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PREFACE 

This Note was prepared with support from The Rand ~or~sration~s 

Family i n  Economic Development Center and from tile Rockefeller Foun- 

dation. The Center is funded through Grant No. OTR-G-1522 from the 

U . S .  Agency for International Development. Its purpose is to provide 

effective policy research by integrattng technical research with 

training of, and collaboration with, Third World scholars and gov- 

ernment officials. The Center's research emphasizes the role of 

human resources in the process of economic development, and individ- 

ual anti f a m i l y  responses to development prosrams and policy. 

T h e  Note documents research on the socioeconomic and de~ographic 

correlates of infant growth in Guatemala. It is an exploratory ef- 

fort to analyze infant growth with multivariate techniques using 

data from a developing country. The Note should interest researchers 

and nutrition, ltenhth, and development planners who are involved in 

program design and implementation. 

:It t5e time of writing the Note, the author held n postdoctoral 

fellowship supported by the Pnpula?ion Sciences Program of the Rockc- 

f e l  1 e r  F o u n d a t  i o n  cind Randq s Family in Economic Development Center'. 



sum4'RE' 

The exploratory analyses in this Note have used data from a 

longitudinal nutsftion study and cross-sectional socioeconomic survey 

taken in four rural villages in eastern Guatemala. A multivariate 

model of infant growth was posited which took into account as far as 

possible biological and socioeeonomie factors and focused specifically 

on how family size variables relate to growth. 

The sample conSists sf 301 infants (aged 0 to I year) born between 

1973 and 1975. By six months they fall into the mildly malnourished 

classlfieatiori and by twelve months into the moderately malnourished 

classification. 

Ordinary least squares (OLS) regression eqa~ations for O to 6 

nonth and 6 to 12 month growth were estimated. The results indicate 

that the following factors relate to growth: (a) number of live 

pregnancies, (b)' short birth interval, (c) number of preschoolers, 

(dT) number of 154- year olds, 'mother's weight and height, ( f )  ~ lengeh sf partial breastfeeding, (g) calories from a supplementary ~ food, (Zr) initial weight, (k)' child's sex, and ( 3 3  number of roams. 
The analyses suggest that we must not think s5mply in terms of 

some general concept of "family size" but must understand the 

mechanisms through which family size relates ts growth. These 

mechanisms might include maternal health, available child care time, 

food resources, and crowding. 

The results also suggest that the relation of infant growth to ~ these mechanisms and the other factors included in the analysis may ~ vary depending on the age of the infant. Presumably they also vary 

with the econsmic, social, and public health context; however, we 

looked only at four homogeneous villages. 

Finally, some of the significant relations suggest easily 

measured indicators of high risk or target populations for nutrition 

intervention. In these villages, high risk infants include those 

(a) whose mothers are short or underweight for their height, (b) who 

~ are not partially breastfeeding for whatever reason, ( c )  who have 

several preschool aged siblings, (d) who are eon.~eived within 12 



months of a previous sibling, and (e) who are fourth born or greater. 

To the extent that women are made the focus of infant nutrition inter- 

ventions, high risk women are small in stature, have low weight for 

height, and have had numerous pregnancies. 

Though the data do not al-%ow us to attribute causality or to 

determine relative benefits and costs of various interventions, they 

suggest that if $re had to make hunches about appropriate p~utrition 

programs we might do well to focus on family planning programs (with 

emphasis on spacing) and on programs aimed specifically at improving 

the health of childbearing age worr,en and increasing their child care 

time and productivity. Becarase of dam limitations, it is harder to 

make recommendations about breastfeeding and supplementary feeding 

programs. Since we w i l l  be implementing interventions without perfect 

informaeion we should incorporate evaluation components into develop- 

ment prograins directly or indirectly related to infant growth. This 

will improve our ability to design effective programs and will increase 

our understanding of complex relations. 

This exploratory study has provided insight into some of the 

model-building Limitstians and data problems for these sorts of 

interrelated health and population questions. We hope to be able to 

learn from tl.se analyses to begin tc resolve some of these issues in 

future studies. One valuable addition to our understanding would be 

analysis of a sample with a wider range of mare favarabae growth (not 

just mlnsurished children) and with greater heterogeneity on such * 

crucial factc*rs as income, environmental sanitation, and access to 

potable water. 
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We have lcnuwn ftir years that. i n  Central  America many (70 to 80 

p e r c e n t )  c h i l d r e n  under f i v e  s u f f e r  from malnutuitian, b u t  we do not 

seem to know how t o  reduce t h e  s u f f e r i n g .  A s  Wsay ( 1 9 7 8 )  pu t  i t ,  
I t  Dozens of n a t i o n a l  and i n t e r n a t i o a a l  conferences have been held:  

~ thousands of a r t i c l e s  and probably s c o r e s  of monographs Rave been 

publ i shed ,  y e t  i n  many p a r t s  of t h i s  hemisphere t h e  problems remain 

e s s e n t i a l l y  the  same."[%] 

A nirmber of s t t i d i e s  shctw tlhatr malnourished clhi2dxean come from 

l a r g e r  f a m i l i e s .  However, depending i-tw the point of view, one c a n  

see the  mechanisms t i nde r ly ing  t h i s  r e l a t i o n  i n  very  d i f f e r e n t  f i g h t s :  

o Medical researchers tend t o  focus  on t h e  bioIogica1 mechanisms 

of t h e  re la t ion ;  producing large  f i t m i l i e s  has consequences for 

a woman's ph~sis$agicni s t a t u s  which in t u r n  aFEecrs pre- and 

postnatal growth of subsequent o f f s p r i n g .  

Some soc id1  science researchers focus  c,n t h e  fond a l l o c a t i o n  

mcchanisrns o f  the r e l a t i o n ;  t h e  more rnc~rrttls t h r r c  a r e  in the 

f a m i l y ,  t h c  kcss food availsblc per  pe rson .  

o risther s n c i : ~ l  sekencc r e s e a r c h e r s  focris on t h e  c h i l d  care t i n e  

mechanisms: the more young children there are, the Pcss time 

a mother spends feeding and c a r i n g  f o r  any one child, which 

results in poorer growth. 

a Publ ic  health researchers focus  on environmental mechanisms 

1 of t h e  relation. The more people there are in the home, the 

greater t h e  exposure to i n f e c t i o u s  diarrheal. d i s e a s e  t h a t  

~ adversely affects infant growth. 

1 The d i f f e r e n t  p o i n t s  of view f r e q u e n t l y  lead to t h e  same p o l i c y  

conclusions: r educ t ions  i n  family s i z e  would reduce maan-trition, s o  

we should establish programs t o  do this. F see a t  least two problems 

with this 3s it applies t o  Central America. F i r s t ,  in many s e t t i n g s  

--- --.-.. 
E X ]  Same s tud ies  indicate tha t  i t  has grown even worse (Teller, 



people d o  not wa%c to or cannot reduce family size, Reasons for  this 

may Include: high irtfant mortality (relaeed to malnutrition) , machismo, 
the Church, and children's contributions to household income. Second, 

even if we could reduce f m i l y  size in the long run, we need to know 

what to do in the short retn to help the already large families. I f  

we better understand how the mechanisms outlined above relating family 

size to infant growth interact and which are relaeively more important, 

then we b10913d suggest wore effective nutxitPon programs. 

In this exploratory study I develop a model of infant (0 to 1 year) 

growth that attempts to incorporate some of the family size mechanisms 

outlined above, and I test the mode1 using data from four rural villages 

in eastern Guaremala. My goal is to explore, using a multivariate 

framework, the characteristics o f  infants and their families associated 

with greater growth over the first year of life. 

Tfme sample infants lived in four small (500 to I000 inhabitants) 

relatively isolated subsisEence farming villages. The data on the 

infants and their families were coHTected as part a f  (a) a nutrition 

study carried out by the Institute sf Nutrition o f  Central America and 

Panama (INCAP) between 1969 an$ 1977, [2] and (b) a sacioecanomic survey 

made by INCM in collaboration with The Rand Corporation between 1974 

and 1975. Infants suffered from mild to moderate malnutrition evidenced 

primril y by growth retardation. h31 A t  one year of age, half  of the 

sample infants weighed less than the weight evidenced by 95 percent 

of the children from middle and upper income Guatemalan families, 

The most salient findings of this study are the following. The 

O to 6 month infant growth relates to birth weight, house stze, and 

variables which characterize the health status s f  the mother such as 

short birth interval, mother's weight and height, and the number of 

previous pregnancies. The 6 to 12 month growth relates to 6 month 

weight, mother's height, fo~d availability, and the presence of pre- 

school aged and adult aged siblings. 

- 
[23 A partial description of the study can be found in Martorell 

(1980) and Lechtig (1975). 
f 3 f  The more severe forms of malnutrition involve severe stunting 

or wasting and biochemical changes within the organism, The most 
widespread wlrrutxlition problem in Latin America is mild to moderate 
mlnutrit ion,  which results in growth retardation and in~creased disease 
incidence, and is associated with high infant and chlld mortality. 



3ecause of data limitations, not a11 selatians found can be said 

to be strictly causal nor can we be completely sure of the relative 

size of each. Nonetheless, these exploratory analyses da enable us 

to specify high risk or target populations for nutrition interventfons 

and %s form some hunches about usable nutrition interventions. It 

is hoped the relations found to be important here will be the focus of 

future research and evaluation designed to specifically assess the 

relative cost and effectiveness of programs for influencing infant 

growth. 

Section I1 provides a brief review of the literature. Section 119 

presents the theoretical framework. Section IV describes the study 

designs, data collectiorn procedures, and empirical problems r3lated 

to the study designs. Section V describes the sample children and 

~ their mothers, Section VI describes in more detail the actual vasi- 

ablzs used in the empirical model and discusses other limitations 

imposed by the data set. Sectfon VII contains a discussion of the 

results and conclusions. Section V I P 1  contains a brief summary. ~ Appendixes A to C contain the correlation matrix of a l l  variables in 

the empirical model, a description of supplementary food intake, and 

a description of the cases with missing data. 
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1 1 .  LTTEPATUKE REVIEW - -- 

Empirical wask freqrsently i n d i c a t e s  a nega t ive  r e l a t t o n  between 

i family s i z e  and child growth. Omran (1976) r e p o r t s  a nega t ive  r e l a t i o n  ; 
i between family s i z e  and ch i ldren ' s  h e i g h t s  and weights  i n  s t u d i e s  done 0 
i.' 
I i n  Ind ia ,  Lebanon, and t h e  P h i l i p p i n e s .  IJray (1969), u s ing  t - t e s t s  

5 of d i f f e r e n c e s  i n  p ropor t ions ,  f i n d s  for a sample of Columbian c h i l d r e n  
L 

8 aged O t o  6 y e a r s  t h a t  a s i g n i f i c a n t l y  g r e a t e r  p ropor t ion  of mal- 
E 

nourished c h i l d r e n  than adequately nourished c h i l d r e n  come from large 

f a m i l i e s  ( f i v e  or more l i v i n g  c h i l d r e n ) ,  Mu6oz de  Chgvez e t  a i .  
I 
@ ( 1 9 7 4 ) ,  using t-tests of d i f f e r e n c e s  i n  p ropor t ions ,  f i n d  f o r  sample 8 
F 
i 

I of 0 t o  4 y e a r  o ld  Hexican c h i l d r e n  t h a t  f a m i l y  s i z e  of t h e  malnourished 

:e c h i l d r e n  fs s o t  significantly d i f f e r e n t  from the iamily s i z e  of t h e  * -- 
f 
I 

we1 8-nasrurished ch i  1 dsen . However, t he  childladu3.t t a  t f o  i n  the hotisc- 
t 
t hold of tllc I ; l t te r  t e n d s  tcr be Power than t h a t  for t h e  malnouris l~ed 
if 
$ c h i l d r e n .  

? 

1 
i These b i v n r i n t e  ana lyses  t e l i  u s  t h a t  i n  some s e t t i n g s  a family 

, s ize /g rowt l i  r e l a t i o n  e x i s t s ,  b u t  they  do no t  t e l l  us whether i t  i s  i 
19 through the  tlffect family s i z e  has  on food a v a i l a b i l i t y ,  c h i l d  care 1 
t t i m e ,  maternal h e a l t h ,  o r  d i s e a s e  exposure. The few a v a i l a b l e  m u l t i -  1 
$ v a r i a t e  ana lyses  o f f e r  some i n s i g h t  i n t o  how t h e s e  mechanisms may 

1 operate i n  par t i cu lar  s e t t i n g s .  
f 
g Levinson 11974) uses m u l t i v a r i a t e  techniques  t o  r e l a t e  eennornic $ 

~ n d  s o c i a l  f a c t o r s  t o  e a l o r i e  intake, disease, anb t h e  n u c r i t i s n a l  
P 
, s t a t u s  of 0 t o  2 yea r  s l d s  from two d i f f e r e n t  c a s t e s  i n  r u r a l  India, 

L Consider ing both  c a s t e s  t o g e t h e r ,  he  f i n d s  s i g n i f i c a n t  p o s i t i v e  
t ,  

B r e l a t i o n s  between n v t r i t i o n a l  s t a t u s  and family s i z e ,  and between 
t 
I d i a r r h e a  and family s i z e  (independent of t h e  i n f luence  of  family 
F s i z e  through per  capi ta  income). H e  b e l i e v e s  t h e  l a t t e r  r e s u l t  may 
i 

be due t o  crowded househsld cond i t i ons  andlor poorer  c a r e  r ece ived  

by l a t e r  born c h i l d r e n  whose mothers a r e  b u s i e r  w i th  o t h e r  t h i n g s .  
I The r e s u l t s  fo r  higher caste a lone  show no significant r e l a t i o n  

between family s i z e  and c a l o r i e  i n t a k e  o r  dfarr l rea .  For the lower 

caste, he f i n d s  evidence that family s i z e ,  by reducing income p e r  

c a p i t a ,  c o n t r i b u t e s  t o  reduced c a l o r i e  intake and increased  diarrheal  



disease. H i s  findings provide evidence of several sf the family size 

mechanisms rnenticned above and suggest that whether or not they operate 

may depend on the family's other environmental and socioeconomic 

condit ions.  

Finally, Bopkin (l978), in a multivariate analysis using data 

from households in rural Fhilippines, relates family cornpositfan to 

an aggregate measure of weight of a2.P 0 to 6 year olds ic the house- 

hold.- He finds a positive relation between aggregate weight and 

income per capita, and the presence of other adults such as grand- 

parents in the household. Aggregate weight relates negatively to she 

number sf females aged 7 to 12, number of females aged 13 to 15, and 

number of males aged 7 to 12 in the household, independent of the 

effeet %hey have on available household resources per person. Be 

suggests that young girls and boys take care of their younger siblings, 

and eo the extent that they are less capable child caretakers, the 

health and nutritional status of the infant suffers, 

To summarize briefly, children from larger families frequently 

experience poor physical growth. Family size may affect growth through 

several mechanisms including its effect sn food availability, child 

care time, maternal health, and disease exposure, The few available 

multivariate analyses provide evidence of these mechanisms and suggest 

that their relative importance varies depending on other ~o~ioeconomic 

and environmental factors. 
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111. GENERAL THEBRETSCAL F W W 8 f i . K  

BIOLOGICAL COmONEM1CS OF GROWTH 

Ixr very simplified terms, infant growth depends on (a) genetic 

factors, (b) feod, including bu; not limited to mother's milk, and 

(c) prevaaence of prolonged or recurring disease. Genetic factors 

determine to some extent an individual's growth pattern and ultimate 

size* Food provides protein for body growth aLd repair, calories for 

norma$ activity and maintenance, and vitamins and minerals, essen.tiaP 

for proper functioning of various c.gans and physiological pmcesses. 

Infectious disease, especially diarrhea, alters the body's ability to 

absorb nutrients and increases the nutrient requirements for repair 

sf damaged tfssue. 

HCPUSEEOLD PRODUCTION OF PWFANT GROW"k6I 

Families attempt to influence their infantsv grwth using inputs 

of inc~me and time, Income buys food and medical attention and we 

expect that, a13 else equal, more will produce better growth. Time 

is required for food preparation, infant feeding,  an^ general preven- 

tive and curative b:alth care.[l] We expect that, all. else equal, 

additional child care time will result in additional growth. 

FM1ELY SIZE MECMANISMS 

Family size  may relate to infant growth through its effects on 

the foPSswf ug : 

1. Availability of food and medical resources. 

2. Aval%abiBity of child care time. 

3. N9ternal health and depletion and quality of mother's milk, 

4, Prevalence of disease. 

fl'J &re faod preparatfon time may yield higher quality food or 
s better m l x  of nutrients; more time spent feeding an infant can ensure 
that be eats frequently enough and gets enough at each feeding. Nore * 
t f ~ g  devoted to general child care means more attention i s  given to 
the infant's hygiene and to health and safety factors in the environ- 
ment. 



The way in which family size might affect each of these factors is 

discussed briefly below. 

1. Availability of Food and Medical Resources 

We cannot say unambiguoxsly how family size zffects availability 

of food and medical resources. Availability of food and medical 

resources is determined by the number and age of family income-producers 

and -- consumers. In azdition, families decide about food distribution 

patterns to its various members. 

At Pow income levels, where 50 to 88 percent of income goes ta 

food, an additional family member at a given income will reduce food 

and medical aetention available per family member. On the other Rand, 

-the possibility that children might undertake income-earning or 

houseke~~ing activity suggests that food and medical resrsrces need 

not always decline with additional family members. In , -  v detaelaping 

countries, young children participate in income-producing activity or 

they do kottsework that frees the inother to undertake income-earning 

ectivity. This may have unfortunate consequences for school attendance, 

~ but it may allr,w the larger family to maintairi ox even to raise the 

per person lzcome available for food and medical expenditures compared 

wit% a smaller famfly, ~ In addition, families may not distribute food equally across all ~ tkeir members. For example, income producers may continue to receive 

~ the same amount regardless of how much is available. Women frequently ~ reduce their food intake before that of their children. These distri- 

bution decisions, often influenced by practical considerations ~ n t i  

eufrural norms, determine whether food available to a particular 

infant declines when food available per perscr in the family declines, 

2. Availability of Child @are Time 

Suppliers of child care time. Additional family members increase 

~ the supply of time for £006 preparation, infant feeding, and general ~ child care. They may also free a m~tber from other time-consuming 

housekeeping activity (e.g., carrying water, fetching firewood, etc.) 

' so that she has nore time for  child care, 



- 8 - 

The productivity of the time will vary by the age of the family 

member supplying the time. For example, 7 to LO year old children and 

1; to 14 year old children may not have the same judgment and experience 

in child care activity as adults (15 or older). They awe not as big 

or as strong and, therefore, cannot substitute as well for the mother 

or ~ther adults in all housekeeping activities. 

The positive contributions family =embers, including fairly young 

children, can make to income, child care, and housekeeping activity 

imply thar one need not expect a negative relation between child growth 

and family size. Their positive contribution to income i ~ d  child care 

might outweigh the negative effect on per person hod availability, 

maternal health, and crowding. 

Consumers of child care time. - All else equal, a family with %ore 

children aged 0 to 6 years old will have less time to devote to each 

child. Despite the fact that there are some economies of scale in 

child care activities (especially supervisory ones), the net effect 

of additional prescizool children in the family will be to reduce the 

amount of time a family can devote to any one, child. 

3 .  Maternal Health and DepPet%0¶ and Quality of Mother's Milk 

Family size reflects to some extent a woman" pregnancy experience 

( t ,g . ,  the number of pregnancies and spacing between pregnancies). In 

setcings where maternal nutrition is inadequate, investigators find 

that repeated pregnancies, close spacing, and extended pariods of 

breastfeeding result in (a) reduced quality of mother's milk 121 aid 

(b) general decline in maternal health (maternal depletion) evi7enced 

in part by progressive weight loss and a prematurely aged appearance 

(Jelliffe, 1978). 

Reduced quality of mother's milk means the infant receives less 

adequate nutrition. General decline kn maternal health may imply 

poorer quality child care. Just as the productivity of industrial and 

sgricultural workers declines when they are 111 or underfed, the 

- 
[29 Biomedical researoh generally suggests that the quality of 

mother's milk depends on diet during the lactation period, the adequacy 
of maternal nutritional reserves, including subcuta~~eous fat normally 
laid down during pregnancy, and the extent of "maternal depletion" caused 
by continual child bearing and prolonged 1actatlr-n. 



efficiency with which a women cares for  her children also decaines 

with ill health,  

4. Prevalence of Disease: 

A larger family sharing a given l iving space increases crowding. 

Nore crowded conditions often imply l e s s  sanitary conditions, and 

crowding increases contact with infectious disease, especially if 

there are several preschool aged children i n  the house who share 

communicable diseases with each other. 



N. DATA COLLECTION AND STUDY DESIGN? 

The sample consists of 381 infants (aged 0 to 1 year) horn 

betweeil January 1, 1973 and December 31, 1975 in four subsistence 

farming villages in eastern Guatemala. The four villages were part 

of a longitudinal nutrition study caerfed out by the Institute of 

Nutrition of Central America and Panama (INCAP) between 1'369 and 1977. 

In 1974 aikd 1975 P.MCAP An callabaration with The Rand Corporation made 

an extensive sociaeconomic survey of the households in the four vil- 

Pages, Data from both sf these studies were included in these analyses 

so each is described briefly below. 

IMCM LONCITUDXNAL NUTRITION STUDY 

a1 children in each of the villages were eligible for the 

nutrition study. Weight data were collected within 24 hours of birth 

and within three ciays of the 6 and 12 month anniversaries ~f birth, if 

the child was in the viflzges within these time spans. As part of 

the nutrition study, the villages were provided with primary health care 

services and free supplementary food at a center established within 

each village- The medical services were comparable in a l l  villages, 

but the protein and calorie content of the supplementary food avail- 

able dlffered between villages. Villages 03 and 08 received a calorie 

drink called "fresco." Six ounces of this Kool-aid like beverage 

contained 59 calories of energy and no protein. Villages 86 and 14 

received a protein drink called "atole." Six ounces ~f atole contained 

163 calories of energy and 11.5 grams of protein. Both drinks were 

equivalent in terns of vitamin and mineral contents. 

Since the supplementary food was consumed only at the supplementa- 

tion center, center personnel could measure actual intake quite 

accurately each time the child attended the supplementation center, 

The supplementary food was available to all. villagers, but the center 

personnel recorded only the quantities cons~med by children and child- 
\ 

bearing age women, Patterns and quantities of. supplementary food 

intake are shown in the tables in Appendix B. In general the data 



indicake that differences in volume consmed varied with the indant's 

age and sex. Infanes consumed greater quantities from 6 to 12 months 

and buys consumed more than girls. Children in atsle vfllages consumed 

more and were more likely to take supplementary food earlier than 

children in the fresco villages. 

THE IMCAP~IPAND HOUSEHOLD SOCIOECONOMIC SURVEY 

In 1974 and 1975 socioeconomic and demographic data on the infants 

and their families were collected in a series of spesfal interviews 

~ obtained during a number of separate visits with the families. Each 

interview consisted sf a different instrument designed to obtain data 

on some specific aspect of socioecsnomic status (e.g., income, schooling, 

household composition, fertility history, etc.). 

DATA LIMITATIONS 

First, these t w o  data sets were not designed specifically to look 

at the particular question of the socioeconomic and demographic 

correlates of infant growth. This has meant that the choice of vari- 

ables for inclusion in the empirical mudel  was somewhat restricted. 

A s  will be seen in the discussions of the empirical model, in most 

cases the two data sets were broad enough to provide proxies when the 

ideal variable was not available. This is not seen as a serious 

limitation especially since this is an exploratory analysis undertaken 

both to provide insight into the particular relations and to enable 

us to refine our thinking about the issues far future analyses. 

~ A second problem encountered in using data from the two different 

~ surveys was missing data, either on weight, due frequently to seasonal 

' or temporary migration, andlor on the socioeconomic characteristics 

because nc: all families were administered all the different socio- 

economic questionnaires, By using data from only several of the socio- 

economic and demographic questionnaires, and by limiting the number 

of health and growth related variables used, T could minimize missing 

data, but at a cpst of restricting the variety of variables that could 

1 be included in the analysis. 



Even wfth these restrictions, some cases had to be excluded 

because  of missing data. Appendix C describes the cases in more 

detail. A comparison of means of socioeconomic characteristics and 

weights between children with and without missing data for either six 

~onth perfod suggested chat those who were excluded as a result of 

missing data do not differ significantly from those who were included 

in the sample. 

In addition to cases excluded because of missing data, some cases 

were lost on account of death. Eighteen and seven infants died before 

six and twelve months, respectively. Appendix C describes their 

characteristics in move detail. In general, those who were excluded 

becsuse of death tended (a) to be higher parity children, (b) have a 

shorter previous birth interval, and (c) have a lawer birth weight 

than the survivors, In interpreting the results it is important to 

remember that the sample is composed of those who survived throughout 

the growth period (i.e., 0 to 6 months or 6 to 12 months 



V. CtEAUCTERTSTICS OF -- THE SAE/fPLE IWF.MTS 

SOCIQECBNONIC AND DmOC;RAPMIC CHARACTERISTICS 

The f o u r  v i l l a g e s  i n  which  t h e  301 sample i n f a r ~ t s  lived are 

~: t y p i c a l  of Spanish-speaking a g r i c u l t u r a l  communities i n  Guatemala and 

~c o t h e r  c o u n t r i e s  i n  Cen t r a l  America. Fami l i e s  o b t a i n  most of  t h e i r  

~* 
from s u b s i s t e n c e  farming o r  a g r i c u l t u r a l  day l a b o r .  They l i v e  

i n  one or two room adobe or bamboo homes w i t h  mud f l oo r s .  Women cook I 
~l over  a wood f i r e  and the d i e t  c o n s i s t s  p r imar i l y  of corn  t o r t i l l a s  

~ and beans.  A t  t h e  time r>f rthe s tudv ,  na v i l l a g e  had po t ab l e  wa te r ,  

adequa te  s a n i t a t i o n ,  o r  waste  d i s p o s a l  systems. Prevalence of d i a r r h e a l  

and r e s p i r a t o r y  d i s e a s e  was high  and, a s  w i l l  b e  seen  s h o r t l y ,  m i l d  

1 and moderate m a l n ~ a t r i t i o n  c-haracterized by poor growth w a s  common. 

~ About hnLf t h e  :hildren i n  t h e  sample are male. About 64 pe rcen t  

~ o f  t h e  mothers arc between ages 20 t o  3 4 ,  14 percen t  a r e  between 14 

t o  19, and 22  p e r c e n t  are aged 35 and o l d e r .  As i nd i ca t ed  i n  Table I ,  

f l x m i l  i es  ;ire n o t  a l l  th*lt. large--abotit 3.7 c h i l d r e n  p r e s e n t .  [l] However, 

t l ~ c y  tend to  hiivt. marc ch:in rwtt p r ' e s r I ~ u o l  aged c-hi ldren,  

~ Ahout hal f  r h c  mothers read 2nd  writ^^; many have cumplctcd no 

forrnnl r;~.hoc~l  ing .  The few women who work are e n g ~ ~ e d  primzrrily i n  

co t  sage inclrlstsy weaving produc ts  of s t r a w  and  r o p e  and a fcw women 

a rc  involvtbd i x m  cigrir.ult n r a l  l t c t i v i t y  o r  tend ;1 smal l  s tore,  usuii%I.y 

i n  f rlbrnt t r f  the hnusc .  Bascci on obsurvat ions i n  t h e  v i 1 l a g e s ,  most: 
9 I of t h e  women's in(-one-earning a c t i v i t y  is compatible" wi tb  c h i l d  

care; i t  is done i n  or  near  t h e  home and clan be p u t  down i f  a c h i l d  

needs a t r e n t i o n -  121 

- . -- --- ---. --* - 
111 bhrnen f r cqben t iy  have had more pregnanc ies  than i n d i c a t e d  

by t h i s  average;  some c h i l d r e n  may have d i ed  or may not be p r e s e n t  i n  
the home. 

121 Housekeeping t a s k s  ( e . g . ,  carrying w a t e r ,  collecting f i re  
wood, washing c l o t h e s  st n r iver  about 5 kilornctcrs E r s m  the horne, 
c t c .  ) may be lest; compat i b l  c w i t h  c h i l d  care rltnn tIieir income-czarninp, 
: l e t - i v i t y .  



Table 1 

MEWS ON SELECTED DEMBGWPHK .ANIb SBC- 
FOR - CEIEDIPEES WH8 HAF) GROWTH DATA 0-6 MONTES BY SUPPLEMENT TYPE 

Fresco A t o l e  Total -- 
Number of pregnancies 4.6 5 . 1  
Previous birth .interval (months) 29 - 0 26.0 
Hother's age (years) 27.8 28.3 

Number children 0-6 years old 
in the nuclear family 2.4 2.6 

Number children 7-14 years -old 
in the riuclear family 1. 1 1.1 

Number adults aged 15-65 in 
the nuclear family 2.31 2.2 

Total number people in the 
extended family 6.3 6.5 

Mother's height (centimeters) 149.0 f49.0 
Hcther's weight [a] (kilograms) 55.3 54.1 
Mother's literacy (yes/no) -4 -4 
Schol grades completed bymother 3.1 1.0 
Mother ' s employment (yes/no) .4 . I  

~cntber's literacy (yeslno) . 7  
Highest school grade completed 
by any nuclear family lmembes 2.7 

Extended family incoaue ($1 543.0 
Income per equivalent edult con- 
sumer in extended family ($) 136.0 

Number of rooms in house 1.8 
Land value ($1 316.0 

Total 

! [a] Weight at the end of the last trimester sf pregnancy. 

The average family isleme implies that a household has about $42 

per month to spend on food, clothing, shelter, and medical care: in a 

setting where the cost of living is comparable to the United States. 

C 



In general ,  a rad io  i s  t h e i r  only "consuaer durabley'  and land holdings 

are genera l ly  between 0 and 5 a c r e s  (Valverde, 1977). Since most of 

t h e  f a m i l i e s  ob ta in  much of t h e i r  income f r o m  a g r i c u l t u r a l  a c t i v i t y ,  

t h e  flow of income to  the household v a r i e s  by season. In  bad harves t  

years ,  a l l  o r  some of the family migrates  t o  the  coas t  t o  work a s  day- 

l a b o r e r s  on c o t t o n  and cof fee  p lan ta t ions ,  During economic hard tames 

they a l s o  depend heavi ly  on other r e l a t i v e s .  

Mother's Pregnancy Experience aesd Weight - 
On average, t h e  ch i ld ren ' s  mothers have had f i v e  previous preg- 

nancies.  Eleven percent of t h e  c h i l d r e n  i n  t h e  sample were f i r s t  

born, about ha l f  were second t o  f i f t h  born ch i ld ren ,  and 35 percent  

w e r e  born t o  women who had s i x  o r  more previous pregnancies,  Bfr th 

i n t e r v a l  is r e l a t i v e l y  s h o r t ;  about 15 percent  of t h e  ch i ld ren  were 

concetved wi th in  a year  of the  previous pregnancy. 

"She average mother is s h o r t e r  than most U.S. women and tends t o  

weizh 34 and 16 pounds less than a U.S.  woman of her  he ight .  The 

average sample mother is about 59 inches t a l l ,  which f a l l s  helaw the 

5 th  p e r c e n t i l e  he ight  of U.S. women of chi ldbear ing  age i n  1974 and 

provides evidence of her  own childhood growth r e t a r d a t i o n .  She weighs 

between 109 and 109f31 pounds when she is not  pregnant,  whereas the  

average U.S.  woman of her height  normally weighs 922 pounds. 

GROMTH IdURXYG THE FIRST YEAR,# 

Figures  1 and 2 show t h e  sample c h i l d r e n %  f i r s t  year  growth 

curves superimposed on the  National Center f o r  Health S t a t i s t i c s  (NCHS) 

standard growth curves.[S] A t  b i r t h  and th ree  months, t h e i r  weights 

f a l l  w i t h i n  ""standard" ranges. Between t h r e e  and s i x  months, their 

growth slows s l i g h t l y  r e l a t i v e  t o  ch i ld ren  i n  genera l ly  more favorable 

---- 
[ 3 ]  CaZc~lated by sub t rac t ing  n a m l  weight ga in  during a preg- 

nancy (5-6 kilograms fron Arroyave, 1975) fron weight given i n  Table 1. 
IS] This i s  an appropriate standard since research has shotm t h a t  

upper incow class Guatemalan ch i ld ren  grow a s  l a r g e  as well-nourished 
U.S. czliildren (Wabirilt, 1974). This indfcates t h a t  observed size 
differences between populations in different countries are not due to 
ethnic d i f ferences  but to food intake and kea2tt-t d i f fe rences ,  and 
suggests ht~at: under more favorable conditions the sample ch i ld ren  would 
have a weight distribution more Like that seen for the NCHS standard 
children. 



Weight 

: NCHS 5th to 95th 
percentile range - Sample 5th. 50th 
and 95th percentile 
weights 

Age (months) 

Fig. 1 -Sample girls' weights relative to NCHS weights 

Weight 

Age (months) 

Fig. 2-Sample b y d  weights miatire to NCHS weights 



environments. Between six months and a year, their growth slows more 

noticeably, so that by one year, 50 percent of the sample children's 

weights lie below the 5th percentile standard weight. This growth 

pattern is typical of developing country i2fants from low income 

f arnilies . 
Table 2, which shows mean weights and growth of the sample infants 

by sex and village, indicates that growth during the first six lnonths 

is least for girls in the fresco (calorie supplement) villages and 

greatest for boys in the atole (protein supplement) villages. Within 

each village boys grow significantly more than girls, and children in 

the atole village grow significantly more than children in the fresco 

villages. Ve see the same pattern of village and sex differences for 

6 to 12 month growth. However, the differences are considerably 

smaller and are not statistically significant. We explore these 

village and sex differences further in the multivariate analyses. 

Table 3 shows the weights of children by n~mber of live pregnan- 

cies. In general, we see a tendency for higher parity children to 

weigh more at birth, They tend to gain less weight during the-first 

year so that by 12 months they actually weigh less than the lower 

birth weight first born children. The tendency is stronger in the 

fresco villages than in the atole villages. In the multivariate 

analyses, we look again at this sort of compensating or catch-up 

growth. 



Table 2 

MEAN hTlCGHT AT BIRTH, 6 ,  AND 12 MONTHS 
AND WEIGHT CHANGES DURING THE PFJtIOD BY 

S.EX OF CHILD AND SUPPLEXENT TYPE - 
(In Kilograms) 

N C H S ~  50th/5 th 
Fresco Atole Percentile Weight 

Farela Male Female Male Female Male 
- 

Birth weight 2.96 3.U 3.02 3.12 3,20/2.40 3;25/2.60 
(Std. dev.)  -50 .42 .42 .44 

6-month weight 6.43 6.83 6.71 7.37 7.20/5.80 7.80/6.20 
(Std. dev.1 .89 1.18 -77 .90 

12-mnth weight 7 -46 7 .95  7.88 8.57 9.6017.80 10.20/8.40 
(Std.  dev.) .93 1.24 .86 1 . 1 2  

b 
Growth 0-6 months 3 a47 3.72 3.69 4.24 4 . W 3 . 4 0  4.55/3.60 

(Std. d m . )  ,816 1.18 .72 .86 

Gxowth 6-12 monthsC 1.02 1.08 I . lti 1.21 2.40/2.00 2,4012.20 
(Std. dev.) .52 .69 .60 .55 

Growth 0-12 months d 
4.58 4.83 4.86 5.45 6.46/5.40 6.95/5*8Q 

(Std. dev.) .8O P,23 .88 1.06 

~ s t d  (N) 69 35 73 84 

a National Center for  Health S t a t i s t i c s  $jrowth charts, 1976 

bThe difference between weight a t  six months and birth weight. 

 he difference between weight - a t  twelve months and a t  s i x  months. 

'The d i f f  erence between weight a t  twelve months and birth weight. 







point it out here as one of thc important issues we must continue to 

grapple wirh in trying to model household behavior related to health 

and population issues. For the purpose of this study, the use of a 

single equation means that we must be careful about attributing 

~ causality when interpreting the empirical relations. 

A ~ecsnd iirnitzS.on of the estimation model was its essentially 

additive nature. For some variables, I tried several nonlinear spec- 

ifications and interactions, but none performed as well as those 

reported here, I report those variables for which nonlicear spec- ~ ificatrons were tried in tke results. Because of small sample size, 

testing of a wide range of nonlinear and interactive relations awaits 

~ further work. Appropriate mcdel specification and desigr~ will require 

greater collaboration between biomedical and social science researchers. 

1 have tried in the discussHan of the results to  point out where such 

nonlinear relations might exist. 

DEPENDENT VARIABLES -- 
The dependent variables are change in weight in kilograms (2.2 

p~urrda) between (a) birth ant: six months, (b) six and twelve months, and ~ Qc) birth and twelve months. W~ight change was used as an indicator 

of growth because wei&t,has been shown to be a reliable measure of 

infant nutritional status (Martorell, 1980). The 6 to 6 and 6 to 1 2  ~ month periods were considered separately since the influence of the  

various factors on O to 6 month growth may differ from thetr influence 

on 6 to 12 month growth. 

EXPLANATORY VARIABLES ----- 

Variables - Reflecting Availability -----. of Food and Medical Inputs 
Income and Food and Medical Expenditures. A family income (INCOME) - 

measure was used to reflect total food resources in the family.[l] 

The measure includes incame from salaries and wages, income from 

] Kdeally, a measure 0 5  actual home diet would be used to 
measure food intake. Unfortunately, the only such measure was on 
24-hou~ recall. measure taken at about eight rnontlas, Because there 
was a great  deal of variability f n  food in take  i n  any one 24-hour period, 
it was felt that a s i n g l e  observation would not be a particularly good 
measure of actual food intake f o r  either 6-month period. 



household e n t e r p r i s e  01 farm, and t h e  inputed value of crops grown 

fcr home consumption. Since in  these  v i l l a g e s  f ami l i e s  devote t h e  

major por t ion  ~f t h e i r  income t o  food[2) and f r e e  medical c a r e  w a s  

a v a i l a b l e  through INCAP'S nu t r i t io r '  s tudy,  t h i s  measure of family 

income presumably r e f l e c t s  t o t a l  food resources i n  t h e  family.  

W e  p r e d i c t  a p o s i t i v e  r e l a t i o n  between i n f a n t  grdwth and income, 

s%nce, a l l  e l s e  equal ,  ch i ld ren  fronl higher  income fami l i e s  can consume 

more food and presumably w i l l  grow more. Nursing nothers  from h : < s ~ t , ~  

income fami l i e s  a l s o  w i l l  be l i k e l y  t o  consume more. This can r e j u l t  

i n  g r e a t e r  i n f a n t  growth through g r e a t e r  production of higher  q u a l i t y  

b r e a s t  milk and improved maternal hea l th ,  r e s u l t i n g  i n  b e t t e r  c h i l d  

care .  

Mother" ?Milk. I n  t h e  empirical  models a measure of t h e  nunher 

of months t h e  i n f a n t  wss breas t fed  during t h e  f i r s t  s i x  months o r  t h e  

f i r s t  year  s f  l i f e  (EENLAC) i s  used a s  a proxy f o r  the  quant i ty  of 

mother's milk t h e  i n f a n t  r ece ives ,  We expect t h a t ,  a l l  e l s e  equal ,  

an i n f a n t  who has been b reas t fed  longer ,  and thus  has received %ore 

mother's milk, w i l l  grow more than one who has been b reas t fed  less 

time . 
Supplementary Food. Since the  f r e e  supplementary food represen t s  

an important source sf food no$: r e f l e c t e d  i n  a measqlre of income, 

measures of quan t i ty  of c a l o r i e s  from the  c a l c r i e  d r ink  (FRESCO) a r  

the pro te in  dr ink (ATOLE) appear i n  the  empir ica l  nodel.  All e l s e  

equa3, one expects  t h a t  (a> a c h i l d  who consumed more c a l o r i e s  from 

e i t h e r  supplementary food to grow nore than the c h i l d  who received 

fewer or no c a l o r i e s  fram supplemectary food and (b) a c h i l d  who 

consmed a given number of c a l o r i e s  ~ P O F  a t a l e  would grew more than 

a child who consumed the  sam quan t i ty  of c a l o r i e s  from f resco .  

Vi l lage  Variables .  The v i l l a g e  dummies (VILLAGE 3, VILLAGE 6, 

VTLLAGS $)I31 have Seen included i n  the  empir ica l  s p e z i f i c a t i o n  t o  

control for d i f f e r e n c e s  i n  p r o t e i n  content  s f  t h e  two types of 

---- 
[2]  Usirig f i g u r e s  from P iva ra l  (19721, I es t imate  t h a t  the  amaunt 

needed simply to supply t h e  average family with s u f f i c i e n t  corn and 
beans for subsistence is $215, o r  a l i t t l e  under 50 percent  af average 
income* This caPcuEation does not rnclude c o s t s  of s a l t ,  sugar ,  and .  
coffee, which are a l s o  s t a p l e s  in the d i e t .  

I33 Vil lage I 4  i s  the excluded v i l l a g e ,  



1 supplementary food received i n  the v i l l a g e s .  ATOLE and FRESCO r e f l e c t  

c a l o r i e  i n t a k e  i n  t h e  presence o r  absence of p r o t e i n .  They do no t  

c o n t r o l  f o r  t h e  independent e f f e c t  t h a t  p r o t e i n  may have on growth. 

I f  p r o t e i n  has  an  independent e f f e c t  on growth and if t h e  on ly  

d i f f e r e n c e s  i n  growth-rela ted f a c t o r s  between v i l l a g e s  is t h e  presence  

of p r o t e i n  i n  t h e  supplementary food a v a i l a b l e ,  then  we would expec t  

t h e  fol lowing:  

o V i l l a g e s  03 and 08 w i l l  have lower growth relative t o  

v i l l a g e s  Oh and 14 .  

o  V i l l a g e  03 w i l l  n o t  d i f f e r  s i g n i f i c a n t l y  from v i l l a g e  08 and 

v i l l a g e  06 w i l l  n o t  d i f f e r  s i g n i f i c a n t l y  from v i l l a g e  1 4 .  

The v i l l a g e  dummies may have embedded i n  them a number of o t h e r  

f a c t o r s  t h a t  r e l a t e  t o  c h i l d  growt5; t h u s  absence of d i f f e r e n c e s  

between t h e  f r e s c o  v i l l a g e s  (03 and 08) and t h e  a t o l e  v i l l a g e s  (06 and 

1 4 )  w i l l  n o t  n e c e s s a r i l y  ciisprove t h e  hypothes i s  regard ing  p r o t e i n  

presencelabsence.  

Var i ab l e s  R e f l e c t i n g  Extent of Maternal ~ e a l f h / l ~ e p l e t i o n  

The fol lowing p rox ie s  f a r  m z h e r ' s  ktealth/depletirrn a r e  included 

~ i n  t h e  empi r i ca l  model: 

o T o t a l  number of l i v e  b i r t h s  (LIVEBRT) 

o To ta l  number of s t i l l b i r t h s  (STILLBRT) 

o B i r t h  i n t e r v a l  between t h e  prev ious  c h i l d  and t h e  c u r r e n t  

child (INTERVAL) 

o  Blother's weight a t  t h e  end of t h e  l a s t  t r i m e s t e r  of pregnancy 

~ o Motherv s he ight  (HGITMOM) 

Since we expec t  pregnancy exper ience  t o  i n f luence  t h e  q u a l i t y  of 

a mother's c h i l d  c a r e  and of h e r  milk, we expec t  nega t ive  r e l a t i o n s  

between i n f a n t  growth and number of live pregnancies  c o n t r o l l e d  for 

mother 's  age, number of s t i l l b i r t h s  c o n t r o l l e d  fo r  age ,  and b i r t h  

i n t e r v a l .  Live b i r t h s  and s t i l l b i r t h s  e n t e r  separa te ly  s i n c e  they may 

~ affect  the  mother d i f f e r e n t l y .  Far example, a l i v e  b i r t h  is 



accompanied by an extended breastfeeding period which may further 

contribute to maternal depletion, whereas a stillbirth is noc. 

We expect a positive re1atio.n between mother's weight controlled 

for her height and infant growth since the quality of mother's milk 

also depends on fat stores laid down during pregnancy. Mother's height 

(HGTMOM) also should be positively related to infant growth. The 

mother's height may reflect in small part the child's genetic potential, 

but most of the recent nutrition literature argues strongly that it 

reflects her own childhood socioeconomic and nutritional status. 

Having teen raised in more favorable conditions, tall women tend to be 

healthier and to "have babies of higher vitality than short women'" 

(Thoinson, 58, 1963) . 

Variables Reflecting AvaiPahiIity of Child Care Time 

Since the data were collected originally for other purposes, 

measures were not available of time devoted by each family member to 

a particular child's care and feeding. Therefore, tbe following 

family composition variables are used as proxies: 

o Number of preschool aged (0 to 6 years) children living at 

home (NUMOOG) . 
o Number of siblings aged 7 to 10 living at home (MM710), 

o Number of siblings aged 11 to 14 living at home (NUM1114). 

o Number of sibliags aged 15 and older living at home (NUM15+). 

The age ranges reflect age differences related to child care 

ability and norms regarding appropriate work of children in Guatemala, 

Preschool aged children generally do not work. O f  the children who are 

old enough t o  help out, children aged 7 to lQ are least able t o  

substitute for mother's time in child care, housekeeping, and income- 

earning activity. Children aged I1 to 14 and adults are increasingly 

sffective substitutes for mother's time in any of these activities. 

Suppliers of Child Care Time. We cannot predict a priori the 

net relationship between the presence of older siblings (NUM710, 

NklM1114 and NUM15-k) and infant growth since the older sibling ~ariables 



r e f l e c t  t h e  n e t  e f f e c t  of o lde r  s i b l i n g s  on c h i l d  c a r e  t i m e  supply, 

environmental crowding, and per  person food a v a i l a b i l i t y .  The con t r i -  

but ion  of o lde r  s i b l i n g s  t o  c h i l d  c a r e  time tends t o  increase  i n f a n t  

growth. The increased crowding, owing t o  t h e i r  presence, tends t o  

decrease i n f a n t  growth. Their presence has an ambiguous[4] e f f e c t  

on i n f a n t  growth through per  person food a v a i l a b i l i t y .  Since these  

e f f e c t s  work i n  opposi te  o r  ambiguous d i r e c t i o n s ,  w e  cannot p r e d i c t  

what s i g n s  the older  s i b l i n g  v a r i a b l e s  w i l l  have i n  t h e  empir ica l  

model. 

Consumers of Child Care Time. We p r e d i c t  t h a t  t h e  number of pre- 

school ch i ld ren  (aged 0 t o  6) w i l l  have a negat ive  r e l a t i o n  with 

i n f a n t  growth. The presence of more preschool aged ch i ld ren  w i l l  

reduce t h e  c h i l d  ca re  t i m e  a v a i l a b l e  f o r  any one i n f a n t ,  reduce food 

a v a i l a b l e  per  person, and increase  crowding. A l l  these  f a c t o r s  tend 

t o  reduce growth. s ince  t h e  food ccnsumption requirements of chi ldren  

these ages a r e  small r e l a t i v e  t o  the  requirements of o the r  ages, i t  

i s  assumed t h a t  the  major impact of g r e a t e r  number of preschool aged 

chi ldren  w i l l  be on ch i ld  care  t i n e  and on crowding. 

A Note on Mother's Employment -- Sta tus  Variable.  A measure of 

mother's employment s t a t u s  r e f l e c t s  t o  some ex ten t  the  a v a i l a b i l i t y  

and q u a l i t y  of time inputs  t o  c h i l d  care. A measure of whether o r  

not the  woman worked i n  1974 wr;s  a v a i l a b l e  i n  the data s e t ,  however, 

i t s  meaning was quest ionable.  It  d id  not provide adequate da ta  on 

Row compatible the  work a c t u a l l y  was with ch i ld  ca re ,  nor d i d  i t  

provide a meaningful est imate of how long the  woman a c t u a l l y  did work 

- 
[ 4 ]  Since we con t ro l ,  empir ica l ly  a t  l e a s t ,  f o r  t h e i r  contr ibu-  

t i o n s  t o  income, the e f f e c t  of a l d e r  s i b l i n g s  on per person food 
a v a i l a b i l i t y  is probably negat ive,  implying a negat ive r e l a t i o n  t o  
i n f a n t  growth. However, because we do not  know anything about i n t r a -  
family d i s t r i b u t i o n  of a v a i l a b l e  faod (and knowledge of the  communi- 
t i es  provides no c l u e s ) ,  we cannot say unambiguously what e f f e c t  
o lde r  s i b l i n g s  w i l l  have on t h e  amount of food which a c t u a l l y  reaches 
t h e  i n f a n t .  



and w a s  not  s i p p l y  a v a i l a b l e  t o  work. Therefore the measure was not 

included i n  t h e  equatirms presented here . [5]  

Variables  Ref lec t ing  Disease Prevalence and Cenetic/~ocioeconomic 
Relations 

Mumber of Rooms, W e  p r e d i c t  t h a t  t h e  number of rooms i n  t h e  

house (NUMROOM) w i l l  be  p o s i t i v e l y  r e l a t e d  to growth, and assume 

that the number of rooms r e f l e c t s  t h e  s i z e  of t h e  house. A smaller  

hause f o r  a given family s i z e  r e f l e c t s  g rea te r  crowding and increased 

prevalence of i n f e c t i o u s  d isease ,  Number of rooms a l s o  r e f l e c t s  a 

fami ly ' s  wealth and presumably i ts a b i l i t y  t o  provide adequate food 

and medical c a r e  t o  a growing i n f a n t .  

Sex of Child. W p r e d i c t  t h a t  i n f a n t  boys (SEX) w i l l  grow mare 

than infant g i r l s .  From o t h e r  s t u d i e s  we observe d i f fe rences  In 

growth f o r  bsys and g i r l s  during the f i r s t  s i x  months of l i f e ,  with 

boys growing more than g i r l s  (U.S., 1996). I n  add i t ion ,  i n  a soc ie ty  

like Guatemala im which males a r e  favored over females, one would 

expect bsys t o  rece ive  more food than g i r l s  and consequently t o  grow 

more. 

151 For example, severa l  women indica ted  they worked 14  to I 6  
hours a day. In checking t h e i r  ques t ionnai res ,  1 found t h a t  they were 
tending a s t o r e  i n  f r o n t  of t h e i r  house. Customers came t o  such s t o r e s  
only occas ional ly ,  s o  the woman goes about hex housework and child 
care ,  tending the s t o r e  only when a customer ca l l s .  She may even 
have a c h i l d  tend the  s t o r e  when she wants t o  leave.  Tt is not clear 
t o  m e  t h a t  just because the s t o r e  is open 16 hours a day, t h i s  provides 
a good estimate of hours worked. Essentially our concepts for 
measuring women's work as i t  might affect c h i l d  h e a l t h  are fnadeqr~ate 
for the employment s i t u a t i o n s  of women i n  these  vi i lages ,  



BR1WGT : 

FRESCO : 

INTERVAL : 

LEMLAC : 

LIVEBRT: 

SEX : 

STILLBRT: 

GLOSSARY OF VARIABLES 

Mother 's  ;*ge i n  months 

The average number of  c a l o r i e s  pe r  day from a t o l e  consumed by t h e  
i n f a n t  dur ing  t h e  period.  

Geight of t h e  i n f a n t  i n  kilograms wi th in  24 hours of b i r t h .  

'Fhe average number of c a l o r i e s  pe r  day from f r e s c o  consumed by 
t h e  i n f a n t  dur ing  the  period.  

Hother 's  he ight  i n  cent imeters .  

The 1974 n e t  income ( inc luding  r egu la r  t r a n s f e r s )  f o r  t h e  extended 
fami ly  measured i n  que tza l e s  (lQ = I$). The measure inc ludes  
imputed va lues  o f  a g r i c u l t u r a l  c rops  produced f o r  home consumption. 

iS, dumy v a r i a b l e  wi th  a va lue  of l i f  t h e  i n f a n t  was conceived 
wi th in  12 months of h i s  next  o l d e s t  s i b l i n g .  I t  has  a  va lue  of G 
otherwise.  

The number of months i n f a n t  w a s  f u l l y  o r  p a r t i a l l y  b reas t f ed .  

The number of l i v e  pregnancies ( inc luding  cu r ren t  i n f a n t )  t he  
i n f a n t ' s  mother has  had. 

The  number of rooms i n  t h e  house i n  which the  i n f a n t ' s  family Lived 
i n  1975. 

The number o f  the i n f a n t ' s  s l b l i n g s  aged 0-6 yea r s  present  i n  t he  
f a m i l y ' s  house wi th in  rhe  year  a f t e r  t h e  i n f a n t ' s  b i r t h .  

The number of t he  i n f a n t ' s  s i b l i n g s  aged 7-10 yea r s  present  i n  t h e  
f ami ly ' s  house wi th in  t h e  year a f t e r  t he  i n f a n t ' s  b i r t h .  

The number ~f i n f a n t ' s  s i b l i n g s  aged 11-14 yea r s  present  i n  t he  
family 's  house wi th in  the  year  a f t e r  t he  i n f a n t ' s  b i r t h .  

The number of i n f a n t ' s  s i b l i n g s  aged 15 yea r s  o r  o l d e r  p re sen t  i n  
t he  f ami ly ' s  house wi th in  t h e  year  a f t e r  t h e  i n f a n t ' s  b i r t h .  

A dumy v a r i a b l e  wi th  a va lue  of 1 i f  t he  i n f a n t  i s  male and O 
i f  the  i n f a n t  i s  female. 

The number of  s t i l l b i r t h s  t h e  i n f a n t ' s  ntother has had p r i o r  t o  the  
i n f a n t ' s  b i r t h .  

A dummy v a r i a b l e  wi th  a  value of I i f  t h e  i n f a n t  l i v e s  i n  v i l l a g e  
03 (a f r e sco  v i l l a g e ) .  The v a r i a b l e  has a va lue  of 1 otherwise.  

A dumy v a r f a b l e  with a value of 1 i f  t he  i n f a n t  l i v e s  i n  v i l l a g e  
06 (an a t o l e  v i l l a g e ) .  The v a r i a b l e  has a  va lue  of 1 athenwise. 

A dummy v a r i a b l e  w i t h  a value of I i f  t h e  i n f a n t  l i v e s  i n  v i l l a g e  
88 (a fresco v i l l a g e ) .  The v a r i a b l e  has a  va lue  of 1 c therwise .  

The mother 's  weight i n  kilograms a t  t he  end of t h e  t h i r d  t r i m e s t e r  
a£ pregnancy. 

The i n f a n t ' s  weight i n  kilograms a t  6 months * 3 bays, 

The i n f a n t ' s  weight i n  kilograms a t  1 2  months  I days.  



V I I .  RESrnTS 

~ OVERVIEW ~ The regress ion  r e s u l t s  appear i n  Table 4. Based on the  est imated 

c o e f f i c i e n t s  i n  Equation I1 i n  Table 4 ,  a  g i r l  from v i l l a g e  08 who had 

a long b i r t h  i n t e r v a l  and mean values  on a l l  continuous v z r i a b l e s  

would grow about 3.4 kilograms from 0 t o  6  months. A boy would grow P 
b about 3.9 kilograms from 0 t o  6 months, Both t h e i r  6-month weights 
L 

1 would f a l l  between the  18th  and 25th p e r c e n t i l e  NCHS standard weights,  

and they would both have t o  grow about 20 percent more from 0 t o  6 bp 
t 
E months t o  a t t a i n  t h e  50th p e r c e n t i l e  NCHS standard weight. Eased on 

t the  est imated c o e f f i c i e n t s  i n  Equation 111, both would grow about 

b 1.2 kilograms from 6 t o  1 2  months and both t h e i r  12-month weights f a l l  

k 
X .  below the  5 t h  p e r c e n t i l e  NCHS standard weights. They would have t o  

grow about 160 percent  more from 6 t o  12 months t o  a t t a i n  t h e  50th 

p e r c e n t i l e  NCHS standard weight. 

The d i f fe rences  between boys and g i r l s  i n  the  Guatemala s a ~ t p l e  

are s i g n i f i c a n t  but  they are not  sigxnificant3.y d i f f e r e n t  from the  sex 

di f fe rences  i n  the  NCHS standard weights,  This suggests  t h a t  t h e  

~ Guatemalan i n f a n t  boys do not  have any g rea te r  advantage.over the  

I!& Guatemalan i n f a n t  g i r l s  than t h e  NCHS boys had over the  NCHS g i r l s ,  

W e  note  from Table 4 t h a t  d 1  explanatory va r i ab les  r e l a t e  t o  

i n f a n t  6 -  and 12-month weights i n  t h e  hypothesized d i r e c t i o n ;  however, 

some work i n  one 6-month period and no t  i n  t h e  o the r .  Table 5 makes 

t h i s  poin t  more c l e a r l y  by presenting the  d i r e c t i o n  of only the  

s i g n i f i c a n t  r e l a t i o n s  found f o r  each 6-month period. Variables  

r e f l e c t i n g  mother's c h a r a c t e r i s t i c s  (e.g., her  pregnancy experience,  

he r  weighc and h e i g h t ) ,  number of o lde r  s i b l i n g s ,  and b i r t h  weighc 

are r e l a t e d  t o  0 t o  6 manth growth, Variables  r e f l e c t i n g  numbers of 

s i b l i n g s  i n  t h e  home, measures  of food a v a i l a b i l i t y ,  6-month weight, 

and mother's he ight  r e l a t e  tu 6 t o  1 2  month growth. 

Befaw I d i scuss  the  c o e f f i c i e n t s  on the  var ious  explanatory 

v a r i a b l e s  i n  some d e t a i l .  I n  doing so  I f requent ly  t r a n s l a t e  ttne 



u
w

r
 x

a
n

 
C

G
E

 
(
U
C
 

m
m

m
 

. . .83.: 



Table 5 

OF SIGHIFPI", ANTEATIONS 3ETWEEN EXPLANATORY 

VARIABLES AND INFANT GROWTH - 

Growth Period 

Explanatory Variables 0-12 Months 8-6 Months 6-12 Months 

Availability of food and medical inputs 
Household income + 
Number 1% year olds" 
Calories of atule 4- 
Length of  breastfeeding + 

Materrdl health 
Number of live pregnancies 
Short birth interval 
Mother's weight 

Availability of child care time 
Number of preschoolers 
Number of 154- year aldsa 

Environmentaf, genetfc, and socioeconomic 
Number of rooms 4- 
Mother's height + 
Chfld's sex + 
In i t ia l  weight - 

As discussed in the text, this variable represents the net effect  of two relations 
working in opposite directions, 



period.  This  may seen: t o  convey mare p rec i s ion  than w e  a c t u a l l y  have 

about t h e  exact  s i z e  of t h e  r e l a t i o n s ,  e s p e c i a l l y  i n  l i g h t  of t h e  b i a s  

r e s u l t i n g  from t h e  s i n g l e  equat ion es t imat ion  system. This  is  done 

simply t o  provide a better feel f o r  t h e  r e l a t i o n s ,  s i n c e  the explanatory 

v a r i a b l e s  r e f l e c t  such a v a r i e t y  of dimensions. 

mTERN& HEALTH AND DEPLETION 

Relat ion of  other's Previous Pregnancy Experience t o  I n f a n t  Growth 

Both birth i n t e r n a l  and number of l i v e  pregnancies,  r e f l e c t i n g  a 

nm t h e r  ' s pregnancy experience, have a s i g n i f i c a n t  r e l a t i o n  t o  i n f a n t  

growth over t h e  twelve month period ( see  Equation I i n  Table 4 ) .  

These f a c t o r s  have t h e i r  greatest impact dulring the  f i r s t  s i x  months 

of Life  when a cbiPd is mare dependent on mother's mi lk[ l ]  and t h e  

effects of p rena ta l  growth f a c t o r s  might be s t ronges t .  The negat ive 

and s i g n i f i c a n t  c o e f f i c i e n t  on b i r t h  i n t e r v a l  i n  the 0 t o  6 month 

growth equat ion (Equation 1% i n  Tablr  4) suggests that  an i n f a n t  who 

is conceived within a year of his next o l d e s t  s i b l i n g ' s  b i r t h  grows 

about 12  percent  less from O t o  6 months than an i n f a n t  with a longer  

previous birth in te rva l . [2 ]  

The negat ive and s i g n i f i c a n t  c o e f f i c i e n t  on number of l i v e  

pregnancies f o r  0 t o  6 month growth i n d i c a t e s  t h a t ,  a l l  e l s e  equal ,  

a f d f t h  born i n f a n t  (the mean number of l i v e  pregnancies f o r  t h e  

sample) grows about 12 percent  less during t h e  0 t o  6 month period 

than a  f i r s t  born in fan t .  Several nonlinear  s p e c i f i c a t i o n s  of number 

of l i v e  pregnancies were t r i e d ,  but the  r e s u l t s  suggested a l i n e a r  

r e l a t i o n  for  this sample. 

The c o e f f i c i e n t  on t h e  number of s t i l l b i r t h s  i s  significantly 

d i f f e r e n t  from the  c o e f f i c i e n t  on t h e  number of l i v e  pregnancies. I f  

- 
[I] After  4 t o  6 m n t h s ,  wonten i n  these v i l l a g e s  genera l ly  

supplement mother's milk with o the r  Foods ( p a r t i a l  breas t feeding) .  
[ 2 f  Both b i r t h  in te rva l  and number of l i v e  pregnancies relations 

may be understated s ince  chi ldren  who died wi th in  t h e  f i r s t  six months 
of l i f e  tended t o  be higher  p a r i t y  and c1oser spaced chi ldren .  



w e  assume t h a t  t h e  r e l a t i o n  between number of pregnancies  and growth 

is  c a u s a l  and t h a t  pregnancy contributes t o  maternal  d e p l e t i o n ,  t hen  

t h e  d i f f e r e n c e  between t h e  e f f e c t s  of s t i l l b i r t h s  and l i v e  b i r t h s  

sugges t s  t h a t  something about l i v e  b i r t h s  and n o t  s t i l l b i r t f r s  r e l a t e s  

t o  poor growth. One most obvious d i f f e r e n c e  is t h e  extended per iod  of 

b r e a s t f e e d i n g  which accompanies a  l i v e  b i r t h ,  and which could c o n t r i b u t e  

cons iderab ly  t o  t h e  d e p l e t i o n  of a  woman's phys i ca l  c a p a c i t y  f o r  

adequate  child c a r e  and/or milk  product ion . [3]  On t h e  o t h e r  hand, a  

woman who had had more s t i l l b i r t h s  might have g r e a t e r  f e a r  of not  

be ing  a b l e  t o  r e p l a c e  c h i l d r e n ,  should a c u r r e n t l y  l i v i n g  c h i l d  d i e ,  

so  she might t a k e  b e t t e r  care of h e r  i n f a n t .  F i n a l l y ,  s t i l l b i r t h s  

could reflect a  c e r t a i n  amount of induced a b a r t i o n  used as a  methad 

of b i r t h  c o n t r o l ,  It may be that women who a r e  consc ious ly  t r y i n g  t o  

l i m i t  b i r t h s  a r e  doing s o  i n  o rde r  t o  produce h e a l t h i e r  c h i l d r e n ,  The 

d a t a  a v a i l a b l e  and t h e  smal l  sample s i z e  d i d  no t  a l low me t o  explore  

t hese  q u e s t i o n s  f u r t h e r .  

A f t e r  c o n t r o l l i n g  s t a t i s t i c a l l y  f o r  the number of pregnancies  a 

woman has  had, t he  c o e f f i c i e n t  on mother 's  age i s  not  s i g n i f i . c a n t l y  

d i f f e r e n t  from zero.  I t r i e d  s e v e r a l  nonl inear  s p e c i f i c a t i o n s  and 

s p e c i f i c a t i o n s  wi th  i n t e r a c t i o n s ,  The r e s u l t s  d td  no t  suggest non- 

l i n e a r i t i e s  nor d id  they i n d i c a t e  d i f f e r e n c e s  depending on mother ' s  

age i n  t h e  r e l a t i o n  of i n f a n t  growth t i r t h  interval, number of 

pregnancies ,  mother 's  heighc o r  weight. i . ~  these  communities, b i r t h  

c o n t r o l  is f a i r l y  unce r t a in  and i n e f f e c t i v e ,  i f  i t  i s  used a t  a l l ,  and 

mother 's  age and number of pregnancies are  h igh ly  c o r r e l a t e d .  1 am 

not  sure t h a t  wi th  t h i s  small sample i t  was f u l l y  p o s s i b l e  t o  d i s e n t a n g l e  

age e f f e c t s  from number of pregnancies .  Presumably, both a f f e c t  

mother 's  h e a l t h  and c h i l d  c a r e  e f f e c t i v e n e s s .  

Relati011 of Mother 's  Weight and Height t o  Growth 

The c o e f f i c i e n t s  on mother 's  weight and he igh t  f u r t h e r  emphasize 

t h e  important  r e l a t i o n  of mother" h e a l t h  t o  i n f a n t  growth, e s p e c i a l l y  

[ 3 ]  A l a c t a t i n g  woman r e q u i r e s  3000-3200 c a l o r i e s  pe r  day and 
evidence from o t h e r  s t u d i e s  i n  s i m i l a r  Guatemalan v i l l a g e s  shows t h a t  
l a c t a t i n g  women consume between 1580 and 1700 c a l o r i e s  d a i l y .  



dur ing  the f i r s t  s i x  months. Women who weigh more, f o r  a  given h e i g h t ,  

have i n f a n t s  who grow more. The  p o s i t i v e  and s i g n i f i c a n t  c o e f f i c i e n t  

on mother ' s  weighti41 i n  Equation 11 i n d i c a t e s  t h a t  i f  a  sample mother 

weighed a t  t h e  end of pregnancy what d o c t o r s  recommendi5] f o r  an average 

U.S. woman of h e r  he igh t  (about  66 k i lograms) ,  h e r  i n f a n t  would grow 

about  7 pe rcen t  more dur ing  t h e  0 t o  6 month per iod .  

Taller women's c h i l d r e n  a l s o  grow more du r ing  t h e  f i r s t  yea r  of 

l i f e .  The c o e f f i c i e n t  on mother 's  he igh t  i n  Equation I i n d i c a t e s  t h a t ,  

a l l  else equa l ,  each a d d i t i o n a l  2.5 cen t ime te r s  (about 1 inch)  of a 

mother 's  h e i g h t  r e s u l t s  i n  an a d d i t i o n a l  .10 kilogram of i n f a n t  growth 

over  t h e  f i r s t  year  of l i f e .  This  sugges t s  t h a t  i f  a  sample woman 

were a s  t a l l  a s  t h e  average U.S. woman of ch i ldbea r txg  age i n  1971-1974 

(about  100 cen t ime te r s  o r  64 inches ) ,  t h e  c h i l d  would grow abgut  9 

pe rcen t  more over  t h e  f i r s t  year .  

I n  a d d i t i o n  ~o g e n e t i c  f a c t o r s ,  h e i g h t  r e f l e c t s  a mother ' s  e a r l y  

chi ldhood socioeconomic and n u t r i t i o n a l  s t a t u s .  To t h e  e x t e n t  that i t  

r e f l e c t s  socioeconomic s t a t u s ,  i.t may r e f l e c t  o t h e r  c h a r a c t e r i s t i c s  

t h a t  make h e r  a  more capable  mother. For example, she  may have a t t ended  

schoo l  l onge r  o r  done b e t t e r  i n  school .  I n  o r d e r  t o  test t h i s ,  I 

included a measure of l i t e r a c y  i n  t h e  equa t ions .  However, i t  d id  n o t  

change t h e  s i g n  a r  s i g n i f i c a n c e  of mother 's  he igh t  o r  any of the  o t h e r  

exp lana to ry  v a r i a b l e s  and t h e  c o e f f i c i e n t  on l i t e r a c y  i t s e l f  w a s  n o t  

sign i f  i c a n t  . 
Unfortunately, c h i s  probably was n o t  a wholly adequate test  of 

t h e  meaning of h e i g h t  f o r  i n f a n t  growth nor  of t he  r e l a t i o n  of mother ' s  

i n t e l l e c t u a l  a b i l i t i e s  t o  i n f a n t  growth, F i r s t ,  the l i t e r a c y  measure 

may n o t  be  a p a r t i c u l a r l y  good measure of a woman's c h i l d  c a r e  a b i l i t y .  

I n  a d d i t i o n ,  h e r  a b i l i t y  would a f f e c t  i n d i r e c t l y  a  number of v a r i a b l e s  

- 
141 We saw earlier t h a t  the average mother i n  t h e  sample s t a n d s  

about  59 inc%tes t a l l  and weighs 119 pounds a t  t h e  end of t h e  t h i r d  
t r i m e s t e r  of pregnancy. 

[5] It i s  c u r r e n t l y  recommended t h a t  women gain 10-12 ki lograms 
(24-26 pounds) dur ing  pregnancy. Owing t o  inadequate  food i n t a k e ,  
women i n  r u r a l  Guatemalan v i l l a g e s  s i m i l a r  t o  the ones s t u d i e d  h e r e  
g a i n  5-6 ki lograms (11-13 pounds) by t h e  end of pregnancy (Arroyave, 
1976).  



i n  t h e  model, aga in  sugges t ing  t h e  need f o r  a s ~ m u l t a n e o u s  system of  

equa t ions .  More d e t a i l e d  measures of knowledge and a t t i t u d e s  a s  they 

p e r t a i n  t o  i n f a n t  h e a l t h  and n u t r i t i o n  a s  w e l l  a s  more p r e c i s e  

i n d i c a t o r s  of e a r l y  socioeconomic s t a t u s  would be needed t o  exp lo re  

t h e s e  r e l a t i o n s  more f u l l y .  

OTHER FAMILY SIZE RELATIONS 

Food A v a i l a b i l i t y ,  Crowding, and Presence of Older S i b l i n g s  

The c o e f f i c i e n t s  an MUM710, NUM3.114, NU1\/115+ i n  Equation I i n d i c a t e  

t h a t  once we have c o n t r o l l e d  f o r  t h e  p o s s i b l e  consequences t o  materna l  

h e a l t h  of  h a v i ~ g  borne an i n f a n t ' s  ohdes s i b l i n g s ,  t h e  number of o l d e r  

s i b l i n g s  p re sen t  i n  the  family has  no n e t  e f f e c t  on i n f a n t  growth over 

t h e  f i r s t  year  of l i f e .  The c o e f f i c i e n t s  on NUN710 and NUM1114 a r e  n o t  

s i g n i f i c a n t l y  d i f f e r e n t  from zero f o r  e i t h e r  t he  0 to 6 month o r  6 t o  

12 month per iod  (Equations II and 111, r e s ~ e c t i ~ e k y ) .  I f  we assume t h a t  

t h e  c o e f f i c i e n t s  r e f l e c t  a causal r e l a t i o n ,  they  sugges t  t h a t  s i b l i n g s  

aged 7 t o  14 may c o n t r i b u t e  enough t o  c h i l d  ca re  t i m e  ( e i t h e r  d i r e c t l y  

o r  i n d i r e c t l y ,  by f r e e i n g  the  mother) t o  o f f s e t  t he  nega t iC je  e f f e c t  

t h e i r  presence has  on the a v a i l a b i l i t y  of food and on crowding. 

The c o e f f i c i e n t  on NUM15+ i n  Equation L is  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from ze ro ,  sugges t ing  t h a t  over  t h e  0 t o  1 2  month per iod  

t h e i r  n e t  r e l a t i o n  t o  c h i l d  growth is e s s e n t i a l l y  zero.  The c o e f f i c i e n t  

on NUPIlS+ is  p o s i t i v e  and s i g n i f i c a n t  on O t o  6 month growth and nega t ive  

and s i g n i f i c a n t  on 6 t o  1 2  month growth. Again, i f  we assume a  causa l  

r e l a t i o n ,  t h i s  could suggest  t h a t  dur ing  the f i r s t  s i x  months oE an 

i n f a n t ' s  l i f e ,  a d u l t  aged  s i b l i n g s  may s u b s t i t u t e  f o r  t h e  mother i n  

o t h e r  activity, f r e e i n g  he r  f o r  c h i l d  c a r e ,  e s p e c i a l l y  b reas t f eed ing .  

From 6 t o  12  they may begin competing w i t h  t h e  c h i l d  f o r  s c a r c e  food 

resources  o r  t he  mother may begin l eav ing  the c h i l d  w i t h  them and t h e  

q u a l i t y  of c a r e  d e c l i n e s .  

Presence of Preschool Aged Chi ldren i r i  the  Family 

The c o e f f i c i e n t s  on NUN006 i n  Equations I and 1 x 1  i l l d i ea t e  t h a t  

t he  number of  preschool  aged c h i l d r e n  i n  the  family has  a s i g n i f i c a n t  
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negat ive  r e l a t i o n  t o  i n f s n t  growth during the f i r s t  y e a r  of l i f e ,  bu t  

the re la t ion  i s  much stronger duriag t he  6 t o  2.2 month period. The 

negat ive  and s i g n i f i c a n t  c o e f f i c i e n t  an WIO06 f o r  t h e  6 t o  1 2  mmth 

weight (Equation 111) i n d i c a t e s  t h a t  an i n f a n t  wi th  a preschool aged 

s i b l i n g  grows about 3.4 percent less from 6 to P2 months than one who 

does no t  have a preschool aged s i b l i n g ,  A s  suggested i n  t h e  t h e o r e t i c a l  

d iscuss ion ,  severa l  preschoolers  present  i n  a  family m a y  compete with 

the  i n £  a n t  far chi ld  carc t i m e  and/or inc rease  the  i n f a n t  % exposure 

t o  i n f e c t i o u s  d iseases ,  

AVAILABILITY OF FOOD m MEDICAL INPUTS, ENVIRONMEN'~/GENETIC 

Mother's Milk. The p o s i t i v e  and s i g n i f i c a n t  c o e f f i c i e n t s  on 

breas t feeding i n  the  6 t o  1% months and 0 co 12 months equat ions 

i n d i c a t e  t h a t  an a d d i t i o n a l  month of breas t fee6ing i s  associa ted  with 

a 4 percent  increase  i n  average 6 t o  12 month growt'rr, and a  2 percent 

i n s r e a m  i n  0 t o  12 month grov~tfl. We do no t  observe a  s i g n i f i c a n t  

r e l a t i o n  of breas t feeding i n  O t o  6 month growth s ince  the re  is very 

l i t t l e  v a r i a t i o n  i n  the  six-month measure; nea r ly  a l l  women s a i d  they  

b reas t f  ed during fhe e n t i r e  6-month period. 

Ideal3.y we would d i s t ingu i sh  f u l l  breas t feeding from p a r t i a l  

breas t feeding[6] ,  but  da ta  on p a t t e r n  a d  i n t e n s i t y  of breas t feeding 

were no t  a v a i l a b l e  i n  t h i s  d a t a  s e t .  I n i t i a l l y  I t r i e d  us ing  informa- 

t i o n  about length  of l a c t a t i o n  beyond the f i r s t  year  of l i f e  a s  a proxy 

f o r  inad2quate d a t a  on breastfeeding pa t t e rns .  (The reasoning was based 

on the  f a c t  t h a t  t h e  mother's physiological  capaci ty  for producing milk 

i s ,  i n  p a r t ,  determined by the  i n t e n s i t y  and frequency of t h e  c h i l d ' s  

sucking occurr ing during nursing.) This i s  probably a poor proxy and 

for t h i s  reason inc lus ion  of t h i s  information d id  no t  s i g n i f i c a n t l y  

inc rease  the modePPs a b i l i t y  t o  expla in  growth. 

For t h e  estimated models shown here ,  the  most w e  caa say  i s  t h a t  

probably by s i x  months mosc women had introduced o the r  >'sod, An 

ethnographic s tudy (P iva ra l ,  1972) r e p o r t s  t h a t  o the r  food i s  intrcduced 

[ 6 ]  This is because extended periods of f u l l  breas t feeding can 
a l s o  be de t r imenta l  because a ch i ld  begins t o  need n u t r i e n t s  not  
a v a i l a b l e  i n  mother's milk between 4 and 6 months of age. 



i n t o  a c h i l d ' s  d i e t  between t h r e e  and s i x  months of age ,  and t h i s  

s a m p l e ' s  paattern of supplemLmtary fcod i n t a k e  suggests t h a t  a t  l e a s t  

85 pe rcen t  of t he  women had introduced food o t h e r  than mother 's  milk  

by s i x  months of age. 

A s  i nd i ca t ed  e a r l i e r ,  c a r e  must be taken i n  a t t r i b u t i n g  a c a u s a l  

r e l a t i o n  t o  b reas t f eed ing .  Indeed, increased  breastfee5in.g may i n c r e a s e  

growth b u t  i nc reased  growth might a l s o  r e s u l t  i n  longer  b:eas:;eeding, 

i f  l a r g e r  bab ie s  who consume more nurse  l onge r  each time they  nurse  

and/or nur se  more o f t e n .  I n  a d d i t i s n ,  s i n c e  r e l i a n c e  on b r e a s t f e e d i n g  

reduces exposure t o  contaminated water  in t h e s e  v i l l a g e s ,  b r e a s t f e e d i n g  

may be a c t i n g  t o  soma e x t e n t  as a  proxy f o r  t h e  i n f a n t ' s  h e a l t h ,  r e f l e c t i n g  

t h e  presence of i n t e s t i n a l  p a r a s i t e s  and d i a r r h e a l  d i s e a s e  i n  t h e  i n f a n t .  

Supplementary Food, Ca lo r i e  E f f e c t .  The p o s i t i v e  and s i g n i f i c a n t  

c o e f f i c i e n t  an  ATOLE i n d i c a t e s  t h a t  t he  d a i l y  consumption of 6 ounces 

of the  p r o t e i n  d r i n k  i s  a s soc i a t ed  wi th  9 percent  i n c r e a s e  i n  0 t o  12 

month growth. It  appears  t h a t  t he  c a l o r i e  d r i n k  a l s o  is a s s o c i a t e d  

wi th  increased  0 t o  12  month growth. T h i s  is suggested by t h e  p o s i t i v e  

c o e f f i c i e n t  cn FRESCO and by the  f a c t  t h a t  a test  of t h e  d i f f e r e n c e  

between c o e f f i c i e n t s  on ATOLE and FRESCO would not : ~ l l o w  us t o  r e j e c t  

the  n u l l  h y p o t h e s i s  t h a t  t h e  cmef f i c i e n t  on FRESCO is s i g n i f i c a n t  Ly 

d i f f e r e n t  from the c o e f f i c i e n t  an AT0I.F. We cannpt be rrtore conf ic ient  

about t h e  r e l a t i o n  of FRESCO c a l o r i e s  :one t o  g r c > w t h  because q u a n r i t i c ~ s  

consuned va r i ed  l i t t l e  across i n f a n t s .  

Care must b e  taken i n  a t t r ib4 : t ing  all o f  t h i s  r e l a t i o n  t o  supplementary 

food i n t a k e  s i n c e  suppiemen t a ry  food in t ake  may be  corre la ted samewhar 

wi th  use of t he  medicr;l c l i n i c  f o r  c t - rac ive  and p reven t ive  ca rd .  T h i s  

would sugpes t  t h a t  t he  c a l o r i e  consumption measure may  r e f l e c t  t o  some 

e x t e n t  t h e  l e v e l  of good h e a l t h  the  c h i l d  enjoys.  Unfor tun~ate ly  nu  

measures of medical. c l i q i c  a t tendance  were ava i l ab le  nor were-? s a t  i.sf ac to ry  

measures of i l l n e s s  a v a i l a b l e  t o  tes t  t h i s .  

Supplements-9 - --- Food, -- Pro  in -- --- E f f e c t ,  The caef i i c i e n t s  O R  rhe 

v i l l a g e  dummies (VILLAGE 3 ,  VILLAGE 6 ,  VII ,I .AGE 8) are not  s i g n i f  iiL:antl y 

d i f f e r e n t  from each o t h e r ,  sugges t ing  th ' i t  w e  cannot rc jcc- t  t he  

hypothes i s  t h a t  the  p r o t e i n  contained i n  ATOLE ( o f f e r e d  i n  v i l l a g e s  

06 and 1 4 )  has  - no independent r e l a t i o n  t o  growth. T h i s  is c o n s i s t e n t  



1 wi th  t h e  n a t r i t i o n i s t s q  gene ra l  view t h a t  d i e t s  i n  many C e n t r a l  

American r u r a l  a r e a s  are ca lo r i e - l imi t ed ,  - mt pro te in- l imi ted .  W e  

b a se  our  conc lus ion  t h a t  p r o t e i n  has  no independent r e l a t i o n  on t h e  

assumption t h a t  t h e  v i l l a g e s  do n o t  d i f f e r  s y s t e m a t i c a l l y  on any o t h e r  

f a c t o r s  which coldd a l s o  a f f e c t  i n f a n t  growth. 

Income. Equation 1 i n d i c a t e s  t h a t  w i t h i n  the ranges of income 

r ep re sen ted  here, smal l  changes i n  income do n o t  relate s u b s t a n t i a l l y  

to bnfant  growth, The c o e f f i c i e n t  sn income i n  Equation I i n d i c a t e s  

that twice  t h e  average annual  sample income would be a s s o c i a t e d  wi th  a 

2 pe rcen t  i n c r e a s e  i n  i n f a n t  growth over  t h e  1 2  qonths .  

There are s e v e r a l  p o s s i b l e  reasons  f o r  the smal l  c o e f f i c i e n t  on 

income. F i r s t ,  t h e  income v a r i a b l e  m q  measure a c t u a l  income poor ly ,  

Measurement e r r o r  a r i s e s  from the fol lowing:  ( a )  much of family income 

i n  t hese  a g r i c u l t u r a l  v i l l a g e s  c o n s i s t s  of nonmarket product ion f o r  

home consumption, which i s  hard t o  measure and hard t o  r e c a l l ,  (b) t h i s  

particular income measure does n o t  r e f l e c t  t h e  va lue  of c e r t a i n  payments 

and t r a n s f e r s  i n  kind (usua l ly  food) t o  f a m i l i e s ,  and (c) t h i s  income 

measure does  n o t  r e f l e c t  t h e  amount of supplementary food and free 

medical  c a r e  r ece ived  by o t h e r  members of t h e  family through t h e  

n u t r i t i o n  i n t e r v e n t i o n .  

Second, t h e  on ly  income measure a v a i l a b l e  i n  t h e  d a t a  set r e f e r s  

t o  t h e  1974 a g r i c u l t u r a P  year. Since a h igh  p ropor t ion  of f a m i l i e s  

have s u b s i s t e n c e  a g r i c u l t u r a l  a c t i v i t y  a s  a major source  of income, 

income i s  very  u n s t a b l e  ac ros s  yea r s  and a  measure of on ly  one year  

may not a z c u r a t e l y  r e f l e c t  t h e  f ami ly ' s  acces s  t o  income ove r  a  longer  

p e r i o d .  A s  suggested below, t h e  number of rooms used i n  t h e s e  equa t ions  

may s e r v e  a s  a b e t t e r  r e f l e c t i o n  of family"  economic r e sou rces  because 

i t  is  a more permanent measure. 

Thi rd ,  t h e r e  are a va r i e ty  of f a c t o r s  that may i n t e r v e n e  between 

inc reased  incomes and improved in fan t  growth which might h e l p  explaSn 

t h i s .  Berg (1870) c i t e s  a f e w :  (a) mix of foods purchased [nay ckaclngc, 

(b) i n f a n t s  zay n o t  r e c e i v e  a d d i t i o n a l  a v a i l a b l e  food, and ( c )  faniLit?s 

may spend the money on other i t e m s  t h a t  raow become p o s s i b l e ,  Fin,bl l y ,  

income may i n d i r e c t l y  a f f e c t  i n f a n t  growth through maternal  heal t h ,  

supplementat ion,  cen te r  a t tendance ,  household composit ion,  b reas t fecd in i :  



behavior, etc., so that the coeffieieat on income may not be a full 

reflection 65 the income relation to child growth. 

'Number of Rooms. The coefficient on number of rooms in Equation 

I suggests that each additional room is associated with a 3 percent 

increase in 1.2-month growth. Without further analysis, we cannot say 

if number of rooms measures crowding sr wealth. In the empirical. model 

the number sf rooms was used to control for crowding and consequent 

exposure to infectious diseases. The variable also reflects family 

wealth and may reflect even m r e  accurately than income the family's 

long-term ability to provide food and medical care to the infant. 

Number of rooms is correlated with income and when the number of rooms 

was excluded from the equations, the coefficient on income became 

significant for the 0 to 6 month period and rose slightly in all 

periods. 

Initial Weights. Birthweight and six-month weight were included 

in the model tc control for the child's weight at the outset of the 

growth rerlod and the negative and significant relations were not 

expected, although subsequent reading showed that the relations have 

been reported in other studies. The relation could reflect individual 

variations in the timing of growth. For bfrthweight, if low birthweight 

babies tend to Be premature babies, some of this growth may reflect 

the growth spurt which occurs during the later months of pregnancy. 

A behavioral hypothesis for this relation suggests the possibility 

that mothers could tend to take special care of smaller babies. 

Care must be taken in interpreting the results for birthweight 

because children who were excluded from the analyses owing to death 

tended, on average, to weigh significantly less at birth than those 

who survived. This suggests that if a child survives, he tends to 

catch up with his peers over the first year of life. The fact that 

the children who died tended to be low birthweight babies suggests 

that low birthweight (2 .5  kilograms or less) should still. be a major 

policy concern. 



VII. DISCUSSION AND CONCLUSIONS 

SUMMARY OF RESULTS 

What Factors Seem To Mattes 

~ Summarizing che above discussion, I found that the following 

factors have a significan+ relation to Infant growth: (a) number 

of live pregnancies, (b) short birth interval, ( c )  number of pre- 

schoolers, (d) number of l5+ year olds, (e) mother's weight, (f) 

1 mother's height, (g) length of breastfeeding, (h) calories from ~ protein supplement, (i) initial weight, (j) chi ld"  sexx, and (k) ~ number of rooms in house. The village dummies, calories from the 

~ calorie supplement, number of stillbirths, number of 7 ta 10 and ~ 11 to 14 year olds, and khe mother's age were not significantly 

~ related to growth, Income was significant at the 10 percent level 

and the coefficient suggested a fairly unimportant relation with 

~ growth. As indicated in the discussion, income was one of the more ~ poorly measured variables and number of rooms may be o better indi- 

cation of permanent income. There was little variation in the quan- 

tity of the calorie supplement consumed, and mother's age and birth 

~ order of the infant are highly correlated. The other nonsignificant ~ relations are probably nonsignificant because there is little or no 

systematic relation to infant growth for this sample. 

When Do Various Fa-.tors Matter 

The results indicate that the significant relations differ for 

the two 6-month growth periods. For example, 0 to 6 month growth 

relates significantly to: (a) mother's weight, (b) mother's height, 

( c )  number of " i v e  pregnancies, (d)  short birth interval, (e) number 

of 1%- year  olds, ( f )  number of rooms, ( g )  child's sex, and (h) birth 

weight. Growth from 4 to 12 months relates to: (a) number of 154- 

year olds, (b) number ~f preschoolers, (c)  calories from protein 

supplement, ( d )  length of breastfeeding, (el mother's height, ( f )  

child's sex, and C g )  6-month weight. We note that a number of the 

growth factors  which appear to be significant from 0 to 

6 months concern maternal characteristics that could affect a child's 



growth i n d i r e c t l y  through breastfeeding and the mother's capacity f o r  

good c h i l d  care through her  h e a l t h  and stamina. f n  c o n t r a s t ,  t h e  s i g -  

n i f i c a n t  r e l a t i o n s  for 6 t o  12 month growth suggest f a c t o r s  ex te rna l  t o  

t h e  moaher and c h i l d  t h a t  could a f f e c t  food a v a i l a b i l i t y  and child care 

time. 

The picture that merges suggests that during the f i r s t  6 months 

of l i f e  when t h e  c h i l d  is highly dependent on the mcther and r e l a t i v e l y  

immobile, ( s l h e  is r e l a t i v e l y  i so la ted  from ex te rna l  inf luences  and t h e  

mother's c h a r a c t e r i s t i c s  play an important r o l e  i n  grawth. After  6 

months the c h i l d  becones more mobile and less physica l ly  dependene on 

t h e  mother, One senses from these  empirical  r e s u l t s  t h a t  t h e  c h i l d  has 

begun t o  compete wi th  sthers i n  the household f o r  sca rce  t h e  and food 

resources,  and f a c t o r s  ex te rna l  to t h e  c l o s e  mother-child r e l a t i o n  begin 

t o  have a more important e f f e c t  on growth. 

POLICY IMPLICATIONS 

The Role of Family Size 

The f indings  suggest t h a t  thinking i n  t e r n s  of t h e  g lobal  concept 

of "family s ize" may reduce our labi l i ty  t o  understand t h e  mechanisms 

underlying in fan t  growth. Data l i m i t a t i o n s  preclude p rec i se  specif i- 

c a t  ion  of t h e  mechanisms; however, t h e  f  inding t h a t  d i f f e r e n t  ind ica to r s  

of family s i z e  fe.g. ,  number of pregnancies, number of preschoolers) re- 

l a t e d  a t  d i f f e r e n t  t imes i n  d i f f e r e n t  ways o r  not  a t  al.1 t o  growth suggests 

t?.z caderstanding these  mechanisms would al low u s  t a  expand program op- 

t i o n s  f o r  deal ing  with t h e  impediments which family s i z e  f requent ly  sems 

t o  have on in fan t  growth. For cos t  e f f i c i e n t  n u t r i t i o n  programs we will 

want to recognize these different m e c h a n i s m s  and seek t o  understand which  

ones are opera t ing  in var ious  s e t t i n g s  f o r  d i f f e r e n t  aged chi ldren .  

Timing of In te rven t ions  

Differences i n  f a c t o r s  r e l a t i n g  t o  0 t o  6 and 6 t o  1 2  month growth 

suggest t h a t  appropr ia te  nutrBt ion in tervent ions  will depend, t o  some ex- 

t e n t ,  on the age of t h e  c h i l d  who is t h e  t a r g e t  of t h e  in tervent ion .  For 

example, t o  improve 0 t o  6 month growth w e  might: focus an maternal health; 



t o  improve 6 ", 12 month growth w e  might focus  on in f luenc ing  cond i t i ons  

w i t h i n  t h e  household t h a t  a f f e c t  food a v a i l a b i l i t y ,  crowding, and c h i l d  

c a r e  tinme. 

I d e n t i f y i n g  Tzrget  Groups f o r  N u t r i t i o n  I n t e r v e n t i o n s  

Frequent ly  w e  want t o  krlow how t o  e a s i l y  i d e n t i f y  a p p r o p r i a t e  t a r g e t  

groups f o r  n u t r i t i o n  i n t e r v e n t i o n s .  These ana lyses  suggest  some e a s i l y  

measured i n d i c a t o r s  of i n f a n t s  a t  h igh  r i s k  of growth re tardat ion--mother 's  

weight and h e i g h t ,  l e n g t h  of p a r t i a l  b r eas t f eed ing ,  number of p reschool  

aged s i b l i n g s ,  p a r i t y ,  and b i r t h  i n t e r v a l .  

High r i s k  i n f a n t s  i nc lude  i n f a n t s  whose mothers a r e  s h o r t  o r  under- 

weight f o r  t h e i r  he igh t ,  who do not p a r t i a l l y  b reas t f eed  dur ing  t h e  f i r s t  

year of l i f e  f o r  whatever reason,  who have s e v e r a l  p reschool  aged s i b l i n g s ,  

who a r e  conceived wi th in  12 months of a prev ious  s i b l i n g ,  and whose mothers 

have had f o u r  o r  more prev ious  pregnancies .  

We may a l s o  want t o  t h i n k  i n  terms of mothers a s  t a r g e t  groups f o r  

i n f a n t  n u t r i t i o n  programs. E a s i l y  measured i n d i c a t o r s  of women at high  

r i s k  of having growth r e t a r d e d  i n f a n t s  i nc lude  s h o r t  s t a t u r e ,  law weight 

f o r  h e i g h t ,  and numerous pregnancies  ( fou r  o r  mare). 

P o t e n t i a l l y  E f f e c t i v e  N u t r i t i o n  I n t e r v e n t i o n s  

A s  indicated e a r l i e r ,  care must ':e t aken  i n  i n t e r p r e t i n g  t h e  re- 

s u l t s  f a r  program des ign  s i n c e ,  s t r i c t l y  speaking, t h e  d a t a  d s  n o t  allow 

u s  t o  a t t r i b u t e  c a u s a l i t y  t o  the observed r e l a t i o n s  o r  t o  assess r e l a t i v e  

c o s t s  and b e n e f i t s  05 p a r t i c u l a r  n u t r i t i o n  i n t e r v e n t  ions .  However, i f  I 

had t o  guess  which i n t e r v e n t i o n s  might work, I would suggest  the fol lowing:  

(a) f w i l y  planning programs, (b) programs f o r  improving maternal h e a l t h ,  

and (e) i n t e r v e n t i o n s  t h a t  i n c r e a s e  c h i l d  c a r e  t i m e .  Family planning 

programs should focus  n o t  simply on reducing the number of pregnancies  

but a l s o  on he lp ing  young women i n  t h e  process  of bu i ld ing  a fami ly  t o  

space t h e i r  c h i l d r e n  a t  app ropr i a t e  i n t e r v a l s ,  We might improve materna l  

h e a l t h  and i n c r e a s e  c h i l d  care t h e  and p r o d u c t i v i t y  w i th  such in te rven-  

t i o n s  as he21 t h  care programs designed s p e c i f i c a l l y  f o r  pregnant and lac- 

t a t i n g  women, introduction of labor and e n e r g y  sav ing  devices o r  appro- 

p r i a t e  eeshnology f o r  tasks done by women, i n t r o d u c t i o n  of p o t a b l c  w a t e r ,  

and o ther  such means, 



What Can W e  Say About Supplementary Feeding Programs 

Supplementary feeding accompanied by f r e e  medical care l i k e  t h a t  

introduced i n  t h e s e  v i l l a g e s  might increase  6 t o  1 2  month growth. We 

cannot t e l l  from t h e s e  analyses  how e f f e c t i v e  supplementary feeding 

w i t h ~ u t  medical c a r e  would be o r  how cos t  e f f e c t i v e  food supplementation 

programs would be r e l a t i v e  t o  o the r  poss ib le  in te rven t ions .  In add i t ion ,  

w e  cannat eva lua te  t h e  sc.;lra_h c o s t s  i n  t e r m s  of t h e  dependency crea ted  

by people being served. F ina l ly ,  these  d a t a  were co l l ec ted  a f t e r  t h e  

program had been opera t ing  4 t o  5 years .  Therefore,  it is  impossible 

t o  say what t h e  r e l a t i o n  of in fan t  growth t o  a shor ter - te rn  supplemen- 

t a r y  feeding program would be. 

What Recommendations Can W e  Make About P a t t e r n s  of Breastfeeding? 

We cannot i n f e r  from these  analyses s p e c i f i c  recommendat ions  about 

l eng th  and p a t t e r n s  of breastfeeding f o r  any one c h i l d  o r  ac ross  a woman's 

chi ldbear ing  years  f o r  s e v e r a l  reasons. F i r s t ,  no d a t a  were a v a i l a b l e  

on when t h e  mother introduced o the r  food besides mother's milk ( f u l l  v s ,  

p a r t i a l  breas t feeding) ,  nor do we know why she stopped breastfeeding 

( i . e ,  , whether she chose t o  o r  whether her milk stopped).  I n  add i t ion ,  

w e  noted t h a t  lengthy periods of breastfeeding may con t r ibu te  t o  a nega- 

t i v e  r e l a t i o n  between number of l i v e  pregnancies and growth. F i n a l l y ,  

breas t feeding may be a proxy f o r  o the r  inputs  t o  c h i l d  h e a l t h  such as 

exposure t o  p a r a s i t e s  and consequent ill h e a l t h  due t o  contaminated 

w a t e r ,  i n  which c a s e  w e  would do b e t t e r  t o  make recommendations about 

water and environmental s a n i t a t i o n .  

Inc~rne  Redis t r ibut ion  and Previs ion  of Potable  Water 

The more I v i s i t e d  ru ra l  a r e a s  and ta lked t o  r u r a l  v i l l a g e r s  and 

development and hea l th  workers i n  Central  America, t h e  more I became 

convinced tha t  provision of potable  water and s u b s t a n t i a l  increases i n  

income a re  e s s e n t i a l  for t r u l y  adequate in fan t  growth. Unfortunately, 

these issues  could not be looked a t  adequately with these da ta .  The 

f ac t  that t h e  s tudy v i l l a g e s  w e r e  homogenesus and a13 had contaminated 

water precluded a n a l y s i s  of t h e  relat iolz  of water to growth. I suspec t  

a l s o  t h a t  t he  f a c t  t h a t  we looked only a t  Low levels of growth (none of 



t h e  i n f a n t s  exceeded t h e  50th p e r c e n t i l e  s tandard weight by 1 2  months 

of age) may have obscured some of t h e  e f f e c t  income may have on favor- 

a b l e  i n f a n t  growth. For example, w e  may not  f i n d  an  important r e l a t i o n  

between income and grow6h u n t i l  w e  look a t  a  sample containing ch i ld ren  

who are not  c l a s s i f i e d  as mildly t o  moderately malnourished and who pre- 

sumably a r e  charac ter ized  by wider income ranges. 

I n  f u t u r e  s t u d i e s  it would be valuable  t o  u s e  a sample of ch i ld ren  

who evidence somewhat more v a r i a t i o n  i n  a  number of growth r e l a t e d  dimen- 

sions and who evidence somewhat higher l e v e l s  of growth. This  might pro- 

v i d e  some ins igh t  i n t o  whether t h e  same f a c t o r s  opera te  a t  a11 l e v e l s  of 

growth o r  whether a d d i t i o n a l  programs w i l l  be needed t o  improve n u t r i -  

t i o n a l  l e v e l s  even f u r t h e r .  

THOUGHTS ON FUTURE MODEL BUILDING 

These analyses have been exploratory.  They have probably r a i s e d  

more quest ions than they have answered and they have brought t o  l i g h t  a 

number of problems involved i n  developing adequate empirical, models of 

complex h e a l t h  and population i ssues .  It is worth l i s t i n g  t h e  problems 

and d a t a  l h i t a t i o n s  here  so  t h a t  f u t u r e  s t u d i e s  can bui ld  frcm our  ex- 

perience. Planning evaluat ion components i n t o  a c t u a l  in te rven t ions  w i l l  

a l s o  provide i n s i g h t  i n t o  t h e  r e l a t i o n s ,  

Data Problems and Limitat ions 

The  probf ems include (a) t h e  d i f f i c u l t y  of iden t i fy ing  a simul- 

tanetjus equat ion system incorporat ing t h e  h e a l t h  of a woman and her  in- 

f a n t  when t h e  concepts a r e  so  highly interdependent,  (b) t h e  small sample 

s i z e  ~ r e c l u d e d  d isentangl ing  c e r t a i n  b io log ica l  r e l a t i o n s  (e -g . ,  w e  would 

Pike t o  look more c lose ly  a t  number of pregnancies by d i f f e r e n t  age group- 

ings  of mothers), (c )  t h e  usual  problems of missing da ta  crea ted  by t h e  

Pongitudirzal na tu re  of t h e  d a t a  c o l l e c t i o n  and by a s a p l i n g  framework 

f o r  t h e  socioeconomic survey t h a t  did not c o l l e c t  d a t a  from a l l  f a m i l i e s  

on each ques t ionnai re  i n  t h e  survey, compounded by t h e  seasonal  and tm- 

porary migrat ion of t h e  study c o m n i t i e s ,  (dl  a v a i l a b i l i t y  of data on 

low l e v e l s  of growth only (none of t h e  ch i ld ren  manifested 6 o r  1 2  month 

weights above t h e  50th p e r c e n t i l e  PJCHS s tandard) ,  which means w e  do not 



know what f a c t o r s  relate t o  more f a v o r a b l e  growtn,  and ( e l  f a i r l y  homo- 

geneous communities, making it hard  t o  s p e c i f y  t h e  r e l a t i o n  of more gen- 

eral e n v i r o n m e n t a l  and p u b l i c  health f a c t o r s .  

The Impor tanze  of  I n t e r v e n t i o n  Evaluation - 
W e  c a n n o t  h o l d  o f f  on n u t r i r i o n  i n t e r v e n t i o n s  u n t i l  w e  have se- 

solved ( i f  we ever can) a l l  t h e s e  conceptual/empirisal problms. We 

have t o  design i n t e r v e n t i o n s  based on best frunehes d e r i v e d  f r o m  common 

sense and l e s s - t h a n - p e r f e e t  e m p i r i c a l  analyses.  T h i s  a r g u e s  s t r o n g l y  

for i n c o r p o r a t i n g  e v a l u a t i o n  components i n t o  a c t u a l  f i e l d  i n t e r v e n t  i o n s  

so t h a t  we can evaluate consequent  growth and n u t r i t i o n  a g a i n s t  prr- 

i n t e r v e n t i o n  l e v e l s .  

We could also beg i n  t h i n k i n g  ahou t incorpora t ing  evalua t ian  o F 

growth and n u t r i t i o n  effects i n t o  o t h e r  clevelopment p r o g r ~ m s  that a re  

n o t  aimed d i r e c t l y  at improving n u t r i t i o n  but whtch could  be expected 

t o  have s p i l l - o v e r  growth e f f e c t s .  For exantple, e l e c t r  i f  icat ion  may 

reduce t h e  time and energy required f o r  t a s k s  women normal ly  d o ,  chereby 

improving their n u t r i t i o n  and health s t a t u s  and i n c r e a s i n g  c h i l d  care 

time. T h i s  might result i n  improved i n f a n t  growth.  When t h e  evalttar ivn  

component is  a b s e n t ,  a s  it f r e q u e n t l y  seems to  he,  WP a re  not u s i n g  a l l  

the  i n f o r m a t i o n  w e  know how t o  get on t h i s  very complex set of  b io log ic i l l  

and behaviora l  rePat ions  and interact ions .  

INTERGENERATI ONAL T W S  FERS OF HEALTH 
--------.-----Y-- --N--i--O- 

To end this d i s c u s s i o n  an  zn  o p t i m i s t  ia: n o t e ,  tIxe rtlc;tilt,.; For 

m o t h e r ' s  h e i g h t  suggest  i n t e r g e n e r a t i o n a l  nut  r i t  ionnl  e f t  e c t s ,  A 

mother who was a p p a r e n t l y  wel l -nour ished i n  her c h i l d h o u d  ( re f lec ted  

by h e i g h t )  r e n d s  t o  have c-hi  hdren who grow mare. A f  r h o u g h  we cv:rnrtiltc 

a f  f e e t  t h e  r h i l d h o o d  n r ~ t r i t i o n a l  s t a t u s  of c u r r e n t  rnutk~cr.;, r h e  r e l n t  ion 

5ugRests that what we do now to improve growth  will have  b o t h  s h a r e - r u n  

and long-run p a y o f f s  in terms of  impxntred health and n u t r  i t  ion for. t h i s  

g e n e r a t  ion  of c h i l d r e n  and f o r  their c h i l d r e n .  



Appendix A 

DESCRIPTIVE STATISTICS: CQRREUTIOM ;MATRIX AND 

MEANS AND STAEJDARD DEVIATIONS OF VARIABLES USED 

IN REGRESSION ANALYSES 





Table A.2 

MEANS AND S T A L N D ~  -ONS Qti 
VARIABLES USED IN REGRESSION EQUATIONS 

Growth 8-6 Months (kilograms) 3.80 
Growth 6-12 Months (kilograms) 1. PI 
Growth 0-12 Months (kilograms) 4 . 93 
Household Income (quetzales) 502.00 
Calories of Atole (0-6 Months) 32.90 
Calories of Atole (6-12 Months) 46.57 
Calories of Atole (0-12 Months) 38.82 
Calories of Fresco (8-6 Months) 2.49 
Calories of Fresco (6-12 Months) 4.63 
Calories of Fresco (0-12 Months) 3.50 
Length of Breastfeeding (0-6 Months) * 10 59.38 
Length of Breastfeeding (0-12 Months) * 10 114.913 
Length of Breastfeeding * 10 174.17 
Mother ' s Weight (kZlograms) 53.74 
Number of Live Pregnancies 4.78 
Number of S t i l l  Births . 09 
Mother's Age (months) 336-00 
Short Birth In te rva l  a .15 
Number s f  Preschoolers 2.52 
Number oE 7-10 Year OPds -64  
Number of 11-14 Year Bids -39 
Number s f  154- Yeas Olds -15 
Nuraiber s f  Rooms 1.68 
Birth 1GJefght: (ki%sgrams) 3.06 
Six Msnth Weigbt (kilograms) 6 -86 
Child's Sex .53 
Mother's Height (centimeters) 2=49,00 

a~onceived within 1 2  months of previous s ib l ing  

Standard 
Deviation + 



Appendix B 

SUPPLEMENTARY FOOD INTAKE 

The volume of supplementary food consumed varied with infant age 

and sex. As indicated in Table B . 1 ,  infanes generally consumed greater 

volumes of supplementary food during the 6-12 month parlod than during 

the 0-6 month period. Atole village boys consumed a significantly 

greater quantity than atole village girls during the 0-6 month period. 

The differences are not significant for fresco boys and girls, 

Supplementary food consumption patterns also differ in the atole 

and fresco villages. As seen in Table 3.2, by the end of three months 

87 percent of atale village infants and 61 percent of fresco village 

infants had consumed at least one calorie of supplementary food, 

suggesting that atole village infants tended to visit the supplementary 

food center earlier than fresco village infants.[l] 

Table B.2 also indicates that atole village infants consumed 

greater volszaes af supplementary food than fresco village infants. 

These means reflect only those who consumed some calories during the 

period and therefore presumably exclude those who did not attend. 

'This suggests that the atole village infants attended more regularly 

~ andlor consumed greater quantities of supplementary food during any 

I one visit. 

These descriptive findings support the subjective. evaluations 

of some of the supplementation center personnel and researchers 

I involved in the supplementary feeding aspects of the study. They felt 

that fresco was viewed as a refreshing drink, whercas atole was viewed 

as nutritionally valuable. UnfortunatePy,. no empirical data were 

collected which would allow us to further explore this fssue. Since 

lactating mthers from both the atclle and fresco villages consumed 

approxi~~atefy the same volume sf supplementary food, suggesting they 

came about as often, it may be that fresco was regarded as a less 

appropriate infant food than atale. 

[I] Daily attendance figures were not avail-able for the sample 
at the time sf this analysis. 



MEAN NUMBER OF CALBKIES THROUGH - SUPPLEMENTARY FOOII 
BY INFANTSa DURING 0-6 MONTH AND b-12 MONTH PERIODS 
AND BY LACTATING MOTHERS BY SEX AND VILLAGE TYPE 

Fresco Atole 
Female Male Fevale Male 

Calories sf Infant's Supplementary Food 
(0-6 Fdonths) 8.25 7.15 51.29 75.20 

G r a r n s  of Proceirn in Infant's 
Supplementary Food (0-6 Months) 0 0 3.62 5.30 

Implied Volume (ml.) 
Consumed (0-6 Months) 25.17 21.75 56.64 83.04 

Calories of Infant's Supplementary Food 
(6-12 Months) 12.33 32.93 91-92 105.83 

Grams sf Protein in Infant's 
Supplementary Food (6-12 Months) Q 0 6.48 7.46 

Implied Volume (ml. ) 
Consumed (6-12 Months) 37.62 39.45 101.51 116.87 

Calories of Mother's Supplementary Food 
(Lactation) 70.72 77.78 177.20 21.6.15 

Grams of Protein in 
Mother's Supplementary Food 0 0 12.50 15.25 

implied Volume (ml. 
Consumed (Lactation) 295,8 237.3 195.7 238.7 

a~eans were calculated only for those infants who consumed at least 1 calorie 
of supplementary food during the specified time period. 



Table B.2 

PROPORTION OF INFANTS CONSUMING AT LEAST ONE 'CALORIE 
OF SUPPLEMENIfARY FOOD DURING PERIOD -- 

w BY SEX LhND V I E L A ~ ~ T Y P ,  

Growth Fresco Atole 
Period Female M a l e  F e m a l e  Male 

0-3 Months .58 .64 .84 .90 

0-6 Months .78 .80 .92 . ?O 
6-12 Months .9L .87 .95 -94 

Tota l  N 69 7 5 73  84 



~ Appendix C 

DESCRIPTION OF CASES OMITTED DUE 
TO MISSING DATA AND DEATH .. - --.-̂  - r -  

The sample used in the foregoing analyses consists of 301 infants 

born in four rural villages between January 1, 1973 and December 31, 

1975. Three sets of twins were excluded. Of the 392 children born 

during this period 19 and 6 died between birth and six months and six 

and twelve months, respectively. Twenty six were excluded on account 

of missing socioeconomic data. Forty seven and twenty five, respec- 

tively, were excluded on account of missing weight data in the periods 

~ birth to six months and six to twelve months. Seasonal migration may ~ account for the fairly large amount of missing growth and socioeconomic 

data. Also some women left the community to have the child. If they 

~ did not return within three days of birth, birth weight data could not 

be obtained. 

Tables C . 1  and C . 3  provide means on selected socioeconomic char- 

acteristics for children who were excluded from the sample on account 

of missing data and death, respectively. Table C.2  provides weight ~ and growth measures for children who had missing data on socioeconomic 

characteristics, 

Comparisons of means of socioeconomis characteristics between 

children with and without missing data for either six month period 

suggested that those who were excluded because of missing data dc not 

differ significantly from those who were included in the sample. ~ .Similar comparisons fo-. children who died indicate the following. 

The children who died during the first sfx months tended to (a) be 

higher parity children, (b) have a shorter previous birth interval, 

and (c) have a Power birth weight than the survivors. nese results 

are consistent with the biomedical literature. Children who died ~ between six and twelve months grew significantly less during the first ~ six months of life than those who survived and were included in the 

sample. 



Thus, the empirical r e s u l t s  .my unders ta te  the  r e l a t i o n  of 0 t o  6 

month growth t o  b i r t h  weight, b i r t h  interval, and number of pregnancies.  

They may understate the relation of 6 to 1 2  month growth t o  weight a t  

six months. 



~ Table C . l  

MEANS OK SELECTED DEXOSRAPHIC --- APJD SOCIOECOSOMIC VARIABLES FOR CHILDKEM 
WITH M I S S I N G  GROWTH OR SOCIOLCQNB'C.TIC DATA BY SUPPLEMENT TYPE 

Number of Pregnancies 
Previous B i r t h  Interval 
Hogher's Age (years) 

T o t a l  Number of People i n  t h e  
Extended F a m i  ly 

Mother 's  Height (centimeters) 
Mother", Weight (kilograms) 
?!of her ' s Liceracy  (yeslno)  
Scbool Grades C o m p l e t e d  by 

Mother 
PIothcr ' 25 Employment: (yesbmo) 

Father '5 Literacy (yes/no) 
Highest School Grade Completed 

by any Nuclear Family Member 
Extended Family income ($1 
Income per Equivalent Adult 

Consumer i n  Extended Family ($1 
Number of R o o m s  in House 

Six Month Twelve Month 



Table C. 2 

MEAN WEIGHT AND GROWTH MEASURES FOR CHILDREN WITH 
MISSING GROWTH OR SOCIOECONOMIC DATA 

Six Month Twelve Month 

B i r t h  Weight 
N 

Weight a t  6 Months 6.65 
N 4 3  

Weight at 1 2  Months 7.96 
N 5 0 

Growth 0-6 Months 
N 

Growth 6-12 Months 
N 

Growth 8-12 Months 
N 



b a b e r  af Pregnancies 
Previous B i r t h  Interval 
Hother ' s Age (years) 
Tota l  rtzmber Fsople in the 

tended Pamtly 
Mother 5 Height [centi~eters)  
Ha ther ' s  Wighe  [kil.ogrms) 
Blother's Literacy (Yes /~o)  
School Grades Completed by 

Mother 
%other's Employmefit @es/Na) 

Six Month 

- Sample 

Highest School Grade Completed 
by any Nueleas Fazfly Menber 2 #  5 2.3 

Extended Family Irbem~e ( $ 3  600.0 757.0 
Tncrsnne per Equivalent Adult 
Consumer in Extended F m i l y  ($b 125,OO 161.00 

Nmber of Roans in House 1.9 1.6 

Bir rh  Weight (LZ%ogras) 
6-Xonth lideignt (kilograms) 
GrovEh 0-6 M o ~ ~ & G  ( ~ ~ P o ~ T ~ ~ I B I s )  

TOTAL N 

a ~ - t e s t  ~f d i f  fercnce of mans between children who died a d  children 
in t h ~  analysis sample significant at p a ,01. 
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