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FRRATA TO FOOD INTAKE AND HUMAN FUNCTTON:
A CROSS-TROJECT PERSPECT IV

{Augast, 29, 1988)

Shortly after the copies of Food Initake and Human Function: A Cross-Project
Pergpective were mailed to you it was discovered that the numbers in several
talles had been altered in the finagd exditing procwees, Pleage make the

following four corrections in all vour copics o this reyort.
}

Table 4 (page 3490 Tron Intake for Kgypt Schoolers should be 12,9 + 9.0 (not ¢
+ 3.0).

Table 5 (page 38) 1 Male Birth Weight for Egvpt should be 3.32 + .49 (not 3.32
+ 4.9).

Table 8 (pue 190 Menn Ducation of Upper Respiratory 11lness Episodes for
Egvpt Schoolers should e 404 ot L4,

Table 15 (page 60) 0 Eneray Intake of Kenyn women in trimester 2 should be 1463
+ 464 (ot 463 0+ 164,

We appologize for any inconvenience this may cause.



Department of Nutritional Sciences
119 Morgan Hall
University of California
Berkeley, CA 94720

ERRATA TO FOOD INTAKE AND HUMAN FUNCTION:
A CROSS-PROJECT PERSPECTIVE

(September 19, 1988)

We extend our sincere apologics to Gail Harrison, whose nume wags inadvertently
omitted from the contributors list on the title page of the report, Food
Intoake and Human Function: A Cross-Project. Perspective. Please use the

nttached stick-on labels to add her name to the title page of all your copies
of this report (a corrected title page is also included).

It hag also been noted that body mass index is incorrectly defined on page 1
of Appendix C. Line 4 of the first paregraph should read "(weight divided by
height squarced)”™ (not "(height divided by weight squared)"”). The labeling on
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the y-nxis of the plots on pages 2 and 3 is correct (kg/m?).

Thank you for your assistance in making these corrections.
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PREFACE

I'am 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, | had been
intimately involved in the planning and implementation of this highly ambitious undenaking for
seven years. From that vantage point, | was able 10 obsarve the master architect -- Martin J.
Forman -- at work.

As director of the Office of Nutrition, Dr. Forrnan sought and obtained funds for the research
reporied 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. Many died on October 27, 1987, seven months before the Nutrition CRSP officially
ended. We miss him.

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

Martin J. Forman was an acvocate 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 resuits of the Nutrition CRSP strongly reinforce the need to: determine and understand
structure and composition in househoids; 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
isolale commonalities among populations. Also, the Nutrition CRSP results underscore the need
lo 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 indlividua! and family well-being; they also intluence economic and social
development - the central goals of USAID.

Norge Jerome
June, 1988
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The 1977 World Food and Nutrition Study of the US National Academy of Sciences gave ils
highest priority to determination of the functional consequences of chronic mild-to-maderate
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 Conneciicut. Funding was accomplished by a
grani awarded to the University of California, Berkeley, which provided administrative suppon and
technical oversight of the implementation of 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 1o
functional outcomes that are believed to have import for the development of individuals,
housenolds 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.

ield Sites
Three field sites were selecled:

- Kaiama, Egypt is a periurban community whose economic developmental transition is well
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 irrigation canal, which dominates the local geography, is a potential
source of disease. The diet, based on wheat and rice, is varied with seasonal vegetables
and fruits, fava beans, lenlils 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, sale 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 for wage labor in urban areas but
still heavily invested in agriculture. Its staple foods are maize tortillas and beans and,
uniguely, 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 difficull io 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.

Besearch Plan.

A unique aspect of this research is that food intake was measured with sufficient frequency and
over enough time 1o be a valid representation of individual and household intake. Past siudies
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.

\l
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Tre final research plan was narrowed to focus on three key functional outcome measures:
morbidity at the 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 her
parents (the lead male and female in the household). The mother-child pair was studied during
months four through nine of pregnancy and first six ronths o' the infant's hife, 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 of
the lead female, quarterly matabolic rate, semi-annual cognitive tests and behavioral observations
on children, and semi-annual clinical examinaticns. Longitudinal data were collected in 1984 and
1985, based on results of pilot tests of methodology and ethnographic studies in 1382 and 1983.

Selected Findines.,

Food intake differed substantially among the tiree 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 alsc were very low.

intakes of energy ard tota! 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 similarly.

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 thal physical activity 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 faller 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 18
months. Afier this early faltering, children appeared to grow at a normal rate for their reduced
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 closelv related 1o infant
birthweight.



Food factors associated with infant growth were maternal energy and protein intake during
pregnancy. Toddler height was weakly associated with todd'er 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 ditierences must be sought elsewhere,
perhaps in envirormental sanitation, parental behavior, and/or the health care system. [t is,
however, noleworthy that episodes of disease nearly doubled during the period of 1n0d scarcity
in Kenya.

Diarrhea had an adverse effect on the rale of weight gain in Egypt intants and Mexico toddlers. but
morbidity did not account for the unevenness of growth among the Egypt toddlers, where
disease was most severe. llIness wis shown to deprass food intake of Kenya toddlers.

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

On the average, there was no increase in food intakes during pregnancy, but the amount of
weight gained during pregnancy varicu with energy intake in Kenya and Mexico. Increases in
materna! food intake during lactation were less than hall the requirement for adeauatz breast milk
production during the first three months in Egypt and Mexico, and were inadequate in all proircts
durinc months threc through six. Supplementary iniant teeding of the “ind and amount yiven
was not sufficient to make up for the deficit between matemal intaka and 'nfant needs.

Conclysions and Their Implizations,

in these environments, the size a person was destined to be was determined early. Stunting was
eslablished in the first year. The population averages mask substantial variability, of course, and it
is this that uimately 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 staning size at 12 months. Tihe answer has to iie in the fact that there
are numerous associations between achieved size and measures of functional capacity and
performance. There is ai ieast a reasonable supposition that many of these are associates of the
situation that produced growth failure rather than consequences of body size ilsalf. Further
analyses of the CRSP data sets can, in all likelinood, better estahlish 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 rzcorded low energy intakes of ali target groups and general thinness of the
Kenya project population, we conclude that food availability ancd energy intake were limiting in
Kenya. Using the same criteria, this appears not to have been the case in the Mexico ana 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.) Il follows that associations with energy intake would
be most readily detectable in the iKenya data set.

Infants as a group may have been food-deprived in all three locations. While there is no direct
evidence of lactational failure, the indirect evidence is persuasive. Women's food intake did not
increase during pregnancy anz they gained much less weight during pregnancy than is customary
in more privileged populations. While their infants were somewhat lighter than reference
populalions, the difference in pregnancy gain mainly reflects a deficit of maternal tissue reserves
that otherwise could be drzwn upeon to support lactation. Women increased their energy intake
during lactation, butl not by enough to provide the amount of breasi miik needed for adequale
infani growth. Sustained infant growth would depenc 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 imporant cause of early growth retardation in
all projects, but the situation is complex in Egypt. 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 couid have drawn on body tissue to support lactation. This suggests that
lactation was diminished because infant demand for breast milk was reduced. Two factors couid
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 improvernent in relative standing between toddler and
schooler ages. The proportion of fat and animal scurce 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 toddier growth out these are
neither striking nor consistent. Because iliness >ften affects food intake, there is an inescapable
circularity in attempting to assign causality either to iliness or food intake. Morbidity was more
often associated with size per se than with growth, with smallar 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 iliness was diminished.

The search for food effects on the selected vutcome 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 oh a given
day. There may be real relationships that cannot be proved statistically. Despite this difficutty, it
was shown that intake did affect functions of inierest and certain behaviors that contribute 1o
satisfactory oulcomes.

There is evidence that the nutritional quality of diets consumed by segments of ali three
populations is substandard. No cross-project analysis of vitamin and mineral intakes has vet been
undertaken. Each project has, however, shown that essential nutrients are at risk based on
biochemical evidence (vitamin B- 6 in Egypt, vitamin B-12 in Mexico) or clinical signs (B-complex
vitamins 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.
Boeth 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
anino acids) because total protein intake was well above accepted standards. The search for
etfector nutrients would be aided by improved knowledge of the composition of foods
consumed, but further analyses, even with the information at hand, should piavide 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 1o the ecoromic 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 managemeat of the household.

The principal decision-maker as to inf.nt 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 e¢nough food is
availabie and governmental intervention attenuates ecunomic etfects, one answer to early growth



failure is likely 1o 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 Kenya women had minimal literacy skills -- but Egypt stands out: almost all
Egypt women were deprived of schocling and oniy some ten percent could read and write.

The most consistent predictor of children's sizes, across a!! ages and the three projects, is the size
of parents. particularly the mother. Whatever factors constrained parental growth are sersistent in
these culures. 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 improveinent in a second. Intervention to improve food supply in Kenya and Mexico
is neeaed. Programs 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 cas.salties should be counted not only
by deaths, but also by the "wounded" people.

-- Adoto Chavez

Quotation from Chavez, A. et al. Ecological Factors in the Nutrition_and Development of Children in Poor
Bural Areas, Reprinted in La Desnutricion v La Salud en Mexico. C. Perez Hidalgo y A. Chavez, eds.

Division de Nutricion, Instituto Nacional de la Nutricion. Mexico City. 1976.



INTRODUCTION

Malnutrition so severe as to cause lasting disability and death occurs throughout much of the
Third Worid. 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' evicently affected
but who teeter uneasily on the brirk. They live on the margin, with limited ability to improve their
state or to affect the ccurse of their own lives, threatenec always with the prospect that some
uncontroliable 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 reporied here was undertaken to learn what the costs and outcomes are, to answer the
question "What difference does it make, to individuals and tn society, tor families to live under
conditions of chronic food deprivation?"! This Collaborative Research S. tpport 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 tc wider populations.

The Nutrition CRSP was tunded by the United States Agency for International Development

(USAID), as are other CRSPs, under the provision of Title XIl of the Foreign Assistance Act.2
The intent of Title Xii is that Unitea 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 pariner countries to tackle the problem independently. Thus a
second purposc of the CRSP was to strangthen the nutrition research capacity of the host
countries and the effectiveriess of American partnership.

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

ADMINISTRATIVE ARRANGEMENTS

The projects included in the CRSP were selected by a peer-review process in open cornpetition

among eligible US institutions under the terms of a previous USAID grant.4 The highest-rated
proposal in three of the four USAID geographic regions was funded:
- Purdue University, the Universily 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.

This question, more elegantly framed, was klentified by the NAS's World Food and Nutrition Study as

meriting the hlghest priority for resaarch directed to problems of world hunger. See the report World Food
e Potential Contributions to Beseaich, chapter 2. High Priority Research. National

Academy of Scnem,es Washington, D.C., 1977.

Title XIi is embodied in the Findley-Humphrey Amendment io Public Law 94-161, Dec.. 20, 1975; often
referred to as the Famine Prevention and Freedom from Hunger provision of the Act.
BReports of Egypt, Kenya, and Maxico projects and the managing institution (University of Calilornia,
Berkelsy) on grant no. DAN-1309-G-SS-1070-00 are available through USAID or interlibrary arrangements
with UCB (Cali No. TX360 CB4 1987).
4See Calloway, D.H., C. Wood et al. Final Report: Collaborative Research Support Program on Intake and
Function, Contract No. AlID/DSAN-C-0002, University of California, Berkeley, 31 May 1980.
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The University of California, Berkeley (UCB) was chosen to be the Management Entity (ME)! and
discontinued its involvement with the Kenya field work. The ME provided administrative suppon,
with the advice of an Institutional Council representing the collaborating US institutions, and
techrical oversight of the implementation of the research protocols. All protocols were agreed
upon by the paricipating host-country and US investigators sitting as a Scientific Coordination
Board (SCB). The UCB Committee for the Protection of Human Subjects received and reviewed
all approvals and materials relating fo CRSP research work involving human subjects conducted
by 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 Evaluation
Panel), who reported to USAID. Administrati o structure of the program and projects is displayed
in Figure 1.

Figure 1. Organization and Management Structure of .he CRSF.

a. Propren Stomomiure
| -
BIFAD M 12,1 ——— | FVALUATION PANEL |
| it s
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1Guidelines for the structure of CRSP's were developed by the Joint Committee on Agriculture Research
and Deveiopment, recommended by BIFAD and approved by USAID. Administrative arrangements of tha
Nutrition CRSP were patierned on these guidelines. The membership of the Institutional Council and the

Extornal Evaluation Panel and discussion of responsibilities can be found in the ME Final Report.



CONCEPTUALIZATION QF THE RESEARCH

As an ouicome oi the earlier planning activities, conceptualization of the CRSP research and a
skeletal research cesign 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 participated 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. Thus, the research was 1o
focus on households, and individuals within them, to identify the web of interaction that

results in malfunction of families and, hence, socicty at large. !

2. The most common foerm of malnutrition is due to insufficient intake of food overall,
expressed in aggregate as insufficient intake of energy. Thus, the subject of study was 1o
be the functional effects of sub-standard levels of food-energy 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 iactors and as a guide to food-oriented policies and programs. Most
studies have used anthrcpometric measuies (height, weight) as a proxy for nutrition, but
growth and body size reflect the combined efiects of nutrition, genetics, disease
experience and the like. Thus, quantitative information was tc be gathered ot 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, aclivity, cogniion and social behavior. Thus, outcome variables were to be
designed to capture information in these areas.

5. In order 1o be generalizable, rather than specific 1o a geographic, cultural or national
situation, the research design must permit analysis across. as well as within, projects.
Thus, each project was 1o gather a core of comparable data, cullected 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 investigatars in collaooration with US investigators. Ethnographic
and demographic surveys of varying completeness were underiaken with the intent of ensuring
that the communities chosen for the study contained the foliowing 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 stabitity
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 convenignt access 1o the
laboratory and computer capabilities necessary to support the study. (See Figure 2.)

1in the final design, emphasis on the household as a unit was reduced. Sae below.
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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 sublocations-
Kathanjure, Karurumo, and Kathunguri. These three areas were divided into four clusters for
logistic purposes. The Kyeni South Location falls within the upper and lower zones of the Kenya
highlands. Kathanjure and Kathunguri 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.

Nirety-eight percent of the population of this area belong to the Embu tribe, which is part of the
larger Bantu group. Almost all of the Embu speak Kiarnbu 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 is
young; 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 degrees
Celsius. There are two rainy seasons: the “long” rains from March to May and the “short” rains
from October 1o December. The average rainfall dif‘ers 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 rnain research study. The
community was confronted with the consequences: failure of crops, food scarcity, selling of
possessions and incurrence of debt.

Because the soil is fenile, the Embu praduce both subsistence and cash crops. Their principal
subsistence crops are maize, beans, millet, sorghurn, arrowroot, bananas, potatoes and cassava.
For cash, they produce [.rimarily coffee, tobacco and cotton. They also own livestock, such as
cattle, goats and chickens, which are a form 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 in
marketing Incal or home-made goods within the district. Cash labor does not contribute
significantly to migration. In 1983, less than 7% of male heads of households spent time out of
the community, for work er any other reascn.

Centralization is characteristic of the present political economy in Kenya. Governmental boards
regulate the marketing of ali major crops with a goal of stabilizaticn of both returns to agriculture
arid consumer prices. The Embu farmers rely on government/corporate institutions to organize
the marketing of their cash crops. Thz Kyeni South Location community has estabiished
government-sponsored school sysiems, re seives health care from both government and local
heafth services, and maintains a system of feeder and sccess roads both locally and with the heip
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 paricipation from the local
community, and ‘ees are charged for attendance. There are also two Village Polytechnics for
those who have finished their formal education and wish to lzarn 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 met high scheol standards. Adult women were less educated. One-half of the
sample could not reac or write, althougt: 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 half 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 Karurumo
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 ilinesses to
either of two hospitals located approxirnately 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 Nairohi-Embu route there are no harg-
sudaced roads. tn 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 1o the study in
July,m 1884 and April, 1985, respectively.). The municipio is located about three hours driving
time nonthwest of Mexico City, in the Central Highlands of Mexico, and has an elevation of
approximately 2500 meters at the valiey floor and 3000 meters in the surrounding hills.

The town of Temascalcingo is the principal towri of the municipio. There is a bank, a hotel, a busy
bus station and many commercial activities, including the large market thar ‘akes 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 commuler buses taking people to work
and the markets. The valley also has an extansive, newly reconstructed irrigation system that
routes water throughout the valiey floor.

Almost all households, excepting those on the poarer, upper slopes, have a faucet outside the
house through which water from a commurnity 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 half have television sets.

The population of the Temascalcingo district is approximately 44,000, made up of Mestizos
{mixed European and indian) and indians. The Mestizos live mostly in the bottom of the valley, the
Indians mostly in the hills. The reiigion is predominantly, but not exclusively, Catholic.

There is a variety of heaith care facilities for the people in tha region. There are two state-funded
health centers, which are moderately priced, and four federally funded centers, which are free.
There are twelve private, fulltime docicre 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 midwitery and bonesetting. The Indian communily 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 tederal 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 1o 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.
The federal government, through its Systeme Alimentaire de Mexico, is involved in the marketing
of maize, wheat and beans; during the time of the CRSP, when the financial condition worsered
in Mexico, the subsidy was directed principaliy to aid the lowest income consumers. In the Solis
Valley, families consume their own crops 1o a large extent but have 1o rely on purchased slaples
for several months each year. Households both produce and purchase puique, a "beer" made
from anave juice. Most other food products, such as fruits, vegetables, cheese, bread and
sweets, are purchased from the large marke! vendors that come 1o 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 they must hire
themselves out as wage laborers. Others see wage labor as an cpportunity to improve their
standard of living. In the Solis Valley, this situation has resulied 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 part of the week, usually returning to spend the weekend
at horne. Many also remain in Solis during the peak periods of agricultural work dermand, but
cenerally their tasks fall to other members of the household or {o hired iabor.

The structure of the educational system is another reflection of Mexican economic and social
development. In the past decade, each town in the Temascalcingo region has established a
community primary sckocl. 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
lowards literacy and education. Approximately 80% of parents in the study sample expected or
desired their children to be educated beyond the prirnary 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.

Egypt,

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

There are thiee distinct seasons in the Nile Deita -- the hot and humid summer from April to
August, the mild auturmin from Sepiember to November, and the cool winter from December to
March. Rain falls onily in the winter, usually no more than 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 ol Kalama is the canal that snakes its way through the village. It
is imporiant to community social life, serving as a gathering place for the people, primarily the
women, as they compleie 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 praclitioner, two dentists, five nurses and 16 associa'es.
Both inpatient and outpatient services are perlormed, with special services designed for
mother/child care and family planning. Private medical care is also available 'n Kalama, including
two physician-run clinics, t4o pharmacies, four lay midwives and five lay healtt atlendants.

Kalama is far 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



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

Kalama is a fully electnified village, both indoors ano outdoors. About 10% ol 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. Farnily dwellings are primarily two-story brick houses or one-
story adobe. adobe-brick. or brick houses. The more modern hoimes 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 pzople 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 shaps, 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 cornmunity. The
primary political body in the village, the Vitlage 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 poultry fanns and bakeries.

Despite the apparent “urbanization” of Kalama, many social and cultural traditions remain intact.
Kalama is a strongly Moslem community, 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 stressed in the society. There are five schools in the
community, all built after 1855. Kalama's religious preparatory school enrolls only males. The
other four allow females to atlend but in significantly smalier numbers than male students.
Fernalgs may be educated through the primary levels, but males dominate the secondary levels of
education. Almost half of the adult male popuiation are literate but only 10 percent of women can
read and write.

Agricultural production remains a strong economic force, despite the transformations described
above. Most of the farming is done on many srall 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, fzaf crops and other vegetables. In the summer, farmers grow tropical fruits,
such as watermelon and mangos. Dates are grewn in the autumn, and in the winter, citrus fruits
are produced. Given the scarcity of rair, fleod 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, coouking oil and tea -- and cooking fuel which stabilizes their price and availability. Therz is
also a rationing and price-support system involving frozen meat and some canned goods.

Comparison of the Three Siies

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 afiect health
conditions and food availatility and use.
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Kalama is a periurtan community whose economic developmental transition is well underway; the
population has access 1o public transporiation and to modern technology in the form of television
and the like, and it benefits from extencive governmental food subsidies. But Kalamans,
particularly almost all of the wornen, are undereducated; the irngation canai, which dominates the
local geography and functions as a meeating and washing place, remains a rich source of disease,
and provision of health care is uneven. The diet, based on wheat and rice, is varied with seasonel
vegetables and fruits. fava beanrs and lentiis and anirnal products.

The popuiaticn of the Solis Vallay, being more remote irom a central city, appears to be somewhat
less modernized than Kalamga 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. Itis a
community in transition. destabilized by male absence for wage labor in urban areas but still heavily
invested in agriculiure  Its staple foods are naize torillas and beans and, uniquely, a mildly
alcoholic beverage is a significant coruributor to the energy supply of almost all adults and some
older children.

The people of Embu are clearly the poorest of the three, the most agriculturai ang, hence, the
most at the mercy of the weathe:. Most of the population have an opportunity to attend school,
but still, substantial numbers are functionally illiterate, health facilities are reasonably good |, but
transportation is difiicult to imposzible. They do not enjoy the berefits of convenient, sate water
or electricity  Maize meal and beans are the most comimai foods, but sorghum, paltatoes. Jreen
banana and cow peas are alse stapic items of dict.

Fhere is no requirement, in terms of research desigh, that the study populations be
representative of the country or district in witich they were located, only that a sufficient range of
the vanables in question exisls in the sampie. Still, the study ccmmunities do seem 'o reflect the
national situations. The Food and Agriculture Ctfice of the United Nations? describes the food
situatinn in the three couitries as follows:

Population Dietary Energy Supply

{miilions) (kcalcapita)
Country 1970 1887 _ Ypchange 1963-71 1979-81 %thange
Kenya 11.2 165 432 2260 2012 -11
Mexico 51.2 698 <27 2641 2891 +9
Egypt 32.8 420 +28 2561 3178 +24

While the data on dietary energy supply have not been adjusted for the age and sex composition
cf the popuiations, they serve to indicate thal 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. Interms
of quality, as of 1877, about 6%, of the dietary energy in Kenya and Egypt came frorn cereals,
roots and tubers, and another 10% from sugar; in Mexico, these figures were 50% and 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.

1FAO, Eifth World Food Survey. Rome, 1987,

)‘Dam from USDA, National Food Review, Winter, 1986, pp. 6-9.
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THE PROJECT RESEARCH ORGANIZATION

As the situation of the study communities varied. so did the project organization, Because Kalama
is cloce to Cairo. it was feacible to use trained professionals for field statfing, and senior
investigators were at hand at the Nutrition Institute and from the Cairo academic community.
Almost all fieid work was carried out by Cairenes who commuted by van trom the Instilute on a
normal work schedule. One position was filled by an American who was headquartered at the
Institute in Cairo; duties of that perzon 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 trom Nairobi to make daily commuting impractical. The projeci set up a
field operation center in Embu and, because of the size of the study area, organized four
sublocations that served as rendez-vous points for field staff and where firsi-leval data processing
took place. A cadre of young foreign professionals led the field research sfforl. The first team
included an English doctoral-level director, an American anthropologist and an American
nutritionist, all of whom acquired local language cornpetence. After three years in the field, the
director and anthropologist were repatrialed at their request and replaced by other American
perscnnel.  Until quite fate in the study, the chief field physicians were fnreign (but not all
American). The fieid business officer was American. All other field supervisory staif were Kenyan
mid-level professionals from the, loca! area or the University of Nairobi. The approximately 150 field
staff were local high-school graduates. Kenyan staff had English language competerncy as well as
Swabiii, and Kiembu, the language of the villages  The tield slaif, both expatriate and Kenyan,
was, thus, resident in and involved with the Embu communities. The team's presence almost
certainly altered the health awareness of the local population and the team provided signiticant
health care. The project staff intervened during the drought perind by helping to obtain and
distribute food supplies and seedi, they carriec out a survey of the entire community, not just
study households, to guide food relief distribution.

The Solis Valley also is too far from Mexico City to allow daily commuting. The project was
generously given access {o governmental clinics and laboratory 1acilities, office space and
housing for senior personnel in the ceiitral Solis location. The project also developed and staffed
small office and prirnary h21lth care centers in some of the villages and set up and maintained
computer files on vaccinations and the like for the general population of the study area. The field
director was a Guatemalan medical doctor. Most of the other research staff were mid- or upper-
level proiessionals, mainly Mexican, recruited iy the Instituto Nacional de la Nutricion. There was
substantial turnover of personnel in the early years of the project as rural living lacked appeal for
many voung stafi. A nuimoer of field staff of the food intake and anthropology team initially were
from the Temascalcingo region, but the work increasingly was carried out by the more advanced
staff. Al the professicnal and scientific staff were bilingual, including the American investigators.

EINAL RESEARCH PLAN

The CRSP research plan required the three projects to formulate hypotheses in a testable
manner, and to agree on a serigs 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 and
one oi imerpretation. Solution 1o the how-to-measure problem must, cf necessity, emerge from
pilot study of food preparation and distribution in the actual cormmunities. Interpretation of intake
figures, assessrnent of {heir significance, is complicated bacause the adequacy of an individual's
nutrient intake depends on that parson's requirement.

Requirement for a nutrient may be relatively constant across time as, for axample, in the case of
aduli needs for some minerals. Energy requirement is, however, markedly afiected by physical
activity (as well as body size ard learness). As activity is, to some extent, optional, it is possible 1o
accommodate to reduced intake by decreasing the energy used for physical activity . There is



evidence thatl people living on low planes ol intake do spend less time in active lacks or recreation

and slow the pace of work performance.! 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 is through this path that chronically low
intake of one person might affect the well-being of others -- families and communities -- in addition
to direct conszquences to the individual him- or herself. To explore this question, the CRSP
research plan was to gather information 2n how key adults spend their time.

It has been argued that an individual can adapt tc a relatively wide range of energy intakes without

altering physi.al activity or changing body lean and fat stores.? This adaptation theoretically
occurs by alteralion ot the biochiemical aciivity of body cells. Such adaptation, il it exists, should
be reflected in the energy expended by the body at rest (basal or resting metabolism (RMR)'. The
CASP research plan was to include RMR measurements on @ subsample of the adult population,

which could be compared with published standards.?

As the Principal Investigators (Ple) and consultants probed the multiplicity of questions subsumed
in 2ach ol thz functional ouicomes of interest, a very large "wish" list of variables to be measured
was accumulated. These included the principal outcome measures but also explanatory variables
And variables intended to enablz analysts to contro! for potentially confounding factors. The list
was reauaed after collective review by the Scientitic Coordination Board (SCB) and still further
based on prehminary lield experience.  Finally, the design was severely truncated on the
recomimicndation of the External Evaluation Panel to focus on two “high priority, low [research)
risk” furict cnal relationships: morbidity and cognitive performance.

The approved research plan was to gather 12 months 2f data on selected target individuals within
households, as nzeded to test hypotheses relating food energy intake 1o morbidity and cognitive
perfformance. While this plan served to simplity the research design, the intended focus on
households was largely lost ac a result. Projzcts wer2 free to add other measures specific 1o the
PI's particular interests or to the rescarch venues and arrangernents, if approved by the SCB as
being meritorious and accomplished within an upper dmit of 15 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 on~ or more of their children as follows: a "schooler”, aged 7-8 years; a
“ioddler”, aged 18 montns; and/or an "infant”, newly born after an observed pregnancy. Selected
data were recerded ior 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 morbidity, their care of and attention to children, and
their performance of usuai tasks, and this, in turn, affects the morbidity and cognitive and
behavioral perdormance of other household members.

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

3. Fond intake of the child between 18 and 3G months affects his/her body size, morbidity,
and psychological development.

4, Food iniake of the child between seven and nire 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,

SFAOWHOUNU: Energy and Protein Raquirements. Technical Report Series. No. 724. WHO, Geneva,
1985
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5. For aduils, a reduction of resting metabolic rate provides a major path of adaptation to
restore energy equilibrium.

6. Househo!d food intake affects household morbidity.

METHODS

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

-- weekly morbidity (all members of househnla)

-- monthly food intake, two days per month (all target individuals and households)
-- monthly anthropometry for target individuals '

-- monthly observations of selacted activities of the leal female.

-- quarterly metabohc rate (a subsample of lead males, lead feinzies, and schoolers)
-- semi-annual cognitive tests (chiidrer)

-- semi-annual clinical examinations and demagraphic updates

-- annual anthrepemeiry for non-target household members

The SCE agrecd on methods that were 1o be used 1o measure and record these variables.
Recognizing (hat adjustments appropriate te ficld conditions would be necessary, it wae
nevenheless intended that measurement schedules would be adhered to and that the content of
the variables would be uniform. Generally, this agreement was kept. but sorme seemingly small
deviations in methodology present aifticulties in cross-project (but noi necessarily within-project)
analyses. The brief descripticns of nethods that tollows includes notation of recognized
differences.

Food Intake

A minimum of six days of tood intake data is reeded lo provide reasonable assurance that the
rigure is representative of "usual” intake. Ideally, all days of the week and special fastingfeasting
periods would be included proportionally in yearly intake figures -- in practice, only the Egyp!
project used an interview schedule that accounted fully for these days. The measurcment
schedule of two days per monih allows aggregation of data across any three-month period ol
study. Many questions can be asked using this data set that do not require that food intake be
"usual” {for example, "does iliness affect food intake?"}. For these purposes, intake data can be
aggregated in other ways.

Data on household food preparation and consumption for ihe 24-hour period preceding the
interview were collested by questioning and observing the lead female. Individual intake of target
subjects in Kenya and Mexico was measured by a combinatian of observation {(weighing by the
interviewers) and recall (count of discrete items, such as pieces of bread, or volume of foods, such
as stew apportioned froim 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 consumer 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 hicme, as did lead males i they were willing.
Lead males were often absent or unwilling to respond: partial reports were counted as missing for
hypcthesis testing (but have value ‘or other purposes). In Kenya, if the lead female was abserd,
the substitute food-preparer was interviewed: the other two projects rescheduled the interview if
the lead female was absent or unable to respond that day. The Mexico project experienced initial

1The final report of each project provides details of methodology including project-specific variables. Each
project prepared field manuals instructing surveyors on the prescribed methods of data collsction to be
followed; these manuals are inciuded in the CRSP prog-am archive deposited with LJSAID.



difficulty in implementing the food intake methodology and found it necessary 1o make a major
change in interviewing midway through the data collection period. At present, only intakes
collected with the revised methodology are being used in analyses.

Because both househoid 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 underaken by
the projects or ME.

In each country, a food composition data base was required for converling amounts of foods 1o
amounts of nutrients consumed. Each project developed & ;00d composition data base for this
purpose, built primarily on existing tables of iood compocition. The INN tables for Mexico required
few changes, and there 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 vse 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
criginal CRSP protocol calied 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 anc. Egypt projects calculated intakes of several
additiona! nutrients. :

Anthrapometry,

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 twe
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 toddliers are used to estimate
achieved size at given times belween 18 and 30 months of age. The slope ot the linear
regression is a measure of growth rate. Quadratic (non-linear) representations of weight and
length added little predictive power tc 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,

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 semiaulomated Beckman Metabolic Measuring Cart for these measurements. An

J
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irstrument problem! 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 closelv ~omelated (r=0.8) but Beckman values are 8-
1U% lower than Max Plank values. The Egypt przicct experienced great difficulty in setting up the
method and, hence, missed early data: its moacurements, like the Kenya values, must be
recalculated using correction equations, but this has 10t 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 metabolic cart to measure the energy cost of a variety of physical work
tasks. These data are of value in eslimating the effect of specific tasks on energy requirement.

Morbidity,

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

When an illness of a target individual was reported, infermation 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 iliness was severe, primary
care was given and the patient was referred 1o a health center for treatment.

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

Physical examination and health evalyation,

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 exarninations 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 gmvdl) were given iron tablets.

Additional laboratory siudies of interest were carried out by each project. Sc'me samples of breast
milk were obtained; these and a subset of blood samples were intended for the study of immune
tactors. 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.



folacin and vitamin B-12 in Mexico; and iodine (goiter! in Kenya. Work on these components is still
underway or pending availability of funds.

Psychology

Psychological function was measured according to two related dimensions, cognitive and
behavioral. Cognitive aspects were measured by items drawn frcm tests which have been used
acress 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.

Social and economic_rneasyres,

Information on household social and economic 2tatus was collected in order to be able to assign
srores to each household. Each project collected information on housing, occupation and
«ducation of lead adults, and on assets such as land, animals, veiucles and tools, which the Pls
believed to be most appropriate for the construction of indexes or scales. Bezause 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 facused 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 project was the only one to develop a separate "emic”, nr within-culure, scale where
rankings were done by community leaders. Toward the end oi the field project, sub-chiefs ant
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 quarierly throughout
the field period, asking questions about numerous variables believed to be related to SES.

texico has presented one scale of SES which is a combination of two subscales: CASA, a scale
based on household construction items and number of roorns 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
prasence of a few families with many possessions. The Mexico project differs from the other two
projects in that it did 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).

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

ivi m

All projects carried out a series of behavioral observations of mother-child interactions that also
provide some information on commonr activities. Each project independently undertook a
Geparate assessment of activity as it deemed appropriate to its circumstances, much of these data
are yet {c be analyzed.

The Mexico project carried out two protocols designed to capture different components of time
allocation/physical activity pattems. The first was a 24-hour recall of major categories of activity of a
sample of lead males and females (sleep, agriculiural tasks, etc.). A second study examined the
distribution of activities in the family during schoo! and vacation periods. During the period of
study of miother-child interactions, aclivity was also recorded for 10 hours by means of a waich-like
device (actometer) worn by both mother and child.

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

In Kenya, pilot study focused on observation of toddler activity patterns and recall of adult
activities, but this work was not pursued in the main study because of costs in the first instance
and reliability in the second. During the second year of the study, time allocation was explored by
means of spot observations of chiefly daytime, weekday activities, supplemented with a smaller
number of late evening (6-9 pm) and Sunday visits. Activities of all individuals present were
recorded. Each houserold was observed a mean of 1.1 tinies per week threughout one year.
These data allow construction of a typical pattern but not the activity pattern of any vne individual.

Other measures,

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

Lata management,

Each of the collaborating projects implemented the overa!l data management plans in a manner
appropriate 1o the infractructure availatle to it overseas. Data for the Egypt project were recorded
on field forms and recoded for data entry; facilities at the University of Kansas were employed for
the first year before a computer-gntry 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 computer
firm before shipment to the US. The project in Mexico had the interest and cooparation of a
branch of the Ministry of Public Health in Mexico City, anc oi IBM, Mexico City. Some of the
project data were entered in the field on microcomputers and taken to the Institute of Nutrition in
Mexico City, some data were entered directly on the main frame in Mexico City, and some were
entered at the University of Connrecticut's facilities. Data tapes and documentation from all
projects were copied to the University of California, Berkeley. A final archive of all CRSP files was
prepared at Berkeley, deposited with USAID and copied to the Pls at each contributing institution
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(US and foreign). By CRSP agreemeri, the archive is embargoed for further distribution until
February 1, 198921

Sample populaiion,

The Pls had agreed early on that the mother-infant pair should be a major focus, the mother being
studied during gestation and the mother and child during lactation. Toddlers were selected to
receive particuia® study because of the expectation that morbidity would be highest in this age
group and becaust cognitive development could be assessed by change (in contrast to simply
siate) measures. It was difficult to decde 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 al later ages, and they have reasonable ability 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 in onset and completion of puberty and the
associated biological and social changes.) The adult male head of a household was included as a
principal decisiori-maker and because of the importance of his contribution to family welfare,
notably in relation to children. Target individuals were 10 be members of studied households.

For the purpose of the design, certain cinaracteristics of a family’household determined
inclusionVexclusion from the sample frame:

1. Only a small proportion of ron-fertile families, not actively reproducing, could be included
so as to avoid inordinate increases in sample size requirements (for the reproduction
component) This meant that single parents, childless households and older adults 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 weu'd be too small for
statistical examination.

Based in preliminary estimates of variance, it was concluded that data would be needed on about
100 individuals of each target category. For elficiency, 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 whem a significant amount of data were
gathered (body size, weekly morbidity) is substantial and will provide an exceptional opportunity
for future analyses.

The selection of households, based on the presence, or anticipated presence, of target
individuals in defined age windows, also means that 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’ enrollment 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, ioddler, schooler}, some were studied well beyond one year and others

1A detailed description of the final CRSP archiva is contained in the ME Final Report.
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were not. In all cases, the pregnaicy 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 awailed 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 intake
methodology in Mexico in January, 1985. SES conditions also may change over {ime, bul
projects generally assessed SES factors at entry and exit of a sludy household.

Table 1

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

Egypt Kenya Mexico

No. Households 312 292 320
No. Persons in Household, mean 7.5 7.28 10b
Target Subjects, Cross-sectionald

Lead males 239 285 271

Lead females 290 286 284

Schoolers 123 222 195

Toddlers 157 133 149

infants 130 14 Q98
Target Subjects, LongitudinalC

Lead males 153 214 155

Lead females 153 214 158

Pg/lact females/infants 62 83 69

Schoolers 42 129 109

Toddlers 88 91 55

8 Total enrolled; numbsr useful for analysis is less depending on variable of interest. See text.

b Mode.

€ Longitudinal sample is definad by the following criteria: toddler, at least one food intake record prior to ags
19.0 months ang atter age 29.0 months: schooler, at least one food intake record betwasn the ages of 7.0
years and 8 years 1 month, gnd 10 months luter; preonancyiactation, 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 har
infant's binhdate plus 5.0 months.



EINDINGS

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 cormrelation analyses serve as indicators of possible associations between variables
that warrant further investigation. Because many of the variabies are intercorrelated, multiple
regression analyses are usually requirad before major explanatory factors can be identitied with
confidence. Project reports, and tc some extent, the present report have used multivariate
technigues but much more work remains 1o be done.

No project carried out a compicte dictary or nutrition survey in advance of selection of the sample
study population (but notice was takei: of social, economic and/or geograntur features). As food
intake was not a selection criterion, the existence within a project of & sutficient range of intakes
for adequate testing of the hypotheses i1s not assured. Furthermoare, tae upper boundary of a
narrow, depressed range of iniake observed In one project might be ir the lowe: range of intake in
another population where food availability is not so constrained. Viewed in isoiaticn the upper
range of generally low intakes would be classified as "good" even though it may have been
inadequate. Such misclassification would altenuate correlations that might be demonstrable if the
spectrum included truly adequate intakes. Examination of relationships across projects can
benefit from the existence of large diferences that exist between them. These differences may
shed light on the reasons why what is tound within one project may nct be found wilkin 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 mother-infant pair. The present report picks
up these threads angd extenas the work to preliminary examination of other hypotheses, including
an assessment of the pattern and determinants of childhood growtn.

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.

Inthese sample data, the variety of items 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

Enerqy Intakes.

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 simiarity in mean intakes per kg body
weight for the Egypt and Mexico children, but Egypt adutt 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 toddier pair in each project
(ounces consumed in one day)

EGYPT (February, 1954,

Tea (with sugar)

Fenugreek tea (with sugar)

Buifain mulk

Aiysh balady (whole wheat flat bread)

Cooked eqy

Karate (cheese "pufls”, commercial product)

Cheese

Tomato (raw)

Orange (raw}

Firaak (chicker; with tarc, tomato, water, onion,
tat and garlic

KENYA (February, 1985)

Tea with mulk and sugar

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

MEXICO (JUNE, 1985

Coffee with sugar

Atole d'harina madn of nice, flour, waler and sugar
Tortillas

Hueve ‘egg; with tomato, onicns, oil and salt
Calabacitas (squashj with onions and ol

Carne guisada made of beef, tomatoes, onions and salt
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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.?  Intakes
of Kenya toddlers are almost all below the average requirement value, whereas Mexico and Egypt
intakes (excluding the extreme and possibly erroneous outliers) are more evenly distributed and,
orn average, approximate the estimated average requirement. Intake of Kenya schoolers is quite
close to the estimated average requirement; in Mexicc and Egypt, intakes of schoolers,
particularly the girls, are above estimated average requirements.

For adults. a judgment mus! be mmade about activity level to derive an estimate of average
requirement The requirement eshimates portrayed in Figure 5 reflect the international standard
for "moderate actiity™.2 As the 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
requirernent, that is, enough energy was consumed to match the energy expended. On that
Lasis, the actwvity of adults in Egvpt wauld be classed as “light”; intake of women in Mexico
suggests a "heavy” work pallern and that of men is just above "moderate™; intake of Kenya
vomen and men was insufficient 1o support a “light” activity pattern and they would be rated as
"sedentary”. kExamined in the light of observed characteristics of the threes sites -- nccupations,
access to labor-reducing technology, climate -- the predicted activity patlterns for Egypt and
Mexico are within credibie limits. The sedentary expenditure pattern predicted from the intake
figures for Kenya does not, however, fit the expectatizn for an agriculturai comrmunity iacking
modern conveniences.  Before accepting the inlake figures as a true representation of
requirement in any case, it is wellto consider the evidence bearing on the reliability of both intake
ang expenditure factors in all three locations.

On the expenditure side of the energy balance equation, there s the postu'ate of “cost-free”
melabolic adaptation mentioned earlier, this can be examined in Kenya and Mexico. It would be
desirable also to have direct veriiication of activity patterns; sorme useful evidence on this point
was obtained late in the Kenya study. Factors thal might affect validity of the intake side are
grrors/hiases in reportea food intake, errors in food composition data and differences in
dige<tibility’absorbability of the diet. Changes in hody 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).

li i
The RMR values reporied for Kenya men, women and schoolers provide no evidence that they

are melabolically acdapted to low intake, that is, the RMR per unit of body weight accords

reasonably well with expected values.# The measured RMRs in Mexico almost exactly matched
predicted values.

TFAOWHOMUNU, op. cil. Table 49. Requirements for children assums normativa activity.

2Adut energy requirements are expressed as mulliplas of BMR and are, for activity patterns classed as
"light”, "moderata”, and "heavy" respectively: for men, 1.55. 1.78 and 2.10; for women, 1.56, 1.64 and 1.82.
Ibid Table 15.

3K0nya adults lost weight during the drought period but regained it afterward. A one-year time span is
insufficiant to detect the very gradual change in body weight that oftan occurs in mature adults,

4Ths measured RMR of Kenya men was about 24 kcalkg; the FAO/WHO/MUNU equation predicts a value of
27 kecal/kg. Ht is recognized that the equation tends to increase esiimated RMR of smaller and lighter
people. Observed RMR of Kenya women was closer, within about 2-5%, of predicted. The RMR masthod
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.

o
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Table 3

Energy and Nutrient Intakes (mean  standard deviation)d

Group Energy Protein Carbohvydrate Fat Animal Protein
A, EGYPT PROJECT

kcal/d a’d g/d g/d g/d
Toddlers 11734316 36.1+£10.7 185452 31.319.7 13.845.3
Schoolers 1798:407 56.5114.5 296467 44 4412.0 19.04+7.1
Men 27104403 87.9:14.0 435469 63.3+16.5 23.7+11.2
Women 2201+318 70.2:11.0 359457 55.7+11.0 22.6+7.0

kcal’kg'd g/kg’d 0/kg/d g’kg/d g/kg/d
Toddiers 108+31 3.321.C 17.315.1 2.910.9 1.2620.48
Schoolers 81122 25408 13.3+3.6 2.010.6 0.861+7.35
Men 3947 1.320.2 6.441.3 1.040.2 0.4410.15
Women 3548 1.140.3 58+1.4 0.9+0.2 0.35+0.11
B. KENYA PROJECT

kcal/d g/d g/d g/d g/d

Toddlers 8444184 2315 166437 13:4.7 3.2+2.5
Schoolers 14474266 4319 287452 21+5.7 2.5+2.0
Men 16542439 58413 380189 30+8.6 52+4.0
Women 16724339 49111 3294164 25+8.0 4.142.2

kcal’kg/d o/kg/d g/kg/d o/kg/d ¢/kg/d
Toddlers 844118 2.310.6 16.6+3.2 1.3+£0.5 0.344+0.24
Schoolers 72412 2.140.4 14.442.4 1.11+0.3 0.1240.09
Men 3618 1.140.3 7.042.7 0.610.2 0.09+0.07
Women 3347 1.0£0.2 6.4+1.2 0.51+0.2 0.08+0.06
C. MEXICO PROJECT

kcalid g/d g/d g/d g/d

Toddlers 11194285 33.848.52 193.94+56.7 23.1+8.37 9.6+5.5
Schoolers 18281462 54.1:+13.4 36.0189.2 28.5¢+10.2 10.2+6.5
Men 30701747 84.3+20.6 496.94+130.9 41.2415.2 14.9+10.3
Women 25724643 73.1317.9 455.1+119.4 38.1+13.9 12.518.6

kcal’kg/d g/kg/d g’kg/d g/kg/d y/kg/d
Toddlers 102+32.8 3.10+0.96 17.6316.25 2.08+0.84 0.87+0.48
Schoolers 86+21.2 2.5510.65 15.81+4.14 1.371+0.45 0.47+0.29
Men 474122 1.30+0.33 7.63+2.10 0.6410.24 0.23+0.15
Women 44413 7.8312.56 0.65+0.25 0.211+0.14

1.2610.36

@ 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
Maxico, only data collected after January 1, 1985 are included. For each subject, the mean intake across
al observations has heen computad. For the expression of intakes per kg, all body weight data for the
individual were averaged 1o yield a single estimate of the individual's waight. 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
opporunity to look for forced adaptation. U the processes of energy metabolisim are capable of
homeostatic responses to maintain energy balance in the face of such pressures, ohe might
expect to find an etfect of restricted intake on measured RMR -- a {all during the pericd of food
shortage and a rise during the recovery period  This nypothesis was examined through a series of
paired analyses (comparing RMR estimates for the saime 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 hg and women, 2.5 + 4.0 kg, six months after the period of critical
shortage, men's weight 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 did not lose weight on average.
Food intake of adulls fell by aboul 400-500 kcal/day duiing the shorlage period and that of
schooler by 200-300 kcal'd, despite a food reliet program. Small ditfererces were observed in
the total RMR of men and women, but this was explained by the changes in body weight. As
shown in Figure 6 for adult males, RMR per kg body weight was the same in all periods.

Another titne at which melabolic adaptation might be seen is during dregnancy and lactation,
when the riother must meet extra energy demands. Data for women 1n 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 sinall increase in
RMR was seen during pregnancy in both locations, and in both, the average value was 23-24 kcal
per kg irrespective of reproductive status: that is, RMR in pregnancy increased in proporion to the
increase in hody weight.

A third place in which physiclogic adaptation to reduced intake rmight occur is in thie energy cost of
parform g work tasks. The Kenya project measured the energy expended duririg household
lasks (washing, cooking, ¢hopping wood) and agricuitural tashs (weeding, picking cofiee,
harvesting beans, etc).! The values reported tally nicely with values reported by others for similar
activities. For example, the energy expenditure for both men and women siting at rest was 1.2
times the RMR, weeding was 3.2-3.4 times RMR, and tnreshing, 5.9-6.4 times RMR, factors

vinually identical with those tabulated by the FAO/WHO/UNU.2 Thus, there is ro indication that
this population, chronically living on a lcw plane of imake, is any more efficient -- or less -- in
performing work than are others.

These observations have important relevance for nutrition palicy. They strongly suggest that
changes in food intake are not absorbed by compensatory changes in melabolism and hence
must be associated with other adaptive meciianisms -- change in body tissiie mass, as
demenstrated 1n the food-scarcity period, and/or change in aclivity-demanding behaviors as
originally hypothesized in the design of the CRS3P.

Aclivity pattern,

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 secon year of the study (3/85-2/86). Thus, there are no data on
activily for the period of food shortage. The method used fo study time allocation in Kenya --
intermittent observation of activities during the daylight hours -- allows construction of an

"average” activity pattern across one full agricultural cycle3.

1Seq the Kenya Project Final Report, Table 17.3. Measurements were made on eight men and seven
women.
2op cit, pp. 186-191.

See the Kenya Final Report Table 15.1 for for times; calculation of energy equivalent was done by the
present authors.



Figure 6.

Comparison of Eneray Intakes and Resting Metabolic Rates for

Adult Males Before, During and After Food Shortage in Kenya

(paired data)

Energy Intake kcal per day

25007

g)‘
s

RHR kcal/kg

RMR Lcal

7

Late Post
n=55

kcal/day

1200 *

RMR kcal per day

Late Post

Pre Late
n=55

n=72

Pre-Shortage

Late Shortage

Post-Shortage

G

* significantly different

27



2 8 . -~
Figure 7. Resting Metabolic Rate for Adult Women by Reproductive Status
in Mexico and Kenya
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It is possible to assign energy values to these activity-times using figures suggested by

FAO/WHO/UNU,! recognizing that many assumptions are 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
limes RMR. These levels are classed as "moderately active”. Activity patierns could have been,
and probably were, less energy-intensive during the drought; the need for ireavy planting, tilling
and harvesting work was reduced and there were few other opportunities for employment that
would have demanded physical work. Assurning a maintenance activity level during the dreught
period (1.4 x RMR tor six months) and the factors calculated above for the remainder of the sti:dy,
the average expenditure pattern would be 1.51 x RMR for women and 1.68 x RMR tor men.
These figures are 10% above cbserved intake (36 vs. 33 kcal per kg for women and 40 vs. 36 kcal
per kg for men).

Pregnant women reduce their aciivity levels, if they can, to compensate for the added burden of

reproduction. The Kenya project reportea? 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 accommedation 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 Kenya households wes found to be significantly positively correlated with the lead
temale’s energy intake, as well as with sorne other household characteristics, and to be lower
where the woman was, herself, more often ill.

Wornen in the Mexico study appear to live at the upper range of energy expenditure pattems,
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 corm to the mill for grinding and back home again (activity that may cost six times the
RMRY) 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 paricipated in agricultural work. There is, of
course, variation within a population in the kinds of w2 *- 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 and 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 1o 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 patlerns. Under these conditions, variation in the functions of interest, the
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. cit., p. 76
2500 Kenya Final Report Table 23.15.



Errors in energy intake

Measurement of food intake is the most difficult and time-consuming procedure in any large
nutrition survey, and none has ever produced data of the quality and scope to malch 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. The
record of supplementary food given to infants might be equally reliable, but to the extent that
loddlers 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 feasible and cannot be estimated reliably.
Schoolers and lead males might have reservations abou! reponing food eaten away from home ff,
for example, the piece of fruit came from a neighbor's tree or a purchased street food was an
unwarranted expenditire of scarce funds. i there is 2 sncial stigma associated with consumption
as, for instance, with alcoholic beverages, intake imay not be acknowledged. Food consumption
is otten different on holidays and days of religious observance than during the rest of the time;
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 fasting, 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 kcald for adults and schoolers and over 500 kcal/d for toddlers.
I 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 lcss of 3000-4000 kcals/year, or about
10 keal/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 davs. Egypt project reporied
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 protlem in Kenya ard Mexico. in Maxico, consumption of
the locally trewed puique (a beer-like beverage, about 2% alcohol, 43 kcal per 100q) is accepted
as the norm for adults, including pregnant and lactating women and older children The custom of
fermenting agave juice may have had survival value in times of food scarcity because this
processing allows consumption of an ctherwise nonutilizable substance available in the
environment. Pulque contributes 12% ot dietary energy for men and 6% for women a3 reported
in this study. Usual intakes by men were 500 m! 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 irequency. 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, consurmption may slill 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 either 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
intace records of only one woman and 39 men. The woman reported drinking 240 g of beer on

1Mean intake of lead females was 2220 1 699 kcal/d in the month before, 2189 1 775 kcal/d in the month
after and 2089 1 851 kcal/d during Ramadan. Comparable figures are, for schoolers, 1856, 704, 1773 1 689
and 1813 + 705 keal/d; and for toddlers (not required {0 fast) 1115 +514, 1059 + 517 and 1029 + 468 kcai/d.
None of the Ramadan figures is significantly ditferent from the control months.



two dates; average intake of the men was 2033 g, ranging from a low of 338 g to a prodigious
8750 g. The energy value of the variety of local and commercial beers consumec 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 inGuiry 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 that 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 wemen did not drink beer at all; the average consumption was 14 g per
day. !f the alcohol calcries are additive to the diet as recorded, the enargy intakes of many men,
but not women, are substantially underreported. The impact of adding 600 kcal 0 the 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 ahout 200 kea! per day and riearly 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 methodalogy can result in falsely high reports of intake. If the
interviawer s different from the pepulation being studied (more highly educated, wealthier. etc.),
respendents may improve the tamily diet on scheduled days of interview, producing true but
unrepresentative records.  In the Egynt project, it was possible to documant thai some
interviewers recorded systematically higher intakes than did others. This bias has been taken into
account in analyses reported by that project. It has not been possible t¢ delermine whether

analogous efiects existed in other projects.

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 iliness and has examined intake of toddlers on days well and ill. Healthy
loddlers consumed 861 1 465 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 iliness days are correctly represented on the average intake
figures (but not necessarily in individual cases). There are insufficient numbers of iliness days that
coincide with fond intake adequately 1o test the Mexico data set for this bias, but the situation
appears {o be the same as in Egypt. No other target calegory than toddlers presents suHicient
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.

Digestibility

Questions were raised by the projects concerning the digestibility and, hence, true energy yield
of the diets eaten iit 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 tased on the human digestibility and energy
experiments conducted by W.0. Atwater at the Connecticut Agriculture Experiment Station in the

early 1900's.3 Much more is now known about the components and effecis of dietary fiber and
some reconsideration is in order.

1The 1985 methodology change in Mexico involved the use of more highly trained interviewers than in 1984;
reported 1ood intake ircreased by about 300-400 kcal per day for adults and schooiers and by 160 kcal per
day for tod.ilers after the irierviewer change. The project's validation study confirmed the higher figures.

2 Sge Neumann, C et al. FASEBJ. 2:A1194, 1988.

3USDA Handbook #74, 1655. Atwater reported figures to be applied to individual foods and food groups;
thase are c2lled Specific Energy Values and are 1 sed in mu =t tables of food composition. The figures of 4
kcal per gram of carbohydrate and protein and 9 kcal par gram of fat are averages pertaining to typical US
dists
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Human studies require strict control of intake @nd output not possible under usual field
conditions. The Egypt Nut.itar inctitute did however, underake a study of toddlers using the
village clinic as a lield laboratory A personal communication from Dr. Wataa Moussa reports
digestible erergy to have ranged from 82 16 92% for the six toddlers studied, which coincides well
with the values developed by Atwater Since completion of the CRSP, a trial of a prototype rural

Mexican dgict has been carried out in Mexico by Dr. J.L. Rosado ! His figure for metabolizable
energy, 90%, also coincides with figures calculated using Atwater's digestibility factors and
Specific Energy Values. The Mexican test diet did not include pulque, and sume doub! remains
as 1o digestibility of the carbohydrate present (accounting for about half of the pulque calorias). It
appears, however, that the dietary energy values as calculated for Faypt and Mexico are
reasonably reliable, or at lzast as reliabie as nnowledge about the composition of foods consumed
permits. The Kenva diet, being lowest in animal products, may be slightly less digestible than the
Mexican diet. but the ditference is probably within the error ferm of the method.

tood Compasiting

Some amount of error due to incorrect food composition is 1o be expected since foods analyzed
lo obtain compasition data are virtually never the same as foods in a specific diet. Other problems
can occur due lo obsolete analytic methodologies, improper collection of samples, or data entry
errors. The CRSP projects endeavored to minimize these problems by extensive computer-aided
checking of the food composition tables, careful estimation procedures for missing (non-
analyzed) nutrient values, and, in two projects, comparison of calculated and analyzed nutrient
values. Egypt project analyzed the nutrients in seven composite diets (for different target
individuals) and found that calculated cnergy values were 8% greater than analyzed on average,
with ranges from -12 10 +31% (one diet with obviocusly incorrect analytic data was exclugded).
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 1o +22%. Thus, it appears that errors
in mean energy values of multiple diets are likely to be small, but energy estimates for individual
diets may on occasion have substantially larger errors.

Lonclysiong,

Alfter 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 luwer in Kenya than in Egypt or Mexico;

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

- Reported food energy intake was not sufficient to support the moderate activity level
observed in Kenyan adulls during a period of normal food availability, but activity was likely
to have been less during the drought period when adults lost weight; underreporting ¢*
alcohnlic beveranes may aczcount for much of the discrepancy between intake ang
expenrditure of men bul not women:;

1See Rosado, J.L. Bioavailability of Nutrients from Rural and Urban Mexican Dists. Ph.D. dissertation.
University of Connecticut. 1988.



-- Reporied food en rgy intake in Egypt was consistent with an assumption of light
activity, hence, if there is an error in intake, it is likely to be underreporting;

-- Reported food energy intake in Mexico is consistent with a moderate-to-heavy activity
pattern; it there is an error in food energy intake, it is likely to be overreporting;

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

NUTRIENT CONSIDERATIONS

The second striking feature of the food intake patterns is the difference in fat and protein intakes
acrnss projects (Tables 2 and 3). Sites in different geographic areas were selected in anticipation
of finding differances 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 dirta in Table 3 confirm that indeed the macronutrient composition of the diets did
differ among sites.

In all three countries, protein supplied ab>ut 12% of the dietary energy; the ratio was slightly
bigher in Egypt (13% of energy), and slighily iower (11%) in Mexico adults only due to the
inclusion of puique in the dict. The intake of protein, and many other nutrients, covaries with
enerJy intake (correlation coefficients’ are .€5-.86). Broadly speaking, the lower the energy
intake, the lower the total pretein intake. Biologically, the need for energy has priority over the
use of protein for its essential nutrient functionsg, co 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 {otal protein and outcomes are unlikely as well,

Focds rizh in protein also tend 1o be good sources of many other nutrients (B vitamins and
minerals). The amourit of iron present in these diets comelates with both energy (.74-.78) and
protein (.58-.77). Iron is not equally absorbable from plant and animal sources. The faclors that
affect iron absorption are the presence in plant foods of inhibitors (fiber and cerain other
compsnents) and facilitators (vitamin C). lron in the form of hemoglobin (a blood protein present in
meat) is rnuch 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 population
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 hematucrit (measures of

functional iron adequ:aCy)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% in 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 iaclaticn, and poorer in women who had had
several previcus pregnancies than in those pregnant for the first time, indicating that reserves of
iron were not being restored between pregnancies.

1A correlation coofficient provides a singie number, ranging between -1 and +1, which summarizes the linear
relationship between two variables. if the correlation coeficient is close to zero, we can assume there is
little or no linear relationship between the two variables. If it approaches +1 there is a strong positive
relationship, and if it approaches -1 there is a stiong negative relationship.

2values for hemoglobin and hematocrit are normally higher in populations living at high alitude as in Kenya
and Mexico. See footnote to Table 4.



TABLE 4

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

iron Intake
Hernoglobin
Hematocrit
Fermitin

Iron Intake
Hemoglobin
Hematocrit
Ferritin

Iron Intake
Hemoglobin
Hematorrit
Ferritin

3 Mean 3 stan
and serumery

for the four age’

Toddlers

744586
106 + 1.3
342133
18 1+ 15

631 4.6
107 +1.7
325+3¢6
i3 + 30

11+6
115113
364 4+ 4€
26152

dard deviation: iron intake, mg/d; hemo

Schoclers Lead Males Lead Females

Egypt
9190 178 1 6.6 6.2 +9.2

127 +1.0 148 £ 2.7 128 1 6.2

374 +23 438 + 5.7 369 + 3.8

34125 54 4+ 423 29 1+ 26
Kenya

128 £+ 7.0 17.9 + 10.9 154 +9.3

2% +.3.5 149 4+ 1.8 122 1+1.8

36.2 + 3.4 43.0 + 4.1 368 + 46

36 .+ 39 76 + 87 23 + 35
Mexico

21+ 8 36 +17 28 413

12.6 +1.0 154 1 3.1 13.0+1.2

385 4.4.2 474 4+ 4.2 404 1+ 43

24 4+ 15 1531 £ 111 31 4+ 34

globin, g/2!; hemaiocrit, or packed red cell volume, Yo

tin, mg/dl. The standard for ferritin is » 10 mg-difor all age groups. Standarde for hemoglobin

sex groups are: sea level, 11.0, 12.0, 13.0 and 12.0
Hematocrit standards are: saa level, 33.5, 36.0, 33.0 and 33 0%,

g/dl; altitude, C.5 g/d! higher.
altitude, 1.5% higher,



In Mexico, a large proportion of men (27%) and a sma'l number of other target groups (2-9%,) had
abnormally large red tlood cells, rather than the small cells usually observed with iron-deficiency
anemia. Enlarged celis 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 explanation for the blood cell tinding in male adults.

After the CRSP ended, the Mexico project analyzed some reserved samples of toddler bload for

folacin and vitamin B-12; none were low in folacin, but 42% were low in vitamin B-12.!  Vitamin B-
12 is not present in plant foods, so an inverse correlation with animal food intake would be
Jrpected, but the project has not yet reported on digtary associations. A preliminary evaluation of
tiiets of toddlers with hemic zlabin 12vels above or below a fow standard (10.5 g/d! in Kenya and
Mexico, 10 g/dlin Egypl) shewel ne aiference in any dietary variables of record (energy, protein,
Fruma orotein, fat, iron).

In Kenya, clinical signs suggestive of B-vitamin deticiency (abnormalities of tongue and lips) were
seen in about 10-15% of schoolers, 1-2% of toddlers, 6-7% of women and 1-2% of men, with
sty higher frequency in aduits during the drought. There was no clinical evidence of vitamin A
c2ticiency nor any rickets. About 20% of women, 5% of schoolers and 1-2% of men had some
enfargement ¢f the thyroid (possidly but not certainly dus 1o »dine deficiency) but no goiters
were sgen. Mottling of teeth, due to excess fluoride, was found in a few toddlers, 10% of
scheolers, and 2-5% of adults  Overall, schoolers appearzc (o bz at higher risk of nutrient
deficiency than other age groups

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

American women.2  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 no! different from US samples excepl that
calcium and magnesium contents were somewhat lower in Egyptian samples at the sixth menth 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 stalus during pregnancy and lactation to examine relationships of
vitamin B-6 with birth 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 R-vitamin status is not now known. Cne
expianation is surely to be found in unequal distribution of specific foods amcng consumers.
Hence. the examination of food intake patierns across projects is an important rext step to take in
understanding the role food plays :n functional outcomes. The kinds and quality of food available
in a household refiect the family's ability to purchase or produce food and the menu decision-
maker's knowlecge of what censtitules a good diei. The biological mechanism by which
economic slatus and parental education affect such measures as growth and mental capacity (as
they are known to do) may well be chietly through food.

Fat contributed a relatively small proportion of dietary energy in all three countries, 14% in Kenya,
18% of non zlcohol 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 oitentimes are unable to consume enough of hulky, walery foods to meet
their energy needs before exceeding their appeatite or volume capacity.

lHeponed at the meaoting of tha Federatin.: of Societies for Experimental Biology, Las Vegas, May, 1988,
but not included in the publishad abstract: Black, A. K. et al. FASEB J.2:A 1204, 1988.

2360 The Egypt Final Report, pp. 290-292; Karra et al., Am J. Clin. Nutr. 44:330-5, 1988 and ibid 47:642-8,
1988; and McCullough at al. FASEB J 2:A437, 1988.
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inthe CRSP data sets, fat intake covaries with energy intake (.62-.63 in Kenya and Mexico, .80 in
Egypt) but nct 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 iri the percentages of dietary energy derived from protein, tat and
animal products. In analyses, different questions can be asked by using these ratios in addition to
or instead of absolute intakes. That is, it is possible to differentiate between the general makeup
of the diet, a qualitative factor, and the quantitative factor of amount consumed.

rigbili

The statistical power to detect associations between outcomes and one or another dietary factor
depends on the relatianship between the amount of variance within an individual's intake patiern
and the amount of variance between individuals in the population. There was a notion, now
discredited, that because the menus of poar people are iess varied than those of the affiuent.
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 beth 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 faclors.
The most variable component was animal protein intake. Among the three countries, variance
within individuals was highest in Kenya and lowest in Mexicn. The ratio of variances within and
between individuals, the 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 faclors
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 cbservaticns is the need to guard against the false negative
interpretation of analyses. That is, if a relationship is not seen, it may be because it 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, beiween projects, different nutrients may appear as significant
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
ot why the variance ratios ditfer, a most interesting subject that remains to be explored in depth.

BODY SIZE
hiev i

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 both height and weight is greatest among Egypt
school boys and adult women. In all projects, toddler weights are the least variabie of the age

166 Appendix B.



groups. Among adults, the Kenya population appears to be the most homogeneous (i.e., least
variable). Comparing daia 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 infants began life somewhat heavier than the others but
lagged at six months 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 gain

Weight gain in toddlers from age 18 months through 30 months was found to be linear for mosl
children, although a substantial subgroup (approximately 16% in Egypt, 12% in Kenya, and 3% in
Mexico) exhibited non-linear growth over this year.!  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).

Camparisen 1o reference ponylation

Another way 1o view bcdy size is in relation to a reference population where few persons are
limited by environmental iactors in reaching their genetic potential height and appropriate weight
for height. The standards now widely used for this purpose are those prepared from sudies of
US children.2 Cn a growth chart, the expected weights (or heights) at different ac-s are shown
as lines. One line indicates 1the mean or 50th cenlile weight (or height) of the 1={erence
pepulation. Sizes of 50% of the population are above and below this line. Other linez show
weight (or heights) one, two or three standard deviations above and below the tnean, or centiles
of the distribution of weights or heights in the reference population. Thus, for example, when an
observed weight fal's two standard deviations below the mean of the reference population, it
would be expectrd that about 2.3% of children in the reference population have lower weights.
The observed weight could bz described as approximating the second centile or as being two
standard deviatiors 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 units, normal growth would imply rio change in
the score. Use of either of thiese scores presents an approach to @xamining observed data for
expected changes in weight or height with age. The scores also carry a built-in adjustment for
ditferences in weight or height expected across sexes in children allowing sexes to be pocled for
analytical purposes. The standard deviation score has been adopted in the present repott where
the common name “Z score” is used.3

1See 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 Clin Nutr, 46:

736-748; 749-762, 1487. ‘
3 Observed weight - Reference Mean Waight

Standard Daviation of Weight in Reference Population
A Z score of -1 reprasents 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 cantile.
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TABL: 5

Body Weight and Stature@ (mean + SD)

Project/Group

Males

Weight kg

Stature,cmb

Females

Weight,kg  Stature,cmP

“GYPT
Birth
Infants, 6 mo.

Toddlers, 24 mo.

Schoolers, 7 yr.
Lead Aduttsd

KENYA
Birth
Infants, 6 mo.

Toddlers, 24 mo.

Schoolers, 7 yr

3.22 1+ 4.9(63)C
6.8 + 1.1(44)
11.5 + 1.6(31)
23.7 + 7.6(53)
69.8 + 11.6(187)

3.15 1 0.47(60)
7.1 1 0.9(60)
10.5 + 1.2(53)
19.2 + 2.7(93)

65.5 1 3.7(44)
80.8 + 3.6(30)
120 1 10(53)

167 + 12(124)

62.7 + 2.7(60)
79.8 1+ 3.6(53)
113 + 6(81)

3.13 + 0.45(47)
6.4 1 1.1 (35)
10.8 £ 1.1(32)
21.9 + 3.1(49)
64.7 + 11.7 (216)

64.5 + 1.7(35)
79.3 1 2.9{30)
118 4 6(50)
155 4 6 (182)

3.01 £ 0.46(56)

6.8 + 1.1(50) 61.7 £ 2.7(50)
10.0 4 0.9(54) 78.7 £+ 2.8(54)
19.3 1.2.8(76) 112 + 6(75)
(

Lead Adults 56.1 1 6.4{247) 166 +6(245) 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. 106 + 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(85) 203 +3.0(89) 116 4 6(82)

Lead Adults 66.0.+ 9.8(211) 166 + 5.8(211) 58.3 + 9.2(268) 153 4 5.4(208)

a Cross-sectional; women grouped without regard to reproductive states.
Y Stature is recumbent length through age 30 mo, standing height thereatter.
© Number in parentheses is number of subjecte.

d Mean ages of male and female adulls in years wnia, respoctively: Egypt, 35.3, 29.0; Kenya, 33.8, 31.4;
and Mexico, 37.2, 31.6.

To examine the issue cf body size more completely, weights and heights of all members of the
study households (targets 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 o 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 bz erroneous given the high variation in greup mean Z scores across all ages
for that project.)
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Z Scores for Average Weight, by Age and Country
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Figure 8.
OBSERVED GROWTH PATTERNS - COMBINED SEXES - AVERAGE WEIGHT Z SCORES
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Z Scores for Average Height, by Age and Country

Figure 9.

OBSERVED GROWTH PATTERNS - COMBINED SEXES - AVERAGE HEIGHT Z SCORES
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Figure 10. Z Scores for Average Weight for Height, by Age and Country

OB3ERVED 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 deviations 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 stardard 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-ycar-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 those 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

Egypt -0.1 -11 -07-06 -0.6 0.0 - -09 -18-1.0 -14 -0.7
Kenya -02 -07 -14-13 -16 -0.8 - -18 -1.7 16 -15 -1.4
Mexico -04 -06 -13-1.2 -0.9 -03 -03-13 -19-16 -15 -16

When weight and height are considered together, a different pattern emerges. Children in all
three projects have relatively normal weights for their reduced heights. This is seen in Figure 8
where 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 shzricr.

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 [BM!=Weight

(kg)/Height(m)Q], 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 rnuch thinner than the reference and failing to show an increase in
fatness with time. .

1Calculated from weight and height data in Abraham, S., C.L. Johnson and M.F. Najjar. Weight and Height of
Adults 18-74 Years of Age, United States, 1971-1974. Vital Health Statistics Series 11, No. 211, U.S.
Government Printing Office, Washington, D.C., 1979.



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 valu:s for body size mask a great deal of variability. In each project some 5 {0 25% or
more of the populatior. are above the average weight of the US reference population (Figure 12).
Fewer, but rot inconsequential numbers are above the averaye reference height/length.
Stbsequent ana'yses can examine the characteristics of these "positive deviant” individuals and
their households 1o detzrmire what sets them apart from the general pattern of stunting.

Congclysior:,

The picture of body fatness ic consistent with a conceptualization of food energy intake as
meeting or siightly 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 in this 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 illnessec 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 in the hous:zhoid, 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 is good practice and enough soap, clean water and utensils.

Sanilation and hygiene,

Projects attemptcd 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 cften dirty when there are many
children in a family (Mexico), that the recepticn area of a house is kept cleaner than the area where
toddlers play (Egypt), that families that are better off economically score higher on many rnarkers
of sanitation (Kenya}. Of parlicular interest are the indications that personal perczptions or
priorities, a reflection of education and modernity, seem to be the limitation, rather than cash or
access. In Egypt, for example, in 60% of the households, water is heated 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. I is difficult to know if “clean”
means the same thing in the three places and, thus, difficult 10 compare the scores across
projects. Several scoring variables exist in common that, in future analyses, may allow more firm
conclusions 1o be reached. The general sense obtained from reviewing the projects one-by-one
is that, unlike the situatinn with respect to food, Kalama is certainly no more sanitary than are Embu
and Solis, and that because of the proximily of houses and the presence of the canal, Kalama may
provide greater opportunity for the spread of disease.

Parasil

One indicator of the qeneral health conditions is the chronic parasite burden. These agents
contribute to some acute iliness 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 Egypl 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 more
individual infected with parasites and 60% of individuals were infected with various organisms
(amoeha, 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. lt was
higher in schoolers and adults than in toddlers and infants. Hookworm wa- very prevalent in a first
survey, found in all ags greups except infants: toddlers, 6%; schoolers, 36%; male adults, 48%;
and female adults, 55%. In a second survey, after treatment was offered, percentage of fecal
specimens positive for hookworm was much lower but still 20% in adults. About 2 to 3% of fecal
specimens 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. Among
infants, 20% had ameba cysts, but none had giardia; 18% of toddlers had ameba and giardia, and
6% had round worm. The percentage of infestation with ameha increased to 40% by schooler
age and was staole at that level in the adult popuiation, along with giardia, roundworm, etc.

Morbidity: methodologic variahles.

Some very important issuzs exist with reference 1o interproject comparisons of morbidity. The first
is a basic ditference in the field procedures, and hence the naiure of data collected, between
Mexico and the other two projects. The Mexico procedure of recording only illnesses observed
on the day of interview resulted in underestimation of incidence and prevalence of shorl term
illness. As duration of illnesses increased. the proportional under-reponting decreased. Direct
comparisons of the two methods have been offered by the Mexico project for the period when
both were in place. A crude adjustment of data has been undertaken for purposes of improving
cross-project comparability in this repon.

The second difficully is a potential or real difference in the judgments about the presence or
absence of symptoms, and as to what constituted a symptom. Such differences could result from
the background training of the interviewers, from community perceptions of illness and hence
subject responses to the interviewers, or from the operaticnal criteria developed and
standardized within an individual project. The prior training of the interviewer can affect the data
recorded, and a physician examining a patient may render a differcnt judgment than if hesshe
were examining only recorded symptoms. Regardless of who actually conducts the field
interview, the recording of an "illness” is contextuel. That is, "ill health” may be marked as a
departure from "normal health" (the background picture of the commcunity) rather than from "good
health” (conceptually a diagnosed situation based on bjective criteria). This distinction is implicit
in the approach taken in the interviewing. The spontaneous answers to the questions, "Has
anyone been ilI?" or, "Is anyone ill today?" will be influenced by perceptions of iliness in the
community. These perceptions, and the degree of inteiviewer probing of a negative answer, will
influence repo.ted morbidity. The Mexico project notes tixat women are more likely than men to
report symptoms and to seek medical advice. There are suggestions that these factors operated
across projects to give ditferences in the meanings of the morbidity variables, particularly between
Egypt and Mexico, on the one hand, and Kenya on the other. It has not been possible to develop
objective procedures by which “reporiing bias" can be ass.essed across projects.

A third concern is variation in iliness intervention. The procedure to be followed upon
identification of an illness or injury always presents a problem in field research. It is unethical to
withhold treatment that it is within a field team's resources to provide, but intervention, particularly
with therapies that would ordinarily not be available to the community, may distort the phenomena
under study. Projects took decisions based on their separate circumstances, which may have
affected detection, duration, and severity of iliness. Generally, professional staff gave tirst aid,
started treatment, or referred the patient 3 a hospital. In Kenya, suspected malaria was treated
with chloroquine after taking a blood smear. All projects agreed that subjects having blood



hemoglobin values below 9 g/dl were to be treated with iron. Minor ailments were treated
symptomatically with aspirin, decongestants and anlacids. There is evidence in the Kenya data
from "second round” screenings that treatment ¢f anemia and irtestinal parasites was moderately
effeciive.

Morbidily _incidence. duration and seventy in children

Dircct comparisons of morbidity across projects are tenucus for all the reasons cited.
Nevertheless, crude comparisons of the incidence of selected diseases, common in chilaren, are
revealing (Table 7). The incidence of all thre¢ 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 aisease incidence was two- to three-times higher in
Egypt than elsewhere and was nigher 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 thie same incidence and *enya less. Of these three diseases, diarrhea
and lower respiratory intection are thought 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 fonger in Kenya than
elsewhere (Table 8). The difference between projecis is most notable in diseases of the
respiratory tract. The incidence of lower respiratory iliness 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 atfected, 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 1o have such an
iliness. 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 1o be an important variable, and one that is difficult
to quantify. llinesses were intendec to 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 reporied by the projects, i.e.
classification is based on their different judgmental factors. Kenya and Mexico reporied a much
smaller proportion of illnesses classified as severe than did Egypt. The Egypt data base codes
about half of all iliness 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
iliness is severe. Considering the high incidence of diarrhea and respiratory iliness i Egypt
infants and the estimate of disease severity, these children appear 1o 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 iliness should be most readily detected in Kenya.
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TABLE 7

Average Incidence of Specitied Disease Categories Among Longitudinal
Infants and Children in Egypt, Kenya and Mexico
(cpisodes per 1000 person days)

EGYPT PROJECT KENYA PROJECT MEXICO PROJECT

Target Average Average Average
Type Sex N Incidence N Incidence N Incidence Adjusted@
A. Diarrhea
Infants M 30 29 50 2.6 34 3.6 45
F 24 7.4 43 1.5 35 4.0 5.1
Toddlers
M 41 9.4 42 2.9 29 1.8 2.9
F 42 8.1 49 4.4 26 3.0 4.9
School.
M 22 0.68 72 0.27 55 0.11 0.15
F 19 0.99 57 0.14 54 0.19 0.27
B. Upper Respiratory Tract lliness
infants M 30 5.7 50 15.4 34 6.0 8.1
F 24 4.6 43 16.9 35 4.8 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 1Y 0.71 57 4.6 54 1.6 2.6
C. Lower Respiratory Tract lilness
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 43 3.4 42 0.58 29 3.1 3.6
F 42 3.8 49 1.1 26 2.4 2.7
School.
M 22 0.96 72 0.61 55 0.47 0.60
F 19 0.16 57 0.43 54 0.93 1.2

@ Adjusted 1o take into consideration the underreporting of short term ilinesses in Mexico; see text.



TABLE 8

Mean Duration Ot lliness Episodes, days

Egypt Kenya MexicoA? MexicoBa

Diarrhea

Infants 55 7.0 6.4 56

Toddlers 4.4 6.1 5.4 4.1

Schoolers 7.0 4.8 6.6 4.0
Upper Respiratory

infants 52 18.9 4.9 5.1

Toddlers 59 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 57 7.1 5.9 5.2

@ Mexico A = project inethodology; 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 S
Schoolers 54 46 95 5 91 9
Toddlers 42 58 94 6 € 9
infants 29 71 96 4 100

Morbidity | |

liness of adults is of a different character and, within a project setting, incidence is lower in adults
than children. At least in Mexico, however, illnesses of mothers and infants are closely related. In
Egypt, upper respiratory and gastrointestinal disease categories account for over haif of adult
iliness; 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 1o the genitourinary illness episodes which are related to
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reproductive status. In Kenya, upper respiratory diseases account for about 20% of adutlt illness,
but there is little diarrhea; 10-15% of adult disease episodes are due to malaria Nonspecific chest
and back pain and headache make up 5 to 9% of Kenya adult illnesses, musculoskeletal
complaints may be work-related, and women especially complained of backache during

pregnancy.

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

Motivated by reflection cr: the drougit experience and hard conditions of life in general, the
Kenya project locked into the prevalence of anxiety and depression in adults. Respcnses
indicating some distress were twice as frequent in women as in men and approached clinical
significance 1n 13% of women and 4% of men. For men, use of alcohol may be an escape, one
which creates its own pathology.

Morbidity as an oulcome,

It has not been possitie to the time of this writing to examine statistical relationships between food
intake and morbidity across projects. This task requires extensive reorganization of the archived
data and,in 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 Eqypt, 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 is
ample (if not generous in comparison with fully developed countries). Urder 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 children in whom episodes of diarrhea
progressed in severity were lighter in weight and shorter before-the onset of the iliness than
those in whom there was urcomplicated 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 iliness
but has little severe iliness. Food energy, fat 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. Toere were 1.7 times as many morbidily 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
wedk positive correlations between maorbidity and all food intake variables at some periods in
toddlers; the project suggests that better fed children were more active and mingled more with
other children, increasing their exposure to infection. Food weuld be more likely to be a factor in
serious 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 1o six months of age it was posttively
related to maternal intake during lactation. The project report attributes the latter, anomalous
finding -- that infants were more often ill where maternal ciet was better in the 3 to 6-month penod -
- lo the mother's attentiveness io the 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.



All projects have looked at morbidity as a factor confounding growth. Such an effect might well be
expected by reason of depressed lood intake, if no otiier. Only diarrheai disease was shown 1o
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.

Morality

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 biths. This number is large enough o warrant an exploration of associatled characteristics.
Infant montality also was high in households studied in Mexico, but none of the infants studied was
in the longitudinal infant sample, so there 1s little information about them apar from hnusehcld
characteristics. Three perinatal 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 o 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. Twc of the three male adults and the one schooler who died in
Kenya had 'iver problems (hepatoma, 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.

Conclysions

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 iliness
was characterislic only of Kenya. Since food availability was not likely 1o be limiting in Eqypt or
Mexico and it was in Kenya, an explanation for the morbidity difference must be sought in parental
behavicr, environmental sanitation and/or the health care system.

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

Heavy consumption of alcohclic beverages is a contributor to health problems of men in Mexico
and perhaps in Kenya. It may also affect iamily well-being in way's yet to be examined.

COGNITION AND BEHAVIOR

Projects measured several components of psychological function. The battery of tests included
measures ot 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 hehavior. (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-specitic 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.? Examination of the results of less common tests or
individual items of the well-known ones, and of the behavioral observations awaits furher
interpretation to assure that the same components of behavior/cognition have been measured
2Cross projects. ’

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

.tn.

The Brazeiton Neonatal Assessment Scale (BNAS) was administered o infants within 7 days of
birth as a measure of interactive behavior. It should be less affected by cultural differences
(excepl as these affect the test-givers' perception) than tests given 10 older children or adults. In
all projects, one or another component of the BNAS correlated with bithweight or birthiength but
the specific components varied. In Egypt, the association was with the orientation ccmponent; in
Kenya, the reflex, motor and habituation components correlated significantly with weight; and in
Niexico, autonomic stability was relat:d to both length and weight. (The reflex component was
weakly correlated with birthweigl.t in Egypt and the motor component with bithweight in Mexico,
but the number of infants was too small for corielations to reach statistical significance.) in Mexico
the relationship with length was stronger than that with weight.  (Associations with birthlength
were not tested in Egyp! or Kenya because of missing data.) Thus, infants appear to be
differently endowed at birth, with size being a marker of rervous 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 lite. Factors of record bui yet to be explored include maternal diet and behavior, infant
feeding, and mortidity.

Toddlers

The Bayley Mental Scale presents a series of items of increasing difficulty developed according to
U.S. norms. Typical tems 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 of
variation in the Mexico 30-month Bayley Mental Test data is only 1%; it is 6% in the Egypt data.
The Kenya project reported its findings as the total number of items passed froni a selected series
administered; the coefficient of variation in the Kenya summaicd 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-subjsct
consistency across ages (18, 24 and 30 months in toddlers), elc.



In cross-project analysas, no significant associations were found bztween 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 anima! protein intake during the 3 months

preceding the test.!

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

There is published evidence ihat indicates iron deficiency and anemia 1o 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, Eaypt 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 insigniticantly higher
il 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’ reparts note a number of non-dielary facfors relavant to Bayley Mental test
performance. Both serious and low-grade illness during the 13-24 monih period were negatively
related to the 30-month Bayley score in Kenya and 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 tactor was not tested in Egypt) but
father's literacy was related to toddler test scores in Kenya. Interestingiy, Kenya father's
intelligence test scores were not correlated with toddler scores but the mother's were.
Houschold 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 measurej was an important predictor of 30-month scores, tending to displace dietary
factors in muitivariate analyses. The appearance measure also corralated with SES.

Certain of the behavioral observations of both the child and the family provide clues to the factors
that affect psychological function in toddlers. The Egyp! project remarks that a child's
characteristics affect how others respond to her or him.2 In Eqgypt, the amount of child
vocalization (interactive or attention-getling) was correlated with the toddier's energy intake
(kcal’kg). Lower levels of food consumption were associated wilh 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 muitiple 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 i{actor 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 perfortnance, coordination and balance. Only
Mexico and Kenya prcjects aoministered this test at 30 months, and Mexico project has not
commented on the outcome. In Kenya, the Motor Score was correlated -asitively with both body
weight and length. It was associaled negatively with iilness 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 excep! for distance jumping. This suggests that the Mexico toddlers were more advanced in
development which could retlect their somewhat better diets.

156e Mexico Final Report and Pelio, G.H. et al. FASEB J 2:A1204, 1988.

2546 Egypt Final Repori and Wachs, T.D. st al. Presentation, 6th International Conference on Infant
Studies, Washington, D.C., 1988.

3566 Kenya Final Raport and Sigman, M. and C. Neumann. Presentation, 6th International Conference cn
Infant Studies, Washington, D.C., 1938.
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Schoclers

Two componenis 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-project analyses wera carried out on the longitudiral sample of subjects for whom dietary,
anthropometric and cognitive data were available. In Kenya, pe formance on the tests was
strongly 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 animal
protein intake per kilogram of bocy 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 perormance. (n
Egypt, results on the three tests were slightly less consistent and performance was unrelated 1o
antiropometric or to dietary factors in the small group of subjecis with cornplete data (n=24).

TABLE 10

Cognitive Scores for Adults and Schoclchildren
(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
Egynt 99{56) 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[€4] 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(0-13) 13.0(6-30)
Mexico 139[84] 3.4(0-8) 2.0(0-5) 6.6(0-38) 12 7(4-22)

"N=number of observations. Adults were tested nnce. Thers were repeated tests of children; numbaer in
brackets is numbar of subjects.

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



Adulls

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 1o schoolers. plus the
Raven's Matrices scores, are shown in Table 10. By adulthood, the sex differciize in test
performance was evident in all three locations. The diference 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. Faclors that relate to adult intelligence scores remain to be examined.

Conclusions

Size is a consistent indicator of psychological functicning 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 perfnrmance. 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 afiect mental function. It remains to be
determined if nutrient intakes consistently affect performance beyond any effect cn 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 grewth”,
there is an implicit assumption that if there were no environmental constraints, on average these
¢nildren 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 rate normally is sufficient in this age group to examine growth, as different
from attained size.

TJoddler 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 asscciated with weight or weight gain in either Egypt or
Kenya. In Mexico, 30 month weight was predicted by protein calories as a percent of total calories
(r=.47), animal protein (r=.43), and fat caiories as a percent of total calories (r=.37). With three diet
variables (animal percent protein, total protein and animal protein) in u 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 tcddlers. However, two



female toddlers in Mexico had large intakes of animal protein (but not of energy) and were also
taller 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, if
these two children were omitted from analyses, the signiicance of animal protein in predicting
body size is either greatly reduced or disappears entirely. The two individuals exerted undue
influence and hence the interprelation of these, and some other analyses from the Mexico
project's data set, ic very ditficult.

For the Kenya toddiets 26 percent of the variance in height at 30 menths could be predicted by
animal protein as a percent ¢! tota: protein, total calories and protein as a percerit 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 proiein and average lat 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 associated vith height slope for Egypt toddlers, but a
regression model with eight dictary variables did not significantly predict height siope.

Anindication of the general magnitude of the effect of small but biologically reaiistic differences in
lood intake may be portrayed by calculations based on one of the regression models. In this
madel, energy intake, total protein intake, animal protein intake, fat intake, carbohydrate intake,
sex of the child and a variable representing proportion of months during which the child was still
being offered breast milk were used to predict weight o height at 30 months, or the slope of
change 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 which
the additional energy was supplied by foods with the same ype of composition as the: existing
diet. The model predicts that a 100 kcal per aay change in energy intake would significantly affect
a'tained weight and length of Kenya toddlers, but not the Egypt or Mexico children. These
simulations 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 [at, relatively low protein source of
carbohydrate (rice). As expected, the effect on fength at 30 months increased with milk and was
lower with rice than with the usual diet. However, the variance of the gstimates increased so
sharply that only in Mexico could changes be said o differ from zero. When the two unusual
Mexico toddlers were removed, the elfect disappeared.

TABLE 11
Predicted Change in Size Parameters per 100 Kcal/Day of Usual Diet
Mean (SE)
Outcome Measure Egypt Kenya Mexico
Weight at 30 m, kg 0.G64 (0.09) 0.23" (0.08) 0.05 (0.08)
Length at 30 m, cm 0.32 (0.24) 0.56* (0.19) 0.24 (0.23)
Slope of Change:
Weight kgry -0.0G (0.07) 0.07 (0.04) 0.05 (0.05)
Length cnvy 0.15 (0.16) 2.19 (0.12) -0.06 (0.12)

* Significanily different from zere, p < 0.01,

Pesulls such as these rnust be interpreted with great care. It is not safe to assume that in a real
intervention the efiect would be as portrayed above. However, the predicted magnitude of effect
secn in Kenya is consistent with the low level of an:hropometric response seen in operational
preschool 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 isod intakes are lower in Kenya than in either of the othger
projects. The body sizes are more depressed in Kenya than in the other projects. The adults in



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, materpal diet and growth of children

It would be useful to be able to describe, in potentially operational terms, the situaticns in which
children are found 1o be at risk of growth failure, that is, to predict the households or families at
risk. To this end, & setics 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.)! 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 ty the proportion of the variation in child size that can be explained
by the cumbination of maternel and paternal sizes {Table 12). The effects were in the same
directior: in all analyses: bigger parents heget bigger children. When data were combined across
projects in a single multivariate model including country as a classification variable, it was
demaonstrated 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 ditferences in sizes of toddlers
between projects, as well as within prejects, 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 "* ht Z score@ Height Z score?

E - +inya  Mexico Egypt Kenya Mexico
Birth 12% 11%* 7% - - 16%
em 6% 14%** 29%"* 66% 17%" 28%"*
30m 19% 20%*" 21%** 18% 20%"* 51%"*
8y 37%* 26%"" 19%"* 33%* 21%** 17%"*
Estimated 24mb 26%*" 15%"" 15%*" 40%"" 16%"" 14%"
Estimated 8yP 41%  31%'" 19%"* 21%  24%** 17%**

2 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 astarisks (* p<.05; ** p<.01).

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

Inclusion of sex of the child in the regression studies explained little additional variance. Girls did
as well, or as poorly, as did boys. It appears that, in these populations, gender bias in child care or
feeding was not a factor that exerted 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.



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 household
environment more generally. Two such markers were chosen, the percent of energy coming from
fat and the percent of energy coming from animal source Froteins in the maternal diet. The ratios
were caiculated 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 Mexico
project, only dietary data collected with the methodology in use after January 1, 1985 was
examined; 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 above as predictors of child size at different ages. In Egypt, the
household dietary variables had ..0 appreciable effect in explaining variance in child size. In
Kenya, they had small, but relatively consistent, effects on achieved height and, to a lesser
degree, weight. In Mexico, the household dietary quality variables had quite consistent and
substantial efiects, explaining as much as 10-20% of the variance in achieved heights and
weights in toddlers and schoolers. However, this was not completely independent of the variance
explained by parental size  To some degree, both diet and parental size were representing the
same things.

The scatter diagrarns 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 in
weight or height Z scores within the toddler and schooler longitudinal samples shows that
individual children differ in their growth rates. If the parental and household variables are exering
their 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 ¢xemined in
regression 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. !

It may be that the relationships between family measures and child growth are stronger than those
between the child’s own intake and growth in the toddier period. This may be true even for the
Kenya project since the apparent influence of the parental size and maternal dietary variables is
stronger than that seen between toddler intakes and achieved size. It would be desirable to
include both parentai variables and toddler iritake variables in the same modeis to be sure about
relative strengths of associations. This has not been jone.

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 shont-term discrepancies (due to iliness, the timing of the pre-pubertal
grewth spunt, 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 suggests
that the long-term slope of Z score change after the first year is essentially 0. Within short (one
year) windows of the toddi=r 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 indicatioli that the schoolers are more variable
than the toddlers in their Z scores. That is an important observation. If the short-term differences
in 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 piausible explanation is that in these
environments, as they are now and appear ¢ have been for a long time, the gains (or losses) in
one period must be offset by lcsses (or gains) in another period within the same child.

Titis possible that the Kenya projact elfects are influenced by the occurrence of the food shortage
associated with a regional drought. This has not been controlled in the present analyses. Both food intake
and weight gain fell in schoolers in this period of restriction. However, it was shown also that there was no
demonstrable effect of the famine period on the weight increments of toddlers (or on the variability of weight
in these toddlers, i.e. there was no indication that some were being seversly affected while others escaped).
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Conclysions

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
is one of a constellation of factors that afiects child development.

In Kenya, provision of more of the same diet is predicted to have a small growth-promoting effect.
In Kenya and perhaps in Mexice, the presence of animal source foods in the toddler diet also is
refated to height.

Parental size is a significant predictor of children's sizes across and within projects. The effect is
stronger and rnore 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
ongitudinal 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

In seeking an answer to the question of why growth and development fail so early in life, 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 nurlures 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; pregnarcy 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 in the Kenya sample,
and very few in the other projects.

TABLE 13

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

Egypt Kenya - Mexico
Age, years 26.61+6.3 30.6+5.4 30.316.3
Parity 4.0+2.8 5.5+2.8 6.2+3.0
Birth Interval, months 29.5+8.9 31.619.3 24.548.3

The sample populations of pregnant and lactating women in the three countries differed in at least
two respects that are thought lo 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 ditference among projects is the level of food energy intake
(Table 15), where the rank ordering across projects is consistent with the general intake pattern
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described 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 would
increase the energy cost of activities that involve movemeant of body mass (and hence energy
requirement for equivalent activity patterns), the tissue constituies an energy reserve that could
attenuate the effect or iow energy intakes during pregnancy and lactation.

Pregrancy, There is no eviderice that women's intakes were improved in any way because they
were pregnant. Energy intake per kg body weight fell as pregnancy advanced because total
intake was unchanged while weight increased. For Kenrya pregnant women, intake was 25-30
kial per kg; it was 29-33 kecal 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 for
activity was actually decreased due 1o 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
toth trimesters two and three; AE was about 600 kcal per day in Egypt in trimester two and about
400 kcal per diay in trimester three:1 in Kenya, AE was about 300 keal per day in the second
trimester and essentially nil in the third. As notad earlier, there was evidence of a compensatory
reduction in activity in Kenya pregnant women, but, unless there were 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 outcomea of such energy limitation, and this was observec.

Kenya women gained €.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 iost
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
womer 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 difference in gain between Kenya and
the other two projects, if it 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 date {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 triinester of pregnancy and the first thiee
months of lactation coincided with the food scarcity period. In cohort #3, both trimesters of
pregnancy fe!! within the food shoriage period but none of the lactation period did. The last
cohort would have been in the first trimester of pregnancy during the drought 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 the droughit
were, respectively, as follows: second trimester pregnancy, 1594, 1497: third trimester
pregnancy, 1503, 1318; lactation 1-3 months, 2025, 1564; and lactation 4-6 monihs, 1846,
1590. The ditference was small in the second trimester (100 kcal/day), larger in the third trimester
(200 kcalday) and very substantial during lactation (250-450 kcalday).

TCalcuiatior. based on the assumption that RMR of Egypt women was the same as raported for Maxico.



TABLE 14

Maternal Height and Weight During Pregnancy and Laclation

[Mean £+ ED (N))
Parameter Egypt Kenya Mexico
Height, cm 155.44+5.3(117)  154.315.7(90) 152.515.0(130)
Weight, kg
Prepregnancy 50.747.6(90) 54.447.2(45)
Trim1 or 3rd mo 61.6+10.4(96) 50.5+7.7(90) 54.54+7.2(29)
Trim2 or 6th mo 63.2+9.8(63) 52.617.1(111) 59.0+7.0(68)
Trim3 or 9th mo 67.94£10.1(88) 55.646.9(121) 62.0+8.2(88)
Posi-partum 51.616.4(115)
Lactation
mo 1 63.7+£10.8(61) 51.646.5(123) 57.117.6(111)
mo 3 61.3£10.1(61) 51.246.9(98) 57.3+8.0(115)
mo 6 63.5+£11.9(73) 50.747.4(105) 56.418.6(116)
Weight change, kg
Pregnancy
Trim 1 0.18+2.1(18)
Trim 2 3.742.9(45) 4.48+2.6(20)
Trim3 3.7+2.5(46) 3.1£1.8(111) 2.8641.8,52)
2&3 7.413.9(73) 6.313.4(111)
1-3 6.413.4(61) 7.6613.8(34)
Lactation
0-2 mo -0.9
1-3 mo 0.2742.1(30) -0.0412.2(99)
3-6 mo 0.011+3.0(40) -0.7141.9(105)
1-6 mo 0.18+3.5(38) -0.9243.4(99)
Body Mass Index@
Pregnant
3rd mo 25.6+4.1(95) 21.2+2.6(90) [23]
Sth mo 23.532.5(121)
Lactating
6th mo 26.11+4.8(70) [21) [24)

Bt (kg)/Ht (m)2. Figuras in brackets calculated from mean ht and mean wt in table.



TABLE 15
Nutrient Intake of Pregnant and Lactating Women
[Mean 1+ SD (N)]
Egypt Kenya Mexico
Energy intake, kcalday
Pregnancy
Trm2 21004492(66) 463+464(97) 24071584(19)
Trim 3 19961456(78) 13641493(123) 2508+606(40)
Lactation
1-3 mo 22491423(83) 18224+623(122) 2628+580(55)
4-6 mo 21941429(93) 17711£453(123) 2692+648(63)
Protein Intake, g/day
Pregnancy
Trim 2 68118 41114 67417
Trim 3 63116 38+16 75420
Lactation
1-3 mo 73116 53+19 73116
4-6 mo 70116 54417 77120
Animal Protein Intake, g/day
Pregnancy
Trim2 24414 3.714.5 13111
Trim 3 21111 3.5+4.0 17413
Lactation
1-3 mo 26115 4.3+4.6 13110
4-6 mo 22411 3.5+3.7 14112

The quality of the diet during pPregnarcy aiso was different across projects (Table 15). The
proportion of energy derived from protein 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%). Pregnant
women in Mexico had three to four times as much animal protein as in Kenya; in Egypt, the animal
protein intake was six times as much as in Kenya. None of the animal protein intakes would be
regarded as generous by Western standards. Protective nutrients supplied by this class of foods
(B vitamins, available iron and other minerals) weuid be at some risk dgepending on the quaiity of
other items of the diet. Women in Maxico coriinued 1o consume puique during pregnancy which

is unlikely to have been entirely beneficial.!

The prevalence of anemia (as categorized by low hermoglobin levels) rose from 15% of Egypt
women in the first trimester to 26% in the second and third trimesters. Macrocytosis, 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.

1F‘ulque does contribute a significant amount of some vitamins and minerals. In one liter {430 kcal): vitamin
C, 60 mg; niacin, 4 mg; iron, 7 mg; and calcium, 120 mg.



The 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 the
urine. 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 (and
to fat intake in Kenya), but not in Egypt. In all cases, pregnancy weight gain was negatively
correlated with nonpregnant weight and BMI, that is, women who initially were heavier and fatter
gained less weight during pregnancy, but the relationship was not significant in Kenya.

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 in
Egypt 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 cohorts
in Kenya. There are more boys than girls in ail 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. In
Egypt, 4% of newborns weighed less than 2501 g, in Mexico, 7% and in Kenya, 11%. Infants
who died in the perinatal period were mainly in the low weight class. Thus, the lower range of
birthweights is, inevitably, underrepresented in the longitudinal dala set.

The Egypt project looked for factors that ditferentiated between the few babies of low birthweight
and the others. Mothers of low birthweight babies were younger (five years), weighed less (10 kg)
and gained less during pregniancy (4.8 versus 8.1 kg). There were no significant differences in
maternal 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 birthweight. 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=0.08). 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 fal approached
positive significance.



TABLE 16

Nutrient Intakes of Pregnant and Lactating Women According
to Coincidem Food Scarcity in Kenya
(Longitudinal Sarmple)

Energy Protein Anim Prof Fat Iron
Intakes/day keal g o} o] mg
Cohonrt 1: Birthdates *4ay-August, 1984 n=20
Preg Trim 2 1601 43 2.8 23 13
Preg Trim 3 1351 35 3.3 19 11
Lact 1-3 mo 7533 39 2.9 21 12
Lact 4-€ mo 1590 52 3.6 22 16

Cohont 2: Binthdates September-November, 1984  n=35

Preq Trirn 2 1590 43 4.1 26 14
Preg Trim 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
Cohont 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 12
Lact 1-3 mo 2057 62 3.5 30 g
Lact 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 49 5.8 24 12
Lact 1-3mo 1976 58 4.1 30 18
Lact 4-6 mo 2010 65 2.1 27 20

* Period that coincided with drought-associated food scarcity. The impact in cohort #4 would have bean
chiefly in the first trimester of pregnancy.



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 1o bithweight in Kenya and Egypt but it was a factor in Maxico. Multiple regression
models account for only 20-28% of variance in birthweight in any individual project.

Finding out what affects bithweight is of grear importance. Birthweight is the most significant
predictor of neonatal mortality. Mental functior, as indicated by the Brazelton Assessment, is
related to size at bith. Furthermore, in all three projects, binthweight is strongly correlated with
infant weight in the four-to-six month age period. The effect of binhweight on subsequent size
persisted through the sixth month in Mexico and Kenya but not 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 intae 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 ci life is 124 kcal per kg., or over 400 kcal per day for inlants of
CRSP observed body weights. Predicted requirements would increase to about 600 keal per day
by three months of age and about 650 kcal per day by six months. Had these children achieved
reference growth, the 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 rmonihs 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 toddiers 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
iwo months of lactation (Tahle 14), which, if it were all fat, would have yielded 135 kcal per day.
This would have been enough 1o suppor lactational needs during that period. Mexico women
fost 0.9 kg in six months, with a maximum yield of 45 kcal per day which would not 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 2
compensatory decrease in physical activity during lactation in any project. It seems unlikely that
sufficient compensation could have occurred 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 1o support full lactation anywhere and that the milk supply was below
infant needs.

It intakes (plus any other adiustment) are inadequate 1o 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 cit. Table 21, p. 91.
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~access to food, evidence indicates that breast milk production is not sufficient to support

reference growth rate beyond the third or fourth month of life. Continued steady growth or caich-
up growth over most of the next few months is seen in developed countries il % supplement
approaching the quality of breast milk is given.

Supplementary Infant Feeding,

Based on the CRSP evidence at hand, infants in Kenya would need supplementary feeding in
the third month and infants in the other two projects from the beginning. Along with the pctential
benefit of additiona! nutrients, however, comes the risk of exposure to food-borne pathogenic
organisms where sanitary practices are indifferent. To the extent that supplementary feeding
displaces b1reast milk, there also would be loss of the protective immune substances present in
breast milk.

in Egypt, all infants received sugar-water throughout the first six months (a common mixture was a
teaspoon of sugar in ihree to four ounces of walter); one-third also were fed rice-water. The
number of infants fed anything else rose from £% in the first month 10 27% in the third month and
46% by six months of age. Few infants received any foods that had essential nutrieni value.
Pretein provided 6% or less of energy on the average.

Supplementary feeding of cereal gruels, cow's milk and thin soups was begun by Kenya mothers
when infants were one to three months of age. The group average nonbreast milk energy intake
(averaged across infants who did and did not receive supplements) was about 100 kcal per day
over the six-month period (range 1-1051 kcal), with 10% coming from protein. About 40% of the
protein was from animal sources, much more than was present in the family giet. Women whose
foud intake was low and those who gained little weight during pragnancy were most likely to use
supplementary foods. This suggests that women who had stored fat during pregnancy or who
had more generous intakes during lactation were better able 1o nurse their infants. Women who
had serious ilinesses were less likely to give supplementary food; the project believes this is 53
because of the extra effort involved in si:ch 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 provided
12% of the supplementary food energy and 16% came from dairy products. The amouni of
supplementary food in Mexico resembled that in Kenya.

In Kenya, infant supplementation was associated with some restoration of matemal fat, a benefit to
the mother in view of the relative thinness of Kenya women, and perhaps critical to maternal
vsellbeing in a setting where women bear raany 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 insufficiert for
infant needs. In Egypt, the supplement, being of poor quality, might have adversely affected the
ratio of essential nutrients to energy and increased the infant's risk of vitamin and/or mineral
deficiencies. Weights of Egypt infants who were supplemented during the first 3 months were
significantly less than those who were not supplemented, and there was a tendency for illness to
be greater in the supplemented group (p<.10). The Mexico project has not reported on
relationships between infant parameters and supplementation. Herbal tea with sugar is not likely
to have benefited Mexico inlants, but at least the water would have been boiled to make fea,
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 a factor in the high incidence of diarrhea observed in Egypt infants.

1On!y Kenya projoct has reported on immune substances in milk (and only about a third of sample_s havg
been analyzed to date); the content was quite variable with some showing very high values. Relationship to
maternal and infant variables has not been examined.



Intant growth,

Rates of growth have not yet been studied across projects. but some of the facters that relate to
achieved size at three and six months of age are known. One of these is bithweight, 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 prepreghancy
weight, weight at delivery, height and fatress (BM!) are correlated with both achieved weight and
length of infants at three and six months. In Kenya, another factor, the amount of weight ga'ned in
pregnancy, is correlated with intant weight at three months but the efiect has dropped out by six
monilis. Nore of these maternal characteristics relate to achieved size nf Egypt infants at three or
six months.

Some maternal dietary factors also relale 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 trimester of pregnancy have any relationship to Egypt inlant size, and that is only
length, not weight, at three months. in Mexico, second trimester intake of animal protein
correlates with infant weight at both 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 of lactation relaies 1o
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 o/ age. No maternal lactational
dietary factors are positively associated with infant size at three rronths in Mexico, or with infant
size at six months in any project.

Other factcrs than maternal intake must determinie infant growth after the first three months. One
factor is the amount and kind of infant diet supplementation. Morbidity experience seems a iikely
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; infart iliness was
not associated with body size, nor was iliness 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 fcod
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 not know they should, or do not choose to, gain more weight during
pregnancy, or there is some unrecognized, probably biological, factor that is regulating gain.

Women do eat more during lactation but only in Kenya during the non-drought period was the
increment sufficient to meet laciationai needs even in the first two months. Lactation was probably
not sufficient 1o 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 malernal dietary attributes, patdicularly in Kenya. Pregnancy and
lactational influences persist through the first six months in Kenya, and to a lesser extent in
Mexico, but kave little continued impact on Egypt infants. Morbidity is a significant factor affecting

67



68

growth in Egypt but much less so in Kenya and not at all in Mexico. Much CRSP data remains to

be evaluated before a ciear answer to growth failure can be found.

OVERALL CONCLUSIONS AND THEIR IMPLICATIONS

The three study populaticns differed in important ways, both inteiided and unintended,
but they shared one atirisute in common: diminished stature. Inthese environments, the
size a person was destined to be was determined early. Infants started life close to the
size of the reterence US population, but a lag in growth was evident by the third or fourth
month. Stunting was established in the first year. After that, the growth rate was relatively
"normal”; that is, the growth trajectory fitted the pattern expected for the shorter segment
of American children. There was little evidence of catch-up growth; adults were shorer
than they could have been in other circumstances. The popuidtion averages mask
substantial variability, of course, and ii is 1his that ultimately may allow identification of
factors that associate with growth.

One might well ask why there is concern about early growth if growth rate is relatively
normal 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 reporied in the general literature T,
there are numerous associatiors betweer achieved size and measures of human
functional capacity and performance. In all 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 szverity in children who were small.
Small mothers produced small babies. There is at jeast a reascnable 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 sels can, in all
likelihood, better establish 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". Cross-project comparisoris already support justifiable speculation as
to causality and, following from it, the implications of CRSF research findings for policy-
and program-making in Egypt, Kenya and Mexico.

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 erergy 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 ali 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 adaptaticn to chronic
food restriction, even during the time food intake was reduced due 1o scarcity. Thus,
there does not appear to be a "cost-free” adaptation, that is, one that does not have
impact an people's lives. When food was especially scarce, adults lost some weight, but
indications are that activity was reduced in compensation for dietary energy defici.

Infants as a group may have bezn food-deprived in all tiiree locations. While there is no
direct evidence of lactational failure, 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 popuiations (about 7 kg vs. 12 kg). While
their infants were sornewhat lighter than reference populations, the difference in
pregnancy gain mainly reflects a deficit of maternal tissue reserves that otherwise couid

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,



be drawn upon to support lactation. Women increased their energy intake during
lactation, but not by enough to provide the aount of breast milk neaded for adequate
infant growth. In Mexico and Egypt, the additional intaka was, on average, less than hatf
the arncunt needed as breast milk, without considering the energy cost of milk formation.
Kenya women ate 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 guaniity anywhere and
the quaiity was especially poor in Egypt.

We are persuaded that inadequate lactation was an important cause of early growth
retardation in alf projects, but the situation is complex in Egypt. The preceding paragraph
presented the case ior 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 2amount of weight during the first six months postrarium 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 and morbidity. Virually frcm birth, a!l Egypt
infants received si: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 iliness also were high among Egypt
infants. !nfants who were ill and whose growth was slowed are likely to have had reduced
food demand, so the stimuius to lactation might have been diminished.

A second puzzle is why children did not catch up in growlth ai later ages, when they had
access to family food. There was, in fact, marginal imptovement in relative standing
between toddler and schooler ages but no evidence of change thereafter (i.e. adult
heights were in line with children's). Shor-term effects on growth become increasingly
difficult to detect with advancing age because growth rate normally 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
consistently 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, was
significantly related to attained height and wein! it of both toddlers and schoolers in Kenya
and Mexico, but noi in Egypt.

Projects have reported some relationships between morbidity and toddlier growth but
these are neither striking nor consistent. Diarrhea had an advers2 effect on the rate of
weight gain in Mexico toddlers, but morbidity did not account for the unevenness of
growth among the Egypt toddlers, where disease was most severe. lllness was shown 1o
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 per se 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 iliness 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 frorn 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 th2t intake did affect functions of interest
and certain behaviors that contribute to satisfactory outcomes. A most dramatic
dsmonstration was the nearly doubling of episodes of iliness 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 the increased demand of pregnancy,
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it was the household care-giving tasks that were omiticd. Toddlers everywhere were
more vocal and/or active if they ate rrore. Women's intake during pregnarncy afiected
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 risk
based on biochemical evidence (vitamin B-6 in Eqypt, vitamin B-12 in Mexico) or clinical
signs (B-complex vitamins 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 enerqy dersity of the diets, perhaps making it possible for children to obtain more
calories in a tolerable volume. Both factors wouid z'so improve the palatability and variety
of the diet, possibly stimulating co:sumption of total food. Animal scurce foods could
ext an eftzct in a more specific way, by providing essential nutrients otherwise low in the
gic.  The probability is low that the efiect is due specifically to protein (or amino acids)
becac =e total protein intake was weli above accepted standards. The search for effector
nutrieats would be aided by improved knowledge of the composition of foods consumed,
but further analyses, even with .-~ information 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
piolein, 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 agults. A major binlogic 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 principai 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 1o 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 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 consisient predictor of children's sizes, across all ages and the ihree projects, is
the size of parents, particularly the mother. Whatever factors constraied parental growth
are persistent in these cultures. CRSP findings show the special importance of total food
intake 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 INTERVENTION

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 might
inciude small irrigation projects and support of small ruminants and pouliry projecis.
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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 within the community. Kenya project findings
provide information on family coping strategies some of which were helpiul in the short
term but counterproductive 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 improvec 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 minerais. 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 {0 be an effective measure even
though not all individuals have a fully adequate diet. More attention needs o be given tc
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 women do not eat
and gain enough in pregnancy:; if there is a fear of inability to deliver a larger baby as some
have suggested, then good obstetrical care needs to be assursd. Women need 1o 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 da;icit seems
largest in Egypt.

Roth men and women need to be better educated generally and certainly better informed
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 consumied. 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
analylical work; the capability of food analysis exists in al! three countries.

The prospects for nutrition, including research, effective nutrition monitoring and intervention
efforts, have been enhanced in Eqypt, Kenya and Mexico. The results of the projects have been
reported formatly to government officials and policy-makears at conferences sonvened 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 tindings
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.



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

1. The CBSP data base. Each couniry 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 and training purposes. tmponartly, the requirenents for consiruction,
maintenance and analysis of a large data set are known: the capability to imeet these
requirements is greatly improved. In all cases, a national food composition: data base was
augmented and converted to electronic form ior ease in application.

2. The field site as a continyjrg training and research venuz. Both Egypt and Kenya pian
to cortinue 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. In Solis, Mexican
collaborative research addresses “tachnology for the surviving child", including effects of
vitamin A and carotene, and ‘e [JS-Mexico cooperation continues with a study of the
effects of zinc deficiency anJ supplementation. in Egypt, a model child-survival unit is
being developed in Kalarna, the Institute is followin¢' up anthropometry of infants and
children in ex-CRSP households and the US-Egypt team continues research ¢ vitamin
B-6. !n Ernbu, the US-Kenya collaboration involves acditional study of ex-CRSP
households: anthropometry and cognitive development of studied infants and toddlers
and an applied nutrition program targetted to women angd children undier age 5.

3. Ibe upgrading of research capabilty. All the collaborating institutions have raceived a
contribution of research equiprnent. 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, better transpont vehicles make field
work feasible. As Dr. Chavez has said, in sum, the CRSP has enhanced the institutional
capacity to apply “the latest advances 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 colleagues,but local
constraints had not often allowed them to use their czpabilities 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 benetitted 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 componert in each country. Graduate
swdents carried out Master's or Doctoral research as pari of the field work in Egypt and
Kenya. Two Kenyan staff are enrolled in graduate programs at UCLA and a Mexican
investigator has completed cloctoral training at the University of Connecticut. In addition,
targe cadres of junior field staff received training and experience by their employment in
the locai CRSP projects. Dr. Bwibo has noted that some have been admitted 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 ths building of institutions and
people. Certainly, | count my two field site visits (Eqypt 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 vith a real commitment
to a community.”

4. The building of 7 tr.asnational research network. Over the six-year life of the CRSP,
lasting linkages were forged hetween the collaborating investigators both within and
across projects. These linkages have resulted in the further research described above, in
continued expleration of the CRSP findings and in joint publications. The network
tunctions in less obvious wavs as well -- in solicitation of advice and appointment to
iternationai committees and ~onsultative groups, as examples. In a very real sense,
USAID staff aiso are part of this network which has implications for future binational
activities.

Afthough 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 earlier
building of working relationships before the heavy demands of actual research were imposed on
the collaborating institutior:s. Institutions felt pressed to accommodate :he needs of more
technologically advanced research than had been included in their programs in the past. The end
result was satistying, but the process might have been made less stressful.

Networking and inghution- building have clearly been a two-way proposition. The LS institutions
have been enormously strengtheried in their ability to conduct field research, several American
gradtiate students have received degrees based on CRSP research participation, and there has
been significant development cf foreign language skills. Most of all, the participating invest'gators
and the Berkeley management team have developed a deep appreciation of the problems
confronted by people in poor commurities and the difficulties under which scientific colleagues
labor in less privileged places. As is so often the case, we feel we received far more than we gave.



APPENDIX A
BASIC VARIABLES! LIST (October, 1984)
Community description

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

Climatic data

Average rainfall Monthly

Average noon temperature, 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? Twice
Disabilities and chronic illness in household At entry +
3 month updates
Anthropometry (nontarget): Height Once
Weight Twice, by seasorn?3
Household food use 2 days/month
Household morbidity, 7-day recall wWeekly
Lead female (P=target pregnancy; L=target lactation; N=zall others)
Reproductive history At entry
Physical assegsment of nutrition and pregnancy N: every 6 mo;
related variables P: 5th,8th mo;
L: 6 months
Pregnancy outcome At delivery
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 subroutine$ As indicated
Resting metabolic rate N: every 3 mo;
P: 5th,B8th mo;
L: 1st,3rd & 6th
months
Sanitation and child care ectivities® Every 2 mouths
Blood analyses, albumin, hemoglobin ’ P: 8th month
Milk analyses L: day 1-3, 1st,
3rd, 6th mo
Time allocation/activity pattern? Monthly
Psychology8: Ravens Matrices Once

WAIS (Subscales) Once

..
-
.



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
Festing metabolic rate
Time allocation/sctivity pattern?
Fsychology®: Ravens Matrices
WAIS (Subscales)

I!lness cdisability and task assignment subroutine®

Infant (from target pregnancy)

Food intake (if breast fed, quantitative estimate of
supplementary food intake; otherwise estimate of
total intsake)

Anthropometry: length, weight, arm & head circum.

Morbidity, 7-day recall

Dutowitz Scale (first edition)

Physical assessment: birth condition
nutriticn related variables
Brazelton
Bayley Motor Scale
Infant Behavior Record
Observation of crretaker and child

Psychology:

Target “oddler - 18 to 30 months

Food intake (by ooservation or combination of
obsiervation and reporting)
Anthropometry - length, weight, arm & head circum.
Physical assessment of nutrition related variables
Physical assessment of vision and hearing
Morbidity, 7-day recall
Illness subroutine?
Psychnlogy8: Bayley Mental S-ale
Bayley Motor Scale
Bayley Infant Behavior Record
Observation of caretaker and child

Target schooler - 7 to 9 vears

Food intake
Anthrcpometry: Height, head zircumference
Weight, arm circumference
Morbidity, 7-day recall
School attendance (days present/days of school)
Psycho.logyt: WISC-R (Subscales)
Ravens Matrices
Barrett-Yarrow-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

2 days/month

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, 20 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 vear

Twice during
school year

Once

Every 6 months



Explanatory notes

1

10

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

Each project will report variables collected and will specify how these
are to be weighted and combined to yield a ciassification of households on
a Social Scale and on an Economic Scale appropriate to the community. The
original variables will be stored centrally.

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

N, L: Morthly conception survey; P: Monthly pregnancy survey; L: Monthly
lactation and infani-feeding survey.

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

Sanitation and chi!d care activities (of lead females): These vari:'.les
will be collected }-v all projects. Methodology is recognized to be
project-specific. ‘Ytach project will report variables collected and will
specify how thesc are to be weighted and combined to yield scores for each
component, i.e., & Child Care Score and a Sanitation Activities Score.

All projects havc sgreed to collect this information on a subsample in
Year 2 of Phase I1. Methods are recognized to be project-specific. Each
project will idertify and report the specific variables recorded as well
as the method by which tney are to be aggregated into composite
descriptors. The subpopulation studied should be as representative of the
total sample as is feasible.

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

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, kr~adache,
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
day 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).

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-dey 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,
and an outcome variable. Based on limited data available in the literature at
that time!, the assumption 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 amo'mt 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 inteke), the within-person
variance of three month mean would be about 10% for energy and the variance
ratio (SDwithin?/SDbetween?) 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.

1Beaton, G.H., et al. Sources of variance in 24-hour dietary recall data.
Am. J. Clin. Nutr. 32:2546-2559. 1979.

ZNational Academy of Sciences. Nutrient Adequacy: Assessment Using Food
Consumption Surveys. National Academy Press, Washington DC. 1986.



Measures of Variance in Intakes of Toddlers and Lead Females in Egypt, Kenya
and Mexico.

KENYA EGYPT MEXICO
Toddlers LF Toddlers LF Toddlers LF

ENERGY (kecal)

CVintersa 19 18 24 13 25 21

CVintraa 48 46 38 28 32 25
TOTAL PROTEIN (g)

CVinter 20 20 26 13 22 20

CVintra 59 53 45 35 37 30
ANIMAL PROTEIN (g)

CVinter 64 68 32 23 52 61

CVintra 166 204 83 89 85 100
FAT (g)

CVinter 41 28 26 16 34 34

CVintra 68 61 59 51 51 47
VARIANCE RATIOS®

Energy 6.1 6.4 2.5 4.9 1.7 1.5

Total protein 8.1 7.0 2.9 6.7 2.8 2.1

Animal proiein 6.6 9.1 6.5 15.0 2.7 2.6

Fat 3.6 4.6 5.1 10.1 2.2 1.9

*CV=coefficient of variation (%)=(standard deviation / mean) x 100, ‘Inter’
is between individuals and ‘Intra’ is within individuals.

PVariance 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.

Kenyu

For toddlers, the data base for these analyses consisted of 2603 observations
of one day food intakes of 109 toddlers each of whom contributed at least 12
observations between the ages of 17.0 end 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 enparent 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 be tween-



person variability was 19% (compare to design assunptions 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 weskened statistical power.
In the table, the variance ratios for all of the nutrients measured are
presented. They are generally similar except for fat which hus a
substantially smaller ratio. The within-person variance has 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 werc
similar to those of absolute intakes. For some nutrients, the analyses have
been run for intakes expressed per 1000 kcal (a measure of "dietary quality").
The variance ratios tend to be higher. Part of the variance between subjects
has been removed by controlling for total amount of food consumed and the
variability in the nutrient density of foods from day to day is exposed. The
effect is perticularly striking for total protein.

Two other potential sources of the within-person variance were considered:
that there was a marked difference in variability of intake attributable to
household food shortages in the drought period, and that the intake
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" period
but rather the very high variation throughout the whole period and even
between adjacent days. Whatever is the source of the variance, il does not
appear to be the food shortages and potential "feast and famine" situation of
the drought period. More detailed swudies, discussed in the Management Entity
Report 3, demonstrated that the variance between adjacent days was comparable
to the variance across non-adjacent days and that there was no gystematlic
difference between the first day and the second day of adjacent pairs. It was
very unlikely that intake 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

SManagement Entity Final Report, 1988.



different between total energy (or total protein) &nd animal source energy (or
animal source protein). The fact that Mexico project analyses consistently
demonstrated stronger relationships between these variables and orteome
measures is not explicable as an arteact 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 nr charscteristics of the
household and associated factors), the relative range cmong individuals is
appreciably greater for the animal source nutrients. This is what wculd
appear Lo be driving the Mexico analyses. It will be important to explore
this phenomenon further to determine what other variables associate with use
of aninnl 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,

Tt is to be noted that the relative variabilities and the variance ralios seen
for total energy, total protein, and total fat in toddlers (and in adult
females) are in keeping with the general expectations of the original design
and with variabilities reported in industrialized countries. Compurative
information for animal source encrgy and protein is not available.

As for toddlers, data for lead females were selected from the longitudinal
sample and the longitudinal time windows as defined by ME. 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
compatricts. There is somewhat less variability in energy intake among women
than was seen in toddlers (but note that toddler analyses were not controlled
for sge and neither were controlled for weight; these might contribute some
variance). Again the variation between subjects and within subjects increased
sharply with animal source foods.

Egypt.

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 (.~=an = 16.4). The
between subject variances, expressed as CV's, are compartbhle to those eeen 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.
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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 intuake 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 observatinns. 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 higher for adull women than for toddlers. These
subjects depart quite appreciably from the original design essumptions, making
it more difficult than anticipated to detect associations {the departure is
not as severe as was seen in Eenya bul more so than for Mexico).

Implications_for interpretation of interproject comparisons

The predicted attenuation of bivariate correlation and regression
coefficients, based on the observed vuriance ratios, may be calculated.
Details of the calculation of these attenuntion factors will e found in a
report prepared by the Federation of American Societies for Experimerital
Biologv*. 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 and a body weight parameter were described by a
correlation coefficient of 0.4, with ¢ days of data (1 month's observations),
the observed correlation might be about 0.2. With 3 months of data (6
observations) it might rise to ebout 0.28, and if a six month mean were used
it wmight be 0.32.  If the original regression slope were 0.2, the olserved
slopes might be only 0.05, 0.10 and 0.13. Thus, both the estimate of the
relationship and the power to detect it as statistically significant 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
not seen, it may be hecause it does not exisl., It may also be because the
attenuation is so great that it is not detccted in conventional analyses.

A second problem is apparent {rom 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

AFASEB lLife Sciences Research Office. Guidelines for Use of Dietary Data.
Federation of American Societies for Experimental Biology. Bethesda, MD 1986.



true differences in the biological relationships. This may he a particular
problem when simple cerrelation analyses are used in the selection of
variables to be entered into regression models; the correlations would b
attenuated as indicated above and this would influence the selection decision.
Once entered into multivariate regressions, it is difficult to predict the
effect of the variance ratios. The observation of different nutrient-function
relationships across projects, or the presence of relationships in analvses
for one project and absence in analyses for another musl be interpreted with
the variance ratios in mind.

Examining the variance ratios alone begs the question of why the variance
ratios differ. Although the foregoing discussions nave emphasized t! »
variance ratios and the CV's in relation to original design targets,
examination of the absolute variance componerts is of interest. The varian e
ratio involves both components. A question of interest is which differs
between projects and vhy does it differ. Intraindividual variances would
differ if there are real differences in the stabjility of eating patterns or if
there were a rundom methodological error in recording intake that differed
between projects. Interindividual variances would differ if indeed there werc
differences in the "homogeneity” of the populations studied or if there werc
systemutic biases ¢ «<rating scross individuals within one or more of the
projects. It would appear that, for toddler intakes, between-subject variance
differs between projects more than does the within-person variance (fat intake
in Kenya does not {it this pattern). That is, the differences in variance
ratics described above are less likely to reflect differing methodological
errors across the projects than differences in the rang: of subjects
themselves. Specifically, the Kenya subjects would appear to be mech more
homogeneous than either the Egypt or Mexico subjects. This conclusion must be
tempered by the potential effect of interviewer biases on the between-subject
variance., Nevertheless, 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 and CVintra of the
nutrient vectors for adult females are not as consistent as would seem to Ui
case for toddlers. One cannot suggest as easily that it is one component or
the other that differs between projects. These ¢imilarities and differences
between projects would be worthy of further exploration both as & basis for
further understanding of the data and as an approach to "external valida‘ion"
of the dietary methodologies.

Finally, as was noted above, exami.ation of the standard deviations for a
number of the nulrients suggests that the primary distributions carry major
skewing. This is very apparent, for example, in the Mexico toddler animal
source energy and protein but is scen also in & aumber of other nutrient
estimates across projects. In the preliminary analyses reported 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 veriables
only in the case of the Mexico project. Here, as reported in the analyvsis of
growth patterns, it was found thet two individuals had very unusual intakes
and also unusual weights and heizhts. Not only would these subjects have
accounted for a major part of the skewing but also, in this case, unduly
influenced the anzlyses. Further examination of the intake distributions in
relationship to analytical questions is in order.
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APPENDIX C
SAMPLE GROWTH PLOTS FUR EGYPT TODDLERS
by

David Lein end Steve Selvin

Following are four examples of growth plots for Egypt toddlers. Each graph
shouws 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 msss index
(height divided by weight squared) cver the same period (each messurement is
represented by a B). Both a linear and a quatratic equation have been
derived for weight and body mass index, and are plotted on the graphs 4s 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 weve usually
two consecutive days of intuke measured, these appear as parallel dotted
lines. Weaning dates can be determined by the height of the dotied line -
tne waller lines are for breasi-fed days. For example, the first toddler
shown below was reaned at about 21 amonths of age. The six preceding food
intake measures (2 pairs of two davs each) are represented by taller dotted
lines than th: remaining food intake measures. The second “‘oddler was
weaned prior to the study, snd does no: have any tall dotted lines.

Also shown at the bottom of each graph are the illness days reported for the
“oddler. Each day of illness is represented by a solid vertical !ine. Thus
illness episodes lasting several days are .epresenced by & cluster of
vertical lines. Illnesses categorized as severe by the field personnel are
representeu by a taller solid line than those categorized as mild. Illness
epicodes categorized as diarrhea have a D sbove the salid line. The first
toddler below hed several illness episodes, most of which were severe for at
least part of the duration. Six of the episcdes were for diarrheal disease.

Thus, it is possible to use these graphs to visualize the rate of growth in
weight and the change in body mass index over the year. The deviations from
linear growth can be seen easily. Simultaneouslv,” the effect of weaning and
of differing types and durations of illress on the growth pattern of an
individual toddler can be examined.



Toddler ID 10149407 (female)
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Toddler ID 120051405 (male)
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APPENDIX D
EXAMINATION OF GROWTH PATTERNS IN EGYPT, KENYA AND MEXICO

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 management reports. Rather, where longitudinal data
sets were needed, as in the generation of individual regression lines,
criteria cf minimum number of observations across minimal periods of time were
established.

As an initial step all data 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 (CASP) for use on the Personal Computer, Version 3.0, 1937). That
prcgram flags all data that cannot be computed (deta out of range, age or sex
information not available, ete). All flagged dais were discarded without
further investigation. In addition, data presenting us Z scores of less than
-6 or greater than +6 were treated as outliers and were discarded from all
annlyses. 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 felling below the
reference 5th centile, etc) were prepared using PROC FREQ of SAS PC (Version
6.02, SAS Institute Inc, Cary, 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 montns, again assigning
the midpoint of the interval as age for plotting. These groupings served to
ircrease the numbers of data available for any one ploiting point. To be
iacluded in the graphs, it was required that there be at least 15 data
;epresented. No attempt was made to take account of repeated measures or: the
su72 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 i2 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):



EGYPT Weight Z score = - 0.913 + (,002780 Age N = 1780 RMSE = 1.079
Height Z score = - 1.944 + 0.007994 Age N = 1780 RMSE = 1.140
Wt for Ht Z score = 0.148 + 0.001611 Age N = 1780 RMSE = 1.057
KENYA Weight Z score = - 1.628 + 0.003252 Age N = 4058 RMSE = 0.870
Height Z score = - 2.164 + 0.006203 Age N = 4058 RMSY = 1.007
Wt for HU Z score = - ,526 + 0.001645 Age N = 4058 RMSE = 0.840
MEXICO Weight Z score = - 1,460 + 0.003083 Age N = 1931 RMSE = 0.876
Height Z score = - 2.220 + 0.006956 Age N = 1931 RMSE = 1.019
Wt for HU Z score = - .281 4+ 0.001987 Age N = 1931 RMSE = 0.826

(For weight and height 7 scores, 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 demanded that a subject provide
at least 6 measures across a period of at least 8 months within defined
windows of age. For toddlers, data from age 16.0 o age 32.9 months were
included. For schoolers, the permitted age interval was 78 to 123.9 months. In
all projects, group mean ages of data collection were close to 24 and 86
months for the two intervals. Regressions were run with PROC REG, SAS PC using
models of the type HTZ = AGE; the models were run independently for each child
meeting the selection criteria. Subjects were excluded from subsequent
analvses i the Root Mean Square Error of the individual's regression exceeded
1.0 for toddler data or 1.2 for schooler data. It was assumed that these cases
either included unreliable measurements or departed from the general
assumpltion of a linear relationship between 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 hreight was accepted. Most subjects provided many more
measurements. Unfortunaiely, the data base used in dev: loping these variables
for the Egyptian 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 expected during pregnancy and since pregnant weight might be expected
Lo 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 wera developed for
adults using reference data for young adults, 25 to 34.9 years of age.
Reported US data for this group were:



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 continuity with the population from which the CDC norms
were selected, it must be recognized that the adult data were not developed
for analysis purposes (smcothing) as were the reference data for children.
Care must e taken in drawing comparicons.

Tables 1-3 present summary statistics describing the variablee used in the
analyses. An Annex provides the actual data used in plotting figures presented
in the report,

These data were used in prediction equations run with PROC REG of the SAS PC
program, Version 6.02 (SAS Institute Inc, Cary, North Carolina). Tables 4 and
5 present the R square values from some of these regressions, indicating also
the level of statistiecal significance achieved. Individual coefficients, other
than the intercept, were inconsistently significant and difficult to interpret
because of cross correlations. However the correlations between the dependent
and independent variables (Tables 6). These provide insight into consistent
and inconsistent relationships. The important features to note from the tables
are the repeatedly seen relationships betwecen parental size variables and 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 expected. There were suggestions of
similar relationships in the Egypt data set but, for many analyses, the number
of cases was smull and the models lacked power (or were overparameterized). It
is noteworthy as well that dietary quality variables explained a part of the
varisnce 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 periods 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 meesures may reflect other
conditions of the microenvironment surrounding the child during early growth
end 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
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the environmental / child care variables that may impact 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 infant with or without
dietary variables, and models including all variables. No preferred model
fitting all projects was detected and the models presented in Tables 4 and 5
were selected essentially on the basis that they included the indeperdent
variables of particular concern to the hypotheses at hand - that either
genetic or stable environmental factors represern.ed by parental size affected
the growth and development of the child and that factors associsted with the
diet or other characteristics of the household also influenced development.
Much further analyvsis, involving use of other of the many measures included in
the CRSI' dita sets will be required to go bevond this level of interpretation.
That 1s, for example, before it can be concluded that diet per se 1s an
importunt influence on the pattern of physical growth and development, it
should be examined in models that include measures cf other aspects of the
microenvironment - do such inclusions explain additional variance or do they
interchange with the dietary measures in explaining the same components of the
variance’’

The models at hond 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 projects? The mean slope of Z scores within toddlers and within
schoolers approximated 0 (on average, children were growing along their
expected "channel", given a small size at the start of the period).

When the slopes of chunge in weight or height 7 scores across time were
examine! the results shown below were obtained:

Project Age Group Measure N Menn Std Prob> T,
Egypt Toddlers Slope Wt Z £ 0.0402 0.0716 0.0001
Slope Ht Z 95 0.0283 0.0510 0.0001
Kenva Toddlers Slope Wt Z 107 0.0094 0.0403 0.0181
Slope Ht Z 107 0.01.0 0.04z0 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 Schoolers 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 vear; this would be
considerad biologically important. Conversely a slope of 0.01 would represent
only about 0.1 standard deviations in a year. The mean slopes of the best fit
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lines for weight and height Z scores (see above), based on all individual
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 estimated 7 scores for weight and height were generally similar at
ages 24 and 96 months (Tables 1-3).

A direct comparison between projects was undertaken by including data from the
individual regression equations from all projects in a single model which
includexi coumtery as a class variable. Using this model (parameter = country)
PROC GIM (SAS PC Version 6.02) performed an analysis of variance and permitted
testing of the effect of country using the Bonferroni test to COompUre means.
It was found that for both toddlers and schoolers, and for estimated welght 2
scores at 21 and 96 and height scores at 96 months, children in the Egypt
project differed from those in Kenya and Mexico (Significant at 5% level by
Bonferroni test) whereas differences between Kenyva and Mexico could not be
estallished (application of Duncan’s multiple t test suggested thut these also
were different). Comparisons of the slopes of weight and height 2 score change
showed a similar patter  in toddlers. Among schoolers, children in Kenya and
Moxico differed from each other but not from those in Egypt with regard to
change in woight 7 scores. With regard to height change, both Egyvpl and Kenva
differed from Mexico but not from ench other.

These observations, together with the fall in 2 scores during the first 12
months (Tables 1-3 and plots presented in body of report) strengly support a
con~lusion that for the populations of children examined in the three
projects, the major "growch failure” took place before the end of the first
vear of life and that thereafter growth wus relatively "normal” without much
sign of catch up. It would appear that the “failure" occurs at similar times
in the three projects (between about 4 months and 12 months). After 12 months
the "stable pattern” suggests that there has been a differential in early
growth among the projects. The greatest effect has been in the Kenyan
population and the least in the Egyptian children with Mexicans falling
between the others but close to Kenvan children.

Even though the foregoing describes the pattern of growth across childhood, it
must be recognized that 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 children 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. The distinct conclusion must be that within the status quo
situation of these study populations the gains or losses in growth rates seen
within shorter windows of time are offset by earlier or later changes in the
opposite direction. If thies were not the case, one would expect to see a
progressive increase in the variance of Z scores across asges (individuals
becoming more diverse in response to continued differences in theisr
microenvironments and associated growth rates). That. does not appear to be the
casc (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
scoreg (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 Egypl, 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 Egsyptian study group began to show
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 explanaticn of the changes in Z scores.
By inference the energy supply is sufficiently high, or the activity levels
are sufficiently low, that tissue depnsition ol energy reserves is possible in
that commumity - more possible than in either Kenya or Mexico although Mexican
femules also showed an incresase in Z scores for weight between children and
adults.

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

In an interproject compurative esxploration of predictors of toddler growth
rates, longitudinal samples were drawn in accordance with procedures described
in the project reports. 1n these studies weights and heights werce not
converted to Z scores. However the daia for each child were converted to
linear regression equutions so that body size and growth could be described in
terms of an intercept at a specified age (e.g. 18, 24 or 30 months) and a
slope. Tt was demonstrated that, for this age group a linear regression gave
the best fit of data. It should be recognized that in these analyses, a
positive slope is expected for a child who is growing. In the analyses
presented ubove, the expectation for normal growth is a 0 slope (no change in
age and sex adjusted Z scores when child shows expected normal increase in
ahsolute weight or height).

The initial thrust of these analyses was a se: h for the best regression
model for application across projects. The ind ,.:ndent variables ‘ncorporated
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 over the whole
year between 18 and 30 months of age: energy, total protein, animal protein,
carbohydrate, fat, and the ratios fat as % energy, total protein as % energy,
animal protein as % energy, snd animal protein as % total protein. (Without
inclusion of the ratios, the model has been designated the DIETS model; with
inclusion of ratios it is designated DIET8.) The models were also run wilh 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 management reports,
only the new method data from Mexico and adjusted intake data from Egypt are
presented in this report. The models werc 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 analyvses of the Mexico data sets. The
analyses presented in this report include the "suspect” cases.,

The net outcoms of these many anslyses was an essential inability to develop n
single preferred model. Variables that appeared to contribute in one project
were not demonstrably contributory in another. Yet omission of those variables
from cither or both wonld distort the comparison of models. Comparison of the
coelficients of individud variables across projecte wae uninterpretinble since
the crose correlations differed and indeed the sign of the coefficient within
a particular model might differ across projects ags well a= hetween models
within o project. This is not unexpectod and cannot be taken to imply that the
effect really differed. Rather, it surgests that the effocts could nol be
isolated,

In an attempt to overcome som: of these difticulties, and to make
interpretation more meaningful, the tasic moxd s (sex, breast feeding MmEHsSULC,
age and either 5 or 8 diectory variables) were un in o manner that permit ted
estimation of the effect of adding/removing 100 kool of food. To take into
account one of the underlying questions srising from CRSP project analyses and
from the yrowth pattern analyses prescnted above, “hese modele aiso peimlbied
estinntion of the jmpect of changing the composition of the 100 keal added or
removed. The anady=cs e not to be overinterproted. By design the "additions
or "removals” represent differonces falling within the range of original
observations (e-tinded intakes). There can be but limited assurance that real
additions or deletions would bave the same effect. Nevertheless this approach
was seen as one of fering a realistic perspective of possible dietary
influences. The "foods" so modelled simulated the addition of:

100 keal of average diet (composition = mean intake pattern of
toddlers in the particular project)

100 keal 3.3% fat milk (composition = 5.47 g fat + 5.33 g animal
protein + 7,43 ¢ carbonvdrate)

100 keal rice (compogition = 0.06 g fat + 2.0 g plant protein +
23,0 g carbohydrate)

The results of these simulations arc shown in Table 8. Only in the Kenya
project was it possible to demonstrate statistically significant effects of
the addition of 100 keal and even here the effect was demonstrable only when
the simulated addition was of the same composition as the usual diet. The
effects were not large, amounting to an additional gain of about 0.56 cm in
height and 0.25 kg in weight over the vear. Hoviever, small gains of this
magnitude are consistent with effects seen in child feeding programs (when
children have not been selected as having major anthropometric deficits). The
result is realistic.

In the Mexico project, there initially appeared to be an effect associated
with the eddition of 100 keal of milk, in keeping with correlation analyses
that had suggested strong associations between animal source protein or energy
and physical gro~th as well as other outcomes. However, 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.



If one simply examines the magnitudes of the estimated effects, setting aside
the confidence intervals and statistical significance, there is an impression
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
general impression arising from the anthropometlric measures and other data
that environmental conditions, including dietary intakes, were more
corstraining in Kenya than in the other projects (certainly reported intakes
were much lower) and that the level of dietary energy intake may be least
constraining in Egypt.

Perhaps the mest important aspect of these multivariate analyses is an
expression of the need for caution in interpreting simple regression analyvses.
Although the Kenya project has reported repeated associations between fat
intake and a number of outcomes (see Project Report), and the Mexico Project
has reported even stronger associations between animal source energy and
protein intake and many outcomes (see Project Report), the present analyvses
fail to offer clear support for the conclusion thal this is a true diet
effect. That is, the two simulated edditions would mimic differentinl change
in fat intake or animal protein intake with the usual diet as a control.
Although the direotion of changes in the estimated effects was consistent with
the hypotheses, the confidence intervals widened and statistical significance
wes lost. Admittedly these models are "overparamterized" and intercorrelations
abound. However those cross correlations exist also when single variables are
selected for examination - one cannol be sure what is really being tested.
Unless ard until a clearer approach to sorting this out can be develoy=d, one
must be extremely cautious in suggesting from any of the analyses reported to
date that increased food intakes (food supplementation programs) in toddlers
would have beneficial eflfect on growlh. The data from Kenyva are suggestive
that this might be the case but they are far from ceriain. Fxplicitly there is
not. sufficient justification for advocaling increased animal protein or fat
intakes based on correlation analyses.
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Table 1. Summary Statistics of Data Set Available for Analyses
Egypt Project

Variable N Mean Std Dev
Adult Variables #
Adult Male Mean Weight 228 69.392 11.669
Adult Male Mean Height 145 166.462 13.737
Adult Female Mean Weight 246 63.777 11.438
Adult Female Mean Height 218 155.350 5.897
Adult Male Weight 2 Score % 228 -0.661 0.735
Adult Male Height 72 Score % 145 -1.400 1.864
Adult Female Weight 7 Score ¥# 246 0.019 0.792
Adult Female Height 7 Score #% 218 -1.223 0.967
Maternal Total Prot % Energy 2717 12.783 0.868
Maternal An Prot % Energy 277 4.021 1,131
Maternal Total Fat % Energy 277 22.355 3.268
Maternal Anim Fat % Energy 277 10.790 3.681
Maternal An Prot % Tot Prot 277 28.729 6.91C
Maternal An Faut % Tot Fat 277 43.752 12.080
Actual Z Scores
Wt Z at Birth 96 -0.105 1.040
Wt 2 at 6 mo 66 -1.120 1.265
Wt Z at 30 mo 61 ~-0.701 1.151
Wt Z at 96 mo 62 -0.610 0.861
Ht Z at Birth 0 .
Ht 2 at 6 mo 31 -0.864 1.245
Ht Z at 30 mo 56 -1.863 0.974
Ht Z at 96 mo 63 -0.958 0.961
Parameters From Individual Regressions - Toddlers
Estimated WIZ at 24 mo 95 -0.950 0.959
Estimated WTZ at. 30 mo 95 ~-0.709 0.983
Slope WIZ with Age 95 0.040 0.072
Root Mean Sq Error, WIZ 95 0.424 0.205
Estimated HTZ st 24 mo 95 -1.834 1.023
Estimated HTZ at 30 mo 95 -1.664 1.961
Slope HTZ with Age 95 0.028 0.051
Root Mean Sq Error, HTZ 95 0.421 0.167
Parameters From Individual Regressions - Schoolers
Estimated WIZ at 96 mo 37 -0.594 0.781
Slope WTZ with Age 37 -0.009 0.032
Root Mean Sq Error, WIZ 37 0.220 0.127
Estimated HTZ at 96 mo 37 -1.077 0.850
Slope HTZ with Age 37 0.005 0.017
Root Mean Sq Error, HTZ 37 0.148 0.129

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



Table 2. Summary Statistics of Data Set Available for Analyses
Kenya Project

Variable Label N Meas Std Dev
Adult Variabhleg %
Adult Mnle Mean Weight 466 55.100 6.906
Adult Male Mean Height 455 165.429 6.544
Adult Female Mean Weight 470 51.966 7.328
Adult Femuale Mean Height 470 154.548 5.522
Adult Male Weight Z Score *% 466 -1.561 0.435
Adult Male Height Z Score *# 455 ~1.540 0.888
Adult Female Weight Z Score % 470 ~-0.795 0.505
Adult Female Height Z Score x4 470 -1.354 0.805
Maternal Total Prot % Energy 464 11.6041 0.782
Maternal An Prot % Energy 464 1.01¢6 0.689
Maternal Total Fat % Energy 464 13.734 2.451
Maternal Anim Fot % Energy 0 .
Maternal An Prot % Tot Prot 464 8.617 5.688
Maternal An Fat % Tot Fat 0 .
Actual Z Scores
WT Zscore, Birth 117 -0.220 1.378
WT Zscore, 6 M 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, & 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 WIZ at 24 m 107 -1.564 0.863
Est WIZ at 30 m 107 -1.508 0.906
Slope WIZ with Age 107 0.008 0.040
Root Mean Sq Error, WIZ 107 0.282 0.104
Est HTZ at 24 m 107 -2.064 0.921
Est HTZ at 30 m 107 -1.649 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 WIZ at 8 yr 134 -1.364 0.751
Slope WTZ with Age 134 -0.014 0.026
Root Mean Sq Error, WIZ 134 0.184 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, HIZ 134 0.114 0.063

¥ Based on all individuals used in any of the regression analyses
¥x See text for explanstion of derivation



Table 3. Summary Statistics of Data Set Available for Analyses

Mexico Project

Variable

Adult Parameters %
Adult Male Mean Weight
Adult Male ienn Height
Adult Female lMean Weight
Adult Female Mean Height
Adult Male Weight Z Score %%
Adult Male Height Z Score #*
Adult Femule Weight Z Score *#
Adult Female Height Z Score *#
Maternal Total Prot % Energy
Maternnl An Prot % Energy
Maternal Totsl Fat % Energy
Maternal Anim Fat % Energy
Maternsl An Prot % Tot Prot
Maternal An Fat % Tot Fat

Observed Z Scores
Wl Zscore, Birih
WT Zscore, 6 M
WT Zscore, 30 M
WI' Zscore, 8'Y
Ht Zscore, Birth
Ht Zscore, € M
Ht Zscore, 30 M
Ht Zscore, 8 Y

Individual Regression Parameters - Toddlers

Est WIZ at 24 m

Est WIZ at 30 m

Slope WIZ with Age

Root Mean Sq Error, WIZ
Est HTZ at 24 m

Est HTZ at 30 m

Slope HTZ

Root Mean 3q Error, HIZ

Individual Regression Parameters - Schoolers

Est WTZ at 96 m

Slop® WIZ with Age

Root Mean Sq Error, WIZ
Est dATZ at 96 m

Slope HTZ with Age

Root Mean Sq Error, HTZ

¥ Based on all individuals used in any of the
¥* See text for explanation of derivation

96
96
96
96
96
96
96
95

108
108
108
108
108

Mean Std Dev
65.727 9.712
165.967 5.799
58.995 8.883
152.982 5.693
-0.892 0.612
-1.467 0.787
-0.311 0.612
-1.611 0.933
11,374 0.924
2.058 1.400
13.976 4,154
16.536 9.832
-0.411 0.906
-0.617 1.135
~-1.266 0.888
-1.157 0.732
-0.311 0.951
-1.250 0.825
-1.86%2 1.043
~1.556 0.917
-1.312 0.851
~-1.233 0.849
0.013 0.048
0.390 0.169
-2.098 1.029
-1.787 1.007
0.052 0.050
0.291 0.135
-1.152 0.676
-0.006 0.017
0.195 0.127
~1.522 0.842
0.004 0.021
0.14¢ 0.204

regression anal yses
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Table 4. R Square Values From Linear Regressions
Preaicting the Z Scores of Achieved Size at Fixed ages

Project
Dependent and Indeperndent — —————m e
Variables EGYPT KENYA MEXIOO

WTZ at birth

Mat & Pat Wt Ht 0.122 0.107 % 0.065

Mat & Pat Wi Ht + Diet 0.163 0.106 0.106

Diet alone 0.012 0.058 9.058
WIZ at 6 m

it & Pat Wt Ht 0.060 0.140 *% 0.287 *%

Mat & Pat Wt Ht + Diet 0.259 0.192 =x*x 0.327 xx

Diet Alone 0.167 *x 0.071 0.056
WIZ at 30 m

Mat & Pat Wt Ht 0.188 0.195 =xx 0.212 *x

Mat & Pat Wt Ht + Diet 0.269 x 0.204 x=x 0.235 *»

Diet Alone 0.036 0.014 0.127 xx
WTZ at 96 m

Mat & Pat Wt Ht 0.373 % 0.263 *x 0.185 #*x

Mat & Pat Wt Ht + Diet 0.529 x 0.269 xx 0.250 xx

Diet Alone 0.044 0.018 0.138 xx
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 x 0.279 *x

Mat & Pat Wt Ht + Diet 0.797 0.221 *x 0.199 =x*x

Diet Alone 0.087 0.030 0.025
HdTZ at 30 m

Mat & Pat Wt Ht 0.184 0.200 *x 0.506 *x

Mat & Pat Wt Ht + Diet 0.197 0.269 *x 0.600 x*x

Diet Alone 0.011 0.053 0.336 xx
HTZ at 96 m

Mat & Pat Wt Ht 0.328 x 0.205 *x% 0.166 *x

Mat & Pat Wt Ht + Diet 0.579 % 0.218 xx 0.172 »x

Diet Alone 0.058 0.028 0.043

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

other combinations.
£ P ¢ .05 XX P ¢ ,005



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

RMSE  WTZ

EST WTZ 24

EST WTZ 30

Anthro Only
Ciet Only
Anthro + Diet

Anthro Only
Diet Oniyv
Anthro + Diet

Anthro Only
Diet Only
Anthro + Diet

Anthro Only
Diet Only
Anthro + Diet

LR R ]

RMSE HTZ

EST HTZ 24

EST HTZ 30

2¥% P <

Anthro GCaly
Diet Only
Anthro + Diet

Anthro Only
Diet Cnly
Anthro + Diet

Anthro Only
Diet. Only
Antliro + Diet

Anthreo Only
Diet Only
Anthro + Diet

* P < 0.65

TODDLRS
Egyvpt
N Rsquare
57 0.023
85 0.021
5¢  0.025
57  0.070
85 0.011
52 0.099
57 0.264 #r#
85 0.016
52 0.212 *x
57 0.256 *x
85 0.005
52 0.323 %2
57 0.029
85 0.043
§2 0.07%
57 0.178 %
85 0.063
52 0.245 %
57  0.396 xxx
85 0.078
52 0.445 %xx
57  0.371 %x*x
g5 0.050
52 0.417 *xx
¥x P < 0.01

104
107
104

Xxx
X%
Xxx

xxx
xXx
¥xx

0.164
0.112
0.284

77
96
77

0.081
0.002
0.101

0.144 x
0.101
0.163 x

0.184
0.107
0.194

0.001

"Anthro" = Maternal Weight and Height + Paternal Weight and Height
= Maternal Fat as % Energy + Maternal Animal Protein as

"Diet"

% EFrergy
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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 Raquare N Square
SLOPE WIZ  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 WTZ Anthro Only 18 0.090 127 0.027 9¢ G.079
Diet Only 33 0.238 x 134 0.000 107 0.003
Anthro + Diet 17 0.21} 127 0.029 98 0.085
EST WIZ 96 Anthro Only 18  0.405 127 0.314 %¥x 98 0.191 *¥x
Diet Only 33 0.021 134 0.031 107  0.151 =*xx
Anthro + Diet 17 0.527 127 0.316 *¥tx 98 0.260 *31x
SLOPE HTZ  Anthro Only 18 v.211 127 0.137 #x* 98 0.067
Diet Only 33 0.068 134 0.034 107 0.008
Anthro + Diet 17  0.269 127 0.166 ***x 398 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
Anthrc + Diet 17 0.366 127 0.063 °8 0.020
EST HTZ 96 Anthro Only 18 0.211 127 0.238 xxx 98 0.1f6 xxx
Diet Only 33  0.011 134 0.044 107 0.0.0
Anthro + Diet 17 0.392 127 0.248 *xx 98 (0,189

¥ P ¢ 0.05 xx P ¢ 0.01 *x P < 0.001
"Anthro" = Maternal Weight and Height + Paternal Weight and Height
"Diet" = Maternal Fat as % Energy + Maternal Animal Frotein as

% Energy



Table 6A. Correlations Between Independent and Dependent

Predictor
Variahles

Maternz]l Wt
Maternal Ht
Paternal Wt
Paternal Ht
Fat % Energy
An Prot % In

Maternal Wt
Maternal Ht
Paternal wt
Paternal Ht
Fat % Energy
An Prot % En

Maternal Wt
Maternal Ht
Paternal Wt
Paternal Ht
Fat % Energy
An Prot % En

Regression Variables (See Tables 4 and 5)

A. Weight Z Scores

Measure of Achieved Child Size

OO OO0

[=NoNoNoNeNe)

.238
.178
.071
.009
.238
.i70

I eNeNoNoNe]

.269%x
.294%%
.208
.139
.084
L1243

.243%
.140
.295%%
115
.103
.020

I eNeNoNeNe]

OO OO0

L273%%
.329%x
222
.199
.024
066

.293%1
.185
L2T6%%
077
.103
.020

«331xx
. 325%%
.252%
.162

.264%%
.350%%

.348%
.19¢
L4804
.H89x%3
.067
.145

oo Co

I

L4583
37643
.363*%
J25Txx
.176
.157

QOO0 D

0.394%%
0.253rx
0.229%
0.036
0.374%x
0.356*%

¥ Statistically significant
*x Statistically significant

.037 0.067 0.293x%
.017 0.273% 0.344%
031 0.243 0.494x%
.161 0.226 0.292
.195 -,015 G.092
187 0.151 -.111
KENYA PROJECT
.309xx (.338%% 0.422x*x
.087 0.234% 0.332%%
.084 0.238% 0.327x*%
129 ~.020  0.192%
.216 -.004 0.132
.267xx —,081 0.120
MEXICO PROJECT
.475%% 0,390xx 0,355
.323%x 0.336%%x (0.233%%
.126 0.330%% 0.293x
.059 0.221 0.062
.C59  0.252% 0.355%x
190 0.353%% 0.342%x
P < 0.0
P < 0.0



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 e
Variables Birth 6 m 30 m 96 m 24 m 30 m 96 m

EGYPT PROJECT
Maternal Wt 0.300 -.006 0.240 0.303%% 0.3043%x 0.547%
Maternal Ht 0.374 0.205 0.497%*%  0.329%% 0.406x% 0.235
Paternal wt 0.386 0.270 0.220 0.207 0.250¢ 0.301
Paternal Ht 0.623x 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%x 0.220* 0.100

KENYA PROJECT
Maternal Wt 0.228% 0.328%% 0.304%x 0.232% 0.232%+ 0.307%%
Maternal Ht 0.153 0.310%% 0.403%% (.224% 0.217% 0.429»
Paternal Wt 0.224% 0.244% 0.239%%x 0.305%% 0.314%%x 0.263%%
Paternal Ht 0.337%% 0.045 0.195% 0.217%x 0.194x 0.255*%
Fat % Energy -.017 0.160 0.154 0.237% 0,260*xx 0.209»
An Prot % En ~-.109 0.011 0.164% 0.087 0.060 0.188+%

MEXICO PROJECT
Maternal Wt 0.249 0.383%* 0.437x% 0.300%%x 0.281%% 0.321%% 0.3]13%%
Maternal Ht 0.219 0.468x% 0.504*% 0.237x% (.323%% 0.33523 0.282%%
Paternal wt ~.007 0.114 0.598xx 0.236%*% 0.248% 0.289x 0.202%
Paternal Ht 0.036 0.018 0.403*% 0.201% 0.160 0.246t 0.196¢%
Fat % Energy 0.200 0.150 0.263 0.207% 0.219% 0.200% ©,258x*%
An Prot % In 0.150  0.150 0.483%x 0,148 0.313*x (0.314%% (.240¢%

¥ Statistically significant P < 0.05
¥*x Statistically significant P < 0.01



Table 7.

Variables

Prot % Energy

An Prot % Energy
An Prot % Prot
Fat % Energy

An Fat % Energy
An Fat % Fat

Prot % Energy
An Prot % Energy
An Prot % Prot
Fat % Energy

Prot % Encrgy
An Prot % Energy
An Prot % Prot
Fat % Energy

Correlations Among Maternal Dietary Variables#

Protein
% Energy

Variables
An Prot An Prot
% Energy % Prot

B. Kenva Project

0.060 -0.079
1 0.962
1

C. Mexico Project

0.728 0.653
1 0.985
1

% Energy

Fat

. 120
.541
.600

An Fat An Fat
% Energy % Fat
0.690 0.256
0.690 0.€18
0.788 0.730
0.755 0.519
1 0.929

1

¥ For numbers of observations included, see Tables 1-3
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Table 8. Potential Impact of Changes in Intake of Toddlers by 100 keal:
Simulations Based Upon Regression Models

Model

Height at 30 m
Dietd
Diet8
Height Slope
Dieth
Diets
Weight at 30 m
Dieth
Diet8
Weight Slope
Dieth
Diet8

15 .16
11

.04
.04

Simulated Addition

Height at 30 m
Dietd
Diet§
Height Sloys
Dietd
Diet8
Weight at 30 m
Diet5
Diet§
Weight Slope
Diet5
Diet8

(sl
« 1L

.00

.13
.14

97
.93

Height &t 30 m
Diet5
Diet8
Height Slope
Diet5
Diet8
Weight at 30 m
Dietd
Diet8
Weight Slope
Diet5
Diet8

.06 .
.03 .

.09 .
.06 .

Rice
EST SE T P
.13 .42 0.31 .75
.26 .45 0.58 .56
.09 .30 0.33 .74
-.03 .30 -.09 .93
06 .15 0.41 .08
08 .16 097 .64
-.06 .12 -.47 .64
-.17 .12-1.15 .15
.26 .38 0.68 .50
.30 .38 0.79 .43
.01 .23 0.03 .98
05 .22 0.22 .83
.29 .15 1.94 .06
.31 .15 2.06 .04
.08 .08 0.99 .33
.10 .08 1.21 .23
-.18 .37 -.48 .6:
.08 .36 0.24 .81
.26 .19 1.37 .18
.27 .20 1.33 .19
-.05 .14 -.43 .67
.04 .13 0.29 .78
.11 .08 1.41 .17
.14 0B 1.74 .04
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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

Country Regression ———————mmmm e e e
Model EST SE T P EST SE T P EST SE T P
MEXICO (OMITTING TWO DIVERGENT SUBJECTS) (21030975 and 41321309)
Height at 30 m

Dietd .16 .23 0.68 .50 1.0! .97 1.05 .30 -.04 .39 -.11 .92

Diet8 .30 .20 1.49 .15 A9 .95 0.47 .64 .09 .42 0.21 .84
Height Slope

Dietd -.09 .12 -.73 .47 .36 .51 0.70 .49 .34 .21 1.61 .12

Diet8 -.08 .13 -.69 .53 H1 .62 0.87 .39 .28 .27 1.02 .32
Weight at 30 m

Dietd 06 .09 0.75 .46 .54 .36 1.42 .15 -.05 .15 -.35 .73

Dieté& .08 .07 1.04 ¢ .28 .31 0,92 .37 11 .14 0.82 .42
Weight Slope

Dicth 05 .00 0.92 .37 .38 .21 1.80 .08 .10 .09 1.14 .26

Diets .05 .05 0.89 .38 .29 .21 1.35 .19 L16 .10 1.65 .11

Explanatory Commernts.
EST = Estimate of change with a 100 keal addition. Units are cm, cm/y,
kg ant kg/y for Height at 30 m, Height Slope, Weight at 30 m
and weight Slope respectively.

SE = Standard Error of the estimate.
T = Value of T
P = Probability (Statistical Significance can be judged by choosing an

appropriate probability value)

Diet® = Regression model of named variable on age including sex, a measure
of proportion of months that child was offered breesst milk,
actue.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, Animual Protein, Total Fat, Carbohvdrate

Diet8 = Above regression model with inclusion of the following "diet
quality"” variables:

Fat Energy/Total Energy, Protein Energy/Total Fnergy, 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 Egypl Project data, dietary data had becn
adjusted to take into account the effect of the holy day (Fridays)
and to take account of a bias associated with one interviewer (See
Egypt Project Report)



