12) (O.Q9S, 0.341)

C03·C028'" 13.38 <:.001 0.04& <.001 23.47 0.143
(5.08, 24.22) (0.019, 0.144) (16.$4, 36.03) (0.093, 0.262)

CDS·CI>2S· 6.82 <.001 0.023 <:.001 lS.08 0.088
(1.91,lSAQ) (0.010, 0.090) (9.18,26.14) (0.049, 0.18S)

CDS"'CD28· 25.65 .418 0.121] .Dl~ 29.29 0.200
(17.02. 40.36) (0.063, 0.211) (19.86., 45.59) (0.113, 0.323)

C03·LPA-l'" SL46 .0Q.i 0.238 <:.001 5:1.92 0,400
(30.88, 62.86) (0.120, 0.372) (S1.10, 73.11) (0.202, 0.594)

C03-COS6-CDW (NK ecl1s) 12.45 .011 0.063 .763 7.38 MS4
(6.16, 22.35) (0.024, 0.108) (3.69. 16.00) (0.tu4, 0.099)

."""""""''''Wl;.&.~I!

and cona-ols. Subgroup analysis also showed no significant
differences in the demographics or memcal histories of tteatea
3Xl.d untreated patients, except for the greater use of G-CSf in
the treated group.

Cdl transie-r studies in CMV-infected murine models suggest
that ens· cytotoxic T lymp.hocyte~ are protective for CMV
disease (7). Our group of patients had significantly lower CDS'"
cell counts compared with those for the: control group, and tbe
majority of these cells were naive (CD4SRA"'). Fiala et at [81
reponed lhat the risk for c.\1V disease increases when CDS'"
cell counts decline to <0.500 X l09/L. This finding was corrob
orated by Lowder et al. [9] in a retrOspective study of Q.v1V
retinitis in paticn~ with AIDS. These findings underscore the
importance ofCDS'" cytotoxic T lymphocytes in the Pfevention
of CMV retinitis.

It has been suggc::sted that switching from CD45RA... (naive)
to CD45RO'" (memaxy) cells is an important mechanism ofT
coil activation in response to CMV infection...In this study,
patients with eM\! tetiniris had lower numbers of naive cells
than did the control group, suggesting that the switching of
naive cells to memory cells may be inadequate to prevent CMV
disease in HIV-infected patientS.

CD2S antigen provides the necessary second sign3.l for r
cell activation, proliferation, and interleukin-2 production.
Brinehmann et al. [5] demonstrated that in mv-infected pa
tients, the abilitY to prolife:tate and secrete interleukin-2 in
response to T cell reCeptor activation was restricted to the
CD8+CD2S.... cell subset. In th~ cuaent StUdy, we found a
signUicant decrease in T cell-expressed CD:2S antigen in the
HIV-infected patientS with c..\N retinitis, compared with mV·

Discussion

was signHicandy higher in patientS receiving G-CSF compared
with those not receiving G-CSF (median: 0.617 x l09/L V$.

0.384 X 10'>/L, P == .023). The absolute number of CDS· cells
in patient:! reeeiving G-CSF versus those not receiving G-CSF
was also significantly higher (0.308 X l09/L ¥s. 0.138 X 109

/

1.. P =: .038), as was the absolute number of CD2S'" cells
(0.136 X 10?ft. VS. 0.033 X 109/L, P = .010) and CDS·CD28+
cells (0.0& X 10?JL vs. 0.019 x lQ9/L, P == .027). T cells countS
were also significantly higher in G-CSF-tr~ted patientS. No
significant group differences were found for other mononuclear
subs~ analyzed.

Multivariate resression analysis showed that the·differences
in ceU surface markers between patients and controls remained
aft.:r adjusting for age, race, and anrirctroviral use. The only
factor that in:t1ueIWed the cell surface marker results WlU G
CSF use, which actually reduced the diffcrcnc~s between pa
tients and ~ntrols.

mv-infeCted patients wi1h CMV retinitis and contlols with
out C\1V retinitis were :matched for CD4"!' cells by ~electing

subjects with CD4. cells <0.050 X l09/L.
Patients were more likely than controls to be white and older

and to have a ~tory of another opportunisti.c infection. and
they were less lilce1y to be usins antiretroViral drugs and more
Iilcoly to be using G-CSF. However, regression analysis showed
that age, race, and anrlretroviral drug use did not alta the ceU
5'Uface market results, 3nd G-CSf ~e reduced the diffarenc.es
in some mononuclear subset measuremt:nts between patients

I
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infected controls. This loss of COOS antigen was mainly o~

served in the CDS+ population of T cells, suggesting tI1lU loss
of tilt costimulatory molecule may result in a less effective
cytotoXic/suppressor response to w\{v-infected cells. The
greater loss of CD28 antigen e:lI.'pression might also explain the
poorer proliferative responses of T cells isolated from HIV
infected persons with CMV retinitis compared with ~onses
of T cells from HIV-infected persons without CMV retinitis
[10J. FactOIS other than C028 antigen expression may also
coatribure to the poorer lymphoprolifcrative responses ob
SCl'Ved in villO. For example, ganciclovir, acyclovir, and zido·
vudine each have been reported to inhibit lymphocyte prolifera
tion in vitro (11]. Furthermore, CMV infection itself bas be¢n

reported to have immunosuppressive effects, manifested by a
decreased lymphoproliferative response after mitogen stimula
tion and by deae3sed cytolytic T cell and NK. cell activity.
However, lymphocytes are usually nonpermissive for CMV
infection, so a direct immunosuppressive cffc:ct of the vitus at
the T cell level is unlikely.

lnteraetions between LFA-I and intercellular adhesion mole
cule 1 contribme to the activation of the T lymphocyte and
can augment cytOtoxicity ofvituS-Specific CDS" cells [121. In
the current StUdy, HIV-infected patientS with CMV. retinitis
had significantly lower levels of CD3 +LFA-I" cells compared
with levels for the HrV-infected controls. Loss of LFA-l eould
further contribute to immunodeficiency and, thus, to an in
creased risk of CMV retinitis.

AniInlll and clinical stUdies have shown that NK cells play
a role in c.\!V disease, though they generally delay but do not
prevent severe disease and death [13 ]. In our study, there were
no significant differences in the absolute numbers of NK cells
in subjectS with or without c..'-1V retinitis, suggesting that the
cells have a less important role in the p~c:ntion of CMV
disease in HIV-infeCted persons with progressive iIn.mw1osup
pression.

A subgroup analysis ofT cell subsetS was done to study the
effectS of G-CSF in HlV-infected patients with CMV retinitis.
It has been previously reponed that there is a disproportionate
increase in CD8+ cells during treatment with G-CSF [14J. In
our study, we found significant increases in the absolute lym
phocyte and CDS"" cell counts but no e.ffect on the CD4'" cell
count. The CDS+CD28+ cell numbers also increased in patients
treated with Q.CSF. The G-CSF-initiated increase in cells
bearing cosrimulatory molecule CD28 is consistent with the
ccported increase in lymphoproliferative responses to phytohe
magglutinin of T cells from HIV-infected patients treated with
G~CSF compared wil'h those from untreated patients (14]. This
effect of G-CSF on. T cell subsets tended to miniznize the
differences between subjects with and without C:MV retinitis.

Whether the observed changes in T cell subsets in HJV
infected patients with c.'v1V retinitis represent a cause or e:ff~ct

of C\1V disease cannot be determined from this study. How
ever, in light of previously published obsenrarions and the
observatiODS from our study, one plausible hypothesis is that

a. Joss ofCDS'" cytotoxic Tcells with down-regulationofCD28
and LPA-l antigens (a change that leads to an ineffective cyto
toxic response to virus-infected cells) contributeS to an in
cn:ased risk for CMV retinitis. Screening ofHIV-infceted pa
tients with Co-r cell cOuntS <0.050 x lO~IL, CD8+ ceU countS
<0.500 x I09tL, a:nd low numbm of CD8T CD2S'" and
CD8+LFA-I cells might better identify patientS at risk ofCMV
retinitis. Such patients may benefit from primary prophylaxis
for CMV disease.

Fiaally, successful adoptive immunothel'aPy for human viral
infections requires an understanding of immune mechanisms
essential for providing the host with a prorective response. The
obsClVed changes in the cytotoxic cell subset profile in AIDS
and CMV retinitis may also help to develop more vinJ$.specific
T cell subsets for adoptive therapy for CMV disease [15].
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Materials and Methods

Study participants W'e'Ie tecruited from among voluntem en
rolled in a DoD protocol for ic.vestigsting the natural history of
HIV-1 jnfection in members of the US military. Inclusion criu::ria

hemophilia and homoseJl:ual cohorts have shown that the level
ofHlV-1 RNA circulating in the serum or plasma is a predictor
of time to development of .AIDS and to de:ath [5, 6]. W1lether
virus load (circulating RNA level) diifers among racial and
ethnic groups is unknown, and virus load may affect the rate
of disease progression.

The factors confounding moSt comparisons of racial and
ethnic groups in the United States ~ equalized within the
militarY system. Quality health care is accessible to all memo
bers. More spec:mcally, mv-1 screening and patient manage
me:ot are carried out according to Standardized policies f7).

A long-rer.m srody of the naroral history of mY-I infection
established by the US Department of Defense (000) has en·
rolled approximately equal numbers of white and black volun
teers and a smaller number of Hispanic volunteers (8). As part
of this study, HI\'-I RNA quantitation. in plasma was initiated
in 1995 through a single central laboratory. Herein we report
on an an31ysis that was based an resultS of the initial year of
testing. The analysis addresses the hypothesis that differences
in IDV·1 virUs load may be associated with race.

Volunteers in a natural history smdy aC human immunodeficiency ...ltus tYPe 1 (HlV-l) at two
military medical centers were stUdied to dererminc wbcthet plasma HlV·l RNA levels differ among
racial and ethnic groups of US aduRs infec~ed witb HIV·1. Cross-sectional analyses of pl380la
HlV-l RNA and C04 celt cou:nts were done using demographic and cllnical data conected during
StUdy visits. Age, gender. CD4 c:ell count, scrocoRverslon staNS, and use of antiretroviral therapy
were studied in 545 military members (46% whIte, 49% blaa, and 6% Hispanic). No association
was found between HIV-1 RNA lC'lels aftd race or ethnicity among infected adults for whOal access
to care> and soaoceonomie $tatus were not confounding facto'Cll.

Human Immunodeficiency Virus RNA Levels in US Adults: A Comparison
Based upon Race and Ethnicity

Minority groups within the United States are affected dispro~

portionately by rh.e human immWlodeficiency virus type 1
(ElY·1) epidemic. In the most recent national report ofleading
causes of death, the ratio of age--adjusred death rates related to
HIV-l infection is 4: 1fur black versus white persons [1]. Since
1991, AIDS has been the leading cause of death for black and
Hispanic men and b.laclc womeII 25 -44 years old [2]. A number
of smdies have found that survival time fer persons with AIDS
differs among racial groups (31, and a recent article suggests
that CD4 cell count decline varies with race [4]. However,
such comparisons are genc:rally confounded by socioeconomic
factors and unequal access 10 health care. Analyses of both
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Efficiency of EPI cluster sampling for assessing
diarrhoea and dysentery prevalence

8.S. Yoan,1 J. Katz,2 K. Brendel,3 & K.P. West Jr2

This study examines the efficiency of EPI cluster sampling in assessing the prevalence of diarrhoea and
dysentery. A computer was used to simulate fieldwork carried out by a survey taker. The bias and variance
of prevalence estimates obtained using EPI cluster sampling were compared with those obtained using
simple random sampling and cluster (stratified random) sampling. Efficiency ratios. calculated as the mean
square error divided by total distance travelled. were used to compare £Pf cluster sampling to simple
random sampling and standard cluster sampling. EPI cluster sampling may be an appropriate low-cost tool
for monitoring trends in the prevalence of diarrhoea and dysentery over time. However, it should be used
with caution when estimating the prevalence of diarrhoea at a single point in time because of the bias
associated with this cluster sampling method.

designed and conducted sample survey can pro
vide an epidemiological snapshot of the disease. A
diarrhoeal disease survey may also be used to assess
the nutritional status of a community. since children
affected with diarrhoea and dysentery are often nu
tritionally deficient. A survey can also establish base
line information prior to an intervention. Repeated
over time. cross-sectional surveys are useful surveil
lance tools for monitoring changes in a population.

There are a number of sampling strategies that
can be used to ascertain the prevalence of diarrhoea
and dysentery in a community. Theoretically the
simplest. but often the most difficulr to carry out. is
simple random sampling (SRS). SRS requires each
member of the population to have a known and
equal probability of selection. The Jist from whifh
the sample is drawn is assumed to include every
eligible member. The compilation of this Jist, often
called the sampling frame, is difficult and sometimes
impossible, even in situations with large amounts of
resources. In developing countries. acquisition of the
sampling frame can be especially difficult because
of inaccuracies in rhe existing census, to which are
added high migration and birth rates and severely
limited resources.

An additional difficultv with SRS which makes
it impractical in most situ;tions is that subjects se
lected in the sample can be geographically spread
out. Visiting these subjects can divert resources from
other areas of the surveyor even other health pro~
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Introduction
Diarrhoea is one of the major causes of morbidity
and mortaliry among children in developing coun
tries. It has been estimated that over 12000 persons
die each day from diarrhoeal disease in developing
countries (J. 2). Diarrhoea has been ShO\\l1 to affect
the growth of children and is an important cause of
malnutririon which can adverseIv affect child mortal
ity (3,4). The infectious nature of diarrhoea suggests
that faecal contamination of water and food contrib
utes to its transmission (5). For example. a contami
nated source of water, if serving several families, can
cause a cluster of illness.

The prevalence of diarrhoea and dysentery in a
community can be estimated through the use of a
sample survey. Depending on the method used. a
sample survey can give an accurate overview of the
disease process within a community. For infectious
diseases such as diarrhoea and dysentery, a properly

1 Epidemic In1elligence Service Officer, NalionaJ Cemer tor Envi
ronmental Health, Cenlers for Disease ContrOl and Prevemion
(CDC), Mail Stop F47, 4no Bufora Highway NE. Allanla. GA
30341-3724, USA. Or Yeon was not affiliated with CDC when this
work was carried oul. Reques1s lor reprints should be sem 10
Dr Yeon.
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grammes. Inaccessible areas containing only one or
two subjects may need to be visited. Consequently,
SRS is infrequently used.

A method that eliminates many of the logistical
problems of SRS is cluster sampling. The primary
sampling units are clusters. often defined so as to
be convenient for the researcher (6). For example,
clusters may be city blocks if the survey is conducted
in an urban setting, or villages if the survey is can·
ducted in rural areas. For cluster sampling, a com
plete list of clusters is necessary. which is usually
much easier to obtain than the sort of list required
for SRS. However, a complete list of individual
elements is necessarv for selected clusters. SRS is
often used for sampiing within clusters. If clusters
are "large", the amount of resources necessary to list
their elements can still be substantial.

Thus. a simplified low-cost methodology (EPI
cluster sampling) was developed by the WHO Ex
panded Programme on Immunization (EPI) and has
been used extensively (7). Typically. EPI cluster sur
veys have consisted of 30 clusters of 7 children each
(for immunization coverage surveys) (8). However.
the method has been modified and adapted for
other purposes: 30 clusters of 14 children have been
used for surveys of immunization coverage, oral
rehydration salt availability, and breast-feeding and
dietar;' information (9); 30 clusters of 68 children
were :.ised in Guinea to monitor selective compo
nents of primary health care (10); 30 clusters of 70
children were used for surveving neonatal tetanus
mortality in Kenya (11); 30 c1u~teiS of2tS. for assess
ing morbidity and mortality due to diarrhoea in the
Central African Republic (12); 19 clusters of 10-13
children each. in the Philippines (13); and 45 clusters
of 8 children. for breast-feeding practices (14).

Standard cluster sampling uses SRS for sam
pling within clusters; however, EPr cluster sampling
uses a convenient sampling procedure instead of
probability-based SRS for second-stage sampling.
Thus, although EPI cluster sampling is easier and
less costly, the bias and variance of the estimates
obtained can increase.

The present study investigates the cost of con
ducting EPI cluster sample surveys (expressed as
distance travelled to visit the sample subjects) and
the bias and variance of the estimates derived with
this sampling design.

Materials and methods
Data were derived from a survey of preschool-child
morbidity that was carried out prior to a randomized
vitamin A supplementation trial in the Terai district
of Sarlahi, Nepal (15. 16). Communities enrolled in
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the trial were mapped. and each house was num
bered. We used data from a subset of 40 wards in 25
villages where morbidity histories, anthropometric
measurements. and ocular health indicators were
collected at the beginning of and at regular intervals
during the trial. The 40 wards were selected with
probability proportional to size from among 261
wards in the trial.

All children under 5 years of age were identified
by a house·to-house census and enrolled in the
study. At the outset. respondents were queried to
determine if enrolled children had either a 7-dav
history of diarrhoea (defined as four or more loos~.
watery stools per day) or dysentery (defined as the
presence of blood in the stool regardless of whether
diarrhoea was present). Other information on health
and nutritional status was also collected. Interviews
were conducted by persons with at least 10 years of
formal education. but without medical training. Lo
cal terms for symptoms were used, which had been
previously identified through focus-group discus
sions within the communities. Children with symp
toms on one or more davs were considered to be ill.
Children not under direct observation by a parent
for the past week were considered to have missing
morbidity data.

Maps of each of the wards were established for
the census. Each house was identified on the maps
with the same identifier as used in the database. Al
though not drawn to scale. the maps were the means
of locating households for subsequent visits. The
quality of the data collected has been described (17).
The study population consisted of 4297 children who
participated in the baseline survey and had a history
of morbidity.

Three 'different sampling schemes were simu
lated: SRS. stratified random sampling, and EPr
cluster sampling. Modified versions of the EPr c1us-.
ter sampling scheme were also simulated. The SRS
method randomly selected a sample of fixed size
from the total population of eligible children, regard
less of ward of residence. For stratified random
sampling, a fixed number of children in each of the
40 wards was randomly selected. For EPI cluster
sampling a fixed number of children in each ward
was selected using an EPr-recommended sampling
strategy. All simulations were carried out using the
established maps.

Like cluster sampling. EPI cluster sampling
often uses probability-proportional-to-size (PPS)
sampling to select clusters. However. at the second
stage. EPI cluster sampling selects a starting house
hold in each community by locating the ward's
centre. randomly selecting a direction. and randomly
selecting a house from a list of all houses falling
along the line drawn from the ward centre to the

WHO Bulletin OMS. Vol 75 1997
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periphery in the chosen direction. All eligible chil
dren in the selected households are included. If
additional children are required, the closest house
to the right is visited. until the required number of
children are sampled. If a household has more chilo
dren than required for a given sample size. all
children in the household are nevertheless sampled.
A version of EPI duster sampling that has the effect
of spreading out the sampled children across the
community by visiting the nth nearest house to the
right was also simulated.

A total of 1000 simulations were performed
for each sample size investigated. For SRS. sample
sizes of 280,400.600,800. and 1000 were simulated.
For stratified random sampling, sample sizes of 7.
10, 15,20, and 25 children per ward were simulated
for all 40 wards. resulting in sample sizes of 280. ~OO.
600,800. and 1000. For EPI cluster sampling.a mini
mUm of 7. 10. 15.20. and 25 children per ward were
sampled in each of the .j.() wards, resulting in sample
sizes of approximately 280. .wo. 600, 800. and 1000.
Sample sizes were selected to provide a range of
estimates of bias and variance for each sampling
method and to allow comparisons with previous
computer simulations of EPl cluster sampling (18.
19).

Simulations required computer maps represent
ing the locations of households and allowing calcula
tions to be made of the distance travelled in wards

.for each sampling method. A digitizing tablet and
MapInfo (MapInfo Corporation. NY. USA) geo
graphic-information-system software were used to
enter household locations. which were referenced to
an arbitrary point of origin. The centre of each ward
was calculated by taking the average of the coor
dinates of the households within a ward. For SRS
and stratified random sampling. a Turbo Pascal
(Borland Corporation. CA. USA) program deter
mined, based on the list of selected children. the
child liYing closest to the ward centre. From this
initial household. the nearest household containing
a selected child was determined and visited. The
software was used to keep track of disease status and
the total distance travelled. "Visiting" the nearest
household containing a selected child was repeated
until all selected children were included. Since the
sampling unit for SRS and stratified random sam·
pIing was the eligible child. only households with
eligible children were ·'visited".

For EPI cluster sampling, the sampling unit was
the household. A household was selected at random
from a list of all households falling within a path of
a defined width from the ward centre in a randomlY
chosen direction. The house was then examined to
determine if a child of eligible age was living there.
Subsequently. the nearest (or nth nearest) house·

WHO Bulletin OMS. Vol 75 1997

hold to the right was "visited". and the steps reo
peated until the desired number of children was ob
tained. The prevalence of diarrhoea and dysentery
and the total distance travelled. including the dis
tance from the centre of the ward to the start·
ing household. were determined. The total distance
travelled also included "visiting" households with no
eligible children.

The "true" disease prevalence was considered
to be the number of children with diarrhoea (or dys
entery) as determined by the census, divided by the
total number of enrolled children. Disease preva
lence estimates from stratified random sampling
and EPI cluster sampling were weighted according
to the number of eligible children in each ward. in
order to obtain estimates that could be compared
with "true" prevalence. fn a survey in which the
primary sampling units (wards) would have been
PPS selected. an unweighted prevalence estimate
for the stratified random sample or the EPI cluster
sample would have been appropriate because of the
fixed sample size in each cluster. A prevalence esti·
mate was obtained for each of the 1000 simulations
run for each method. The mean prevalence of the
1000 simulations was then compared with true
prevalence to estimate the bias of each method.
Variance was obtained from the distribution of the
1000 prevalence estimates.

The effect of sampling design (design effect) on
the variance of estimates obtained with EPI cluster
sampling was calculated by dividing the estimate
variance for EPI cluster sampling by the estimate
variances for SRS and stratified random sampling.
Thus. two different design effects were calculated.
One answers the question "How much does estimate
variance increase if cluster sampling instead of SRS
is used to assess the prevalence of diarrhoea and
dysentery?": the second answers the question "For
the wards selected using PPS sampling at the first
stage, how much does estimate variance increase
using EPI cluster sampling instead of SRS for 'the
second sampling stage?" Mean square errors (MSE)
were calculated from the bias and variance esti
mates derived from stratified random and EPl clus
ter sampling by adding the square of bias to variance.
MSE represents the overall error of prevalence esti
mates under different sampling designs.

Estimates of distance travelled were compared
for EPI cluster sampling and stratified random sam
pling for each simulation run. Distance was com
pared ward by ward becnuse ward maps were not
drawn to a common scnle and mapping distortion
was variable. Median distance was cnlculated for
each ward for each sampling method, A distance
ratio was calculated for each ward by diViding the
median distance travelled for EPl cluster sampling
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by medIan distance travelled for stratified random
sampling. A ratio greater than 1 indicates that EPI
cluster sampling required a greater travel distance.

Maps of households visited for EPI cluster
sampling (Fig. 1) and stratified random sampling
(Fig. 2) are shown for ward 1.2. In Fig. 1. of the
eight houses visited during EPI cluster sampling
simulation. eligible children were found in only
three. The distance travelled is greater for children
selected at random (Fig. 2) than for those selected
using the EPI sampling method (Fig. 1).

MSE measures the total error of sample esti
mates and distance can be used as an indicator of
cost. To compare two designs (a & b), one can use
the efficiency ratio (20):

Costa X MSEa

CoStb X MSEb

By these criteria, a ratio greater than 1 implies design
b is preferred. i.e. it has eithera smaller cost per unit
MSE or a smaller MSE per unit cost. The product of
the cost and MSE of estimates obtained from EPI
cluster sampling was compared to that of stratified
random sampling for the same sample size.

Limitations

Distance travelled can provide only an approximate
indication of the cost of conducting a survey. Other

costs may include personnel. training, and materials.
However. for comparison across sample designs. dis
tance travelled should prOVide reasonably accurate
estimates. However. if the cost of obtaining an accu
rate sampling frame is considered. SRS may be far
more costly.

Distance was calculated as a straight line be
tween two points. Roads. rivers. and other physical
obstacles were not taken into consideration. Again.
however. all simulations were subject to the same
constraints. so comparison of designs should not.
have been seriously affected. .

Finally, a field worker cannot be perfectly
modelled using a computer. For example. the role of
individual subjectivity in household selection cannot
be simulated. As the selection algorithm used in the
simulations is completely objective and consistent.
the simulations represent an "ideal" that may be
more or less close to the real situation.

Results
A total of 4297 (90.2%) of 4765 eligible children
lived in 54.7% of the 4920 households in the 40 wards
under study. The number of eligible children in each
ward ranged from 13 to 284. whereas the number of
households ranged from 31 to 315. The "true" preva
lence of diarrhoea was 13.8%. and the prevalence of
dysentery 4.4%. among the 4297 children surveyed.

Rg. 1. Map of ward 1.2 showing the households visited (starting with household
27) for EPI cluster sampling (sample size 7, next nearest household to the right
visited).
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Fig. 2. Map of ward 1.2 showing households visited (starting with household 26) for
stratified random sampling (sample size 7).

Table 1: Prevalence estimates for diarrhoea obtained from EPI cluster sampling and simple random sampling
(SRS)

Estimates based on simulations ranged from 13.75%
(simple random sampling, sample size 10) to
16.45% (EPI cluster sampling. sample size 7, 4th
nearest house to the right selected) for diarrhoea
(Table 1) and 3.85% (EPI cluster sampling. cluster
size 25. nearest house to the right selected) to 5.4%
(EPI cluster sampling, cluster size 7. 3rd nearest
house to the right selected) for dysentery (Table 2).
For diarrhoea. EPI cluster sampling always resulted
in higher prevalence than "true" prevalence.

Bias. calculated as the difference between true
and sample prevalence. was very small for stratified
random sampling. However. bias from EPI cluster
sampling ranged from 0.36% to 2.65% (diarrhoea)

t line be
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lould not

materials.
signs. dis·
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~ an accu
lay be far

perfectly
:he role of
on cannot
sed in the
:onsistent.
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~ children
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Je"preva.
valence of
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EPI (1)' EPt (2) EPI (3) EPI (4) EP115/ "';R'~

True -_............
Sample size prevalence Mean SO' Mean SO Mean SO Mean SO Mean SO '11~:;'" ".i.J

7 13.80 15.76 2.31 16.00 2.34 15.85 2.47 16.45 2.28 15.58 2.09 "; ~'.. L ::''':
10 13.80 15.79 1.77 15.68 1.96 16.11 1.98 15.46 1.76 15.32 1.7a ";.7': L I,~

15 13.80 15.06 1.32 14.95 1.49 15.91 1.37 14.63 1.23 14,35 1.2<: I': 7:; ~ ' .. I ...

20 13.80 14.94 1.08 14.71 1.25 15.27 1.04 14.23 1.00 14.16 1.02 1"; ~~ , ,~

25 13.80 15.35 0.80 14.28 0.99 15.01 0.60 14.57 0.69 14.27 Ij.e-s 1'; ~~ ~ ;(:

• Figures in parentheses are the number 01 households to the nght lhat were skipped.
• SO =standard deviation.
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Table 2: Prevalence estimates for dysentery obtained from EPI cluster sampling and simple random sampling
(SRS)

EPI (1)' EPI (2) EPI (3) EPI (4) EPI (5) SAS
True

Sample size prevalence Mean. SO' Mean SO Mean SO Mean SO Mean SO Mean SO

7 4.40 4.02 126 5.07 1.58 5.40 1,49 4.82 1.39 4.99 1.46 4.44 1.49
10 4.40 4.05 1.00 4.81 1.32 5.13 1.17 4.47 1.04 4.58 1.08 4.45 1.23
15 4.40 4.09 0.76 4.78 0.88 4.71 0.75 4.02 0.73 4.17 0.73 4.41 0.98
20 4.40 3.91 0.63 4.49 0.66 4.49 0.62 4.06 0.58 4.02 0.61 4.40 0.82
25 4.40 3.85 0.50 4.13 0.55 4.30 0.49 3.90 0.44 3.97 0.55 4.42 0.72

, Figures in parentheses are the number af tile househOidS 10 the right that were skipped.
• SO = standard deviation.

variance due to use of the EPI cluster sampling de
sign compared with the random selection of children
from the entire census list (Table 3). The design
effect for estimates of diarrhoea prevalence ranged
from 0.47 to 1.52 for EPI cluster sampling versus
SRS. The value 0.47 was obtained from EPI cluster
sampling with a sample size of 25 when the nearest
house to the right was visited. The value 1.52 was
obtained from EPI cluster sampling with a sample
size of 7 when the 3rd nearest house to the riell! was
visited. For estimates of dysentery prevalenCe. the
design effect ranged from 0.46 (sample size 25. 4th
nearest house to the right) to 1.76 (sample size 7. 2nd
nearest house to the right) (Table 3). In general.
larger sample sizes resulted in smaller design effects.
The number of houses to the right that were skipped
did not influence the design effect.

The comparison of estimate variances from EPI
cluster sampling with those from stratified random
sampling estimates the impact of using EPI cluster
sampling inst~ad of random sampling at the second
sampling stage. This gives an estimate of that portion
of the overall increase or decrease in variance asso
ciated with EPI cluster sampling that is due solely to
the second sampling stage. The design effect for esti
mates of diarrhoea prevalence ranged from 0.42
(sample size 25. nearest house or 3rd nearest house
to the right) to 0.95 (sample size 7, 3rd nearest house
to the right) (Table 3). For estimates of dysentery
prevalence, the design effect ranged from 0.37
(sample size 25, 4th nearest house to the right) to
1.15 (sample size 10. 2nd nearest house to the right)
(Table 3). These design effects from EPI cluster
sampling versus stratified random sampling were

Tabl

Fig. 3. Prevalence estimates for diarrhoea, by number of households to the right
skipped and sample size. (SRS = simple random sampling, EPI(n) = n households
to the right skipped).
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pIIng

s

Fig. 4. Prevalence estimates for dysentery, by number of households to the right
skipped and sample size. (SRS :0 simple random sampling, EPI(n) "" n households to the
right skipped).

Table 3: The design effects of EPI cluster sampling all less than one, except for those associated with
estimates of dysentery prevalence with sample sizes

Design Diarrhoea- Oiant1oeao Dysentery" Dysentery" 7 or 10. (2nd nearest house to the right).

EPI (1.7)< 1.33 0.83 1.12 0.72
The ratio of median distances (cost) increased

when either n increased (nth nearest house to
EPl (1. 10) 1.01 0.73 0.98 0.65

the right) or sample size increased (Table 4). TheEPI (1, 15) 1.02 0.64 0.90 0.59
EPI (1. 20) 0.98 0.58 0.95 0.60 ., median distance ratios were all less than one when
EPI (1, 25) 0.47 0.42 0.61 OA8 either nearest neighbours or next nearest neigh-
EPI (2. 7) 1.36 0.85 1.76 1.13 bours were visited. regardless of sample size. This
EPI (2. 10) 1.25 0.91 1.73 1.15

meant that for EPI cluster sampling visiting eitherEPt (2. 15) 1.30 0.81 1.22 0.80
EPI (2, 20) 1.31 0.77 1.05 0.66 the nearest house or the second nearest house. the
EPI (2. 25) 0.72 0.65 0.73 0.58 distance travelled was alwavs less than distance
EPI (3. 7) 1.52 0.95 1.56 1.00 travelled for stratified random sampling to obtain
EPI (3. 10) 1.27 0.92 1.35 0.89

the same number of subjects. If either the 3rd, 4th, orEPI (3. 15) 1.10 0.69 0.89 0.58
EPI (3. 20) 0.92 0.54 0.90 0.57 5th nearest household was visited. the distance ratio
EPI (3.25) 0.47 0.42 0.59 0.46 was greater than one for large sample sizes. In other
EPl (4, 7) 1.30 0.81 1.35 0.87 words. by increasing n and cluster size. the distance
EPI (4.10) 1.00 0.73 1.07 0.71
EPI (4.15) 0.8S 0.55 0.86 0.56 travelled using EPI cluster sampling increased more
EPI (4, 20) 0.84 0.50 0.81 0.51 than the distance travelled for similar sample sizes
EPI (4, 25) 0.57 0.52 0.46 0.37 using stratified random sampling. The cost benefit of
EPI (5.7) 1.09 0.68 1.50 0.96 EPI cluster sampling (at least for small neighbour·
EPI (5.10) 1.03 0.75 1.16 0.77
EPI (5.15) 0.90 0.56 0.86 0.56 hoods within a village) is negated when households
EPI (5. 20) 0.81 0.51 0.88 0.55 farther away than the 2nd nearest to the right are
EPI (5.25) 0.54 0.49 0.73 0.58 visited.

• Compared with simple random sampling.
Efficiency ratios based on comparisons of the

• Compared with stratified random sampling.
MSE and cost of prevalence estimates for diarrhoea

< Figures in parentheses are. respectively. the number of house- obtained from EPI cluster sampling versus stratified
holds to the right that were skipped and the sample size. random sampling increased with the sample size
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Table 4: Median distance ratios of EPI cluster sam
pling compared with stratified random sampling

nth nearest household to the right sampled:

Cluster size 2 3 4 5

7 0.39 0.53 0.64 0.72 0.82
10 0.42 0.58 0.68 0.80 0.92
15 0.49 0.62 0.80 1.01 1.07
20 0.55 o.n 0.92 1.28 1.33
25 0.65 0.95 1.13 1.47 1.62

when the nearest household to the right was visited
(Table 5). The values ranged from 0.58 (sample size
7, nearest household to the right) to 1.97 (sample size
IS, 3rd nearest household to the right). Efficiency
ratios compare EPr cluster sampling and stratified
random sampling, and an efficiency ratio less than
one indicates that EP[ cluster sampling is more effi
cient than stratified random sampling, considering
both distance travelIed and size of MSE. Similar
results were obtained for estimates of dysentery
prevalence: ratios ranged from 0.31 (sample size 7,
nearest household to the right) to 1.51 (sample size
25,5th nearest household to the right). The ranking.

Table 5: The ratios of the products of distance trav
elled and mean square error (efficiency ratios) for EPI
cluster sampling versus stratified random sampling

Design Diarrhoea Dysentery

EPI (1. 7)' 0.58 0.31
E?I (1.10) 0.74 0.31
EPI (1,15) 0.64 0.34
E?l (1. 20) 0.73 0.53
EPI (1, 25) 1.44 0.69
EPI (2, 7) 0.89 0.71
EPI (2,10) 1.06 0.73
EPI (2, 15) 0.85 0.59
EPI (2. 20) 0.98 0.51
EPI (2. 25) 0.82 0.68
EPI (3,7) 1.07 0.93
EPI (3.10) 1.56 0.85
EPI (3,15) 1.97 0.55
EPI (3. 20) 1.61 0.53
EPI (3, 25) 1.75 0.54
EPI (4,7) 1.44 0.68
EPI (4.10) 1.16 0.57
EPI (4,15) 0.87 0.72
EPI (4. 20) 0.81 0.87
EPI (4. 25) 1.48 1.24
EPI (5, 7) 1.01 0.92
EPI (5, 10) 1.25 0.73
EPI (5.15) 0.76 0.66
EPI (5,20) 0.82 1.02
EPI (5. 25) 1.13 1.51

• Figures in parentheses are, respectively, the number at house
holds to the right that were skipped and the sample size.

424

of efficiency ratios on the basis of the nearness of
households visited for a given cluster size was dif
ferent for diarrhoea and dysentery, suggesting that
the two diseases have different patterns of spatial
distribution.

Discussion
EPI cluster sampling is often used when resources
are limited, as it is easier and quicker to carry out
than SRS or stratified random sampling. However.
EPI cluster sampling can result in increased estimate
bias and variance compared with SRS or stratified
random sampling. In this study. EPI cluster sampling
resulted in prevalence estimates for diarrhoea that
were consistently larger than the prevalence as de·
termined by census, regardless of sample size or the
number of houses to the right that were skipped.
Estimates for the prevalence of dysentery varied.
Some showed positive bias and others negative. de
pending on sample size and the number of house
holds skipped (Tables 1 & 2).

A possible explanation for the different bias
patterns is that diarrhoeal disease may tend to be
more concentrated in the centre of a village: as EPr
cluster sampling tends to select starting households
that are central rather than peripheral. diarrhoea
prevalence may be overestimated. EPI cluster sam
pling may therefore introduce bias in prevalence es
timates according to the actual pattern of disease
distribution. Diarrhoea and dvsenterv were exam
'j"ned in this study because they are infectious diseases
and may be transmitted by' a single source of in
fection. In addition, children from the same neigh·
bourhood often play together, which may add to
infectious disease transmission and shape the result
ing spatial distribution of disease.

On the basis of this study, we conclude that
diarrhoea prevalence estimated with EPI cluster
sampling would be an overestimate of the preva
lence of diarrhoea. If the accuracy of a single survey
is important, EPI cluster sampling may not be the
right tool. However. if surveys are used to assess
changes in prevalence over a period of time, EPI
cluster sampling may be appropriate. EP[ cluster
sampling would in any case be less expensive and
quicker to carry out than SRS or stratified random
sampling.

For less common diseases such as dvsenterv.
EPf cluster. sampling may be appropriate for assess
ing community disease prevalence when either accu
racy or the measurement of trends is important. No
systematic bias due to EPf cluster sampling was
found when estimating dysentery prevalence, and
there was very little increase in variance associated
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with EPI cluster sampling compared with stratified
random sampling. However. spatial clustering can
occur even with diseases of low prevalence. and EPI
cluster sampling may in such a case produce biased
estimates.

The spreading of sampled households over a
larger geographical area by increasing n when select
ing every nth household to the right should theoreti·
cally result in more heterogeneous samples and
greater precision of estimates. It may also reduce
their bias. since sampling from a larger area may
minimize the influence of the "neighbourhood" ef
fect (Le., similarities in variables ofimerest between
houses located near each other). Another way to
obtain more heterogeneous samples is to interview
only one child per household. This has the benefit
of removing within-household similarities from the
sample (e.g. common morbidities among siblings).
In this population. the effects of within-household
similarities were larger than within-village similari
ties (21). In our study, neither of these modifications
affected the variance or the bias.

Although both diarrhoea and dysentery preva
lence estimates showed substantial relative bias
(diarrhoea, up to 17%; dysentery. up to 23%), the
bias for estimates of diarrhoea was always positive.
whereas the bias for estimates of dysentery varied.
By increasing the sample size. variance decreased,
and, to a lesser extent. so did bias for estimates of
both diarrhoea and dysentery prevalence. This can
be explained by the increasing proportion of the
total population sampled. The largest sample size
(1000) included approximately lout of everyA chil
dren in the population. In some small wards. when
the largest sample size was used. every child was
selected.

Further studies would be needed to determine
whether these results can be applied in other set
tings, or whether seasonal variations in disease pre
valence would alter these findings. Modifications to
EPI cluster sampling may provide more accurate es
timates and should be examined more closely. per
haps using computer simulation techniques (22).
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Resume
Efficience du sandage en grappes du PEV
pour I'estimation de la prevalence de la
diarrhee et de la dysenterie

La diarrhee et la dysenterie sont des causes
majeures de morbidite et de merta/ite chez I'enfant
dans de nombreux pays en developpement; fe
traitement et la prevention ne sont toulefois pos
sibles que s1 I'on dispose en temps voulu d'intorma
tions exactes sur leur prevalence. Un systeme de
surveillance utilisant des sondages en cours permet
d'obten;r de telles donnees.

Plusieurs methodes d'enquete par sandage
sontutilisables, mais les ressources disponibles et
Ie niveau d'exactitude requis sont des facteurs
contraignants. La sandage ah~atoira simple. s'il est
fait correctement, foumit des estimations precises
et exactes (c'est-a-dire des estimations non
biaisees, ayant une variance faible). Les conditions
de realisation du sandage aleatoire simple sont
toutefois difficiles, voire impossibles, aremp/ir. " est
en eftet particulierement malaise d'obten;r une base
de sondage appropriee (c'est-a-dire une Iiste de
tous les membres de la population): de plus, si fa
population est geographiquement dispersee. et que
certains membres habitent des secteurs eloignes
ou inaccessibles, les entretiens risquent de poser
des problemes logistiques supph§mentaires.

Une methode simplifiee de sondage en
grappes mise au point par Ie Programme elargi de
Vaccination (PEV) de I'OMS permet de resoudre
ces difficultEis, en utiJisant a la lois una base de
sondage en grappes, at une strategie de sondage
qui limite la dispersion geographique de& sujets
selectionnes. Ces avantages sont toutefois obtenus
au prix de la perte d'une certaine exactitude et
d'une certaina precision des estimations obtenues.
Cette etude se propose de mesurer comment
('economie de ressources compense I'augmenta
tion du biais et de la variance des estimations.

On constate que la methode de sondage en
grappes du PEV presente systematiquement un
biais relatif positif qui atteint 17% (par rapport a
fa moyenne pour la population) pour les estima
tions de prevalence de la diarrhee. Concernant la
dysenterie, Ie biais est tantot positif, tantot negatif.
Les estimations de prevalence de la diarrhee sont
plus precises que celles obtenues avec Ie sandage
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en grappes classique (sondage aleatoire stratifie);
les estimations de prevalence de la dysenterie sont
tant6t plus precises. tantot moins precises, que
celles obtenues par sondage en grappes cfassique.

Le sondage en grappes du PEV a exige en
general des deplacements moins lointains (Ia dis
tance sert d'indicateur de cout dans I'analyse) que
Ie sandage en grappes classique; toutefois. comme
on s'y attendait. cet avantage a disparu au fur et a
mesure que des modifications destinees agarantir
une plus grande dispersion geographique des
sujets etaient apportees a ra methode du PEV.

Dans la mesure ou, avec Ie sondage en
grappes du PEV, J'on observe une variation du biais
avec la maladie etudiee, if est possible que les
differences de repartition spatiale des variables
considerees (morbidite par exemple) modifient les
estimations de prevalence lorsqu'on utilise cette
methode. Les estimations obtenues grace a la
methope du PEV peuvent done avoir une ex
actitude acceptable dans certaines situations.
Provisoirement. ces estimations seront toutefois
interpnatees avec une certaine prudence. Reste
que Ie biais etant constant, comme c'est Ie cas pour
les estimations de prevalence de fa diarrhee, Ja
surveillance des tendances dans fa population n'en
est pas affectee. .
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