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PREFACE 

Iam honored, yet humbled, to write the preface to this monograph on the three-country study on 
food intake and human function. As a principal investigator of this important study, I had been 
intimately involved in the planning and implementation of this highly ambitious undertaking for 
seven years From that vantage point, Iwas able to observe the master architect -- Martin J. 
Forman -- at work. 

As director of the Office of Nutrition, Dr. Forman sought and obtained funds for the research 
reported here. Without his dedication, patience, perception, creativity and vision, the Nutrition 
Collaborative Research Support Program on Food Intake and Human Function would never have 
been done. Marly died on Oclober 27, 1987, seven months before the Nutrition CRSP officially 
ended. We miss him. 

As the new director of the Office of Nutrition, USAID, I have pledged to continue the work that 
Marly had started The Nutrition CRSP data set must be analyzed completely and the results of 
the study shared widely and applied appropriately. 

Martin J. Forman was an aovocate of data-driven nutrition planning and policy That policy will 
continue. Nutrition programs within anc among countries will be shaped by the specific needs of 
the specific country or community. 

The results of the Nutrition CRSP strongly reinforce the need to: determine and understand 
structure and composition in households: evaluate men's and women's curren domestic and 
economic roles and preparation for these roles in changing social and economic systems; 
recognize cultural variability: identify societal uniqueness emphasize ecologic diversity; and 
isolate commonalities among populations. Also, the Nutrition CRSP results underscore the need 
to reemphasize the nutritional impacts on such human functions as the ability to do physical and 
mental work, resist chronic and infectious diseases, and have healthy infants. All of these human 
functions influence individual and family well-being: they also influence economic and social 
development - the central goals of USAID. 

Norge Jerome 
June, 1988
 



SUMMARY 

The 1977 World Food and Nutrition Study of the US National Academy of Sciences gave is 
highest priority to determination of the functional consequences of chronic mild-to-moderate 
undernutrition. In 1981, the US Agency for International Development funded a Collaborative 
Research Support Program (CRSP) on this topic, under the auspices of the Board for 
International Food and Agricultural Development. Collaborating institutions were: the Egypt
Nutrition Institute, Cairo with the Universities of Arizona and Kansas and Purdue University; the 
University of Nairobi, Kenya with the University of California at Los Angeles; and the Instituto 
Nacional de Nutricion, Mexico with the University of Connecticut. Funding was accomplished by a 
grant awarded to the University of California, Berkeley, which provided administrative support and 
technical oversight of the implementation ol the research protocols chosen by the host country 
and US investigators. 

The goal of the Nutrition CRSP was to test the hypothesis that food intake is causally related to 
functional outcomes that are believed to have import for the development of individuals,
households and communities. A key design consideration was that this overall hypothesis, and 
its several specific sub-hypotheses, should be examined in different biological and cultural 
ecosystems, so that the findings would be generalizable. 

Field Silos, 

Three field sites were selected: 

Kalama, Egypt is a periurban community whose economic developmental transition iswell 
underway, the population has access to public transportation and to modern technology,
and it benefits from extensive governmental food subsidies. Almost all of the women are 
undereducated. The irrigatioi canal, which dominates the local geography, is a potential 
source of disease. The diet, based on wheat and rice, is varied with seasonal vegetableE
and fruits, fava beans, lentils and animal products. 

The population of the Solis Valley, Mexico appears to be somewhat less modernized than 
Kalama, but it does have electricity and television, safe water, access to public 
transportation and health care facilities, and a majority of *Iswomen are literate. It is a 
community in transition, destabilized by male absence for wage labor in urban areas but 
still heavily invested in agriculture. Its staple foods are maize tortillas and beans and,
uniquely, a mildly alcoholic beverage is a significant contributor to the energy supply of 
almost all adults and some older children. 

The people of Embu, Kenya are clearly the pooresi of the three, the most agricultural and, 
hence, the most at the mercy of the weather. Most of the population have an opportunity 
to attend school, but still, substantial numbers have limited reading ability; health facilities 
are reasonably good , but transportation is difficult to impossible. They do not have 
convenient, safe water or electricity. Maize meal and beans are the most common foods,
but sorghum, potatoes, green banana and cow peas are also staple items of diet. 

A unique aspect of this research is that food intake was measured with sufficient frequency and 
over enough time to be a valid representation of individual and household intake. Past studies 
have usually accepted body size as a proxy for nutritional status without establishing the extent to 
which food intake accounted for differences in size. CRSP projects intended to close this gap by
recording body size and fatness in conjunction with food intake. 
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The final research plan was narrowed to focus on three key functional outcome measures:
morbidity at tne individual and household level; cognitive and behavioral performance; and
reproductive outcome. Measures also were taken of explanatory and potentially intervening
variables, such as activity patterns, basal metabolism, socioeconomic status and
sanitation/hygiene. Records were kept of temperature and rainfall, food prices and other factors 
deemed important in a specific location. 

Participant households were chosen based on the presence of one or more target individuals: a woman in the first trimester of pregnancy, an 18-month-old toddler, or a school-age child of seven 
to eight years. The goal was to provide twelve months' of data on each target child and his or herparents (the lead male and female in the household). The mother-child pair was studied during
months four through nine of pregnancy and first six months o the infant's life, the toddler from 18 
to 30 months of age, and the schooler for one year. Limited data were also collected on non­
target individuals residing in the household. 

Collection schedules included weekly morbidity measures, monthly food intake (2 consecutive 
days per month, with intakes of energy, protein, fat, carbohydrate, animal protein and iron
calculated for each day), monthly anthropometry, monthly observations of selected activities ofthe lead female, quarterly metabolic rate, semi-annual cognitive tests and behavioral observations 
on children, and semi-annual clinical examinations. Longitudinal data were collected in 1984 and 
1985, based on results of pilot tests of methodology and ethnographic studies in 1982 and 1983. 

atL , F.Findins. 

Food intake differed substantially among the three projects. Average energy intakes were 
adequate in Egypt (assuming normative activity of children and light activity of adults) and in
Mexico (assuming moderate to heavy adult activity) but not in Kenya. Kenya suffered a period of
food scarcity due to a drought during 1984. Intakes were exceptionally low in that period, but 
intakes during the non-restricted period also were very low. 

Intakes of energy a, d total protein were stronaly related. Protein provided 11-13% of calories and 
average intakes easily met international standards, even in Kenya. If content of animal protein is
taken as a measure of quality, the Egypt diet was clearly better than the Mexico diet, and very
much better than the Kenya diet. (Percentages of protein from animal sources were 46, 28 and
14, respectively. ) Nutrients provided by foods of animal origin would vary simil3rly. 

The period of food restriction in Kenya provided an unexpected opportunity to examine the
hypothesis that there is metabolic adaptation to chronic food restriction. Although adults lost
weight during this period, there was no evidence of "cost-free" adaptation through a decrease in
resting metabolic rate (per kilogram of body weight) or through a decrease in the energy cost of 
performing tasks. There was evidence that physical activi-ty was reduced when the need for 
energy was increased due to pregnancy at the cost of diminished care of the household. 

Growth in children began to falter early in infancy, at about three to four months of age. Although
birth weights were only slightly lower than those of US children, children on average were below
the 25th percentile of US norms for height and weight by six months and even lower by 18months. After this early faltering, children appeared to grow at a normal rate for their reducea 
height and had reasonably normal weights for height. However, children never caught up to
reference heights, and adults were below norms for height in all three projects. Kenya adults 
were notably thin but others approximated reference weights for height. 

Across all ages, parental size and diet quality measures predicted the size of their own children,
relative to other children included in the study. Maternal size was closely related to infant 
birthweight. 



Vii 

Food factors associated with infant growth were maternal energy and protein intake during 
pregnancy. Toddler height was weakly associated with toddler intake of animal protein and fat. 
These associations were significant in Kenya and Mexico but not in Egypt. 

The diseases of early childhood were frequent and severe in Egypt, Mexico ranked second, and 
Kenya a distant third. Since food energy availability was not likely to be limiting in Egypt and 
Mexico, and it was in Kenya, an explanation for the differences must be sought elsewhere, 
perhaps in environmental sanitation, parental behavior, and/or the health care system. It is, 
however, noteworthy that episodes of disease nearly doubled during the period of food scarcity 
in Kenya. 

Diarrhea had an adverse effect on the rate of weight gain in Egypt iniants and Mexico toddlers. but 
morbidity did not account for the unevenness of growth among the Egypt toddlers, where 
disease was most severe. Illness wa'is shown to depress food intake of Kenya toddlers. 

Body size was a consistent indicator of psychological functioning in the newly bern and in 
toddlers. Size was still a mad.,er in schoolers in Kenya and Mexico. To the extent that food intake 
affects growth, it will affect mental function. Food intake also was specifically related to child 
behavior (vocaiizatiori, activity) in areas related to cognitive development. 

On the average, there was no increase in food intakes during pregnancy, but the amount of 
weight gained during pregnancy variid with energy intake in Kenya and Mexico. Increases in 
materna! food intake during lactation were less than half the requirement for adeauate breast milk 
production during the first three months in Egypt and Mexico, and were inadequate in all proiPcts 
during months three through six Supplementary iniant feeding of the 'kind and amounit yv, 

was not sufficient to make up for the deficit between matemal intake and infant needs. 

Conclusions and Their l-nn ate1rn 

In these environments, the size a person was destined to be was determined early. Stunting was 
established in the first year. The population averages mask substantial variability, of course, and it 
is this that ultimately may allow identification of factors that associate with growth. 

One might well ask why there is concern about early growth if growth is relatively normal after 12 
months, albeit with a lower starting size at 12 months. The answer has to lie in the fact that there 
are numerous associations between achieved size and measures of functional capacity and 
performance. There is ai feast a reasonable supposition that many of these are associates of the 
situation that produced growth failure rather than consequences of body size itself. Further 
analyses of the CRSP data sets can, in all likelihood, better est&Nlish the nature of the associates 
of growth failure and their causative role; at minimum, such analyses can help to define more 
closely the "households at risk". 

On the evidence of r' corded low energy intakes of all target groups and general thinness of the 
Kenya project population, we conclude that food availability and energy intake were limiting in 
Kenya. Using the same criteria, this appears not to have been the case in the Mexico and Egypt 
projects. (That is not to say that all individuals ate enough in Mexico and Egypt, but food shortage 
was not characteristic of these populations.) It follows that associations with energy intake would 
be most readily detectable in the Kenya data set. 

Infants as a group may have been food-deprived in all three locations. While there is no direct 
ev'dence of lactational fai!ure, the indirect evidence is persuasive. Women's food intake did not 
increase during pregnancy and they gained much less weight during pregnancy than is customary 
in more privileged populations. While their infants were somewhat lighter than reference 
populations, the difference in pregnancy gain mainly reflects a deficit of maternal tissue reserves 
that otherwise could be dr.wn upon to support lactation. Women increased their energy intake 
during lactation, but not by enough to provide the amount of breast milk needed for adequate 
infanl growth. Sustained infant growth would depend on early and nutritionally adequate 
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supplemeniation. This was not provided in sufficient quantity anywhere and the quality was 
especially poor in Egypt. 

We are persuaded that inadequate lactation was an important cause of early growth retardation in 
all projects, but the situation ;s complex in Egypt. Women in Egypt had more body fat than the
others and, on aver'age, they gained a small amount of weight during the first s~x months 
postpartum when they could have drawn on body tissue to support lactation. This suggests that
lactation was diminished because infant demand for breast milk was reduced. Two factors could 
have affected demand -- early supplementation with sugar-water and severe morbidity. Dilution of 
the quality of intake could limit growth. Infants who were ill are likely to have had reduced food 
demand. 

A second puzzle is why children did not catch up in growth at later ages, when they had access to 
family food. There was only marginal improvement in relative standing between toddler and
schooler ages. The proportion of fat and animal source protein in the maternal diet, an indicator of
the household situation, was significantly related to attained height and weight of both toddlers 
and schoolers in Kenya and Mexico, but not in Egypt. 

Projects have reported some relationships between morbidity and toddler growth out these are 
neither striking nor consistent. Because illness Dften affects food intake, there is an inescapable
circularity in attempting to assign causality either to illness or food intake. Morbidity was more 
often associated with size per_e than with growth, with smaller and thinner toddlers being at 
higher risk of serious illness. Once a child is small, however she or he arrived at that state, the 
reserve capacity to deal with repeated significant illness was diminished. 

The search for food effects on the selected outcome variables is complicated because of the
strongly interrelated nature of the variables of interest and by the fact that an individual's food
intake is more uneven from day to day than is the intake of the members of a like group on a given
day. There may be real relationships that cannot be proved statistically. Despite this difficulty, it 
was shown that intake did affect functions of interest and certain behaviors that contribute to 
satisfactory outcomes. 

There is evidence that the nutritional quality of diets consumed by segments of all three 
populations is substandard. No cross-project analysis of vitamin and mineral intakes has yet been 
undertaken. Each project has, however, sho.n that essential nutrients are at risk based on 
biochemical evidence (vitamin B 6 in Egypt, vitamin B-1 2 in Mexico) or clinical signs (B-complex
vitarnins in Kenya). The diet quality markers that emerge frequently, if not strongly, among the few 
so far examined are fat and foods of animal origin. These associations are likely to be indirect.
Both fats and foods of animal origin would improve the energy density of the diets, perhaps
making it possible for children to obtain more calories in a tolerable volume. Both factors would 
also improve the palatability and variety of the diet, possibly stimulating consumption of total food. 
Animal source foods could exert an effect in a more specific way, by providing essential nutrients 
otherwise low in the diet. The probability is low that the effect is due specifically to protein (or
amino acids) because total protein intake was well above accepted standards. The search for 
effector nutrients would be aided by improved knowledge of the composition of foods
consumed, but further analyses, even with the information at hand, should pa3vide a sound basis 
for intervention research. 

The quality of CRSP diets, as measured by the abundance of fat and animal source protein, is 
positively related to the economic and social status (SES) of households. Households of higher
SES are also more hygienic and are headed by more educated and/or literate adults. A major
biologic reason that growth, health and development are related to SES -- a widely observed 
phenomenon -- is that economic sufficiency allows provision of enough nourishing food and 
social awareness informs the decision-maker about management of the household. 

The principal decision-maker as to infnt and toddler feeding and care is usually the rother. A 
mother generally acts in the infant's best interest as she sees it. In Egypt, where enough food is 
available and governmental intervention attenuates economic effects, one answer to early growth 
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failure is likely to lie in the education of women. The situation of women was not ideal anywhere --
Mexico project refers to the restriction of information to women, beyond formal education 
concerns, and many Keriya women had minimal literacy skills -- but Egypt stands out: almost all 
Egypt vomen were deprived of schocling and only some ten percent could read and wrife. 

The most consistent predictor of children's sizes, across a!! ages and the three plojects, is the size 
of parenls, parlicularly the mother. Whatever factors constrained parental growth are persistent in 
these cultures. CRSP findings show the special importance of total food intake at the beginning 
of life. Experimentation in animals indicates that it is necessary to feed a first generation to show 
reproductive improvement in a second. lnte~vention to improve food supply in Kenya and Mexico 
is neeoed. Prdjnms everywhere need to emphasize the need for extra food during pregnancy 
and lactation and inform women as to the kind and amount of foods infants need to supplement 
breast milk. Everyone, but particularly women, would benefit from more and oetter education. 
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Just as in war, malnutrition casjalties should be counted not only
by deiths, but also by the "wounded" people. 

-- Adolfo Chavez 

Quotation from Chavez, A. et al. Fc.lQuical Factors in the Nutrition ar Development of Children On Poor 
RrlAr. Reprinted in LaDesni C. Perez Hidalgo y A. Chavez, eds._ricn y La Salud en Mexico 
Division de Nutricion, Instiluto Nacional de la Nutricion. Mexico Cty.1976. 



INTRODUCTION 

Malnutrition so severe as to cause lasting disability and death occurs throughout much of the 
Third World. Stunted and wasted bodies are but the visible evidence of extreme food 
deprivation. Severe malnutrition affects human function in all aspects of life - in mental and 
physical capacities, in disease experience, in reproduction, and in social relationships. Where 
malnutrition is visible, there are vastly larger numbers of persons who are no! evidently affected 
but who teeter uneasily on the brink. They live on the margin, with limited ability to improve their 
state or to affect the course of their own lives, threatened always with the prospect that some 
uncontrollable circumstance will push them over the edge. 

The condition of less-than-severe malnutrition has received remarkably little attention. Its costs 
and outcomes are largely unknown, which handicaps the ability to deal with its remediation. The 
research reported here was undertaken to learn what the costs and outcomes are, to answer the 
question "What difference does it make, to individuals and to society, for families to live under 
conditions of chronic food deprivation? ' 1 This Collaborative Research S.ipport Program (CRSP) 
was designed to assess an array of human functions, addressing the question posed in policy­
relevant terms, and in different geographic and cultural settings so as to allow generalization of its 
findings to wider populations. 

The Nutrition CRSP was funded by the United States Agency for International Development 
(USAID), as are other CRSPs, under the provision of Title XII of the Foreign Assistance Act. 2 

The intent of Title XII is that Uniteo States scientists engage with their counterparts in host 
countries to undertake research on the persistent problem of world hunger and, in doing so, 
improve the capability of the partner countries to tackle the problem independently. Thus a 
second purpose of the CRSP was to strengthen the nutrition research capacity of the host 
countries and the effectiven'ess of American partnership. 

Each of the country projects has submitted to USAID a final report of its own work 3 What follows 
here is an overview of the research findings irom an ecologic, cross-project perspective, and 
some thoughts on the policy implications of the results. 

ADMINISTRATIVE ARBANEMENTN 

The projects included in the CRSP were selected by a peer-review process in open competition 
among eligible US institutions under the terms of a previous LISAID grant.4 The highest-rated 
proposal in three of the four USAID geographic regions was funded: 

- Purdue University, the University of Arizona and the University of Kansas, with the 
Nutrition Institute, Cairo, Egypt. 
- University of California, Los Angeles and Berkeley, with the University of Nairobi, Kenya. 
- University of Connecticut, with the National Institute of Nutrition, Mexico D.F., Mexico. 

1This question, more elegantly framed, was identified by the NAS's World Food and Nutrition Study as
 
meriting the highest priority for research directed to problems of world hunger. See the report _World Food
 
and Nutrition Study: The Potential Contributions to Research, chapter 2. High Priority Research. National
 
Academy of Sciences. Washington, D.C., 1977.
 
2 Title XII is embodied in the Findley-Humphrey Amendment io Public Law 94-161, De(:. 20, 1975; often
 
referred to as the Famine Prevention and Freedom from Hunger provision of the Act.

3Reports of Egypt, Kenya, and Moxico projects and the managing institution (University of California,
 
Berkeley) on grant no. DAN-1309-G-SS-.070-00 are available through USAID or interlibrary arrangements
 
with UCB (Call No. TX360 C84 1987).

4 See Calloway, D.H., C. Wood et al. Final Report: Collaborative Research Support Program on Intake and
 
Function, Contract No. AID/DSAN-C-0002, University of California, Berkeley, 31 May 1980.
 



The University of California, Berkeley (UCB) was chosen to be the Management Entity (ME)I anddiscontinued its involvement with the Kenya field work. The ME provided administrative support,with the advice of an Institutional Council representing the collaborating US institutions, andtechnical oversight of the implementation of the research protocols. All protocols were agreedupon by the participating host-country and US investigators sitting as a Scientific CoordinationBoard (SOS). The UCB Committee for the Protection of Human Subjects received and reviewedall approvals and materials relating to CRSP research work involving human subjects conductedby the US and overseas institutions. The scientific merit of the projects and program was
evaluated periodically by an interdisciplinary group of external experts (the External EvaluationPanel), who reported to USAID. Adminis:. .-:,.;, struclure of the program and projects is displayed
in Figure 1. 

Figure 1. Organization and Management Structure of ,heCRSP. 
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1Guidelines for the structure of CRSP's were developed by the Joint Committee on Agriculture Researchand Development, recommended by BIFAID and approved by USAID. Administrative arrangements o! thpNutrition CRSP were patlerned on these guidelines. The membership of the Institutional Council and theExtornal Evaluation Panel and discussion of responsibilities can be found in the MVE Final Report. 
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.NCEPTUALIZATION OF THE RESEARCH 

As an outcome of the earlier planning activities, conceptualizalion of the CRSP research and a 
skeletal research design were in place before the CRSP was implemented. Important to its 
conceptualization was the general agreement on several key points, reached by the more than 
100 scientists from developing and developed countries who palicipated in the planning­

1. 	 Deprivation of one individual affects the state of others, that is, the effects of impaired 
nutrition resonate through families, communities and nations. *-hus, the research was to 
focus on households, and individuals within them, to identify the wet: of interaction that 
results in malfunction of families and, hence, society at large. 1 

2. 	 The most common form of malnutrition is due to insufficient intake of food overall, 
expressed in aggregate as insufficient intake of energy. Thus, the subject of study was to 
be the functional effects of sub-standard levels of food-eriergy intake in the range of mild­
to-moderate deprivation. 

3. 	 Information on food intake is required to isolate the role of food from that of other 
environmental actors and as a guide to food-oriented policies and programs. Most 
studies have used arthrcpometric measuies (height, weight) as a proxy for nutrition, but 
growth and body size reflect the combined effects of nutrition, genetics, disease 
experience and the like. Thus, quantitative information was to be gathered on the food 
intake of individuals and households, over sufficient time to be representative of usual 
intake. 

4. 	 The functional domains most likely to be affected by nutritional state are disease, 
reproduction, activity, cognition and social behavior. Thus, outcome variables were to be 
designed to capture information in these areas. 

5. 	 In order to be generalizable, rather than specific to a geographic, cultural or national 
situation, the resezc.rch design must permit analysis across, as well as within, projects. 
Thus, each project was to gather a core of comparable data, collected at the same 
frequencies and by the same methods. 

FIELD SITES 

Once inter-institutional arrangements were in place (by 1982), preliminary field work began in each 
of the host countries to prepare for selection of the communities for study. The field sites were 
selected by the host country investigators in collaboration with US investigators. Ethnographic 
and demographic surveys of varying completeness were undertaken with the intent of ensuring 
that the communities chosen for the study contained the following elements: sufficient numbers 
of households and "target" individuals (sex and age categories); the requisite representation of 
levels of mild-to-moderate malnutrition for each target type; promise of relative population stability 
over the period of study; relative homogeneity in religion and language; presence of the 
infrastructure needed within the community to support the complex research operation; and 
willingness of members of the community to participate in the study. Reasonable proximity to the 
country's capital proved to be an attractive feature in providing convenient access to the 
laboratory and computer capabilities necessary to support the study. (See Figure 2.) 

1 In the final design, emphasis on the household as a unit was reduced. Sae below. 



The community selected for the Kenya project was the Kyeni South Location in the Embu district,
located in Central Kenya, 160 kilometers northeast of Nairobi, on the southeastern slopes of Mt.Kenya. Within Kyeni South Location, the study was conducted in three sublocalions
Kathanjure, Karurumo, and Kathunguiri. These three areas were divided into four clusters forlogistic purposes. The Kyeni South Location falls within the upper and lower zones of the Kenyahighlands. Kathanjure and Kathungun are in the upper zone, with an altitude of approximately
4,000-5,000 feet above sea level. The lower zone, in which Karurumo and part of Kathunguri are 
located, is at an altitude ranging from 3,000 to 4,000 feet. 

Ninety-eight percent of the population of this area belong to the Embu tribe, which is part of thelarger Bantu group. Almost all of the Embu speak Kiernbu as their first language and many have
proficiency in Kiswahili, Kikuyu and English. There are, as of the last census (1979),
approximately 180,000 Embu in total, over 11,000 in the study area. Most of the population isyoung; over half of all Embu are under age 15 The population is about equally divided between 
Protestant and Catholic religious affiliations. 

In Embu, January, February, and October are the hottest months averaging a maximum of 24
degrees Celsius, while June and July are the coldest, with an average minimum of 12 degreesCelsius. There are two rainy seasons: the "long" rains from March to May and the "short" rainsfrom October to December. The average rainfall difers significantly between the upper and lower 
zones of the region; approximately 1000 mm in the upper zone and .550 mm in the lower. The
long rains failed to materialize in 1984, the first year of the CRSP roairn research study. Thecommunity was confronted with the consequences: failure of crops, food scarcity, selling of 
possessions and incurrence of debt. 

Because the soil is fertile, the Embu produce both subsistence and cash crops. Their principalsubsistence crops are maize, beans, millet, sorghum, arrowroot, bananas, potatoes and cassava.For cash, they produce I.rimarily coffee, tobacco and cotton. They also own livestock, such ascattle, goats and chickens, which are a fom, of capital and may be eaten or sold in times of drought 
or other famine-threatening periods. 

The Embu also earn money through wage labor, doing agricultural work or seeking local
employment in carpentry, tailoring or service capacities. Another cash-eaming opportunity lies inmarketing local or home-made poods within the district. Cash labor does not contribute
significantly to migration. In 1983, less than 7% of male heads of househo!ds spent time out of 
the community, for work cr any other reason. 

Centralization is characteristic of the present political economy in Kenya. Governmental boardsregulate the marketing of al! major crops with a goal of stabilization of both returns to agriculture
and consumer prices. The Embu farmers rely on governmentcorporate institutions to organize
the marketing of their cash crops. Tha Kyeni South Location community has establishedgovernment-sponsored school systems, re :eives health care from both government and localhealth services, and maintains a system of feeder and access roads both locally and with the help
of the Ministry of Transportation. 

There are twelve schools in Kyeni South Location, three secondary and nine primary. Though
they are government-sponsored, they receive great support and participation from the local
community, and fees are charged for attendance. There are also two Village Polytechnics forthose who have finished their formal education and wish to learn a trade, such as carpentry or
mechanics. 

Most adult males have had some education. In the study population, while about one-fourth
could neither read ncr write, about half had competency at some elementary school level and
about one-fourth mat high school standards. Adult women were less educated. One-half of the
sample could not read or write, although only about one-fourth had never attended school; fewer 



than one-fourth met high school reading standards. The literacy level is destined to improve if 
school attendance is an indicator, in the Embu district, over halt of the persons aged five to 30 
years were currently attending school at the time of the study. 

The Ministry of Health provides care for about 5,000 outpatients per month through the IKarurumo 
Rural Health Training Centre. The other main health care facility in the area is the 150-bed Catholic 
Mission Hospital. Both facilities provide a wide range of health care but refer serious illnesses to 
either of two hospitals located approximately 25 kilometers away. 

Kyeni South Location is by no means thoroughly modernized. The community is still without 
electricity, telephone or postal service; away from the main Nairobi-Embu route there are no hard­
surfaced roads In 1972, a major community water project servicing 15,000 households was 
completed, water supply is, however, severely limited and not available inside the houses. 

Mexico, 

The Mexico project site was located in the Solis Valley in the governmental region (municipio) of 
Temascaicingo Six communities within the region constituted the study area (San Nicolas, San 
Miguel, San Antonio, Cerritos, Calderas and San Jose the last two were added to the study in 
July,m 1984 and April, 1985, respectively.). The municipio is located about three hours driving 
time northwest of Mexico City, in the Central Highlands of Mexico, and has an elevation of 
approximalely 2500 meters at the valley floor and 3000 meters in the surrounding hills. 

The town of Temascalcingo is the principal town of the municipio. There is a bank, a hotel, a busy 
bus stalion and many commercial activities, including the large market thal lakes place on 
Sundays. There are paved roads between Temascalcingo and some of the villages. Increasing 
numbers of private automobiles are on the roads as well as commuter buses taking people to work 
and the markets The valley also has an extensive, newly reconstructed irrigation system that 
routes water throughout the va!icy floor. 

Almost all households, excepting those on the poorer, upper slopes, have a faucet outside The 
house through which water from a community well is pumped. When the pump breaks down, a 
frequent occurrence, water must be carried from the well. Almost all homes also have electricity 
and over halt have television sets. 

Tne population of the Temascalreingo district is approximately 44,000, made up of Mestizos 
(mixed European and Indian) arid Indians. The Mestizos live mostly in the bottom of the valley, the 
Indians mostly in the hills. The religion is predominantly, but not exclusively, Catholic. 

There is a variety of health care facilities for the people in the region. There are two state-funded 
health centers, which are moderately priced, and tour federally funded centers, which are free. 
There are twelve private, full-time doctor,- in the town of Temascalcingo and one part-time doctor 
in San Nicolas, one of the study communities. Their fees are significantly higher than those of the 
health centers. The people of the municipio also rely on traditional practitioners for certain medical 
needs, such as midwifery and bonesetting. The Indian community tends to use traditional 
methods of healing more regularly than does the Mestizo. 

The Unidad Medico Social is a hospital in the town of Solis that is sponsored by a myriad of 
diiferent federal and state agencies. The hospital has a few beds for adults and children, cubicles 
for newborn infants, a delivery room, and x-ray and laboratory facilities. It served as the 
headquarters for the Mexico CRSP project. 

The climate of the municipio of Temascalcingo is like that of most of the Central Highlands; 
moderate in the summer and quite cool in the winter, with temperatures ranging from three 
degrees Celsius to nearly 30 degrees Celsius. The rainy season, as in most of Mexico, lasts from 
late May or early June through the summer. 



The Solis Valley and its people were once dominated by a large plantation (now called the ex-
Hacienda Solis), whose land was redistributed under the land reforms following the 1910-1917 
Revolution. The main crop was wheat prior to the land redistribution; afterward, maize became,
and still is, the primary subsistence crop but wheat, rice, beans and squash also are produced.
TIhe federal government, through Os Systeme Alinentaire de Mexico, is involved in the marketing
of maize, wheat and beans; during the time of the CRSP,when the financial condition worsened 
in Mexico, the subsidy was directed principally to aid the lowest income consumers. In the Solis 
Valley, families consume their own crops to a large extent but have to rely on purchased staples
for several months each year. Households both produce and purchase puique, a "beer" made
from argave juice. Most other food products, such as fruits, vegetables, cheese, bread and 
sweets, are purchased from the large market vendors that come to Temascalcingo every Sunday.
The people of Solis also participate in non-farming work, including pottery, basketmaking, metal­
working and brick manufacturing. 

Many farmers have found that the yield from farming is not enough to survive; so tley must hire 
themselves out as wage laborers. Others see wage labor as an opportunity to improve their 
standard of living. In the Solis Valley, this situation has resulted in heavy labor migration of the
male population. Fifty percent of the adult men in the community work outside of the area,
primarily in Mexico City. Since Mexico City is three hours driving distance, most of the men must 
be absent from the home for the better pal of the week, usually returning to spend the weekend 
at home. Many also remain in Solis during the peak periods of agricultural work demand, but 
g'enerally their tasks tall to other members of the household or to hired i2bor. 

The structure of the educational systern is another reflection of Mexican economic and social 
dovelopment. In the past decade, each town in the Temascalcingo region has established a 
community primary school. The town of Solis also built a secondary school. This recent 
expansion of educational resources in the valley reflects a relatively new attitude of the people
towards literacy and education. Approximately 80% of parents in the study sample expected or 
desired their children to be educated beyond the primary levels. Most of the parents studied,
however, had achieved relatively low levels of education. Only six percent of the men and three 
percent of the women in the study had over six years of schooling, and about one-fourth of the 
women had little or no ability to read and write. 

Kalama, the sile of the Egypt project, is a town of about 1500 households, covering approximately
1,830 acres. It is located in the Nile Delta, not far north of Cairo, and just off of the main Cairo-
Alexandria highway. The land is extremely flat, wilh no hills or mountains. 

There are thiee distinct seasons in the Nile Deita -- the hot and humid summer from April to 
August, the mild auturin from September to November, and the cool winter from December to 
March. Rain falls only in the winter, usually no more tkhan six times a year, in brief showers. The 
rest of the year the weather is hot, with an average temperature of 22 degrees Celsius and an 
average humidity of 62 percent. 

One of the geographical landmarks of Kalarna is the canal that snakes itsway through the village. It
is important to community social life, serving as a gathering place for the people, primarily the 
women, as they comple'te their chores at the waterside. 

There is one health center in the village, which provides a variety of health care for the people of 
Kalama. The staff includes a general practitioner, two dentists, five nurses and 16 associa!es. 
Both inpatient and outpatient services are performed, with special services designed for 
mother/child care and family planning. Private medical care is also available 'nKalama, including
two physician-run clinics, two pharmacies, tour lay midwives and five lay health- attendants. 

Kalama is tar less rural in character than the Mexican or Kenyan communities. Many Kalamans work 
in Cairo and many Cairenes have moved to Kalama because of the housing shortage in Cairo The 



7 

village itself seems to escape the fast pace of the highway setting, yet itis experiencing a 
socioeconomic transformation because of its proximity to a major urban centei. 

Kalama is a fully electrified village, both indoors ano outdoors. About 10% of the homes have an 
indoor water supply, another 10% have water pumps near their houses There are both traditional 
and modern homes in the village. Family dwellings are primarily two-story brick houses or one­
story adobe, adobe-brick, or brick houses. The more modern homes have a separate shelter for 
the farm animals, and most families have electric appliances. Two-thirds own television sets, half 
have washing machines and 10 percent own refrigerators. 

As the village has become more modernized, the people have chosen more commercial 
occupations No longer is agriculture the sole means of subsistence. About 21% of the study
households were employed only in agriculture and 23% were involved with both the agricultural 
and non agricultural sectors. Over one-half of the families in the study were non-farming families. 
Among the non-agricultural activities, there are a significant number of entrepreneurial 
enterprises, such as fast food stands, television and bicycle repair shops, haberdashery, weaving 
and photography. Also, many Kalamans work in Cairo in the service or public sector, i.e. sales 
clerk, government clerk, etc. 

Kalama's political and social organization reflects the modernization of the community. The 
primary political body in the village, the Village Council, was founded within the past 25 years. The 
council is responsible for all public sector and commercial activities, such as schools, mosques 
and health centers, as well as oultry farns and bakeries. 

Despite the apparent "urbanization" of Kalama, many social and cultural traditions remain intact. 
Kalama is a strong!y Moslem commurity,which adheres to the teachings of Islam. This religious 
traditionalism is most obvious in the division of labor between men and women and in their 
education. Women periorm the domestic work, while the men provide financia! support for the 
family. Education for women is not stres.ed in the society. There are five schools in the 
community, all built after 1955. Kalama's religious preparatory school enrolls only males. The 
other four allow females to attend but in significantly smaller numbers than male students. 
Females may be educated through the primary levels, but males dominate the secondary levels of 
education. Almost half of the adult male population are literate but only 10 percent of women can 
read and write. 

Agricultural production remains a strong economiL force, despite the transformations described 
above. Most of the farming is done on many small farms. The Egyptian Reform Laws of 1969 set a 
maximum limit on the amount of land an individual or family can own, so by 1975, the average land 
holding was 1.5 feddans (1.56 acres). Most farmers grow a variety of crops according to season, 
profit-potential, and seed and labor availability. The principal food crops grown are maize, beans, 
parsnips, carrots, leaf crops and other vegetables. In the summer, farmers grow tropical fruits, 
such as watermelon and mangos. Dates are grcwn in the autumn, and in the winter, citrus fruits 
are produced. Given the scarcity of rain, ficod irrigation is crucial to farming. Kalama also produces 
goat-milk cheese. 

The Egyptian government subsidizes certain staples -- sugar, rice, flour, bread, lentils or fava 
beans, cooking oil and tea -- and cooking fuel which stabilizes their price and availability. There is 
also a rationing and price-support system involving frozen meat and some canned goods. 

LD..LnQ1ia_ the Thre Sites 

The three CRSP locations thus are seen to differ in important ways. The intended spectrum of 
climatic and cultural variations is represented in the program, but there are also major differences 
between projects in terms of political, economic and development features that affect health 
conditions and food availability and use. 

http:stres.ed


Kalama is a periurban community whose economic developmental transition is well underway; the
population has access to public transportation and to modern technology in the form of television
arid the like, and it benefits from extensive governmental food subsidies. But Kalamans,
particularly almost allof the worrien, are undereducated; the irrigation canal, which dominates the
local geography and functions as a mreting and washng place, remains a rich source of disease,
and provision ot health care is uneven. The diet, based on wheat and rice, is varied with seasonol 
vegetables and lrjits, lava bean-s and lentils and animal products. 

Fe population of the Solis Valley, being more remote from a central city, appears to be somewhat 
less modernized than Kalani but it does have electricity and television, safe water, access to
public transportation, and health care facilities, and a majority of its women are literate. It is a
community in transition. destabilized by male absence fc, wage !aborin urban areas but still heavily
invested inagriculture Its staple toods are maize tortillas and beans and, uniquely, a mildly
alcoholic beverage i. a sigrifitca -ut,ontributor to the energy supply of almost all adults and some 
older children. 

The people of Ernmou are clearly the p.oorest of the three, the most agriculturai and, hence., the 
most at the mercy of the weathe. Most of the population have an opportunity to attend school,
but still, substantial rumbers are functionally illiterate, heallh facilities are reasonably good, but 
transportation is iifiicult to impos:ible. They do riot enjoy the benefits of convenient, safe water 
or electricity Maize meal and bearts are the most comnvrji,, foods, bLt sorghum, potatoes. jreen
banana and cow peas are also stapl item- ifdie;t. 

lhere is no requirement, in turns of research design, that the study populatiors be
representative., of the country or district in ,'ich they were located, only that a sufficient rarge of
the variables in question exists in the sample. Still, the study communities do seem !oreflect ihe 
national situations. The Food and Agriculture Office of the United Nations1 describes the food 
situation in the three cou;itries as follows. 

Population Dietary Energy Supply
(millns) (kcal'capita) 

1 19 9-71 1979-8 ! och na.eKenya Vi.3 16.5 +32 2260 2012 -11 
Mexico 51.2 69.8 --27 2641 2891 +9 
Egypt 32.8 42.0 +28 2561 3178 +24 

While the data on dietary energy supply have not beern adjusted for the age and sex composition
of the populations, they serve to indicate that the food energy situation is best in Egypt and
improving; it is not quite as good in Mexico and is much poorer and worsening in Kenya. In terms 
of quality, as of 1977, about 64% at the dietary energy in Kenya and Egypt came from cereals,
roots arid tubers, and another 10% from sugar; in Mexico, these figures were 50%1and 15% 
respectively. These figures may be compared with statistics for the United States, 2 where the 
dietary energy supply is about 3450 kcal!capita, only 23% of which comes from cereals and 
starchy foods and 17% from sugar. 

1 FAO, Fifth World Food Survey, Rome, 1987.
 
"'Datafrom USDA, National Food Review, Winter, 1986, pp. 6-9.
 



Figure 2. Location of Project Field Sites in Egypt, Kenya and Mexico 
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THE PROJECT RESEARCH ORGANINATIm4 

As the situation of the study communities varied, so did the project organization. Because Kalamais close to Cairo. it was feasible to use trained professionals for field staffing, and senior
inestigators were at hand at the Nutrition Institute and from the Cairo academic community.Almost all field work was carried out by Cairenes who commuted by van troi the Institute on a
normal work schedule. One position was filled by an American who was headquartered at the
Institute in Cairo, duties of that person were largely administrative. The Egyptian staff were all
bilingual, but it was necessary for the American personnel to learn Arabic. the village language. 

Embu is sufficiently remote from Nairobi to make daily commuting impractical. The projeci set up afield operation center in Embu and, because of the size of the study area, organized tour
sublocations thai served as rendez-vous points for field staff and where first-level data processing
took place. A cadre of young foreign professionals led the field research effort. The fi-s! teamincluded an English doctoral-level director, an American anthropologist and an American
nutritionist, all of whom acquired local language competence. After three years in the field, the
director and anthropologist were repatriated at their request and replaced by other American
perscnnel. Until quite late in the study, the chief field physicians were foreign (but not allAmerican). The field business officer was American. All other field supervisorv staff were Kenyanmid-level professionals from the local area or the University of Nairobi. The approximately 150 field
staff were local high-school graduates. Kenyan staff had English language competency as well as
Swahii, and Kiembu, the language of the village,- The ield staff, both expatriate and Kenyan,was, thus, resident in and involved with the Embu commurities. The team's presence almost
certainly altered the health awareness of the loc-2l population and it ie team provided significant
health care. The project staff intervened during the drought perio)d by helping to obtain anddistribute food supplies and seeci, they carried out a survey of the entire community, riot just
study households, to guide food relief distribution. 

The Solis Valley also is too tar from Mexico City to allow daily commuting. The project wasgenerously given access to governmental clincs and laboratory racilities, office space andhousing for senior personnel in the ceitral So!is location. The project also developed and staffed
small office and primary he3lth care centers in some of the villages and set up and maintained 
computer files on vaccinations and the like for the geneal population of the study area. The fielddirector was a Guatemalan medical doctor. Most of the other research staff were mid- or upper­level professionals, mainly Mexican, recruited by the Instituto Nacional de la Nuticion. There was
substanlial turnover of personnel in the early ,ears of the project as rural living lacked appeal for many young sta-i. A numoer of field staff of the food intake and anthropology team initially werefrom the Temass.alcingo region, but the work increasingly was carried out by the more advancedstaff. All the professional and scientific staff were bilingual, including the American investigators. 

SLJ.AL RES:EAR LUPJAf 

The CRSP research plan required the three projects to formulate hypotheses in a testable 
manner, and to agree on a series of scientific outcome, or dependent, variables in the functional
domains of interest. Also to be agreed on were the methods by which information on these
variables and or,the independent variable - food intake -- was to be obtained and recorded. 

The independent variable, food intake, presents both a formidable methodological problem an 
one ol interpretation. Solution to the how-to-measure problem must, cf necessity, emerge frompilot study of food preparation and distribution in the actual comnmunities Interpretation of intakefigures, assessment of their significance, is complicated because the adequacy of an individuals
nutrient intake depends on that p3rson's requirement. 

Requirement for a nutrient may be relatively constant across time as, for example, in the case of
aduli needs for some minerals. Energy requirement is, however, markedly aliected by physical
activity (as well as body size ard leanness). As activity is, to some extent, optional, it is possible toaccommodate to reduced intake by decreasing the energy used for physical activity. There is 



evidence that people living on low planes of intake do spend less time in active tasks or recreation 
and slow the pace of work perlormance.1 This type of behavioral adjustment would not be cost­
free if the activity reduced were important to economic productivity, household hygiene, childcare 
or learning. The CRSP researchers hypothesized that it i6 through this path that chronically low 
intake of one person might affect the well-being of others -- families and communities -- in addition 
to direct consequences to the individual him- or hersplf. To explore this question, the CRSP 
research plan was to gather information on how key adults spend their time. 

It has been argued that an individual can adapt to a relatively wide range of energy intakes 'ithoQo. 
altering 	phys.al LActivt, or changing body lean and fat stores. 2 This adaptation theoretically 
occurs by alteration ol the biochemical activity of body cells. Such adaptation, if it exists, should 
be reflected in the energy expended by the body at rest (basal or resting metabolism (RMR)'. The 
CRSP research plan was to include RMR measurements on a subsample of the adult population, 
whiich could be compared with published standards. 3 

As the Principal Investigators (Pl,) and consultants probed the multiplicity of quesions subsumed 
in each ot the functional outcomes of interest, a very large "wish" list of variables to be measured 
was accimLlUlated. Thiese included the princtpai outcome measures but also explanatory variables 
and variA)les intended to enable analysts to control for potentially confounding factors. The list 
was re ,ujafter collective review by the Scientific Coordination Board (SCB)and still further 
based - preliminary field experierce. Finally, the design was severely truncated on the 
rec lmin ,J ,tiorn of the External Evaluation Panel to focus on two "high priority, low [research]i 

risk" une! ondl t!lationships: morbidity and cognitive performance.
 

The approved research plan was to gather 12 months cf data on selected target individuals within 
households, as needed to test hypotheses relating food energy intake lo morbidity and cognitive 
performance. While this plan served to simplily the research design, the intended focus on 
households was largely lost as a resu!l Psojelcts were free to add olher measures specific to the 
Pl's particular interests or to the res.orh venues arid arrangements, if approved by the SCB as 
being meritorious and accomplished within an Lipper Jmit Ot 1%'-°o of a project's assigned budget. 

Target individuals selected for study were the conjugal pair who headed a household (called the 
lead male and female), and one or more of their children as follows: a "schooler', aged 7-8 years; a 
"loddler", aged 18 nontris; and/or an "infant", newly born after an observed pregnancy. Selected 
data were reccrded for other members of the household, as well as indicators of household social 
and economic status (SES) and sanitation. 

The research plan was designed to test six main sets of hypotheses: 

1. 	 Food intake of adults affects their morbidty, their care of and attention to children, and 
their performance of usual tasks, and this, in turn, affects the rnotcidity and cognitive and 
behavioral performance of other household members. 

2. 	 Maternal intake dur;ng pregnancy and lactation influences the infant's endowment at birth 
and her/his development during the first six months of breast feeding. Thus, infant body 
size, psychological development, and morbidity are affected by maternal food intake. 

3. 	 Food intake of the child between 18 and 30 months affects h;s/her body size, morbidity, 
and psychological development. 

4. 	 Food intake of the child between seven and nine years affects his/her body weight, 
morbidity and behavioral and cognitive performance. 

1Berg, A. Malnourished People: A policy view. World Bank Poverty and Basic Needs Series. June, 1981.
 
2Sukhatme, P.V. and Margen, S. Am J Clin Nut 35:355, 1982.
 
3 FAO/WHO/UNU: Energy and Protein Requirements. Technical Report Series. No. 724. WHO, Geneva,
 
1985 
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5. For aduits, a reduction of resting metabolic rate provides a major path of adaptation to 
restore energy equilibrium. 

6. Househod food intake affects household morbidity. 

MEIUQDS 

The array of variables and measurement-frequencies necessary to test these hypotheses is
presented in Appendix A. In brief, the regula, cycle of principal measurements was: 

-- weekly morbidity (til members of househla)
monthly food intake, two days per rmonlh (all target individuals and households) 

-- monthly anthropometry for taiget individuals 
-- monthly observations of selected activities of the lea,' female. 

quarterly metabolic rate (a subsample of lead males, lead fenales, and schoolers) 
-- semi-annual cognritive tests (children) 
-- semi-annual clinical examinations and demographic updates 
-- annual artliroporne ey for non-target household meimbers 

The SCB agreed on methods that were to be used to measure and record these variables.
Recognizing thal adjustments appropria.,te to field conditions would be necessary, it was
nevertheless intended that measLIreent schedules would be adhered to and that the content of 
the variables would be uniform. 1 Generally, this agreement was kept. but some seemingly small
deviations in met'odology present oitticulties in cross-project (but no; necessarily witlin-project)
analyses. The brie! descriptions of nethods that tollows includes notation of recognized
differences. 

A minimum of six days of food intake data is needed to provide reasonable assurance that thefigure is representative of "usual" intake. Ideally, al days of the week and special fasting/feasting
periods would be included proportionally in yearly intake figures -- in practice, only the Egypt
p,'oject used an interview schedule that accounted fully for these days. The measurement 
schedule of two days per month allows aggregation of data across any three-month period of
study. Many questions can be asked using this data set that do not require that food intake be"usual" (for example, "does illness affect food intake?",. For these purposes, intake data can be 
aggregated in other ways. 

Data on household food preparation and consumption for the 24-hour period preceding the
interview were collected by questioning and observing the !ead female. Individual intake of target
subjects in Kenya and Mexico was measured by a combination of observation (weighing by the
interviewers) and recall (count of discrete items, such as pieces of bread, or volume of foods, such 
as stow apportioned from a household common pot). In Egypt, the intake of other household
members from a common pot usually was recorded as a proportion of the amount consumed by
the lead female. In all projects, the lead female reported on the intake of infants and toddlers and 
cn foods consumed within the home by schoolers and lead males. Schoolers provided
information on their food consumption outside the home, as did lead males if they were willing.
Lead males were often absent or unwilling to respond: partial reports were counted as missing for
hypcthesis testing (but have value for other purposes). In Kenya, if the lead female was absent,
the substitute food-preparer was interviewed; the other two projects rescheduled the interview if
the lead female was absent or unable to respond that clay. The Mexico project expenenced initial 

1The final report of each project provides details of methodology including project-spocific variables. Eachproject prepared field manuals instructing surveyors on the prescribed methods of data collection to be
followed; these manuals are included in the CRSP prog-am archive deposi!ed with USAID. 
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difficulty in implementing the food intake methodology and found it necessary to make a major 
change in interviewing midway thiough the data collection period. At present, only intakes 
collected with the revised methodology are being used in analyses. 

Because both household and individual food consumption are known, it is possible to examine 
many sub-hypotheses using this data set, e.g. intrahousehold food distribution, patterns of food 
use, use of drought-relief foods in Kenya. etc. These analyses have not yet been undertaken by 
the projects or ME. 

In each country, a food composition data base was required for converting amounts of foods to 
amounts of nutrients consumed. Each project developed a ;ood composition data base for this 
purpose, built primarily on exist;ng tables of lood composition. The INN tables for Mexico required 
few changes, and theie was a substantial amount of information available for Egyptian foods; 
Kenya tables had to be constructed. A small number of important local foods were analyzed 
under CRSP auspices to complete the data bases. All tables were converted to electronic form 
and now are available for u-,e by the countries. However, much of the published food 
composition data for the three countries is quite old and may be inaccurate-- not only has the food 
supply changed in recent years, but analytic methodologies have undergone significant 
advances. Countries should consider updating their composition data as a top priority, and 
laboratories in all three of them are avaiiable to carry out this work if funded to do so. 

The numbers of food items and nutrients in the tables varied somewhat among the projects. The 
original CRSP protocol called for a minimum of four nutrient variables; energy (kcal), protein
(grams), fat (grams) and carbohydrate (grams). In addition, all projects calculated iron intakes (mg) 
and animal protein intakes (grams). Mexico an(: Egypt projects calculated intakes of several 
additional nutrients. 

Antlh2.nmey.
 

Measures of body size changes over the period of the CRSP were crucial to the interpretation oi 
relationships between intake and functioning. Size also is one of the factors that affects nutrient 
requirement. Data were collected on height (or length if less than 30 months of age), weight, arm 
and head circumference and two skinfolds (an indicator of fatness), every month for infants and at 
regularly specified intervals (monthly or once every three months) for the other target individuals. 
To ensure data reliability, duplicate measurements were made on each occasion by two 
observers; when measurements differed by more than a prescribed margin, the routine was 
repeated. Even so, measurement errors are found in this data set, e.g. a later height measure 
smaller than a previous one. Reliability is best for body weight measures and least for skinfold 
thickness measures. Length measures of infants and toddlers appear to have substantial 
measurement error. 

To circumvent some of these problems (and for specific analytical purposes), regression slopes 
based on interval measurements of length and weight of individual toddlers are used to estimate 
achieved size at given times between 18 and 30 months of age. The slope o the linear 
regression is a measure of growth rate. Quadratic (non-linear) representations of weight and 
length added little predictive power to the linear representations. An indirect indicator of fatness, 
the Body Mass Index (Weight (kg)/Height (m) 2 ) is used for cross-project comparisons of adults 
rather than skinfold thickness, because the data base on height and weight is much more 
complete. 

Metabolic rate is estimated from the respiratory gases (volumes of oxygen consumed and carbon 
dioxide produced) of a person lying comfortably at rest two hours or more after eating (resting
metabolic rate, RMR) or after an overnight fast (basal metabolic rate, BMR). Projects elected to 
use a semiautomated Beckman Metabolic Measuring Cart for these measurements. An 
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instrument problem1 was discovered by the Kenya project after the study period, but correction 
equations were developed and applied to the data set. The Kenya project also made comparison
measurements of adult male RMRs with the Max Plank Respirator, an instrument that is widely
used for respiratory gas studies; the data are closel, ,orrelaied (r=0.8) but Beckman values are 8­
lu% lower than Max Plank values. The Egypt prcct experenced great difficulty in setting up the
method and, hence, missed early data; its mc r'srements, Ike the Kenya values, must be
recalculated using correction equations. but this has not been done, due to lack of time and 
funding. The Mexico project was unable to put the Beckman instrument in working order and 
substituted the Max Plank Respiromet,.r throughout the study. 

Both Kenya and Mexico measured RMR of schoolers as well as lead males and females. The 
Kenya project also used the metabolc cart to measure the energy cost of a variety of physical work 
tasks. These data are of value in estimating the effect of specific tasks on energy requirement. 

M lily_ 

In order to record episodes of illness, an interview wiih the lead female was carried out weekly. In
Kenya and Egypt, and for a short period of time late in the Mexico project, structured questions
abcut the health of all hcusehold members during the preceding week were asked, including a 
systematic probe to determine whether illness was present even it unreported. The Mexicoproject deviated from the protucol by inquiring if anyone was sick on the day of interview and 
following up only on illness existing on that day. Thus, illnesses of short duration (less than one 
week) are underreported in the Mexico data. 

When an illness of a target individual was reported, information on symptoms, date of onset and 
recovery, dietary modifications, treatments and activity changes were recorded. For non-target
individuals, only initial probing questions were asked. Interviewers were physicians in both Egypt
and Mexico; in Kenya, the trained interviewers had no previous health sector experience but were
supervised by a public health nurse under direction of a physician. If illness was severe, primary 
care was given and the patient was referred to a health center for treatment. 

Diagnosis 'f illness was done by physicians according to categories of illness and severity.
Coi:cepts of disease and analysis of common diseases prevalent in the study area were important
in structuring the questions for the morbidity survey. 

Physical examination and health evaluafio 

A medical history and physical examination was administered to all target individuals at the time of 
entry into the study with quarterly updates on disabilities and chronic conditions. Nutrition-related 
physical examinations were carried out every six months for all targets, as well as during the fifth 
and eighth months of pregnancy and the sixth month of lactation. Repeated interviews for the 
purpose of detecting pregnancy were done, as many women never menstruated between
pregnancies; urine testing was made available if the women desired. Laboratory assessments of 
hemoglobin, serum albumin and transferrin were made, and routine screening of blood, urine and 
feces was done in each location. 

Appropriate treatment was prescribed if parasitism was found, and persons diagnosed as anemic 
(hemoglobin level below 9 gm/dl) were given iron tablets. 

Additional laboratory studies of interest were carried out by each project. Srme samples of breast
milk were obtained; these and a subset of blood samples were intended for the study of immune 
factors. Nutrition factors of particular interest to projects are: zinc and vitamin B-6 in Egypt; zinc, 

1Samples were not dried before analysis; newer models of the Beckman instrument have corrected this 
defect. 
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folacin and vitamin B-12 in Mexico: and iodine (goiter\ in Kenya. Work on these components isstill 
underway or pending availability of funds. 

Psycholooy. 

Psychological function was measured according to two related dimensions, cognitive and 
behavioral. Cognitive aspects wele measured by items drawn frcm tests which have been used 
across a variety of cultures. These tests include the Brazelton Neonatal Assessment Scale for
newborns, the Bayley Infant Behavior Record, and the Bayley Mental and Motor scale for toddlers; 
the Wechsler Intelligence Scale for Children for schoolers ; and the Wechsler Aduli intelligence
Scale for lead males and females. Structured observations of child and caretaker were devised to 
record physical contact, vocalization and response of caretaker to infants and toddlers. 
Structured observation of schoolers was carried out in the classroom and playground. 

Soialnd eo.no mic rneasure . 

Information on household social and economic status was collected in order to be able to assign 
s';ores to each household. Each project collected information on housing, occupation and 
'education of lead adults, and on assets such as land, animals, vehicles and tools, which the PIs 
believed to be most appropriate for the construction of indexes or scales. Because each of the 
projects approached the problem in a different way and the communities are so dissimilar, each 
must be interpreted separately. What is called low or high SES may represent quite different life 
situations in the three places. 

The Egypt project's early ethnographic work which focused on family and social structure
provided the basis for designing instruments to rate households. Concentrating on instruments 
that would be objective while culture-specific, investigators examined household demographic 
structure, housing characteristics and assets of household, and occupation and formal education 
of target males. 

The Kenya proje'ct was the only one to develop a separate "em~c",or within-culture, scale where 
rankings were done by community leaders. Toward the end oi the field project, sub-chiefs and 
senior indigenous fieldworkers assisted in developing hierarchical criteria of social and material 
success among the Embu. It is striking, but not surprising, that the locally developed scale ranks 
some criteria significantly lower -- occupation, for example --than would most "etic", or outside­
culture, expectations. In addition, an extensive survey instrument was used quarterly throughout
the field period, asking questions about numerous variables believed to be related to SES. 

Mexico has presented one scale of SES which is a combination of two subscales: CASA, a scale 
based on household construction items and number of rooms and beds, and MSL, a scale
representing the market price value of material possessions that required cash purchase. The 
CASA scale is reported to have a normal distribution and the MSL to be skewed due to the 
prsence of a few families with many possessions. The Mexico project differs from the other two 
projects in that itdid not use education, occupation or non-material, prestige-related items. The 
project reports that occupation was not a useful variable, as almost all had the same two 
occupations (farmer and laborer). 

Sanitation and hygiene, 

A scale of household hygienic adequacy was constructed from appropriate measures at each field 
site. Specific data collected varied among projects but included quantitative measures of 
household contamination, bacteriological examination of water supply and structured 
observations of the household environment. The lead female's practices and proficiency in 
performing sanitary activities (hand-washing, etc.) were observed as was the physical appearance 
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of children, a somewhat subjective and crude, but surprisingly useful, indicator of general
hygiene. 

Activity pattern, 

All projects carried out a series of behavioral observations of mother-child interactions that alsoprovide some information on common activities. Each project independently undertook a
separate assessment of activity as i deemed appropriate to its circumstances, much of these data 
are yet to be analyzed. 

The Mexico project carried out two protocols designed to capture different components of timeallocationphysical activity patterns. The first was a 24-hour recall of major categories of activity of asample of lead males and females (sleep, agricultural tasks, etc.). A second study examined thedistribution of activities in the family during school and vacation periods. During the period of
study of mother-child interactions, activity was also recorded for 10 hours by means of a watch-like 
device (actometer) worn by both mother and child. 

The Egypt project's pilot study of activity involved observation for 2.5 hours on one day and onthe day following a recall of activities performed from 6 am to 6 pm the previous day. During themain study, a total of 10 hours of observation was accumulated for adults and schoolers inscheduled two-hour time blocks selected to include Friday, Saturday and any other days.Information was gathered on equipment used, location, social context, etc. 

In Kenya, pilot study focused on observation of toddler activity patterns and recall of adultactivities, but this work was not pursued in the main study because of costs in the first instanceand reliability in the second. During the second year of the study, time allocation was explored bymeans of spot observations of chiefly daytime, weekday activities, supplemented with a smallernumber of late evening (6-9 pr) and Sunday visits. Activities of all individuals present were
recorded. Each household was observed a mean of 1.1 times per week throughout one year.
These data allow construction of a typical pattern but not the activity pattern of any one individual. 

Ot her mea r_u~r.aL. 

Kenya and Mexico projects recorded data on environmental temperature and rainfall, and onprices, wages and major events in the communities. Mexico devoted substantial effort to on-farm
study of agricultural production. Information on agricultural production/land use was also gathered
in Kenya. These, and other, data are archived but have not yet been analyzed. 

ZaamanagernL 

Each of the collaborating projects implemented the overa!l data management plans in a manner
appropriate to the infractructure available to itoverseas. Data for the Egypt project were recorded 
on field forms and recoded for data entry; facilities at the University of Kansas were employed forthe first year before a computer-entry firm in Cairo was located. The Kenya project's data were
entered onto computer-coded forms in the field and key entered in Nairobi by a private computerfirm before shipment to the US. The project in Mexico had the interest and cooperation of a
branch of the Ministry of Public Health in Mexico City, and of IBM, Mexico City. Some of theproject data were entered in the field on microcomputers and taken to the Institute of Nutrition inMexico City, some data were entered directly on the main frame in Mexico City, and some were
entered at the University of Connecticut's facilities. Data tapes and documentation from allprojects were copied to the University of California, Berkeley. A final archive of all CRSP files wasprepared at Berkeley, deposited with USAID arid copied to the PIs at each contributing institution 

http:r_u~r.aL


'7
 

(US and foreign), By CRSP agreement, the archive is embargoed for further distribution until 
February 1, 1989.1 

Sample 	Qop.UL'irL_ 

The Pis had agreed early on that the mother-infant pair should be amajor focus, the mother being
studied 	during gestation and the mother and child during lactation. Toddlers were selected to
receive particL;c: sludy because of the expeclation that morbidity would be highest in this age 
group and because cognitive development could be assessed by change (in contrast to simply
siate) measures. It was difficult to decide which other children were to be studied; a child age 
seven to nine years was chosen finally because most would be enrolled in school at that age,
boys and girls are more alike than at later ages, and they have reasonable abi!ity to report on their 
own. (Investigators would have liked to include an adolescent age group but reluctantly
abandoned this group because of the high variability inonset and completion of puberty and the 
associated biological and social changes.) The adult male head of a household was included as a 
principal decisior-maker and because of the importance of his contribution to family welfare,
notably in relation to children. Target individuals were to be members of studied households. 

For the purpose of the desion, certain characteristics of a family/household determined 
inclusion/exclusion from the sample frame: 

1. 	 Only a small proportion of non-fertile families, not actively reproducing, could be included 
so as to avoid inordinate increases in sample size requirements (for the reproductio,i
component) This meant that single parents, childless households and older adult:; were 
excluded from the study. 

2. 	 Households containing members with severe nutritional or other diseases, apparent on 
clinical examination at the time of initial screening, would be excluded from longitudinal
study. 

3. 	 Households representing atypical cultural, ethnic or genetic characteristics for the 
selected community would be excluded because the numbers wcu!d be too small for 
statistical examination. 

Based inpreliminary estimates of variance, ifwas concluded that data would be needed on about 
100 individuals of each target category. For efficiency, investigators sought households that 
would provide multiple targets, but the number of households was necessarily two- to three-times 
the number of individual target subjects in each category (see Table 1). This means that the 
number of nontarget subjects of various ages, on whom a significant amount of data were 
gathered (body size, weekly morbidity) is sublantial and will provide an exceptional opportunity
for future analyses. 

The selection of households, based on the presence, or anticipated presence, of target
individuals indefined age windows, also means tnat there are relatively few situations in which the 
same household provides multiple target children -- any analyses that attempt to link such targets
must do so through characteristics of households rather than by simple identification of the 
particular household. This is the direct result of the design decision to focus upon individuals with 
defined age intervals rather than households; the decision facilitates the posing of some analytical
questions (about specific individuals) but greatly encumbers the posing of other questions (about
households or interactions of individuals). 

Because of the projects' enro!lment strategies, cohorts of target subjects do not necessarily
overlap in time; parents were, however, always studied during the one-year period of study of the 
child. Because some households had more than one special target (second trimester pregnancy
plus infant to six months, toddler, schooler), some were studied well beyond one year and others 

1A detailed description of the final CRSP archive iscontained in the ME Final Report. 
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were not. In all cases, the pregnaticy sample is the latest in time in as much as enrollment was
anticipatory (i.e., the women's younqest child was ?18 months of age) or awaited proof of 
pregnancy. Generally, the schooler conort is the earliest in time. These differences present a
problem where conditions changed from one year to the next, such as, in 1984, the occurrence 
of the drought with associated food scarcity in Kenya and a major change in food intakemethodology in Mexico in January, 1985. SES conditions also may change over lime, but
projects generally assessed SES factors at entry and exit of a study household. 

Table I 

Number and Composition of Households Enrolled and Number of Subjects in Cross-sectional and 
Longitudinal Samplesa 

Egypt Kenya Mexico 

No. Households 312 292 320 

No. Persons in Household, mean 7.5 7.28 job 

Target Subjects, Cross-sectionala 

Lead males 289 285 271
 
Lead females 290 286 284
 
Schoolers 123 
 222 195 
Toddlers 157 133 149
 
infants 130 14- 98
 

Target Subjects, Longitudinalc 

Lead males 153 214 155
 
Lead females 153 214 158
 
Pg/lact females/infants 62 93 
 69
 
Schoolers 
 42 129 109 
Toddlers 88 91 55 

a Total enrolled; number useful for analysis is less depending on variable of interest. See text.
 
b Mode.
 
CLongitudinal sample isdefined by the following criteria: lgcL 
 at least one food intal;e record prior to age 
19.0 months and after age 29.0 months; s ,at least one food intake record between the ages of 7.0 
years and 8 years 1 month, And 10 months later; 2 ri-ncv/;actolion, lead female with at least one food
intake record prior to her infant's birthdate minus 5.0 months, and at least one food intake record after her 
infant's birthdate plus 5.0 months. 
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FJNDIG 

The data analyses reported here are but a small beginning of a major task. Descriptive statistics 
are presented to provide a context in which analytical results are to be viewed. Simple bivariate 
regression and correlation analyses serve as indicators of possible associations between variables 
that warrant further investigalion. Because many of the variabies are intercorrelated, multiple
regression analyses ate usually required before major explanatory factors can be identified with 
confidence. Project reports, and Tc *trne extEnt, the present report have used multivariate 
techniques but much more work remains to be dore. 

No project carried out a complcte deta ry or nutrition survev in advance of selection of the sample 
study popu!ation (but notice was take; of social, economic and/or qeograr!,-i features). As food 
intake was not a selection ciiterion, Wne existence within a project of suiicient range of intakes 
for adequate testing of the hypotheses is not assured. Furthermere. tie lj:per boundary of a 
narrow, depressed range of intake observed In one project might be in the lowe; range of intake in 
another population where food availability is not so constrained. Viewed in isolation the upper 
range of generally low intakes would be classified as "good" even though it may have been 
inadequate. Such misclassification would attenuiate correlations thlat might be demonstrable if The 
spectrum included truly adequate intakes. Examination of relationships across projects can 
benefit from the existence of large di;ferences that exist between them. These differences may 
shed light on the reasons why what is found within one project may not be Iound within another. 

As time and funds were running out in the last year of the CRSP, the PIs elected to focus their 
attention on hypotheses involving toddlers and the motner-infant pair The present report picks 
up these threads and extencs the work to preliminary examination of other hypotheses, including 
an assessment of the pattern arid determinants of childhood growln. 

FOODS CONSUMED 

The types of foods consumed in each of the country projects show several similarities as well a 
numerous differences. An example of foods reported by a mother and her toddler for a day is 
shown in Table 2. 

In these sample data, the variety of ftems is least in Kenya and greatest in Egypt. The only source 
of animal protein in this Kenya diet is a small amount of milk, while meat is present in both the 
Egypt (chicken) and Mexico (beef) diets. Furthermore, both Egypt and Mexico sample diets 
contain eggs. The major energy source is a carbohydrate-rich food in all three areas: flat bread in 
Egypt, maize in Kenya and tortillas in Mexico. 

ENERGY BALANCE 

.EnD.ergy hak 

In comparing data from the three country projects, the most striking observation is the lower 
energy intakes reported for all age groups in Kenya, whether expressed as absolute intake or 
Intake per kg body weight (Table 3). There is a general simiiarity in mean intakes per kg body
weight for the Egypt and Mexico children, but Egypt adult intakes are less than Mexico figures and 
close to Kenya when adjusted for body weight. 
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TABLE 2 

Sample diets of a mother and toddler pair in each project 
(ounces consumed in one day) 

F.. .od .L Ti"oddle 

EGYPT (FebrJary, 

Tea (V, ih sunar) 
Ferugoreek 1(,a (w:th sugar) 
BuLffao mil\ 
Aiysh bala t) (whole wheat flat bread) 
Cooked egg 
Karate (cheese "puffs", commercial product) 
Cheese 
Tomato (raw,) 
Orange (raw) 
Firaak (chickcr,; with tarc, tomato, water, onion, 

fat and garlic 

5 
2 
13 
3 
-
2 
11 
9 
23 

2 
-
2 
7 
3 

.5 
1 
9 
6 
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KENYA (February, 1985) 

Tea with nilk aal Sug.ar 
Whole milk 
Fermented porridge made of maize meal, water and sugar
Gitwero made of potato, banana, water, oi! and salt 
Githen made of maize, beans, water, fat and onions 

25 
-

20 
-

38 

15 
.7 
9 

10 
-

MEXICO (JUNE-, 1985) 

Coffee with sugar 
Atole d'hariri made of ncu, flour, water and sugar 
Tortillas 
Huevo legg; with tomato, onions, oil and salt 
Calabacitas (squash) with onions and oil 
Came guisada made of beef, tomatoes, onions and sal! 

8 
-

28 
2 
3 
7 

-
17 
10 
2 
2 

.3 
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The distribution of children's energy intakes is arrayed in Figures 3 and 4, compared with the 
average energy requirement per kg body weight as estimated by international bodies. 1 Intakes 
of Kenya toddlers are almost all below tWe average requirement value, +iereas Mexico and Egypt 
intakes (excluding the extreme and possibly erroneous outliers) are more evenly distributed and, 
ori average, approximate the estimated average requirement. Intake of Kenya schoolers is quite 
close to the estimated average requirement; in Mexico and Egypt, intakes of schoolers, 
particularly the girls, are above estimated average requirements. 

For adults, a judgment rmus: be ma-te about activity level to derive an estimate of average 
requirement The requirement estimates portrayed in Figure 5 reflect the international standard 
for "moderate acr, ity".2 As ife adults did not change appreciably in body weight over the period 
of study, 3 if the reported energy intakes are correct, the observed intake is the same as the 
requirement, that s, enough energy was consumed to match the energy expended. On that 
basis, the activity of adults in Egypt would be classed as "light"; intake of women in Mexico 
suggests a "heavy" work pattern and tra! of men is just above "moderate"; intake of Kenya 
women and men was insufficient to sup;-)rt a "light" activity pattern and they would be rated as 
"sedentary". Examined in the light of observed characteristics of the threp sites -- occupations, 
access to labor-reducing technology, clirnale -- the predicted activity patterns for Egypt and 
Mexico are within credible limits The sedentary expenditure pattern predicted from the intake 
figures for Kenya does not, however, fit the expectati:'m for an agricullurai comrnunity lacking 
modern conveniences. Before accepting the intake figures as a true representaion of 
requirement in any case, it is well to consider the evidence bearing on the reliability of both intake 
and expenditure factors in all three locationis. 

On the expenditure side of the energy balance equation, there is the postuale of "cost-free" 
metabolhc adaptation mentioned earlier, this can be ex.mined in Kenya and Mexico. It would be 
desirable also to have direct verification of activity patterns; some useful evidence on this point 
was obtained late in the Kenya study. Factors that might affect validity of the intake side are 
errors'iases in reportec, food intake, errors in food composition data and differences in 
digectibility!absorbability of the diet. Changes in body weight and/or composition would enter 
into the balance equation, but there is no evidence to indicate that there were net changes in 
these compartments in adults over the period of study (although there were temporary changes 
due to pregnancy, lactation and food scarcity). 

Metabolic adaptation, 

The RMR values reported for Kenya men, women and schoolers provide no evidence that they 
are metabolically adapted to low intake, that is, the RMR per unit of body weight accords 
reasonably well with expected values.4 The measured RMRs in Mexico almost exactly matched 
predicted values. 

1 FAO,WHO/UNIJ, op. cit. Table 49. Requirements for children assume normativa activity. 
2Adut energy requirements are expressed as multiples of BMR and are, for activity patterns classed as
 
"light", 'moderato', and "heavy" respectively: for men, 1.55. 1.78 and 2.10; for women, 1.56, 1.64 and 1.82.
 
Ibid Table 15.
 
3 Kenya aduts lost weight during the drought period but regained itafterward. Aone-year time span is
 
insufficient to detect the very gradual change in body weight that ofton occurs in mature adults.
 
4 The measured RMR of Kenya men was about 24 kcaL/kg; the FAO/WHO/UNU equation predicts a value of
 
27 kca!/kg. h is recognized that the equation tends to increase es~imated RMR of smaller and lighter

people. Observed RMR of Kenya women was closer, within about 3-5%, of predicted. The RMR method
 
used in Kenya was shown to produce slightly lower values for men than an older, comparison method. See
 
ME Final Report for details of RMR analyses.
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Table 3
 

Energy and Nutrient Intakes (mean ± standard deviation)a
 
-------------------------------------------------------.. 
Group Energy Protein Carbohydrate Fat Animal Protein 

A. EGYPT PROJECT 
kcal/d 0/d gid g!d g/d

Toddlers 1173±316 36.1±10.7 169.:L52 31.3.±9.7 13.8±t5.3 
Schoolers 17984-407 56.5±14.5 296±67 44,4+.12.0 19.0±7.1 
Men 2710+403 87.9.14.0 439-69 69.3±16.5 29.7+11.2 
Women 2201 +,31 3 70.2±11.0 359:L57 55.7-±11.0 22.6±7.0 

kcal'kg'd gkg d g/kg/d g/kg/d g/kg/dToddlers 08 4-1 3.3±1.0 17.3±5. ! 2.9±0.9 1.26±0.48 
Schoolers 
Men 

81.+22 
3947 

2.5± 0.8 
1.3-0.2 

13.3±3.6 
6.4L.1.3 

2.0±0.6 
1.0±0.2 

0.86 35 
0.44+0.15 

Women 35.t.8 1.1±O.3 5 8±1.4 0.9±0.2 0.35±0.11 

B. KENYA PROJECT 
kcal.,'d g!d g/d g/d g/d

Toddlers 844:-184 23±5 166±37 13±4.7 3.2±2.5 
Schoolers 14.17±266 43±9 287±52 21±5.7 2.5±2.0 
Men 1954-439 58±13 380±89 
 30±8.6 5.2±4.0
 
Women 1672±339 49±11 329±64 
 25±8.0 4.1±2.2
 

kcaL[kgld g/kg'd g/kgid g/kg/d g/kg/d
Toddlers 84±18 2.3±0.6 16.6±3.2 1.3.+0.5 0.34±.0.24 
Schoolers 72±12 2.1±0.4 14.4±2.4 1.1±0.3 0.12±0.09 
Men 36±+8 1.1±0.3 7.0±2.7 0.6±0.2 0.09±0.07 
Women 33:7 1.0±0.2 6.4-1.2 0.5±0.2 0.08+0.06 

C. MEXICO PROJECI 
kcal/d g/d g/d g/d g/d

Toddlers 1119±285 33.8±8.52 193.9±56.7 23.1±8.37 9.6±5.5 
Schoolers 1828±462 54.1±13.4 36.0±89.2 29.5±t10.2 10.2±6.5 
Men 3070±747 84.3+20.6 -96.9±130.9 41.2±15.2 14.9±10.3 
Women 2572±643 73 1±17.9 455.1±119.4 38.1±13.9 12.5±8.6 

kcal/kg/d g/kg/d g/kg/d g/kg/d g/kg/d
Toddlers 102:±32.8 3.10.±0.96 17.63±6.25 2.08±0.84 0.87±0.48 
Schoolers 86±21.2 2.55±0.65 15.81±4.14 1.37±0.45 0.47±0.29 
Men 47±12.2 1.30±0.33 7.63±2.10 0.64±0.24 0.23+0.15 
Women 44±13 1.26±0.36 7.83±2.36 0.65±0.25 0.21±0.14 

a Data for the longitudinal sample excluding information from toddlers who are still breast fed, from Egypt
project records with missing meals, and from Kenya project records with missing nutrient values. For
Mexico, only data collected after January 1, 1985 are included. For each subject, the mean intake acrossall observations has been computad. For the expression of intakes per kg, all body weight data for theindividual were averaged to yield a single estimate of the individual's weight. In toddlers and schoolers,
neither the intakes nor the weights used in the calculations are age-adjusted. 
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A "natural" event in Kenya, the drought, resulted in restricted food intake and provides an
opportunity to !ook for forced adaptation. If the processes of energy metabolism are capable ofhomeostatic responses to maintain energy balance in the face of such pressures, oria might
expect to find an effect of restricted intake on measured RIAR -- a tall during the period of food
shortage and a rise during the recovery period This hypothesis was examined through a series ofpaired analyses (comparing RMFI estimates !or the same subject in two phases of the food
shortage/recovery period). Comparing body weights before and late into the period of food
scarcity, men had lost 1 7± 4.3 kg and women, 2.3 ± 4.0 kg; si0 mouths alter the period of critical 
shortage, men's 'eight had increased by 2.5 ± 4.5 kg and women's by 2.2 ± 4.7 kg. Schoolers 
showed a diminished rate of weight gain during the shortage but d:d not lose weight on average.Food intake of adults fell by about 400-500 kcal/day during the shortage period and that of
schooler . by 200300 kca'd, despite a food relie program. Small differer,'es were observed in
the total RM- of men and women, but this was explained by the changes il body weight. As
shown in Figure 6 for adult males, RMR per kg body weight was the same in all periods. 

Another tirre at which metabolic adaptation might be seen is duting oregnancy and lactation,
when the riother must meet extra energy demands. Data for womnen in both Mexico and Kenya
are presented in Figure 7. RMR per kg body weight was the same in the two locations even
though energy intakes differed by about 1000 calories per day. The expected small increase in
RMR was seen during pregnancy in both locations, and in btLh, the average value was 23-24 kcal 
per kg irrespective of reproductive status; that is, RMR in pregnancy increased in proportion to the 
increase in body weight. 

A third place in which physiologic adaptation to reduced intake might
)

occur is in the energy cost of 
pV"rform a work tasks. The Kenya projeci measured the energy expended during householdtasks (washing, cooking, chopping wood) and agricuitural tasks (weeding, pickin coffee, 
harvesting beans, etc). I The values reported tally nicely with values reported by others for similar 
activities. For example, the energy expenditure for both men and women sitting at rest was 1.2
limes the RMR, weeding was 3.2-3.4 times RMR, and threshing, 5.9-6.,4 limes WMR, factors 
virtually identical with those tabulated by the FAO/WH ,'JUNU. 2 Thus, t'lere is no indicaion that 
this population, chronically living on a lcvw plane of intake, is any more efficient -- or less -- in 
performing work than are others. 

These observations have important relevance for nutrition policy. They strongly suggest that
changes in food intake are not absorbed by! compensatory changes inmelabolism and hence 
must be associated with other adaptive rnieciinnisms -. change in body tissuje mass, as
demonstrated in the food-scarcity period, and/or change in aclivity-demanding behaviors as
 
originally hypothesized in the design of the CRSP.
 

There is a strong implication, if food intake figures are correct, that what many Kenya adults were
able to do was constrained by food availability. The Kenya project deferred study of how adults 
spend their time until the second year of ihe study (3/85-2/86). Thus, there are no data onactivity for the period of food shortage. The method used to study time allocation in Kenya -­
intermittent observation of activities during the daylight hours allows cocstruction of an 
"average" activity pattern across one full agricultural cycle3 . 

1See the Kenya Project Final Report, Table 17.3. Measurements were made on eight men and seven 
women.

2op cit, pp. 186-191.
 
3 See the Kenya Final Report Table 15.1 for for times; calculation of energy equivalent was done by the 
present authors. 
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Figure 6. Comparison of Enermy Intakes and Resting Metabolic Rates for 


Adult Males Before, During and After Food Shortage in Kenya
 

(paired data)
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Figure 7. 
Resting Metabolic Rate for Adult Women by Reproductive Status
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It is possible to assign energy values to these activity-times using figures suggested by 
FAO/WHO/UNU,I recognizing that many assumptions ate required for even rough calculation of 
energy equivalency. Counting the unobserved times of day as rest, the typical Embu man's daily 
energy expenditure during a normal year was about 1.77 times RMR, and that of women was 1.55 
times RMR. These levels are classed as "moderately active". Activity patterns could have been, 
and probably were, less energy-intensive during the drought; the need for heavy planting, tilling
and harvesting work was reduced and there were few olher opportunities for employment that 
would have demanded physical work. Assuming a maintenance activity level during the drought 
period (1.4 x RMR for six months) and the factors calculated above for the remainder of the stu;dy,
the average expenditure pattern would be 1.51 x RMR for women and 1.68 x RMR for men. 
These figures are 10% above observed intake (36 vs. 33 kcal per kg for women and 40 vs. 36 kcal 
per kg for men). 

Pregnant women reduce their activity levels, i they can, to compensate for the added burden of 
reproduction. The Kenya project reporteo 2 that pregnant women increased "inactive" time by
70 minutes a day (a 140% increase) and decreased time spent in food preparation and care of self 
and others by a like amount. Depending on assumptions about the energy cost of work 
foregone, this change would net about 100 kcal per day or 2 kcal per kg. This amount of savings
would not be enough to close the gap between "sedentary' and "moderate activity" categories, 
but the nature of the accommodation is illuminating. The activities which were decreased under 
conditions of uncompensated energy demand are those likely to impact adversely on the quality
of nurturance and standards of hygiene. It is, then, perhaps not surprising that the sanitation 
score of Keny2 households was found to be significantly positively correlated with the lead 
female's energy intake, as well as with some other household characteristics, and to be lower 
where the woman was, herself, more often ill. 

Women in the Mexico study appear to live at the upper range of energy expenditure patterns, 
based on their observed intake. A pilot study of women's activities sheds some light on factors 
that might explain this heavy work demand. Feeding the family required not only cooking, a 
moderate activity, but preparation steps that are energy-intensive, such as carrying heavy buckets 
of pre-soaked corn to the mill for grinding and back home again (activity that may cost six times the 
RMR) several times each week. Maintaining cleanliness is also energetic in the absence of 
household appliances; for example, the women spent nearly eight hours a week washing clothes 
(activity three to four times RMR). In addition to these and other household tasks and caring for 
children, the women also cared for animals and participated in agricultural work. There is, of 

" 
-course, variation within a population in the kinds of w_. women do and in facilities available to 

ease the burden; the Mexico project found a strong positive correlation between energy intake 
and the energy cost of recalled 24-hour activity in the sample population. In the longitudinal 
study, activity of mothers arid toddlers was observed for 110 minutes over a period of 10 hours. 
There was a negative correlation between maternal energy intake and the amount of time she was 
observed "doing nothing", but in toddlers, observed activity was not associated with energy
intake. What the findings in the Mexico population seem to indicate is that the amount of energy 
consumed was determined by energy demand. (This contrasts to the situation in Kenya where 
the activity level was likely to have been adaptively lowered in the face of low energy supply and 
intake.) Although some exceptions may be found within the sample, at the time of the study 
people in the Solis Valley appeared to have enough food available to sustain their necessary and 
expected work patterns. Under these conditions, variation in the functions of interest, tile 
outcome variables, are unlikely to be related to energy intake per se. A similar conclusion can be 
inferred for the Egypt population, where intake was sufficient to support a light level of activity. 

1op. ci., p.76
 
2See Kenya Final Report Table 23.15.
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Errors in energv intake. 

Measurement of food intake is the most difficult and time-consuming procedurn, in any large
nutrition survey, and none has ever produced data of the quality and scope to match this CRSP.
Still, the methodology is subject to substantial error and biasing of results. The lead female was
the principal respondent, and data for this target group would be expected to be most reliable,
depending on the women's ability to observe, remember and report their own food intakes. Therecord of supplementary food given to infants might be equally reliable, but to the extent that
toddlers are mobile and unobserved, food consumption and food wastage both may be
unrecorded. Many toddlers were, as well, partially breast fed up to, and a few beyond, two years
of age. Measurement of breast milk intake was not feasib!e and cannot be estimated reliably.
Schoolers and lead males might have reservations about reporting food eaten away from home if,
for example, the piece of fruit came from a neighbor's tree or a purchased street food was an
unwarranted expendiure of scarce funds. If there is , social stigma associated with consumption
as, for instance, with alcoholic beverages, intake may not be acknowledged. Food consumption
is often different on holidays and days of religious observance than during the rest of the lime;
two of the three projects have few or no records of those days. These factors all make for 
underestimation of food intake. 

The Egypt project gave special attention to food consumption during the month of Ramadan, a
period of lasting, and to feasting on the days that follow. Intake on Saturday, the day of religious
observance, was fully represented in the data set. During Ramadan, adults and older children
abstain from food and water during the daylight hours, eating only at night and before dawn. The 
data indicate that energy intake was not noticeably changed by the shift in eating times. 1 Energy
intakes recorded on the two days after Ramadan were higher than intakes in the months before 
and after Ramadan by about 700 kcal/d for adults and schoolers and over 500 kcal/d for toddlers.
If these data are indicative of celebratory feasting in general and if there were six such feasting
days a year, failure to account for them would amount to a loss of 3000-4000 kcalslyear, or about
10 kcal/d, a negligible amount in terms of energy. (As foods eaten on special occasions are
different and often of nutritionally superior value, other components may be of greater biological
significance.) Saturday/Sunday menus also may differ from other days. Egypt project reported 
energy intake of lead females and toddlers to be 10% higher on Saturday than on other days of 
the week. 

Underreporting of alcohol is a known problem in Konya ird Mexic:o. in e, ,, consumption of
the locally brewed puque (a beer-like beverage, about 2% alcohol, 43 kcal per 100g) is accepted
as the norm for adults, including pregnant and lactating women and older children The custom of
fermenting agave ju;ce may have had survival value in times of food scarcity because this
processing allows consumption of an otherwise nonutilizable substance available in the
environment. Pulque contributes 12% of dietary energy for men and 6% for women as reported
in this study. Usual intakes by men were 500 ml to one liter (500 to 1000 g) a day with some
reporting three to five liters per day. The Mexico project reports that 80% of men and 12% of 
women acknowledge drinking to the point of inebriation with varying frequency. Heavy drinking
tends to occur on Saturday and sometimes Sunday, times at which consumption data were not 
collected. So, while pulque appears regularly in food intake records, consumption may still be
somewhat higher than the reported mean figures. On days of high pulque consumption, the
beverage may or may not have displaced other caloric foods, with a net effect of ether increasing 
or decreasing, or having no effect on, total energy consumption for the day. When adults drink to
inebriation, the food intake and care of children may suffer, but the project has not examined this 
point. 

Records of alcohol consumption seem to be less complete in Kenya. Alcohol appears in the food
inta;fe records of only one woman and 39 men. The woman reported drinking 240 g of beer on 

1Mean intake of lead females was 2220 ± 699 kcal/d in the month before, 2189 ± "/75kcal/d in the month 
after and 2089 ± 651 kcal/d during Ramadan. Comparable figures are, for schoolers, 1856_704, 1773 ±689 
and 1813 + 705 kcal/d; and for toddlers (root required to fast) 1115 ±514, 1059 ± 517 and 1029 . 468 kcai/d.
None of the Ramadan figures is significantly different from the control months. 
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two dates; average intake of the men was 2033 g, ranging from a low of 338 g to a prodinious 
8750 g. The energy valhe of the vaiety of local and commercial beers consumed is about 50 kcal 
per 100 g, yielding over 1000 kcal per day as the average figure for those men whose food 
records acknowledge drinking. The Kenya project conducted an inquiry separately from the food 
intake interviews to estimate the validity of the data reported on the food forms. According to the 
food records, only 17% of men drank beer, but the questionnaire revealed !hat 53% of men drank 
two pints (one liter) or more each day, the male average figure from the survey was 1227g, equal 
to about 600 kcal Most women dkJ not drink beer at all; the average consumption was 14 g per 
day. If the alcohol calories are additive to the diet as recorded, the ene')rgy intakes of many men, 
but not women, are substantially underreported. The impact of adding 600 kcal ,othe diet of 36% 
of the men (the 53% who acknowledged drinking less the 17% who reported it) would be to raise 
tha group mean intake by about 200 kcal per day and nearly 4 kcal per kg, enough to raise the 
estimate of energy expenditure of men to the "light" activity category. No comparable source of 
error can be identified in the case of women, 

Other features of food intake methodology can resull in falsely high reports of intake. Ifthe 
interviewer ;s different from the .xpulation being studied (more highly educated, wealthier. etc.), 
respondents may improve the f:Imily diet on scheduled days of interview, producing true but 
unrepresentative records. In the Egyot project, it was possible to document thL some 
interviewers recorded systenatically higher intakes than did others. 1 his bias has been taken into 
account in analyses reported by that project. It has not been possible to determine whether 
analogous effects existed in other projects. 1 

Intake records also may be biased if days of illness are not proportionately represented in the data 
set purporting to represent "usual" intake. The Kenya project recorded food intake on scheduled 
days irrespective of illness and L'as examined intake of toddlers on days well and ill. Healthy 
toddlers consumed 861 _±.465 kcal per day, those with fever 719 . 440 kcal and with 
gastrointestinal complaints 699 ± 407 kcal, significantly less. 2 The Egypt project has looked for 
bias due to illness and reports that illness days are correctly represented on the average intake 
figures (but not necessarily in individual cases). There are insufficient numbers of illness days that 
coincide with food intake adequately to test the Mexico data set for this bias, but the situation 
appears to be the same as in Egypt. No other target category than toddlers presents sufficient 
numbers and types of illnesses for statistical testing, but it is reported that food intake interviews 
were rescheduled in Mexico and Egypt if the lead female was ill,an infrequent but significant 
occurrence. 

Dietlity 

Questions were raised by the projects concerning the digestibility and, hence, true energy yield 
of the diets eaten iii the three countries. The diets contain large amounts of whole grain cereals, 
legumes and other plant foods high in fiber, which are less digestible than foods of animal origin 
and refined cereal products. The thought was that energy values calculated from food tables 
might be higher than is actually the case. The energy values of foods given in the tables of food 
composition used worldwide (and in the CRSP) are based on the human digestibility and energy 
experiments conducted by W.O. Atwater at the Connecticut Agriculture Experiment Station in the 
early 1900's. 3 Much more is now known about the components and effects of dietary fiber and 
some reconsideration is in order. 

1The 1985 methodology change inMexico involved the use of more highly trained interviewers than in 1984; 
reported rood intake increased by about 300.400 kcal per day for adults and schoolers and by 160 kcal per 
day for toddlers after the irerviewer change. The project's validation study confirmed the higher figures. 
2 See Neumann, C et al. FASEB J. 2:A1 194, 1988. 
3USDA Handbook #74, 1955. Atwater reported figures to be applied to individual foods and food groups; 
these are ctlled Specific Energy Values and are i sod in mu-t tables of food composition. The figures of 4 
kcal per gram of carbohydrate and protein and 9 kcal per gram of fat are averages pertaining to typical US 
diets 
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Human studies require strict control of intake and output not possible under usual field
conditions. The Egypt Nd:.;t'f h,'.:tut di however, undertake a study of toddlers using thevillage clinic as a field laboratory A peisonal communication from Dr. Wafaa Moussa repolsdigestible er.ergy to have ,argcd trom 82 to 92% for the six toddlers studied, which coincides wellwith the values developed by Atwcter Since completion of the CRSP, a trial of a prototype rural 
Mexican diet has bcen carried ou! in Mexico by Dr. J.L. Rosado I His figure for metabolizable 
energy, 90 , also coincides with figures calculated using Atwater's digestibility factors andSpecific Energy Values. The Mexican test diet cid not include pulque, and some doubt remains 
as to digestibility of the carbohydrate present (accounting for about half of the pulque calories).
appears, however that the dietary energy 

It 
values as calculated for Fgypt and Mexico arereasonably reliable, or at least as reliable as knowledge about the composition of foods consumedpermits. The Kenya diet, being lowest in animal products, may be slightly less digestible than theMexican diet, but the di~ference is probably wvthin the error term of the method. 

Some amount of error due to incorrect food composition is to be expected since foods analyzed
to obtain composition data are virlually never the same as foods in a specific diet. Other problemscan occur due 1o obsolete analytic rnethodologies, improper collection of samples, or data entryerrors. The CRSP projects endeavored to mininize these problems by extensive computer-aided
checking of the food composition tables, careful estimation procedures for missing (non­analyzed) nutrient values, and, in two projects, comparison of calculated and analyzed nutrientvalues. Egypt project analyzed the nutrients in seven composite diets (for different target
individuals) and found that calculated energy values were 80/, greater than analyzed on average,with ranges from -12 to +31% (one diet with obviously incorrect analytic data was excluded).
Analytic values for twelve typical dishes were compared to calculated values by the Kenya project.
The average difference was less than 3%, with a range cf -16 to +22%. Thus, it appears that errorsin mean energy values of multiple diets are likely to be small, but energy estimates for individual
diets may on occasion have substantially larger errors. 

(o rDLcaa ns 
After considering the many factors that could affect the validity of the energy intake and 

expenditure figures and their implications, the following conclusions seem warranted: 

-- Food energy intake was lower in Kenya than in Egypt or Mexico; 

-- Body metabolism was not lowered in response to chronic food shortage, thus there is 
no eviden,.e for a cost-free adaptation to constrained food energy supply: 

Reported food energy intake was riot sufficient to support the moderate activity level
observed in Kenyan adults during a period of normal food availability, but activity was likely
to have bcn less during the drought period when adults lost weight; underreporting c1
alcoholic bovpr .a , may nccount fcr much of the discrepancy between intake ana 
experiditure of men but not women; 

tSee Rosado, J.L. Bioavailability of Nutrients from Rural and Urban Mexican Diets. Ph.D. dissertation.
University of Connecticut. 1988. 



-- Reported food en rgy intake in Egypt was consistent wilh an assumption of light 
activity, hence, if there is an error in intake, it is likely to be underreporling: 

-- Raported food energy intake in Mexico is consistent with a moderate-to-neavy activity 
pattern; if there is an error in food energy intnke, it is likely to be overreporling: 

-- Dietary energy appears to be a limitation in Kenya but not in Egypt or Mexico. 

NUTRI .I_2 ID R A -tONS 

The second siriking feature of the food intake patterns is the difference in fat and protein intakes 
across projects (1 ables 2 and 3). Sites in different geographic areas were selected in anticipation 
of finding differences in the nature of the diets consumed, recognizing that this variation might be 
very important in interpreting the relationships between total food (energy) intake and outcome 
functions. The d;-ta in Table 3 confirm that indeed the macronut rent composition of the diets did 
differ among sites. 

In all three countries, protein supplied ah:,ut 12% of the dietary energy; the ratio was slightly 
higher in Egypt (13% of energy), and sl,-'hly lower (11%) in Mexico adults only due to the 
inclusion of pulque in the didA. The intake of protein, and many other nutrients, covaries with 
energy intake (correlation coefficients' i are .65-.86). Broadly speaking, the lower the energy 
intake, the lower the total protein intake. Biologically, the need for energy has priority over the 
use of protein for its essential nutrient functions, so the eflects of low energy intake and low 
protein intake are confounded. In the case of Kenya, it is to be expected that relationships found 
between energy intake and various outcomes will also be seen with protein. Because energy
intake is unlikely to be limiting for the majority of people studied in Egypt and Mexico, associations 
between either energy or total protein and outcomes are unlikely as well. 

Focds rich in protein also tend to be good sources of many other nutrients (B vitamins and 
minerals). The amount of iron present in these diets correlates with both energy (.74-.78) and 
protein (.58-.77). Iron is not equally absorbable from plant and animal sources. The factors that 
affect iron absorption are the presence in plant foods of inhibitors (fiber and certain other 
components) and facilitators (vitamin C). Iron in the form of hemoglobin (a blood protein present in 
meat) is much more absorbable than other forms, so diets higher in animal protein should be more 
reliable sources of iron. However, there is no evidence that iron status of the Egypt poP-,!.t... 
whose animal protein intake was largest, was superior to that of Mexico or Kenya (Table 4). 

Very few adult males had unacceptably low levels of blood hemoglobin or hematocrit (measures of 

functional iron adequacy) 2 or serum ferritin (an indicator of iron storage). Iron status was poorest 
in toddlers in all three locations but better in Mexico than in the other sites. About half of the 
toddlers had unacceptably low hemoglobin levels, and one-third to one-half were low in ferritin. 
Large numbers of pregnant women had unacceptable levels of hemoglobin (49% ill Kenya, 28% 
in Egypt). In Mexico, the iron status of women during lactation was better than during pregnancy. 
In Egypt, iron status was poorer after six months of iactation, and poorer in women who had had 
several previous pregnancies than in those pregnant for the first time, indicating that reserves of 
iron were not being restored between pregnancies. 

1 Acorrelation coefficient provides a single number, ranging between -1 and +1, which summarizes the linear 
relationship between two variables. f the correlation coefiicient is close to zero, we can assume there is 
little or no linear relationship between the two variables. If itapproaches +1 there is a strong positive 
relationship, and if itapproaches -1 there is a strong negative relationship. 
2Values for hemoglobin and hematocrit are normally higher in populations living at high attitude as in Konya 
and Mexico. See footnote to Table 4. 
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TABLE 4 

Iron Intakes and Indicators of Iron Nutritional Status in Egypt, Kenya and Mexico 

~---------------
Parametera Toddlers Schoolers Lead Males Lead Females 

Egypt 

Iron Intake 
Hemoglobin 
Hematocrit 
Ferritin 

7.4.+5.6 
10.6 . 1.3 
34.2 ± 3.3 
18 ± 15 

9 ± 9.0 
12.7 ± 1.0 
37.4 .±2.3 
34 --25 

17.8 z 6.6 
14.9 ± 2.2 
43.8 ± 5.7 
54 ± 43 

16.2 9.2 
12.8 .6.2 
36.9 , 3.8 
29 ± 26 

Keny\a 

Iron Intake 
Hemoglobin 
Hernalocrit 
Ferritin 

6.3 ± 4.6 
10.7 ± 1.7 
33.5 ± 3.6 
19±30 

12.8 -L7.. 
2 ±.5 

36.2 ± 3.4 
36+39 

17.9 ± 10.9 
14.9 ± 1.8 
43.0 . 4.1 
76 j± 87 

15.4 .L9.3 
12.2±. 1.8 
36.8 ± 4.6 
23 +35 

Mexico 

Iron Intake 
Hemoglobin 
Hernalo'rit 
Ferritin 

11 + 6 
11.5 1.3 
36.4 ± 4.6 
26 ± 52 

21 L6 
12.6 -. 1.0 
33.5 ±_4.2 
24 +_15 

36 - 17 
15.4 .i 1.1 
47.4 ± 4.2 

131 -1 "1 

28 .- 13 
13.0 ± 1.2 
40.4 ± 4.3 
31 +34 

a Mean ± standard deviation: iron intake, mg/d; hemoglobiq, g/', hemalocrit, or packed red coll volume, %; 
ano serum ierrrin, mg.'dl. The standard for ferritin is > 10 mg,d! for all age groups. Standard,; for hemoglobinfor the four age/sex groups are: sea level, 11.0, 12.0, 13.0 and 12.0 g/dl; altitude, 0.5 g/d! higher.Hormatocrit standards are: saa level, 33,5, 36.0, 33.0 a, d 33 0%; alt.iude, 1.5% higher. 
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In Mexico, a large proportion of men (27%) and a small number of other target groups (2-9%)had 
abnormally large red blood cells, rather than the small cells usually observed with iron-deficiency
anemia. Enlarged cells usually indicate deficiency of the B vitamin folacin and/or vitamin B-12. 
Consumption of pulque was found to be a contributing factor, i.e. pulque consumption was 
positively correlated with red blood cell size. As alcohol is known to impair absorption and 
utilization of folacin, this seemed a likely explanat'on for the blood cell finding in nale adults. 

After the CRSP ended, the Mexico project analyzed some reserved samples of toddler blood for 
folacin and vitamin B-12: nonc were low in folacin, but 42% were low in vitamin B-12.1 Vitamin B­
12 is not present in plant foods, so an inverse correlation with animal food intake would be 
.,,-'ected, but the project has not yet reported on dietary associations. A preliminary evaluation of 
Oil. of toddlers wirh hemcicb'ri levels above or below a low standard (10.5 g/dl in Kenya and 
M .,ico, 10 .'dl in E-ypi) shc ,x(:_.r.i(:iierence in any dietary variables of record (energy, protein,c 


I,:irna, irotein, lat, ion>,
 

In Kenya, clinical signs suggestive of B-vitamin deficiency (abnormalities of tongue and lips) were 
s !:- 10-15% of schoolers, 1-2% and 1-2% of men, withn about of toddlers, 6-7% of women 
,k,,"y higher frequency in adults during the drought. There was no clinical evidence of vitamin A 

t:.tcencv nor any rickets. About 20% of women, 5% of schoolers i-;nd 1-2% of men had some 
eilargement of the thyroid (possibly but not certainly du,. :; ,,dine deficiency) but no goiters 
were seen. Mottling of teeth, due to excess fluoride, was, found in a few toddlers, 10% of 
schCole-s, and 2-5% of adults Overall, schoolers appearc: to be at higher risk of nutrient 
deficiency than other Pge groups 

The Egypt project has identified a different essential nutrient problcm, vitamin B-6. That project 
undertook to examine the nutrient composition of breast milk in comparison to samples from 

2American women. Breast milk is a reliable indicator of maternal nutrition status with respect to 
many essential nutrients, and the nutritional status of infants is dependent on its quality. Values 
for breast milk calcium, magnesium and zinc were not different from US samples except that 
calcium and magnesium contents were somewhat lower in Egyptian samples at the sixth month of 
lactation. Average vitamin B-6 levels were, however, 28% lower in Egypt than expected and 
indicate that the diet of some women is iow in this nutrient. Breast milk vitamin B-6 content was 
used as a proxy for maternal status during pregnancy and lactation to examine relationships of 
vitamin B-6 with biih weight of infants, and with the Brazelton behavior score at 1-7 days of age.
Low vitamin B-6 status had demonstrably adverse effects on both measures. 

Why some individuals and not others have low iron and/or B-vitamin status is not now known. One 
explanation is surely to be found in unequal distribution o! specific foods among consumers. 
Hence, the examination of food intake patterns across projects is an important next step to take in 
understanding the role food plays infunctional outcomes. The kinds and quality of food available 
in a hou-sehold reflect the family's ability to purchase or produce food and the menu decision­
maker's knowle:.oe of what constitutes a good diei. The biological mechanism by which 
economic status and parental education affect such measures as growth and mental capacity (as 
they are known to do) may well be chiefly through food. 
Fat contributed a relatively small proportion of dietary energy in all three countries, 14% in Kenya, 
19% of non alcohol calories in Mexico and 23% in Egypt (compare with the over 40% reported for 
the US diet). Fat, and other calorically concentrated foods, are of special importance in the diet of 
young children who oftentimes are unable to consume enough of bulky, watery foods to meet 
their energy needs before exceeding their appetite or volume capacily. 

lReported at the meeting of the Federatio,- of Societies for Experimental Biology, Las Vegas, May, 1988, 
but not included in the pub'shed abstract: Black, A. K. et al. FASEB J.2:A 1204, 1988. 
2See: The Egypt Final Report, pp. 290-292; Karra el al., Am J. Clin. Nutr. 44:330-5, 1986 and ibid 47:642-8. 
1988; and McCullough e' al. FASEB J 2:A437, 1988. 

http:knowle:.oe


in the CRSP data sets, fat intake covaries with energy intake (.62-.63 in Kenya and Mexico, .80 in
Egypt) but net as strongly as does protein intake (.85-.86). Fat intake also is correlated with
intakes of total and animal protein (.57-.65), which are correlated with each other (.54-.75) as well.
There is substantial variation in the percentages of dietary energy derived from protein, fat and 
animal products. In analyses, different questions can be asked by using these ratios in addition to 
or instead of ausolute intakes. That is, it is possible to differentiate between the general makeup
of Uie diet, a qualitaLie factor, and the quantitative factor of amount consumed. 

The statistical power to detect associations between outcomes and one or another dietary factor
depends on the relationship between the amount of variance within an individual's intake pattern
and the amount of variance between individuals in the population. There was a notion, now
discredited, that because the menus of poor people are less varied than those of the affluent,
variability in their nutrient intake is less. Still, evidence available in the literature at the inception of
the CRSP suggested that variability within individuals would be much less than proved to be the 
case. Variance was, in all cases, higher within than between individuals in the same age/sex
category. 1 Variance both within and between persons was lowest for energy and almost equally
low for total protein as would be expected from the strong relationship between these factors.
The most variable component was animal protein intake. Among the three countries, variance 
within individuals was highest in Kenya and lowest in Mexico. The ratio of variances within and 
between individuals, !he indicator of statistical power, was best in Mexico and poorest in Kenya.
Only the variance ratio for fat intake in Kenya approached the ratio observed for all dietary factors
in Mexico. The limitation in the size of the food intake data set in Mexico (due to the methodology
change) is an offsetting factor that diminishes the advantage in statistical power of the superior 
variance ratios. 

A very serious implication of these observations is the need to guard against the false negative
interpretation of analyses. That is, if a relationship is not seen, it may be because i does not exist. 
It may also be because the attenuation due to variance is so great that it is not detected in 
conventional analyses. 

The fact that variance ratios, and hence degrees of attenuation of relationships, vary between
nutrient factors within projects and within nutrients between projects has clear implications. if,
within a project, the real biological relationships between several nutrients and an ouicome 
variable were comparable, the observed relationships would differ because of different degrees
of attenuation. Analogously, between projects, different nutrients may appear as signifiant
predictors of outcomes as a result of differences in variance ratios as well as because of true 
differences in the biological relationships. Examining the variance ratios alone begs the question
of why the variance ratios differ, a most interesting subject that remains to be explored in depth. 

BODY SIZE 

Achieved size 

There are both remarkable similarities and differences in body weight and height in the three 
populations (Table 5). Of these two measures, variability within a project is much less for height
than for weight. Across projects, variability in bolh height and weight is greatest among Egypt
school boys and adult women. In all projects, toddler weights are the least variable of the age 

1See Appendix B. 



-- -- -- -- -- -- -

37 

groups. Among adults, the Kenya population appears to be the most homogeneous (i.e., least 
variable). Comparing data across projects, body weights are quite similar through the toddler age 
group in Kenya and Mexico. Mexico schoolers were taller and a little heavier than Kenya 
schoolers; by adulthood, Kenya and Mexico populations had achieved the same height, but 
Mexico adults were much heavier. Egypt i ifants began life somewhat heavier than the others but 
lagged at six m-onths of age; as toddlers, their weights matched and as schoolers were above the 
other two projects; Egypt adult heights were the same as in Kenya and Mexico but their weights 
were much heavier. 

Toddler weight .gainO 

Weight gain in toddlers from age 18 months through 30 months was found to be linear for most 
children, although a substantial subgroup (approximately 16% in Egypt, 12% in Kenya, and 3% in 
Mexico) exhibited non-linear growth over this year. 1 An examination of morbidity rates for the 
Egypt toddlers did not show increased illness days or episodes in children with non-linear growth, 
implying other causes of occasional uneven gain (or loss). Egypt children gained weight faster 
during this year (.22 kg'month) than Mexico or Kenya children (.18 and .17 kg/month, 
respectively). 

£.pZrisonto reference 2noj0ji 

Another way to view body size is in relation to a reference population where few persons are 
limited by environmental factors in reaching their genetic potential height and appropriate weight 
for height. The standards now widely used for this purpose are those prepared from studies of 
US children.2 On a growth chart, the expected weights (or heights) at different a(-s are shown 
as lines. One line indicates the mean or 50th centile weight (or height) of the r:ference 
population. Sizes of 50%1, of the populatior, are above and below this line. Other lines show 
weight (or heights) one, two or three standard deviations above and below the mean, or centiles 
of the distribution of weights or heights in the reference population. ThLs, for example, when an 
observed weight falls two standard deviations below the mean of the reference population, it 
would be expected that about 2.3% of children in the reference population have lower weights. 
The observed weight could bo described as approximating the second centile or as being two 
standard deviations below the mean. A child growing normally is expected to track along the same 
line, with variations up and down reflecting the irreguiarities of growth rate. If achieved size is 
expressed in either centiles or standard deviation snits, normal growth would imply no change in 
the score. Use of either of these scores presents an approach to examining observed data for 
expected changes in weight or height with age. The scores also carry a built-in adjustment for 
differences in weight or height expected across sexes in children allowing sexes to be poc!ed for 
analytical purposes. The standard deviation score has been adopted in the present report where 
the common name "Z score" is used.3 

1 See Appendix C for several sample graphs showing toddler growth in the Egypt project.

2These are commonly known as the CDC or NCHS standards. See Dibley, M.J., et al. Am J Olin Nutr. 46:
 
736-748; 749-762, 1987.
 

Observed weight - Reference Mean Weight 
Z score ---------------.-.-------.-.------.-.-------...-----

Standard Deviation of Weight inReference Population 
A Z score of -1 represents a measurement that is 1 standard deviation below the mean or which lies on the 
16th centile of the distribution of weights in the reference (US) population of children of the same age and 
sex; a Z score of -2 is slightly below the third centile. 

3 



TABLL 3 

Body Weight and Staturea (mean ± SD) 

Males Females 
Project'Group Weightkg Stature,cmb Weightkg Stature,cmb 

EGYPT
 
Birth 3.32 ± 4 .9 (63 )c 3.13 ± 0.45(47)
Infants, 6 mo. 6.8 ± 1.1(44) 65.5 ± 3.7(44) 6.4 ± 1.1 (35) 64.5 . 1.7(35) 
Toddlers, 24 mo. 11.5± 1.6(31) 80.8 ± 3.6(30) 10.8± 1.1(32) 79.3.2.9(30)
Schoolers, 7yr. 23.7± 7 6(53) 120± 10(53) 21.9±3.1(49) 118±6(50) 
Lead Adultsd 69.8 : 11.6(187) 167± 12(124) 64.7± 11.7 (216) 155±6(182) 

KENYA
 
Birth 3.15 ± 0.47(60) 3 01 ± 0.46(56)

Infants, 6 mo. 7.1 :t0.9(60) 62.7 ± 2.7(60) 6.8 
. 1.1(50) 61.7 ± 2.7(50)
Toddlers, 24 me. 10.5 ± 1.2(53) 79.8 ± 3.6(53) 10.0 ± 0.9(54) 78.7± 2.8(54)
Schoolers, 7 yr 19.2 ± 2.7(93) 113 ± 6(91) 19.3 - 2.8(76) 112 ± 6(75) 
Lead Adults 56.1 ± 6.4(247) 166 ._6( 2 45) 51.7 ± 5.9(288) 155 ± 6(283) 

MEXICO 
Birth 3.15-± 0.37(39) 2.94 ._0.40(26)
Infants, 6 mo. 7.2 ±_.1 .1(54) 64.6...+ 2.7(54) 6.5 ± 0.9(42) 62.2 .2.2(41)
Toddlers, 24 mo. 10.6 ± 0.9(48) 80.1 .3. 7 (19) 10.7 ± 1.3(53) 80.3 ± 4.0(12)
Schoolers, 7 yr. 21.8 ± 3.0(93) 118 ± 6(89) 20.3 ± 3.0(89) 116 ± 6(82) 
Lead Adults 66.0 ± 9.8(211) 166 ± 5.8(211) 58.3 ± 9.2(268) 153 ± 5.4(208) 

a Cross-sectional; women grouped without regard to reproductive states.
 
bStature is recumbent length through age 30 mo, standing height thereafter.
 
cNumber in parentheses is number of subjects.

d Mean ages of male and female adults in years wre,, respectively: Egypt, 35.3, 29.0; Kenya, 33.8, 31.4;
 
and Mexico, 37.2, 31.6.
 

To examine the issue of body size more completely, weights and heights of all members of the
 
study households (targe t s and non-targets) were used. Figures 8 to 10 portray the weights,

heights and weights for heights expressed as Z scores. The children in all three populations

have, on average, birth weights which are only slightly lower than those of US children (Z scores
 
close to 0), but between about three to four months and one year of age, the average Z scores for

weight fall dramatically. They are surprisingly consistent thereafter, except in Egypt, where the Z
 
scores may continue to fall for a few months after the first year and then to rebound. (Such an
 
interpretation may b:-erroneous given the high variation in group mean Z scores across all
ages 
for that project.) 



Figure 8. Z Scores for Average Weight, by Age and Country 

OBSERVED GROWTH PATTERNS - COMBINED SEXES - AVERAGE WEIGHT Z SCORES 
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Figure 9. Z Scores for Average Height, by Age and Country 

OBSERVED GROWTH PATTERNS - COMBINED SEXES - AVERAGE HEIGHT Z SCORES
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Z Scores for Average Weight for Height, by Age and Country
 

OBSERVED GROWTH PATTERNS - COMBINED SEXES - AVERAGE WEIGHT FOR HEIGHT Z SCORES
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At eight years of age, boys in Egypt who started with relatively normal birth weights (Z score = -0.1)
show a deficit of about 2 kg in comparison to the reference population (Z score = -0.6). In Kenya,
the Z scores fell from -0.2 to -1.3 representing a "loss" of growth of about 3.5 kg. Mexico boys
moved from -0.4 to -1.2 standard deviationis representing about 2.5 kg of foregone growth. If all 
of the individual data for children from 12 months to 10 years are considered, the best-fit lines
describing the Z score in relation to age show changes of only 0.30 standard deviations across
nine years for Egypt, 0.35 for Kenya and 0.33 for Mexico. At 10 years of age, this would 
represent an average of about 1.5 kg of cumulative "catch-up" growth in weight. This may be 
contrasted with a fall of about one standard deviation during the first year of life in the Egypt
children and of about 1.5 starndard deviations in the Kenya and Mexico children. 

The picture for height is generally similar. By age 30 months, the lag in growth amounted to more
than one year in Kenya ( i.e., a 2.5-year-old was about the size of a 1.5-year-old American child),
almost one year in Mexico and more than six months in Egypt. By the age of eight years, the 
"loss" of height might represent about 5 cm in Egypt, and as much as 8 cm in Kenya and Mexico. 
Adult heights, expressed as standard deviations below the US norms for young adults, are 
generally similar to ihose seen in study children. (See Table 6.) 

TABLE 6 

Average Observed Z Scores for Weight and Height at Selected Ages 

Project Weight Height 

Om 6m 30m 8y Men Women Om 6m 30m 8y Men Women 

three projects have relatively normal weights for their reduced heights. 

Egypt 
Kenya 

-0.1 
-0.2 

-1.1 
-0.7 

-0.7 -0.6 
-1.4 -1.3 

-0.6 
-1.6 

0.0 
-0.8 

-
-

-0.9 
-1.8 

-1.8 
-1.7 

-1.0 
-1.6 

-1.4 
-1.5 

-0.7 
-1.4 

Mexico -0.4 -0.6 -1.3 -1.2 -0.9 -0.3 -0.3 -1.3 -1.9 -1.6 -1.5 -1.6 
~-

When weight and height are considered together, a different pattern emerges. Children in all 
This is seen in Figure 8 

wnere the Z scores scatter around 0. In the Egypt project children, the Z scores of weight for 
height tend to be higher than in the other projects and in particular, higher than in Kenya. In 
adults the deficit in weight is quite diffe-ent from that in height, particularly in women in Egypt and
Mexico. While adult height Z scores remain depressed, weight Z scores increased except in
Kenya men. On average, Egypt women weighed as much as US women but were shzritr. 

The variable weight and uniform height relationships among adults indicate that body fatness 
varied in the three countries. Figure 11 portrays the adult Body Mass Index [BMI=Weight
(kg)/Height(m) 2 ], a measure of fatness, compared with reference data for the United States. 1 In 
the reference population, BMI increases with age in both sexes indicating increasing fatness; the
rise is more steep in women than in men, and BMI levels off or decreases above age 55. BMI of 
men in Mexico and Egypt is below, but follows the same general trend as the reference through
the 54-year age period, after which the Egypt sample BMI shows further increase and the Mexico, 
a decline. BMI of Egypt women is higher than that of the Mexico sample, and both are higher than
reference through age 54; above age 55, BMI is about the same as the reference. The Kenya
sample is notable in being much thinner than the reference and failing to show an increase in 
fatness with time. 

1Calculated from weight and height data inAbraham, S., C.L. Johnson and M.F. Najjar. Weight and Height of
Adults 18-74 Years of Age, United States, 1971-1974. Vital -lealth Statistics Series 11, No. 211, U.S. 
Government Printing Office, Washington, D.C., 1979. 
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Figure 11. Median Body Mass Index for Adults. by Age, Sex and Country
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Figure 12. 	 Percent of Sample Above 50th Centile for Weight and Height, 

by Age and Country 
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The average vdlues for body size mask agreat deal of variability. Ineach project some 5 to 25% or
 
more of the population are above the average weight of the US reference population (Figure 12).

Fewer, but not inconsequential numbers are above the average reference height/length.

Subsequent ar,!yses can examine the characteristics of these "positive deviant" individuals and
 
their households to determire what sets them apart from the general patlern of stunting.
 

The picture of body fatness is consistent with a conceptualization of food energy intake as
 
meeting or s;ightly exceeding adult requirements in Egypt and Mexico and being constraining in
 
Kenya. Whatever factors govern adult height must be sought in events earlier in life a topic to be
 
addressed later inthis report.
 

ILLNESS AND HEALTH 

The examination of relationships between intake and health requires an assessment of the 
environmental conditions, the health background, within which the current illnesses occur. For
infectious diseases, the major cause of morbidity, no matter what the individual's susceptibility,
experience of the disease depends on exposure to it. Factors that affect exposure include the 
number and mobility of persons inthe housuhold, the presence of vectors (flies, mosquitos, rats),
the presence and characteristics of the latrine, access to safe drinking water, and hygienic
practices (frequency and timing of hand-washing, etc.). To practice good hygiene requires
knowledge of what isgood practice and enough soap, clean water and utensils. 

Sanitation and hygiene. 

Projects atlempted to capture information most relevant to the local sanitary conditions by means 
of direct questioning and observation. Some of what the projects report can be understood 
intuitively from experience elsewhere -- that children are more often dirty when there are many
children iii a family (Mexico), that the reception area of a house iskept cleaner than the area where 
toddlers play (Egypt), that families that are better off economically score higher on many markers 
of sanitation (Kenya). Of particular interest are the indications that personal perc,-eptions or 
priorities, a reflection of education and modernity, seem to be the limitation, rather than cash or 
access. InEgypt, for example, in60% of the households, water isheated for bathing, but only 1% 
boil water for drinking; two-thirds of the households have television sets, but only 10% have the 
refrigerators which would reduce the opportunity for food spoilage. 

Each project has constructed a scoring method for its own situation. It isdifficult to know if "clean" 
means the same thing in the three places and, thus, difficult to compare the scores across 
projects. Several scoring variables exist incommon that, in future analyses, may allow more firm 
conclusions to be reached. The general sense obtained from reviewing the projects one-by-one
is that, unlike the situatinn with respect to food, Kalama iscertainly no more sanitary than are Embu 
and Solis, and that because of the proximity of houses and the presence of the canal, Kalama may
provide greater opportunity for the spread of disease. 

One indicator of the general health conditions is the chronic parasite burden. These agents
contribute to some acute illness episodes as well. Major infectious agents were known to differ 
among locations; schistosomiasis was prevalent in Egypt, malaria in Kenya and amebiasis in 
Mexico. 
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The Egypt project examined fecal and urine specimens of persons over three years of age.Schistosomes were found in 12% of the population. Some 85% of households had one or moreindividual infected with parasites and 60% of individuals were infected with various organisms(amoeba, giardia, round worms, etc.). Parasitic infection was greater during the winter than the summer, which was attributed to closer living conditions in the cold season. 
Malaria prevalence was seasonal in Kenya, reaching a level of 8% in the rainy season If washigher in schoolers and adults than in toddlers and infants. Hookworm wa- very prevalent in a firstsurvey, found in all a,.- groups except infants: toddlers, 6%; schoolers, 36%; male adults, 48%;and female adults, 55c, In a second survey, after treatment was offered, percentage of fecalspecimens positive for hookworm was much lower but still 20% in adults. About 2 to 3%of fecalspecimens revealed round worm infection, except in schoolers where it was 6% and in infants
who were not infected. 

The Mexico project reported heavy infection with ameba, giardia and various worms. Amonginfants, 20% had ameba cysts, but none had giardia; 18% of toddlers had ameba and giardia, and6% had round worm. The percentage of infestation with ameba increased to 40% by schoolerage arid was stable at that level in the adult popL.;ation, along with giardia, roundworm, etc. 

Mortiditv: rethodoogic variables, 

Some very important issues exist with reference to interproject comparisons of morbidity. The firstis a basic difference in the field procedures, and hence the nature of data collected, betweenMexico and the other two projects. The Mexico procedure of recording only illnesses observedon the day of interview resulted in underestimation of incidence and prevalence of short termillness. As duration of illnesses increased, the proportional under-reporting decreased. Directcomparisons of the two methods have been offered by the Mexico project for the period whenboth were in place. A crude adjustment of data has been underlaken for purposes of improvingcross-project comparability in this report. 

The second difficulty is a potential or real difference in the judgments about the presence orabsence of symptoms, and as to what constituted a symptom. Such differences could result fromthe background training of the interviewers, from community perceptions of illness and hencesubject responses to the interviewers, or from the operational criteria developed andstandardized within an individual project. The prior training of the interviewer can affect the datarecorded, and a physician examining a patient may render a differ"nt judgment than if he/shewere examining only recorded symptoms. Regardless of who actually conducts the fieldinterview, the recording of an "illness" is contextuel. That is, "ill health" may be marked as adeparture from "normal health" (the background picture of the community) rather than from "goodhealth" (conceptually a diagnosed situation based on objective criteria). This distinction is implicitin the approach taken in the interviewing. The spontaneous answers to the questions, "Hasanyone been ill?" or, "is anyone ill today?" will be influenced by perceptions of illness in thecommunity. These perceptions, and the degree of inteiviewer probing of a negative answer, willinfluence repoled morbidity. The Mexico project notes that women are more likely than men toreport symptoms and to seek medical advice. There are suggestions that these factors operatedacross projects to give differences in the meanings of the morbidity variables, particularly betweenEgypt and Mexico, on the one hand, and Kenya on the othar. It has not been possible to developobjective procedures by which "reporting bias" can be as. essed across projects. 

A third concern is variation in illness intervention. The procedure to be followed uponidentification of an illness or injury always presents a problem in field research. It is unethical towithhold treatment that it is within a field team's resources to provide, but intervention, particularlywith therapies that would ordinarily not be available to the community, may distort the phenomenaunder study. Projects took decisions based on their separate circumstances, which may haveaffected detection, duration, and severity of illness. Generally, professional staff gave first aid,started treatment, or referred the patient to a hospital. In Kenya, suspected malaria was treatedwith chloroquine after taking a blood smear. All projects agreed that subjects having blood 
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hemoglobin values below 9 g/dl were to be treated with iron. Minor ailments were treated 
symptomatically with aspirin, decongestants and antacids. There is evidence in the Kenya data 
from "secono round" screenings that treatment of anemia and iNtestinal parasites was moderately
effeciive. 

Mor'ti..incidn draion and. severity hildren 

Direct comparisons of morbidity across projects are tenuous for all the reasons cited. 
Nevertheless, crude comparisons of the incidence of selected diseases, common in children, are 
revealing (Table 7). The incidence of all three illnesses -- diarrhea, upper and lower respiratory
infection -- decreased wiih age in all three -ountries. Among infants, boys were reported to 
experience more illness than girls. Diarrheal clisease incidence was two- to three-times higher in 
Egypt than elsewhere and was eiigher in Mexico than in Kenya. 

The positions are reversed for upper respiratory infection, with Kenya highest and Egypt lowest. 
Incidence of lower respiratory infection was strikingly high in Egypt infants; for other age groups,
Egypt and Mexico show the same nci-dence and .'enya less. Of these three diseases, diarrhea 
and lower respiratory intection are thojght to have the more profound effects on child growth and 
development Thus, children, particulariy infants, would appear to be most at risk in Egypt and 
least in Kenya. 

The judgment as to impact of the diseases must consider also the duration and severity of the 
episodes of illness. With but one exception, duration of illness episodes is longer in Kenya than 
elsewhere (Table 8). The difference between projects is most notable in diseases of the 
respiratory tract. The incidence of lower respiratory illness is eight times as high in Egypt infants as 
in Kenya, but an episode lasts 2.5 times as long in Kenya. For upper respiratory illness, where 
both incidence and duration are high in Kenya, and almost all children are affected, the 
prevalence is very high, on any given day, 18% of all toddlers would be found to have an upper
respiratory complaint. In Egypt or Mexico, only about 2% would be reported to have such an 
illness. The surprisingly low prevalence of upper respiratory illness in Egypt and Mexico suggests
that a substantial proportion of minor complaints -- "runny" nose and the common cold -- may have 
gone unremarked. 

Severity of disease experience is recognized to be an important variable, and one that is difficult 
to quantify. Illnesses were intended lo be classified by diagnosis as "mild" or "severe" (e.g. 
common cold is "mild", pneumonia is "severe"), taking into account such factors as age, degree of 
febrile response, presence of complications and duration in relation to the disease condition (e.g. 
some skin diseases have long duration but little metabolic impact). The degree of incapacity is a
significant criterion, and a qualitative assessment was made of this. Change in food intake was 
accepted tu be an important criterion but could not be included as a component of a severity 
classification when testing hypotheses involving food intake. 

The data presented in Table 9 are the severity classifications as reported by the projects, i.e. 
classification is based on their different judgmental factors. Kenya and Mexico reported a much 
smaller proportion of illnesses classified as severe than did Egypt. The Egypt data base codes 
about half of all illness in target individuals as severe, except infants, where 71% are severe. The 
implication is that children in Egypt (or adults, for that matter) are not regarded as ill unless the 
illness is severe. Considering the high incidence of diarrhea and respiratory illness in Egypt
infants and the estimate of disease severity, these children appear to be an especially high risk 
group; Egypt toddlers are at somewhat lower, but still high, risk. On the other hand, whatever 
problems attach to chronic low-grade illness should be most readily detected in Kenya. 
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TABLE 7
 

Average Incidence of Specified Disease Categories Among Longitudinal
 
Infants arid Children in Egypt, Kenya and Mexico
 

(Episodes per 1000 person days)
 

EGYPT PROJECT KENYA PROJECT MEXICO PROJECT 
Target 
Type Sex N 

Average 
Incidence N 

Average 
Incidence N 

Average 
Incidence Adjusteda 

A. Diarrhea 

Infants M 30 9.9 50 2.6 34 3.6 4.5 
F 24 7.4 43 1.5 35 4.0 5.1 

Toddlers 
M 
F 

41 
42 

9.4 
8.1 

42 
49 

2.9 
4.4 

29 
26 

1.8 
3.0 

2.9 
4.9 

School. 
M 
F 

22 
19 

0.68 
0.99 

72 
57 

0.27 
0.14 

55 
54 

0.11 
0.19 

0.15 
0.27 

B. Upper Respiratory Tract Illness 

Infants M 
F 

30 
24 

5.7 
4.6 

50 
43 

15.4 
16.9 

34 
35 

6.0 
4.8 

8.1 
6.5 

Toddlers 
M 41 3.8 42 16.1 29 4.3 6.0 
F 42 3.8 49 16.7 26 3.7 5.2 

School. 
M 22 2.2 72 6.6 55 1.1 1.9 
F 19 0.71 57 4.6 54 1.6 2.6 

C. Lower Respiratory Tract Illness 

Infants M 30 8.8 50 1.0 34 4.0 4.5 
F 24 8.3 43 0.49 35 2.7 3.0 

Toddlers 
M 
F 

41 
42 

3.4 
3.8 

42 
49 

0.58 
1.1 

29 
26 

3.1 
2.4 

3.6 
2.7 

School. 
M 
F 

22 
19 

0.96 
0.16 

72 
57 

0.61 
0.43 

55 
54 

0.47 
0.93 

0.60 
1.2 

aAdjusted to take into consideration the underreporting of short term illnesses in Mexico; see text. 
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TABLE 8 

Mean Duration Of Illness Episodes, days 

Egypt Kenya MexicoAa MexicoBa 

Diarrhea 
Infants 5.5 7.0 6.4 5.6 
Toddlers 4.4 6.1 5.4 4.1 
Schoolers 7.0 4.8 6.6 4.0 

Upper Respiratory
Infants 5.2 18.9 4.9 5.1 
Toddlers 5.9 16.1 6.2 4.0 
Schoolers .4 14.2 5.4 4.0 

Lower Respiratory 
Infants 6.2 15.2 6.5 6.3 
Toddlers 6.4 11.2 6.2 6.1 
Schoolers 5.7 7.1 5.9 5.2 

a Mexico A = project methodology; Mexico B - CRSP methodology. 

TABLE 9
 

Comparison of Frequencies of Application of Severity Codes
 
by Target Type


(% of reported morbidity episodes)
 

EGYPT KENYA MEXICO 

Target Type mild severe mild severe mild severe 

Lead Males 46 54 94 6 96 4 
Lead Females 52 48 96 4 95 5 
Schoolers 54 46 95 5 91 9 
Toddlers 42 58 94 6 C 
Infants 29 71 96 4 IGO 

Morbidity in adults. 

Illness of adults is of a different character and, within a project setling, incidence is lower in adults 
than children. At least in Mexico, however, illnesses of mothers and infants are closely -elated. In 
Egypt, upper respiratory and gastrointestinal disease categories account for over half of adult 
illness; genitourinary tract problems are identified as a significant problem in women. The Mexico 
project reports the presence of bacteria in the urine of about 25% of pregnant and lactating 
women, a problem that contributes to the genitourinary illness episodes which are related to 
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reproductive status. In Kenya, upper respiratory diseases account for about 20% of adult illness,
but there is little diarrhea: 10-15% of adult disease episodes are due to malaria. Nonspecific chestand back pain and headache make up 5 to 9% of Kenya adult illnes-ses, musculoskeletal
complaints may be work-related, and women especially complained of backache during 
pregnancy. 

Personal habits contribute to variability in adult disease experience. Abuse of alcohol is a likely
contributor to the 46% incidence of trauma -- accidents and injuries -- and 5% incidence ofpsychiatric disorders reported in the medical history of Mexico men, as well as the red blood cellabnormality (macrocytosis) commented on above. In contrast, use of alcohol is believed to be 
extremely rare in Kaiama. 

Motivated by reflection cn the drought experience and hard conditions of life in general, the
Kenya proc Inlook,ed into the prevalence of anxiety and depression in adults. Responsesindicating some distress were twice as frequent in women as in men and approached clinical
significance in 130/%. of women and 4% of men. For men, use of alcohol may be an escape, one 
which creates its own pathology. 

It has not been possibie to the time of this writing to examine statistical relationships between foodintake and morbidity across projects. This task requires extensive reorganization of the archived
data andin some cases, reference to field forms. The projects themselves have only briefly
explored this hypothesis and only for toddlers in any depth. 

What is now clear is that the general background of disease is high in Egypt, reilected in the high
burden of parasitism and the incidence coupled with severity of disease in infants and toddlers.Food energy intake appears to be adequate, and average consumption of animal products isample (if not generous in comparison with fully developed countries). Under these conditions, it 
seems unlikely that an effect of food intake on morbidity could be identified within the project, and none was found. The project did find, however, that childreii in whom episodes of diarrheaprogressed in severity were lighter in weight and shorter before-the onset of the illness than
those in whom there was uncomplicated recovery. The factors responsible for this relationship
have not yet been identified and the relationship did not hold for lower respiratory illness. 

Kenya presents a different situation. The population seems beset by chronic low-grade illness
but has little severe illness. Food energy, tat and animal protein intakes are low. A most dramatic
effect ascribed by the project to food intake was seen in the period of drought-induced food
scarcity. There were 1.7 times as many morbidity episodes in the months July-December, 1984,as in the same months oi 1985, and the prevalence of clinically severe protein-energy malnutrition 
among children rose from 2% to 6%. Looking across the two years as a whole, the project found
weak positive correlations between morbidity and all food intake variables at some periods in
toddlers; the project suggests that better fed children were more active and mingled more
other children, increasing their exposure to infection. Food would be more likely to be a factor 

with
inserious illnesses that have associated metabolic costs but no consistent correlations were

detected. The statistical problem with this data set is formidable given the low frequency of 
serious illness and the high variance in intake factors. 

In Mexico, infant morbidity in the first three months of life was negatively related to maternal 
energy and protein intake during pregnancy and, at three to six months of age i'was posftivelyrelated to maternal intake during lactation. The project report attributes the latter, anomalous
finding -- that infants were more often ill where maternal oiet was better in the 3 to 6-month period -
- to the mother's attentiveness iothe condition of her baby being better in better-fed mothers.The Mexico project has reported that toddlers with more episodes of diarrhea had lower
consumption of animal foods than those without diarrhea. 
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All projects have looked at morbidity as a factor confounding growth. Such an effect might well be 
expected by reason of depressed food intake, if no other. Only diarrhea; disease was shown to 
affect growth negatively (in infants in Egypt and toddlers in Mexicu). The effect was on weight but 
not on height of toddlers. Maternal illness during pregnancy was shown to depress maternal 
weight gain in Kenya and Mexico and infant birth weight in Kenya. 

Mortality, 

The first year of life was hazardous. In Egypt, ten deaths occurred among target infants; five 
additional deaths occurred in the second six months, bringing the death rate to about 140/1000 
live births. This number is large enough to warrant an exploration of associated characteristics. 
Infant mortality also was high in households studied in Mexico, but none of the infants studied was 
in the longitudinal infant sample, so there is little information about them apart from househcld 
characteristics. Three Derinata deaths were due to prematurity, two infants died of pneumonia 
and five others from various causes. In Kenya, there were two stillbirths and three perinatal 
deaths; there were no other deaths among target infants. 

Deaths of three toddlers in the Mexico project were due to infectious diseases. One schooler 
drowned and two teenagers died of trauma. There was no consistent pattern of disease among 
the eight male adults who died. Two of the three male adults and the one schooler who died in 
Kenya had iver problems (hepaloma, hepatitis). The other adult death was due to laryngeal 
cancer. Exposure to an environmental agent (aflatoxin contamination in food and/or other) is 
reported to be likely. 

Conclusions 

The diseases of early childhood were frequent and severe in Egypt and many infants died. 
Mexico ranked second and Kenya a distant third in this regard. Frequent chronic low-grade illness 
was characteristic only of Kenya. Since food availability was not likely to be limiting in Egypt or 
Mexico and it was in Kenya, an explanation for the morbidity difference must be sought in parental 
behavior, environmental sanitation and/or the health care system. 

Although the effect is less !han was expected from other reports, diarrheal disease did affect 
toddler growth adversely. This effect is due, in part, to its effect on food intake. 

Heavy consumption of alcoholic beverages is a contributor to health problems of men in Mexico 
and perhaps in Kenya. It may a!so affect family well-being in ways yet to be examined. 

COGNITION AND BEHAVIOR 

Projects measured several components of psychological function. The battery of tests included 
measures oi intelligence that have been widely used and standardized. Structured observation 
of mother-infant and mother-toddler interactions and of schoolers in the playground and 
classroom were intended to capture elements of behavior. (The mother-child observations 
served multiple purposes in indicating maternal care-giving skills.) 
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Projects fully recognized that there were cultural differences associated with the impiementation
and application of even tests as widely used as those selected for the CRSP. Projects made
culture-specific modifications of the instruments and of the components of the tests
administered, and adopted different approaches to scoring the results; none standardized the
results against North American norms. Only the tcddler data have been examined in any depth by
all projects and much remains to be done with that data set. Cross-project evaluation has, of
necessity, focused on the few discrete measures that exist in common between projects and has 
utilized scores as reported by the projects. 1 Examination of the results of less common tests orindividual items of the well-known ones, and of the behavioral observatioins awaits further
interpretation to assure that the same components of behavior/cognition have been measured 
across projects. 

The most striking finding, across projects and age groups, is an association between mental test 
scores and body size. As expected, children who are heavier and/or taller generally show better
tesi performance than smaller children. This implies that whatever factors affect childhood growth
also affect mental function. 

Infants 

The Brazeuton Neonatal Assessment Scale (BNAS) was administered to infants within 7 days of
birth as a measure of interactive behavior. It should be less affected by cultural differences 
(except as these affect the test-givers' perception) than tests given to older children or adults. 
all projects, one or another component of the BNAS correlated with birthweight or birthlength but 

In 

the specific components varied. In Egypt, the association was with the orientation component; ;n
Ken,,, the reflex, motor and habituation components correlated significantly with weight; and in
Mexico, autonomic stability was relal,d to both length and weight. (The reflex component was
weakly correlated with birthweigl.t in Egypt and the motor component with birthweight in Mexico,
but the number of infants was too small for correlations to reach statistical significance.) In Mexico 
the relationship with length was stronger than that with weight. (Associations with birthlength
were not tested in Egypt or Kenya because of missing data.) Thus, infants appear to be
differently endowed at birth, with size being a marker of nervous system function. 

Tests of both motor and behavior functions were administered when infants were six months old
but the data have not yet been analyzed. Future analysis should determine whether or not the
BNAS predicts later development, independent of other factors likely to affect development in 
early life. Factors of record bui yet to be explored include maternal diet and behavior, infant 
feeding, and mortbdity. 

Toddlers 

The Bayley Mental Scale presents a series of items of increasing diflicuty developed according to 
U.S. norms. Typical items include measures such as the ability to build with blocks or to name 
objects. The usual method of testing is to continue with a designated series of items (which differ 
depending on the age of the child) until the child first fails an item. The Egypt project gave the test 
in the usual manner, while the Mexico project deviated from the standard procedure by continuing
testing even after an item was failed. The highest item passed is the score. The range of scores
is, thus, higher and much narrower in Mexico data as archived than in Egypt. The coefficient ofvariation in the Mexico 30-month Bayley Mental Test data is only 11%; it is 6% in the Egypt data. 
The Kenya project reported its findings as the total number of iferno passed fron a selected series 
administered; the coefficient of variation in the Kenya summaAd scores is 18%. Although in
principle the larger range of scores in Kenya should allow easier identificaiion of factors associated
with test scores, the high variance ratios in nutrient intakes may tend to obscure these 
relationships. 

1Projects have not uniformly reported on such data quality issues as interviewer bias, within-subject
consistency across ages (18, 24 and 30 months in toddlers), etc. 
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In cross-project analyses, no significant associations were found between the reported 30-month 
Bayley Mental Test scores and dietary intakes averaged over the 18-30 month age period. 
Mexico, however, reported a significant effect of animal protein intake during the 3 months 
preceding the test. 1 

The Bayley Mental scores were positively correlated with body weight in all three projects and with 
length in Mexico and Egypt. The larger children had the better test pedormance. 

There is published evidence lhat indicates iron deficiency and anemia to be detrimental to 
psychological functioning. The 30-month Bayley Mental test scores were examined with blood 
hemoglobin values above and below the international standard used as a dichotomous variable 
(Kenya and Mexico, 11.5 g per dl, Egypt 11 .0 g per d!). No difference was found. The procedure 
was repeated with the standard lowered by 1.0 g per dl. Bayley scores were insignificantly higher 
if hemoglobin was above 10.5 g'dl in Kenya (p=.12) and 10.0 g/dl in Egypt (p=.06). In the Egypt 
sample, toddlers with higher hemoglobin were significantly taller and, using the 11.0 g/dl 
standard, heavier. 

The projects' repdorl note a number of non-dietary factors relevant to Bayley Mental test 
performance. Both serious and low-grade illness during the 13-24 month period were negatively 
related to the 30-month Bayley score in Kenya arid morbidity adversely affected the scores at the 
24-month age in Egypt. Morbidity was not related to tes! scores in Mexico. Toddler test scores 
were not related to maternal literacy in Mexico or Kenya (this iactor was not tested in Egypt) but 
father's literacy was related to toddler test scores in Kenya. Interesting;y, Kenya father's 
intelligence test scores were not correlated with toddler scores but the mother's were. 
Household socioeconomic status (SES) was a significant factor in test results at 24 but not at 30 
months in Kenya and SES was correlated with paternal literacy. In Mexico, child appearance (a 
hygiene measure) was an important predictor of 30-month scores, tending to displace dietary 
factors in multivariate analyses. The appearance measure also correlated with SES. 

Certain of the behavioal observations of both the child and the family provide clues to the facto,'s 
that affect psychological function in toddlers. The Egypt project remarks that a child's 
characteristics affect how others respond to her or him.2 In Egypt, the amount of child 
vocalization (interactive or attention-getting) was correlated with the toddler's energy intake 
(kcal/kg). Lower levels of food consumption were associated with more frequent caregiving by 
Egypt siblings (in contrast to mothers and other adults) and more active children were given less 
food. In Mexico, both intakes of animal calories and protein were associated with more verbal 
interaction with the caregiver and with less time inactive and more time involved in recreation and 
in being cleaned. In Kenya, the multiple factors most strongly associated with the Bayley scores 
included the child's social interaction and caregiver's response to child vocalization. The amount 
of time the child was held was a negative factor in Kenya, which the project suggests may be 
because children who are held are ill or simply less accomplished.3 

The Bayley Motor Scores reflect the child's physical performance, coordination and balance. Only 
Mexico and Kenya projects aoministered this test a! 30 months, and Mexico project has not 
commented on the outcome. In Kenya, the Motor Score was correlated rositively with both body 
weight and length. It was associated negatively with illness during the period 18-24 months of 
age, but not 24-30 months. The Mexico children scored better than Kenya toddlers on the motor 
tests except for distance jumping. This suggests that the Mexico toddlers were more advanced in 
development which could reflect their somewhat better diets. 

1 See Mexico Final Report and Peho, G.H. et al. FASEB J 2:A1 204, 1988. 
2See Egypt Final Repori and Wachs, T.D. et al. Presentation, 6th International Conference on Infant 
Studies, Washington, D.C., 1988. 
3 See Kenya Final Report and Sigman, M. and C. Neumann. Presentation, 6th International Conference cn 
Infant Studies, Washington, D.C., 1988. 



Two components of the Wechsler Intelligence Scale for Children (Digit Span and Block Design)
plus the Raven's Progressive Matrices were administered to schoolers by all projects (Table 10).
Cross-pioject analyses were carried out on the longitudinal sample of subjects for whom dietary,anthropometric and cognitive data avaailable. Inwere Kenya, pe formance on the tests wasstrongly related to body weight and only slightly less so to height and body mass index. In
addition, performance on the Block Design and Raven's Matrices tests was related to animalprotein intake per kilogram of body weight and the Raven's to fat intake per kilogram. In Mexico,
weight, height and body mass index were significant factors in relation to the Block Design test;
both animal protein and fat intakes per kilogram were correlated with Digit Span performance. inEgypt, results on the three tests were slightly less consistent and performance was unrelated toanthropometric or to dietary factors in the small group of subjecis with complete data (n=24). 

TABLE 10 

Cognitive Scores for Adults and Schoolchildren 
(CRSP Cross-Sectional Samples, Mean and Range) 

Digit Span Block Raven's 
N Forward Backward Design Matrices 

Adult Males 
Egypt 81-82 4.6(0-7) 2.8(0-5) 4.3(0-11) 18.1(7-33)
Kenya 245-304 4.0(0-10) 3.6(0-8) 6.8(0-32) 22.3(8-55)
Mexico 199-200 4.0(0-10) 3.5(0-9) 13.0(0-46) 16.7(7-33) 

Adult 	Females 
Egypt 140-143 4.0(0-6) 1.8(0-3) 2.9(1-10) 15.1(5-35)
Kenya 201-309 3.7(1-9) -..9(0-9) 5.9(0-25) 18.9(6-50)Mexico 244 3.4(0-8) 2.7(0-6) 10.0(0-36) 14.4(2-29) 

Male Schooler 
Egypt 99j56) 4.2(0-7) 2.4(0-6) 6.2(1-11) 14.8(9-25)
Kenya 24(79 2.8(0-8) 1.7(0-5) 5.1(0-31) 12.5(0-32)
Mexico 146(90) 2.3(0-8) 2.2(0-6) 6.9(0-27) 13.0(6-24) 

Female Schoolers
 
Egypt 103[641 
 3.9(0-8) 1.5(0-6) 5.2(1-11) 13.1(7-23)
Kenya 201[65] 2.8(0-8) 1.3(0-6) 5.0(0-19) 13.0(6-30)
Mexico 139[84] 3.4(0-8) 2.0(0-5) 6.6(0-38) 127(4-22) 

N-number of observations. Adults were tested once. There were repeated tests of children; number in
brackets is number of subjects. 

Boys 	scored better than girls in Egypt, but this was not so in Kenya and Mexico. The Mexicoproject reported that test scores varied with the grade in school (children of this target group had
0-3 years of schooling). The sex difference in Egypt may already reflect the restricted educational 
opportunities for females noted previously. 
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Adults 

Components of the Wechsler Adult Intelligence Scale were administered to adults by all projects.
Scores on the two components that are similar to those administered to schoolers, plus the 
Raven's Matrices scores, are shown in Table 10. By adulthood, the sex differevIe in test 
performance was evident in all three locations. The difference in schooling is doubtless a factor in 
the test-taking skills and years of school attendance was shown to be a significant variable in 
Mexico adult scores. Egypt adult scores were somewhat better than schoolers of the same sex, 
except for the Block Design. In Kenya and Mexico, adults scored consistently better than 
schoolers on all measures. Factors that relate to adult intelligence scores remain to be examined. 

Size is a consistent indicator of psychological functioning in the newly born and toddlers. Size is 
still a marker in schoolers in Kenya and Mexico and the quality of the schooler diet (amount of 
animal protein and fat) is associated with test performance. Many factors in the household 
environment are related to psychological function in toddlers. Since these factors are often 
related to one another, further analyses are required to pinpoint meaningful predictors. 

To the extent that food intake affects growth it will affect mental function. It remains to be 
determined if nutrient intakes consistently affect performance beyond any effect on growth: the 
evidence suggests that any such effects will be very difficult to unravel statistically. 

DETERMINANTS OF GROWTH AND ATTAINED SIZE 

Anthropometric data reviewed above suggest that growth failure occurs within the first year in all 
projects though not necessarily for the same reasons. The data suggest also that there is minimal 
catch up after that time. When one speaks of "growth failures", "losses" and "foregone growth",
there is an implicit assumption that if there were no environmental constraints, on average these 
c.rildren would have exhibited weights that distributed around the US mean. Although that 
assumption is undocumented for the specific cases of these countries and village populations, it 
is reasonable as a working assumption. The CRSP offers data that can contribute to an 
understanding of why the genetic potential for size is not expressed in the three, very different, 
settings. 

A logical starting place is to look for effects of food intake in toddlers, the data set most completely
described by the projects thus far and an age group frequently targetted for intervention 
programs. Also, growth late normally is sufficient in this age group to examine growth, as different 
from attained size. 

Toddlefr intake and growth. 

The relationship between a toddler's intake and his or her achieved height and weight and the 
slope of change (rate of gain) in height and weight between 18 and 30 months of age was 
examined. Several small but significant associations between average yearly nutrient intake and 
achieved size were found. 

Dietary variables were not significantly assccialed with weight or weight gain in either Egypt or 
Kenya. In Mexico, 30 month weight was prejicted by protein calories as a percent of total caloies 
(r=.47), animal protein (r=.43), and fat calories as a percent of total calories (r=.37). With three diet 
variables (animal percent protein, total protein and animal protein) in a regression model, 39 
percent of the variance in 30 month weight could be predicted. Animal protein and animal protein 
as percent of calories also predicted the rate of weight gain in Mexico teddlers. However, two 



female toddlers in Mexico had large intakes of animal protein (but not of energy) and were alsotaller and heavier than average. Intakes by other members of these toddlers' households also
showed high animal protein values, so it is likely these toddler values are correct. Nonetheless, itthese two children were omitted from analyses, the significance of animal protein in predictingbody size is either greatly reduced or disappears entirely. The two individuals exerted undueinfluence and hence the interpretation or these, and some othe, analyses from the Mexico 
project's data set, is very diricult. 

For the Kenya toddiers 26 percent of the variance in height at 30 months could be predicted by
animal protein as a percent cf tota; protein, total calories and protein as a percent of calories.Thirty-four percent of the variance in Mexico :oddler heights was predicted by animal protein
calories as a percent of total calories, average protein and average fat intakes. Animal protein
intakes were also predictors of the rate of gain in height for Mexico and Kenya toddlers. Average
fat intake was the only dietary variable assoctated v,ith height slope for Egypt toddlers, but a
regression model with eight dietary variables did not significantly predict height slope. 

An indication of the general magnitude of the effect of small but biologically reaiistic differences in
food intake may be portrayed by calculations based on one of the regression models. In thismodel, energy intake, total protein intake, animal protein- intake, fat intake, carbohydrate intake,
sex of the child and a variable representing proportion ot months during which the child was stillbeing offered breast milk were used to predict weight o( height at 30 months, or the slope ofchange from 18 to 30 months. This model can be used to provide a crude estimale of the effect
of a 100 kcal per day change in intake. The results are shown in Table 11 for a simulation in whichthe additional energy was supplied by foods with the same type of composition as the existing
diet. The model predicts that a 100 kcal per oay change in energy intake would significantly affect
alained weight and lenoth of Kenya toddlers, but not the Egypt or Mexico children. ThesesimUlations were run also with hypothetical additions of 100 kcal as milk or as rice to test the
effects of adding fat and animal protein (milk) or a very low fat, relatively low protein source ofcarbohydrate (rico). As expected, the effect on length at 30 months increased with milk and waslower with rice than with the usual diet. However, The variance of the estimates increased so
sharply that only in Mexico could changes be said to differ from zero. When the two unusual 
Mexico toddlers were removed, the effect disappeared. 

TABLE 11 

Predicted Change in Size Parameters per 100 KcalPDay of Usual Diet 
Mean (SE) 

Outcome Measure Egypt Kenya Mexico 

Weight at 30 m, kg 
Length at 30 m, cm 
Slope of Change: 

Weight kg/y 
Length cnVy 

0.04 (0.09) 
0.32 (0.24) 

-0.0G (0.07) 
0.15 (0.16) 

0.23' (0.08) 
0.56- (0.19) 

0.07 (0.04) 
0.19 (0.12) 

0.00 (0.08) 
0.24 (0.23) 

0.05 (0.05) 
-0.06 (0.12) 

'Significantly different from zero, p < 0.01. 

Pesults such as these must be interpreted with great care. Itisnot safe to assume that in a real
intervention the effect would be as portrayed above. However, the predicted magnitude of effect 
seen in Kenya is consistent with the low level of an.hropometric response seen in operationalpreschool food distribution programs wherein subjects have not been selected as having
particularly low weight. 

The results of the simulation are also consistent with the impression gained by comparing
measures across projects. Reported 'ood intakes are :ower in Kenya than in either of the other
projects. The body sizes are more depressed in Kenya than in the other projects. The adults in 
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Kenya do not show indication of progressive fat deposition as they do in the other projects. It is
 
consistent to suggest that in Kenyan children, current food intake is a factor that is limiting physical

growth.
 

Parental size. maternal diet and growth of children 

It would be useful to be able to describe, in potentially operational terms, the situations in which 
children are found to be at risk of growth failure, that is, to predict the households or families at 
risk. To this end, a series of analyses was undertaken to see if parental body size or nutrient 
intake might associate with child size (height or weight Z scores at given ages) or with growth rates 
(measured as the slope of change in Z scores in individual toddlers and schoolers in the 
longitudinal samples.)1 Achieved sizes were strongly predicted by the height and weight of the 
mother and father. The most consistent relationships were with the mother's size. These 
relationships can be described by the proportion of the variation in child size that can be explained
by the cmbination of maternal and paternal sizes (Table 12). The effects were in the same 
direction in all analyses: bigger parents beget bigger children. When data were combined across 
projects in a single multivariate model including country as a classification variable, it was 
denx'nstrated first that there were significant differences in the achieved sizes of toddlers across 
countries (country was a significant variable). However, when parental sizes were included in the
models the country effect disappeared. Much, or most, of the differences in sizes of toddlers 
between projects, as well as within projects, could be explained by parental characteristics. 

TABLE 12 

Proportion of Size Variance of Children Explained by Maternal and Paternal Height and Weight
 
(Longitudinal CRSP Sample)
 

Age of Child iht Z scorea Height Z score a 

E • .. nya Mexico Egypt Kenya Mexico 

Birth 12% 11%* 7% - - 16% 
6m 6% 14%** 29%** 66% 17%* 28%** 
30m 19% 20%** 21%** 18% 20%** 51%** 
By 37%* 26%** 19%** 33%* 21%** 17%** 

Estimaled 24mb 26%** 15%0" 15%** 40%** 16%** 14%* 
Estimated 8yb 41% 31%** 19%** 21% 24%" * 17%*" 

a High, but non significant, values must be interpreted with care since they are usually based on very small
 
numbers of individuals. One or two very different persons can cause the high values. Statistically

significant values are indicated by asterisks (' p<.05; *°p<.01).

b Values estimated from regressions of weight or height on age for eacl- individual. These can be seen as
 
age-adjusted values for each individual.
 

Inclusion of sex of the child in the regression studies explained litile additional variance. Girls did
 
as well, or as poody, as did boys. It appears that, in these populations, gender bias in child care or
 
feeding was not a factor that exerled major effect on growth and development. (Boys, of course,
 
were bigger than girls but when this expected difference in size was controlled by use of Z scores,

they were quite similar in their growth patterns).
 

1Details of these analyses are presented in Appendix D.
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In a search for measures of the environment that might influence growth, "diet quality" variables were chosen to serve as markers of the family diet and as probable indicators of the householdenvironment more generally. Two such markers were chosen, the percent of energy coming fromfat and the percent of energy coming from animal source pFoteins in the maternal diet. The ratioswere calculated from all dietary data collected for each mother during the whole of the study
both before and after the time period in which child growth was being measured. For the Mexicoproject, only dietary data collected with the methodology in use after January 1, 1985 wasexamined; however, this measure was used in relation to growth measures collected in the same 
household before, as well as during, 1985. 

The dietary variables were included in regression models instead of, and in addition to, the measures of adult size described qbove as predictors of child size at different ages. In Egypt, thehousehold dietary variables had ..o appreciable effect in explaining variance in child size.Kenya, they had small, but relatively consistent, effects on achieved height and, to 
In 

a lesser
degree, weight. In Mexico, the household dietary quality variables had quite consistent andsubstantial effects, explaining as much as 10-20% of the variance in achieved heights andweights in toddlers and schoolers. However, this was not completely independent of the varianceexplained by parental size To some degree, both diet and parental size were representing the 
same things. 

The scatter diagrams presented previously (Figures 8-10) imply that most, if not all, of the growth
failure took place within the first 12 months of life. Yet examination of the slopes of change inweight or height Z scores within the toddler and schooler longitudinal samples shows thatindividual children differ in their growth rates. If the parental and household variables are exertingtheir effects during these periods, rather than, or as well as, during the first year of life, it might be
expected that they would associate with the slopes of change in Z scores. 
This was expmined inregression models of the type employed above. Only in Kenya could the slope be predicted. The
diet quality variables (in toddlers) or dietary measures and parental size (in schoolers) explained
significant proportions of the variance in height slopes but not the weight slopes. 1 

It may be that the relationships between family measures and child growth are stronger than thosebetween the child's own intake and growth in the toddler period. This may be t.'ue even for theKenya project since the apparent influence of the parental size and maternal dietary variables isstronger than that seen between toddler intakes and achieved size. It would be desirable toinclude both parental variables and toddler intake variables in the same modeis to be sure about

relative strengths of associations. This has not been lone.
 

Perhaps the most telling argument in completing this picture is the stability of the pattern of slopes

of change.As discussed previously, a normally growing child would exhibit no long-term change in
Z score; there might be short-term discrepancies (due to illness, the timing of the pre-pubertal
growth spurt, etc.) but across longer periods the Z scores would vacillate around the same mean
representing the "stable" size of that child. The situation portrayed in Figures 8 and 9 suggeststhat the long-term slope of Z score change after the first year is essentially 0. Within short (oneyear) windows of the toddler and schooler age groups, there is evidence that growth rates vary.Nevertheless, the mean Z scores of schoolers are remarkably similar to those of younger children
(and, for height, to those of adults), and there is no indicatioi that the schoolers are more variablethan the toddlers in their Z scores. That is an important observation. If the short-term differencesin slopes of weight or height increase persisted within the individuals, over time the group would
become more diverse. This is not the case. The only plausible explanation is that in theseenvironments, as they are now and appear to have been for a long time, the gains (or losses) in one period must be offset by losses (or gains) in another period within the same child. 

1Itispossible that the Kenya projact effects are influenced by the occurrence of the food shortageassociated with a regional drought. This has not been controlled in the present analyses. Both food intakeand weight gain fell in schoolers inthis period of restriction. However, itwas shown also that there was nodemonstrable effect of the famine period on the weight increments oi toddlers (or on the variability of weightinthese toddlers, ;.e. there was no indication that some were being severely affected while others escaped), 

http:change.As
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Conclusions
 

Maternal diet variables - - the percent of energy from fat and animal source proteins - - predict the 
size of toddlers and schoolers in Kenya and Mexico, but not Egypt, indicating that household diet 
isone of aconstellation of factors that affects child development. 

InKenya, provision of more of the same diet ispredicted to have asmall growth-promoting effect. 
In Kenya and perhaps in Mexico, the presence of animal source foods in the toddler diet also is 
related to height. 

Parental size is a significant predictor of children's sizes across and within projects. The effect is 
stronger and more consistent than the effect of maternal dietary variables. These markers -­
parental size and maternal diet --carry predictive power throughout the age span and hence will 
enable further studies of factors affecting growth across the whole span of ages, not just the 
longitudinal samples. 

Characteristics of the parents may in turn represent characteristics of a stable and constraining
environment in which both parents and children have developed. Studies of secular trends in 
heights and weights suggest that it may take several generations of improved conditions before 
weights and heights achieve the near-maxima representing genetic potential 

PREGNANCY, LACTATION AND INFANCY 

Inseeking an answer to the question of why growth and development fail so early inlife, it is logical
to look to the mother, to the factors that affect her well-being during pregnancy and lactation and 
that determine how she nurtures her infant. 

An evaluation of reproductive outcome for the mother would, rightly, consider her condition 
during the period of reproductive rest as well. For the women in Solis, Embu and Kalama,
however, this is almost irrelevant; pregnancy and lactation approached a continuous process, 
many women becoming pregnant while another baby was still at the breast (Table 13). The 
sample of women who were neither pregnant nor lactating (NPNL) is older (and, in Egypt and 
Mexico, heavier) than the women in the longitudinal pregnancy samples and, thus, has limited 
ability as a "control" group. There is a scattering of data for women in the first trimester of 
pregnancy. Egypt pregnant women were about three years younger than in the other projects
and had had fewer previous pregnancies; there were no primiparous women inthe Kenya sample,
and very few inthe other projects. 

TABLE 13 

Maternal Age, Parity, and Birth Interval 
(Mean ±Standard Deviation) 

Egypt Kenya Mexico 

Age, years 26.616.3 30.6±5.4 30.3±6.3 
Parity 4.0+2.8 5.5±2.8 6.2±3.0 
Birth Interval, months 29.5±9.9 31.6±9.3 24.5±8.3 

The sample populations of pregnant and lactating women inthe three countries differed in at least 
two respects that are thought to affect reproductive outcome. Firstly, the Egypt women were 
heavier in relation to height than were Mexico women, who were heavier than Kenya women 
(Table 14). The second significant difference among projects is the level of food energy intake 
(Table 15), where the rank ordering across projects isconsistent with the general intake pattern 
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descrihed earlier. All three samples include some women who were obese and others who were
thin, but the Egyptian and Mexican women were, on average, respectively, about 10 and 5 kg
heavier for their heights than the Kenyan women (who would be considered lean but not
excessively thin at a Body Mass Index (BMI) of 21). While the heavier body weights wouldincrease the energy cost of activities that involve movement of body mass (and hence energy
requirement for equivalent activity patterns), the tissue constitutes an energy reserve that could 
attenuate the effect oi low energy intakes during p,'.egnancy and lactation. 

Frecranc;. There is no evidence that women's intakes were improved in any way because theywere pregnant. Energy intake per kg body weight fe1l as pregnancy advanced because total
intake was unchanged while weight increased. For Kenya pregnant women, intake was 25-30 
klal per kg; it was 29-33 kcal per kg in Egypt and 41-44 kcal per kg in Mexico. 

Not only was energy intake not increased during pregnancy, the amount of energy available tor
activity was actually decreased due to the rise in resting metabolic rate. The available energy (AE
= energy intake minus resting metabolic rate) was of the order of 1000 kcal per day in Mexico in
both trimesters two and three; AE was about 600 kcal per day in Egypt in trimester two and about 
400 kcal per iay in trimester three; 1 in Kenya, AE was about 300 kcal per day in the second
trimester and essentially nil in the third. As noted earlier, there was evidence of a compensatory
reduction in activity in Kenya pregnant women, unless there werebut, additional undetected 
changes in activity, the amount of energy saved (approximately 100 kcal per day) would not have
been nearly enough to reach the AE level even of Egypt women. Smaller weight gain would be
the expected outcome of such energy limitation, and this was observe,. 

Kenya women gained 6.4 kg during pregnancy, about 15% less than was gained by Egypt an-'
Mexico women. Women gained little or no weight in the first trimester of pregnancy (some iosr
weight) in Mexico and Kenya (data for Egypt were not reported). During the second and third
trimesters, Egypt women gained 7.4 kg (equally deposited in trimester two and three); Mexico 
women also gained 7.4 kg (4.5 kg in trimester 2 and 2.9 kg in trimester 3); and Kenya women
gained 6.4 kg (equally in the two trimesters). The 1.0 kg differpnce in gain between Kenya and
the other two projects, ifit were all adipose tissue, would represent an additional storage of about 
40-50 kcal per day in Mexico and Egypt women. 

The occurrence of the drought in Kenya adds variability to the data. To look at this question, the 
pregnancy sample was divided into four cohorts according to birth dale (Table 16). The food 
scarcity period would have overlapped with the third trimester of pregnancy and some or all of the
lactation period in (cohort #1. In cohort #2, the third trimester of pregnancy and the first three 
months of lactation coincided with the food scarcity period. In cohort #3, both trimesters of pregnancy feP within the food shortage period but none of the lactation period did. The last 
cohort would have been in the first trimester of pregnancy during the drough t and some might
have overlapped into the second trimester but none beyond that point. Mean energy intake 
(averaged over all cohor's) during periods when generally unaffected and affected by thldrought
were, respectively, as follows: second trimester pregnancy, 1594, 1497: third trimester 
pregnancy, 1503, 1318; 1-3 months, 2025,lactation 1564; and lactation 4-6 months, 1846,
1590. The difference was small in the second trimester (100 kcal/day), larger in the third trimester 
(200 kcal/day) and very substantial during lactation (250-450 kcal/day). 

1 Calcuiatior,, based on the assumption that RMR of Egypt women was the same as reported for Mexico. 
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TABLE 14
 

Maternal Height and Weight During Pregnancy and Lactation
 
[Mean ± SD (N)] 

Parameter Egypt Kenya Mexico 

Height, cm 155.4±5.3(117) 154.3±5.7(90) 152.5±5.0(130) 

Weight, kg
Prepregnancy 
Tdml or 3rd mo 
Trim2 or 6th mo 
Trim3 or 9th mo 

616±1 0.4(96) 
63.2±9.8(63) 
67.9±10.1(88) 

50.7±7.6(90) 
50.5±7.7(90) 
52.6±7.1(111) 
55.6±6.9(121) 

54.4±7.2(45) 
54.5±7.2(29) 
59.0±7.0(68) 
62.0±8.2(88) 

Post-partum 51.6±6.4(115) 

Lactation 
mo 1 
mo 3 
mo 6 

63.7±10.8(61) 
61.3±10.1(61) 
63.5±11.9(73) 

51.6±6.5(123) 
51.2±6.9(98) 
50.7±7.4(105) 

57.1±7.6(111) 
57.3±8.0(115) 
56.4±8.6(116) 

Weight change, kg 
Pregnancy

Trim 1 
Trim 2 
Trim 3 
2 &3 

3.7±2.9(45) 
3.7±2.5(46) 
7.4±3.9(73) 

3.1±1.8(111) 
6.3±3.4(111) 

0.18±2.1(18) 
4.48+2.6(20) 

2.86±1.8i52) 

1-3 6.4±3.4(61) 7.66±3.8(34) 

Lactation 
0-2 'no -0.9 
1-3 mo 
3-6 mo 
1-6 mo 

0.27±2.1(30) 
0.01±3.0(40) 
0.18±3.5(38) 

-0.04±2.2(99) 
-0.71±1.9(105) 
-0.92±3.4(99) 

Body Mass Indexa 
Pregnant 

3rd mo 
9th ma 

25.6±4.1(95) 21.2±2.6(90) 
23.5±2.5(121) 

[23] 

Lactating 

6th mo 26.1±4.8(70) [21] [24] 

awt (kg)/Ht (m)2. Figures inbrackets calculated from mean hi and mean wt intable. 
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TABLE 15 

Nutrient Intake of Pregnant and Lactating Women 
[Mean ± SD (N)] 

Egypt Kenya Mexico 

Energy Intake, kcal/day 

Pregnancy

Trim2 2100±492(66) 463±464(97) 2407±584(19)

Trim 3 1996±456(78) 1364±493(123) 2508±606(40)
 

Lactation

1-3 mo 2249.t423(83) 1822±623(122) 2628±580(55)

4-6 mo 2194±429(93) 1771±453(123) 2692+648(63)
 

Protein Intake, g/day 

Pregnancy
 
Trim 2 68±18 41±14 
 67±17
Trim 3 63±1 6 38+1 6 75±20 

Lactation
 
1-3 mo 73±16 53±19 
 73±16 
4-6 mo 70±16 54±17 77±20 

Animal Protein Intake, g/day 

Pregnancy 
Trim 2 24±14 3.7±4.5 13±11 
Trim 3 21±11 3.5±4.0 17±13 

Lactation
 
1-3 mo 26±15 4.3±4.6 13±10
 
4-6 mo 22±11 3.5±3.7 14±12
 

The quality of the diet during pregnancy also was different across projects (Table 15).proportion of energy derived from protein 
The 

was similar in the three projects (11-13%); energy
derived from fat was low in Kenya and Mexico (13-14%) and moderate in Egypt (24%). Pregnantwomen in Mexico had three to four times as much animal protein as in Kenya; in Egypt, the animalprotein intake was six times as much as in Kenya. None of the animal protein intakes would beregarded as generous by Western standards. Protective nutrients supplied by this class of foods(B vitamins, available iron aid other minerals) wculd be at some risk depending on the quaiity ofother items of the diet. Women in Mexico c.,rainued to consume pulque during pregnancy which 
is unlikely to have been entirely beneficial.1 

The prevalence of anemia (as categorized by low hemoglobin levels) rose from 15% of Egyptwomen in the first trimester to 26% in the second and third trimesters. Macrocylosis, characteristic
of folacin deficiency, was found in 6-8% of Kenya women among the 48% who were anemic. In
Mexico, about 20% of pregnant women were anemic. 

1Pulque does contribute a significant amount of some vitamins and minerals. Inone liter (430 kcal): vitamin 
C,60 mg; niacin, 4 mg; iron, 7 mg; and calcium, 120 mg. 



Tre morbidity picture during pregnancy looked like that for the communities described previously.Women in Kenya had a high incidence of minor complaints -- upper respiratory illness, backache,headache, etc -- and about 4% had malaria. Pregnant women in Egypt were reported ill 4%of the
time, most frequently with upper respiratory episodes; more than half of those illnesses were severe. Morbidity incidence was low in Mexico but many (10-12%) had bacteria present in theurine. All shared in the prevailing intestinal parasitism. The occurrence of significant illness in the
second trimester had an adverse effect on pregnancy weight gain in Kenya as did the presence of
vomiting and other complications in Mexico. Morbidity was unrelated to maternal gain in Egypt. 

Maternal weight gain was related to energy intake in the third trimester in Mexico and Kenya (arid
to fat intake in Kenya), but not in Egypt. In all cases, pregnancy weight gain was negativelycorrelated with nonpregnant weight and BMI, that is, women who initially were heavier and fattergained less weight during pregnancy, but the relationship was not significant inKenya. 

The Newborn, 

Despite the major differences between projects in maternal characteristics and food intake, mean
birth weight of infants was remarkably similar (see Table 5). Birth weight was somewhat higher inEgypt than in Kenya and Mexico (which were almost identical) and quite close to the reference
population. There was no significant difference in birth weights between drought-period cohortsin Kenya. There are more boys than girls in all three project data sets; boys make up 57% of the
sample in Egypt, 52% in Kenya and 60% in Me.,,ico. Boys were, as expected, somewhat heavier 
than girls at birth. 

The international definition of low birth weight is 2500 g or less which is approximately the third
centile of the reference population; babies classed as low birth weight are at very high risk.
Egypt, 4% of newborns weighed less than 2501 g, in Mexico, 7% and in Kenya, 11%. 

In 
Infantswho died in the perinatal period were mainly in the low weight class. Thus, the lower range of

birthweights is, inevitably, underrepresented in the longitudinal data set. 

The Egypt project looked for factors that differentiated between the few babies of low birthweight
and the others. Mothers of low birlhweight babies were younger (five years), weighed less (10 kg)
and gained less during pregrnancy (4.8 versus 8.1 kg). There were no significant differences inmaternal food intake, household SES or sanitation indexes. The other projects have not yet
reported their data in this way. 

All projects confirmed an expected association between maternal nonpregnant weight and weight
at delivery with infant birlhweight. Body fatness at pregnancy term, as indicated by BMI, is equally
strongly correlated with birthweight in Kenya and Mexico and just misses significance in Egypt(p=0.09). Pregnancy weight gain is almost significantly correlated with birthweight in Kenya and
Mexico (p=0.06) but not in Egypt. 

Only in Kenya was maternal diet correlated with birthweight. There, intake of protein in the
second trimester was a significantly positive factor and intake of energy and fat approached
positive significance. 
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TABLE 16
 

Nutrient Intakes of Pregnant and Lactating Women According
 
to Coincident Food Scarcity in Kenya
 

(Longitudinal Sample)
 

Energy Protein Anim Prot Fat IronIntakes/day kcal g g g mg 

Cohort 1: Birthdates May-August, 1934 n=20 

Preg Trim 2 1601 43 2.8 23 13

Preg Trim 3 1351 35 3.3 19 
 11 
Lact 1-3mo .533 39 2.9 21 12

Lact 4-6 mo 1590 
 52 3.6 22 16 

Cohort 2: Birthdates September-November, 1984 n=35 

Preg Trim 2 1590 43 4.1 26 14
 
Preg Trm 3 1306 
 34 3.8 19 11
 
Lact 1-3 mo° 1582 
 49 3.6 24 15
 
Lact 4-6 mo 1835 56 
 5.0 28 16 

Cohort 3: Birthdates December, 1984-February, 1985 n=23 

Preg Trim 2 1473 40 2.6 22 12

Preg Trim 3* 1306 38 2.1 17 
 12Lact 1-3 mo 2057 62 3.5 30 10Lact 4-6 mo 1756 54 3.1 26 17 

Cohort 4: Birthdates March-June, 1985 n=15 

Preg Trim 2 1534 46 4.5 23 14

Preg Trim 3 1503 
 46 5.8 24 12Lact 1-3 mo 1976 58 4.1 30 18Lact 4-6 mo 2010 65 2.1 27 20 

Period that coincided with drought-associated food scarcity. The impact in cohort #4 would have been
chiefly in the first trimester of pregnancy. 
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Projects have examined other factors related to birthweight in their own settings; the findings are
inconsistent. Maternal serious illness was a negative factor in Kenya but not in Egypt. SES was 
not related to birthweight in Kenya and Egypt but it was a factor in M ixico. Multiple regression

models account for only 20-28% of variance in birthweight in any individual project.
 

Finding out what affects birthweight is of great importance. Birthweight is the most significant
predictor of neonatal mortality. Mental function, as indicated by the Brazelton Assessment, is

related to size at birth. Furthermore, in all three projects, birthweight is strongly correlated with
 
infant weight in the four-to-six month age period. The effect of birthweight on subsequent size
 
persisted through the sixth month in Mexico and Kenya but riot in Egypt.
 

Lactation, 

Food intake was increased during the first six months of lactation in all projects, but to varying

degrees. There was, in all projects, a strong correlation between inta'e in the third trimester cf
 
pregnancy and in lactation; women who had more 
generous intakes during pregnancy also
 
tended to eat more when lactating. On the average, Egypt women increased their intake by about

170 kcal per day, Mexico women 
by about 200 kcal per day, and Kenya women by 400 kcal per

day. (See Table 15. The increase is compared to pregnancy intakes, but as mentioned above,

there is a negligible increase during pregnancy when compared to non-pregnant, non-lactating

intakes.) These increases are far below the published energy requirements of reference infants.1
 
Requirement during the first month of life is 124 kcal per kg., or over 400 kcal per day for infants of
 
CRSP observed body weights. Predicted requirements would increase to about 600 kcal per day

by three months of age and about 650 kcal per day by six months. Had these children achieved

reference growth, 'lip requirement would be even higher, about 700 kcal per day by six montns of
 
age. The energy cost of producing the milk would add another 100 to 150 kcal per day to the
 
maternal requirements.
 

Lactational intake patterns appear stable over time in each culture, without the expected
increases as the infant grows. Mean intakes did not change significantly over the six rrionihs of 
lactation in any of the locations. In Mexico, where women were followed during the seventh and 
eighth months of lactation, intakes increased by only 140 kcal per day over the previous period of

lactation. A significant number of Egypt mothers were breast-feeding toddlers aged 18 to 24
 
months, but their intakes were 
less than 200 kcal per day greater than mothers of toddlers who
 
were not breastfeeding (2379 vs. 2186 kcal per day).
 

The deficit between maternal energy intake and lactational needs can be met by use of body fat 
reserves and/or by decreasing physical activity. Kenya women lost 0.9 kg body weight in the first 
two months of lactation (Tahle 14), which, if it were all fat, would have yielded 135 kcal per day.
This would have been enough to support lactational needs during that period. Mexico women 
lost 0.9 kg in six months, with a maximum yield of 45 kcal per day which would iot have raised the 
energy available for lactation to reference level. Egypt women, on average, gained a little weight
during that period. There is no information on activity that can be used to determine if there was a 
compensatory decrease in physical activity during lactation in any project. It seems unlikely that 
sufficient compensation could have occirred in Egypt; intakes coincide with only light activity in
nonlactating women leaving little scope for savings of 500 to 600 kcal/day. This mechanism could 
have been brought into play in Mexico, where the usual activity pattern is moderate to heavy, but 
the cost in terms of activity foregone would have been consequential. The likelihood is that there 
was not sufficient energy to support full lactation anywhere and that the milk supply was below 
infant needs. 

If intakes (plus any other adiustment) are inadequate to support lactation, then the infant must 
receive supplemental food or growth will falter. Even when maternal intakes are not limited by 

1FAO/WHO/UNU. op cih. Table 21, p.91. 
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access to food, evidence indicates that breast milk production is not sufficient to supportreference growth rate beyond the third or fourth month of life. Continued steady growth or catch­up growth over most of the next few months is seen in developed countries if 'i supplement
approaching the quality of breast milk isgiven. 

Supplementary Infant Feling. 

Based on the CRSP evidence at hand, infants in Kenya would need supplementary feeding inthe third month and infants in the other two projects from the beginning. Along with the potentialbenefit of additiona nutrients, however, comes the risk of exposure to food-borne pathogenic
organisms where sanitary practices are indifferent. To the extent that supplementary feedingdisplaces breast milk, there also would be loss of the protective immune substances present in 
breast milk. 1 

In Egypt, all infants received sugar-water throughout the first six months (acommon mixture was ateaspoon of sugar in three to four ounces of water); one-third also were fed rice-water. Thenumber of infants fed anything else rose from 8% in the first month to 27% in the third month and46% by six months of age. Few infants received any foods that had essential nutrient value.
Prot ein provided 6%or less of energy on the average. 

Supplementary feeding of cereal gruels, cow's milk and thin soups was begun by Kenya motherswhen infants were one to three months of age. The group average nonbreast milk energy intake(avuraged across infants who did and did not receive supplements) was about 100 kcal per dayover the six-month period (range 1-1051 kcal), with 10% coming from protein. About 40% of theprotein was from animal sources, much more than was present in the family diet. Women whosefoud intake was low and those who gained little weight during pregnancy were most likely to usesupplementary foods. This suggests that women who had stored fat during pregnancy or whohad more generous intakes during lactation were better able to nurse their infants. Women whohad serious illnesses were less likely to give supplementary food; the project believes this is sobecause of the extra effort involved in such feeding. 

In Mexico, supplementary foods were introduced gradually and mostly after three montns of age.Sweetened herbal teas were often the only food given in the first few months. Sugar provided12% of the supplementary food energy and 18% came from dairy products. The amount ofsupplementary food in Mexico resembled that in Kenya. 

In Kenya, infant supplementation was associated with some restoration of matemal fat, a benefit tothe mother in view of the relative thinness of Kenya women, and perhaps critical to maternalwellbeing in a setting where women bear many children and food intake is low. Supplemental
food intake of Kenya infants was positively correlated with infant weight during the first six months 
as would be expected with a supplement of good quality, and if lactation were insufficient forinfant needs. In Egypt, the supplement, being of poor quality, might have adversely affected theratio of essential nutrients to energy and increased the infant's risk of vitamin and/or mineraldeficiencies. Weights of Egypt infants who were supplemented during the first 3 months weresignificantly less than those who were not supplemented, and there was a tendency for illness tobe greater in the supplemented group (p<.10). The Mexico project has not reported onrelationships between infant parameters and supplementation. Herbal tea with sugar is not likelyto have benefited Mexico infants, but at least the water would have been boiled to make tea,which is not necessarily the case when sugar is given with plain water as in Egypt. A future search,
tying records of household water sources and practices, to infant dosage with sugar water should
reveal whether or not this is afactor in the high incidence of diarrhea observed in Egypt infants. 

1Only Kenya projoct has reported on immune substances in milk (and only about a third of samples havebeen analyzed to date); the contont was quite variable with some showing very high values. Relationship to
maternal and infant variables has not been examined. 
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Infntogrowth. 

Rates of growth have not yet been studied across projects but some of the factors that relate to
achieved size at three and six months of age are known. One of these is birthweight, as noted
above. The maternal pregnancy factors that related to birthweight remain significant predictors of
infant size in Kenya and Mexico through the first six months of life. The mother's prppregnancy
weight, weight at delivery, height and fatness (BMI) are correlated with 'both achieved weight and
length of infants at three and six months. In Kenya, another factor, the amount of weight g,:ned in 
pregnancy, is correlated with intant weight at three months but the effect has dropped out by six 
"non'ths. None of these maternal characteristics relate to acnieved size of Egypt infants at three or 
six months. 

Some maternal dietary factors also relate to infant size. As in other outcomes discussed
previously, relationships are sparse in the Egypt data set. Only maternal protein and fat intake in
the second trimes!er of pregnancy nave any relationship to Egypt in-!ant size, and that is only
length, not weight, at three months. In Mexico, second trimester intake of animal protein
correlates with infant weight at bolh three and six months. Food intake is more significant in
Kenya. Intakes of energy, fat and protein during both the second and third trimesters relate to
both length and weight of Kenya infants at both three and six months. 

Maternal intake of energy, fat and animal protein during the first three months ol lactation relates to
weight, and even more strongly to length of infants at three months of age in Kenya. These same
intake factors correlate with BMI of Egypt infants at three months ot age. No maternal lactational
dietary factors are positively associated with infant size at three nonths in Mexico, or with infant 
size at six months in any project. 

Other factcrs than maternal intake must determine infant growth after the first three months. One 
factor is the amount and kind of infant diet supplementation. Morbidity egperience seems a likely
candidate but this has not yet been examined across projects. According to the Egypt project,
the percentage of time an infant was ill with diarrhea was the best additional predictor of infant
weight at six months, and household SES was next best. In Kenya, correlations between various 
aspects of morbidity and growth rate or size were weak; maiaria and fever were associated with 
poor linear growth and fever with weight deficit. The strongest and most consistent correlates of
infant weight in Mexico were internal and external sanitation of the household; infant illness was 
not associated with body size, nor was illness correlated with sanitation indexes. 

Conclusions,
 

Women in the three projects made no dietary concession to pregnancy. By conventional 
standards, intake was notably low in Kenya and low in Egypt as well. Pregnancy weight gain was
low in all projects and lower in Kenya than in Egypt and Mexico. Weight gain was related to food
intake late in pregnancy in Kenya and Mexico, but not in Egypt. These findings are consistent with 
an assumption that food intake is quantitatively limiting in Kenya. It seems that women in all
projects either do know they should, do choose to, gainnot or not more weight during
pregnancy, or there is some unrecognized, probably biological, factor that isregulating gain. 

Women do eat more during lactation but only in Kenya during the non-drought period was the
increment sufficient to meet laclationai needs even in the first two months. Lactation was probably
not sufficient to allow expected infant growth and supplementary feeding was not sufficient in 
quantity and/or quality to make up the deficit. These findings help to explain why infant growth is
below reference standards, even in Egypt where the population as a whole appears to enjoy a 
reasonable diet. 

Birthweight has important developmental and functional correlates. It is related strongly to 
maternal size and to some maternal dietary attributes, palicularly in Kenya. Pregnancy and
lactational influences persist through the first six months in Kenya, and to a lesser extent in
Mexico, but have littlecontinued impact on Egypt infants. Morbidity is a significant factor affecting 
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growth in Egypt but much less so in Kenya and not at all in Mexico. Much CRSP data remains to 
be evaluated before a clear answer to growth failure can be found. 

OVERALL CONCLUSIONS AND IMPLICATIQN 

The three study populations differed in important ways, both inte~i_!.d and unintended,
but they shared one attribute in common: diminished stature. In these environments, the
size a person was destined to be was determined early. Infants started life close to the
size of the ieTerenre US population, but a lag in growth was evident by the third or fourth
month. Sunting was established in the first year. After that, the growth rate was relatively
.normal"; that is, the growth trajectory fitted the pattern expected for tho sh,.rter segment
of American children. There was little evidence of catch-up growth; adults were shorter
than they could have been in other circumstances. The population averages mask
substantial variability, of course, and ; is this that ultimately may allow identification of

factors that associate with growth.
 

One might well ask why there is concern aboui early growth if growth rate is relativelynormal after 12 months, albeit with a lower starting size at 12 months. The answer has to

lie in the fact that within the CRSP data sets, and as reported in the general literature1 ,
there are numerous associatior.s betweer, achieved size and measures of humanfunctional capacity and performance. Inall three CRSP projects, body size characteristics
of infants and toddlers correlated with measures of mental development; bigger children
scored better. Smaller children were more prone to illness in Kenya and in Egypt,
diarrheal episodes were more likely to progress in severity in children who were small.Small mothers produced small babies. There is at least a reasonable supposition thatmany of these are associates of the situation that produced growth failure rather than
 consequences of body size itself. Further analyses of the CRSP data sets can, in all
likelihood, better establish the nature 
of the associates of growth failure and theircausative role; at minimum, such analyses can help to define more closely the
"households at risk". Cross-project comparisons already support justifiable speculation as
to causality and, following from it, the implications of CRSP research findings for policy­

and program-making in Egypt, Kenya and Mexicn. 

On the evidence of recorded low energy intakes of all target groups and general thinness
of the Kenya project population, we conclude that food availability and energy intake were
limiting in Kenya. Using the same criteria, this appears not to have been the case in the
Mexico and Egypt projects. (That is not to say that all individuals ate enough in Mexico

and Egypt, but food shortage was not characteristic of these populations.) It follows, as
the results have shown, that associations with enerqy intake would be most readily

detectable in the Kenya data set.
 

In Kenya, we looked for and did not find evidence of a metabolic adaptation to chronic
food restriction, even during the time food intake was reduced due to scarcity. Thus,there does not appear to be a "cost-free" adaptation, that is, one that does not haveimpact on people's lives. When food was especially scarce, adults lost some weight, butIndications are that activity was reduced in compensation for dietary energy deficit. 

Infants as a group may have been food-deprived in all tree locations. While there is nodirect evidence of lactational failure, the indirect evidence is persuasive. Women's foodintake did not increase during pregnancy and they gained much less weight duringpregnancy than is customary in more privileged populations (about 7 kg vs. 12 kg). While
their infants were somewhat lighter than reference populations, the difference in 
pregnancy gain mainly reflects a deficit of maternal tissue reserves that otherwise could 

1See for examples: Calloway, D.H. The Functional Consequences of Malnutrition. Rev. Infect. Dis.1982:4(4) and McGuire, J.S. and J.E. Austin. Beyond Survival: Children's Growth for National
Development, UNICEF, New York. 1987. 
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be drawn upon to support lactation. Women increased their energy intake during
lactation, but not by enough to provide the a'nount of breast milk needed lor adequate
infant growth. In Mexico and Egypt, the additional intake was, on average, less than hall
the amcunt needed as breast milk, without considering the energy cost of milk formation.Kenya women ale more during lactation when food was available; at best, intake was
raised nearly enough for early lactation, and not sufficient for adequate lactation beyond
the first two months. Sustained infant growth would depend on early and nutritionally
adequate supplementation. This was not provided in sufficient quaniity anywhere and 
the quality was especially poor in Egypt. 

We are persuaded that inadequate lactation was an important cause of early growth
retardation in all projects, but the situation is complex in Egypt. The preceding paragraph
presented the case for lactational failure as being due to inadequate maternal intake and
tissue reserves. Women in Egypt had more body fat than the others and, on average,
they gained a small amount of weight during the first six months postpartum when they
could have drawn on body tissue to support lactation. This suggests that lactation was
diminished be.cause infant demand for breast milk was reduced. Two factors could have
affected demand -- early supplementation and morbidity. Virtually frcm birih, a!1l Egypt
infants received sL-gar-water of unknown sterility and many also were given other sugary
concoctions and rice water. These items provide energy but no essential nutrients. The 
consequent dilution of the quality of intake could limit growth while providing energy and
suppressing appetite. Both incidence and severity of illness also were high among Egypt
infants. !nfants who were ill and whose growth was slowed are likely to have had reduced
iood demand, so the stimulus to lactation might have been diminished. 

A second puzzle is why children did not catch up in growth at later ages, when they had 
access to familv food. There was, in fact, marginal improvement in relative standing
between toddler and schooler ages but no evidence of change thereafter (i.e. adult
heights were in line with children's). Short-term effects on growth become increasingly
difficult to detect with advancing age because growth rate rPormally is slowed. Cross­
project analysis revealed no strong or consistent effect of diet on the toddlers' rates of
growth. Where multivariate analysis indicated some dietary influences, effects were more
consis!entl/ related to height than weight and were associated with amount or proportion
of fat and animal source protein or calories in the toddler diet. The proportion of these 
components in the maternal diet, an indicator of the household food supply, wassignificantly related to attained height and weir.litof both toddlers and schoolers in Kenya
and Mexico, but noi in Egypt. 

Projects have reported some relationships between morbidity and toddler growth but 
these are neither striking nor consistent. Diarrhea had an adverse effect on the rate ofweight gain in Mexico toddlers, but morbidity did not account for the unevenness of
growth among the Egypt toddlers, where disease was most severe. Illness was shown to 
depress food intake of Kenya toddlers and probably affected the others as well. Thus,
there is an inescapable circularity in attempting to assign causality either to illness or food
intake. Morbidity was more often associated with size perse than with growth, with 
smaller and thinner toddlers being at higher risk of serious illness. Once a child is small,
however she or he arrived at that state, the reserve capacity to deal with repeated
significant illness was diminished. 

The search for food effects on the selectad outcome variables is complicated because of
the strongly interrelated nature of the variables of interest and by the fact that an
individual's food intake is more uneven from day to day than is the intake of the members
of a like group on a given day. There may be real relationships that cannot be proved
statistically. Despite this difficulty, it was showrn tlht intake did affect functions of interest
and certain behaviors that contribule to satisfactory outcomes. A most dramatic
demonstration was the nearly doubling of episodes of illness during the period of food
scarcity in Kenya. Kenya household sanitation score was higher where women had more 
to eat; when activity was reduced to compensate for th& increased demand of pregnancy, 
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it was the household care-giving tasks that were omitted. Toddlers everywhere were 
more vocal and/or active if they ate more. Women's intake during pregnarncy affected
their weight gain and intake effects carried over into early infant growth in Kenya and 
Mexico. 

There is evidence that the nutritional quality of diets consumed by segments of all three
populations is substandard. No cross-project analysis of vitamin and mineral intakes has
been undertaken. Each project has, however, shown that essential nutrients are at riskbased on biochemical evidence (vitamir B-6 ir Eqypt, vitamin B-12 in Mexico) or clinical
signs (B-complex vitamins in Kenya). The diet quality markers that emerge frequently, ifnot strongly, among the few so far examined are fat and foods of animal origin. These
associations are likely to be indirect. Both fats and foods of animal origin would improvethe enery derisity of the diets, perhaps making it possible for children to obtain
calories in a tolerable volume. 

more 
Both factors would also improve the palatability and variety

of the diet, possibly stimulating co,-:;umption of total food. Animal scurce foods could ex it an effect in a more specific way, by providing essential nutrients otherwise low in the
di-f'i The probability is low that the effect is due specifically to protein (or amino acids)
beoaL' :e total protein intake was wcli above accepted standards. The search for effector
nutrir.ts would be aided by improved knowledge of the composition of foods consumed,
but further analyses, even with 1. 'Arformation at hand, should provide a sound base for 
iniervention research. 

The quality of CRSP diets, as measured by the abundance of fat and animal source
p-olein, is positively related to the economic and social status (SES) of households.Households of hgher SES are also more hygienic and are headed by more educated
and'or literate aduis. A major bio!ogic reason that growth, health and development arerelated to SES -.-a widely observed phenomenon -- is that economic sufficiency allows
provision of enough nourishing food and social awareness informs the decision-maker 
about management of the household. 

The principa; decision-maker as to infant and toddler feeding and care is usually the
mother. A mother generally acts in the infant's best interest as she sees it. In Egypt,
where enough food is available and governmental intervention attenuates economic
effects, one answer to early growth failure is likely to lie in the education of women. Thesituat;on of women was not ideal anywhere -- Mexico project refers to the restriction ofinformation to women, beyond formal education concerns, and many Kenya women had
minimal literacy skills -- but Egypt stands out: almost all Egypt women were deprived of
schooling and only some ten percent could read and write. 

The most consisreni predictor of children's sizes, across all ages and the ihree projects, is
the size of parents, particularly the mother. Whatever factors constrailed parental growth
are persistent in these cultures. CRSP findings show the special impoiance of total foodintake at the Lzginning of life. Experimentation in animals indicates that it is necessary to
feed a first generation to show reproductive improvement in a second. Size is of concern 
because it predicts the quality of function in important domains. 

POSSIBILITIES FOR INTERV.ENTlION 

The Implications of the CRSP findings are clear. As the three populations arrived at similar
ends by somewhat diverger.' routes, points of intervention are not necessarily the same. 

In Kenya, there is a need to assure a stable and adequate food supply. The evidence
indicates that even provision of more of the same diet would have some benefit. Broadly
based development effort is probably the best approach. More local initiatives mightinc;ude small irrigation projects and support of small ruminan4s and poultry projects. 

http:nutrir.ts
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During the study period, the Embu district experienced food scarcity associated with
 
drought, the effects of which were ameliorated by the active intervention of the Kenya

government and the CRSP field staff. Children failed to grow at the projected rate and
 
adults lost weight which was regained when the food supply improved, a pattern

observed seasonally throughout much of Africa as the 
norm. The CRSP was uniquely
positioned to document what transpired wilhin the community. Kenya project findings

provide information on family coping strategies some of which were helpful in the short
 
term but counterproduclive in the longer term (e.g. sale of livestock). A review of these
 
records may suggest better ways in which communities could avert the consequences of
 
periodic food shortage.
 

In Mexico, the total food energy supply appears to be adequate but food quality is less
 
reliably assured. Preliminary evidence suggests that the situation would be improved by

increasing the proportion of animal source foods as the only assured contributor of
 
vitamin B-12 and a majur contributor of other vitamins and trace minerals. Energy now
 
derived from the alcoholic beverage pulque might well be displaced by more nutritious
 
food with benefit to health.
 

In Egypt, both the amount and composition of the food supply seem to be adequate.

Governmental subsidization of nutritious foods appears to be an effective measure even
 
though not all individuals have a fully adequate diet. More attention needs to be given to
 
maintenance of hygienic standards in the household and community.
 

In all three locations, programs addressed to pregnant and lactating women need to be
 
introduced or sirengthened. Research is needed to determine why wome., do not eat
 
and gain enough in pregnancy; if there is a fear of inability to detiver a larger baby as some

have suggested, then good obstetrical care needs to be assured. Women need to be
 
encouraged to eat enough to promote the lactation needed to support good infant

growth; they need to learn what constitutes safe and adequate supplementation of the
 
infant diet. Unless and until women's dietary habits are changed substantially, it may be
 
necessary to make suitable supplementary infant food available. In Kenya, it appears that

suitable food is in more scarce supply than is information; the information de~icit seems
 
largest in Egypt.
 

Both men and women need to be better educated generally and certainly better infoinied 
about nutrition and health matters. Women are important decision-makers in many

aspects of family 
welfare and their capacity to make these decisions must be
strengthened. It would seem that the medium of television could deliver the message in 
Egypt and possibly Mexico. Radio is available in all three places. For the long term,
classroom training in food selection and preparation, hygiene and health is in order. 

Nutrition monitoring systems would be more effective if there were better information 
about the composition of foods as produced and consumed. As it now stands, intake
levels of vitamins and minerals can only be approximated in Kenya and Egypt which adds 
to the difficulty of nutritional diagnosis. Governments should sponsor the needed 
analytical work; the capability of food analysis exists in all three countries. 

EPILOGUE: STRENGTHENING NSTTUTIONS 

The prospects for nutrition, Including research, effective nutrition monitoring and intervention 
efforts, have been enhanced in Egypt, Kenya and Mexico. The results of the projects have been
reported forma!ly to government officials and policy-makers at conferences ,,onvened for the 
purpose in Kenya and Egypt; a conference will be held in Mexico in September, 1988. The
conference format allowed for questioning and exploration of the significance of the findings
locally and, by extension, to like situations elsewhere in the country. So far, it is the Ministries of 
Health that have taken greatest cognizance of the work. In Egypt, nutrition is a focus of the 
current five-year plan. 



72 

In the last year of the CRSP, each of the overseas Principal Investigators was asked to comment
on the significance of the research collaboration to his institution and nation Although
institutional strengths differed in the three host countries initialy, there was substantial agreement
as to the most important legacies of the CRSP. These may be grouped as follows: 

1. The CRSP data base. Each couwrry has a clean data base containing all the CRSP files 
for its own study location as well as the other two sites.These can be used for both
programmatic aod training purposes. Importantly, the requirements for consiruction,
maintenance and analysis of a large data set are known; the capability to meet these
requirements is greatly improved. In all cases, a national food composition data base was 
augmented and converted to electronic form lor a3se in application. 

2. The field sie as a cortin[gtraining and research venua. Both Egypt and Kenya pian
to continue work in the study communities as a means of training advanced students in
field methodologies. Some oi these students will undertake graduate research there. All 
three countries have follow-on research projects in progress. inSolis, Mexican
collaborative research addresses "tachnology for the surviving child", including effects of
vitamin A and carotene, and !he IJS-Mexico cooperation continues with a study of the 
effects of zinc deficiency and supplementation In Egypt, a model child-survival unit is
being developed in Kalarna, the Institute is fo!lowinc up anthropometry of infants and 
children in ex-CRSP households and the US-Egypt learn continues research or, vilamin
B-6. in Ernbu, the US-Kenya collaboration involve,.additional study of ex-CRSP 
households: anthropomnelry and cognitive development of studied infants and toddlers 
and an applied nutrition program targetted to women and children under age 5. 

3..T. 2 .Jing.of esearch,. All the collaborating institutions have received a 
contribution of research equipment. Laboratory equipment (for hematology, immunology
and respiration-metabolism studies) has expanded or extended existing capabilities. The
availability of microcomputers has allowed significant improvement in both research 
administration and field data management. Finally, betler transaport vehicles make field
work feasible. As Dr. Chavez has said, in sum, the CRSP has enhanced the institutional 
capacity to apply "the latest advanccs in technology...to the study of human beings in 
their own communities." 

More significantly, research teams were introduced to new ways of thinking about 
research The fundamental 'training was in place in senior research colleaguesbut local 
constraints had not often allowed them to use their capabilities to the fullest. Dr. Galal has
commented on a widening of experience, introduction of disciplines not previously
involved in work of the Nutrition Institute and a "transfer of knowledge and technology
which benefitted several Egyptian institutions..." All projects provided opportunities for
key staff to refresh and enhance their research capability, by exchange visits, seminais 
and meetings. 

There was also a substantial formal training component in each country. Graduate 
students carried out Mastei-s or Doctoral research as part of the field work in Egypt and
Kenya. Two Kenyan staff are enrolled in graduate programs at UCLA and a Mexican
investigator has completed doctoral training at the University of Connecticut. In addition,
large cadres of junior field staff received training and experience by their employment in
the local CRSP projects. Dr. Bwibo has noted that some have been admittea for
advanced training on the strength of this experience and some are employed in 
continuation field work in Embu. 

Dr. Phillip Payne, Chairman of the External Evaluation Panel, concluded his cover letter 
on the Third Report of the EEP with the following positive statement: "I really feel the [the
CRSP has] already made a very great contribution to tho building of institutions and
people. Certainly, I count my two field site visits (Egypl and Kenya) as amongst the very 
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best experiences of the past year; we met some very fine young people who were seeing
for the first time that the disciplines of research can be combined with a real commitment 
to a community." 

4. Th i [jinotLr,,1onaj'nal research network. Over the six-year life of the CRSP,
lasting linkages were forged between the collaborating investigators both within and 
across projects. These linkages have resulted in the further research described above, incontinued exploration of the CRSP findings and in joint publications. The network
tunctions in less obvious ways as well -- in solicitation of advice and appointment to
imiernationai committees and -onsultative groups, as examples. In a very real sense,
USAID staff also are part of this network which has implications for future binational 
activities. 

Although institution-building was a significant positive contribution of the CRSP, the process
would have been smoother if more time and more travel funds had been allocated to allow earlierbuilding of working relationships before the heavy demands of actual research were imposed onthe collaborating institutiors. Institutions felt pressed to accommodate :he needs of more
technologically advanced research than had been included intheir programs in the pas(. "Theend
result was satisfying, bu! ihe process might have been made less stressful. 

Networking and ins .hution- building have clearly been a two-way proposition. The US institutionshave been enormously strengthened intheir ability to conduct field research, several Americangraduale students have received degrees based on CRSP research participation, and there has
been significant development of foreign language skills. Most of all, the participating invest'gatorsand the Berkeley management team have developed a deep appreciation of the problems
confronted by people in poor communities and the difficulties under which scientific colleagueslabor in less privileged places. As is so often the case, we feel we received far more than we gave. 



APPENTDIX A 

BASIC VARIABLES' LIST (October, 1984)
 

Community description 
Based on Phase I data collections. Reviewed and updated to reflect. 
significant conmunity changes at approximately one year intervals. 

Climatic data 
Average rainfall Monthly
Average noon Lemperature, or daily Monthly 

maximum and minimum 
Barometric pressure, each research site 
 Once only
 

Household data
 
Household entry data At entry
 
Household demography At entry +
 

6 month updates

Household social and economic measures 2 Twice 
Disabilities and chronic illness in household 
 At entry +
 

3 month updates
Anthropometry (nontarget): Height 	 Once 

Weight Twice, by sea-son 3 

Household food use 2 days/month

Household morbidity, 7-day recall Weekly
 

Lead female (P=target pregnancy; L=target lactation; N=all others)

Reproductive history At entry 
Physical assessment of nutrition and pregnancy N: every 6 mo;
 

related variables 
 P: 5th,8th mo;
 
L: 6 months
 

Pregnancy outcome 
 At deliver),

Pregnancy/lactation survey Monthly
Anthropometry: Weight 
 Monthly
 

Height (in duplicate) Once when not
 
pregnant


Food intake 2 days/month
Morbidity, 7-day recall Weekly
Illness disability and task assignment subroutih 5s As indicated 
Resting metabolic rate N: every 3 mo; 

P: 5th,8th mo; 
L: 	lst,3rd & 6th
 

months
 
Sanitation and child care activities5 
 Every 2 months
 
Blood analyses, albumin, hemoglobin P: 8th month
 
Milk analyses 
 L: 	day 1-3, 1st,
 

3rd, 6th mo

Time allocation/activity pattern7 	 Monthly
 
Psychology8 : Ravens Matrices 
 Once
 

WAIS (Subscales) Once
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Lead male 
Food intake: use of household food on same days as 

other individuals (not necessarily total intake)

Anthropometry: Weight 


Height (in duplicate) 

Morbidity, 7-day recall 

Resting metabolic rate 

Time allocation/activity pattern7 


Psychology6: Ravens Matrices 

WAIS (Subscales) 


Illness d'sability and task assignment subroutines 


Infant (from taret_ regnancyl 
Food intake (if breast fed, quantitative estimate of 

.supplementary food otherwiseintake; estimate of 
tota] intake) 

An.hrojxetry: length, weight, arm & head circum. 
Morbidity, 7-day recall 
Dulowitz Scale (first edition) 


Phy.sical assessment: birth condition 
nuLriticn related variables 


Psychology: Brazelton 

Bayley Motor Scale 
Infant Behavior Rccord 

Observation of c-retaker and child 


Target toddler - 18 to 30 month"
 
Food intake (by ooservation or combination of 


ob:;ervation and reporting)
Anthropometry - length, weight, arm & head circum. 
Physical assessment of nutrition related variables 
Physical assessment of vision and hearing
Morbility, 7-day recall 

9
Illness subroutine
 
Psychology8 : Bayley Mental Sale 


Bayley Motor Scale 

Bayley Infant Behavior Record 

Observation of caretmker and child 


Target schooler - 7 to 9 years 
Food intake 

Anthrcpometry: Height, head circLunference 

Weight, arm circumference 

Morbidity, 7-day recall 

School attendance (days present/days of school) 

Psycho.ogyS: WISC-R (Subscales) 


Ravens Matrices 

Barrett-Yarlrow-Klein classroor 


observation 

Playground observation 


Physica. assessment of vision and hearing 

Physical. assessment of nutrition-related variables 


2 days/month 

Monthly
 
Once
 
Weekly
 
Every 3 months
 
Monthly 
Once
 
Once
 
As indicated
 

Z days/monLh 

Monthly
 
Weekly
 
Within 3 days of'
 
birth 

At birth
 
6 months
 
1-7 days old
 
6 months
 
6 months 
2, 4, 6 months
 

2 days/month
 

Monthly 
Every 6 months
 
Once
 
Weekly 
As indicated
 
18, 24, 30 months
 
18, 24, 30 months
 
18, 24, 30 months
 
18, 24, 30 months
 

2 days/month
 
Entry and exit 
Every 3 months
 
Weekly
 
Monthly
 
Entry and exit
 
Entry and exit
 
Twice during
 
school year
 

Twice during
 

school year

Once
 
Every 6 months
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Explanatory notes 

I 	 Minimal list of variables that will be collected by all projects and
 
which, as a minimum, will be subjected to inter-project analyses.
 

2 	 Each project will repor variables collected and will specify hov these 
are to be weighted and combined to yield a classification of households on 
a Social Scale and on an Economic Scale appropriate to the conmiunity. The 
original variables will be stored centrally.
 

3 	 To correspond to seasons of "plenty" and "want" appropriate to each
 
project; if deprivation is not seasonal, select two representative
 
periods, e.g. dry season/wet season.
 

4 	 N, L: Mo.h ly conception survey; P: Monthly pregnancy survey; L: Monthly
 
lactation ancd infant-feeding survey.
 

5 	Illness disability and task assignment subroutine (of lead male and lead 
female) - days 1, 3, 7, 14, 21 ... and weekly during illness; current and 
retrospective data concerning degree of disability in perfermance of 
normal tasks and identification of task assignments to others. For this 
purpose, illness is deemed to end when there has be2n no reported 
disability for three consecutive days. 

6 	 Sanitation and chi ,c care activities (of lead females): These vari1,'es 
will be collected lY all projects. Methodology is recognized to be 
project-specific. 
 a.ach project will report variables collected and will 
specify how thesc are to be weighted and combined to yield scores for each 
component, i.e., a Child Care Score and a Sanitation Activities Score.
 

7 	All projects ha%'e agreeJ to collect this information on a subsample in 
Year 2 of Phase II. Methods are recognized to be project-specific. Each 
project will identify and report the specific variables recorded as well 
as 	the method by which they are to be aggregated into composite 
descriptors. The subpopulation studied should be as representative of the
 
total sample as is feasible.
 

8 	Psychological tests: Individual projects may use culturally appropriate 
subscales and/or different numbers of components of the tests. The 
projects will report the actual variables recorded and the weighting 
factors and groupings to be used in deriving a composite rating/score. 

9 	Illness subroutine (of toddler): (for all illnesses detected as 	starting 
within 24 hours prior to weekly visit except: localized skin lesions,
 
minor trauma, conjuctivitis, pains of less than 1 day duration, headache,
 
upper respiratory infection without fever) Subroutine to include revisit
 
days 1, 3, 7, 14, 21.. .and weekly until recovery, and record: state of 
illness (diagnosis and severity indicators); weight; semi-quantatitive one 
dRy intake (recall of past 24 hours) by report of care-giver; and 
qualitative activity index. Recovery is defined as three consecutive days 
without symptoms (2 recall + current observation).
 

10 	Projects to select alternative measures for children who do not attend
 
school, and advise Management Entity.
 



APPENDIX B
 

PARTITIONING OF VARIANCE IN DIETARY DATA 

by
 

George Beaton and David Lein 

In the original design phase of the Nitrition CRSP, the expectation was that
 
relationships between food intake and other variables would be based on three 
month averages, perhaps moving averages. The necessity to pool data arose 
from the recognition that there is major day-to-day variation in intake within 
individuals. Most of the relationships that would be of interest were between 
intakes persisting over moderate periods of time, rather than on a single day,
aid an outcome variabje. Based on limited data available in the literature at
 
that time', the assunption was that energy intake might exhibit a within­
person variability (SD) equivalent to about 25% of the mean intake. 
 It was
 
hoped that the sample selection would maintain a variability between people of
 
at least that amolnt since the literature available suggests that in normal
 
populations the within and between-person variances were about equal 2 By
.
 
pooling data over 3 months (6 measurements of intake), the within-person 
variance of three month mean would be about 10% for energy and the variance 
ratio (SDwithin 2/SDbetween2) would be about 0.16. It was felt that this would
 
be satisfactory for analyses, giving an acceptable level of attenuation of
 
statistical relationships.
 

The following table presents the results of ANOVA runs 
(partitioning of
 
variance between the subject or 
"model" effect and the residual error in a
 
one-way ANOVA). Standard Deviations have been calculated without taking into
 
account the unbalanced design.
 

'Beaton, G.H., et al. Sources of variance in 24-hour dietary recall data.
 
Am. J. Clin. Nutr. 32:2546-2559. 1979.
 

2National Academy of Sciences. Nutrient Adequacy: Assessment Using Food 
Con-umption Surveys. National Academy Press, Washington DC. 1986. 
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Measures of Variance in Intakes of Toddlers and Lead Females in Egypt, Kenya 
and Mexico.
 

KEN'YA EGFT MEXICO 
Toddlers LF LF LF
Toddlers Toddlers 


ENERGY (kcal)

CVintera 19 18 13 21
24 25 

CSintraa 48 46 38 28 
 32 25
 

TOTAL PROTEIN (g)

CVinter 20 20 26 22
13 20
 
CVintra 59 53 45 35 
 37 30
 

ANIMAL PROTEIN (g)
CVinter 64 68 32 52
23 61
 
CMvintra 166 204 83 89 
 85 100
 

FAT (g)
 
CVinter 41 28 16 34
26 34 

C\intra 68 59
61 51 51 47
 

VARIANCE RATIOSb
 
Energy 6.1 6.4 2.5 1.7
4.9 1.5
 
Total protein 8.1 2.9
7.0 6.7 2.8 2.1
 
Animal protein 
 6.6 9.1 6.5 15.0 2.7 2.6
 
Fat 3.6 5.1
4.6 10.1 2.2 1.9
 

aCV-coefficient of variation (%):(standard deviation / mean) x 100. 
 'Inter'
 
is between individuals and 'Intra' is within individuals.
 

bVariance Ratio is the square of the standard deviation intra divided by the 
square of the standard deviation inter. The smaller the ratio, the greater

the power to detect relationships with nutrient intakes.
 

Keny_
 

For toddlers, the data base for these analyses consisted of 2603 observations
 
of one day food intakes of 109 toddlers each of whom contribiuted at least 12

observations between the ages of 17.0 and 32.0 months. 
The Average number of

observations per child was 23.9 with a range from 12 to 30. The selection
 
coincides with the longitudinal sample and includes also specific rules for
 
the correction of sex classification and exclusion of outliers.
 

It is readily anparent from the data in the table that there was substantially

more within-person variance in the Kenya food intakes than had been expected
in the original design. Expressed as the Coefficient of Variation (CV), the
within-person variability for toddler energy intake was 48% while the between­
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person variability was 19% (compare to design assumptions of 25% each). The
 
result of these departures was a greatly increased variance ratio (6.1

compared to 1.0) 
 and as discussed below, a greatly weakened statistical power.
In the table, the variance ratios for all of the nutrients measured are 
presented. They are generally similar except for fat which has a 
substantially smaller ratio. The within-person variance :irs not been inflated
 
because of progressive change in weight (and hence intake) across 
time; when 
intakes were expressed per kg imputed body weight, the variance ratios were
 
similar, to those of absolute intakes. For some nutrients, the analyses have
 
been run for intakes ex-pressed per 1000 heal 
(a measure of "dietary quality").

The variance ratios tend to be higher. Part of the variance between subjects
has been removed by controlling for tctal amount of food consumned and the
variability in the nutrient density of foods from day to day is exposed. The
 
effect is prticularly striking for total protein.
 

Two other potential sources of the within-person variance were considered: 
that there ws a marked difference in variability of intake attributable to
household food shortages in the drought period, and that the intahe 
methodology had the effect of attributing intake to the wrong day in a pair.
As a first approach, scatter plots of data were visually examined. What was
striking about these plots was not a marked change during the "famine" pericd

but rather the very high variation throughout the whole period and even
 
between adjac-ent days. Whatever is the source of the variance, it doe s not
 
appear to be the food shortages and potential "feast and fimine" situation of
the drought. period. More detailed sLudies, discussed in the Management ntity
Rerrt3, demonstrated that the variance between adjacent days comparablewas 
to "The variance across non-adjacent days and that there was no systematic
difference between the first day and the second day of adjacent pairs. It was 
very unlikely that intahe was being attributed to the wrong day. 

Lead females (n=214, mean observations per person = 24.6) selected were from 
households defined by ME as being in the longitudinal sample. The variance
 
ratios observed tend to be slightly higher in women than was seen in toddlers.
 
That for animal protein was much higher. In adult women, the variance ratio
 
for fat was again lower than that for the other dietary variables.
 

Mexico
 

As was done for the Kenya project, Mexico data were selected from subjects
included in the longitudinal data set (as defined by ME). Recognizing that 
the method change in Mexico had a marked effect upon mean intakes, only data 
collected after December 31, 1984 (i.e. with the final methodology) were 
examined. To be included in the data set, a particular toddler was required
to contribute at least 8 observations within the time defined by the target
window (18-30 months). This resulted in the creation of a data set comprising

947 observations from 50 toddlers with an average of 18.9 observations each.
 

The contrast of the variance ratios with those seen in the Kenya data sets is
striking. It is noteworthy that the variance ratios are not particularly 

3Management Entity Final Report, 1988.
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different between total energy (or total protein) and animal source energy (or

animal source protein). 
The fact that Mexico project analyses consistently

demonstrated stronger relationships between these variables and oitc-ome
 
measures is not explicable as an arte 'act attributable to different relative
 
error terms in the variables (as was implied might be a contributing factor in

the fat intakes in Kenya). Conversely, what is striking is the sharp increase

in the between subject variability in the animal source vectors (see CV's in
 
the table). This would suggest that whatever use of animal source foods may

mark (intake 
 of' one or more specific nutrients or characteristics of the
 
household and associated factors), the relative range among individuils is

appreciably greater for the aniial source nutrients. This is what. would
 
appear to be driving the Mexico analyses. It will be important to explore

this phenomenon further to determine what other variables associate with use 
of animiavl source foods. In such further analyses, or in any interpretations, of

the present analyses, note should be taken of the major skew that exists

within the animal 
 source vectors (the CV's approach 100%; clear evidence of a

skew). The distributions were not normalized for these analyses.
 

It is to be noted that the relative variabilities and the variance ratios seen

for total energy, total protein, and total fat in toddlers (and in adult

females) are in keeping 
with the general ex-pectations of the original design

and with variabilities reported in industrialized countries. Comparative

information for animn;_a source enrgy and 
protein is not available. 

As for toddlers, data for lead fem-iles were selected from the longitudinal
sample and the longitudinal time windows as defined by MF. An outlier screen 
was applied and intake records with more than 5000 kcal/d were rejected from 
the analyses. It was required that subjects included contributed at least 8
intake records (the actual ranges were 8 to 32). 
 No attempt was made to
 
separate pregnant or lactating women from their nonpregnant, nonlactating

compatrcots. There is somewhat less variability in energy intake among women

than was seen in toddlers (but note that toddler analyses were not controlled
 
for age and neither were controlled for weight; these might contribute some
 
variance). Arain the variation between subjects and within subjects increased
 
sharply with animal source foods.
 

Eypt
 

The Egypt project provided 2770 intake records for toddlers in the age 
range 18 to 30 months. To these records the following exclusion rules were
 
applied: must be in the longitudinal data set, must have been weaned, intakes
 
could not be in excess of 4500 kcal; after those exclusions, at least 8
 
records must be available. The resultant data set provided a total of 1392 
records from 85 toddlers contributing 8 to 27 records (.can = 16.4). The 
between subject variances, expressed as CV's, are comparable to those seen in
Mexican toddlers and close to design expectations. This is moderately
surprising since it is known that the data set includes an observer effect
 
that could be expected to increase the CVinter to some degree. 
The within­
person variances are again comparable in range to those seen in Mexico and
 
much lower than those seen in Kenya. However, the ratio of variances is

generally higher for Egypt than for Mexico and that for animal protein is
 
particularly surprising.
 

w 



The partitioning of variance in adult females was examined for subjects in the
 
longitudinal data set with at least 8 observations be contributed and reported
 
energy intake not be greater than 5000 kcal. From an initial pool of 5505
 
observations, 3420 met these criteria. The analyzed data set comprised data
 
from 152 adult women contributing an average of 22.5 observations. Adult
 
women exhibit a lower between- person variation, relative to the mean, for most 
nutrient vectors than do the toddlers. The relative within-person
 
variabilities also tend to be reduced (except for animal protein), but the
 
variance ratios tend to be h-gher for adult women than for toddlers. These
 
subjects depart quite appreciably from the original design assumptions, making
 
it more difficult than anticipated to detect associations (the departure is
 
not as severe as was seen in Kenya but more so than for Mexico).
 

Implications for interpretation of interproject comparisons 

The predicted attenuation of bivariate correlation Eud regression 
coefficients, based on the observed varianice ratios, may be calculated. 
Details of the calculation of these attenuation factors will I found in a 
report prepared by the Federation of American Societies for Experimental 
Biology 4 . Application of the factors may be illustrated by an example using 
the energy variance ratio from the Kenya project. If the true relationship 
between energy intake arid a body weight parameter were described by a 
correlation coefficient of 0.4, with 2 days of data (1 month's observations), 
the observed correlation might be_2 about 0.2. With 3 months of data (6 
observations) it might rise to about 0.28, and if a six month mean were used 
it might be, 0.32. If the original rcgression slope were 0.2, the o1crved 
slopes might be only 0.05, 0.10 anid 0.13. Thus, both the estimate of the 
relationship and the power to detect it as statistically significa-t are 
sharply reduced by these high variance ratios. It implies also that the 
ability to detect. relationships across short periods of time is seriously 
blunted. Some of the analyses presented by the Kenya project involve mean 
intakes over six month periods. Relationships were not seen when shorter 
intervals were used.
 

A very serious implication of these observations is the need to guard against
 
the false negative interpretation of analyses. That is, if a relationship is 
riot seen, it may be because it does not ex <t. It may also be because the 
attenuation is so great that it is not det-cted in conventional analyses. 

A second problem is apparent from the analyses presented in the foregoing 
pages. The variance ratios, and hence degrees of attenuation of
 
relationships, vary between nutrient vectors within projects and within
 
nutrient vectors between projects. The implication is clear. If, within a
 
project, the real biological relationships between several nutrient vectors
 
and an outcome variable were comparable, the observed relationships would
 
differ because of different degrees of attenuation. Analogously, between
 
projects, different nutrient vectors may appear as significant predictors of
 
outcomes as a result of differences in variance ratios as well as because of
 

4FASEB Life Sciences Research Office. Guidelines for Use of Dietary Data.
 
Federation of American Societies for Experimental Biology. Bethesda, MD 1986. 
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true differences in the biological relationships. This may be a particular

problem when simple correlation anayses are used in the selection of
 
variables to be entered 
 into regression models; the correlations would bM. 
attenumited as indicated above Lnid this would influence the selection, decision. 
Once entertfd into mult iviriate regressions, it is difficult to predict the

effect of 
the- variance ratios. The observation of differ-ent nutrient-function 
relationships actross proj(ects, or the pTresence of relationships in analyses
for onle project and absince .in analyses for another must be interlrete:d with
 
the variance ratios in mind.
 

Exaining the variance ratios alone begs the questi on of' why the vari ance
 
ratios di ffer. Although the foregoing discussions nave enphasized t.
 
varian(e ratios and the (C'Vs in relation to )rigina. design targets,

exami.natiori of the absolut, variance comix)nents is of interest. The. varian,.e

ratio involves xoth components. A question of interest is which differs
 
between projects and %:hy does it. differ. lntraindi vidt.uil vai'iances would
 
differ if there are real differences in the: stabilit.y of cat ing pitt.erns or if
 
ther(_ wece a rarndom methodological 
 error in record ng inoae that differed
 
between projects. Interindi vidual variances would differ if' indeed there', were
 
differa nces in the "homogen,-ity" of the populations studied if' there were.or 

sysLenl~tJi(, biases ( -Ji',ting across individuals within one or more of the

projects. It appear for toddler intakes, variance
woulo that, between-subject

differs between projects more than, does the within-person varian.e (fat intak]e

in Kenya does 
 not fit this pattern). That is, the differences in variance
 
ratios describe- above Ere less likely to reflect 
differing methodological
 
err-ors across the projects than differences in the rang, of suljects

themselves. Specifically the Kenya subjects would appeai- to be much more
 
homogeneous than either the- Egypt or Mexico subje<cts. 
 This conclus-,ion must be 
tempered by the potential effect, of interviewer bia-ses on the betieen-subj(,ct
variance. Nt-vertheless, the results do suggest again that the power to detect 
relationships between energy intake and outcome variables differs between
 
projects. The differences between projects in the CVinter anld CVintra of' the
 
nutrient vectors for adult fenk]es 
 are not as consistent as would seem to thet­
case for Iodd]]ers. easily that is one
One cannot suggest as it ccmlonent or
 
the other that differs between projects. These similarities and differences
 
between projects would be worthy of further exploration both as a basis for

further understanding of the data and as an approach to "external validation" 
of the dietary methodologies. 

Finally, as was noted above, exi,,iiation of the standard deviations for a 
number of the nutrients suggests t-iat the primary distributions carry major
skewing. This is very apparent, for example, in the Mexico todd].er animal 
source energy and protein but is seen also in a nuamber of other nutrient 
estimates across projects. In the preliminary analyses reportod by prcjects 
as well as those included in the present report, specific consideration has
been given to the potential impact. of such skewing of the dietary variables 
only in the case of the Mexico project. Here, as reported in the analysi3 of
growth patterns, it was found that two individuals had very unusual intakes 
and also unusual weights and heights. Not only would these subjects have
 
accounted for a major part of the skewing but also, in this case, unduly
influenced the analyses. 
Further examination of the intake distributions in 
relationship to analytical questions is in order. 

http:todd].er


APPENDIX C 

SAMPLE GROVMT PLOTS FOR EG-YPT TODDLERS 

by
 

David Lein and Steve Selvin 

Following are four examples of growth plots for Egypt toddlers. Each graph 
shows weight gain over the 12 month period between 18 and 30 months of age
 
(each measurement is represented by a W) and change in body mass index 
(height divided by weight squared) over the same period (each measurement is 
reprenented by a P). Both a linear and a quatratic equation have been 
derived for weight and body mass index, and are plotted on the graphs as a 
solid line and a dotted curve. 

Several other measures are represented at the bottom of each graph. Food 
intake measures are shown as vertical dotted lines; since there we,-,e usually 
two consecutive days of inkLtke measured, these appear as parallel dotted 
lines. Weaning dates can be determined by the height of the dotted line -­
the taller lines -re for breast-fed days. For example, the first toddler 
shown belov- was '-eaned at about 21 ntorUh - of age. The six preceding food 
intake measures (3 pairs of two days each) are :7epresented by taller dotted 
lines than th2 remaining food intake measure-. "he second toddler was 
weaied prior to the study, and does not. :ave any tall dotted lines. 

Also shown at the bottom of each graph are the illness days -erorted for the
 
.oddler. Each day of illness is represented by a solid vert col line. Thus 

illness episodes lasting several days re .epresenced by a cluster of 
vertical lines. Illnesses categorized as severe by the field personnel are 
represent.±i by a taller solid line than those categorized a- mild. Illness 
episodes categorized as diarrhea have a D above the solid line. The first 
toddler below had several illness episodes, most of which were severe for at 
least part of the duration. Six of the episodes were for diarrheal disease. 

Thus, it is possible to use these graphs to visualize the rate of groath in 
weight and the change in body mass index over the year. The deviations from 
linear growth c&n be seen easily. Simultaneousiy,' the effect of weaning and 
of differing types and durations of illness on the growth pattern of an 
individual toddler can he examined. 
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APPENDIX D
 

EXAMINATION OF COMh PATITERNS IN EGYPT, KENYA AND MEXIOO 

by 

George Beaton and George McCabe 

For the analyses to be reported in this section, certain inclusion or 
exclusion rules were applied. All available data were eligible for inclusion 
and no attempt was made to define the relationship to longitudinal samples
 
defined in project. and man3agement reports. Rather, where longitudinal data 
sets were needed, as in the generation of individual regression lines, 
criteria of' minimum numr'r of obstrvations across minimal periods of time were 
established.
 

As ai initial st.p all datfa for children to the age of 12 years were entered 
into the CDC program for calculation of Z scores and other standardized 
measures of weight, height and weight for height (CDC Anthropometric Software 
Package (WASP) for use on the Personal Computer, Version 3.0, 1987). That 
prcgram flags all data that canot be computed (data out of range, age or sex 
inforaiation not available, ete). All flagged data were discarded without 
further investigation. In addition, data presenting as Z scores of less than 
-6 or greater than +6 were treated as outliers and were discarded from all
 
anailyses. From these same outputs, but without exclusions based on very high
 
or very low Z scores, distributions of weights and heights by centiles of the 
reference population (e.g. proportion of individuals falling below the
 
reference 5th centile, etc) were prepared using ROC FREQ of SAS PC (Version 
6.02, SAS Institute Inc, Gary, North Carolina).
 

To prepare files for plotting (see body of report) data were pooled by age
 
intervals. Birth data were restricted to information recorded within 72 hours
 
of birth. For two projects only weights were available in the birth files.
 
From 0.5 to 12.5 months, data were grouped for one month periods (age taken as
 
midpoint of the interval). From 12.5 to 30.5 months, pooling was by two month
 
intervals. After 30.5 months, the interval used was 4 months, again assigning
 
the midpoint of the interval as age for plotting. These groupings .served to
 
increase the numbers of data available for any one plotting point. To be
 
i.icluded in the graphs, it was required that there be at least 15 data
 
e:presented. No attempt was made to take account of repeated measures on the
 

st-:± individual (i.e. target individuals with longitudinal data sets). Best
 
fit lines were prepared by running linear regression models of weight or
 
height Z scores on age, again ignoring the presence of repeated measures, and
 
using only data collected after 12 months and before 12 years of age. Lines
 
were fitted to individual data and actual ages. The results are shown below 
(outlying data were not excluded from these analyses): 
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EGN7F 	 Weight Z score = - 0.913 + 0.002780 Age N = 1780 RMSE = 1.079 
Height Z score = - 1.944 + 0.007994 Age N 11780 R1-= 1.140 
Wt for Ht Z score = 0.148 + 0.001611 Age N 11780 RMSE = 1.057 

KI'YA 	 Weight Z score = - 1.628 + 0.003252 Age N = 4058 RP-SE = 0.870 
Height Z score = - 2.164 + 0.006203 Age N = 4058 RIEE = 1.007 
Wt for Ht Z score = - .526 + 0.001645 Age N = 4058 RISE = 0.840 

M-XIOO 	 Weight Z score = - 1.460 + 0.003083 Age N 1 RMSE 0.876
1931 = 

Height Z score = 2.220 + 0.006956 Age 1 lISE 1.019
- N 1931 1 
Wt for Ht Z score = - .281 + 0.001987 Age N = 1931 !ISE = 0.826 

(For weight and height Z se(ores, the slopes were significantly
different from 0 in every case. Note that replicated measures 
on same subjects not. taken into account. ) 

To prepare individual regression data, it was denivind-d that a subject provide­
at least 6 measures ac-oss a pe'riod of at 8 riwnths within
least defined
 
windows of age. For toddlers, data from age 16.0 Lo age 32.9 months 
 were
 
incl uded. For schoolers, the pernitted age interval was 78 to 123.9 months. In
 
all projects, group imean ag(s of data collection were close to 24 and 96
 
months for the two intervals. Regressions were run with 14C REG, SA.S TIC using

models of the tpe HTZ = AGE; the mcdels were run independently for each child
 
meeting the selection criteria. Subjects were excluded from subsequent

analyses if the Root Mear Square Error of the individual 's regression ex(-eeded

1.0 for toddler data or 1.2 for ischooler data. It was assumed that these cases
 
either included unreliable measurements or delpirted from the general

assimption of a linear relationship tetween the z score and age. A particular

subject might have been excluded from weight analyses or height analyses while
 
included for the other.
 

In developing adult measures for inclusion in prediction models, it was
 
demanded that there be at least 3 measures of weight for the individual. A
 
single measurement of h,!ight was accepted. Most subjects provided many more
 
measurements. Unfortuna-Lely, the data base used in dev' 
 loping these variables 
for the Egy-ptian population did not include anthropometric measures collected
 
during pregnancy (these are in a separate data base in the Egypt files). This 
would have 	introduced some bias in relation to the other projects since weight

gain is exTected during pregnancy and since pregnant weight might be expected 
to show a relationship with child growth. For adult women, there were at least
 
8 measures of food intake required before an intake variable was admitted.
 
This higher requirement was imposed to dampen the effect of wide
 
intraindividual variation in intake measures 
(see Management Report) and to
 
foster development of an index of usual household dietary pattern covering

longer rather than shorter periods of time. In the case of the Mexico project,

only intake data collected after Jan 1, 1985, were included. It is important
 
to recognize that the intake and anthropometric data for adults did not hold a
 
fixed temporal relationship to the data for the child. The adult data were
 
treated as if they were "state variables" reflecting a general condition of
 
parental sizes and of household dietary intake ratios (diet quality measures).
 

For purpose of comparison with data on children, Z scores were developed for
 
adults using reference data for young adults, 25 to 34.9 years of age.

Reported US data for this group were:
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Sex Mean Wt SD Wt Mean Ht. SD Hi 
------------ ------- ------ ------- -----

Males 79.883 15.875 176.78 7.37 
Females 63.504 14.515 162.81 6.10 

The Z score was calcula,.ed as: (Observed Wt - Ref Mean Wt) / Ref SD Wt. Height 
measures were substituted when appropriate. While use of these reference data 
have the advantage of contirnuity with the population from which the CDC norms 
were selecte-d, it must be recognized that the adult data were not develol-d 
for analysis purposes (smoothing) as were the reference data for children. 
Care mus t Lx taken in drawirg comparis-ns. 

Tables 1-3 pre-sent summuary statistics describing the variables used in the 
analyses. Ani Anijie provides the actual data used in plotting figures presented 
in the report. 

These da~t were used in prediction equations run with PR((C REG of the SAS PC 
program, Version 6.02 (SAS Institute Ine, Cary, North Carolina). Tables 4 and 
5 present the R square values from some of these regressions, indicating also 
the level of statistical significance achieved. Individual coefficients, other 
than the intercept, were inconsistently significant and dlfficult to inter)ret
because of cross correlation,. However the correlatiors between the dependent 
and independent. variables (Tables 6). These provide insight into consistent 
and inconsistent relationships. The imortan-t features to note from the tables 
are the repeatedly seen relationships between parental size variables aid both 
the actual Z scores (Table 4) and the parameters of individual regressions
(Table 5) in the Kenya and Mexico data sets. Maternal size measures are the 
more consitent predictors as might be ex-pecte-d. There were suggestions of 
similar relationships in the Egypt data set but, for many analyses, the number 
of cases was small and the models lacked power (or were overparameLerized) . It 
is noteworthy as well that dietary quality variables explained a part of the 
variance even after taking into account the explanatory effect of parental
size. This was particularly true in the Mexico project. It must be emphasized 
again that the diet quality variables related to all measures available for 
the woman. In the Mexico project, many of these dietary data would have been
 
derived from time pericds after the collection of anthropometric data on the 
child. These relationships may not be causative in the narrow biological sense 
of intake affecting an outcome. The diet quality measures may reflect other 
conditions of the microenvironment surrounding the child during early growth 
and development. The models did not test all possible dietary variables. The 
two chosen were available in common across all projects and, as suggested by 
the correlation matrices presented in Table 7, are probably representative of
 
the major variations in "diet quality" measures.
 

Although not presented in the tables, the inclusion of sex of the child in 
regression models had very little effect on the extent of variance explained. 
The Z score effectively adjusts for expected differences in size between girls
 
and boys as well as expected changes in absolute weight and height with age.
 
Thus, in normal situations, differences between Z scores for boys and girls
 
are not expected. The absence of differences in the present data set may then
 
be taken as implying that there were no major gendre-related differentials in
 

'K.
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the environmental / child care variables that yivimpact upon the growth of 
the children.
 

Other regression models (not shown) were tested. These included maternal size
 
variables alone,, maternal size coupled with sex of' the infalt with or without
 
dietary variaihIl]S, and models including all variables. No preferred model
 
fitting all proje'ts was detected and the models presented in Tables 4 and 5
 
were seltcted essentially on the baxsis that they included the indeperent.
 
variables of pairticular concern to the hypotheses at hand - that eithtr
 
genetic or stable environmeiitaI factors represer.-ed by iarental ,ize affected
 
the growth and develollent of 
 the child and that factors associated with the
 
diet or other chara,.ceristics; of the( household 
also influ-nced developfnt.
 
Much furthe. analysis, 
 involving use of other of the many measures includef-d in
 
the CRSI d,ata sets will b- required to go beyond this level of interpretation.
 
That is, for example, tx-fore it cw- be concluded that diet per se is an
 
impr)rtbAit influen(,e on 	 the pattern of physical growth anid develoPuITit, it
 
should bex examined in models that include measures cf other asTect of the
 
microenvirormint - do such in(cusions ex\plain iaddition.l1 
 variance or' do they
 
interchange. with the dietary Imeasures in explaining th(- same 
comlx.)rients of the
varci anc.t 

The models at hand permit a comparison of growth across the three projects.
 
This can be seen in two dimensioi.s. First, do growth rates differ between
 
projects? Second, do achieved sizes (weight or height) at defined ages differ
 
between projec2ts? 
 The mean slope of Z scores wiLhin toddltrs and within
 
schoolers approxima.tced 0 (on average, children were growing along their
 
expcted "channel", given a small siz. at the start of the period).
 

len the slope-s of change in weight or height Z scores across time were
 
examinec the results shown be-low 
 were obtained: 

Project. Age, Group Measure N Mean Std Prob> T' 

Egypt Toddlers 	 Slope Wt Z 97 0.0402 0.0716 0.0001 
Slope lit Z 95 0.0283 0.0510 0.0001
 

Kenya Toddlers Slope Wt Z 107 0.0094 0.0403 
 0.0181
 
Slope Ht Z 107 0.01)0 0.0420 0.0001
 

Mexico Toddlers Slope Wt Z 96 0.0131 0.0477 0.0084
 
Slope Ht Z 96 0.0519 0.0502 0.0001
 

Egypt Schoolers 	 Slope Wt Z 37 -0.0086 0.0318 0.1079
 
Slope Ht Z 37 0.0053 0.0170 0.0672
 

Kenya Scboolers Slope Wt Z 134 -0.0137 0.0257 0.0001
 
Slope Ht Z 134 -0.0110 0.0194 0.0001
 

Mexico Schoolers 	 Slope Wt Z 108 -0.0061 0.0171 0.0004
 
Slope Ht Z 108 0.0045 0.0210 0.0289
 

Essentially all of the slopes were significantly different from 0. Most of the
 
slopes approximated 0! A slope of 0.05, the largest seen would represent 
a
 
change of about 0.6 standard deviations across the year; this would be
 
considerad biologically important. Conversely a slope of' 0.01 would represent

only about 0.1 standard deviations in a year. ne mean slopes of the be-st fit
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lines for weight and height Z scores (see above), based on all individunl
 
measures between 12 months and 12 years without taking into account the
 
presence of repeated measures on the same individuals, were all under 0.01.
 
The mean estiated Z scores for' weight and height were generally similar at
 
ages 24 and 96 months (Tables 1-3).
 

A direct compairison between projects was undertahen by including data from the 
individual regression eqtLutions from all projects in a single model which 
includrd uountu\y as a clo-:s variable. Using this model (parameter = country)
 
PR-)C GIN (S.-kS TC Ver'sioni 6.02) pe.rformed an analysis of variance and permi ttei
 
testing of the effet of country using the Bonferroni test. to comalre means.
 
It was found that for both tcxdlers aid schoolers, and for estimated weight Z
 
scores at 24 iijid 96 and height scores at 96 months, children in the Egypt
 
project di fftred from those in Kenya nd MHexico (Significant at 5% level by
 
Bonferroni t e-t ) wherecas di ffernce-s between Kenya aid Mexico could rnot be
 
est al]i shi (a id i(:Fation of' Dun(oan's multiple t test suggeste thint thtsee also
 
were: di fft't. I--r). (9omparisons of th( slope s of' w,-i ght and height, Z score charge
 
showed 1 s ioilr atIteit in tt(ifle rs. AmVong sh)()/lrs, childr'en inrenyu and
 
Me>:ic, di f, rt-d from eao"h 
 other ' but not from those in Egypt wi ih regrd to
 
cha g.,r II w, i g}t Z s-'ores . Wi th r'egard to height change, -v)0th Egjpt. ianid ]enya
 
di ff'ere fr()m ,:1xi co bl not from eiach ot-he-r. 

These obst-r-vst ion s, together with the fall in Z scores during the first 12
 
months (]TjriLL's 1--i anid plot.s present(d in bo.y of' reIeXrt) strongily support a
 
con']usi on th:it for the populations of children examined in tht three
 
projects, the rmajor "growth failure" took place be:fore 
 the end of' the first 
year of life and that thereafter growth was; relatively "norma]' ' without much
 
sign of catch up. It would alpe-ar that. the "failure" cx-curs at similar tiries
 
in th" t.hree. projects (between about 4 months and 12 months). After 12 months
 
the "st. lolb Fxittern" suggests that there h.as been a differential in early
growth among the proj ctts. The greatest, ef'ftct has been in the Kenyan
 
population anid the: least in the Egyptian children with Mxicans faling
 
between the others but. close to Kenyan children.
 

Even though the foregoing describes the pattern of growth across childhood, it 
must be? recognized tlat the slopes of change in Z scores within the toddler 
and schooler windows do show variation between individuals (Tables 1-3). In 
these relatively short time periods, all chilc-en do not grow at the same
 
rate. In the next section of this report, the differences in growth rates
 
within the toddler age window are explored in greater depth. This variance is
 
in contrast to the evidence that across longer periods, the populations have
 
stable patterns. Thie distinct conclusion must be that within the status qP 
situation of these study populations the gains or losses ingrowth rates seen 
within shorter windows of time are offset b earlier or later changes in the 
oppsite direction. If this were not the case, one would expect to see a 
progressive increase in the variance of Z scores across ages (individuals

becoming more diverse in response to continued differences in theii 
microenvirormients and associated growth rates). That. does not appear to be the 
case (Tables 1-3). The notion of a continuation of a situation of growth that 
developed during early life is further strengthened by examination of adult Z 
scores (Tables 1-3). The height scores were consitent with those seen in 
children. The exception to the notion of stable Z scores is seen in the data 



plots for Egypt, to some degree in the slopes of the regression lines for that 
project and in the comparison of adult Z scores with those for children. 
Although there is limited indication of catch up in linear growth, it is 
readily apparent that during childhood the Egyptian study group began to shut,
increases in weight. The adults exhibit weights that approximate the US 
population particularly in females. Since heights do not match US heights, it 
can be inferred that adiposity is the explariatien of the changes in Z scores. 
By inference the energy supply is sufficiently high, or the activity levels
 
are sufficiently that deposition energy is
low, tissue of reserves xissible in 
that comunluity - more possil ]e tnian in either Kenya or Mexico although Mexican 
fenvles also showed an increase in Z scores for weight between children and 
adults. 

Examination of Relationship Between Intake, Growth
 
and Achieved Size Within Toddlers
 

In arn interprojtect compalrative ex-ploration of predictors of toddler growth 
rates, lon, i tudirnl samples were drawn in accordarice with procedures describe-d 
in the projt<:t reports. In these sttdies weights and heights were not 
converted to Z scores. However the data for each child were convert.ed to 
linlear regression eqL'itioris so that- xody size and growth could b_- described in 
terlm of l intc-ept at a sp- cifled age- (e.g. 18, 24 or 30 months) and a 
slo,. It was demonstrated that, for this age group a linear regression gave
the best fit of data. It should be recogr-dzed that in these analyses, a 
positivt slope is expect(d for a child who is growing. In the analyses

presented above, the exp×ctation for normna growth is a 0 slope (no change in
 
age and sex adjusted Z scores when child shows 
 ex ted normal increase in
 
absolute weight or height).
 

The initial thrust. of these analyses was a se: "h for the best regression
model for application across projects. The in>i ,.:ndent variables incorporated 
in the various models tested included age, sex, a variable representing the 
proportion of study months during which the child received breast milk, and 
the following measures of the child's dietary intake averaged the wholeover 

year between 18 aid 30 months of age: energy, total protein, animal protein,

carbohydrate, fat, aid the ratios fat as % energy, total protein as % energy,
animal protein as % energy, and animal protein as % total protein. (Without
inclusion of the ratios, the model has been designated the DIET5 model.; with 
inclusion of ratios it is designated DIET8.) The models were also ri with and 
without inclusion of a measure of achieved weight or height. The dependent 
variables were the intercept at 30 or 96 months and the slopes of weight or 
height change. Models were run using all Mexico project intake data and using
only data collected with methodology in place after January 1, 1985 (a much 
smaller n). They were run with the primary Egyptian intake data and with data
 
adjusted to take into account the apparent bias introduced by one interviewer.
 
In keeping with presentations in the original project and ranagement reports,

only the new method data from Mexico and adjusted intake data from Egypt are 
presented in this report. The models were run also with omission of suspect
"outlying' cases to test their influence on the outcomes. Two subjects in the 
Mexico data set were found to have undue influence on many of the 
relationships detected; this, and the small sample size, argues for 
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considerable caution in interpreting the analyses of the Mcxico data sets. The 
analyses presented in this report include the "susptct" cases 

The net. out c mi, of LIese nx l' alxvijyses was ali ess.ential inablit 'y to develop a 
single pref'err-d iri,iii. \ariables the t appeared to contribute in one proje, ft 
were not demonstralY T.ibutory ill ailother. Yet. ornissionl of those V'arJabl es 

h,<.r both of modeils. Comp:iris(on of' thefrom e-i Ar 1 cldistort the comparison 

cocf6jC1ioetS Of indiiN (hlt variables across projet. i, uriinter'pretiihle siice,
 

-the crc i lt i (nis di 1'U r mln (I in deedt the sign of t}t coefficient, within
 
a Hi't i'ouf'r 4h1 marigit di f'fei' tross projets as w'l] Ei:=, h twe,_:n m d(e l s
 
witnhil It t . Tbi s-: i s Tn(,t 'x} x 'tt - i a1d Ceiixot IXb 
 tAJWn to imply that the
 
effect ;1]ly di f'f ., ktier, itst s ,,ges that the ef'ect-, -. coUld iliot b,
 
iso]at ..
 

i ria at tImj l to O'e0o ircom(tSOMt: c ," thll5t c1-t i 'i ti es, ald to nuitrh
 
interpr' t.aU more 1:1 x n t -..
ioli a iri iFll, 1 (X !4s (sex, breast feedirig measur,:,
 
ag( and eithtx 5 or 8 ]id tryr v r iiVrls ) c' tri iil aA riner thmt pex'rmi t t,
 
estinio ion of' the of'fect (of acliiirligl/' r moi rvig 100 kL-;1I of' foeod. To te , iri ,
 
aco('ounI on,- o it unde ir lUest i,!l a i_ jni v (lEE]' aria yss i
f'rom pr,.,jc t and
 
from i(' g.r'.wt - Uti ni '.'s es or, I ed et.xa '0, "-xitf ' iOid ' Iys t -iIlerii i
 
estilnii t io ( F t }ii ilt 't of i[r ifiln the ci s i t. i thlt , add(d
o of 100 turl el"
 
remov'ed 'i i. i v., not to b o O lt ,rn',ttho. By design lih,- "addi I ions"
 
or "rermo!" depro.ii f',' i, filling within thc range of origiine]
 
observtol ris (.t incTtit4 intad,'s,) . h rc car i l x.1J ,t't i',xmi I.ed asstc' that real
 
additi on-,s on di( l t ions 1:()ol](1 lt\ HiI sall)(ro efT,-ot, N 1'_rtheless this approac'h
 
was seen as n'e off'r iri' a real.rer's])ctiv,t it- ' of i], ry
to-S2ide di'f'tr 

influences. Ti 'fly ds'' ss mc:It alated the add itun of':
-I 

100 kcal of everage diet. (co.om.x)siti 0t1 .an intake pat of'ciii tMIn 

toddlers in the part i-ulior pri.(jei t)
 

100 keal 3.3'X fat. mill, (corrip.)sit ioii 5.4- g fat + 5.33 g animal
 
pro Iein + . 33 g cerl,,onydrate)
 

100 kcal ric-- (comnx)sitio : 0.06 g fat + 2.0 g plant protein +
 
23 . 0 g carbohydr te) 

The results of thest simulations are shown in Table 8. Only in the Kenya 
project was it. possible to demonstrate statistically significanit effects of 
the addition of' 100 kcal and even here the effect was demonstrable only when 
the simulated addition was of the sam,, composition as the usual diet. The 
effects were riot large, amounting to an additional gain of about 0.56 cm in 
height aid 0.25 kg in weight over' the year. Ho,;ever, small gains of this 
magnit.ude are consistent with effects seen in child feeding progranLs (when
child-en have not been selected as having major arnthropometric deficits). The 
result is realistic. 

In the Mexico projec., there initially appeared to be an effect associated 
with the addition of 100 kcal of' milk, in keeping with correlation analyses 
that. had suggested strong associations between animal source protein or energy 
and physical gron'th as well as other outcomes. hfowever, as noted above, when 
two outlying subjects were omitted from the analyses, the effect was 
abolished. It would appear, that these two subjects may have been exerting 
undue influence and hence were distorting the analyses. 
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If one simply examines the magnitudes of the estimated effects, setting aside
 
the confidence intervals and statistical significance, there is an impressign
 
that the Egypt project children would show smaller responses to added intakes
 
than would either Mexican or Kenyan children. This is in keeping with the 
genera] impression arising from the anthropometric measures and other data 
that envix-onxernl.l conditions, including dietary intakes, were more
 
co.straining i Kenya thani in the other projects (certainly reported intakes 
were much lowc-r)' and that the level of dietary energy i ntahe rx.iy be least 
constraining in kgypt. 

Perhaps Lhe most important. aspect of' these multivariate analyses is an 
expression of' the need for cautior in interpreting simple regression analyses. 
Although the-. Kenya praojec t has r'et×,rted r'elxat.ed associatJons between fat 
int.ake and a nUikllr'" of' outcomes (see tProject t4x).r L), and the Mexico Project 
has rvotA ver str'onger associations betwcen anin.l source energy and 
protA'ir it)tl' and ma. ry outeomri. (see! PLr.,j't port), the present analyses 
fail t. o f', t ,r suppo)rt for the conc]usion thatt this is a true diet 
efr''ept. That N , Lhe two simulatCed additions would mimic diff'erential change 
in f f intuian r ital plot cin iitae with the usual diet as a control. 
Alt h)ugi the di' ,t.ion o' t'harges, in the estimated effects was consistent with 
the hyixith ,es, th(, cuof'i(,enc'e i ntermva.ls widened and statistical signif i cance 
was lost . AdmitI tedly these models are "overparamterized" and intercorrelations 
abound. Hiowcever those.',ss corr'e lntionsn exist also when single variables are 
selected for examination - one cannot ix. sure what is really being tested. 
Unl ess .nd unti I a clearer approach ito sort ing t his out can be develot-d, one 
must be e,:Crermrtiy cautious in suggesting from any of the analyses reported to 
date that increased food intakes (food suplement tion programs) in toddlers 
would have bnet'i cial eff'(c t. on growth. The data from Kenya are suggestive 
that this might I- the case but they are far from certain. FxplicitLy there is 
not sufficient justification for advocating increased animal protein or fat 
intakes based on correlation analyses. 

http:ntermva.ls
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Table 1. Summary Statistics of Data Set Available for Analyses
 
Egyp~t Project
 

Variable N Mean Std Dev
 

Adult Variables 4 
Adult Male Mean Weight 
Adult Male Mean Height 
Adult Fejwile Mean Weight 
Adult FeLale Mean Height 
Adult Male Weight Z Score ** 
Adult Male }itight Z Score ** 
Adult Female eight. Z Score ** 

Adult Female Height Z Score t* 
Maternal 'Total Prot % Energ> 
Maternal Ani Prot % Enevgy 
Maternal Total Fat % Energy 
Maternal An.ini Fat % Energy 
Maternal An Prot % Tot Prot 
Maternal An Fat. % Tot Fat 


Actual Z Scores 
Wt Z at Birth 

Wt Z at 6 mu 

Wt Z at 30 mo 

Wt Z at 96 mo 
Ht Z at Birth 

Ht Z at 6 mo 

Ht Z at 30 mo 

Ht Z at 96 mo 


228 69.392 11.669 
145 166.462 13.737 
246 63.777 11.498 
218 155.350 5.897 
228 -0.661 0.735 
145 -1.400 1.86-1 
246 0.019 0.792 
218 -1.223 0.967 
277 12.783 0.8618 
277 4.021 1 .13i 
277 22.355 3.268 
277 10.790 3.681 
277 28.729 6.916
 
277 43.752 12.080
 

96 -0.105 1.040 
66 -1.120 1.265 
61 -0.701 1.151 
62 -0.610 0.861 

0 
31 -0.864 1.245 
56 -1.863 0.974
 
63 -0.958 0.961
 

Parameters From Ind-ividual Regressions 
Estimated VP'Z at 24 mo 
Estimated sTZ at. 30 mo 
Slope WIZ with Age 
Root Mean Sq Error, WTZ 

Estimated HTZ at 24 mo 

Estimated HTZ at 30 mo 

Slope HTZ with Age 

Root Mean Sq Error, H'TZ 


- Toddlers 
95 -0.950 0.959 
95 -0.709 0.983 
95 0.040 0.072 
95 0.424 0.205 
95 -1.834 1.023 
95 -1.664 1.061 
95 0.028 0.051 
95 0.421 0.167 

Parameters From Individual Regressions 
Estimated WTZ at 96 mo 
Slope WI'Z with Age 

Root Mean Sq Error, WTZ 

Estimated HTZ at 96 mo 

Slope HTZ with Age 

Root Mean Sq Error, HITZ 


- Schoolers 
37 -0.594 0.7[;1 
37 -0.009 0.032 
37 0.220 0.127 
37 -1.077 0.880 
37 0.005 0.017 
37 0.148 0.129 

* Based on all individuals used in any of the regression analyses 
** See text for explanation of derivation 
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Table 2. Summary Statistics of Data Set Available for Analyses
 
Kenya Project
 

Variable Label 
 N Mea;-i Std Dev
 

Adult Variables *
 
Adult tMlc Me_-i Weight 466 55.100 6.906
 
AdulL Male Mean Height 455 165.429 6.544
 
Adul t Female Mean Weight 470 51.966 7.328
 
Adult Female Mea Height 470 154.548 5.522
 
Adult Male Weight. Z Score ** 466 -1.561 0.435
 
Adult Male Height Z Score *I 455 -1.540 
 0.888
 
Adult Female Weight Z Score ** 470 -0.795 0.505
 
Adult Feimale Height, Z Score *1 470 -1.354 0.905
 
Maternal ToUi! Prot % Energy 464 11.60.1 0.782
 
Maternal An Prot. % Energy 464 1.016 
 0.689
 
Maternal Total Fat % Iergy 464 13.734 
 2.451 
Maternal Anita Fat % Energy 0
 
Maternal An Pr'ot % Tot Prot 464 
 8.617 5.688
 
Mternal An Fat % Tot. Fat 0
 

Actual Z Scores
 
WT Zscore, Birth 
 117 -0.220 1.378
 
IW7 Zscore, 6 H 103 -0.674 1.080 
WT Zscore, 30 M 
 88 -1.380 0.845
 
WT Zscore, 8 Y 150 
 -1.322 0.757
 
Ht Zscore, Birth 0
 
Ht Zscore, 6 M 
 103 -1.787 0.991
 
Ht Zscore, 30 M 
 88 -1.727 0.967
 
Ht Zscore, 8 Y 
 150 -1.600 0.940
 

Parameters From Individual Regressions - Toddlers 
Est WTZ at 24 
m 107 -1.564 0.863
 
Est W Z at 30 m 
 107 -1.508 0.906
 
Slope WTZ with Age 107 0.009 0.040
 
Root Mean Sq Error, WTZ 107 0.282 0.104
 
Est TZ at 24 m 107 -2.064 0.921
 
Est HTZ at 30 m 107 -1.949 0.968
 
Slope HTZ with Age 107 0.019 
 0.042
 
Root Mean Sq Error, HTZ 107 0.360 0.153
 

Parameters From Individual Regressions - Schoolers 
Est WTZ at 8 yr 134 -1.364 0.751
 
Slope WTZ with Age 134 -0,014 0.026
 
Root Mean Sq Error, WTZ 134 0.1.84 0.092
 
Est HTZ at 8 yr 134 -1.615 0.974
 
Slope HTZ with Age 134 -0.011 0.019
 
Root Mean Sq Error, ITZ 134 0.114 0.063
 

* Based on all individuals used in any of the regression analyses
 
** See text for explanation of derivation
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Table 3. Summary Statistics of Data Set. Available for Analyses
 
Mexico Project
 

Variable 


Adult Parameters *
 
Adult Lile Mean Weight 

Adult Male Aean Height 

Adult Female -ean Weight 

Adult Femalc Mean Height 

Adult Male Weight Z Score ** 

Adult Male Height Z Score *t 
Adult Female Weight Z Score ** 

Adult Female Height Z Score t* 

Maternal Total Prot % Energy 
Maternal An Prot % Energy 
Maternal lttal Fat % Energy 
Maternal Anint Fat % Energy 
Maternal An Prot % Tot Prot 
Maternal An Fat 

Observed Z Scores 
WT Zscore, Birth 
167 Zscore, 6 M 
WT Zscore, 30 N 
WI Zscore, 8 Y 
Ht Zscore, Birth 
Ht Zscore, 6 M 

% Tot- Fat 

N Mean Std Dev
 

308 65.727 9.712
 
308 165.967 5.799
 
364 58.995 8.883
 
362 152.982 5.693
 
308 -0.892 0.612
 
308 -1.467 0.787
 
364 -0.311 0.612
 
362 -1.611 0.933
 
353 11.374 0.924
 
353 2.058 1.400 
353 13.976 4.154 

0 
353 16.536 9.832 

0 

61 -0.411 0.906 
68 -0.617 1.135 
89 -1.266 0.888 

129 -1.157 0.732 
52 -0.311 0.951 
68 -1.250 0.825 

Ht Zscore, 30 M 50 -1.862 1.043
 
Ht Zscore, 8 Y 126 -1.556 0.917
 

Individual Regression Parameters - Toddlers 
Est W7TZ at 24 m 96 -1.312 0.851 
Est WPZ at 30 m 96 -1.233 0.849 
Slope IWI'Z with Age 96 0.013 0.048 
Root Mean Sq Error, WTZ 96 0.390 0.169 
Est triZ at 24 in 96 -2.098 1.029 
Est HMZ at 30 m 96 -1.787 1.007 
Slope ITZ 96 0.052 0.050 
Root Mean Sq Error, ItrZ 95 0.291 0.135 

Individual Regression Paxawters - Schoolers 
Est WTZ at 96 m 

Slope WTZ with Age 

Root Mean Sq Error, WPZ 

Est TZ at 96 m 

Slope HTZ with Age 

Root Mean Sq Error, HTZ 


108 -1.152 0.676
 
108 -0.006 0.017
 
108 0.195 0.127
 
108 -1.522 0.842
 
108 0.0041 0.021
 
108 0.142 0.204
 

• Based on all individuals used in any of the regression analyses 
** See text for explanation of derivation 

(A
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Table 4. R Square Values From Linear Regressions
 
Precieting the Z Scores of Achieved Size at Fixed Ages 

ProjecL 
Dependent and Independent 

Variables EGYPT }KENY7A MEX1O0 

WTZ at birth 
Mat & Pat Wt Ht 0.122 0.107 * 0,065 
Mat & Pat Wt Ht + Diet 0.163 0.106 0.106 
Diet alone 0.012 0.058 0.058 

WTZ at 6 m 
Not & Pat Wt It 0.060 0.140 ** 0.287 ** 
Mat & Pat Wt Ht + Diet 0.259 0.192 ** 0.327 * 
Diet Alone 0.167 ** 0.071 0.056 

WTZ at 30 m 
Mat & Pat Wt Ht 0.188 0.195 ** 0.212 ** 
Mat & Pat Wt Ht i Diet 0.269 * 0.204 ** 0.236 ** 
Diet Alone 0.036 0.014 0.127 ** 

WTZ at 96 m 
Mat & Pat Wt Ht 0.373 * 0.263 ** 0.189 * 
Mat & Pat Wt Ht + Diet 0.529 * 0.269 ** 0.250 ** 
Diet Alone 0.044 0.018 0.138 ** 

HTZ at Birth 
Mat & Pat Wt Ht not not 0.163 
Mat & Pat Wt Ht + Diet Available Available 0.228 
Diet Alone 0.040 

HTZ at 6 m 
Mat & Pat Wt Ht 0.662 0.170 * 0.279 ** 
Mat & Pat Wt Ht + Diet 0.797 0.221 ,* 0.199 ** 
Diet Alone 0.087 0.030 0.025 

iHTIZ at 30 m 
Mat & Pat Wt Ht 0.184 0.200 ** 0.506 ** 
Mat & Pat Wt Ht + Diet 0.197 0.269 ** 0.600 ** 
Diet Alone 0.011 0.053 0.336 ** 

HTZ at 96 m 
Mat & Pat Wt Ht 0.328 * 0.205 ** 0.166 ** 
Mat & Pat Wt Ht + Diet 0.579 * 0.218 ** 0.172 ** 
Diet Alone 0.058 0.028 0.043 

Dietary variables included were: animal protein as % energy and total
 
fat as % energy. These were selected as being less interdependent than 
other combinations. 

4- P < .05 ** P < .005 



-- ----------------------------------------------------

------------------- ---------------------------------------------

----------------------------------------------

---------- ---------------------------------------------

--------------------------------------------------------------------

13 

Table 5A. R Square Values from Regression Models Predicting
 
the Parameters of Regression Lines Derived for Individual Children
 

PDDDLERS 
Project
 

Regression Variables Egypt Kenya Mexico 

Dependent Independent N Rsquare N Rsquar'e N Square
 

Slope 'WZ Anthro Only 57 0.023 104 0.081 77 0.025
 
Diet Only 85 0.021 107 0.008 96 0.010
 
Ar tliro + Diet 52 0.025 104 0.097 77 0.0116
 

RNISE TZ 	 Anthro Only 57 0.070 104 0.022 77 0.048
 
Diet Only 85 0.011 107 0.127 *** 96 0.024
 
Anthro + Diet 52 0.099 104 0.139 * 77 0.089
 

EST WTZ 24 	 Anthro Only 57 0.264 *4* 104 0.146 *4* 77 0.151 *
 
Diet (T15l 85 0.016 107 0.033 96 0.110 **
 
Anthro + Diet 52 0.212 *4 104 0.174 *4* 77 0.170 *
 

EST 1,PZ 30 	 Anthro Only 57 0.256 *4 104 0.168 *4* 77 0.153 *
 
Diet ily 85 0.005 107 0.039 96 0.124
 
Anthro + Diet 52 0.323 *4 104 0.204 *4* 77 0.176 *
 

Slope HTZ 	 Anthro Only 57 0.029 104 0.032 77 0.091
 
Diet Only 85 0.043 107 0.101 **4 96 0.012
 
Anthro + Diet 52 0.07 104 0.138 ** 77 0.115
 

RMSE HTZ 	 /AthroOnly 57 0.178 * 104 0.043 76 0.081
 
Diet Only 85 0.063 107 0.059 * 96 0.002
 
Antho + Diet 52 0.245 * 104 0.093 76 0.101
 

EST HTZ 24 	 Anthro Only 57 0.396 A** 104 0.163 *** 77 0.144 *
 
Diet. Only 85 0.078 107 0.077 *4 96 0.101 *** 
Anthro + Diet 52 0.445 **a 104 0.247 *** 77 0.163 * 

EST HTZ 30 	 Anthro Only 0.371 104 77
57 .** 0.164 **4 0.184 ***
 
Diet Only 85 0.050 107 0.112 *4* 96 0.107 **
 
Anthro + Diet 52 0.417 *4* 104 0.284 *** 77 0.194 **
 

* P < 0.05 ** P < 0.01 *** P < 0.001 
"Anthro" = Maternal Weight and Height + Paternal Weight and Height 
"Diet" Maternal Fat as % Energy t Maternal Animal Protein as 

% Ernergy 

N"
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Table 5B. R Square Values from Regression Models Predicting
 
the Parameters of Regression Lines Derived for Individual Children
 

SCHOOLERS 
Project
 

Regression Variables Egypt Kenya Mexico
 

Dependent 	 Independent N Rsquare N Rsquare N Square 

SLOPE WPZ 	 Anthro Only 18 0.309 127 0.058 98 0.018
 
Diet Only 33 0.162 134 0.002 107 0.015
 
Anthro + Diet 17 0.658 * 127 0.069 98 0.049
 

RMSE W Z 	 Anthro Only 18 0.090 127 0.027 9F 0.079
 
Diet Only 33 0.238 * 134 0.000 107 0.003
 
Anthro + Diet 17 0.211 127 0.029 98 0.085
 

EST WPZ 96 	 Anthro Only 18 0.405 127 0.314 *** 98 0.101 **
 
Diet Only 33 0.021 134 0.031 107 0.151 ***
 
Anthro + Diet 17 0.527 127 0.316 *** 98 0.260 ***
 

SLOPE HTZ 	 Anthro Only 18 0.211 127 0.137 *** 98 0.067 
Diet Only 33 0.068 134 0.034 107 0.008 
Anthro + Diet 17 0.269 127 0.166 *** 98 0.074 

RMSE HTZ 	 Anthro Only 18 0.362 127 0.025 98 0.006
 
Diet Only 33 0.037 134 0.026 107 0.012
 
Anthro + Diet 17 0.366 127 0.063 98 0.020
 

EST HTZ 96 	 Anthro Only 18 0.211 127 0.238 *** 98 0.16 *** 
Diet Only 33 0.011 134 0.044 107 0.0;0
 
Anthro + Diet 17 0.392 127 0.248 *** 98 0.89 

* P < 0.05 *1 P < 0.01 *** P < 0.001
 
"Anthro" Maternal Weight and Height + Paternal Weight and Height
 
"Diet" 	 Maternal Fat as % Energy + Maternal Animal Frotein as
 

% Energy
 



----------------------------------------------------

15 

Table 6A. Correlations Between Independent and Dependent
 
Regression Variables (See Tables 4 and 5)
 

A. Weight Z Scores
 

Measure of Achieved Child Size
 

Actual Z Score Estimated Z Score
 
Predictor ---

Variables Birth 6 m 30 m 96 M 24 m 30 m 96 m
 

EGYPT RJECr 
Maternal Wt 0.369** 0.037 0.067 0.293* 0.269** 0.273** 0.348* 
Maternal Ht 0.006 0.017 0.273* 0.344* 0.294** 0.329** 0.196 
Paternal Wt 0.114 0.031 0.243 0.494** 0.208 0.222 0.480** 
Paternal Ht 0.025 0.161 0.226 0.292 0.139 0.199 0.589*4 
Fat % Energy 0.105 --.195 -.015 0.092 0.084 0.024 -.067 
An Prot % EL 0.086 0.187 0.151 -.111 0.124 0.066 -.145 

KENYA 1 )JECT 
Materrnl Wt 0.294** 0.309,* 0.338,4 0.422** 0.243* 0.293 * 0.45
 
Materral Ht 0.078 0.087 0.234* 0.332** 0.140 0.185 0.376**
 
Paternal Wt 0.046 0.084 0.238* 0.327** 0.295** 0.276** 0.363**
 
Paternal lit 0.066 0.129 -.020 0.192* 0.115 0.077 0.257**
 
Fat % Energy 0.147 0.216 -.004 0.132 0.103 0.103 0.176
 
An Prot % En 0.055 0.267** -.081 0.120 -.020 -.020 0.157
 

MEXIOD PRO=
 
Maternal Wt 0.238 0.475** 0.390** 0.355** 0.369** 0.331** 0.394**
 
Maternal lt 0.178 0.323** 0.336** 0.233** 0.350** 0.325** 0.253**
 
Paternal Wt -.071 0.126 0.330** 0.293* 0.220 0.252* 0.229*
 
Paternal Ht 0.009 0.059 0.221 0.062 0.134 0.162 0.036
 
Fat % Energy 0.238 0.C59 0.252* 0.355** 0.267** 0.264** 0.374**
 
An Prot % En 0.i70 0.190 0.353** 0.342** 0.332** 0.350** 0.356**
 

* Statistically significant P < 0.05
 
** Statistically significant P < 0.01
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Table 6B. Correlations Between Independent and Dependent
 
Regression Variables (See Tables 4 and 5)
 

B. Height Z Scores
 

Measure of Achieved Child Size
 

Actual Z Score Estimated Z Score
 
Predictor
 
Variables Birth 6 m 30 m 96 m 24 m 30 m 
 96 m
 

EGYT PdW= 
Maternal Wt 	 0.300 -.006 0.240 0.303** 0.3044* 0.347*
 
Maternal Ht 	 0.374 0.205 0.497** 0.329** 0.406** 0.235
 
Paternal Wt 	 0.386 0.270 0.220 
 0.207 0.2501 0.301
 
Paternal Ht 0.623* 0.213 0.257 0.008 0.042 0.296
 
Fat % Energy -.123 0.098 0.153 0.160 0.146 
 0.066
 
An Prot % En 0.173 0.087 -.075 0.278** 0.220* 0.100
 

KENYA PROJECT
 
Maternal Wt 	 0.228* 
 0.328** 0.304** 0.232* 0.232* 0.307**
 
Maternal Ht 
 0.153 0.310** 0.40341 0.224* 0.217* 0.429**
 
Paternal Wt 0.224* 0.244* 0.239** 0.305** 0.314,* 0.263**
 
Paternal Ht 0.337** 0.045 0.217*
0.195* 0.194* 0.255**
 
Fat % Energy -.017 0.160 0.154 0.237* 0.260** 0.209*
 
An Prot % EnI -.109 0.011 0.164* 0.087 0.060 0.188*
 

MEXICO PRiOJE
 
Maternal Wt 0.249 0.383** 0.437** 0.300** 
 0.281** 0.321** 0.31344
 
Maternal Ht 0.219 0.468** 0.504** 0.237** 0.323** 0.335*4 0.282**
 
Paternal Wt -.007 0.114 0.598** 0.236** 0.248* 0.289T 
 0.202*
 
Paternal Ht 0.036 0.018 0.403** 0.201* 
 0.160 0.246* 0.196*
 
Fat % Energy 0.200 0.150 0.263 0.207* 0.219* 0.200* 0.258**
 
An Prot % In 0.150 0.150 0.483** 0.148 0.313** 0.314** 0.240*
 

* 	 Statistically significant P < 0.05
 
*Statistically significant P < 0.01
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Table 7. Correlations Among Maternal Dietary Variables*
 

Variables
 

Protein An Prot An Prot Fat An Fat An Fat 
Variables % Fnergy % Energy % Prot % Energy % Energy % Fat 

Prot % Energy 1 0.716 0.551 0.120 0.690 0.256 
An Prot % Energy 1 0.958 0.541 0.690 0.618 
An Prot % Prot 1 0.600 0.788 0.730 
Fat % Energy 1 0.755 0.519 
An Fat % Energy 1 0.929 
An Fat % Fat I 

B. Kenya Progject 

Prot % Energy 1 0.060 -0.079 0.046 
An Prot, % Energy 1 0.962 0.829 
An Prot % Prot 1 0.826 
Fat. % Energy I
 

C. Mexico Project
 

Prot % Energy 1 0.728 0.653 0.498 
An Prot % Energy 1 0.98S 0.787 
An Prot % Prot 1 0.800 
Fat % Energy I 

os brs--------------------------------------------------­
* For mnmbers of observations included, see Tables 1-3 
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Table 8. Potential Impact of Changes in Intake of Toddlers by 100 kcal: 
Simulations Based Upon Regression Models 

Simulated 	Addi tion 

SaJle Diet Mi ik Rice
 
Country Regression---------------------------------------------------


Model EST SE T P EST SE T P EST 
 SE T 	 P 

EGYPT 
Height at 	30 m 

Diet,5 .32 .24 1.33 .19 .46 .48 0.96 .34 .13 .42 0.31 .75
 
Diet8 .34 .25 1.38 .17 .53 .49 1.08 .28 .26 .56
.45 0.58 


Height Slope
 
Diet5 .15 .16 0.92 .36 -. 17 .32 -. 53 .60 .09 
 .30 0.33 .74 
Diets .11 .16 0.65 .52 -.22 .33 -.65 .52 -.03 .30 -.09 .93 

Weight at 	30 m
 
DJiet .04 .09 0.49 .63 .11 .18 0.63 .53 .0( .15 0.41 .68 
Diet8 .04 .09 0.47 .64 .14 .18 0.77 .41 .08 .16 0.47 .64
 

Weight Slolk! 
Diet 5 -.06 .07 -. 83 .41 -. 09 .14 -.65 .52 -. 06 .12 -.47 .64 
)iet8 -.10 .07-1.47 .1' -.14 .13-1.03 .30 -.17 .12-1.45 .15 

KENYA
 
Height at 	 30 11 

Diets .56 .19 2.88 .01 1.621.05 1.55 .13 .26 .38 0.68 .50 
Diets .57 .19 2.95 .00 1.581.05 1.50 .14 .30 .38 0.79 .43 

Height Slope,,
 
Diets .19 .12 1.67 .10 .03 .63 0.04 .97 .01 .23 0.03 .98
 
I)iet8 .18 .11 1.59 .12 -.06 .62 -.09 .93 .05 .22 0.22 
.83
 

Weight at 30 m
 
Diet5 .23 .08 2.98 .00 .14 .41 0.34 .73 .29 .15 1.94 .06
 
Diet8 .25 .08 3.29 .00 .15 .41 0.37 .71 
 .31 .15 2.06 .04
 

Weight Slope
 
Diet5 .07 .04 1.64 .10 
 -.06 .22 -.28 .78 .08 .08 0.99 .33
 
Diets .07 .04 1.80 .07 -.02 .22 -.13 .90 .08 1.21 .23
.10 


MEXICO 
Height at 	30 m
 

Diet5 .24 .23 1.03 .31 1.95 .64 3.07 .00 
-.18 .37 -.48 .6,:
 
Diet8 .39 .24 1.65 .11 2.50 .88 2.84 .01 .81
.08 .36 0.24 


Height Slope
 
Diet5 -.06 .12 -.46 .65 .74 .33 2.24 .03 .26 .19 1.37 .18
 
Diet8 -.03 .14 -.22 .83 .79 .52 1.53 .14 .27 .20 1.33 .19
 

Weight at 30 m
 
Diet5 .09 .08 1.04 .31 .66 .24 2.72 .01 -.05 .14 -.43 .67
 
Diet.8 .06 .08 0.73 .47 .55 .29 1.90 .07 
 .04 .13 0.29 .78
 

Weight Slope
 
Diet5 .05 .05 0.95 .35 
 .31 .14 2.20 .04 .11 .08 1.41 .17
 
Diet8 .03 .05 0.55 .59 .29 .19 1.54 .14 .14 .09
.08 1.74 


http:1.581.05
http:1.621.05
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Table 8, Cont'd.
 
Potential Impact of Changes in Intake of Toddlers by 100 kcal:
 

Simulations Based Upon Regression Models 

Simulated 	Addition 

Same Diet Milk Rice 
Country Regressi on- ----------------------------------------------

ModkJel TIT SE T P EST SE T P EST SE T P 

MEXICO (CITING TWO DIVbG-ENT SUBJECTS) (21030975 tuid 41321309) 
Height a, 	 30 m 

Diet5 .16 .23 0.68 .50 1.01 .97 1.05 .30 -.04 .39 -.11 .92 
Diet8 .30 .20 1.49 .15 .44 .95 0.47 .61 .09 .42 0.21 .81 

Height Slop×e 
Diet. -. 09 .12 -. 73 47 .36 .51 0.70 .49 .31 .21 1.61 .12 
Diet8 -. 08 .13 -. 64 .53 .51 .62 0.87 .39 .28 .27 1.02 .32 

Weight at 30 n 
Diet5 .06 .09 0.75 .46 .54 .36 1.4P .15 -. 05 .15 -. 35 .73 
Diet .08 .07 1.09 .29 .28 .31 0.92 .37 .11 .14 0.82 .12 

Weight Slopr-
Diet5 .05 .05 0.92' .37 .38 .21 1.80 .08 .10 .09 1.1.1 .20 
Diet8 .05 .05 0.89 .38 .29 .21 1.35 .19 .16 .10 1.65 .11 

Expl]anatory Commernt.. 
EST = Estinrite of change with a 100 kcal addition. Units are cm, cm/y, 

kg an! kg/y for Height- at 30 m, Height. Slope, Weight at 30 m 
and N i ght Slopce resp ct ively. 

SE = Standard Error of' the estiruate. 
T = Vlue of T 
P = Prodmility (Statistical Significance can be judged by choosing an 

appropri ate protltihiity value) 
Diets = PaRgression mcdel of named variable on age including sex, a measure 

of protx)rtion of months that child w;as offered breaL milk, 
actU.l height or weight at 18 months and the following dietary 
variables based on the child's average intake over the 18-30 
months of age period: 

Energy, Total Protein, Animal Protein, Total Fat., Carbohydrate 
Diet8 = Above regression model with inclusion of the following "diet. 

quality'" variables: 
Fat Energy/Total Energy, Protein Energy/Total Faergy, and 
Animal Protein Energy/Total Energy 

In analyses of Mexico Project data, subjects providing dietary 
data after Jan 1, 1985 were used. In this small sample, two
 
subjects had unusual levels of intake together with deviant
 
anthropometry; analyses were run with and without these subjects.
 
In analyses of the Egypt Project dnta, dietary data had been 
adjusted to take into account the effect of the holy day (Frid.ys) 
and to take account of a bias associated with one interviewer (See 
Egypt Project Report) 


