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EXECUTIVE SUMMARY
 

The Mexico Collaborative Research and Support Program on Nutrition and Function (Mexico CRSP) was a joint ef
fort of researchers from the Instituto National de la Nutricion Saval cr (INN), D o . r de Com
imidad in Mexico City and the University of Connecticut (UCorn), Depaitment of Nutritional Sciences. The project, 
which was funded from April, 1982 - September, 1987, was undertken to investigate the relationships between mar
ginal nutrition (measured primarily by intake of kilocalories, protein, and anthropometric status) and biological and so
cial "outcomes" (especially growth, morbidity, reproductive competence, and p-ychological development and 
functioning). Pilot and "Phase II" (Main Study) data were collected over appro.x:imately a three year period in six com
munities of the Solis Valley, located in te rural central highlands of the state of Mexico. Data analysis was conducted 
at INN, UConn, and the Department of Biostatistics at University of Massachusetts School of Public Health. 

The Mexico CRSP was one of three parallel projects, together with the Kenya CRSP (Nairobi University/University of 
California, Los Angeles) and the Egypt CRSP (Nutrition Institute of Cairo/Purdue, Kansas and Arizona Universities). 
These were funded for cross-national exploration of the above relationships by the United States Agency for Interna
tional Development (USAID). Co-ordination of the three country projects and data archiving was provided by an ad
ninistrative unit--the Management Entity (ME)--at the University of California, Berkeley. 

RESEAR, flQPLI/MJ(QS 

The project was conducted in three stages: a preliminary period of project organization and pilot surveys ("Phase I"), 
the period of collection of the "main" data of the study ("Phase I"), and a period of data checking, correction, archiv
ing and analysis, which overlapped the later stages of Phase II. 

Fba1 

Phase I of the Mexico CRSP began, in effect, in the first few months in 1982, when Drs. Lindsay Allen and Gretel Pelto 
(UConn Principal Investigators) met with Dr. Adolfo Chavez (INN, host country Principal Investigator) in Mexico to 
select a research site, identity appropriate field staff, and undertake other administative tasks necessary for initiation 
of the project. 

The Solis Valley was selected for the project primarily because of 1)its accessibility :o Mexico City (approximately 73 
miles to the northwest), 2) its rural nature and apparently minimal migration, 3) the existence of marginal malnutrition 
in the 'vally suggested by anthropometric and other data available from previous studies, 4) the existence of a number 
ofsimilar communities in the Valley suitable for the study, 5)the aveUability ofa clinic, suitable residence for the field 
staff, and other local institutions in the vicinity which could support a major research project, and 6)the past expeience 
of INN and UConn researchers in the area. 

In the spring of 1982 four Solis Valley communities (San Nicolas, San Miguel, San Antonio and Cerritos) were selected 
as a major focus of preliminary research, which was to be the principal objective ofPhase L This rusearch was designed 
1) to verify that Solis was an appropriate site for the project with regard to the prevalence ofmarginal malnutrition and 
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the feasibility of conducting research in the area, and 2) to develop protocols and train personnel for Phase ILIn addi
tion, collection of comparable data from the three CRSP projects was a major objective of the CRSP. Thus data from 
preliminary studies would inform the construction of Phase Hprotocols, which would support this objective. 

The field staff recruited for Phase I included some 30 personnel, mostly Mexican-three physicians, three nhiitinists, 
a physiologist, two programmers, a secretary and approximately 20 assistants and other auxilizay personaeL UConn 
PJ.s and a co-investigator (antpolcist)were also in field residence for much of the peiiod and field visits were made 
by consulting psychologists from the U.S. 

The Phase I "Preliminary Survey," which commenced in May, included 1)a full census of the four communities (3895
individuals ffom 622, households), with basic demographic data on all households, 2) an anthropometric and dietary 
survey of a random sample within each community, and 3) a study of social characteristics in a subsample of 109 
households, selected randomly from the households in the diet-anthropometry study. Ethnographic work, was also car
ried out dtnoughout the summer. An addiiot.a two month pilot study exploring food intake, anthropoiueiry, heath 
statmu, psychological functioning, activity ard illness partcrus, and ,,c,ductivc histories was undertaken in the Fall 
with 39 families in San Francisco Sois, a community which would uiot be included in the Phase I study. 

The preliminary research of Phase i indicated substantial variation in nutrient hitke levels nd nutritional swes ir the 
Solis population. Anthroporntiic an etnographic dj-ta showed a considenable prevalence of malnutrition, primarily
marginal malnutrition with a sirnall incidence of s,,vere mialnutrition among children of various ages. Dietiuy irtaLc data 
suggested a significant incidence of substandard caloric and protein intakes relative to U.S. Recomm-ndcd Dietary Al
lowances. "1mpeople of Solis appeared to be. representative of impoverished rural Mexicans-pursuing a mixed 
economic strategy of subsistence agriculture and wage labor, and consuming a marginal diet relying on corn and beans,
with little consumption of foods from animal sources. The community response to the research wAs cautiously positive,
but it was apparent that ttre more extensive, invasive research anticipated for Phase Hworld require sensitivity to local 
culture in design of protocols and tangible contribution to the community from the projet.. LI addition, it was clear that 
collection of meaningful data woula be a slow process, particularly in the initial stages of the projcct, when asubstan
tial investment of time would be requirtd to gain the confidence of respondents. 

Following the completion of Phase I data collection in October, 1982, project energies turned toward preparation for 
Phase H, a process which would require more than a year to accomplish. The major tasks completed during this period
included: augmenting and training of fiteld staff in Mexico: developing the administrative machinery in Mexico and 
Conne ticut to support fiull-sca!e operation of the project; identification, ptuchase, and, in some cases, U.S.-to-Mexico 
transfer of equipment and su:pplies necessary for measurements and assays; optimizing relationships with the research 
communities; and finalizing the Phase H1protocols, including articulating research objectives, developing, testing and 
refiing inerview instruments, and identifying and recruiting the target sample. 

Special efforts in the area of community relations included support for the local chnic. The project provided funding
for a physician and for supplies and construction of the laboratory facilities. Eiint undervritten by the project were 
held in each of the research communities. Project social workers also assumed residence in each of the comm',nities to 
serve residents as social resources and liaisons to the project. 

Protocols were developed through an iterative process involving review of preliminary study experience and data by
Mexican and U.S. researchers, meetings of the three country project P.I.'s and the M.E., at which tentative plans for 
common data to be collected were formulated, review of cross-project recommendations in Mexico with field staff, 
revision, and feedback to the ME. 

Ultimately protocols (inaluding approximately 50 interview instruments and forms for data collection) were designed 
to collect the following data from various "target" individuals and households: habitual food intake, anthropometry,
morbidity, mortality, health histories, physical examinations, pregnancy outcomes, laboratory analysis of blood, urine, 
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feces, and breast milk samples, resdhg mebAic rate, psychological development and functioning, activity patterns, 
socioeconomic status, sociocultural attitudes and behaviors, household sanitation and agricultural productivity. At the 
community level, data on climate and local foxod prices would also be collected. 

Five types of individuals we:re dcsignated as targets for the study: intuats (0-6 months), toddlers (18 to 30 months), 
school childiren (7 to 9 year;), adult females (pregnant and mothers of target children) and adult males (heads of target 
bouseholds). The study potocol called for collecton of data oil 100 individuals in eazh target gioup for a one-year 
period. In addition, the inclusion of households as a urtit of aslyis in the study necessitated collection of sorne data, 
es-pecially on morbidily and anthropometry, fiomn "non-argei" individuals in target households. 

Although census activifies were carried out the previous summer, Phase 1fbegan in essence in January, 1984 in the four 
communities of the preliminary survey. In July, a fifth Solis Valley community (,cdadraj)was added to the study. A 
sixth 6, 'S.xi.ic)was add,.d in April, 1985 to increase the numbcr of pregrncies and infantis in the sample. The data 
collecfio;i rrim.d 2.5 ye'ars to complete. During the height of Phase 11 tht project employed a staff of approximately 
1N field ".vor1:r: md a .,ioup of data maniiagermet and administdtive [rersonnel ii. Mexico City. 

datiThe resuilting; V'i 1:..,1 i :.w,!es; infonna:ioi of,'arviin' amounts on 1,0YSS :,iryet individuals from 2900 households, 

as follows: 

Infants 134
 
Toddlens 158
 
Schoolers 198
 
Adult Females 290
 
Adult Males 288
 

Target 	Households 290 

DA 	 'W-Mma and Aulyisn1met 

The data management task of de Mexico CRSP involved: 

1. 	 recording of data on more than 600,000 pages of interview forms and other documents, 

2. 	 entry in Mexico of these data into computer files, 

3. 	 error checking and correction of entered data, 

4. 	 storage of data in Mexico and transfer of computer files to Connecticut, 

5. 	 storage, reorganizing, and enor checking of data, fnd return ofquestionable data to Mexico for review, 

6. 	 transfer of corrected data from Connecticut to ME at University of California for archiving, 

7. 	 transfer of "analysis files" from UConn to consulting statisticians at the University of Massachusetts 
and to the data analysis unit at INN (Mexico). 

Basically two data entry strategies were employed in Mexico at various stages of the project, as t function of variation 
in available resources and demands for data utilization. During Phase I and the early part of Phase 1I, data were entered 
on microcomputers, primarily in Solis, nd either transferred to magnetic tape through IBM-Mexico facilities for trans
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fer to UCoan or sent on floppy diskettm. Later in Phase II most data were entered onto tape via mainframe at the large 
data processing center of S Pbic (Public Health Department) in Mexico City. The tapes were read at rBM's 
Ctmr Scientific in Mexico City -ad printouts of raw data were set to Soils for checking against original interview 
forms. Thpies were hand carried or ir-express mailed to UConn for processing. Copies were air-expressed from UConn 
to ME for archiving. "Analy i files were provided to UMass statisticians primarily on floppy diskettes and on several 
occasions vin elctronic mail (the "Bitnet" system). 

Data manevgment tusks occupied the majority of the period following the completion of Phase H data collection in 
June, 1986 to the end of ihe project. Although preliminary analyses were conducted at earlier stages, a system of analysis 
files for mo.t naim- of dhe study utilizing corrected data developed at UCon was not ready for use until early summer, 
1987. Descriptive statistics for the majority of Phase 11 data are included in this report. Initial analyses concerning tod
dler food intake and -rowth, psychological development, and pregnancy outcome (the agreed upon cross-project 
amalyse for the fird report), have been carried out at UMass, UConn and INN. 

RESUTS AND DWCSSION 

Phase 11 data indicated that the study communities were indeed marginally malnourished. Growth stunting of children 
starts around three months of age, becomes severe during the fhist six months of life, and persists so that by 18 months 
weight- and length-for-age deficits are greater than duning infancy. On avearge, the rate of growth of the SGis pmrO
schoolers between 18 and 30 months of age parallels that of the standards for well-nourished children, bui no signs of 
catch-.up growth are evident for the group as a whole. Schoolers are the most growth-stunted grou) ofall; they averaged 
between the 10th ard 20th percentile for weight and the 12th peickstile for height. Aveirage weight-for-height was reLI
tively normal in all groups. Cross-sectional anthropometric data that were collected once from all individuals in the tar
get households revealed that growth percentiles remained very low throughout adolescence. 

Some of the more in-depth statistical analyses in this report used the data from the preschoolers. A number of con
clusions can be mwde about the relationships betwieen food intake, nutritional status and function in this group. It is ap
parent that most of the growth-stunting occurs before the age of 18 months and that the majority of the children do not 
shift their weight or length perccutiic3 substantially betwcen 18 and 30 months of age. Nevertheless, there is consid-rable 
varinbility among the c.ildren in their weight and length growth rates during this period. 

Several analytical suategies were used to determine the role of nutrient intake in the growth of these children. Total 
energy intake is not related to growth rate, out the degree of consumption of animal foods is a significant predictor of 
the average increase in weight and length between 18 and 30 months of age. Diarrhea, measured either as the percent 
of days observed that diarrhea was recorded or as the presence or absence of diarrhea between the ages of 18 and 30 
months, has a negative effect on weight and length increase doring this period. An autoregression method was used so 
that we could test whether food intake or morbidity in the preceding period predicted weight or length in the subsequent 
period. The method demonstrates that the amount or petcentage of animal foods consumed in the previous three months 
predicts length in the subsequent three months, and that morbidity in the preceding month predicts a smaller weight in 
the subfequent month. The weight and length adequacy of children at 30 months was related to the intake of animal 
foods during te prect-ding 12 months, but not to the amount of diarrhea recorded during this period. The most Likely 
explanation is that size at 30 months reflects the cumulative experience of the child from birth and that illness events 
after 18 months do not Lasve a dttecmble effect on the size attained at 30 months. 

Analyses to date suggeat tha animal foods are more limiting to the growth of Sols preschoolers than is total energy in
take. The reasons for this are unimown but some possible explanations are apparent, including inadequate quality of 
protein from non-animal source&in the diet, inadequate intakes of iron and/or zinc, and the possibility that intake of 
animal foods may be easier to measure accurately than that of total energy. 
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The length (and probably weight) of the child at 30 months of age, and the amount and percent of kcal and protein con
sumed in animal sources, are significantly associated with another finctional outcome--the child's score on the Bayley 
mental perfornance test. Although sociocconomic status and the mother's child care score also correlated with the 
Bayley mental performance score at 30 months, the variance explained by dietary animal products remains significant
when these social imeasures arc statiatlcauy controlled. Analysis of the extent to which the cognitive and behavioral 
peformance of children is influenced by their iron status will receive athigh prity. 

In a subsample of 41 mother-preschoole; pairs, frequent observatioi:s were made of the activities of both individuals 
and of the interction betwee,n the mother and her child. The prehminary analyses presented in thi.s: report again indi
cate that the average amount or pe rcent of kcal or protein from animal sources are important, i, this case significant 
positive correlates of the percent of time that the chaid plays and interacts verbally, and negative cor:elates of the time 
the child spends "doing nothing" or being changed or cleaned. The average weight and length Z- scores of the child 
during the 18 to 30 mouth p-eriod--anthropometric vuiables that we know are aissociated with the consumption of animal 
fo~Js--show similar associations with the child's activity patiers to those seen with animal food consumption. For ex
anple, taller, heavi.r childen spend more tune in play and veibal interaction, and less time doing nothing. Tlese prelimi
nary analyses suggest that the marginally irailouri:hed preschooler who is shorter, lighter and constines less animal 
products, is an apathetic, less active child clicrtirg less interaction with his/her caretaker. It remains to be determined 
WtethT iMi! st tus of the childen e.,'l:mus some of these behavioral differetes. 

It is also 01-att. the' mlothers Who consumeId fewer foods fron animal sources spend more time "doing nothing"
and less 6ime in child care. Further analyses are needed to clarify whether these maternal behavioral differences are ex
plained by 1ie nthrc's nutritional status (especially anthropomct y and iron status) and/or the child's nutritional status. 

Fewer analyses have been perlor,-ncR onoischV .!il ad ult data, but the e stmc important results. The prevalence
of iron deficiency 1)iniiahich i,i . ,ics ad adult v.oiitn, approx imately 33 and 20 percent respectively as as
sessed by fen-itin levels. in conmast, ,!tLt ale, i', exhibit iron deficiency anemia as judged from ferritin, 
hemoglobin and hernatocrit valuc . li.hicr there i:; ; high prevalence o" low red blood cell counts (41 %) and high mean 
cell volurmes (27 %) in the adult male group, a pictuf, suggestive of folic ac.id and/or vitamin B12 deficiency anemia. 
There were significant correlations between the amount of pulque (the local alcoholic beverage) usually consumed by 
both men and women and mean cell volume, so that it is probable that the consumption of this drink induces a folate
deficiency ancmi,. 

The data concerning preFnan:cy, pregnancy outcome and infant growth during the first six months of life were analyzed 
in some depth. The energy and protein intake of tie pregnant woman bear litle relationship to her size ur the birth 
weight of her infant. There is a wea positive assocmtion between maternl energy intake and weight gain in late preg
nancy, and the latter is in turn associated with mole infant gro-wth. Women do not increase their energy intake sig
nificantly during pregnancy, an observa,;n that agrees with data from many other population groups including those 
that are well-nourishem_ Of interest is the fact that resting metabolic rate (RMR) rises much less in the Mexican women 
than it does in vell-nourised women studied in other countries. In a subset of 35 women followed from befoic preg
nancy through lczijo, the only significant increase was in RMR per cm height in the third trimester. Li contrast to 
pregnancy, ene:gy intake during lactation increases quite dramatically. An assiciation was seen betwee maternal ener
gy intake betwtiet six and eight months of lactation and the size of her infint at six months. RMR is not significantly 
different at any point in lmtion from non-pregnant, non-lactating values. 

One of the most striking relationships is between the size (especially weight and fatness) of the motlher in late pregnan
cy and the weight and length of her infant at six months. Fatter mothers have babies who grow faster for the first six 
months-an important observation in a group where growth stunting strts to occur at three months of age. Maternal 
size is at least in part attributable to her nutritional history, and it is evident that in Sois this is a stronger predictor of 
infant size and growth than current maternal nutritional status. Maternal morbidity during pregnancy was negatively 
related to pregnancy weight gain, but neither maternal nor infant morbidity during Iactation was related to infant growth. 
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Chronology rf Major Evi',ii Me!xca CESE 

January, 1982 Drs. Chavez, Allen, and Pelto convene in Mexico to identify research site and begin or
ganization of project. Dr. Allen begins year of residence in Mexice. 

March, 1982 Sois Valey selected as research site. Instruments developed fo, Phase L Community sur
vey begins. 

May, 1982 Plv'se r data collection begins ii four communities. 

September, 1982 Additional pilot study commenced in San Fiancisco, Sois. First round of Phase Idata cap
ture completed. First computerized data -ransferred from INN to UConn. 

November, 1982 All CRSP Pis nME staff review pilot data and cstablish "common" data to be collected 
in Phase I. 

Januaiy, 1983 External Advisory Panel reviews Phase *IIresearch design with PIs. Suggests revisions. 

July, 1983 Pretesting of Phase II instruments completed in non-study Solis V-ley corrmunity of 
Garabato. 

November, 1983 Selection of initial target families, sociocconiornic status interviews, and re-census in Phase 
II commuItieS. 

January, 1984 Phase H data collection begins in four communities (San Miguel, Cerritos, Sair Nicolas and 
.SanAntonio). 

May, 1984 Computer entry of Plase I data begins in field. 

July, 1984 A fifth community (Calderas) is added to the study. 

September, 1984 Frst Phase Ii data transferred to UConn on diskettes. 

April, 1985 A sixth corrmunity (Sam Jose) is added to the study. 

May, 1985 Saldj.bJi'a (Mexico City) agrees to provide data entry services. MM Centro Scientifico 
(Mexico City) agrees to provide computing facilities and consultation. 

September, 1985 Major earthquake strikes Mexico City. 

June, 1986 Phase 11 data collection completed. 

April, 1987 Phase II data entry ana error cormction complete in Mexico and copy of all data transferred 
to UC, n. 

July, 1987 First draft of Final Report preparee. 

September, 1987 Final version of Final Report prepared. 
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BACKGROUND
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Chapter 1 

INTRODUCTION TO THE MEXICO CRSP 

Just as in war,malnutrition casualties should be counted not only by deaths, but also by the "wounded" people 
(1.1). 

By the latter half of the 1970s, the consensus in the international scientific community was that mild-to-moderate mal
nutrition might well be the world's most serious nutrition problem. Marginal nutritional status, presumed to be primari
ly the result of inadeouate food intake, was believed to be substantialiy more prevalent than the more visible states of 
severe malnutrition. There was no doubt tha moderate malnutrition carried with it the impairment of individual health 
and physiological and social functioning. Nutritionists had begun to question the reliability of standard anthropometric 
indices as sufficient measures of adequate nutrition. Few defmitive data were available, however, on the biological and 
social consequences of habitual marginal food intake (1.2). Without these data it is virtually impossible to differentiate 
insufficient from inconsequential low food intake. 

In recognition of there circumstances, the United States Agency for International Development (A.I.D.) identified the 
functional definition of nutritional status as a primary research direction. W/ith the input of senior investigators from 
the U.S. and developing countries, functional areas (including morbidity, reproductive competence, work output, cog
iitive functioning, and social and behavioral fundtioning) were identified as major areas for investigation. Food intake 

was identified as the major independent variable of interest. Additional objectives articulated for this research program, 
included: 1)assessment of food intakes whose range included mild to moderate restricted levels, 2) collection of data 
which would not be country specific, but could be generalized to developing countries, thus development of protocols 
which would support replication across countries, 3) development of research with potential policy implications, and 
4) institution building in participating developing countries (1.3). 

The Mexico Collaborative Research and Support Program (CRSP) was one of three projects funded by A.I.D. as part 
of an integrated cross-national investigation of the functional consequences ofmarginal nutrition. Similar projects were 
also conducted in Kenya (Nairobi University/UCLA) and Egypt (Nutrition Institute of Cairo/Purdue, Kansas and 
Arizona Universities). The Mexico project was a collaborative effort of the Division de Nutricion de Comunidad. I, 
stituto Nacional de la Nutricion of Mexico and the Department of Nutritional Sciences, University of Connecticut. Con
sultation was obtained via subcontract with the University of Massachusetts School of Public Health (statistics), the 
University of Miami Medical School (infant and child psychology), the Florida International University (schooler and 
adult cognitive performance), and the Memorial University of Newfoundland (immunology). The general organization
al structure of the Mexico CRSP is depicted Figure 1.1. 

The general objective of each CRSP project was to gather extensive, longitudinal food intake, anthropometric, 
physiological, social, and psychological data on individuals and families, sufficient in scope for exploration of the 
relationship between levels of food intake and various functional outcomes. Substantial effort, coordinated by a central 
administrative unit (the "Management Entity"), and a committee formed by the Principal Investigators of the three 
country projects, and representatives of the Management Entity (the "Scientific Coordination Board") was invested in 
the development of protocols in each project that would allow parallel (i.e. cross-national) analyses. 
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The Mexico project research site was six communities in Lhe Solis Valley, located inthe rural central highlands in the 
northwest comer of the state of Mexico, approximately 75 miles from Mexico City. The project was conducted from 
approximately January, 1982 through September, 1987, in three stages: 

1. 	 "Phase I" (January. November, 1982) - a preliminary period of project organization, pilot surveys, 
review of preliminary activities and cross-project (three CRSPs) discussion in preparation for 6he 
projects' primary data collection ("Phase II"). 

2. 	 "Phase II" - (November, 1982 - June, 1986) - a yea of protocol development, pretesting, revision, 
and sample recruitment followed by 2.5 years of collection of the project's "main data". This involved 
collection of cross-sectional and longitudinal data from 1,068 individuals from 290 households, re
quiring a field staff of approximately 100 workers during the most active period of data collection. 

3. 	 Aperiod of data checking, correction, archiving, and preliminary analysis following the completion 
of Phase LI data collection (June, 1986) through September, 1987. 

This report focuses primarily on the background, methods, and results of the Phase II research. The report is divided 
into four parts. 

The remainder of Part I: Background describes the demographic and socio-cultural characteristics the Solis Valley 
(Chapter 2) and Phase I operations and findings important for Phase 1Hof the project (Chapter 3). 

The research protocols of Phase II are summarized in Part 11: Mexico CRSP Phase IHMethodology, which includes 
an overview (Chapter 4), chapters describing the protocols of the 12 major data areas of the project--Census (Chapter 
5), Food Intake (Chapter 6), Anthropometry (Chpter '7), Morbidity (Chapter 8), Mortality (Chapter 9), Clinical (Chap
ter 10), Laboratory (Chapter 11), Resting Metabolic Rate (Chapter 12), Social (Chapter 13), Household Sanitation 
(Chapter 14), Psychoiogical Development and Functioning (Chapter 15), and Activity Studies (Chapter 16)-.-and a dis
cussion of data management in the project (Chapter i7). 

Part I: Results contains 10 chapters of descriptive data (Chapters 19-28), and three analyses agreed upon by the SCB 
to be undertaken with comparable approaches by each country project for the final report These include an explora
tion of the associations between toddler food intake, growth, and morbidity (Chapter 29); the relationships of food in
take to cognitive development in toddlers (Chapter 30); and the associations of reproductive outcomes with maternal 
food intake (Chapter 31). These are preceded by an Introduction (Chapter 18), which outlines the derivation of cross
sectional and long-tudinal samples, and other major features of the descriptive and analytic strategies. 

A summary and discussion of the major findings and implications of the Mexico CRSP is provided as Part IV (Chap
ter 32). It is emphasized that the analyses of the Mexico CRSP data are in preliminary stages as of this report. 
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Chapter 2 

THE RESEARCH SITE 

I. THE SOLIS VALLEY 

The Mexico CRSP research was carried out in the Solis Valley of the Lerma River in the municipio of Temascalcingo. 
The municipio, with a population of approximately 44,000 people, is situated in the northwest corner of the state of 
Mexico in the Central Highlands. From Mexico City one can travel by bus or automobile on paved roads to Ternascal
cingo in approximately three ho-rs, on a route west to Toluca (capital of the state of Mexico), then northward through 
the market center of Atlacomulco, turning nto a paved secondary road that passes a number of Mazahua Indian com
munities before descending into the town of Ternascalcingo (see Figure 2.1). 

The communities that comprise the municipio of Ternascalcingo are primarily Mestizo (Mexican-oiented, Spanish
speaking) on the valley bottom, whereas the Indian communitins in the hills surrounding the valley are Mazahim (on 
the south and west) and Qwmi on the northeast side. Prior to 1929, when thz redistribution of land ownership resultng 
from the Revolution (1910-1917) reached the area, the valley was dominated by the rich Hacienda Solis, with its 
thousands of hectares of wheatlands and numerous villages of Indian and Mestzo peoples, who were held in peonage 
as laborers for the hacienda owners. The Hacienda Solis -- now properly referred to as Ex-hacienda Solis - still 
dominates the center of the valley scene, but the central hacienda building has been converted into an agricultural educa
tion center, and the new aid modern F-: Ith (7nter SoIls now stinds in the shadows of the building that in earlier decades 
symbolized the pre-Revolutionary hegemony of the privileged elites. 

The tmunicipi of Temascalcingo, like many areas of Mexico, is full of contrasts: between the Mostizos and Indians; 
between town dwellers and the villagers; between the small number of local elite witii middle class occupations and 
economic resources and the majority of low-income famil;es. The town of Temascalcingo, located in the south end of 
the valley, is the political center and also the market town for the local population. Temascalcingo has a bank, a small 
hotel, an extremely busy bus station, and a considerable variety of commercial enterprises. The weekly market takes 
place on Spnday (with some carry-over to Monday) and attracts a large number of vendors from other locations, who 
sell fresh produce, factory-made clothing, jewelry, a variety of "dime store" items, and locally manufactured pttery. 

Until 1970, there were no paved roads through the valley other than the main road that connects the town ofTemascal
cingo to the wider world. However, in recent years the nine kilometer road from Temascalcingo to the village of Solis 
and its extension northwards to the small city of Amealco have been paved, as has the road estward flor Temascal
cingo to the miuinki of Acambay. The number of vehicles on the roads in the valley has greatly increased, including 
many more buses in the network of transportation that links the local people to market centers and employment loca
tions in Atlacomulco, Toluca, and Mexico City. 



FIGURE 2.1 

LOCATION OF THE TEMASCALCINGO REGION 



In pre-Revolutionary days, at least throughout die 19th century and perhaps earlier, tht valley area was irrigated by 
means of an extensive system of canals and waterworks that controlled the Lerma River and permitted disumution of 
river water to almost all parts of the valley floor. This irrigation system fell into disrepair after the Revolution, but has 
now been restored and augmented through large-scale construction efforts inthe 1960s. The extensive (and expensive) 
construction activities, including the creation of a new river bed through most of the valley, brought a period of high 
employment and moderate prosperity to the valley area during the I960s. By 1970 most of the irrigation construction 
was completed, and opportunities for wage labor in the local area diminished substantially. 

I. PHYSICAL ENVIRONMENT 

The valley floor, on which the communities in the study are located, has an elevation of approximately 2500 meters 
above sea level, with sonic of the surrounding hills reaching to elevations over 3000 meters. The climate is moderate 
during the summer months, while winters can be quite chill) -- in common with other regions of the Central Highlands. 
As in other parts of Mexico, the rainy season is expected in late May or early June, and lasts throughout the summer 
months. From autumn (Sept.- OctL) until late spring there is very little rainfall, so that any crop-growing during that 
period requires irrigation. 

The climate essentially followed this typical pattern over the course of the CRSP research. Temperature and rainfall 
measures were made daily during the poject. Tlese data are summarized in Firures 2.2 - 2.5. 

M. THE ECONOMIC SYSTEM OT EISILI ALY.,,y 

A. Agricultural Act iities and Chliracteristicj 

In the heyday of the Hacienda the Solis valley was an important wheat-producing region. In tie 1930s, after the Revolu
tion (19i0-1917), land was redistributed through the ik1 system, a program that established community regulated 
lands, and allocated them to individuals. Inheritance rights were held by children of the original ejjdamrios, but 
provisions to protect the community rights by prohibition of individual sale, and some restrictions designed to prevent 
reconcentration of land in the hands of a few wealthy owners. After the redistribution of the lands to the individual ejido 
communities, most of the local people preferred to sow their lands in maize, thus ensuring home production of the 
primary food staple, while surplus could be sold for cash as needed. Despite the effors of governmental agriculture 
specialists - who have sought to develop other income-producing crops -- the devotion to maize production has 
remained predominant. Eighty-six percent of acreage in the irrigated lands and well over 90% of the cultivated, non
irrigated acrcage is devoted to maize (2.1) 

In the aniadljjQ, non-irrigated land is nearly three times more extensive than the irrigated area, and the pattern of cul
tivation in the dry land areas is even more completely devoted to maize. As recently as the mid-1970s, the valley region 
had a much higher percentage of irrigated lands devoted to fodder - perhaps ,early a thousand lhectares. Fodder produc
tion was strongly encouraged by government agricultural spe-zialistr, who intended to convert the entire valley area into 
a dairy economy. Several dairy cooperatives were established in the valley, but these organizations disintegrated during 
the period from 1976 to 1980, in part because of economic difficulties and in part because of internal management 
problems. Consequently, the local market for fodder declined dramatically. 
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DAILY TEMPERATURE: 6:00 am
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Figure 2.2 Daily temperature at 6:00 am, Solis, Mexico. 
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Figure 2.3 Daily temperature at noon, Sols, M:dico. 
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DAILY TEMPERATURE: 6:00 pm
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Figure 2.4 Daily temperature at 6:00 pm, Solis, Mexico. 
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Figure 2.5 Daily rainfall at 6:00 pm, Solis, Mexico. 
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he subdivision of 6ik plots to the offspring of the original holders has led to a situation in which most households 
have only very small plots. In March-April, 1985, 204 households in the study were interviewed concerning their 
agricultural practices. In response to the question, "How many hectares of land do you have?", 33% f respondents 
(the modal category) said they had between 1.0 and 1.9 hectares. Only 18% had 2or more hectares, while another 26% 
reported owning less than 1. Most surprising in view of the past land reform actions is that nealy one-fourth of the 
households (23%) reported that they "had no land" and their agricultural activities were carried out on rented or bor
rowed plots. 

B.Employment Outside of Agriculiure: Wat e jh 

Inaddition to farming, one of the main artisan industries of the Temascalcingo region is pottery. The Mazahua Indian 
communities are all pottery commualies, Ln which nearly every household is involved directly in the manufacture of 
inexpensive household pottery. Most of the pottery produced izi these communities has not gone inte the tourist market, 
though pottery trucker, carry Temascalcingo wares throughout Mexico, and some of it is sold over the border in Texas. 
The pottery industry isparticularly important for the Mazahua commurities because they have very little irrigated land, 
so their crops are far from adequate for maitain-ing household subsistence economies. 

Other minor cottage industries exis- in the area. Basketmaking and manufacturing of straw hats are carried out by a few 
families in the Indian communities; wheretas in the town of Temascalcingo one Finds a few modern manufacturing 
enterprises including asmall-scale. metal-workihg ,-stabtishment, athriving "gelatin" manufacturer (the "gelatins" are 
sold like candies in public gathering places), and a small clothing factoiy. Brick manufacturing and stone quarrying is 
also crried out by a few individuals, mnainly for local utilization. Oc'asionally households produce 1ul=Qu, milk, or 
eggs in excess of their .wn consumptiot needs and sell the strplus to neighbos. However, this isnot aconsistent source 
of income for the family. 

Like most a=as of highland Mexico, the Soils Valley is experiencing a dramatic economic transformation, which is ex
acerbated by the national economic crisis thaLt began in the early 1980s. One indication of the severity of the crisis has 
been the precipitous drop in the value of the peso on the international market. (See Figure 2.6.) Today it is impossible 
for most families to'acquire enough cash from the sale of farm products to meet even very modest monetary needs. In 
nearly all households, economic activities involve a mixture of wage labor an.- f3rming. 

While some opportunities for wage labor are available within the Solis Valley and in Temascalcinge, many men find 
that they must seek work outside of their home area. Mexico City, which is the primary source of jobs, is too great a 
distance from Solis for daily commuting. Hence a common pattern is for men to trae to Mexico City, living there 
during the week and returing home on Friday night to spend Saturday and Sunday in the community. Some men do 
this on amore or less permanent basis, while others only engage in periodic wage labor in the city. 

During the basic household economic interview (described below), we colleczed data on work patterns, seeking to iden
tify when, and to what extent, adults were living and working outside of the community. This interview was carried out 
twice for each household during the period of time the family was in the study and provides the basis for the generaliza
tions that follow. 

Throughout the 1980s, 50% of the adult men in our sample traveled outside of the valley for work in any given year.
There was virtually no out-migration of married women, although some teenaged daughters left the community seek
ing work in urban centers. For many men, work in Mexico City became their permanent economic strategy. Forty-eight 
men (35% of those who migrated at all during the year) worked twelve months outside of the community. In fact, this 
type of permanent "commuting" was the common mode. On the other hand, only 12% of the 140 men who migrated to 
work in 1984-85 did so for only one or two months. Almost without exception, they worked as unskilled laborers and 
received minimal pay. 
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The new economic strategy, based on male out-migration to wage labor, is changing the nacure of life in the valley. 
Community and household organization is being affected by the pattern of the sporadic presence of adult men. In some 
households women are taking on an increasing amount of agricultural work, although in others, the absent husband's 
labor is being substituted with hired help from other villagers. Some households have been able to substantially im
prove their material lifestyle, particularly a small subgroup in which the husband has migrated to the United States or 
Canada. in others, however, wage labor isnecessary in order to buy food, clothing and other essentials, and has not led 
to a significant improvement -nlivLng conditions. Moreover, rampant inflation, which has included food, seids and 
agricultral production costs, means that cash from wage labor is being u.ed increasingly to meet basic needs. 

LL -FE SIM N_ T VI._TUl.' 


Located in the heartland of central Mexico, where the corn-beans-sqtmsh-chili complex evolved as the staple that sup
ported the growth of Mesoamerican civilization, the people of the Solis Valley are heavily committed tclay to the food 
of their z'ncestors. Corn, consumed primarily in the form of tortillas (and less frequently in other ways) is the major 
staple. The other cereal grains in the diet are rice and wheat. The pirary legume is beans J21aQIiMIIlga1S, with 
minor use of fava and lentils. Animal foods, which account for only a very small proportion of caloric intake, include 
eggs, chicken, turkey, beef, pork and dairy products. The mair beverage is a traditional poduct that piedates the Con
quest-ptl qlr a moderately alcoholic drink made from the fermented sap of the m==t (aga.y). Coffee and lime-and
sugar-ilavored water are also regularly consumed. Chapters 6 and 20 below provide detailed informatior on food intake 
and consunption patterns. 

The food utilized by valley households comes from three sources: home-produced; purchased from markets, stores or 
vendors; and collected or gathered. In agricultural households much of the corn is home-produced, although many 
households are not sell-sufficient in maize. A common pattern is to sell some corn after the fall har-vest in order to ob
tain cash and then purchase additional corn the following spring or summer when home-produced ,;tores xre exhausted. 
Squash, beans, chili, and other vegetables are also produced for home consunption, but in the Solis valley few, if any, 
households raise all the heans they need, and chilies, tomatoes, onions, and other rriain foods are also frequently pui
chased. 

Every Sunday, vendois of food (and other goods) converge on Terrascalcingo, the market town, bringing food products 
from other parts of Mexico. In addition to a large variety of fruits, vegetables, beans, chilies and dried corn, processed 
foods (cheese, bread, dried fish, ices, gelatins, and sweets) are also available. More than 100 vendors set up their stands 
each week in the central plaza. In addition, vendors of in-season local products, such as squash blossoms, avocados, 
apples, and peaches, sel! their small inventories on street comers near the market. 

In addition to the large market on the "dia de 1 ", numerous stores in Temascalcingo, including general grocery 
stores and specialty shops (eg. butcher shops and bakeries), provide access to a wide range of foodstuffs. 

In some rural communities, small stores with a highly rc.tricted inventory can be found. Most people in the villages 
make major purchases at the weekly market in Temascalcingo and supplement these with purchases from the local 
stores, as well as from vendors selling produce from their trucks. 

There is also some utilization of wild foods, including the fruit of the nQIW cactus and various wild greens. 

V.HEALTH. ILLNESS AND HEALTH CARE IN THE SOLSjVALLEy 

As in most parts of Mexico, the health care system in the Temascalcingo-Solis region offers a mixture of services that 
includes private doctors, pharmacists, and other "private sector" facilities, the public health service (with several dis
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tinct governmental agencies), and Lraditional healers, whose training awl expertise derive for the most part from popular 
beliefs and practices originating in both the Indian and Euro_an culures. 

The area isserved by four different kinds of public health facilities. Each system is sponsored by aparticular governmcn
tal agency, and operates relatively independ!ritly. There is a system of health centers organized by the Sgrelariade 
/.±1,u LaYA eJsincua (SSA) and administered through local municipal governments. Each [flfluj Qhas its own 
Health Centers, with a system of referrals to hospi!als for secondary and tertiary medical services. 

The SSA Health Center in the town of T"cnasca!cingo is staffed by a medic.l doctor who is serving his/her one year of 
mandatory service. imnmediately following graduation from medical school. Inaddition to the full-time services of the 
doctor '( h;nt. . te-ietmlh Centcr generally has one nurse on duty during regular hours, from 8 AM until 3 PM. Inad
dition to the SSA Healti Center in Temascalcingo, there is a center in the town of Santiago Mexquitiflan in the lower 
end of the "alley area. Santiago is in die state of Quervtaro, but people can readily cmoss boundaries co ..ek the services 
of the Iicaltl Centers. 

Them is a second health coenier sstem operated by ISSEMYM (I. e..Secidad So .Iofi tie State of Mexico 
-andthe MunLi ,iii). Like the SSA -ea'l. Centers, this system is a part cf the State goremmental structure, with 
provisions for secondary and tertiary services at hospitals in Atlacomulco and Toluca. Unlike the SSA Health Centers, 
the service-, at ISSEMYM are available only to local and state governmental employees wiio pay a health insurance 
premium, in return for which consultations at the HealLh Cente: -e free. The ISSEMYM Hcalth Center in Temascal
cingo was esablished in the mid-1970s and has a medical doctor available 24 hours per day. 

A third component of the general healh care system are the centers operated by the i 
gj . Unlike the SSA and ISSEMYMI Centers, the IMSS health services are managed directly by the fedind govern
ment- hi the Temascalcingo-Solis region, fou' such centers have been established in the past two years. At each one, 
the staff consists of a medical doctor (available 24 hours a day, Monday through Friday) and two nurses. 

The IMSS COPLAMAR I-ealth Centers are unique in tha: they provi&,- free consultations, medicines, and other ser
vices. They are truly "free clinics". When asked why all the people in the area don't make use of the IMSS COPLAMIAR 
services, the social worker at the Solis Hospital replied that there is widespread belief that low cost or free medical ser
vices are of lower quality. Hence people prefer to go to the private physicians whenever the illnesses are sufficiently 
serious that "the best available treatment" is desired. 

The Unidad Medico Social in the town of Solis, which was also the Mexico CRSP project headquarters, is a hybrid or
ganization with a complex history of sponsorship by several different state and federal agencies. At the time of the study 
the hospital received its chief budgety support from the National Nutrition Institute (INN). The hospital also had 
budgetary azid administrative links to dhe state SSA system as well as to CODAGEM (Coordinating Commission for 
Agricultural and Animal Husbandry Development of the Stat of Mexico). CODAGEM was involved in the main
renance of the Soils Hospital because the hospital buildings ar. on die grounds of the ex-hacienda Solis, which 
CODAGEM maintained as an agricultural extension and training facility. The hospital includes a delivery room plus 
four beds for adult patients, beds for children, and cubicles for eight newborn infants, including an incubator for inten
sive care of premature infants. The unit ,'usohas X-ray and laboratory facilities, two consultation physicians, the medi
cal director's office, and a small library. 

B. The Private MedicflSetor 

The municipal center of Temascalcingo has had private doctors for many years. In 1970 there were three doctors, one 
of whom operated a pharmacy in connection with his practice. By the tine the CRSP research began there were 12 
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private doctors in Temascalcingo. and one part-time doctor in Sai Nicolas, one of the swdy communities. (The part
time doctor teaches English in iesecondary school in Temascalciigo and practices me(licirie in the afternoon). In 
general, tie fees of the private doctors are considerably hightr than the modest fees a: the public health clinics. 

There are five pha--macies in the town of Temascalciago. The pharmacies sell (with or without pie:;cription) a numnber 
of antibioics and other medications. Many peoplc rely on the pharmacies for "informal consutationj," on tie basis of 
which they buy antibiotics and other m dications with-oui incUring the costs of going first, to consult with an M.D. Haw
kers of medications (meamlico) also appear in the a_,'eafrom time to time, se.lling patent medicines and other prepara
tions outside the control of health authorities. 

C.T.din a..knimar_ i gtnair~ 

Although the present research did not explore the nature and extent of traditional healing facilities and pi'actices, rela
tively superfici-al surveys (door-to-door interviews) in the late 1960s and 1970s dernortst-ated that practices involving
traditional healing were widespread among the Indian populations of the region, and that only a srmrall minority of the 
LJ.izQ people mra.de extensive use of folk practitioners. A major exception to this genri-alization is the large number
of women who con.inue to utilize traditional birth attendants (See Chapter 23'). People also .:o:tinue to use bue=s 
bon et ) for muscular and orthopedic complaints. 

I eIn 1967 the In,tituto mzj i~ojS{ jj (IMES) conducted a social and demographic survey in the Solis 
Valley (2.1). T1able 2.1 hignlights some key features of traditional health practices noted in the research, showing con
tr-sts between an Indian community (Santiago) and the M.e-jiiZ popu.tioAn in Ternascalcingo. 

Survey interviewing is generally a poor method for learning ibout traditional heald practices. Many people avoid 
divulging much about traditional health practices, which they fee! are seen by ouLsidrs uvi "bacLward" or "not- sophis
ticated." On the other hand, the general impression that the maority of people ini the ,'alley, especially the 41s'jzn
populations, have largely put their faith inmodem medicine is supported by a variet' of kinds of data. In the mid-1970s 
K. De\Walt reported on healthpractices and beliefs inone of the communities adj 'cent to Tcmasacicingo, using the tide 
"The Illnesses No Longer Understand" (2.2). tier research indicated that people regarded modern medical resources as 
mere effective, adding by way of explanation that perhaps die illnesses themselves had changed in character. 

TABLE 2.1
 
FIRST TREATMENT FOR ILLNESS:TEMASCALCINGO (.MESTIZO) AND SANTIAGO (INDIAN)
 

TEMASCALCINGO SANTIAGO 
No. % No. % 

Use herbs 11 21.2 60 49.6 
Pharmacy 12 23.1 12 9.9 
Doctor 29 56.0 44 30.4 
Curandero 0 0 4 3.3 
No answer 0 0 1 0.8 
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Chapter 3 

PHASE I STUDIES. 

I. INTRODUCTION 

In the spring of 1982, following the decision to locate the project in the Solis Valley, a series of activities were initiated 
that involved several components: 

a) Ethnographic studies, focusing particularly on economic, dietary, and ethnomedical characteristics 
and household activity patterns. 

b) 	 A mapping and full census of the households in the communities of Sa .i, SanMiguel, am 
Antonio and Ceitos - the four commn ities initially selected as the research sites. 

c) 	 Dietary studies on approximately one-fourth of the households in the study communities to obtain 
data on "habitual diet." 

d) 	 Anthropometric measurements on approximately 60 percent of the individuals in the study com
munities. 

e) 	 A pilot study in the community of San Francisco, Solis, in which several research procedures were 
carried out on the same households. 

In addition to these activities, Phase I was a period devoted to development and refinement of the research tools and 
instruments, staff recruitment and training, and commumity preparation. Experiences during this period in specific areas 
of data collection are detailed in the methodology chapters in the following section. 

A. Ethnographic Studies 

Ethnographic work during Phase I was carried out during the months of June - August, 1982 and January -August, 1983. 

The description of the research site in the previous chapter is based on Phase I ethnographic work. The ethnographic 
data also provided the base for constructing a number of the interview schedules, including all of the social data col
lection instruments (socioeconomic, sociocultural, and productivity) and the activity recalls. 

B. Community Census 

The mapping and census of the four initial communitics was a Phase I activity. This census, periodically up-dated be
tween 1982 and 1986, and augmented by two additional communities (Caldras and San.Jose, is the basic census, 
reported in detail in Chapters 5(Census Methods) and 19 (Household Characteristics). 
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C. Dietary Studies initheFouConiuwur 

Dietary studies in the four communities were made on a total of 437 individuals, from 24% of the households in the 
census. In each household, information was collected on the "habitual diet" of the female household head, the male 
household head, and one child. The purpose of the study was to develop a picture of the types of foods coasumed and 
the variation among households, and to assess whether there were differences between comm-nities. 

The procedure for collecting the dietary data involved the following steps: 

1. 	 The female household head was asked to report, in the context of the previous month, what the fami
ly usually ate for each meal of the day and for snacks. 

2. 	 The ingredients used in each recipe were recorded, as were the amounts or volumes and method of 
preparation. 

3. 	 The quantity of each recipe consumed by each of the key individuals was elicited and sample por
tions (or water as a substitute for liquids and soup) were weighed. 

4. 	 The quantity of other foods not prepared in recipes (e.g. tortillas) was descAbed and weighed when 
available. 

5. 	 The proportion of the family recipe consumed was calculated by hand for each individual, and the 
nutrient content of the diet was calculated by computer, after the quantity of each ingredient was cal
culated and coded. The nutrient data base utilized for this exercise was the Nutrient Values of Mexican 
Fooda (1980) developed by INN. 

In addition to the nutrient analysis, a subset of records for 28 households in San Niclas was randomly selected for ad
ditional analysis, including the calculation of a food frequency table and studies of variation of food preparation. 

The Phase I "habitual diet" study provided a number of important generalizations: 

1. 	 Women were both willing and able to describe food preparation techniques and serving sizes quan
titatively. (It should be stressed that this was not a ngourous assessment of the accuracy of their report
ing but of their general willingness and capacity to respond to quantitatively phrased inquiry.) 

2. 	 Maize, consumed primarily in the form of tortillas, remains the most important dietary staple, and 
there is relatively little incursion of factory-produced foods into household diets. 

3. 	 There was considerable variation from one household to another in beth the quantity of foods reported 
to be habitually consumed and in the consumption of specific foods. For example, in Saicolas 
15% ofhouseholds consumed chicken two to three times a week, the great majority consumed it once 
a week, and 10% consumed it only rarely. The findings suggested that the communities we had 
selected would provide an adequate range of variation in dietary quantity and quality to permit 
hypothesis testing. 

4. 	 There was a considerable range of variation among women in food preparation practices and recipe 
content for specific, named "dishes". This finding suggested that we could not use standarized recipes 
in the Phase II study, but we would have to ask at each interview about the specific quantities of each 
ingredient in a recipe and the method of preparation. 
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D. The Anthropometric Sur.ey 

A team of anthropometry fieldworkers from INN was trained in June 1982, after which anthropometric data were col
lected from a random sample of households in the four communities. A total of 2,374 individuals were measured. 

The measurements taken on subjects included body weight, height (length under 24 months), arm circumference, and 
triceps skinfold thickness. 

Body weight was measured on a Detecto balance, without shoes and without excess clothing. Recording was to 0.05 
kg. IrLfants were weighed, while being held by their mothers, with the weight recorded by difference. Height was 
measured against a fixed steel tape measure and checked for verticality with a plumb line. Asquare was positioned on 
the head, and the subject stood without shoes, with heels against the wall and knees straight. Recording was to 0.1 cm. 
Infants (under 2) were measured with a wooden infantometer. Arm circumference was measured with a flexible tape 
on the left arm, half way between die elbow and shoulder, with the arm bent and hand on the thorax. Recordings were 
made to 0.01 cm. Triceps slinfold thickness was inea-sured with a Lange caliper on the back of the left arm at the mid
point. The arm was relaxed and the skinfold held 1.5 cm. above the midpoinL Recordings were irwde to 0.5 mm in 
duplicate. 

A nuraber of important generalizations were derived from this exercise: 

1.The results of the survey indicated significant growth stunting in the four communities, suggesting the presence of 
chronic marginal malnutrition: 

a) 	 Twenty-eight percent of the children between 0 and 12 years of age were below the 90th percentile 
(WHO standards) in height-for-age. 

b) 	 In children aged Ito 5 years, 6% were below the 90th percentile in weight-for-age, while among 
children 8 to 12 years old, 72% were below the 90th percentile. 

c) 	 During the first year of life, 20% of the infants fell below the 90th percentile of weight-for-height. 
By 2 - 5 years, this was tri',, for 10% "f '1,e children. 

2. Several logistical problems were encountered, which suggested that further work would have to be done to make the 
measurements acceptable to the families. Among the ,pecific problems: 

a) 	 People were reluctant to remove heavy clothing or shoes during cold weather (perhaps because of 
fear of becoming "cold" and developing a "cold disease", in the context of the "hot/cold" system of 
disease causation.) 

b) 	 Many adults expressed doubts about the usefulness of the measures. 

c) 	 The staff complained that carrying the anihropometric equipment from house-to-house, often uphill 
for long distances, is extremely tiring. 

These problems lead to the conclusion that, to the fullest extent possible, anthropometric measurements should be made 
in the clinic, in the context of other data collection procedures. 
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1IITHE PILDI STUDY IN SAN FRANCISCOULI 

As a further test of specific instruments and a tria of the logistics of administering multiple data collection procedures,
the decision was made to conduct a pilot study in a community that would not be used in Phase G. 

The small community of San Francisco Solis, located about 10 kilometers southwest cf project headquarters, was 
selected as the site for the pilot study. The community was sufficienly simiLar to the study communities to suggest that 
it was a reasonable site for pretesting protocols and techniques of administration. Three components of the pilot study 
are described below: the dietary intake study, the anthropometric study, and a study of activity patterns in adult women. 

In San Francisco Solis quantitative data on food intake for a seven-day period were collected for the female household 
head, the male household head, and one child Cbetween 8 and 12 years of age) from 30 households. 

Two professional nuuitionists were trained to supervise the dietary interviews, which were carried out by seven high
school students from the municipal center of Temascalcingo. These seven were selected from an initial 17 young people,
all of whom participated ir,a one-week training coue. The training course included general information on methodol
ogy and training in administering the interview schedule, use of balances, and calculating the amounts of ingredients 
consumed from recipes. 

The method of short-term recall involved visiting the family twice per day; the first visit was made after breakfast be
tween 9 and 12 AM, while the second was between 3 and 6 PM, following the main meal of the day. The first day of 
data collection was on different days of the week for different families. From seven to 35 days were needed to obtain 
data on all six weekdays. Data on Sunday intakes were obtained from six families by recall on Monday. 

Each woman was asked to recall what she had eaten at the previous meal, as well as what had been consumed by her 
husband and the selected school-age child. Portions of food equivalent to the recalled amounts were weighed, as were 
the amounts stated to have been used in the recipe from which the foods were prepared. At the second interview, the 
procedure was repeated, augmented by questions about what had been eaten away from home. After the second inter
view, the mother was given a sheet of paper on which to note the foods consumed after the interviewer left the house. 
This was done after determining that someone in the household could write. 

The following morning the interviewer returned and reviewed the list, asking about specific quantities. The amount 
described by the mother was then weighed. Foods that were not available for measurement were estimated by a descrip
tion of size (e.g. medium potato) or the equivalent volume of water was weighed (e.g. boiled beans). 

Tables 3.1 and 3.2 show the mean caloric intakes for adults in children by day of the week and interview sequence. A 
series of exploratory analyses of variance were conducted to determine whether there were any significant variations 
between types of subjects, day of week or interview sequence, with results as follows: 

1. 	 When all subjects (N= 50) are included in a repeated measures ANOVA model with sex and age, sig
nificant sex and age group effects (p<.05) were obtained for day of the week and interview sequence, 
as well as sex and age group. The latter two were expected. 

2. 	 There was a significant difference (p<.05) between adult men and women for "day of the week," but 
no direct "day of the week' effect. The source of this effect is the higher caloric intake of males on 
Thursday, Friday and Saturday. 

3. 	 There was a significant difference between adwz males and females by interview sequence, at
tributable to intakes on interviews 1,2 and 4. 
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4. There were no differences fo- children. 

These results indicated that in the longitudinal study itwould be important to adhere strictly to a sampling strategy that 
alternated the days on whib food intake data were ,.ollected, so that each day would be equally represented in the total 
corpus of'an individual's meastrements. T1he presence of an interview effect, at least with iespect to the first six inter
views, suggested we. would find s-ome variation over time that was a consequence of respondent/interviewer inteiac
nion. 

TABLE 3.1. 
KCAL. INTAKE BY DAY OF WEEK AND INTERVIEW SEQUENCES 
FOR ADULTS IN SAN FRANCISCO SOLIS 

MALES (N= 12) FEMALES (N=20) 
Metrn (SD) Mean (SD) 

Monday 2581 (857) 2149 (705) 
Tuesday 2475 (540) 2081 (870) 
Wednesday 2242 (1089) 1798 (661) 
Tnwsday 274;0 (651) 2080 (603) 
Friday 2541 (629) 214- (898) 
Saturday 2677 (555) 2144 (634) 

Interview 
One 2792 (417) 2206 (761) 
Two 2659 (561) 2196 (561) 
Three 2436 (887) 1979 (934) 
Four 2701 (626) 1920 (602) 
Five 2285 (1035) 1858 (759) 
Six 2384 (737) 1880 (762) 
Total 2543 (564) 2006 (487) 
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TABLE 3.2 
KCAL INTAKE BY DAY OF THE WEEK AND INTERVIEW SEQUENCES FOR SCHOOL AGE 
CHILDREN IN SAN FRANCISCO SOLIS 

Day 
MALES (N=9) 

Mean (SD) 
FEMLES (N-9) 

Mean (SD) 

Monday 
Tuesday 

1260 
1594 

(534) 
(373) 

1563 
1445 

(361) 
(525) 

Wednesday 1705 (389) 1216 (526) 
Thursday 1626 (376) 1413 (452) 
F:-iday 1558 (469) 1310 (559) 
Saturday 1659 (308) 1462 (484) 

Interview 
One 
Two 

1739 
1519 

(312) 
(391) 

1357 
1388 

(536) 
(483) 

Three 1769 (400) 1267 (495) 
Four 1506 (373) 1555 (456) 
Five 1480 (371) 1419 (514) 
Six 
Total 

1390 
1567 

(596) 
(259) 

1425 
1401 

(479) 
(326) 

B.Anthropometry 

Anthropometric data were taken from 25% of the households in San Francisco (N=26). The research team included two 
community assistants and a physician who was trained in anthropometry by a consultant from INN. Prior to data col
lection, the team participated in a training workshop. The procedures were identical to those described above for the 
survey in 'ie four communities. 

The tables below show the results for children 0 - 5 and 8 - 12 years of age. Criteria for defining leveis uf nuiritional 
status were based on comparison with WHO standards, in which 90% of height-for-age and weight-for-age is regarded 
as normal. 
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TABLE 3.3 
CLASSIFICATION OF WEIGHT-FOR-AGE IN CHILDREN: SAN FRANCISCO SOLIS 

%Adequacy of Weight 
Age N 70-79 

n (%) 
80-89 

n (%) 
90-99 

n (%) 
100+ 

n (%) 

0-.9 
1-1.9 
2-2.9 
3-3.9 
4-4.9 

17 
9 

19 
24 
14 

1 
2 
5 
2 
1 

(6) 
(22) 
(26) 

(8) 
(7) 

4 
3 
5 

10 
6 

(24) 
(33) 
(26) 
(42) 
(43) 

9 
4 
9 

12 
7 

(53) 
(44) 
(48) 
(50) 
(50) 

3 
0 
0 
0 
0 

(18) 

8-8.9 12 2 (17) 5 (42) 5 (42) 0 
9-9.9 19 3 (16) 10 (53) 6 (32) 0 
10-10.9 14 2 (14) 10 (71) 2 (14) 0 
11-11.9 21 2 (10) 9 (43) 10 (48) 0 

TABLE 3.4 
CLASSIFICATION OF HEIGHT-FOR-AGE IN CHILDREN: SAN FRANCISCO SOLIS 

%Adequacy of Height 
Age N 70-79 80-89 90-91) 100+ 

n (%) n (%) n (%) n (%) 

0-.9 16 2 (13) 5 (31) 8 (50) 1 (6) 
1-1.9 11 5 (45) 3 (27) 3 (27) 0 
2-2.9 19 9 (47) 6 (32) 4 (21) 0 
3-3.9 24 10 (42) 9 (38) 5 (20) 0 
4-4.9 13 3 (23) 7 (54) 3 (23) 0 

8-8.9 12 3 (25) 6 (50) 3 (25) 0 
9-9.9 19 4 (21) 10 (53) 5 (26) 0 
10-10.9 14 6 (43) 7 (50) 1 (7) 0 
11-11.9 20 3 (15) 10 (50) 7 (35) 0 
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TABLE 3.5 
CLASSIFICATION OF WEIGHT.FOR-HEIGHT IN CHILDREN: SAN FRANCISCO '3OLIS 

%Adequacy of Weight-for-Height
Age N 70-79 10-89 90-99 100+ 

n (%) n (%) n (%) n (%) 

0-.9 
1-1.9 
2-2.9 
3-3.9 
4-4.9 

17 
11 
20 
24 
13 

0 
2 
0 
0 
0 

(18) 
1 
1 
5 
0 
3 

(6) 
(9) 

(25) 

(23) 

12 
6 

15 
22 
9 

(71) 
(55) 
(75) 
(92) 
(69) 

4 
2 
0 
2 
1 

(23) 
(18) 

(8) 
(8) 

8-8.9 
9-9.9 
10-10.9 
11-11.9 

12 
19 
13 
17 

0 
0 
0 
0 

0 
2 
0 
2 

(11) 

(12) 

10 
16 
12 
14 

(83) 
(84) 
(92) 
(83) 

2 
1 
1 
1 

(17) 
(5) 
(8) 
(6) 

The children in San Francisco Solis have a very high proportion of low beight-for ,,ge. Approximately three-fourths of
the children are short for their age.. While the situation is somewhat better for weight, .47% of the preschoolers and 66%
of the school age children have low weights. As would be predicted in a populatinn with chronic but not acute low in
take, the majority of children are within normal limits oa weight-for-height. 

C-k 	 alAtiity' fJLa.Imen 

The survey of physical activity patterns was intended as a test of whether women would be willing and able to provide
information on their daily activities. Twenty four families with a child between 8 and 12 years of age, representing a 
range of socioeconomic status, were selected for this substudy. 

The activity inLeiview schedule consisted of two parts: 

1. 	 A timetable of activities, divided into two time periods: 
- "morning" (before mi") and 
- "afternoon" (after omnida_ 

2. 	 A ,eries of questions concerning the nature, duration, and seasonality of activities. 

Specifically, the int,xview elicited infomation on the following features of activities: amount of time devoted to an ac
tivity; number of days per week it was typically carried out; the rhythm (with or without interruptions); body position(s);
conditions of terrain in which activity took place; amount of weight carried; effort; level of fatigue; descnption of the 
elements of rie activity; periods of rest; and seasonal variations. 

The interview required approximately 35 minutes to complete and was carried out in respondents' homes. 

The major activities described by the women in the study were as follows: 

1. 	 Tending a store (eg. taking articles from a shelf, putting them on the counter), 'which involves primari
ly walking, sitting and kneeling. 

2. 	 Breast-feeding, which involves sitting during the day or lying down at night. 
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3. 	 Sewing (mending by hand or with a machine, or weaving wool or cotton), which is carried out in a 

seated position. 

4. 	 Milking cows, which is an activity done while seated. 

5. 	 Ironing clothes (mainly standing). 

6. Washing dishes (washing utensils used in serving or preparing food, cleaning, rinsing and drying), 
which is mainly done while standing. 

7. 	 Stripping kernels ef maize from the cob, an activity done while seoted. 

8. 	 Cooking (including lighting the stove, cooking or heating food, sometimes with a wood fire), which 
is primarily a standing activity. 

9. 	 Making tortillas (placing the dough in a press, cooking the tortilla, and placing it in a container),
which is primarily a seated activity. 

10. 	 Caring for children (bathing, dressing, combing hair, changing diapers, and feeding), which arc main
ly standing activities. 

11. 	 Cutting weerds and grasses for animal feed, which requires bending and walking. 

12. 	 Caring for animals, which includes giving water and food, taking them to pasture, and cleaning their 
quarters. 

13. 	 Carrying milk in buckets. 

14. 	 Washing clothes, which includes soaking the clothes the day before washing them, s.rubbing, rins
ing, and hanging them to dry. 

15. 	 Cleaning house, including sweeping, bed-making, and cleaning fturniture. 

16. 	 Going to the mill to have maize ground, which requires carrying heavy buckets of pre-soaked corn 
to the mill and back. 

17. 	 Gathering firewood (walking to the hills, gathering or cutting wood by hand, making a bundle, put
ting it on an animal or carrying it on the back). 

A chart was constructed showing, for each informant, the number of days each activity was performed per week and 
the amount of time devoted to each activity per day and per week. Number of hours worked per day, as well as sleep 
and rest, were also recorded. 

The results of the activity survey showed that housework occupies a substantial amount of most women's time. Cook
ing required more time than any other activity, on average more than 9% of the total working hours in a week. All 
respondents reported cooking seven days a week. All but three women wash dishes daily, devoting four percent of their
time to this activity and another six percent to cleaning house. Washing clothes required an average of 7.7 hours per
week. The number of days per week spent on this activity varied from two to six days. Those who spent fewer days 
washing, spent more hours on the activity on wash days. 
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Generally women reported stripping maize off the cob and making tortillas three to four times per week. The amount 
of time devoted to stripping the cobs varied from 15 minutes to one hour, whereas making tortillas required one to five 
hours per day. 

Seven of the women in tie survey were breast-feeding, an cctivity that required an average of nearly 10% of their time. 

All but one respondent reported spending some time during the week caring for animals. Twenty said they cared for 
animals seven days per week, but the amount of time spent inthis activity varied considerably from 15 minutes to seven 
hours per day. 

The activities least often performed were milking, carrying milk, cutting animal feed, and gathering wood. Two women 
tended a store, working eimner 10 or !3hours per day. However, since other activities were performed simultaneously 
with tending a store, it isdifficult to interpret the energy demands represented by this activity. 

The pilot study was not designed to test hyxtheses about the relationship of food intake to functional outcomes. Rather, 
its purposes were to train field staff in the appliciation of research tools and instruments, to assess the community 
response to our research procedures, and to pnvide feedback ca the effectiveness and feasibility of the proposed 
measures. A variety of methdxs were used for training, quality control, and interviewer reliability testing. Most of the 
interviews were tape-recorded so that problem3 could be de.tectcd and retraining or modification of the protocols could 
be implemented. 

In the analysis of the data sets from San Francisco Solis there were a number of strong correlations, including the fol
lowing: 

For female household heads: 

kcal/day and wt/ht squared: r = .68 (n=20)
 
kcal/day and kcal cost of activity/day: r = .61 (n= 15)
 

For adult males: 

kcal/day and wt/ht squared: r = .58 (n=17) 

For school children: 

kcal/day and wt/ht squared: r = .77 (n=20)
 
kcal/day with mother's kcal/day: r = .64 (n=22)
 

The data from Phase I, both from the four primary research communities and from the pilot study, provided the clear 
evidence that there was a range of variation innutritional status in the valley's population. Ethnographic data, food in
take data, and anthropometric data confirmed a substantial incidence of low intake and small body size. The 
socioeconomic contex: of the nutritional picture emerged clearly; the people of the SoEs Valley are a rural population 
pursuing a mixed strategy of subsistence agriculture and wage labor. In this respect the valley population is repre
sentative of many contemporary, marginally nourished Third World peoples. The Phase I activities also demonstrated 
that, while we could expect some difficulties, the basic protocols were feasible and generally acceptable to the people 
of the communities. Finally, the data and the experiences gained in gathering them were used in meetings of the Scien
tific Coordinating Board to guide the final study design. 
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Chapter4 

PHASE I METHODS: OVERVIEW 

I INTRODUCTION
 

The Phase II research involved collection of a variety of types of data ("data areas") from January, 1984 through June, 
1987. These include data on individuals (census, food intake, anthropometry, morbidity, clinical and laboratory data, 
resting metabolic rate, psychological dcvelopmen: and performance, and activity studies); household-level variables 
(mortality, household sanitation, SES and migration measures, agricultural productivity, and family activity); and com
munity-level variables (ethnography, fod prices, and climate). Most data .-verc collected repeatedly (longitudinally) 
according to differing schedules, with the objective of obtaining data over aone year !r-riod in the specified data areas. 

Chapters 5-16 provide details of the protocols for data collection in each of the data areas. An outline of the data col
lection schedules by type of individual is provided in Fable 4.2 at the conclusion ef this chapter. 

H. BELD STAFF 

The research was conducted by teams devoted to specific areas. These were headed by "jefd'ed " ("Area Chiefs"), 
who were professionals trained in their respective or related fields. Teams were staffed by professionally trained workers 
and auxiliaries. A number of staff on some teams (e.g. anthropometry, food intake) were recruited from the Solis region. 
The project also employed general support personnel (drivers, cooks, etc.), most recruited locally in the Solis Valley. A 
varying number of project staff (data management, laboratory, and administrative personnel) were based in Mexico 
City at INN. The structure of the field staff, as constituted for most of Phase II, is provided in Figure 4.1. 

The field staff was housed in facilities of the exhacienda in the community of Solis. Teams traveled in project vans to 
research communities each morning (Monday through Saturday). Some data (e.g. RMR, laboratory samples, clinical 
examinations) were collected at the clinic in Solis. 

M. TARGET GROUPS 

Several types of individuals were identified as the "target groups" of the study. Data collected on all targets included 
census information, food intake, anthropometry, morbidity, clinical history and examinations, laboratory data, 
psychological tests and/or observations, and social and sanitation data from their households. 
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FIGURE 4.1
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The target groups were defined as follows: 

Infants: 	 Individuals from birth to six months of age. When possible, these infants were followed to eight 
months of age. 

Toddlers: 	 Children from age 18 -30 months. Some data were collected on children as young as 15 months, but 
toddler "analyses files" were restricted to data from children aged 18-30 months with a several week 
overlap at the yotmger and older ages. 

Schoolers: Children from aged 7 -9 years, with a several week overlap on both limits. 

Adult Mothers of target children and/or women who became pregnant and whose infants were an.icipated 
Females: 	 to become part of the study, also referred to as Lead Females of "target households." Frequently, 

adult females changed physiological status during the study. Thus, subgroups of adult females which 
had to be separated for most analyses included non-pregnant, non-lactating (NPNL), pregnant (only), 
lactating (only), and pregnant and lactating females. 

Adult Also Lead Males. Fathers of target children and/or husbands of target adult females.
 
Males:
 

IV. RECRUITMENT AND MAINTENANCE OF THE SAMPLE 

Using age and household composition data from the census, households were recruited from four communities (Sn 
Migmi, Ceh. San Nicolas, and SaAntnio in the Fall of 1983. Two additional communities were added later in 
the study (Caldens, July, 1984 and SanJ2s, April, 1985) 	in order to reach the CRSP goal of 100 individuals of each 
target type. The majority of households in the last two communities were chosen for the presence of pregnant women 
and toddlers. The need for these additional communities had not been anticipated from the demographic data collected 
in the Valley in 1982. However, the birth rate fell substantially during the next two years. 

The criteria for initial selection of the households included: 1)presence of male and female head of household and, 2) 
at least one target child. All households meeting these criteria were approached by the chief social worker and/or
physicians in the study, and asked if they would participate. They were given (and where necessary, read) a letter describ
ing the purpose of the study, L'-kind of participation that was needed, and a statement that their withdrawal from the 
study at any time would not prejudice their medical care or access to the Solis clinic. Those households who agreed to 
participate at this point were then entered into the interview process. They \'cre also given special "medical cards" 
showing that they were eligible for free or discounted medical care at the Solis clinic. 

The timing of the actual entry of target subjects into the interview schedules was dependent on a number of factors. 
Table 4.1 shows the pattern of recruitment by individual type for all subjects. The initial group selected was predominant
ly households containing schoolers. Starting in May, 1984, households with toddlers and pregnant women were added, 
if the toddler was 18 months or the woman was less than five months pregnant During the rest of the study, pregnan
cy testing was done every three months to recruit more pregnant women, and additional toddlers were added as they 
reached 18 months of age. When it became clear that less than 100 pregnancies, infants, and toddlers would be recruited 
from four communities in the time permitted, the two additional communities were recruited. Some households were 
studied for more than one year, usually because the mother of a target toddler or schooler became pregnant, or a non
target child reached 18 months of age in a household initially recruited for target schoolers or pregnancies. 

Recruited households that later declined to participate usually did so after the first few interviews. The project staff held 
monthly review and scheduling meetings during which each household was assessed in terms of adequacy of data and 
accessibility of household members. At this time, the decision was sometimes made to drop households from the study 
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because of frequent absence of target females, or unwillingness of the families to participate. Reasons for such decisions 
were recorded. 

Considerable effort was expended on maintaining good relationships with the communities and study households. In 
addition to the initial discussions with community leaders and households about the purpose and importance of the 
,ject, community fiestas, etc., a crucial s-uategy was to assign project staff to be "responsible" for each study
household. During 1984, these responsible individuals were the project social workers who were assigned to each com
munity. From January, 1985 onwards, the responsible person was the nutritionist assigned to the specific household. 
These staff members were responsible for checking the monthly interview schedule for each family, informing the 
household of when visits were to be made, rescheduling interviews when necessary, arrangement of transportation of 
household members to the Solis clinic for RMR tests and medical exams, and collection of urine and fecal samples.
The use of one staff person for all of these responsibilities greatly reduced confusion and scheduling problems, and 
minimized intrusion into the households. In turn, the households turned to this staff person for help in medical and other 
family emergencies, transportation problems, etc. The Fiela Director usually became involved at this point to ensure 
that the project was as hlpful as possible within the obvious constraints involved. One of the most valued and usual 
ways that assistance was ,given was transportation of a seriously-ill household member to Mexico City and provision 
of medical treatnent at the 114N hospital. 

V. DATA MANAGEMENT: OVERVIEW 

A detailed description of the overall Phase II data management system is provided in Chapter 17. Data management
procedures utilized in specific data areas are described in the respective methodology chapters (5 - 16). A summary of 
certain key elements of data management in the project will be useful here. 

Data collected by interviewers were recorded on forms either in the course of the interview or soon after. Data from 
laboratory assays, RMR measurements, etc. were recorded on data forms as assays, etc. were completed. 

Coding was necessary in some data areas. Generally, coded values were entered onto separate forms for computer entry.
In most data areas, little or no coding was necessary and data were entered directly from the interview forms utilized 
in the field. Interview schedules, data forms, and code sheets were stored in the field headquarters at the exhacienda 
Solis. 

Most of the data were keypunched at the Mexican Public Health Department's data center (SL[uJniEi± A)in Mexico 
City. Some small datasets were keypuncied using microcomputers in the field (Apple is) or at INN facilities in Mexico 
City. Error checking and correction of computerized data were done at INN and the IBM Scientific Center (Cnr 
C.lcadific,, also located in Mexico City. 

Data were transfered for further checking, processing and analysis to the University of Connecticut. Most data were 
sent on magnetic tapes, but floppy diskettes were also employed. Data were subsequently transferred to the Manage
ment Entity at UC. Berkeley for archiving and to statisticians at the University of Massachusetts for specific analyses. 
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TABLE 4.1 
ENTRY* OF TARGETS BY MONTH 

Adult Adult 
Infants Toddlers Schoolers Males Females 

January -- 3 67 77 95 
February .-. 17 24 22 
March 1 -- 12 12 9 
April - 34 16 10 8 
May -- 9 2 1 1 
June -- 2 6 2 1 
July -- 13 41 98 45 
August -- 8 22 21 25 
September -- 6 6 14 10 
October 3 14 5 14 13 
November 31 18 1 14 17 
December 16 4 3 3 3 

198 

January 6 2 -- 6 -
February 13 16 8 5 
March 8 14 -- 11 12 
April 6 14 4 12 
May 6 1 18 10 
June 13 -. --

July 8 . 
August 7 ..... 
September 2 .. 
October 5 -

November 8 .. 
December 1 -... 

TOTAL 134 158 198 288 290 

Date of first diet or anthropoxnety data, "cross- sectional" sample (see chapter 18) 
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TABLE 4.2: 
DATA COLLECTION SCHEDULES 

Infants Toddlers Schoolers 

Adult 

Males 

Adult 
Females 

(NPNL*) 

Adult 

Females 

(Pregnant) 

Adult 

Females 

(Lactating) 

CENSUS 

FOOD INTAKE 

ANTHRGPOMETRY 

MORBIDITY 

CLINICAL DATA 
Clin. Hist 

Physical Exam 

LABORATORY DATA 
Fecal Analysis 
Urinalysis 

Hematology 

1/yr 

2/mn 

1/mn 
1/wk 

1 

1/3mn 

1/yr 

2/mn 

I/mn 

1/wk 

1 

13mn 

1 
-

1 

1/yr 

2/mn 

[3mn 

l/wk 

1 

/3mn 

lf3mn 

1 

1/y 

2/mn 

1/3mn 

l/wk 

1 

lmn 

1/3mn 
2 

1 

1/yr 

2/mn 

1/3mn 

l/wk 

1 

1/3mn 

2 
1/3mn 

1 

1/yr 

2/mn 

I/am 

I/wk 

1 

1/mn 

1/3mn 
2 

2 

1/yr 

2/mn 

1/mn 
l/wk 

1 

l/mn 

23 
3 

3 

RMRt 1 13mn 1/3mn 2 4 

PSYCHO LOGY 
Brazelton 

Bayley 

]BR* 
Interaction Obs. § 

Schoolyard Obs 

Classroom Obs. 

Cognitive TesLts 

1 

1 

1 
2 

-

-

3 

3 

3 
-2 

-
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t R.MR = resting metabolic rate 
t MBR =Intn Behavior record 

§ obs. =observations 

Agri. Prod. = Agricultural Productivity 

36
 



ESTAPO VE QUERETERO
 

SAN ANTONIO SOLIS
, %SA14 SAN JOSE SOLfSNICOLAS 

~CALDERAS 
0 

- J 

SAN MIGUEL SOLfS NW 
SOLIS" 

s0 

CERRITOS 

o 

cn 

~TEMASCALCINGO 

(n 

- - -DIRT ROAD 
PAVED ROAD 

STATE BOUNDARY TO MEXICO CITY 



Chapter 5 

CENSUS METHODS 

L URPQSE 

The community census provided a basis for recruiting families into the study, provided demographic information on 
individuals and households, and supplied data un the population of study communities. 

11. DATA COLLECIED 

Data collected included description of the household location in relation to a community map (including community, 
sector, and house number); Liformation on individuals comprising the household (including full name, i.e., first name 
and last names of father and mother); sex; position in the family relative to household head; birth date and type of 
documentation of birth date; birthplace; principal occupation; and ability to read and write. 

M. DATA COLLFCTN PROCEDURES 

A. Intrview Shractur- and Scheduk 

Households to be interviewed for census data were identified by the Area Chief for Census and SES. In 1982, she drew 
up a complete map of the initial four communities. Each dwelling was then assigned an identification number. Com
munities were divided into sections. Community maps were then drawn up to indicate sections and locations of all 
dwellings, as well as the locations of roads, paths, and community landmarks. 

Data were collected cluring interviews in homes of respondents and recorded on the standard census form utilized for 
all studiesli the Division of Community Nutrition at INN. The interview was conducted by a team of two interviewers. 
One questioned thb respondent, while the other recorded responses. On the following workday, interviewers returned 
to previously interviewed households to fill in missing data. When birthdate documentation was missing, the Area Chief 
visited the family to explain the need for accurate birthdates. This usually resulted in her viewing the available birth 
records. If none were available, this was noted on the census file. 

The first census of the four communities initially selected for the study was carried out in September and Octrber, 1983. 
A recensus was made of these households in 1984, at which time the initial census of a fifth community was also con
ducted. These data were utilized to update the 1983 census file in the computer. At the end of data collection in 1986, 
households in the first five communities were re-interviewed and those in the sixth community were initially censused. 
A final census was constructed by correcting the initial census where necessary and adding data on individuals born 
since 1983. 
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The methodology of the first recensus followed the procedure described except that the request for birthdate verifica
tion was not made. Birthdate documentation was requested at that time only for children born since 1983. 

B. Personnel Traingn' and S'ipervi]io 

Following the pretesting of the census protocol (carried out in 1983 in one village), the Area Chief recruited high school 
students from a nearby town, training them in the procedures for conducting -.ensus interviews. The Area Chief accom
panied the interviewers to each community, waiting at a local temporary headquarters for interviewer teams to return 
from the households to check completed forms with them. The fimal recensus was carried out by Community Health 
Aides who had worked in the community health outposts since the beginning of the project. 'llIey were trained by the 
Area Chief. 

IV. DATA QUALITY CONTROL 

A. Primary Coding ofL2Ma 

Census data were entered directly onto census forms by one of the interviewers on the census team. 

B. Error Checking and Correction oLData 

After the interview teams had completed several interviews, the Area Chief reviewed each form with them, discussing 
ambiguous or doubtful entries. When necessary, revised data were collected the next workday by the interview team. 
Data were entered into the computer directly from the interview forms, initially in Solis (using Apple computers). A 
printout of this computer file was visually checked against the raw data. Errors noted were corrected. Later, the cor
rected data were transferred to tape via mainframe file at IBM Centro Cientifico, where updates were entered as needed. 
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Chapter 6 

FOOD INTAKE 

INDVIDTUAL AMD FAMILY INAKE 

L PURPO)SE 

Food intake data were collected in order to measure the nutrient intake of target individuals within households. In ad
dition, family food intake can be estimated from the amount of food in household recipes plus non-recipe foods con
sumed each day, divided by the number of persons cons'ming in the household (weighted by age, sex, ard size). In this 
way, households can be ranked in terms of nutritional adequacy, and their food patterns and behaviors described. 

LIDAA&..QLLF=EI 

There were four main parts to the interview, which elicited data from two consecutive 24-hour periods each month. 
These were: a record of the household members and which meals they consumed; a list of foods and recipes prepared
arid the proportion of each consumed by the household; a record of the amounts of ingredients used in each recipe; and 
the weight of each food or recipe consumed by the target .ndividuals. 

From thtse data the intakes of the following nutrients were calculated: calories, protein (g), fat (g), carbohydrates (g),
calcium (mg), iron (mg), thiamin (mg), riboflavin (mg), niacin (mg), ascorbic acid (mg), and vitamin A (ug eq). The 
nutrient data base is complete for all foods, except for some local herbs and teas. 

IlL DATA COLLECTION PROCEDURES 

The method used for collection of dietary data during Phase II was chosen for several reasons. While it is generally ac
cepted that there is no perfect method for the measurement of food intake, observation and direct weighing of intake 
are assumed to be the most precise (although the interviewer could affect the usual behavior of the subjects). The con
siderable experience of the INN personnel, and of project personnel during the Pilot Study and Phase L clearly
demonstrated that the majority of households would refuse to accept the continuous presence of interviewers in their 
home. The method chosen was adopted after considering: i) meal patterns in the communities and the percentage of 
daily intake consume-d at each meal; ii) the amount of cooperation that could be expected from the respondents; iii) the 
number and cost of interviewers required; and iv) the accuracy of the method. The latter was tested by a series of valida
tion studies. The method corabined recording by subjects, weighing by interviewers, and recall by mothers, i.e. it was 
a "recall/record/weighing" method. 
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A. Interview Structure and Adminiktration 

The full procedure spanned a three-day period each month to capture 48 hours of information. Interviews were con
ducted in the homes of study pa,-ticipants, with the female head-of-household as the respondent. The procedures out
lined below for each component were repeated for two 24-hour periods. If it was not possible to conduct the second 
interview in the subsequent 24 hours, it was rescheduled for the appropriate weekday of the following week. 

On Day 0, the interviewer went to the house between 10 a.m. and 4 p.m. to schedule visits to be made over the next 
two days. The household was provided with a form, prelabelled with subject's names, which had to be filled out for 
target subjects by a "recorder" in the family (usually the schooler, the father, or the mother if she was literate). The re
corder listed the type and approximate amounts of food consumed after the main meal of the day (mid-afternoon) and 
before bed-rime. These data were then used by the interviewer to prompt the respondent, elicitng more precise recalls 
on the following day. Unless such "prompts" were used, the respondents tended to forget what the), had consumed on 
the previous evening; the evening meal is usually small and often based on left-overs eaten casually. The household 
was also given blank prelabelled forms onto which target subjects stuck red adhesive circles, one per tortilla consumed. 
The number of tortillas eaten per subject per meal was counted by the interviewer for each 24-hour period- This proce
dure improved the accuracy of subjects' reports of tortilla consumption. 

In the afternoon of Day 1,at the end of the first 24-hour perlod, the interviewer arrived at the house and questioned the 
mother about her health. If the respondent was not well, the iterview was either rescheduled or continued, if she was 
willing. Failure to consent to the interview because of illness was a rare event, and a record was made when this oc
curred The following four sections of the diet ini-erview were then completed. 

1.Meal Attendance. This form was completed once per 24-inour food intake period, in order to register the number of 
individuals at each meal and thereby obtain the denominator for household food intake. Before the interviewer, ;nt to 
the field, she filled out all names and identification codes of target subjects. Mothers were asked who had consumed 
each meal in the previous 2-4-hour period. This information was entered onto the prelabelled form and used to prompt
respondents into recalling all individuals who were present in that 24-hour period. Infants were not identified on this 
form because their intake was assumed to be minimal. The identification number (ID) of the male head-of-household 
was entered on the form even if he was absent that day. If he had left the house for the day, then the notation "did not 
eat" was inserted at the appropriate meal times. Non-family members present at meals were always assigned an ID of 
9999 or 0000, respecting the wishes of households who did not want their visitors identified. For each family member, 
the mother was asked the amount consumed per meal (nothing, little, or normal). (These data will be compared by health 
status (morbidity recalls) as an additonal measure of the effect of illness on food intake). 

2. List of Foods and Recipes Consumed. This form was completed once per interview period, either 24 or 48 hours. 
The mother was asked not only what foods were prepared for each meal, but also if the meal consisted of leftovers, the 
proportion of each recipe used per meal, and what proportion was left over at the end of the interview period. Recorded 
data included: the name of the recipe or food, a number assigned to the recipe or food item (numbeted in order of pre
paration or consumption), the meal(s) at which it was served, and the proportion of recipe w'-etl r-r meal. Respon
ses, based on respondent recall, were entered to the nearest 25% of the original recipe. "n - o,,o se was tr.keep 
a continuous check on whether or not 100% of a recipe or food was eaten during the interview penu.,. This form, not 
used until September, 1984, helped interviewers to record difficult situations such as the use of previously prerAred
leftovers and portions of prepared recipes left over at the end of a collection period. The effect of adding this form on 
the measurement of nutrient intakes is discussed in Chapter 20. section H. 

3. List of Ingredients and Amounts. The same foods and recipes listed in the second form (above) were described in 
more detail by the respondent. The cooking methods were also noted where relevant (boiled or fricd, in the case of 
beans, rice, and pasta), and the weight of the foods and recipe ingredients in grams. This information was obtained by
weighing ingredients when possible, and weighing utensils containing the amount used (Pelouze Scale Co., Evanston, 
IL). If the items were noi available in the household then the size and type of the ingredients (e.g. fruits, vegetables, 
spoonfuls, etc.) were described by the respondent. These values were late; assigned weights by referring to a table that 
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had been developed by weighing foxd items, of various sizeS availahle in the community. Ingredients and non-recipe. 
foods were coded using the c(des in the Mexican F: ood Composition Tlables (10. 1). 

4. Individual Intake Form. On this form weie listed, in grams, the aniounts of re,.ipe:s t: fooKd items eaten by each 
target individual. In mOst cases, these amounts were the portion size served by the nio, her. Preliminary studies of the 
validity of the food intake methodology showed that the mothers were emarkably accurate in their ability to demonstrate 
the portion size of a recipe that they served to each target individual, or that the target persons served to themselves. 
The monotony of the Solis diet is relevant in this regm. The mother usially had some of the recipe or foods left (since 
the interview was done just after the main meal of the day) and would provide a portion of the relevant size in the plate 
as served to each target. The inteniewcr then weighed tilesize of the portion. When no fod preparation was available 
the bowl was filled vith water to the level indicated by the respondent. The number of tortillas consumed was recorded 
from the "tortilla fomis" and hn torillas weighed each day so that an average weight per tortilla could be obtained for 
the farnily. Specific vriablC; recorded were meal times, recipe c;>des, and weight in grams of consumed portions of 
each recipe or KAIdAlso Iistcd were the total aniounts of non-recipe foods consumed by the entire family. 

te rB.Iit Jin-v-Stkdtthj: 

Interviewer vent to each household on 3 consecutive days per month to obtain 48 hours of information. Fewer than 
1% of the records were not obtained on consecutive days. A total of six different days of the week was included every 
three months. In virtually every case, each community was divided into three sectors for scheduling diet interviews, 
based on household location. For example, visits to houses in one Y.,ctor were scheduled for Monday and Tuesday, ii, 
the second sector on Wednesday and lhurscay, and the third, Friday and Saturday. This schedule was rotated month
ly so that each household provided data covering Sunday evening through Saturday afternoon. In Phase I of the project, 
attempts were made to collect dietary data between Saturday evening and Sunday afternoon. However, the majority of 
households onjected strongly to this intrusion. The main reasos for this were the presence of the male heads of 
households in the horne on the weekends and the need for privacy on Sunday. Thus, the average nutrient intake values 
do not include intakes for that 24-hour period. 

No other types of interviews were conducted on the same day as diet interviews except for occasional morbidity recalls. 
The nutritionists also made observations on sanitation and hygiene as described in Chapter 14. 

C. Dia1e1 mdSu.jsju 

The data were gathered by high school educated "auxiliaries" in 1984. The auxiliaries and new nutritionists underwent 
an intensive training period of one-to-two months duration, supervised by trained, licensed nutritionists. During this 
time, they learned ,llphases of methodology, which until October 1984 included hand-calculation of the weights of 
foods consumed by individuals. From Januz'-y to December 1984, trained nutritionists superised the auxiliaries in each 
community. This frequently involved accompanying the auxiliaries on their household visits, observing their interview 
techniques, checking interview forms on the same day as the interview, and listening to tape recordings of interviews 
when auxiliaries were unaccompanied. From January 1985 o'rward, auxiliaries were no longer used to collect dietary 
data. Instead, the trained nutritionists conducted the interviews. These interviewer changes were part of a general reor
ganization of the project intended to raise the morale of both the staff and the respondents. A licensed nutritionist was 
assigned to each household as Loq pirojct staff member iesponsile for project-household communication. The 
nutritionists, several of whom had been supervisors duing the previous year, were now supervised by the Chief 
Nutritionist, while the auxiliaries checked interviews for tissing or miscoded information. Additional team members 
in Solis checked ID numbers against the sample census for eah family and individual. The effects of these interviewer 
changes on nutrient intakes ,e presented in Chapter 20, section I. 
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IV. ADDMONAL NOTES ON PROTOCOL 

Bxause some of the fiequently consumned Mexican dishes lose subsuantial but variable amounts of water during cook
ing, and the total volume of the cooked dish was not measured, it was not useful to ask respondents about the volume 
of water used in recipes. Specifically, such dishes axe beans (boiled and fried), pasta, and rice (boiled and fried). For 
,hese recipes, we recorded only the weight and/or volume of all ingredients used except water. These values were later 
multiplied by .onverion factors (CFs) to estimate the ingredient's wet weight in the cooking pot once cooking had 
been completed. This multiplication was done during the computer conversion to nutrients when the proportion of a 
recipe consumed by an individual was calculated. 

The CFs were based on data obtained during a special sub-study designed for this purpose. An interviewer went to 32 
households to observe the preparation of rice, pasta, and beans. After ascertaining the list of ingredients used in a recipe, 
the usual method of preparing the dish, and the presence of all the necessary ingredients, each item wan weighed or 
measured durhig the recipe preparation procedure. The pot was weighed three times: empty, and with all ingredients 
both just prior to cooking and just prior to serving the prepared food. Approximately 100 g of well-mixed sample was 
taken from the pot immediately before serving. This was transported to the Solis laboratory inplastic tags, from which 
approximately 20 g (in duplicate from each sample) was placed into previously dried aluminum weighing pans. Each 
sample was then weighed and dried to determine water content. Although the percent water in each food sample was 
not necessary for computing the conversion factors, it was used to: i) compare the effects of various cooking proce
dures on water loss during cooking-, and ii)measure the variability of water content among cooked food samples. The 
latter was surprisingly low, supporting the use of an average Conversion Factor for each type of prepared food. 

No attempt was made to obtain multiple samples from the same household. While this may have identified some in
dividual women who consistently cooked their recipes to the same water content, it was unlikely and unverifiable that 
all women would be consistent throughout the longitudinal study. Therefore, an average conversion factor was applied 
to each type of recipe, rather than using different conversion factor for each household. 

Conversion factors were calculated from the following equation: 

CF x Weight of dry pasta (or beans or rc-) = (weight of pot + contents after cooking) -
(weight of pot + weight of all other invtdients in the recipe except pasta or water). 

Average (mean) CFs were calculated for three commonly eaten foods with varying amounts of water loss: for cooked 
beans, 3.69 (range 2. 3-5.39); for pasta, 4.93 (range 2.47-7.49); and for rice, 3.58 (range 3.33-3.80). Values used former
ly by INN were 3.57, 2.27, and 3.33, respectivfly. 

V.DATA, MANAGMENI 

A. Primary Coding of Data 

ID numbe-s were entered in Solis or in the community office before interviewers went to the households with precoded 
forms. Food codes were entered by the interviewers when they returned to their respective community offices im
mediately after leaving the household. Descriptions of foods (e.g., one tablespoon, a medium orange, etc.) were con
verted to weights in the community offices, using a conversion table developed by weighing local foods. All other 
information was coded directly onto forms while interviews were being conducted. 

l1. Data Entry Procedures 

From January to September, 1984, data were entered on Apple miciocomputers in Solis. Individual intake of specific 
foods from recipes was calculated by hand and the food weights and codes entered onto a separate coding form. After 
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September, 1984, the data collection forms were revised (with no change in the food intake method) so that data could 
be entered directly into the computer, eliminating the need for any calculation of values in the field. After September,
1984, data were entered at Salud Publica in Mexico City, assisted by a data entry program that provided data entry fields 
for terminal operators, facilitated double entry of data, and prompted correction of key-punching errors. 

C. Error Checking and Correction of Data 

The error-checking team in Solis reviewed all IDs and names against a printout of the sample census, thereby identify
ing coding errors. Tliese errors were marked or, the printout after corroboration with the original interviewer, as needed. 
A complete listing of data entered in the computer was taken to Solis and inspected against the original interview forms 
to detect keypunching errors. 'These errors were marked directly on the printouts and returned to INN, so that the tape 
at IBM could be corrected. Aseries of computer-aided error-detecuion programs was developed in Mexico and used to 
detect additional errors. These errors, or questionable values, were returned to Solis after consultation with the head of 
the diet staff. The error-checking team in Solis then compared them against the original interview forms. 

In Connecticut, extensive error-checking programns which focused on recipe name matching, food code name match
ing, range checking, and character string checking were developed. Supplementary checks were done to detect coding 
errors in recipes and amounts that appeaied to be unreasonable, by examining the corsistency mnong recipes. 

From these programs two types of filters were developed --one used for finding errors of all types, and asecond, derived 
from the human review of the output of the first, for co.rection of the data when revised values were sent back from 
Mexico. Many of these programs were modified and us.ed in both Mexico and in the US. These have been documented 
in a report that provides a description of the process, programs, and printouts. Errors and/or suspicious values detected 
using these programs were routinely recirculated to Mexico, where they were checked against original interview forms 
for coding and data entry errors3. C'arrections were recorded on the computer tapes at IBM Mexico and a new version 
of the tape returned to Connecticut. UConn programming personnel and Mexico programmers regularly worked in each 
other's computer facilities to coordinate the correction and analysis of this complex data set. 

'VT. DATA ANALYSIS 

The basic data bank for the conversion of foods to nutrients is that published and used by INN (6.2). The analysis of 
foods was dore at INN, with additional values in the INN tables derived from the food composition tables of INCAP 
(Central Amenca), INNE (Ecuador) and FAO (Food and Agriculture Organization). To the INN dar - base we (L. Allen 
at the University of Connecticut) added the nutrient content of an additional 67 foods. Of these, 25 were "prepared
foods", such as cooked beans, cooked pasta, scrambled eggs, etc. Arandom sample of about 40 recipes from the com
munity was used to generate the weights of each food used in a "standard recipe". The nutrients in the standard recipe 
were then calculated by adding the nutrient contents of the relevant weights of the specific foods. No subtraction was 
made for losses of vitamins and minerals that would occur during cooking. An additional 28 of the foods added were 
condiments, teas, and spices. The nutrient values for these were obtained from the USDA nutrient data base (6.1). The 
expanded nutrient data bank is now in use at INN. 

The nutrient data base includes values for the following; edible portion (used to correct for the proportion of each food 
that is inedible), calories, protein, fat, carbohydrates, calcium, iron, thiamine, riboflavin, niacin, ascorbic acid, and 
renol Almost all of the foods in the data base are raw, so that nut,'ient content - especially of some vitamins and 
minerals - is overestimated in cooked dis'es prepare-d from these foods. 

The energy values in the tables were calculated by multiplying the protein, fat, and carbohydrate content by different 
factors for each food, depending on its digestibility, e.g. energy content of maize = (protein x 2.73) + (fat x 8.37) +(car
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bohydrates x 4.13) (6.1). In the case of maiz, LbLn_ rZYfactor r . crhydrates oillas is crta 
Limalel.' The value for ground whole-ground cornmeal using the Atwater system (6.2) is4.03 kcal/g (not 4.13 as used
here). in addition, the Atwater value assumes a digestibility of 96%, which is also an overestimate, as will be discussed 
further in Chapter 20. Alcohol has an energy value of 7.10 kcal/g in he Mexican tables, slightly higher Hian the value 
of 6.93 kcal/g in the USDA tables. However, by far the majority of alcohol consumed in Soils is in pdtWt=, which has
only about 2% alcohol; most of the energy in this drink (which contains 43 kcal/dl) comes from carbohydrate (1.1 g/dl) 
and protein (0.4 g/dl). 

B.Individual Nutrient Intake 

These were calculated for each target individual as a total per 24-hour period. A special Dly Summ= was developed
for each day of intake for each target individual. This analysis file contains all nutrients, as well as the daily intake of 
energy and protein consumed in defined food groups and specific food items. Inaddition, foods were categorized as 
being of "plant" vs "animal" origin and the individual Daily Summaries included the kcal count and grams of protein
from plant and animal soures. "Animal" foods included: all foods in the INN tables with the food codes for meats, fish, 
eggs, dairy products, and chicken fat (rarely used); and those "prepared" foods that had animal products as a major con
stituent There were relatively few foods in this latter group, but examples include: turkey with mole sauce, sausages,
chicken, and beef broth. All uihc. foods, including alcoholic beverages, were categorized as being of "plant" origin. 

C. Family Fooid Intake Data 

These values have not yet been calculated and are not presented in this report. In future analyses, it will be possible to 
calculate the relative food intake of each household, from the total consumption1 of food in each day corrected for 
(divided by) the number and size of persons who ate that food. Weights and heights of household members will be used 
to calculate their basal metabolic rate (BMR). Household energy intake will then be calculated as: 

Relative Household Energy Intake =H ,lun InI
 
HH BMR (kcal/d)
 

Age and sex of visitors could not be precisely determined, so these persons will be assumed to have a BMR internediate 
between that of male and female values for adults (23-50 years old). 

VII. VALIDATION OF FOOD INTAKE METHODQLQf 

A. Method 

Initially, validation was conducted as two separate studies including 24-hour direct observations and weighing of food 
consumed, followed by the combined recall/record/weigHing method (applied to the same 24-hour period) that was 
used throughout the study. Both validation studies were carried out by trained nutritionists on 30 families. As a result 
of the fir'st validation study, modifications to the first method were made, includi;g the use of the tortilla records. A 
third and final validation study was carried out in May and June 1986, at a time when both the families and the inter
viewers had become increasingly trained in gathering and recalling food intake data. The validation protocol was es
sentially the same for all three studies, and is described for the third validation as follows. 

The 1986 validation study used 30 households, randomly selected from those still in the study as of March, 1986 or 
those who had been in the study until either November or December, 1985. In this way, it was possible to ensure that 
families used to validate the methods had not been out of the study for any extended period of time. In the evening of 
the first day, the nutritionist arrived at the household to observe, weigh, and measure all ingredients, foods and beverages
prepared for consumption, and the amounts eaten by target subjects. Observations and weighings were made by the 
nutritionist who had been responsible for conducting the earlier diet interviews in diat particular household. When leav
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ing, the nutritionist asked when de family was planning to eat the next morning, setting a time for her to begin obser
vations the next day. 

On the morning of the second day, the nutritionist again went to the household ioobserve, weigh, and measure all food 
and beverage preparations, and those items consumed by target subjects. That afternoon, she was relieved by a profes
sional nutritionist from a different community who conducted the recall/record/weighing method that had been used 
during the study, collecting data on the same tine period during which observations had been conducted. Nutrient and 
food intake were compared between the observation/weighing vs recall/record/weighing methods. 

13. Results of theLiriijL, .dy 

Mean calorie intakes of all target individuals combined were 2042 (obrved) and 1902 (study method) kcal/day, and 
protein intakes w~e~ 55.3 (observed) and 50.6 (study method) gJday. These were not significantly different (T Test). 
There was no day-of-the-week effect on differences in intake. 

Interviewer effects could not be analyzed siiice specific interviewers were scheduled either always on die first or second 
day. Thus, it is assumed in the subsequent analyses that interviewer effects are random. 

Larger differences betwveen Lile two methods occurred when intakes were higher. Scatter plots of the differences by type 
of individual indicate the espected unequal variance (Figure 6.1). Tests of difference were made on the ratios of method 
two (the Pba_,e JI methotd) to method one (observation and weighing) Kcal and protein intakes (Figure 6.2) as well as 
the actual values of kcal and prtein. 

Difference Between ObservatioiWAeighing (Method 1) and Recall (Method 2) 

First, the actual difference in eneigy intake measured by the two methods was tested. A comparison of the difference 
between method I and method 2 is illustrated in Figure 6.1. 

Since different subjects ate different amounts, the value of the actual difference in kcal has excessive variance, in that 
the subjects with larger values influence the estimates more than the subjects who eat less. Figure 6.2 illustrates the dif
ference between the methods when it isexpressed as the ratio of energy intake measared by method 1 vs method 2. 

The ratio estimator appears to overcorrect slig. 'ly and does not have a nonnal distribution. Thus, rwo methods were. 
used to analyze the differences in ratios; i) ignoring the bias, and testing whether the mean riio was 1.0, and ii) sub
tracting 1.0 from the ratio and v'sing a signed rank test of the hypothesis that this difference is zero. Table 6.1 provides 
a summary, by type of target individual, of the significance of difference between the two methods. 

The conclusions are the same no matter whether actual difference, ratio, or (ratio - 1)are used as the basis of com
parison. On average, compared to the observation method, the study method underestimaved the energy intake of adults, 
but not of children. Eighty percent of subjects had recall values that were within 20% of those observed. Five of the 
adults (four men and one woman) hWd intakes that were about 1,000 kcal lower by the recall method. Closer scrutiny 
of their data showed that the difference was accounted for by underestimation of tortilla intake, and that these four per
sons consumed large numbers of tortillas, often two at once. Interestingly, there was no significant difference on average 
for any of the groups in the recalled vs observed number of tortillas consumed. 
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FIGURE 6.1: DIFFERENCE IN KCAL INTAKE BETWEEN METHODS 1 AND 2
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FIGURE 6.2: RATIO OF THE DIFFERENCE IN KCAL INTAKE, METHOD 1 vs 2
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TABLE 6.1 
SIGNIFICANCE OF DIFFERENCES BETWEEN INTAKE METHODS 

'nPE METHOD KCAI,/D DIFFERENCE 
(n) (p<) 

Method 2-1 

ADULTM. I (obst) 3144 - 31 
(20) 2 (rec) 2832 (.05) 

ADULT F. I (obs) 2766 - 224 
(29) 2 (rec) 2542 (.06) 

SCHOOLERS 1 (obs) 1643 -105 
(11) . (rec) 1538 (.71) 

TODDLERS 1 (obs) 1019 51 
(18) 2 (rec) 1070 (.63) 

INFANTS I (obs) 483 20 
(13) 2 (rec) 503 (.67) 

P value for test that ratio of recalllobservation (method 2/1) is different from 1.0 
t P value for t~st that ratio of (recall/observation - 1) is differmt from 0 

t Observation Method 

§ Recall Method 

MEANS OF !&XTIOS OF 
RATIOS MEANS 
Method 2/1 Method 2/1 

.86 .90 
(.05)x 

(.0 3 )t 

.90 .92 
(.02)* 

(.04 )t 

.93 .94 
(.40)*
(.45) t 

.98 1.05 
(.85)*
(.86) t 

.91 1.04 
(.63)* 
(.9 0 )t 

WEEKLY FOOD USE 

I.PURPOM 

This questionnaire is unique to the Mexico project and has several purposes. It provides a semini-quantitative summary 
of foods purchased, grown at home, borrowed, or given away by the household during one week each month throughout
Phase II. It can also be used to calculate household expenditures on food and to describe the food systems of the 
households. For those foods that are consumed infrequently (e.g. meat), data from this questionnaire may provide a bet
ter description of "usual" hott-ehold consumption (amount per household per week) than the daily intake data. 

F. DATA COLLECTED 

Questions (referring to the previous week) elicited amounts of maize ground at the mill, each of a list of specific foods 
purchased, home-produced foods consumed, foods received as gifts, foods sold, borrowed foods that were returned, 
and foods given as gifts. 
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II. DATA COLLECTION PROCEDURES 

The interview was conducted once per month, by a nutritionist, in the home of the target families. It was always done 
on a Monday or Tuesday so that purchases in the market (usually made over the weekend) would be recalled more ac
curately. The female head of household was the respondent. 

IV. DATA ANALYSIS 

These da have not yet been analyzed. Planned analyses include: total weekly expenditure on foods; per capita expen
ditures, dietary complexity; caloric and economic value of foods borrowed, given, home-produced, and sold; and per 
capita availability of foods. 

E.ODLICE 

1.PURPOSE 

The price of food was monitored on a monthly basis throughout Phase II in order to: i) convert reported expenditures 
on specific foods in the Weekly Food Intake to grams of food, and ii) examine the effects of food price changes on food 
purchasing, acquisition, selling, etc. 

II. DATA COLLECTED 

Prices of specific foods (those listed in the Weekly Food Intake questionnaire). 

III. DATA COLLECTION PROCEDURES 

Once per month, nutritionists went to a store in each community and to the government supermarket in town. They 
asked about the prices of the foods or recorded prices if shown. 

IV. DATA ANALYSIS 

These data have not yet been analyzed. They will be used to examine the effect of food prices on food-related behaviors. 
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Chapter 7 

ANTHROPOMETRY 

I.PURPOSE
 

Anthropometric measurements were taken to assess the following: 1)child growth, 2) adult size, 3)body composition,
4) body changes during pregnancy and lactation, and 5) to create variables expressed per unit of body size (e.g., ener
gy intake Lkcal/kg] and RMR [kcal/kg/min]). 

H1. DATA COLLECTED 

Anthroporratric data include, weight (to 0.1 kg), height or length (to 0.1 cm), three circumferences, each to 0.1 cm 
(head, arm, leg), and four skinfolds, each to 0.1 mm (triceps, biceps, subscapular, and suprailiac). 

Irl. DATA COLLECTIO NPROD U 

A. Structure and Schedule oflnterieW 

Anthropometric measurements were taken in the Solis clinic for male and female heads-of-households once every three 
months, and for any accompanying children. The adult measures were taken during the RMR protocol. In subjects'
homes, anthropometric measures were taken on target individuals not attending the Solis clinic as follows: (a) adults, 
once every three,months; (b) children, once per month; and (c) infants, at eight and 30 days, and then monthly. Measure
ments were taken of pregnant and lactating women, either in the clinic or at home, once per month. Newborns were 
measured at the Solis clinic. Additionally, all family members were measured in their home once, at the close of the 
study. 

A trained physician served as the Area Chief for Anthropometry and RMR, training and supervising two auxiliaries 
(one male, one female). The team of physicians and interviewers employed anthropometry data collection were trained 
under a physician from INN who was experietnced ia anthropometry. Training took a minimum of two weeks; the ac
curacy and precision of the staff, and intra- and inter-operator errors, were monitored by the method of Habicht (7.1). 

C. Equipment and Methods 

Weights of infants born in the Solis clinic were measured with a Salter infant scale. Older individuals, and infants in 
their h..,mes, were measured on a battery-operated digital scale (Heathkit Co., Avon, CT.) accurate to 0.1 kg. Infants 
were held by their mother and her weight subtracted. The length of infants and toddlers was measured with a steel tape, 
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using wooden blocks to assist in the location of the top of the head and bottom of the feet For older children and adults
measured in the home, aplumb line was used against a wall to ensure that the steel tape was vertical. Subjects were 
asked to remove as much clothing as possible, and were usually weighed wearing pants, a blouse, skirt, etc. In all cases,
shoes were removed. Circumferences were measured in duplicate with a flexible metal or plastic tape measure. Lange
calipers were used to measure skinfold thicknesses in duplicate. 

IV. DATA QUALITY CONTROL 

To ensure accurate weighing of subjects, balances were calibrated before each set of measrements in a given locale. 
The Lange caliptrs were checked once per week with a calibration block. All skinfold and circumference measurements 
were taken and recorded in duplicate. Additionally, for every 10th schooler, all measurements were tken by one in
terviewer and then repeated by a second interviewer. (Because other individuals often refused to be subjected to repeat 
measurements, schooiers were the only subjects for whom such rigorous protocols were followed). 

The Area Chief reviewed each completed data form with the auxiliary(s) who took the measurements. Data were check
ed by the Area Chief against previous values for the same subject and were flagged if there had been a reduction in 
height for infants, preschoolers, or schoolers since their last interviews, or if there had been an increase in height of 1 
cm since the last interview. Any such suspect values were retaken within one day in the household by auxiliaries. 

Precision and accuracy of measurements were calculated using the formula of Habicht (7.1). When needed, immediate 
retraining of auxiliaries/interviewers was conducted. 

V. DATA MANAGFMENT AND ANALYSIS 

A. Primary Coding or Data 

No coding of anthropometric data was necessary because values were entered directly into the computer from inter
view formis. 

B. fr hekig 

Out-of-range values per measure were defined by subject type and were determined by a variety of processes, includ
ing referring to National Center for Health Statistics (NCHS) standards and selecting the upper- and lower-most per
centiles. This, however, detected too many low values. Therefore, an iterative process was initiated whereby a value 
was judged to be reasonable if other measures from that particular individual confirmed its face validity, (e.g., a very
short person would be expected to have a low weight, etc.). Of 6,774 measures, 88 out-of-range values were detected 
and returned to Mexico for correction against the original interview forms. 

C.Conversion of Weightsano lei 

An algorithm was obtained from the Center for Disease Control (Atlanta, GA) for the conversion of weights and heights
of children tc percentiles and Z scores. The Fortran program sent by the CDC was modified for our purposes, e.g. the 
original program produced values of "99.9" for missing values. These were recoded to missing values recognized by
SAS. Using the modified program, the weights and heights of children were converted to percentiles and Z scores for 
the age of the child on the U of measurement. The percentiles and Z scores were those used by WHO, FAQ and the 
NCHS (7.1). 
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Chapter 8 

MORBIDITY 

LPURE()SF 

Morbidity data were collected on a weekly basis from evy member of the study households in order to estimate: 1)
incidence of signs and symptoms and their duration, 2) the extent of incapacity, change in food intake and change in 
appetite associated with the symptoms, and 3) the type and adeqaacy of the medications employed to treat the illness. 

H. DATA COLLECTED 

At each visit the interview schedule was used to elicit the following information: 1)illness signs and symptoms, which 
were recorded using coding categories selected from a list of 99 signs and symptoms; 2) duration of symptoms, by
respondent's report of when the symptoms began to date of termination, which was asceruained at a follow-up inter
view; 3) level of incapacity, based on a 3-point scale; 4) change of appetite, recorded for the day of the visit; 5) change
in diet, based on a 5-point scale, and 6) treatment, judged in terms of appropriateness, also on a 5-point scale. 

M. DATA COLLECTION PROCEDURES 

A. Interview Structure a, I Schedule 

Data on the presence of symptoms were collected once a week throughout the time that a household was in the study.
The lead female was asked about the state of health of each family member on the day ofthe visit. When she replied
that someone was sick, the interviewer asked a series of questions to obtain information on the items listed above. In 
the case of a positive response, the physician did a brief examination of the ill person to confirm the presence of the 
symptoms. At the next interview, a week later, the first questions were follow-up inquiries about the course of symptoms
in the sick person. The termination date of the symptoms (if this had already occurred) was ascertained, after which the 
interviewer asked about current state of healzh of each family member. 

In August, 1985, it was recognized that this method was different from that being used by the other two CRSP projects.
In the latter, the interviewers asked about all ilnesses that had occurred during the previous week, not only about ill
nesses present on the day of the visit. From Septembe, 1985 to the end of the project, the interviewers in Soils also 
asked about symptoms in the previous week, afte the usual inquiry about curient symptoms. Thus, the original format 
was maintained, with an additional set of questions. Comparison of the data from these two methods is provided in 
Chapter 22. 
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Visits were scheduled on the same day of the week for one month, and a different day of the week was scheduled for 
succeeding months. For example, a household visited every Monday in January received visits on Tuesdays in February, 
Wednesdays in March, etc. 

B. Personrne and Training 

Visits to the household were .nade by a team of two people - a physician and a local health auxiliuy. In Phase I, the 
feasibility of using rommunity workers to collect the morbidity data was evaluated. The plan was for physicians to ac
company the health a,.xiliaries for several weeks, after which the physiciats would supervise, but only occasionally go 
on house-to-house visits. However, it became apparent that some women were reluctant to describe symptoms to the 
health worker, who wa not regarded as a legitimate health professional. Also, the local workers did not readily recog
nize visible signs of illness and inqu;re about them if the mothers did not immediately mention the problem to the 
worker. 

On the other hand, the presence of the local health worker often lent a feeling of informality and ease to the interview,
which facilitated data collection. Therefore, the decision was made to use the MD-auxiliary team to collect data. 

During Phase I, both physicians and health auxiliaries received training in interviewing about symptoms and the use of 
Lt recording foi"ms. This training was provided by the Area Chief for Morbidity and the project field director, both 
physicians. 

IV. DATA CODING AND QUALITY CONTROL 

A.The Initial Recording Form 

The form that the physician carried on the household visits was a matrix in which the days of the month were printed 
across the top, and the lines on which to record information about individual symptoms were printed vertically. There 
was a separate sheet for each household member. Thus, the same forms were used for four to five household visits. 

On the original recording sheet, the interviewer wrote in the signs and symptoms in Spanish during the interview, as 
well as checking off the responses to the other questions concerning appetite, incapacity, etc. Then, at the end of the 
day, the numerical code for each symptom was put on the form. Asecond form was also completed at that time. This 
form summarized the information on the main recording sheet. It included only the identification information,
signs/symptoms with their code, and medications with their codes. 

A list of the 99 signs and symptoms utilized in the morbidity records is provided in Table 8.1. 

BThCod"a.rm 

The raw data were recorded on a coding form, which combined the summary sheet on signs and symptoms with the 
data on characteristics of the illness episode, as well as the starting and ending date for each symptom. There was a 
separate code sheet for each individual, with the data for a calendar month. The sheet also included the information on
the number of visits to the household during that month, so that a variable, "days of observation", could be calculated. 
The code sheet was de-signed by the Field director, and coding was done by the physicians, under the direction of an 
M.D. supervisor. The transfer of data from the two original forms to a code sheet was checked by a field assistant prior 
to data entry. 
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TABLE 8.1 
SYMPTOMS AND ILLNESS CODES 

00 = Not ill 
01 = Flu,Common Cold 
02 = Conjunctivitis 
03 = Ptaryngo-tonsilits, 

Inflamed Throat, Herpes Bucalis 
04 = Headache 

05 = Phosphene 

06 = Acouphone 

07 = Nausea 
08 = Dizziness 
09 = Stomach Ache, Abdominal Pain 
10 = Bitter Mouth Swallowing 
11 = Sore Throat 
12 = Irritability 
13 = Cough 
14 = Fever 
15 = Sore Throat 
16 = Eye Pain 
17 = Diarrhea 
18 = Traumatism 
19 = Fetid Urine 
20 = Vomiting 
21 = Backache, Back Pain 
22 = Dysuria 
23 = Precordial Pain 
24 = Asthenia, "Loss of Pep", 

"Not Feeling Well" 

25 = Facial Edema 

26 = Rupture of Membranes 

27 = Dysphonia 
28 = Dysphagia 
29 = Insect Bite 
30 = Herpes Labialis, Mouth apthae 
31 = Nasal Congestion, Stuffy Nose 
32 = Hives, Rash, Allergy 
33 = Phlegm 
34 = Loss of Appetite 
35 = Heartburn, Acidity 
37 = Nasal Bleeding 
38 = Ear Ache 
39 = Back Ache 

40 = Chills 
41 = Vaginal Bleeding 
42 = Chest Pain 
43 = Lower Limb Edema 
44 = Abdominal Distension 
45 = Constipation 
46 = Cloudy vision 

49 = Otitis 
50 = Upper Arm Edema 
51 = Mu )s 
52 = Muscle Ache 
53 = Aphtae in Mouth, 
54 = Dspnea, Difficult Breathing 
55 = Dismay, Asthenia 
56 = Red Eyes 
57 = Bronchitis 
58 = Tooth Ache 
59 = Expulsion of Parasites 
60 = Odynophagia, Painful 
61 = Refuses Feeding 
62 = Dysentery 
63 = Reddened Pharynx 
64 = Tenesmus 
65 = Anal Itching 
66 = Reddened Tonsils 
67 = Purulent Tonsils 
68 = Dehydration 
69 = Enlarged Lymph Nodes 
70 = Hernia 
71 = Ronchi 
72 = LeukorThea 
73 = Clear Nasal Discharge 
74 = Mucous Nasal Discharge 
75 = Dry Cough 
76 = Productive Cough 
77 = Erythemia/Inflamed Nasal Mucosa 
78 = Purulent Tonsils 

.79 = Abnormal Lung Sounds 
80 = Lung Stertoris 
81 = Abdominal Discomfort 
82 = Abnormal Radiographic Signs 
83 = Parasites by Lab Exam 
84 = Itching 
85 = Allergic Reaction 
86 = Occular Congestion 
87 = Abdominal Pain on Palpation 
88 = Tympanism (Abdominal) 
89 = Difficulty in Swallowing 
90 = Hyperperistalsis 
91 = Alcoholism 
92 = Hypermnsion 
93 = Abnormal Cardiac Sounds 
94 = Reddened Ear Drum 
95 = Enlarged Tonsils 
96 = Pale Conjuctivas 
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TABLE 8.1 continued 

47 = Leg/knee pain 97 = Enlarged Viscerae 
48 = Chest Itching 98 = Respiratory Distress 

99 = Other 

"Incapacity" was assessed as one of the following: not ill, no change, some incapacity, or bed-ridden.
 

"Change in appetite" was assessed as presence or absence of change.
 

"Modification in diet" was categorized as no change; had eaten food and caloric liquid, had eaten food and non-caoric
 
liquid; ate no food but had caloric liquid; ate no food but had non-caloric liquid.
 

"Appropriateness of medication" was evaluated as adequate, inadequate, contra-indicated, without effect, no treatment,
 
and a code for "don't know".
 

C. 1 nuaCt-eguries 

The ninety-nine signs and symptoms were subsequently collapsed into six "illness categories" for purposes of analysis. 
The scheme for assigning signs and symptoms to categories was developed by Mexican physicians in the field and the 
new c, tegories were created at UConn in raw data already transferred. The categores were derived as follows: 

FEVER = Fever, not feeling well, chills 

DIARRIHEA = nausea,-diarrhea, '.orthig, dysentery, tenesmus, dehydration, hyperperistalsis 

UPPER RESPIRATORY = inflamed throat, sore throat, dysphonia, nasal congestion, phlegm, painful swallow
ing, inflamed pharynx, inflamed or enlarged or purulent tonsils, dry or productive cough, and difficulty in swal
lowing 

LOWER RESPIRATORY = cough, chest pain, bronchitis, abnormal lung sounds, lung stertorous 

RUNNY NOSE = flu, common cold, clear or mucous nasal discharge
 

OTHER = all other symptoms.
 

D. ICD Codes 

Subsequent to the Phase II data collection, project physicians in Mexico assigned ICD-9 codes (International Classifica
tion of Diseases, 9h Revision) (8.1) to the project's diagnostic codes (signs and symptoms). This mapping was sent to 
UConn for integration into the morbidity data already transferred. 

The format for entering the morbidity monitoring data into a computer fle was designed by the data management unit 
at INN, who supervised data entry at the computer center in the Dept. of Public Health. Printouts of these fi.es were 
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8.1 

then returned to Solis for visual checking against the code sheets. Keypunch errors were corrected before the tapes were 
sent to the University of Connecticut for range checking. Out of r, nge values were recoded to missing. 

REFERENCE 

World Health Organization. International Classification of Diseases. 9th Revision. Clinical Modifications. 
Volumes 1and 2. January, 1979. 
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Chapter 9 

MORTALrIY 

L2_URPOSE 

The purpose of this protocol was to record deaths that had occurred in households in tie study during the previous five 
years (May, 1981 to May, 1986). It should be noted that all deaths of children born to women in the study, including 
still births, were also recorded in the clinical history of each woman. The questions about mortality were restricted to 
members of the household only; that is, to tLh individuals living under one roof and sharing common food and other 
resources. Since the sample of families in the study is not a random sample of all households in the community, the data 
from this protocol cannot be used to reconstruct community death rates. 

H. DATA COLLECTED 

The household mortality data include the name, age at death, and cause of death of any household members who had 
died in the five years prior to the interview. 

M. DATA COLLECTION PROCEDURES 

A. Interview Structureand Schedule 

This interview was achninistered once to all families in the study in May, 1986, after the close of other data collection 
activities. Some families had, therefore, completed all aspects of the study six to eight months prior to this interview. 
Thus, the time frame covered by this inquiry is identical for all families regardless of when they entered or left the 
study. 

All interviews were conducted in the home of the respondent, who was, in all cases, the mother. If the mother was not 
at home when the interviewer arrived, additional visits were made until she was personally available to answer the ques
tions. 

The interviewer fust asked about deaths in the household and then asked to see a copy of the death certificate(s). In 
Mexico, burial cannot take place without an official death certificate, and every household has a copy. The certificate 
includes name, date of death, age at death, and cause of death. The death certificate is, by law, to be made out by either 
a physician or, in the absence of a medical doctor, by a community official. In the latter case, however, the information 
about cause of death is not highly reliable from a medical standpoint The interviewer checked the mother's answers 
against the death Lertificate and any discrepancies were discussed. 
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B. Personne! Training aidRueiiln 

All households were interviewed by the physicians who staffed the health posts in the community. The staff member 
(physician, member of the morbidity team), who designed the interview schedule, reviewed the procedures for data col
lection with the community physicians. The physicians were also given a two-page set of instructions for filling out the 
forms. 

IV. DATA OUALITY CONTROL 

A. Primary CodingofDajq 

Data were captured directly on the interview forms. At the time of the interview, the cause of death was recorded ex
actly as it ,ppeared on the death certificate. On returning to the project office, the identification number of the individual 
was filled in (or assigned for individuals who had died prior to the study), using the data on the household available 
from the basic census. The physician then coded the cause of death, using the same morbidity codes that were used in 
the project's morbidity data. 

tLrrorChteki und Correction of Dat;_ 

The coded data were entered directly from the original interview schedule into a computer file. A printout of the file 
was visually checked against the interview schedules and any errors identified were corrected. 
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Chapter 10 

CLINICAL HISTORI AND PHYSICAL EXAMINATIONS 

1.
PURPOSE
 

,.l of the subjects in the study were interviewed and given a physical examination in order to obtain information on 
failial health history, their own past history, and current health status. Subsequent interviews and exams were for the 
papose of monitoring health Stari:s during the course of the study. 

II.DATA.COLLECTE2 

Separate int,.nview schedules and physical examination forms were used for adult men, adult women (with additional 
sections for women who were being followed through pregnancy and lactation), and children. For males, the clinical 
interview included questions on family health problems, respondent's previous and current health problems, alcohol 
and tobacco use, and personal hygiene practices. For women, there were additional questions on menstruation, reproduc
tive history, obstetric history and problems, contraceptive use, and postpartum practices. During pregnancy, addition
al questions were asked concerning the development of the current pregnancy. The interview for children included 
questions on family health history, previous illnesses, mother's prenatal and obstetric history with the child, infancy 
fe,ding practices, and the age of achieving a series of developmental markers. 

The physical examination included recording of vital signs, and data on nose, throat, chest, abdomen and genital sys
tem, as well as assessment of vision, hearing, neurological status, limbs, rectum, and clinical signs of nutrient deficien
cies. Specific problems identified in the examination were also noted. 

MT. DATA COLLECTION PROCEDURES 

A. Interview Structure andSchedulg 

All subjects were given an initial physical examination, which followed immediately after the interview, to.collect health 
history and current health status data. The first physical was conducted upon entry into the study. Following the entry 
examination, adult men, non-pregnant women, school-age children, and pre. school children were reexamined every
three months. Pregpant women were seen every month, a schedule that continued through the first six months postpar
tum. Infants were also examined once a month. Infants born in the Solis clinic were given their first physical within 12 
hours of birth, while those born in the communities were first seen withip 30 days of birth. 

All of the interviews and examinations were conducted at the clinic in Solis by a physician. Two days prior to the 
scheduled visit, the co..munity social worker (during 1984) or the nutritionist (during 1985-86) would visit the family 
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to arrange for transportation to the clinic. Initially, the social workers used the visit to explain the purpose of the ex
amination. There were generally no problems in acceptance of this component of the study. 

On the morning of the clinic visit, a project driver would bring the family to the clinic. The individuals included in thetrip were the lea.! female, lead male, and the children who were subjects in the study. Other household members alsoaccompanied them if they were ill or, in the case of small children, if there was no one with whom they could be left.Occasionally, the interview and examination of adult men had to be scheduled for a separate time, as was sometimes 
the case with men who migrated to work outside the area. 

Interviews were conducted in the physician's office, after which the physical examination was carried out. Mothers
provided the information for their children, although fathers also participated in the interview about children's health 
history and condition. 

B. Development of the Instrument and Personnel Training 

The format for the clinical history interviews and physical examinations was developed by the director of the Solis
Clinic, who was a pediatrician and chief of the morbidity area for the study. For the development of the interview formsand physical examination forms, the clinic director was assistcd by a second clinic physician, a specialist in internal
medicine, as well as the field director. The content for the interview was based on the general guidelines established 
f ,r the CRSP (by a technical advisory group convened by M.E.). 

The interview and physical exam protocols were pre-tested during the pilot phase with individuals from a community
located at some distance from Solis, which was not a study community. The pilot interviews and exams were conducted
by two other clinic physicians who were also members of the morbidity team. Based on the results of the pilot, some
revisions were made and final forms, which utilized pre-coded response categories, were constructed. They conductedthe clinical interviews and exams during the pilot phase and the first year of the study. Initially, each observered the
other's interviews and exams for a period of time in order to assure parallel interpretation of the items. 

Later in the study, the responsibility for conducting the interviews and exams was assumed by two other clinic
physicians. The second team of physicians was trained by the physicians who pretested and conducted exams during
the first year. Training included observation of ten interviews. 

LYM,.JA MANAGEMENT AND CODING 

Although many items were initially recorded on a pre-coded form, the data from the interviews were transferred to acode sheet. This included the pre-coded items, as well as items that were coded after the interview was completed. The
data from the physical examination were transferred directly, without a code sheet. The interview coding form was 
designed by the field coordinator. 

The interviews were coded hy the physician who conducted the interview. The coding took place as soon as possible
after the interview. Later, a research assistant checked every item of the code sheet against the original form and cor
rected ay miscoded items. 

The code sheet for the final section on current health problems, which was developed by one of the examining physicians,
was designed to utilize information from the physical exam. The coding form was developed to take advantage of the
rarrative information in the clinical interview and the physical exam. A set of instructions was written and their clarity
tested on a subsample of recoids. The coding was done by two of the team's physicians. 

The procedures for data entry and cleaning followed the standard procedures for the project. Every code sheet was firstchecked in Solis by an assistant to assure that the identification number was correct. The sheets and physical examina
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Lion forms were then brought to INN where the file designs were created by one of the personnel of the data manage
ment unit. The designs were then reviewed by a physician before the code sheets were sent for data entry to the com
puter center of the Ministry of Public Health. Printouts of the data files were returned to the field for visual checking 
against the code sheets. Errors identified in the field through this process of visual checking were corrected by the data 
management staff at INN. 
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Chapter 11 

LABORATORY ANALYSES 

I-PURPOSE
 

Several categories of laboratory analyses were performed. These included meas;,rement of: a) fecal parasites in order 
to control for the effcrts of infestation on nutritional status; b) the physical, chemical and bacteiial characteristics of 
urine in order to detect kidney disease, diabetes, and urinary infections; c) hematology for the detection of anemias a-d 
infections; d) nutritio:al siaaus indicators in plnsira; e) ;Ie percent fat in breast milk as a pregnancy outcome meastre; 
and f) pregnancy test.ng to assist us in the early recruitment of pregnant women. 

19. DATA COLLECTED 

Fecal samples were examined for consistency, mucus, blood, parasites, protozoan trophozoites and cysts, parasite eggs,
and helminth eggs. Urinalysis included: 1) smell, colcr, density, and pH; 2) semi-quantitative measures of protein,
glucose, ketones, bilirubin, nitriteF, and blood; 3) semi-quantitativedescription of cells, filaments, and crystals; 4) the 
presence of E. vermicularis, Trici imonas, or Candida; and 5) bacterial counts by plating. Hematological measures on 
whole blood were: red ard white cell coutts, hemoglobin, hematocrit, mean cell volume (MCV), mean cell hematocrit 
concentration (MCHC), and differential count. Plasma samples were analyzed for ferritin, prealburnin. complement C3, 
transferrin, and IgA. Zinc analyses are pending. A subset of plasma samples were studied for T-rosetes and blas;toid 
transformation. The fat content of human milk samples was estimated by centrifugation. 

m. DATA COLLECTION PROCEDURES 

A. Interview Structure and Schedulk 

The selection of families and dates for fecal and urine collections was programmed monthly. Scheduled families were 
given labelled ccntainers in which to collect samples. In most cases, the subjects brought the samples to the laboratory 
early in the morning, at the same time that they were scheduled for some other test (e.g. RMR, clinical examinations, 
or blood drawing). If no clinic tests were scheduled, participants were provided with an ice chest and ice on the pre
vious day so that samples could be stored until picked up by project personnel. 

Schedules for blood collection for families were planned monthly. On the day prior to sampling, the nutritionist in 
charge of the relevant community reminded the family of the test, and advised them to avoid alcohol, and medications 
unless the staff were informed about these. It was emphasized that the provision cf blood samples was in no way 
obligatory, and that unwillingness to provide sbmples would in no way affect their continuation as participants in the 
study. The subjects were driven to the Solis clinic where the blooid was drawn. 
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Milk samples were collected in the Soils clinic at the same time as the clinical exam. Although the experimental design 
was to collect 5 ml at the beginning, and 5 ml at the end of a feed, in most cases it was impossible to control the time 
when the infant received its previous feed. 

The frequency of sample collection was as follows. 

i) Fecal samples: every three months for toddlers, schoolers, and non-pregnant/ non-lactating (NPNL) 
women; at five Pnd eight months of pregnancy and at one, three, and six months of lactation; infants 
at 6 months; and adult males at the start and end of their period of study. About 210 families were 
studied, and 1,000 assays were performed, every three months. 

ii) 	 Urine samples: at the start and end of the study for adult males; every three months for NPNL women; 
and at five and eight months of pregnancy and one, three, and six months of lactation. 

iii) 	 Blood and plasma samples: once, on exiting from the study for all targets, except infants; and, at five 
and eight months of pregnancy and one, three, and six months of lactation, T-rosnEtes and blastoid 
transformation were measured only on toddlers and schoolers as they left the study, and lactating 
women at six months of lactation. 

iv) 	 Milk samples were collected at one, three, and sb: months of lactation. Initial plans to sample 
colostrum were not realized due to objections by the mothers. 

IkPrsollf 

D1tring the course of the project, fourteen technicians (including three paid by UNAM) were responsible for laboratory
analyses. They were supervised by an experienced technician who had a graduate-level education. Most of the tech
nicians had little or no previous experience at laboratory work, and scme were from the Valley of Sois. A laboratory 
was built in an existing building at Solis and basic equipment was sent by the University of Connecticut. Some equip
ment was loaned by INN from previous projects, e.g. a Coulter 6ounter that was used for hematology, and microscopes.
Examination of urine and fecal samples, all pregnancy testing, and centrifugation of milk was done at Sois. Due to the 
difficulty of working with fluctuating voltage (even with a regulator), frequen: power failures, and a dusty environment 
ir the dry season, the hematological and biochemical analyses were done at INN in Mexico City. Biood and plasma
samples were taken to Mexico City on the same morning that they were taken, while being s~ored on ice. Milk samples 
were riozen and transported later in batches. 

Laboratory personnel scheduled the tests, and provided the nutritionist responsible for the relevant households with
labelled supplies on a weekly basis. The nutritionist was responsible for explaining to the families how the samples 
were to be collected, and for scheduling the attendance of the subjects at the Sois clinic next morning, or for pick-up
of the samples if the subjects were not scheduled to come to the clinic. 

IV. ADDITIONAL NOTES ON PROTOCOL 

On arrival at the lab, feces were visually examined for consistency, mucous, and parasites. A drop of diarrheal samples 
was mixed with polyvinyl alcohol, dried, and stained with Wheatley's triclhrome stain prior to th. microscopic examina
tion of cysts, eggs, and leukocytes. A semi-quantitative analysis of the parasite !oad of each individual was achieved 
by centrifugation and flotation of protozoan cysts and helminth larvae with zinc sulfate. 

After visual inspection of urine samples, density was measured with a refractometer, pH with a pH meter, and N-Mul
tistix used to test for blood, protein, glucose, and ketones. From February to June, 1984, Microstix (Abbot Labs) were 
used to test for nitrites, total bacteria and gram negative bacteria. The Microstix gave results very similar to those ob
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tined by cultures and were cheaper and easier to use. However, after June of 1984 the Microstix became unavailable 
in Mexico and only cultures were used to count bacteria. For cultures, duplicate samples of urine were put into Blood 
Agar and Mac Conkey's agar at 1:1,100 dilution. Colonies were counted with a Colony Counter after a 24 hr incuba
tion. 

Approximately 3 ml blood was obtained by venipunctuic using 21 gauge needles and EDTA as an anticoagulant. For 
children, finger puncture was sometimes used instead of venipuncture, using an Autolet (Ulster Scientific). Hematol
ogy and differential counts were made with a Coulter Counter (model ZF,Coulter Electronics, Hialeah, FL). Ferritin 
was analyzed by radioimmunoassay using a "Ferrizyme" kit from Abbott Laboratories (Berkeley, CA). Transferrrin, 
prealburnin, complement C3, and IgA analyses were made by laser nephelometry using a nephelometer loaned by
Hoescht (Calbiochem-Behring). The nephelometer had an automatic cuvette transporter. Data were automatically trans
ferred via a V-24 interface to a Hewlett Packard HP 9815A calculator for the calculation of concentration, and printout
and storage of data. No other immunoglobulins were analyzed because levels of these are not clear indicators of nutri
tional status, and this was confirmed by the results of the Kenya proje-t. Due to the high cost of these analyses, it had 
been agreed that Meyico .i. ' nl,vrun them if the results from the other CRSP projects were interpretable. 

T-rosettes and blastoid transformation were analyzed by the Department of Ecologia Humana at the Universidad 
Autonoma de Mexico, Mexico D.F. Cells were separated using Ficoll Hypaque (Sigma, St. Louis, MO), washed with 
RPMI-1640 medium with added HEPES, gentamycin, fungizone, bicarbonate, and L-glutamine, without fetal calf's 
serum. Cells were counted by uypan blue exclusion, diluted, and sheep red blood cells added. After a 30 minute in
cubation, T-rosettes were read the following day, in duplicate, under magnification using a Neubauer counting cham
ber. For measurement of T-lymphocytes, after the cells were counted by trypan blue exclusion they were diluted in 
RPMI with added fetal calf's serum, HEPES, fungizone, gentamycin, bicarbonate and L:glutamine. Duplicates of this 
suspension were put into level well NUNC plaes and stimuiated with mitogens. These were phytohemoglutinin (PHA)
and concanavalin A (Sigma, St. Louis, MO). Aiter icubation, radioactive thymidine was added (New England Nuclear 
Co., Boston, MA). After additional incubation, cell; were washed, fixed, dried, and radioactivity counted in a Packard 
liquid scintillation counter. Controls included radioactive thymichne, cells without added PHA and concanavalin A, and 
a blank with scintillation fluid alone. The blastoid ii.dex is the ratio of stimulated CPM compared to non-stimulated 
controls. 

Zinc analyses on serum will be r,,n at the University of Counecticut using an atomic absorption sPectrophotometer 
(Perkin Elmer model # 2380, Noiwalk, CT) equipped with a teflon micro-cup. Plasma from healthy controls will be 
run at the same time as the Solis samples. 

The "creamatocrit" method was used to estimate the proportion of fat in milk samples; a few ul of milk were run into 
a capillar-y tube and centrifuged. The proportion of fat was read with a hematocrit reader. The data obtained are of doubt
ful validity because we could not guarantee Ltit milk was always taken at the same stage of breast-feeding events, and 
the percentage of fat in milk rises markedly tov;aris the end of feedings. Milk ,napl.-s are on hand at the University of 
Connecticut where they will be analyzed for amino acid profiles, and for vitamin A (corrected for fat content) and zinc. 
Inmunoglobulin assays on milk were not run because of their dubious interpretability; it is important to measure only
specific secretory immunoglobulins (an expensive proc .dure) and these respond more to infections in the mother than 
Lo her nutritional status. 

V. DATA QUALITY CONTROL 

A.Laho tolr 

For the fecal and urinary analyses, the superviso reread at least 10% of the slides read by the technicians. Earlier in the 
technicians training, the supervisor checked 100%, and then 50%, of the technicians' slides. Sensitivity, specificity and 
predictive value of the technicians' readings were calculated every two weeks. Agreement had to be within 90% or 
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retraining was started immediately. Every day, 10% of the samples read were controls, introduced by the supervisor be
tween the subjects' samples. 

Daily comparisons of hematocrit and hemoglobin readings by the Coulter counter were made against those made in
duplicate manually. More than a 2% difference between the methods was considered unacceptable. WBC and RBC 
counts were checked twice weekly against manual measures; permissible differences for values obtained with different
dilutions were a 2% CV in the Coulter counter and 10% manually. Where the CVs obtained by technicians were unac
ceptable, assays were repeated by the supervisor, and either technician retraining or equipment calibration instigated 
as appropriate. 

External quality control was achieved by sending samples on a weekly basis to he hematology laboratory at INN. Ac
ceptable differences were >3% between laboratories. Data were rejected if they exceeded these acceptable differences;
this occurred in less than 1% of the samples. Controls were run daily between samples. The controls were supplied by 
the hematology laboratory. 

For the measurement of transferrin, prealbuinin, and IgA, each run of samples was accompanied by standards and con
trol (LN Protein Control Serum, Human) sera supplied by Behring. All readings were maue in duplicate. r7erritin analyses 
were done in duplicate, and e:1ch run also contained samples of diluent and seven standards, each in duplicate. 

RLa 

Laboratory values were transcribed onto computer coding sheets with one technician dictating the values, and the other 
recording. The transcribed data were checked against the original entries. 

Printouts from the computer were all checked against the original computer entry forms for accuracy of data capture.
Errors were noted on the printouts and returned to the Data Management team for correction on the tape at IBM. 

VI. DATA MANAGEMENT AND.2 NaLYSIS 

The raw data were checked fox outliers at Connecticut using univariate analysis. Outliers were sent to INN for check
ing against the original data entry forms, and ccrrections made at Connecticut where possible. Limits were obtained 
from the literature for "deficient" and "azceptable" values so that the percentage of individuals with low values could 
be identified. These results are provideA in Chapter 24. Values were also used as continuous variables in analyses. 
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Chapter 12 

RESTING METABOLIC RATE 

LE12RPOSE 

This protocol measured the resting metabolic rate (RMR) of adult and school-age target subjects in order to: 1)deter
mine if marginal malnunition affects RMR; 2) measure maintenance energy costs; 3) measure changes in RMR during 
pregnancy and lactation in relation to nutritional status; and 4) estimate "available energy" for activity and growth/ac
cretion (energy intake - RMR). The data were collected after an overnight fast and therefore approximate Basal 
Metabolic Rate (BMR). However, since little control could be effected over environmental conditions (such as room 
temperature), the terminology "RMR" is used here. 

IT. DATA COLLECTE 

Data obtained in this protocol included physiological state, health of the cardiopulmonary system, room temperature 
(in 0 Centigrade), barometric pressure (in mm Hg; collected only through May 1985), two samples of expired air 
(volume), and percent oxygen for each sample of expired air. Additionally, water vapor pressure (in mm Hg) was cal
culated from room temperature. 

M. DATA COLLECTION PROCEDURES 

A. Test Structure and Schedule 

The RMR test was conducted in a special room at the Solis clinic. On the day prior to the test, a home visit was made 
to remind the subject of the scheduled test, and to ask that before the test no alcoholic beverages be consumed, no 
cigarettes smoked (for at least two hours prior to the test), nor anything eaten on the morning of the test. On the day of 
the test, the project driver went to the house to collect the lead males r.nd females, and any young children they wished 
to bring to the clinic. At the clinic, the test procedure was explained. 

RMR measures on schoolers were done once, near the end of the study (April and May, 1986). Prior to this time, the 
schedule for adults was such that the schedule for equipment use was fully booked every morning-, RMR measures were 
only made on fasting subjects, in the mornings. Therefore, schoolers could not be scheduled at the same time as adults 
dunng the study. The method used for schoolers was the same as that for adults, except that a smaller face mask was 
necessary. 

During the test, the subject lay down for 30 minutes, and then was linked to a Max Planck respirometer. An inflatable 
face mask was applied for three - four nmnutes and the first sample of 60 ml of expired air was collected, and its volume 
measured for the last minute the mask was wcrn. The subject was allowed to rest for three minutes before repeating 
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the expired air collection process. Two oxygen samples were taken from each air sample. Oxygen (in dried air) wasmeasured with a Beckman OM2 oxygen analyzer within 0.5 hours of sample collection. After the RMR test was com
pleted, anthropometric measurements were taken. 

Tests were conducted once every three months on adult males and adult nonpregnant, nonlactating women. Pregnantwomen were measured at five and eight months, and lactating women at one, three, six, and eight months. School-age
children were measured only once, at the end of the study. Any subject who did not arrive for the test was rescheduled 
for testing during the same month. 

Although a second-hand, reconditioned Beckman Metabolic Cart (BMC1) was purchased for the purpose of measur
ing RMR in Solis, the instrument never measured volume accurately and numerous attempts to correct this problem all 
resulted in failure. 

B, Personnel Training and Stervision 

A physician or trained nurse was present during all RMR measurements. Two trained auxiliaries were also present to
assist the key personnel. The assistants, also trained by the physician or nurse to take anthropometric measurements,
were responsible for informing subjects on the day prior to the test. They also traveled to the homes to take 
anthropometric measurements on subjects who did not come to the clinic. 

IV. DATA QUALITY CONTROL 

The volume of expired air was measured and recorded in duplicate. If any duplicate oxygen measurement per sample
had a >5% difference, it was not valid, and was repeated. Initial and final air volume measurements were recorded im
mediately. The volume meter-. checked daily using a calibrated one liter syringe. On a monthly basis, the respirometer
was taken to the physiology -ory of UAM in Mexico City for drying and calibration against a spirometer. The 
oxygen analyzer was calibrated against dried room air (20.93% oxygen) before every reading, and against a standard 
gas (16.00% oxygen) every week. 

V. DATA MANAGEMENT AND ANALYSIS 

A. Primary Coding of Daa 

Data we ;,,ecorded in a laboratory notebook during the test, and transcribed onto the computer data entry sheet im
mediately after the test. Notebook values were then dictated and checked against the values on the data entry sheet.
Calculations from the primary data done in the field were a subtraction of the initial air volume from the fm,-l volume 
of expired air. 

B. Error Checking and Correction or Data 

At IBM, a frequency distribution of values was used to develop a program for computer-aided detection of illegal codes
and out-of-range values. Suspect data were checked by the Area Chief against data entry sheets (for keypunching er
rors). Logical consistency was also checked (e.g., high RMR values, as kcal24 h, are possible in taller subjects). On
the printouts of suspect vaies, corrections were written. The corrected printout was returned to INN, where necessary
changes were made on the RMR tape. The tape was duplicated, and a copy was sent to Connecticut. 

Using an error-checking program for set ranges of upper and lower permissible values for each variable, based on ex
pected values, almost all additional errors were corrected in Connecticut. Most of these errors were in the hand-calcu
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late' action of initial from final volumes of oxygen. Because thc raw data were also in Connecticut, the true value 
wa culated by computer and the tape corrected. Only one value in approximately 1,700 individual records was not 
correctable in this fashion. Both corrected and uncorrected values were sent to Mexico for verification against original 
records, and all corrections were proven to be valid. 
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Chapter 13 

SOCIAL DATA 

1 LMLRiE 

Social data were collected for both individuals and households, using several different interview schedules. The data 
collection instruments were: 

1) 	 Socioeconomic characteristics of the household, including migration activities of household mem
bers. 

2) 	 Sociocultural characteristics, including social activities and behaviors, as well as attitudes and 
knowledge, involving both household-level and individual-level measures. 

3) 	 Agricultural productivity and activities of the household. 

HT. DATA COLLECTED 

A. Socioeconomic Characteristics 

This interview consisted of two parts. The first part concerned characteristics of the dwelling, including the flooring, 
roof materials, walls, etc., as well as ownership of household and agricultural goods. The second part of the interview 
focused on migration and wage labor of household members. 

B. Sociocultural Characteristics 

This interview was designed to gather information on social behavior, values, and aspirations, as well as knowledge, 
media exposure and related features. The sections of the interview included the following types of questions: 

i) Aspirations for children's education and occupation.
 

ii) Frequency of travel outside the community.
 

iii) Radio and television exposure.
 

iv) Participation in family and community social activities.
 

v) Extent of utilization of social programs.
 

vi) Knowledge of community and external affairs.
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C. Agricultural Activities and Productivity 

This protocol was designed to collect information on farming practices and productivity. It includes information on
land holdings, types of crops planted, labor and cash inputs into planting, field maintenance and harvesting, and har
vest yields. It also included information on non-farm, income-earning activities of the household head and other 
household members. 

As described below, there were two versions of this data collection instrument. The first version was administered during
1984; the second during 1985. 

JR. DATA COLLECTION PROCEDURES 

A.S c h e du- d qtrutur 

The development of interviews occured after a preliminary ethnographic phase between June, 1982 and September

1983. This phase was supervised by UConn personnel--Co-investigator Dr. P.J. Pelto and an anthropology doctoral stu
dent.
 

1) Socioeconomic Characteristics 

This interviev was administered twice to families; once at entry into the study, and once at exit from the study or after 
one year, whichever occurred fist. The initial round of interviewing was carried out in November, 1983 in four com
munities with the first set of families rec-uited into the study. In November, 1984, a second round of inte.,iews was
carried out For the initial households who remained in the study, this interview represented the second data collection;
for many households (those who entered the study between Januar), 1984 and November, 1984), this was the first in
terview. When households from two additional comnuities were added to the sample, an initial round of interviews 
was carried out. As families left the study, a final interview with the SES intrument was completed. 

The female household head was the primary informant for this interview. In many cases, it was also necessary to in
terview the male household head to obtain data on economic resources and migration activities. 

Before the interviewer went to th house, the Area Chief filled out the front page of the form with the identification 
number of the family and the identification number of the interviewer. The socioeconomic interview was carried out 
without prior arrangement with tie family. 

In the Solis Valley, it is not customary to invite visitors into the house unless one knows them quite well. Thus, most
of the socioeconomic interviews were carried out in the patio of the house. The interviewers were instructed to ask the
questions standing with their back to the huuse. This was done to avoid the possibility that the interviewer would fillout items, such as characteristics of house construction, by observation rather than verbal report. At the completion of
the interview, the fieldworker observed the house and yard and questioned any inconsistencies. For example, if a woman
reported that she did not own a gas stove but gas tanks were visible in the yard, the interviewer questioned the purpose 
of the tanks. 

A fieldworker ,as usually able to carry out between eight and ten interviews per day, depending on the distance be
tween houses and the number of places where no female household head was home at the time of the initial visit. 

As part of data quality control procedures, two interviews per day were recorded on a tape recorder by each interviewer 
and the tape returned to the Area Chief, together with the completed interviews at the end of each work day. 
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The fieldworkers for this interview were young men and women with either secondary school or high school-level train
ing, all of whom came from the nearby town of Temascalcingo. 

With the first round of interviews in November, 1983, the teanm of interviewers worked in one community at a time, 
completing all households in the sample before moving as a group to the next village. 

2) Socioculturai Characterisitics 

This interview was administered once to the lead female and once to the lead male. As with the socioeconomic inter
view, the initial set of families recruited in November, 1983 were interviewed during the farst month of the study. A 
number of the male household heads who migrated to work outside the valley were interviewed somewhat later. 

After the initial set of interviews, subjects were interviewed as time and the scheduling of other data collection activities 
permitted. 

Socioculturl Intrview 

In parallel with the socioeconomic interview, the Area Chief filled out the identification numbers of the individuals to 
be interviewed for the fieldworkers prior to the daily round of interviews. Since it was preferable to interview an in
dividual without the presence of the spouse, fieldworkers attempted to construct some measure of privacy. Interview
ing women in the morning when their husbands were away, and men in the afternoon when their wives were busy with 
household chores was common. 

Each interviewer tape rr rded two of every ten interviews and returned the tape to the Area Chief, together with the 
completed forms at the end of each day. The team of fieldworkers who coaducted the socioeconomic interviews also 
conducted the socioculturai interviews. The initial round of these interviews was conducted by moving the team of in
terviewers from one community to the next, as with the socioeconomic data collection. 

3) Agricultural Activities and Productivity 

In 1984, the fihst interview covered the harvest of the previous agricultural season, which took place in October through 
December of 1983. In most cases, the interview was conducted with the male household head. Occasionally, when the 
lead male was a migrant, the female household head provided the information. The second interview, which covered 
information on preparation of the field and planting, was conducted in May, 1984. The third interview, on the subject 
of weeding and irrigation, was carried out in August, 1984. 

The revised version of the agricultural activities interview was first administered inJanuary and February, 1985, cover
ing the harvest of 1984. The second interview, conducted in July, 1985, contained information on planting for the cur
rent year. The final interview, on harvest activities and results of the 1985 agricultural cycle, was conducted in January 
and February, 1986. 

The initial form of the productivity interviews was quite time-consuming for respondents, so in this interview the farni
ly ivas usually contacted a day or more before the interview was scheduled. The more compact version, administered 
in 1985, was often conducted without prior arrangement. 

The agricultural activity interview was conducted by a small team offieldworkers, a subgroup of those who were trained 
to carry out the socioeconomic and sociocultural interviews. While many of these interviews took place in the 
respondent's house or patio, they were occasionally carried out in the agricultural fields. In either location, fieldworkers 
were instructed to look for observable features to confirm the respondents' answers. As with the other social data col
lection procedures, a sample of each fieldworkers' interviews was tape recorded to permit checking the interviewer's 
questioning procedures and the correctess of his recording of responses. 
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E. Personnel Trai &nd p a 

The Area Chief for all social &ta, as well as for maintenance of the census, had secondary training in the city of Toluca 
(state of Mexico), followed by three years of techrical training in the Toluca school of social work. Prior to beginning 
her work in the Solis area, she v,orked for a public health program in a crowded inner city neighborhood. At the time 
the project begaia, she had worked as a medical social worker in the Solis Valley for four years and had gained wi& ex
perience in the communities in which the project was carried. OuL 

In the planning phase cf the project, there was gtneral agreement amnong the project staff that the social data could all 
be collected by individuals with secondary or high school level training. It was felt that it would be besii not to use in
terviewers from the villages to gather economic information but that it was npotant for interviewes to be famiilia"r 
,ith the local culture. Young people from the nearby municipal c-atm cs'emed appropriate because many of them had 
experience with hife in the villages (through friends and reiatives), but they were not directly neighbors of the families 
they were to interview. 

In September, 1983, the Area Chief contacted the faculty of the cocondary school and the prepararory (high schocl) to 
announce the availability of employment in tho project Ten studerts, male and female, ranging in age frovi 16 to 21 
years of age, responded 'othe request for field assistants. 

The training of the fieldworkers, wich was under the direc.ion of the Area Chiief, with the assismrc of the Field Direc
tor and other Zeniar staff, took place, at the project headqctaiv' s -,iSolis. The first training sessions occunrrd in October, 
1983. The area chief gave a series of clas-ses that included lescripfion of he goals, purposes, and form of !theproject, 
interviewing techniques, and review of ihe interview fcrmis. 

The second stage of training involved , ctice sessions in which the fieldworkers took atrns inter-iewing each other in 
front of the group. One individual wa. designated as "the interviewer':, a,:other as "inteiviewe", while the rest were 
observers who also filled in the interview forms as they listened. ,Xfreach interview, the style of questioning was dis
cussed and criticized and the recorded answcrs of everyone were compared. This traning procedure was caxried out 
initially with the socioeconomic interview schedule. Prior to the first administration of the sociocuitural and agricul
tural activity interviews later in the year, his asqect of training was repeated. 

The third step in training was introducing the fieldworkers to the community They tourmd each community, learning
the system of sectors and household mapping that was devised to assist project personnel in identifying study households, 

"The final step in traiing was learning t) use the tape recorder in a fashion that didn't disrupt he flow of the interview. 

The team of social data tieldworkers was very stale throughout the project Of the original ten recruited in 1983, only 
one person left prior to t'.e completior of dat, collection in 1986. He was replaced by another young man from the 
municipal center who received an inlividulized course of training by the Area Chief. Apart from their interviews with 
social data instrients, ta.is grcup of fieldworkers also worke7d in the area of activity recall and dietary data collection 
during 19&4. In 1985, they worl:ed as assistants in data checking anr.iruanagement, except during the periods of social 
data collecioa. 

vATAMAA NAG J ENT AND ANALYSIS 

Amlali .Cflatr , i__aua&a1 ifon 

The three area; of social data were subject to the same procedures of data quality control in data collection. A!the end 
of each day, the interviewers returned their completed forms to the Area Chief. In the evening, she reviewed the com
plewd forms, checking for two problems: missing data (items not filled in) and extreme values. 
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For the sample of tape recorded interviews, he Area Chief also checked respondents' replies against tl', filled-out form. 
Problems of missing data, highly unusual values, or other apparent errors were discussed the following day with the 
fieldworkers individually. The fieldwoikers then returned to the respondents to obtain additiotial information or make 
the corrections. In some cases, for example, when the Area Chief felt. there might be a problem of rapport between the 
interviewer and the respondent, she went back herself to collect the correct information. The following example il
lustrates this process: 

Households normally have only a small number of draught animals. When an interview returned with a report of 42 
oxei. the Area Chief questioned the interviewer, who insist:d that 42 was the number the informant gave. The area 
chief then went to the family for an ey.planation. The result was that the family was not the owaer of the animals, but 
was maintaining them for the regional agricultural bank. This was a unique case as this type of arangerent was rare 
in the Solis area. The socioeconornic interview form was corrected to show tht the household owned no oxen. 

In the early months of the study, another methcd of quality control, in addition to tape recording a sample of interviews, 
was direct observation of the interviews by the Area Chicf. For several weeks, she accompanied the fieldworkers on 
interviews, usually observing at least tLree - four interviews per week foc each fieldworker. Any problems with an 
interviewer's style, interpretation of qu .stions and responses, or method of recording were discussed imrmediately after 
the interview. 

The data from the thrceescral data instruments were iransferred to code sheets. The decision to use an intermediate 
coding procedure was based on several characteristics of the Lnterview forms themselves and the nature of the data 
being collected: 

1) Although the general format of the social data colleation instruments was based on categorical respon
ses, many questions included an option to record an alternative answer. 

2) Since the distribution of responses could not always be anticipated, questions were designed to max
imize detail, with the expeccation that the first level of data reduction would occur in transferring the 
responses to code sheets. 

Designing the coding cattegorites and testing coding reliability -was a joint activity of one of the pLincipal investigators
and the Area Chicf. To accomplish this, a large sample of completed interviews, was reviewed and frequencies of 
responses were hand tabulated. Decisions about combining items into a single code were based partly on frquencies 
and partly on *ogicalor cultural considerations. To prrs.w-ve richness of information, combining items into a single code 
was kept to a rinimum. 

Portions of the sociocultural interview requirei further ,ork. A nr-nber of the questions were open-ended. Coding 
categories for these items were developed after reviewing a large numbei" of completed interviews in order to assure 
that the categories covered the range of possible responses. Arswers to a set of questions on "knowledge" (of local is
sues and the wider worl) were coded in terms of the "corectness" of the responses. Since some of the items changed 
over time (e.g. "Who is the muticipal president?"), the coding instructions were revised, as necessary, to reflect such 
clunges. 

All coding was dorne by the Area Chief. Approximately 50% of the socio-cultural interviews, 25% of the socioeconomic, 
and 10% of the agricultural interviews were also coded by principal investigators. There were virtually no coding dis
agreements between the coders. 
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C. Data Entry and Cleaning 

The codcd data were entered on tape at the Computer Center at Saludj ka (Public Health) in Mexico City. The Area 
Chief was present at the data entry session to assist the computer center personnel chief in training the data entry clerks. 
Entry was screen prompted, and there was duplicate entry of every code she.eL 

Printouts of the raw (coded) data were sent back to Solis for hand checking against the original data. After correction 
of identified errors, the data were sent to Connecticut for range checking. Items that failed to meet the qualifications 
were returned to the Area Chief for fvrther checking against the original interview schedule. Errors were corrected or, 
very rarely, the value of an item had to be "flagged" as a questionable or bad value. 
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Chapter 14 

SANITATION DATA 

JI.PURPOSE
 

Sanitation data were collected to assess the sanitary and hygienic conditions in the home in general, and specifically in 
relation to child care. 

ILDATA COLLECTED 

Observations were made of the following: condition of the patio (including type and quantity of waste, presence and 
number of animals); living quarters (waste on floors, walls, presence of animals); kitchen (type, quantity, and location 
of waste, pres-crce/number of animals, and location/care of food); other household characteristics relevant to sanitation 
(water source, waste disposal); and physical appearance of family members. 

M, D&TA COLLECTION PROCEDURES 

A. Inte, t'2w Structure and Schedule 

Interviewing about sanitary conditions and hygienic practices during Phase I revealed the difficulty of getting accurate 
information directly from respondents. Therefore, we decided to measure sanitation and cleanliness based on observer 
ratings. The development of the observation protocol involved a number of steps: 

1) 	 Ednographic work yielded information on which parameters were most ,c,'Iily observable and the 
catalog of values or characteristics one could expect to find within the valley communities. For ex
ample, the various sources of water (piped into the house, yard or neighborhood, taken from well or 
spring) were identified through a combination of interviewing and observation. 

2) 	 Meetings were held with small groups of project fieldworkers, approximately two four individuals 
at a time. They were asked to identify individuals and households from the community sample who 
typified different levels of personal appearance. Generally, our informants had no difficulty in making 
these identifications. We then asked them to describe the bases fcr their ratings. From these discus
sions, we derived some criteria for assessment. We also ascertained that the fieldworkers could dis
tinguish between appearance with respect to "cleanliness" and with respect to wealth indicators. That 
is, the concept of a clean but poor house, and a well-built, well-furnished but dirty house could be 
readily recognized. From our meetings with several groups of fieldworkers, we determined that the 
rating task "made sense" and could be carried out by all of the personnel with whom we discussed it. 
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3) 	 A preliminary draft of an observational protocol was drawn up and pretested in one of the com
munities. On the basis of this pretesting, several items were modified and some were dropped When 
a final version was ready, the observation protocol was incorporated into routine data collection pro
cedures. At every visit to each household by nutritionists, psychologists, physicians, and social data 
collectors, the interviewer completed the standard observation protocol. Over the course of a year in 
the study each household would have approximately 24 observations made by the nutritionists, as 
well as several observations by other project personnel. 

B.Personnel Training and Supervision 

Although most of the staff participated, to some degree, in the initial protocol development, all staff members were 
given a short training session in the use of the protocol, and new personnel were also given a training session. All of 
the training was supervised by the Area Chief for social data, who also had responsibility for periodically checking the 
completed data sheets. 

IV. DATA OUALITY CONTROL 

A. Primary Coding of Data: 

The sanitation form included a checklist of the household and personal sanitation indicators which were observed. Data 
(assessments following the checklist) were coded directly on the observation sheet. 

B. Error Checking and Correction of Data 

Data were entered into a computer file directly from the original observation sheets at the Data Processing Center at 
S£aJiiublika. No additional coding was necessary. After data entry, a printout of the results was visually checked
against the original data sheets by Sols field staff. Corrections were made by staff in Mexico City before the data tape 
was sent to Connecticut for range checking. 

A number of composite variables representing ervironmental and personal sanitation were constructed from the data 
for descriptive and analytic purposes. Their derivations are described in Chapter 26. 
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Chapter 15 

PSYCHOLOGICAL DATA 

I.PURPOSE 

A large body of psychological data was obtained from infants, preschoolers, school-age children, and adults in order to 
assess the relationships of food intake to cognitive performance and social-emotional behavior. This chapter provides 
the following types of information about the methodological aspects of this research area of the project: 

a. Section II describes each of the research instruments, some of which are standardized psychological 
tests and some of which were developed or adapted especially for this project. The listing and descrip
tion of the instruments is given by subject type, beginning with infants. 

b. Section III describes personnel training and supervision. 

c. Section IV explains data collection and coding procedures. 

d. Section V describes data management and analysis procedures. 

H. TYPES OF DATA COLLECTION INSTRUMENTS 

AJnfants 

The psychological data on the infant involved two general categories: neuro-motor development, as assessed by the 
Brazelton Neonatal Assessment Scale and the Bayley Scales of Infant Development (Mental and Motor Scales), and 
social-emotional development, as assessed through observation, with concomitant assessment of the mother. 

1. The Brazelton Neonatal Behavior Assessment Scale (BNAS) 

The BNAS is an assessment instrament developed by Dr. T. Brazelton, which uses "behavioral items to assess the 
infant's responsiveness to external stimuli, his motor organization, and his ability to modulate his state of conscious
ness. These behavioral items reflect the integrity of the infant's central nervous system, and the infant's capacity to elicit 
caretaking from an adult" (15.1). The examination consists of 48 items that include assessment of the newborn's 
reflexes, movements, reactions to light, sound and tactile stimulation, as well as a few items on the tester's global evalua
tion of alertness, motor tone and maturity. 

2. The Bayley Scales of Infant Development (Mental and Motor) 

The Bayley Scales of Infant Development measure a number of characteristics that may be affected by marginal mal
nutrition. The Mental Scale is "designed to assess sensory-perceptual acuities, discriminations and the ability to respond 
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to these; the early acquisition of 'object constancy'and memory, learning and problem solving ability; vocalizations 
and the beginnings of verbal communication and early evidence of the ability to form generalizations and classifica
tions, which is the basis for abstrct thinking" (15.2). The Motor Scale is intended to "provide a measure of the degree 
of control of the body, coordination of the large muscles and finer manipulatory skills of the hands and fingers. As the 
Motor Scale is specifically directed toward behaviors reflecting motor coordination and skills, it is not concerned with 
functions that are commonly thought of as 'mental' or 'intelligent' in nature" (15.2). 

In our study, for the Mental Scale at 6 months of age, a total of 51 items from the original scale were utilized. These 
were numbers 40 - 90 inclusive. From the motor scale a total of 26 items from the original scale were selected -- those 
numbered 14 - 40, inclusive. 

3. Bayley Infant Behavior Record 

The Infant Behavior Record, which is completed by the examiner after the Mental and Motor Scales have been ad
ministered, is a standard part of the Bayley infant Assessment. It provides an assessment of the child's social and ob
jective orientations toward his environmentL The assessment is based on both specific observations and qualitative 
judgments on the part of the examiner. Each dimension or quality is rated on a scale of either five or nine points. 

In this study, we included a total of nine behaviors from the original check list 1)responsiveness to examiner, 2) coopera
tiveness, 3) general emotional tone, 4) responsiveness to objects, 5) goal directedness, 6) attention span, 7) reactivity, 
8) large motor coordination, and 9) fine motor coordination. 

4. Mother-Infant Interaction Observations 

Dr. Field designed a structured observation situation in which mothers and their infants are observed in face-to-face 
play, using a 15 second time sample unit coding methodology. Nine infant behaviors were coded, as follows: 
1) looking at mother, 2) smiling, 3) cooing, 4) laughing, 5) yawning, 6) frowning, 7) fussing, 8) bicycling limbs, and 
9) squirming. 

Mothers' behaviors are classified in eight specific categories: 1)looking at the child, 2) smiling at the child, 3)vocaliz
ing to the child, 4, touching the child, moving the child's limbs, 6) imitating the child's sounds, 7) playing games with 
the child, and 8) "infantized behavior". 

In addition to the categories above, there is also a set of ratings made by the psychologist. These will be referred to as 
the Interaction Rating Scales, based on the mother's and infant's behavior during the observation. The Interaction Rating 
Scale for the infant is comprised of seven items, rated on a three point scale. The mother's scale is comprised of 10 
items, rated on a three point scale. For the infant. the scale uses: 1)state, 2) activity, 3) orientation, 4) looking, 5) facial 
expressions, 6) agitation, and 7) vocalization. 

For the mother, the evaluation scales were: 1)state, 2) activity, 3) orientation, 4) looking, 5) silences, 6) expressions, 
7) vocalizing, 8) infantized behavior, 9) contingent responsiveness, and 10) plays with child. 

B. Preschool Children 

The psychological data on the preschool child involve two broad categories --cognitive performance and social-emo
tional characteristics and behaviors. These data were collected by means of the Dayley Scale of Infant Development, 
including the Infant Behavior Record, described above; and observation of behivior in a standardized play situation, 
which yields measures of affect, activity, and verbal behavior of the child, as well as parallel measures on the mother. 
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1.The Bayley Mental Scale 

The complete scale, for use from birth to 30 months of age, consists of 163 individual items, graduated from most simple 
to increasingly more complex or advanced responses. 

Since the scale includes items for testing very young infants, there were items that all 18-month-old children would be 
expected to pass. Therefore, for greater efficiency of test administration and recording, Dr. Field, the co-investigator
in the area of preschooler psychological testings, eliminated the simplest items, selecting 54 consecutiye items for use 
in testing the preschooles at 18 months and adding an additional 10 to tie test for children of 24 and 30 months. In 
the Bayley Scale format, these are items numbered 100 to 153 and 100 to 163, respectively. 

2. The Bayley Motor Scale 

In exact parallel to the Mental Scale, tie items of the motor scale are structured in increasing order of difficulty based 
on developmental norms estahlished with a large U.S. sample. The full battery, applicable from birth to 30 months, con
sists of 81 items. For the application in the Solis sample, Dr. Field reduced the total number of items, selecting those 
that are appropriate for the 18 - 30 month preschoolei. For the 18-month-old, the exam included 12 items (numbers
47-52, and 57-65 in the original Bayley format). At 24 months, an additional five items were added, including Num
bers 47-52, 57-61, 65, 68, 70, 71, 73 and 75 of the original format. At 30 months, 22 items were included in the ex
amination, c.sing 47-52, 57-61, 65, 68, 70, 71, 73, 75-79, ind 81 from the original formaL 

3. The Bayley Infant Beha ior Record
 

The content of the IBR form used with preschool children was identical to the form used for infants, as described above.
 

4. Structured Toy Play 

Dr. Field designed a structured toy play situation in order to observe interaction behaviors of preschoolers and their 
mothers. These were classified generally in terms of levels of affect, activity, and verbal output, and specifically, in 
terms of the following behaviors for children: 1)consrtuctive play, 2)fantasy play, 3)looks at mother, 4) talks, 5) smiles,
6) play together (with mother), 7) seeks help or instructions, Lnd 8) fussing or crying. 

For mothers, the coding dimensions were: 1)constructive play, 2) fantasy play, 3)contingent responsiveness, 4) looks 
at child, 5) talks, 6) smiles, 7) demonstrates with verbalization, 8) coaxes child to try, and 9) gives commands. 

C. School Age Children 

As with the preschool child, the psychological data on school-age children cover two main categories - cognitive
development and social emotional functioning. For the child of seven to nine years, the instruments that were used to 
collect data consisted of a cognitive test battery, a self-drawing task, observation on the playground and in the class
room, and teacher rating of child characteristics. 

1. Cognitive Test Battery 

The tests of cogrfitive functioning were drawn mainly from the Wechsler Intelligence Scale for Children (WISC-R)
(15.3) 	with some additional measures. The components were as follows: 

From the WISC-R: 

1) 	 Digit Span Thsk, in which the subject is asked to repeat sequences of numbers, fi,.st in the order they 
are presented to the subject, then in reve.se order. 
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2) The Block Design Task that requires the subject to copy designs presented pictorially with a set of 
blocks. 

3) The AUrithmetic test, in which the problems to be solved arepresented in verbal form. 

4) The Maz, test, which requires the subject to trace a path from the center of a maz. to a final outlet. 

From other sources: 

1) An "Attention Span" task, designed by Dr. Finley, in which the subject is asked to place a mzrk across 
rows of lines, working as rapidly as possible. The performance is scored in terms of the amount of 
time required to "cross off" all of the lines, and the number of lines crossed per second. 

2) Raven's Progressive Matrices task,(15.4) in which the subject is presented with a pattern in which a 
piece is missing and asked to identify the part that is required to complete the pattern from a set of 
shapes, only one of which is correct. 

3) Peabody Picture Vocabulary Test (15.5), in which the subject is asked to identify pictures that illustiate 
specific words. 

2. Self Drawing Task 

In this measurement, the child is presented with a set of colored crayons and a blank sheet of paper, 8.5 x 11 inches, 
with the request that he or she draw a self-portrait. 

3. Playground Observation 

This instrument is based on the observational framework developed by Drs. Barrett and Yarrow, and originally used to 
assess children's activity in Guatemala (15.6). The child's observed behavior during school recess is classified in rela
tion to three general categories: 1)"Activities Toward Other Children," 2) "Relationship with Adults," and 3) "Relation
ship to Physical Environment." Within these categories, behavior is described with respect to a series of specific 
characteristics, such as "friendly," "aggressive," "seeking physical contact with adult -,"and so forth. Behavior is also 
classified by "level of activity" and "type of emotion." 

4. Classroom Observations 

The format for observing and recording the child's behavior inside the classroom consisted of four categories. At regular 
intervals, the child is coded as exhibiting one of the following behaviors: "talking," "playing," "off-task", or "out of the 
room." 

5. Teacher Rating of Child Characteristics 

The teacher ratings of the school-age children included two checklists. The first, based on the Behavior Problem Check
list developed by Peterson and Quay, is a list of 50 characteristics, such as "cries easily," "poor attention span," "often 
sad," and so forth. The child's teacher is asked to mark all of the items that apply to the child. 

The second checklist, developed by Buck, consists of 25 additional characteristics that are explicidy designed to provide 
a basis for an "introversion-extroversion" score. For each characteristic, the teacher is asked to rate the child on a 5 
point scale, in terms of its applicability to the subject. 
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D.AdUlis 

The psychological data on the adult were limited to an assessment of cognitive performance, using a test battery that 
parallels that used for school children. In the case of women who are mothers of infants and preschool children in 
the sample, the mother's social-emotional behaviors in the social-interaction "tasks" were also assessed. The 
categories for maternal assessment are listed above under "Mother-Infant Interaction Observations" for infants and 
under "Structured Toy Play" for preschoolers. The tests with adults are identical to those described above for school 
age children. 

I. PERSONNEL TRAINING AND SUIPER VISION 

The development, pre-testing, and supervision of data collection on cognitive performance in adults and school children 
was under the direction of Dr. Gordon Finley, Professor, Florina Interniational University. Dr. Tiffany Field, Professor, 
University of Miami, had parallel responsibilities for the observational components of school child testing, and all 
aspects of infant and preschool testing, including observation of mother-infant interactions. 

A. The Area C fief 

The Area Chief for psychology joined the project staff in July, 1983. She received her 1&aiapwd in psychology from 
the University of Morelos, and completed a year of postgmriix1'ate work at the Universida' National A..:icrma d Merico 
(UNAMI). She also had some field experience prior to joining the CRSP project 

B. Fieldworkers: Recruitment an_Traimiag 

The Area Chief had the pri'mary responsibility for recruiting and training the staif for the psychological training. In 
September, 1983, she contacted the technical school for training social workers in the town ot Acambay, a municipal 
center in a region close to Solis. From this school, five staff members (three men and two women) were recruited. 
I neir educational background consisted of three years of secondary school training and three years in the social work 
technical school. A local school teacher was also recruited. His prior education included secondary school, four years
of normal school, and summer coarses to qualify as a secondary school teacher. Three high school students from Temas
calcingo were also hired, bringing the initial staff of the psychology group to nine. 

A North American graduate student in psychology, who had been hired by Dr. Field to help the Area Chief in the early 
phase of testing and training, arrived in Solis in the late summer of 1983. He and the Area Chief began training the 
fieldworkers with the cognitive tests for school age children in September, 1983. Children from Solis, not from the 
study communities, participated as subjects for the training. 

The training procedure was as follows: 

1. The Area Chief administered the test to a school child while the fieldworkers watched and filled out 
(coded) the examitation sheet. 

2. The coding was reviewed and problems were discussed in the full group. 

3. One at a time, each fieldworker administered the test to a school age subject, while the others watched 
and filled in their code sheets. The coding was then reviewed and discussed. 

4. Training of the fieldworkers for the school playground observations was carried out by Dr. Field's 
assistant. He took the fieldworkers (in smaller groups) to learn the procedures for the observational 

89
 



study of schoolyard activity. Comparison of coding was the main way in which problems were dis
cussed and observations standa.rdized. 

In October, 1983, the fieldworkers did trial studies of cognitive testing of school age children and school yard obser-
vations in another community in the Solis region, which was not one of the study communities. 

In January, 1984, the Area Chief went to Miami to work with Dr. Field and her assistant, Ms. Nitza Vega-Lahr, on ad
ministration of the Brazelton examination on newborns and the Bayley Scales in infants and preschoolers. After her 
return, in February, 1984, she began training several of the fieldworkers in the application of tests for preschoolers.
However, in March these fieldworkers, together with the other social workers who had been trained in the psychologi
cal testing procedures left the project. The Area Chief took over the preschooler testing for several months. 

InJune, 1984, Ms. Vega-Lahr visited Solis for two weeks and assisted in the training and supervision of field workers 
on Brazelton, Bayley, and behavioral observations. 

In August, 1984, three psychologists from the University of Morelos joined the project as fieldworkers. They had com
pleted all of their formal training for the licenciatura, except for the thesis and social rervice internship. After a brief 
period of training (following the procedure described above), they began testing preschool and school-age children. 

Two of the three psychologists left in December, 1984 and in January, 1985, two psychologists, one from UNAM and 
the other from the University of Morelos Y'ere recruited. The Area Chief made a second trip to Miami to review the
previously collected data and data collection procedures. In her absence, the new psychologists were trained by the 
fieldworker who remained with the project. A third university-trained student was recruited in March, bringing the staff 
to six, three of whom had university trainping and three with secondary school training. In the final months of data col
lection, a psychologist trained at the Universidad Autonoma Metropolitana (UAM) in Mexico City joined the staff,
when one of the other psychologists indicated he would be unable to remain through the end of the project. 

IV.DATACOLLECTION AND CODING fQCEDURES 

Inthe discussion that follows, the information is organized by subject type. The schedule and procedures for administer
ing the tests and observations are described first, followed by a description of coding procedures. 

The Brazelton Neonatal Behavior Assessment Scale was given once, usually within 24-72 hours of birth. In a small
number of subjects, who were not born in the health clinic in Solis, the examination was administered when the infant 
was brought to the clinic for a first medical examination. This event occurred between eight and 28 days after birth. 

The Bayley Mental arid Motor Scales were administered once at six months of age. The assessment of the child's per
formance by the psychologist, the Infant Behavior Record, was also filed out in conjunction with the administration 
of the Bayley. 

The Mother-Infant Interaction Observation was conducted twice, once when the infant was three months of age and 
once at Six months. 

1. The Brazelton Neonatal Behavior Assessment Scale 

All Brazelton exams were conducted in the Solis Clinic, where they were administered by the Area Chief or one of her 
assistants who had also received training in its administration. The psychologists followed the protocol initially 
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designed by Dr. Brazelton, proceeding through the numbered items in sequence, with appropriate pauses (as necessary) 
to allow the newborn to return to an alert state. 

2. Bayley Scales and the IBR 

The full battery of testing procedures on the infant at six months of age was scheduled to be administered in a single 
session. Usually, two psychologists (or a psychologist and a community assistant) went to the house together, so that 
the second person could attend to other young children and permit the mother to give her undivided attention to the 
testing. 

The examiner began with items of the Bayley Mental Scale, followed by the items of the Motor Scale. The items of the 
Infant Behavior Record were filled out before the psychologist proceeded to the mother-infant interaction. If the in
fant appeared to be very sleepy or was crying hard and could not be readily calmed, the examiner stopped the testing 
procedure and returned on another day. 

3. Mother-Infatm Face-to-.Face Interaction Observation 

For this testing procedure, the mother was askcd to sit on a bed or chair and to hold the infant facing her, supporting 
the baby's upper body and head, "The psychologist asked the mother to play freely with the baby. The observer sat at 
a ninety degree angle to the mother and infant and recorded their behaviors on a form that included the items described 
above. The observation schedule was to obser.,e for 10 seconds and record for five seconds, fbr a period of five minutes. 

4. Coding 1ne lrazelton Neonatal Behavior Assessment 1v 

The coding system used in this study to classif,' the Brazelton items is the standard system developed by Lester (15.7). 
This prcduces seven subscales: 1) habituation, 2) orientation, 3) motor development, 4) range of states, 5) regulation 
of states, 6) autonomic stability, and 7) reflexes. 

The Area Chief coded all of the Brazelton examinations, following the instructions on the use of the Lester system 
prepared for her and translated by Dr. Field and Ms. Vega-Lahr. 

5. Coding the Bayley Scales and the IUR 

The Bayley Mental and Motor Scale results are reported as the total number of items passed. 

Two factors from the total IBR were utilized. To construct a score for a factor, the values for the individual items that 
comprise a factor were summed. Thus, the "cognitive factor" is the sum of the scores on: 1) orientation (with a range 
from 1-9), 2) direction (with a range from 1-9), 3) attention (with a range from 1-9), 5) reactivity (with a range from 1
9), 5) gross motor coordination (with a range from 1-5), and 6) fine motor coordination (with a range from 1-5). 

Similarly, the three observation items that make up tht extravenion factor are: 1) orientation (with a range from 1-5), 
2) cooperation (with a range from 1-9). and 3) emotional tone (with a range from 1-9). 

The Area Chief coded the IBR records to create the scores for the two factors. 

6. Mother-Infant Interaction Observation 

To derive a score for each of the classes of behaviors coded in the observation check list, the check marks in each row 
were summed and recorded at the end of the line. This addition was done by the observer and reviewed by the area 
ciief. The interaction ratings on mother and infant (each of which was rated on a three point scale) were recorded 
directly in the data file. 
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B. Preschool Children 

The project design called for the administration of the Bayley testing procedure to preschool subjects at three ages: 18 
months, 24 months and 30 months. This schedule was generally tollowed, but a number of factors affected the exact 
date of testing. Children were not tested when they were ill, as judged by the presence of fever or the mother's report
that the child was sick to the point that activity was altered. This delayed testing in some cases. The most common 
reason for a testing delay was the temporary absence of the family from the house or community. A third factor, which 
mainly affected testing at 18 months was tcmporary non-availability of a trained examiner, as a consequence of staff 
turnover. 

The full battery of testing procedures on the preschoolers was scheduled to be administered in a single session. Prior 
to the test day, the mothers were contacted by the psychologists, the testing procedure was explained, and a time for the 
test was set up. An effort was made to schedule the testing session for the morning. For most families, the outside patio
is a primary living area, and it was usually in the patio that the testing was conducted. Inbad weather, the testing took 
place inside. 

Typically, the preschoolers, especially at 18 months, were extremely shy. Frequently, they hid behind their mothers, and 
they often cried. Sometimes the examiners needed a first visit simply to establish rapport with the child, and testing
would be delayed for a few days. More often, the test could be administered at the first visit. 

1. Bayley Mental and Motor Scales 

The examiner began with the items of the Bayley Mental Scale and then proceeded to the Motor Scale Items. If the 
child was cooperative, the testing then proceeded to the observation of Mother-Child Interaction. If the child was tired, 
cross, or otherwise not cooperative, the examiner stopped the testing procedure and returned another day. 

Many of the test items require the tester to interact with the child about an object, such as a cup, colored boxes, rings,
cubes, a doll, and so on. The objects are all included in the standard Bayley tester's kit, which resembles a large brief
case. The testing kit, with its standard items, was used by the examiners for all of the subjects in the Solis sample. 

Before continuing with the structured observations, the psychologist filled out the Infant Behavior Record form. 

2. Structured Toy Play: Mother-Child Observations 

Following the Fayley, the observations began with the psychologist taking out a set of 'Lego Blocks," colored plastic
blocks that cau be fited together to make three dimensionai objects or forms. The psychologist showed the mother 
how to manipulate the blocks to create objects, using both verbal instruction and demonstration. When it was clear that 
the mother understood the task, the psychologist asked the mother to show the child how to use the blocks. He or she 
then observed, without recording, for three minutes. 

Following this trial period, the psychologist began recording the interactions on a check list that contained the categories
described above. The procedure was to observe for 10 seconds, check the appropriate boxes for both mother and child 
and return to 10 seconds of observation until 60 observation units were recorded. During the interaction period, the 
psychologist also recorded verbal behavior on an audio tape recorder. 

3. Coding the Preschooler Instruments 

The results of the Bayley examination are normally presented in the form of the Mental Development Index (MDI) and 
the Psychomotor Development Index (i-DI), which are standardized scores (15.2). Since they measure developmental 
processes, the assessment of an individual child's performance can be expressed as his/her achievement (at a given age)
of behaviors that are normatively characteristically achieved by children of a given age. Population distributions are 
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thns the yardstick of measurement in a manner that parallels the use of percentiles of weight-for-age or height-for-age 
to assess anthropometric performance. 

However, while there is a theoretical, as well as an empirical basis to justify the use of an international standard for 
anthropometry, this is more. problematic with respect to psychological development. When we examined the pattern of 
passes and fai!:; on specifi,: items in the CRSP sample, we found that the Mexican children apparently do not follow 
the same developmental sequence as that of the U.S. children. Some low numbered (hence "easier") items were failed 
by a large percent of the children in the Solis communities, while some very difficult ones were passed by most of them. 
This pattern of responses suggests one should be very coutious about using the standard scores even for intra-group 
analysis. 

Given the difficuhias of ir.terpieting the standard MIDI and PDI, the Bayley results were coded as a simple, additive 
score of "total number of items passed." Since every child was exposed to all the items in the test battery, these scores 
can be used to compare or rank the prformance of all children in the sample. 

The Mental Scale w's obtained by counting the total number of items the child passed. The Motor Score was derived 
in an identicai fashion. 

4. Infant Behavior Rlicord 

As previously noted, the IBR is compieted by the examiner, following the administration of the mental and motor scale 
items. Nine items from the IBP are used in the construction of the extraversion and cognitive factor scores: 1) respon
siveness to examinei, 2) cooperaivcness, 3) general emotional tone, 4) responsiveness to objects, 5) goal directedness, 
6) attention span, 7) reactivity. 8) gross motor coordination, and 9) fine motor coordination. The individual items of the 
IBR require no further coding decisions after th! psychologist fills out the form. 

5. Coding the Mother/Child Interaction Records 

At the conclusion of the observation session, the psychologist marked a code sheet, recording his/her judgments about 
the level of affect, activity and verbal beiav~or of the mother and the child on a three point scale. 

On the obser'ation sheets, the number of entries in each category' are summed and recorded. The Area Chief reviewed 
all of the forms, checking for addition errors andi missing data. 

At a later date, the Area Chief scored the verbal material on the tapes, using the following coding categories: 1) total 
number of words spoken by the child during the ten minute interval of the interaction, 2) total number of times the child 
spoke during the session, 3) number of different words spoken by the child, 4) total number of words spoken by the 
mother during the ten minute interval of time interaction, 5) number of times the mother spoke during the session, 6) 
number of phrases spoken by the mother, rnd ) number of commands given by the mother. 

C. School AgtCidrr'nu 

Four of the five types of measurements on school children were carried out twice  the cognitive test bamzery, self-draw
ing, classroom, and playground observations. The teacher assessment ratings were completed only once for each child. 
The first round o1'measurement on the children was begun in early 1984. The second measurement series took place 
in the fall of 1985, 15 to 18 months after the original measurement. 

L Cognitive Test Battery 

In each community, the school administrator was asked to provide a room where the testing could be conducted without 
distraction. In all cases, the testing involved only thr, presence of the test administrator and the subject. When the com
munity school could not provide a quiet place, the Area Chiefsecured a room in a nearby house. The testing took place 
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during the school day and the children were brought fiomn the classroom to the testing room. Children who wer: not 
enrolled in school were tested in their home. 

During the training period for the psychology staff, the importance of strict adherenc. to standard procedures was 
stressed repeatedly. For the components taken from the WISC, the instructions to the subject were t'-anslated from the 
English manual into Spanish. In the case of components not part of the WISC, Dr. Finley wrote the sentences that in
troduced the specific test and proviie,. instructions to the subject. 

2. Self-Drawing 

Upon completion of the cognitive test batery, the psychologist put aside the materials used for that testing and produced 
a box of crayons, a pencil, and an 8.5 x 11 in. sheet of pal-er. The child was asked to maie a drawing of himself/her
self. When the child announced it was complete, the psychologist removed the crayons and pencil and then .eviewed 
the drawing with the child, asking for a description or clarificatio~n of elements in the drawing. For example, if there 
was a dct in the mid-body the interviewer queried the child about its significance and noted the response directly on 
the drawing. In no case were additional details added to the drawing during this period of explanation. 

3. Classroom and Schoolyard Observations 

Th'e same procedure for data recording w-is used in the classroom and shoolyard observations. The Area Chief prepared
the forms for the observer, filling in the identification mnibers of the children who were scheduled for observation on 
a given day. The full observation on a child was completed before a second child was studied. The observer, equipped
with clipboard and watch sat in an unobtrusive spot, inside the classroom or at the edge of the playground. He or she 
then alternated 10 second intervals of observation with 10 seconds of recording the child's behavior, placing a check 
mark in the appropriate box in the matrix. For the three or four children who were not enrolled in school at the first 
measurement period, theie are no records for classroom or schoolyard observations. 

4. Teacher Ratings 

Near the end of the school year in 1985, the Area Chief visited each schoolteacher who had contact with children in the 
study. The teacher was given a set of forms to fill out, with the individual child's name and identification number al
ready placed on the form. A short time later, the Area Chief returned to the schools to collect the completed forms. 
These were reviewed with the teachers to check for completeness. 

5. Coding The Cognitive Battery. 

At the time the cognitive data collection instruments were pre-tested, Dr. Finley wrote coding instructions, including
translation of the relevant sections of the WISC-R manual into Spanish. The Area Chief's coding of trial testing during
Phase I was reviewed by Dr. Finiey. After the first round of testing was completed, the Area Chief met with Dr. Finley
in Miami where they reviewed her scoring of a sam*ole of data. All of the scoring of the cognitive test components was 
carried out by the Area Chief. Dr.Finley also reviewed the "acceptable ranges" for the computer range checking program 
prior to its use on raw data. 

The coded scores were recorded on a separne coding sheet, from which the data were entered into computer files at 
the Salud Publica computer center. 

6. Coding The Self-Drawing Test 

The self-drawings of the school children were sent to Dr. Field for scoring. Dr. Field and her assistant rated the draw
ings on two factors, as follows: 
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1) Cognitive Factor, which assigns one point for each of the following characteristics: 
features, missing body parts, distorted body parts, displaced body parts, and disprop

missing facial 
ortion. 

2) Affective Factor, which assigns ane point for each of the following characteristics: 
mad expression, agitated appearance, small size, and animal-like characteristics. 

sad expression, 

7. Coding The Playground and Classroom Observations 

As described above, the Barrett-Yarrow observation protocol involves a series of categories, grouped into three general 
classes. There are a total of 25 behavior categories. In each 10 second observation period, only one category is marked. 
The scoring r-cquires a simple summation of the number of observation units for ePach of the 25 categories. The theoreti
cal range for any one catzgory is from 0 (that behavior never occurred) to 60 (the behavior occurred during all obser
vation units) to be scored in each of me 60 observation periods. 

The classroom observation scoring proc-od- :re is very similar to that used for the schoolyard observations. However, 
the summed scores aie limited to the four categories described above. 

At the end of the day, the psychologist who mace the observations summed the number of check marks in each row 
and wrote these in a final column on the original forn. The Area Chief later checked the coding. In Connecticut, the 
raw scores for each item were transformed into "percent of total observabions". 

.Ad-Ulu
 

The cognitive test battery was applied once to each adult in the study. Efforts were made to conduct the testing within 
a few months of entry into the sudy. In a few cases, however, mainly with men who are frequent migrants, 
the testing could not be completed until near the end of the family's participation in the study. 

All testing oC adulL was canied out in the home. Several days be-fore the scheduled test date, the Area Chief visited 
the family to e.pfain the purpose of the testing and introduce the family to the psychologist(s) who would conduct the 
interview. The preferred pitxcedure was to make an appointment to test both parents in the same visit, working with the 
mother fust, then the father. 

The psychologists usually went to the hcuse in a eam of two. One individual administered the test, while the second 
took care of small children, talked with other adults, and generally iried to prevent distractions and interruptions to the 
testing. In some homes, it was' possible to carry out the testing in a separate room. In many cases, however, the test
ing was done in the patio. 

The coding procedure for the adults was identical to the procedures used to code the cognitive battery for the school 
age children. 

V. DATA MANAGEMENT AND ANALYSIS 

A. Datai Quality Control 

For several of the testing procedures -- the cognitive tests on preschool, school. age, and adult subjects and the mother
child observation studies -- tape recording the interviews was an appropriate means of assessing quality of data collec
tion. As each new procedure was pvt into place, or as new fieldworkers began working independently, tape recordings 
of every interview were made for at least two months. In the case ofmother-child interactions, all interviews were tape
recorded throughout the project in order to code verbal behavior. 
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The Area Chief reviewed each tape, checking the manner in which fieldworkers gave instructions and asked questions. 
To the extent possible, the coded responses were also checked. 

A primary mode of maintaining data, quality was observation of testing by the Area Chief. Throughout the studyshe 
regularly attended testing situations, including the playground and classroom observations. In urn, she reviewed her 
own testing procedures by comparison Nwith Dr. Field's assistant, both in Miami and in Solis. When problems were 
identified, the issues were discussed with the individual fieldworkers or, as relevant, in group meetings of the psychol
ogy field te2.m. 

B. Data Coding, EntryLand Checkilng 

Coding procedures and data quality control of coding are described in the sections on tests for subject types. D-ta entry 
for all psychological measures was done at the Public Health Data Center, using the standard project procedures. Data 
cleaning and correction also followed the standard routine of: 1) visual checking of raw data printout against the 
original coding forms, followed by correction of errors; 2) range checks for illegal and out-of-range values; and 3) 
range checks for 5th and 95th percentiles, followed by correction from original data or flagging of bad or suspicious 
values, as necessary. 
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Chapter 16 

ACTIVITY STUDIES 

I.PURP SF
 

Three different protocols were utilized for activity studies, each focusing on a different target group (adults, mothers 
and their preschool-age children, and families). The first protocol assessed time allocated by adults to various activities 
on a daily basis, over the study period between January and December, 1984, in 5 communities (San Miguel, Cerritos, 
San Nicolas, and San Antonio for the full period; July - December in Calderas). Data were alo ;ollected on sleep and 
relaxation patterns, female participation in agricultural/food gathering activities, adults' participation in social and 
childcare activities, and household distribution of activities for target families. These protocols were designed to ex
plore the relationships of time spent in different types of activities, with nutrient intake and nutritional status. 

The second protocol was carried out from February, 1985 through May, 1986 in three communities (Cerritos and San 
Nicolas for the full period; May, 1985-May, 1986 in San Antonio). This protocol was designed to examine the social 
costs of marginal malnutrition in terms of its effects on activity patterns, social interactions, and behaviors/emotions of 
mothers and their preschool-age children. Additionally, activity levels of subjects were estimated with actometers, the 
hygiene of individuals and their environment was observed, and women's participation in harvest activities was as
sessed (with special attention to differential time allocations to childcare, domestic, and social activities by women in 
association with male migration). Seasonal variations in activity patterns of women and their preschoolers were also 
examined. Finally, this information was integrated with data from other areas of the Phase H1study, determining predic
tors of activity patterns and social interactions of women and preschool-age children. 

The third protocol examined the distribution of activities in the family during school and vacation periods. One ques
tionnaire was administered to each family in the study during April, May, or June of 1986. Data were collected on fami
ly and community organization of tasks (domestic work, childcare, animal care, agricultural activities, home 
improvement, and income-geneiating activities) and the frequency with which these were. carried out. These data were 
integrated with information from other areas of the CRSP. They will be used to examine the potentially confounding 
effects of intra-familial task allocation, in analyses of the relationships between nutritional variables and activity pat
terns of individuals. 

HT. DATA COLLECTED 

ALAdallt Men and Women 

All target adult males and females in the sample during 1984 were included in the adult activity study. Data were col
lected by interviewers (auxiliary worke,) using 24-hour recalls of activities. Minutes ofsleep and total minutes in each 
activity over the 24-hour period were recorded. Additional data on sleep and relaxation patterns of the adults inter
viewed, their participation in social and childcare activities, and the participation of women in agricultural/food gather
ing activities were also collected. In addition, household distribution of activities of these families was examined. 
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B. Women and Toddlers 

The sample included all women aged 18-25 years who had toddlers (18-30 months), were residents of C-rritos, San
Nicolas, or San Antonio, and were already participating in the larger CRSP study (n=49). Forty-one (85%) of these
mother-toddler pairs successfully completed the study. Three pregnant women from San Antonio, without toddlers, 
were also observed. All completed the study, increasing the total number of women observed to 44. 

Data were gathered by observers during a series of 10-minute observations (I1 observations, one per hour, during con
secuive hours over a 10 hour period) on an observation day. Data observed and recorded included: locations, body
positions, activities, social interactions, presence of other persons not in interaction with subjects, and behaviors and
emotions for each target individual. Observations were made upon entry of the observer to the home each hour and then
recorded for the continuous 10-minute period. The initial activity of each hour was identified as the "spot" observation,
assuming that this activity was less influenced by the presence of the observer. Additionally, "principal activities" (in
terms of time) performed during the 10-minute timeslot, perceived influence of the observer's presence on observed
activities and behaviors in the 10-minute spot, and cleanliness (of individuals and their clothes, if the toddler had been 
cnanged/cleaned since prior observation, and cleanliness of home and patio) were recorded. 

Actometer measurements were taken from toddlers and mothers, simultaneously when possible, but at least on the same 
day. The watch-like instruments were placed on the wrist of the nondominant arm to measure frequency of movement.
Actometer readings were taken hourly after the spot observations. The total movements per 10 hours were then used to
estimate activity levels. Quantitative and qualitative data were also obtained on women's observed participation during
the harvest period of 1985-86. The lead female was asked to recall her participation in various harvest activities, what 
assistance she reccived, time spent performing these tasks, and the amount of fatigue experienced. Also :,corded was
the involvement of other family and community members. Lastly, the participation of the mother and other family and
community members in domestic, childcare, and social activities during that time period was examined. 

C. Family Distribution ofActii 

Data on family distribution of activities were collected from all families who either had completed the CRSP study or 
were presently active participants. Data recorded on family distribution of activities included individual(s) responsible
for each activity, the frequency with which it was carried out by the individual(s), individual(s) assisting the "respon
sible" person(s), and the frequency with which the person(s) assisted. Differences in household distribution of work
had been noted to change with vacation and school periods. Therefore, data were collected for both time periods. 

M. DATA COLLECTION PROCEDURES 

A. Interview Structure and Schedule 

1.Adult Activities 

Community social workers notified target households, prior to the scheduled interview date, that an auxiliary worker
would be interviewing subjects. Individuals were interviewed either in their homes or elsewhere in the community at
the scheduled interview time. In this protocol, questionnaires were administered on two consecutive days each month
for the duration of the study; for a total of 24 interviews per adult subject in four communities and 12 per adult in the 
fifth community. 

Interviews were conducted on all days but Sunday, rotating days by months. For example, females who were inter
viewed on Monday and Tuesday in January might be interviewed on Wednesday and Thursday in February, and Friday
and Saturday in March. The cycle was then repeated. This provided a total of four interviews per day of the week. Be
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cause families in the community of Calderas did not enter the study until July, 1984, only two interviews p-r day of the 
week were obtained from adults in these families. 

2. Women and Toddlers 

Women aged 18-45 with toddlers were included in the study, regardless of the physiological status of the mother (preg
nant, lactating, or not). Spot and hourly observations, as well as data from actometer readings, were conducted from 
8:00 a.m. to 6:00 p.m. once a month, for a total of 13 months. Observatons Aere conducted on all days of the wee!, ex
cept Sunday. One day of observations was carried out per month for 13 months. The day of the week was therefore not 
repeated until the latter half of the study, when all six days had been included. The 13 total observations pei target in
dividual included two on each day of !he week (except Sunday), plus the initial observation. The first day of observa
tions for each family, however, was not included in analyses because both the observers and target individuals were not 
yet familiar with the study. No interviews were conducted in August, 1985 because observers were on a month-long 
holiday. Harvest-activity information was collected with a separate interview form administered once to each family, 
on the day the family was scheduled for observation during February or March, 1986. 

3. Family Activities 

The questionnaire was administered to the lead female in her family home. Women were notified in advance of the 
scheduled interview. All women participating in the CRSP were interviewed, although the questionnaire was not ad
ministered to families in one community (San Jose Soils). This questionnaire was administered once to each family, 
following the spring school vacation. Families in the MotherfFoddler Observation study were interviewed during April 
or May, 1986: all other families were interviewed in June, 1936. 

B. Personnel Train in,and SuverN ' 

Between January and June, 1984, fieldworkers administering the questionnaires from the Adult Activity Recall were 
trained and supervised by a physician specialized in human physiology (the first Activity Study Coordinator). Subse
quendy (Xaly - December, 1984), fieIdworkt.,s were supervised by community nutritionists who were under the super
vision of a second Study Coordinator, a doctoral student in the UConr Nutritional Sciences program. Although a 
comparison study has not been performed, we expect that th., supervisor change had no effect on data collected since 
the same auxiliary workers interviewed families between January and December of 1984. During their respective hal
ves of the study, both tlX Study Coordinator and community nutritionist randomly accompanied auxiliary workers (the 
interviewers) to the households. 

Technical-level social workers were trained for the mother-toddler study by the Second Coordinator. Accuracy of the 
mother-toddler observations was assessed by having both the Coordinator and fieldworker perform observations for 
the first few months of the study. Both sets of observations were recorded without exchanging information during the 
prccess. ne two observations were later compared and differences, if any, were discussed. This continued, though 
less frequently (approximately 33% of the oervations), during the second half of the study. However, all observa
tions were reviewed by th'. Study Coordinator. The Coordinator also accompanied observers during all the harvest ac
tivity interviews. All completed questionnaires were then reviewed by the Coordinator and respx.eti ,eobservers prior 
to data coding. 

Interobserver reliability for mother-toddler observations was measured at the initiation of the study and again during 
the final months. Reliability calculations were carried out for approximately 10% of all observations by having two 
observers simultaneously carry out the observations over an entire day. The Coordinator later coded the recorded ob
servations of each fieldworker, and then calculated interobserver reliability by comparing differences between the two 
coded forms. 

Observers working with families participating in the Mother/Toddler Observation study were recruited to administer 
the Family Activity questionnaire to those families. Interviewers for all other families included in the Family Activity 
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portion of the protocol were nutritionists, who interviewed families from whom they had previously collected nutri
tional data. The Study Coordinator trained the observers from the Mother/Toddler study on their use of the Family Ac
tivity questionnaire, accompanying the observers on half of the family interviews. She later trained the nutritionists in 
administering the questionnaire, supervising its administration in the five communities. The Coordinator did not ac
company the nutritionists when they administered the family questionnaires because additional project responsibilities
did not permit her direct involvement. She did, however, review all of the questionnaires administered by nutritionists 
and observers. 

IV. DATA MANAGEMENT AND QUALITY CONTROL 

A. Primary Coding of Data 

Questionnaires on adult activites (Ist protocol) were coded on the original interview forms. Codes were established for 
174 activities (e.g. making tortillas, harvesting, lying down, etc). Data from the 24-hour recall sections were later trans
ferred to intermediate code sheets by Auxiliary Workers, who calculated the number of minutes spent in each activity.
As of September 1984, the questionnaires were coded by nutritionists trained by the Coordinator. In the first half of 
the study, the Coordinator coded all questionnaires. This function was taken over during the last six months by the 
nutritionists for their respective communities, with the Coordinator reviewing each coded form and conferring with 
nutritionists on detected errors. 

The codes for variables in the women and toddlers observations were formulated by the Coordinator, based on a code 
book devised after review of hundreds of field observations. Observers coded only standard proje.t identification, form 
of application (noting departures from the protocol) and actometer data in the field on the original interview forms. 
These were reviewed by the Coordinator prior to data entry. The Coordinator and her co-worker (a university-educated
nutr-itionist trained by the Coordinator) coded observations on separate coding forms, utilizing the forms on which the 
observations on the household had been recorded in the field. Codes were established for 44 activities (e.g. sleeping,
active play with objects, interacting verbally with family member, etc.), each with 15 identifying attributes (e.g. demand
ing attention) and 21 behaviors (eg. smiling, crying). All information not reducible to a code (qualitative data) was also 
attached to the observation and coding sheets. 

Inter-coder reliability between the Coder and the Coordinator was calculated based on several hundred observations 
coded independently by both women. During the latter part of the study inter-coder reliability between the Coordinator 
and the coder was calculated for 10% of the observations. In this way, consistency in the interpretation of recorded ob
servations was assured. At the completion of coding, a Final review of coded data was performed by the Coordinator 
prior to microfilming coded forms. These microfilms were sent to Mexico City and data were entered into the coM
puter by personnel at Salud Publica. All h2rvest-participation questionnaires were coded by the Coordinator using a 
separate code sheet to transfer the data. Questionable data were reviewed by her with the observers. A final review of 
the coded forms was performed by the Coorcinator prior to computer entry of dam. 

Codes for variables on the family questionnaires (protocol 3)were formulated by the Study Coordinator, as were codes 
for the other two instuments in this protocol. The family activity data required 76 codes for different activities. Infor
mation recorded on the family interview schedules was coded onto a special coding form, identical in structure to the 
questionnaire (with additional spaces allotted for recording codes). The Coordinator coded the questionnaires ad
ministered to the 45 families in the Mother/Toddler Observation study; the nutritionists coded the other questionnaires. 
The Coordinator reviewed all coded interviews prior to computer entry of data. 

B..Error Checkinp and Coh . o al 

From January through June of 1984, the first Coordinator reviewed each completed Adult Activity Recall questionnaire 
with the interviewer who had administered it. These data were later recoded by the second Coordinator due to an al
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teration inthe study protocol. Questionable data were discussed and verified, which sometimes required the fieldworker 
to return to the target household to readminister the instrument. This function was taken over during the last half of the 
study by the nutritionist. The Coordinator, at that time, reviewed all questionnaires, consulting with the nutritionists 
about suspect data. Two auxiliary workers and the Coordinator reviewed code sheets against original questionnaires. 
Archive personnel in Solis checked identification data on the coded sheets against sample census data. 

Coded data for the Activity Recalls were then entered onto computer tape and brought to the IBM Scientific Center. 
Using SAS, a frequency distribution of every item was made to assist computer-aide.d detection of illegil codes and 
out-of-range values. Aprogram was also written to sum the number of minutes individuals spent per activity, creating 
the "total minutes in activity" variable. The value for the variable "total minutes of sleep" per individual was added to 
his or her score. If the two did not equal ,-40 (total number of minutes in a 24-hour period), the code sheet and original 
questionmiTe were again reviewed and all values recalculated. 

A third Coordinator for the Adult Activity segment of the study, employed from August through December, 1986, 
reviewed frequency distributions, marking all out-of-range values. Acomputer program was written, printing out data 
for all suspect variables, as identified above. This printout was refe-red to the Coordinator, who worked with auxiliary 
workers in Solis to identify and correct errors. First, code sheets were checked for keypunching errors, identifying and 
noting corrections. If no keypunch errors were detected, the original interview schedules were checked for coding er
rors during the transfer of data to the code sheet. Such errors: were also identified and noted. If information was incon
sistent, the Coordinator or auxiliary worker then corrected these values. If such corrections were not possible, codes 
were changed to "missing." 

The data correction form was then returned to INN with the computer printout of suspect cases. Corrections were 
reviewed with the data management person responsible for correcting the data tape. Corrections were made in the ac
tivity data on tape, a copy of which was forwarded to Connecticut. As with the adult activity recall data, values for 
coded mother-toddler observations were examined with a SAS program. Frequency distributions were reviewed by the 
Study Coordinator who marked all out-of-range values. Suspect data were printen and checked against the code sheets -

for keypunching errors. Any such errors were identified and corrected. If none were found, then original observations 
and interviews were cnecked for errors xcurring during data transfer to code sheets (this did not apply to identifica
tion, form of applicatior, or actometer data, for they were coded on the original forms). Errors detected on original 
fonns were identified and noted. This process was also utilized for harvest questioanaire data. Any inconsistencies be
tween information on original forms and code sheets were currected by the Coordinator, if possible. When corrections 
were not possible, codes were changed to "missing." Data correction forms and the computer printout of suspect data 
were reviewed by the Study Coordinator, who entered corrections onto tape at Connecticut. This tape was duplicated 
and a copy sent to INN in Mexico City. 

Any questionable diata on the Faily Activity forms coded by the nutritionists were reviewed by the Study Coordinator 
with the nutritionists. The Coordinator did a final review of all questionnaires, checking for errors. Coded forms were 
then microfilmed and sent to Mexico City to be entered by personnel at Salud Publica. The error-checking procedure 
described above (using ftequency distribution to check for errors, etc.) was employed to check these data as well. Any 
noted errors were corrected, if possible, by the Coordinator, or changed to "missing" values. The fimal corrections were 
entered onto the tape at Connecticut and copies sent to INN. 
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Chapter 17. 

DATA MANAGEMENT 

I. INTRODUCTION 

The term 'data management' is a somewhat imprecise term often used to cover a wide variety of data-related activities. 
In the case of the Mexico Nutrition CRSP, the range of activities included under this gloss are somewhat broader than 
commonly used. We use the term to describe activities related to: (a) the mamagement and archiving of completed re
search instruments, including the revising of original forms prior to data entry, (b) the establishment of protocols for 
data entry, (c) the preparation of collected data for data entry, (d) the screening of entered data prior to extensive data 
processing, (e) the transfer of computer-usable data from INN to the University of Connecticut, (f) computer-aided 
detection and processing of suspect data, (g) the prepardlion of data for statistical analyses, (h) the transfer of data to 
INN, (i) the transfer of data to the statistical staff at the University of Massachusetts, and (j) the transfer of data to the 
ME. A schematic of the various pathways through which data flowed during the project is provided in Figure 17.1 at 
the conclusion of this chapter. 

11I,..E f S OJF DATA MANAGEMENT IN THE MEXICO NUTRITION CRSP 

And Ar blxin of Completed Rear.,h Instrumets 

The numerous questionnairas, recalls, and other measurements administered by the research project required methods 
for tracking each piece of paper generated. As each questionnaire was completed, it was given to the appropriate area 
chief for review. Once reviewed, the forms were then given to the data management unit at Solis, where a record was 
made of the receipt of the form. The completed forms were then reviewed by a team of workers for completeness of 
the information on the fron. page of each questionnaire (sobject, household, and community identification numbers, in
terviewer identification numbers, date of application, etc.). Forms were stored in plastic bags in Solis organized on the 
basis of data area, month ef application, and commtunity. 

In 1986, all the origina! forms, questionnaires, etc. were microfilmed as a lasting record of the original, raw data. 

B. EStalh of Protocols for Data1E&J 

During Phase I, cz h item on a research instrument was numbered in oider to facilitate data entry. However, a number 
of these warly protocols were flawed for a variety of reasons. All of these research instruments were constructed with 
the idea that data entry would be done by professional keypuchN incated at modem facilities in Mexico City. Early 
in Phase II (January, 1984 - May, 1985), access to professional keypunching facilities was uncxpectedly unava.dable 
(see below, Developing a Data Management System). As a result, data entry was performed using text editing software 
run on Apple II microcomputers. Given the limitations of a hastily designed Apple II-based data entry system, many 
existing data entry protocols were modified so as to restrict the data entered to that deemed most essential. 
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Later in Phase 1 (June, 1985 - May, 1986), access to professional keypunching became available. All large data sets, 
even those previously keypunched using Apple Us, were subsequently re-punched by professional keypunchers using 
a two-pass data entry system. However, most original data entay protocols were altered. Some alterations we:e simp
ly a continuation of pruools established for use with the Apple I1's. Other prov,,-als reflected the concern for reduc
ing the amount of data to be cntercA (e.g. Morbidity). A few areas of inquiry lacked data entry protocols, and forms 
and codebooks were developed during Phase 11. 

£CtaU.F.Aa 

1.Preparation of Data 

In most areas, the data keypunched came directly from the original research instrument. In other areas, the original
data were recoded using EL,) -,.a k I (codesheets). Areas which were recoded include Morbidity and some areas 
of Psychology. In the area of Psychology, well established and complex methods have been developed for the deriva-
Lion of stanwdard scores from the many items in tie research instilment. It was believed by project psychologists tt 
these data sets were more amenable to coding by hand than by coding by computer. In the area of Morbidity, the recod
ing of data was necessary given the research instrunent, which was poorly designed for large-scale keyptnching. 

2. Keypunching 

Nearly all areas of data were keypunchcd by professionals at le Mexican Public Health Department's Sal. ' tica) 
two-pass data entry system. In a few data areas, small data sets were keypunched on Apple Ifs and IB4 compatible
microcomputers using word processing software. This method was employed because the design of the research forms 
was not amenable to large-scale data entry systems, requiring specially trained personnel for data entry. 
D. Screening and Correction orEntered Data in co 

A labor intensive methrd of screening data after keypunching was employed by the Mexico Project. After data entry,
listings of the keypunched dat,, were generated and returned to the field headquarters at Solis. Teams of local workers 
were employed to check each line of data against the original form used by the keypuncher. When errors were detected, 
the pr,,blom ws circled and the correct figure written in the margin. These listings were then returned to Mexico City
where copies of the keypunched datasets were edited, the corrected value replacing the value in error. Corrections were 
done using text editors operating on a minicomputer installed at INN, and a mainframe computer located at Mexico 
IBM's Centr Cienti-fic_ (Scientific Center). 

The labor intensive method of data screening employed in Mexico proved to be highly effective. Data sets cleaned 
using this method are generally quite clean, with the number of out-of-range values well below 1%. 

Since 'iie screening process occurred in a ru-al setting (Solis), the monetary cost to the project was quite modest, while 
local youths were provided with employment. Hand-screening of data was clearly slower ta=n computer-aided range
ch.cking procedures, but errors were detected which computer-aided methods would likely have missed. Moreover,
the employment of computer-aided data screening methods would have requ'ed additional Mexican personnel for com
puter programing and would have competed with limited access in Mexico to powerful mainframe or minicomputers. 

E.Transfer of Computer-UJsable Data to_.onn kiia_ 

As stated above, the first !8 months of Phase I were marked by data entry based on Apple HI microcomputers. Data 
were transferred to Connecticut via diskette where they were transferred to the university computer via modem. 
Demands on microcomputer resources were such that screening and correction of data were impractical. Over 120 dis
kettes were sent by INN to Connecticut arid transferred to the University's mainframe computer. 
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Once data were keypunched at 5,UudIvLu data were sent to Connecticut recorded on magnetic tape. Afewv data sets 
keypunched on microcomputers were iiiitially sc!t to Connecticut oi IBM PC format diskettes. These datasets were 
then transferred to the University mainframe computer using a dedicated phone line and a high s'eed modem. 

In the early and middle periods of Phase 11,data were sent to Connecticut before data screening and data correction in 
Mexico. Later, as data sets were screened and corrected, updated versions of the data were sent to Connecticut. By 
mid-1986, data sets were sent to Connecticut only after screening and correction at Solis. 

Nearly 1 million lines of data were transferred from INN to Conneclicut during Phase II. This number does not take 
into account data sets which were sent in various versions to Connecticut. Data set sizes range from nearly 500,000 
lines of data for Food Intake to a few hunc_'ed lines for files such as Climate and Mortalit.y (see Table 17.1). The Final 
versions of these data sets arrived in Connecticut during the period December, 1986 through May, 1987. 

E,. nu-ed1'' Vectiorn and Processing of Suspect Data at Cnnecticut 

The detection of suspect data at Connecticut occurred by both intentional and inadvertent means. During the first 18 
months of Phase 1I,suspect data were detected during the course of normal data processing activities, e.g. the prepara
tion of annual and semi-annuad reports, as well as materials to be presented at SCB meetings. 

Early in Phase ii, suspect values were sent back to Mexico for scrutiny and possible correction. However, the demands 
of data entry and limited computer resources made responses to Connecticut's queries extremely difficult. 
During the summer of 1985, once data were being keypunched and INN had access to a mainframe computer, the first 
range-checkirfg progmns were written in SAS by Connecticut-based staff working in Mexico City. However, the cor
rection of errors detected by the screening of data in Soiis, and the preparation of data sets for transfer to Connecticut 
fully occupied INN's data management resources. 

During the summer of 1986, once Connecticut had begun to receive data sets in relatively final form, U.S.-based staff 
began to systematically scmeen data sets, using SAS programs specifically designed foi this purpose. This screening al
ways employed ;ome kind of range-checking. In some cases this range checking might be bivariate or multivariate. 
For most data sets, range-checking was univariate. Suspect %alueswere referred to INN for scrutiny and possible cor
rection. Because of the continuing demands of data entry and correction in Mexico, responses to Connecticut's queries 
became a common event only hithe spring of 1987. 

G.Preparation of Data for Statistical Analye 

University of Connecticut data management staff did most of the preparation of data for statistical analyses. Connec
ticut-based staff performed the following tasks: 

1.Modifying suspect values: When Connecticut data management staff detected an error or suspect 
value, the original value was recorded in a special SAS data set containing data records with errors. 
The suspect value changed in the main SAS data set to oae of SAS's special missing values (Le. A 
or B). In cases where the correct value could be determined with reasonable certainty, a line of SAS 
program code was written which "corrected" the error and documented the correction. 

2.Creating der'ved variables: A large nuiLter of derived variables were created. These ranged from 
variables which are computationally simrp' to create, such as weight-for-height, to more difficult 
variables such as the nutrient and morbidity variables. In the case of anthropometry, data manage
ment staff adapted, for use at Connecticut, the Center for Disease Control's FORTRAN program for 
generating age-standardized measures of weiyht and height. 

3. Defining target households and subjects: In a few cases, a small amount of information was col
lected on an individual. For statistical and data manag-.ment purposes, the Mexico project defined 
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Lwo subsets of subjects with some data: the relatively tnmresaictive (in terms of the amount of data 
collected on the subject) "cross-sectional sample", and the more restrictive "longitudinal" sample.
Data management staff wrote a series of programs which gathered the infonnation necessary for 
defining targets, and then generated a SAS targets data set containing variables such as ID's, sex,
birthdate, and "wir.dow" dates determiring whether ameasurement fell within a "legal" time period.
This data set became one filter through which all data were passed prior to statistical analysez. 

4. Creating "analysis" datasets: University of Connecticut data management staff created nearly
all data sets containing data generated by different research instruments. A few data sets analyzed 
by INN-based staff were created by INN-based data management staffusing IBM C=n. Cintiff='s 
mainframe computer. These "analysis" data sets were sent from Connecticut to the University of 
Massachusetts and to INN for statistical analyses. This was done because of Connecticut's superior
computing facilities, and the concentration of experienced SAS prograrmers available at Connecticut. 
Also, the centralization of data manipulation, prior to statistical analyses, was seen as essential to 
coordinating statistical analyses occurring at three different sites: the University of Connecticut, the 
University of Massachusetts, and INN. 

H. Transfer of Data IoINN 

As described above, the first data trasferred to Connecticut ciufing Phase II were recorded on floppy diskettes. These 
data were transferred to Connec'icut's mainframe computer and then recorded on magnetic tape. A copy of this tape 
was then sent to INN. Once INN had acquiied amainfrawrie computing capacity, the following data were sent to Mexico: 
(a)data sets containing derived variables, such as the nutrient variables, and (b) copies of all analyses data sets secnt to 
the University of Massachusetts. 

In addition, anumber ofprograms were sent from Connecticut to Mexico, Of note were the Connecticut-written nutrient 
conversion program, the Center for Disease Control program foi generating age-adjusted measures for weight and
height, and a program for computing the physiological status of women (including day of pregnancy and day of lacta
tion) for any date in the study. 

1Lsfrmr o2aawAs sai &mL' 

The Dep-tment of Biostatistics at the University of Massachusetts School of Public Health at Amherst was the site of 
mosc statistical analyses, which were supervised of Dr. Edward Stanek. After abrief experiment using Massachusetts' 
mainframe computer, adecision was made to conduct all statistical analyses at the University of Massachusetts, using
SAS for the microcomputer. As a result, Connecticut created special "analyses" data sets which were then transfeired 
to Massachusetts on diskettes. The data on each diskette was accompanied by aSAS program for creating a SAS data 
set, allowing the user to exactly duplicate the SAS data set available on permanent disk at Connecticut. Each data set 
also contained notes on the background of each data set, the nature of its creation, caveats, etc. Two copies of each of 
these diskettes were kept at Connecticut. 

As data arrived in Connecticut, preparations were made for the transfer of these data to the M..E. for archiving. With 
rare exceptions, the data sent to the M.E. were exact copies of data as sent from Mexico. These data were recorded on 
standard label tapes. Documentation was prepared in Connecticut to accompany the tape. As ageneral rule, documen
tation was as follows: 

1. 	 atable listing each file on the tape, the file's format, and the number of the codebook associated with 
the file, 

2. 	 notes and comments on each file, 
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3. 	 computer generated output (from SAS's PROC TAPELABEL) showing the contents of the tape, and 

4. 	 a set of English codebooks associated with the included files. 

Later, when several generations of some datasets had been sent to Connecticut, a table was included which listed the 
current data files and the tapes on which these data sets could be founi. 

In a few cases, SAS data sets were sent to ME. It was hoped that Connecticut would have the time and resources to 
send all data sets to ME in SAS format, using the guidelines defined in the document NUIdijia.t asiDataIt 

(September, 1984). However, with one exception, anthropomenry, this proved impractical. 

ITI. FINAL ARCHIyING OF DATA AND DATA IGIT. I TMAIERIALS 

In tLc final months of the Me.ico Nutrition CRSP, plans were developed for the final archiving of materials of future 
use to the Principal Investigators a.d others ir:erested in using Mexico project data. To be archived are: 

1. 	 a set of tapes ,.ontaining all the final versions of raw data received from INN, 

2. 	 a complete set of Spanish codebooks accompanied by their English translations, 

3. 	 docume ,-. -ilinking each raw data set with its associated 'odebook, 

4. 	 a set of taqx, ceritaining I! significani SAS data sets created by Connecticut-based staff, 

5. 	 a set of Lipes containing ali progruns used to generate significant SAS data sets, 

6. 	 documentation explaining the purpose of each archived SAS program and any information necessary 
for ixm.erpreting the SAS code. The sequence of activities necessary for recreating each archived SAS 
data set wiU be fully documented. 

7. 	 manuals for each of the data arrea- detailing procedures for data collection, coding, error detection 

and correction. 

Data files archived at UConr, and transferred to the M. E. for archiving are listed in the following table. 
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TABLE 17.1 
MEXICO CRSP DATA FILES ARCHIVED AT UCONNECTICUT AND UC BERKELEY 

NUMBER 
AREA OF LINES 

ACTIVITY 

Women (84) 56,276 
Men (84) 111 
Mtn 6,675 
Family 13,846 
Obs./Women 65,076 

Toddlers 
Hi-arvest 259 

ANTHROPOMETRY 
Targets 6 

367 
3,695 
1,135 

810 
682 

Family 699 
Schoolers 56 

BLOOD ANAL. 2,828 

BASAL CENSUS 5,361 

CL MATE 1,151 

CLINICAL HISTORY 

Women 10,621 
Preg/Lact 33,003 

Men 9,796 
Pediatric 39,334 
Subsequent Ped. Hist. 850 

NUMBER 
AREA OF LINES 

DIET 
(eersion 1) 49,681 

48,383 
(Version 2) 51,175 

38,524 
52,79A 
46,670 
21,877 
68,189 

DIET 
SUBSTUDY 4,723 

2,504 
2,227 

FECALANALYSIS 2,618 

Creamatocrit 253 
Milk Collection 272 

MOkBIDITY 

Mexico Meth. 36,522 
M.E. Method 5,872 

MORTALITY 603 

PHYSICAL EXAMS 
Adults 17,841 
Women with newborns 6,040 
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TABLE 17.1 (CONTINUED) 

AREA 

PRODUCTIVITY 
Past Harvest 
Part 1(84) 
Part H (84) 
Part 1(85) 
Part I (85) 
Part I1 

PSYCHOLOGY 


INFANTS 
Br-azelton 
Infantr/3m 
Infants/6m 
Mother/Child 
Interact. 


Bayley Mental 

Bayley Motor 

IPR 


TODDLERS
 

18 months 
Bayley Mental 
Bayley Motor 
IBR 
Toddler/18m 

24 months 
Bayley Ment. 
Bayley Motr. 
Bayley Lang. 
IBR 

Toddler/24m 

30 months 
Bayley Ment. 
Bayley Mot. 
Bayley Lang 
IBR 

Toddler/30m 

NUMBER 

OF LINES 


212 
324 
582 

1,224 
1,406 

597 

61 
95 
99 

97 
97 
97 
97 

94 
94 
94 
101 


117 
117 
117 
117 
118
 

96 
96 
96 
96 
96 

NUMBER 
AREA OF LINES 

PSYCHOLOGY 

SCT-OOI ERS 
Teacher Eval 188 
Int/Ext 188 
Observations 113 
Classroom 213 

Playground 203 
Cognitive 292 

ADULTS 
Cognitive 452 

RMR 1,934 

SANITATION 9,378 

SES/MIGRATION 1,088 

SOCIOCULTURAL 588 

URINALYSIS 
Part I 1,995 
Part II 5,095 
Part m 1,995 

WEEKLY HOUSEHOLD 
FOOD USE 86,474 

FOOD PRICES 7,907 
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FIGURE 17.1: DATA FLOW PATTERNS IN THE MEXICO CRSP
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Chapter 18 

PHASE 11 DESCRIPTIVE DATA AND PRELIMINARY ANALYSES--INTRODUCTION 

Descriptive data from Phase II of the Mexico CRSP are provided in the 10 chapters which follow (19-28). These are 
generally organized according to data area (food intake, anthropometry, etc.) with the various target groups as subunits 
of analysis, a format which reflects the structtre of data entry and management of the Phase I data sets. The fial three 
chapters in this section report preliminary analyses of relationships of food intake, morbidity, and toddler growth (29); 
food intake and toddler psychological devclopment (30); and food intake and pregnancy outcome (31). 

The data sets from which these descriptive data have been generated require some clarification. Most importantly, cross
sectional and longitudinal target samples were derived according to specific criteria from the raw data entered in 
Mexico. The necessity for these refinements of te data sets and the criteria employed are outlined below. 

I. PHASE II DATA 

Data, in some form, from virtually every interview or measurement made in the project was entered into computer files 
and sent from INN to Connecticut. This inevitably led to transfer of significant amounts of data which could not or 
should not be utilized in the project's analyses. For accuracy, clarity, and consistency, therefore, these problematic data 
had to be excluded ,efore analyses could proceed. Problematic data that had to be addressed included the following: 

1. 	 Data collected on families who dropped out of or were dropped from the study, after a relatively short 
involvement, 

2. 	 Data collected on non-target subjects, or data on target subjects collected at a time when they were 
outside of target "windows" (e.g. an infant who was followed beyond his or her 9th month of age, 
etc.), 

3. 	 Records with mizcoded or missing data critical for creation of analysis files (e.g. birthdate, sex, or 
other identification information, etc.). 

In the case of missing, apparently miscoded, or out-of-range data, efforts were made to update data sets by referring 
error lists to the field for correction (see quality control sections of methodology chapters and Chapter 17). Data sets 
were updated with these corrections as much as possible prior to generation of the descriptive analyses for the final 
report. 

I. CROSS-SECTIONAL AND LONGITUDINAL DATA 

With regard to the descriptive data and analyses presented in this report, the strategy has been to create two samples: a 
"cross-sectional" sample and a "longitudinal" sample of subject types (targets). The purpose of the cross-sectional 
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sample was to preserve as much data as possible for use in some analyses, such as description of a population at a 
specific age, etc. The longitudinal sample was derived by applying additional criteria to the cross-sectional samples in 
order to create data sets which could support longitudinal, multivariable analyses. 

The cross-sectional and longiuwdinal samples were selected according to the following criteria:
 

Cross-sectional Sample LQp_
 

Cross-sectional target children had to meet the following minimum criteria:
 

1. At least one diet or anthropometry measurement during the study period (01,01/84 - 05/31/86); 

2. A valid birthdate and sex from the Census file; 

3. birthdates which fell within the following "windows": 

* for INFANTS: a birthdate which fell between (a) 254 days before the beginning of the project, and 

(b) the end of tl'e project. 

* for TODDLERS: a birthdate which fell between (a) 997 days before the beginning of the project, 

and (b) 533 days before the end of the project. 

* for SCHOOLERS: a birthdate which fell between (a) 3653 days before the beginning of the project, 

and (b) 2192 days befbre the end of the project. 

Cross-sectional target adults had to be identified as the parents of a target child. Two mothers of target children were 
not identified. Four fathers of target children were not identified. 

Longitudinal Sample Type 

Members of the longitudinal sample are persons in the cross-sectional sample who met the following additional criteria: 

LEAD MALES: 	 1) at least 2 anthropometry measures during the study period, and 
2) at least 2 diet measures during the study period, and 
3) at least 8 morbidity visits during the study period 

LEAD MALE WINDOW: //84 - 5/31/87 

LEAD FEMALES: 1) at least 2 anthropometry measures during the study period, and 
2) at least 8 diet measures during the study period, and 
3) at least 8 morbidity visits during the study period. 

LEAD FEMALE WINDOW: 1/1/84 - 5/31/87 

SCHOOLERS: 	 I) at least 2 anthropometry measures during the schooler window, and 
2) at least 8 diet measures during the schooler window, and 

3) at leust 8 morbidity visits during the schooler window. 

SCHOOLER WINDOW: The measurement occurred while the child was aged 
7 or 8 years. 
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TODDLERS: 


INFANTS: 


1) at least 4 anthropometry measures during the toddler window, and 
2) at least 8 diet measures during the toddler window, and 
3) at least 8 morbidity visits during the toddler window. 

TODDLER WINDOW: The measurement occurred between 
(a) 30 days before the child turnied 18 rnonthsand 
(b) the end of child's 30th month (using 30 day 'months'). 

1) at least 4 anthropometry measures during the infant window. 
2) at least 8 morbidity visits during the infant window. 

INFANT WINDOW: The measurement occurred between 
(a) five days before the record date of birth in the Basal Census, and 
(b) 270 days after the recorded date of birth (9 thirty day "nonths"). 

The "cross-sectional" and "longitudinal" sample sizes by target type are provided in Table 18.1. 

TABLE 18.1 
PHASE 11 TARGETS CROSS-SECTIONAL AND LONGITUDINAL SAMPLES 

Cross- Longi-
Sectional tudinal 

INFANTS 134 102 
Males 67 53 
Females 67 49 

TODDLERS 158 110 
Males 78 57 
Females 80 53 

SCHOOLERS 198 130 
Males 102 66 
Females 96 64 

ADULT FEMALES 2. 226 

ADULT MALES 288 142 

Target Households* 290 

At lamt one crims-sewical target child in the household. 

Unless indicated otherwise, the data described in the following chapters are drawn from the longitudinal sample. Data 
analysis was conducted with mainframe and microcomputer versions of SAS (18.1). 

REFERENCE 

18.1. SAS Institute, Inc. SAS User's Guide: Basics, Version 5 Edition. Cary, NC: SAS Institute Inc., 1985. 
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Chapter 19 

HOUSEHOLD DEMOGRAPHIC, SOCIAL, AND ECONOMIC CHARACTERISTICS 

The data in this chapter have been extracted from several sources. The demographic information on family structure 
and characteristics comes primarily from the Basic Census, described in Chapter 5. The data on economic and social 
characteristics were collected using the interview schedules described in Chapter 13. 

I. DEMOGRAPHIC CHARACTERISTICS 

Demographically, the households in the Solis Valley have many characteristics commonly seen in developing countries. 
Families are large and the intervals between births are short. The modal size of households in the study is 10 people, 
with a range from 3 individuals (5 families) to 19 people (I family). Table 19.1 shows the distribution of total household 
size. 

TABLE 19.1 
TOTAL HOUSEHOLD SIZE OF STUDY FAMILIES 

Size Number Percent 

< 5 20 6.9 

5- 7 87 30.2 

8-10 115 40.0 

11 - 13 51 17.7 

14+ 15 5.0 

Further details oncerning household composition are presented in Table 19.2, with respect to age and sex distribution. 
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TABLE 19.2 
AGE AND SEX DISTRIBUTION IN STUDY HOUSEHOLDS: PERCENT OF HOUSEHOLDS 

Children Children Males Females 
Number < 6 yrs 6 - 12 yrs > 12 ys > 12 yrs 

0 -- 16.3 --

1 25.4 14.2 42.3 42.0 

2 31.6 29.5 25.7 24.3 

3+ 43.1 39.9 31.9 20.7 

Household structure is, of course, affected by both biological and social parameters. Chapter 23 provides information 
on parity, use of contraceptives, and related biological/behavioral characteristics. Infant mortality remains high in com
parison with wealthy, industrialized countries. However, only one-third of the women in the sample reported a previous 
child death, whereas the comparable figure in 1970 was over 50% (19.1). One household in 4 have lost one child and 
10% have eqerienced two or more child deaths. Thus, child mortality is playing a role in the household structures 
reflected in Table 19.2, although not as devastatingly as in earlier periods. 

A_Mariapo and Family Structure 

As in all communities "he world over, there is a considerable variety in the types of households in the Solis Valley. There 
are individuals living alone, nuclear families consisting of a married pair and their dependent children, and many dif
ferent forms of complex and extended families. Of these, the most common is the three-generation family with an older 
couple, their son or daughter and his/her spouse, and their children. There are a number of other types as well, incluu
ing siblings and their spouses, nuclear families with grandchildren, and nuclear or extended families with nieces and 
nephews. 

In the study families, the great majority of households (72%) are nuclear in structure, while 28% represent an alterna
tive household organization. Of these 80 households in the latter category, the most common structure is a three-genera
tion extended family. The distribution of household types in the sample reflects sampling criteria, which included the 
stipulation that all target children must have both father and mother present in the household. 

Family structure is, in part, a function of family cycle. Typically, a newly married couple joins the household of the 
groom's parents (patrilocal residence pattern), and much less often, the household of the bride's family. After the birth 
of the first or second child, young couples with the means to do so establish an independent household. However, often 
the eldest son remains in the parent's house, eventually becoming the "household head," with primary control over the 
economic resources of the household. 

In contrast to many societies in which primogeniture is rigidly adhered to, the situation in the Solis Valley is much more 
flexible. Thus, while there is a strong tendency to patriiocal residence after marriage, matrilocal households also are 
formed. A younger son, rather than an older one, may remain with his parents, eventually becoming the family head. 
Some young couples establish an independent household immediately at the time of marriage, while others remain in 
the parental household for many years. 

As is characteristic of h-shland Mexico, household structure in the valley tends toward patrilocality; that is, the woman 
is living with the family of her husband. For the sample of households in which a preschco.ler was being studied, the 
characteristic of "locality" was examined. Patrilocality was coded when the lead male and female were living with the 
male's relatives or when the couple lived in the community in which the lead male but not the lead female was born. 
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Conversely, a matrilocal coding was given when the couple lived with her relatives or in her, but not his, community 
of birth. all other cases were coded as neolocal. In96 households with preschoolers in the longitudinal sample, 48 per
cent are neolocal, 37 percent aire patrilocal and 16 percent are matrilocal. 

There is a very strong tendency for people to marry within the community or within the valley. In the sample of study 
households, a whole 66 percent of the couples are from the same community or die Solis valley, while one third repre
sent marriages in which one or both of the parents are from outside the Solis area. In the majority of these latter cases, 
one of the pair is from the community in which the family presently lives. 

B. Kinship Pattern. 

Kinship patterns among Mexicam rural populations, particularly mcaiza communities, have generally been described 
as bilateral; and there are no st'ong corporate kin groups with formal economic, political, or social functions beyond 
the household units. 'This does not mean that kinship as such is unimponant - is simply means that ties of relationships 
beyond nuclear families are flexible, social bonds of support, assistance, and sociability that consists of networks of in
dividuals and farnilies. 

The potential for social support from kin is apparent from the following figures. Eighty five percent of the lead men 
and 64 percent of the lead women have a parent living in the same community and more than 50 percent of both have 
siblings in the community. Typically, these kin are visited 5-6 times per week, both for general "socializing" and for 
more work-oriented activities. 

II. SOCIOECONOMIC CHARACTERISTICS 

In some areas of Mexico, social stratification, involving a merging of prestige and economic status, is referred to by the 
concept, ca .In rural areas, people with more education, land, or income are said to have "high categoria," while 
lande -:.. Although this temi was not widely used in the Sofis Valley,-,neducated, poor people are low in this trait. 
economic and social differences within the communities are readily acknowledged and recognized. Perhaps prior to the 
major land reform, the line between "the wealthy" and the poor, peasant farmer was more sharply drawn, with relative
ly few people inan intermediate position. However, in the communities of the valley today there appears to be increas
ing -conomic differentiation. 

As descibed in Chapter 2, wage labor has become an important factor in family economic management. Despite this 
"monetarization," most respondents either cannot or are reluctant to provide an accounting of their economic situa
tion in terms of cash income. i.: management of household finances is mainly by men, who give their wives money 
for purchases. Ethnographic interviewing during Phase I demonstrated that questionhig ',uiincome violated culural 
norms and could not be used as a basis for assessing socioeconomic status. As a result, our assessment of economic 
status is derived from data that MUM economic resources. 

Specifically, we inventoried household characteristics that reflect economic resources expended on household goods 
and housing conditions. Data were collected twice from each family during the year in the study. From these we ini
tially constructed two scales - a material-style-of-life scale (MSL), based on ownership of household goods, and a 
house value scale (CASA), based on characteristics of the physical structure in which the family lives. The rationale 
for initially creating two scales rather than one is that household goods are portable items that can be transported from 
one locadon to another and that require cash for their acquisition; whereas, some improvements of the basic living struc
ture involve an investment of non-cash resources and imply a willingness to cornit resources on a more permanent 
basis. Nonetheless, both of these imply consumer expenditures in a manner that in Mexico, as elsewhere, is very wide
ly, if not universally seen as an expression of economic status. 
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The selection of items for the MSL scale was derived from ethnographic work to identify items that represented dif
ferent degrees of household material conditions. The items in the scale are ownership of: gas stove, teleVision, radio, 
tape recorder, tape player, food blender, electric iron, sewing machine, wardrobe for clothes storage, kitchen table and 
chairs, dish cabinet, and refrigerator. 

The items in the CASA scale are: composition of the floor, roof and walls, whether the walls are plasered and p,"nted, 
the number of rooms, number of windows, number and type of doors, and number and Me.-of beds. 

For the MSL scale, each item was assigned a value based on the market price of the item in 1983. For the CASA scale, 
each item was coded on a three-point scale based on level of desi-ability. For example, a door frame without a per
manent door had a value of 1, a wooden door received a value of 2, and a metal door was assigned a score of 3. As 
might be expected, given the differences in scoring procedures for the two scales, the CASA scale had a normal dis
tribution; whereas, the MSL was skewed to the left, with a long "tail" of the few families with a considerable number 
of possessions. 

For multivariate statistical analyses, it is useful to have a single variable of SES. Since the MSL and CASA scales are 
strongly correlated, they were combined into a single measure in which each scale was given equal weight. To con
struct the combined scale, the households were first ranked separately on the MSL and CASA scales; then the 
households' ranks on each scale were sumnied, to create a rreasare referred to in this report as SES. The scaling pro
cedure was carried out twice: once vith the data from the first inti-rview and a second time with the final household in
terview. Thus, there are two variables recorded: SES1, wiich is taken from the first household interview and SES2, 
which comes from the second measure. 

Table 19.3 shows the imean, standard deviation, and range for SESI and SES2. 

TABLE 19.3 
SOCIOECONOMIC STATUS OF STUDY HOUSEHOLDS 

N Mean S.D. Range 

SESI 260 205± 112 5- 414 

SES2 224 209± 111 5- 416 

Difference 208 0.1± 61 -260-+212 

For the 208 households on which we have two SES interviews, the correlation between SESI and SES2 is r = .85 (p = 
.0001). The stability of the measure, which is also reflected in the high correlation coefficient, is indicated by the fact 
that the mean differcnce is very close to zero (0.1). 

On the other hand, there are some households that showed a sharp change between the first and second interviews, as 
can be seen in the range. Over the course of a year, there should be some changes in household material conditions as 
new items are added and old ones become dysfunctional. However, very large differences may indicate problems in the 
validity of respondents' reports. Fortunately, the great majority of households had very similar scores on the first and 
second measures. In the case of highly discrepant measures, the second is probably better since this represents the time 
when the family had been in the study for many months and was well known to the interviewers. In the multivariate 
analyses, the SES measure used was the closest temporal measure to the other variables. 
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III. OTHER SOCIAL CIARACTERISTICS 

In the past, educational resources in the valley were very limited, with the only secondary level school located in the 
town of Temascalcingo. In recent years, primary schools have been built innearly every community and Solis itself has 
acquired a secondary school. 

"thenumber of new schools built in the area during the pasz decade reflects the ideologies of Mexican governmental 
policy-makers, but it also indicates the growino realization in rural populations that one important road to economic 
and social development is through schooling. Even people with no specific career track in mind have become intrens. 
ingly aware of the need for literacy and general knowledge of tie world, in connection with the variety of governmen
tal policies, programs, and other situations that require complex decisions and responses from individual families. 
However, because of the paucity ot past resources, educational levels are quite low Chapter 27 presents the data on 
formal schooling of the adults in the sample. 

Although the level of achieved schooling by the r.ents in the sample is relatively low, it is interesting to see that many 
families have high aspirations foi their children's schooling. Only 20 percent of men and 21 percent of the women feel 
that their children should stop school when they have completed the primary grades, where-s 30 percent of the men 
and 17 percent of the women would like to see their children acquire an university-level educ~iton. There are no statis
tically significant differences between men and women in their educational aspirations for their sons compared to their 
daughters. However, there is a tendency for fathers to have hJightL educational and occupational aspirations for their 
children (male and female) than do mothers.. 

One of the most telling results of the social interviews are the responses to the question of what individuals would do 
with an extra 5,000 pesos, which was approximat fly S50.00 U.S. at the time the question was posed. Table 19.4 shows 
the responses. 

In Table 19.4, it is apparent that women are more concerned about improving the interior of their homes than are men. 
Men are more involved with agriculture, although a sizeable proportion of women are also interested in raising animals. 
It is noteworthy that few people, men or women, see any value in improving their agricultural implements, while in
vestment in animals reflects a perception that this is an activity in which there is some profitability. 

TABLE 19.4 
USES OF ,kN EXTRA 5000 PESOSt: PERCENT OF RESPONDENTS-

Use Women (N = 252) Men (N = 240) 

Buy Food 41 40 

Buy Clothing 43 38 

Buy Home Furnishings 28 7 

Physical Improvement to the House 13 11 

Irr -rove Agricultural Implemerts 1 6 

Buy Animals 19 38 

Start a Small Business 4 4 

Save 6 8 

* Includes those with more than one mrqxmse 

t Equivslent of S50 US 
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IV. AGRICULTURAL CHARACTERISTJSAN.I'JC. 

InChapter 13 there is a description of the series of intearviews that were conductei over the course of the study to col
lect information on agricultural activities in the houscholds. The data froni these interviews on economic and agricul
tural activities are intended to serve several purposes in the context of the CRSP goals: 

(i) One primary purpose is to improve the sensitivity of our assessments of household economic status. As n.:ted ear
lier, respondents were reluctt to provide total income figures; however, they were willing to discuss their agricultural
activities and investments of tiie and othef resou.es. The measures of socioeconomic status described above capturesome key elements of household economic ch",tteristics - those that are reflected in lifestyle conditions. From the 
data on agricultural investments, we expect to derive other dimensions of economic status. (The development of these 
measures will be undertaken in future analyses.) 

(2) In communities that are primarily dependent on agriculture as the major economic activity, the productivity of 
households can be regarded as a kind of functional indicator of economic success. As conceptualized in the CR.SP docu
ments, "work capacity" and "activity level" can be seen as biological and social outcomes that are influenced by nutri
tional status. Agricultural productivity is, of course, determined by multiple factors including access to land, quality of 
land, economic resources for investment, and political relationships. The capacity and motivation for labor input ,s, 
thus, onc of a number of contributing factors. 

In communities such as those of the Solis Valley, where agriculture is one component in a complex economic system,
the interpretation of productivity in relation to marginal malnutrition is still more difficult. Nonetheless, in view of the 
substantial scientific and policy interest in the relationship between nutrition and productivity, the assessment of the 
situation in th- households in tie CRSP study seems highly desirable. 

(3)The data on household production provide a source of information for cross- validation of the household-level in
take data with respect to home produced foodsc.At the monthly household food acquisition-expenditure interviews, the 
lead female is asked to identify the source of each food item (home-produced, gathered, purchased, or borrowed). The 
agricultural output from die interviews with males will permit comparison between the two data sets. 

(4) Finally, the daa from the productivity interviews, in connection with the information on non-farm economic ac
tivities and food acquisition patterns, provides the basis for future analyses of the rel'tionships of food availability to 
intra-hcasehold fod distribution and marginal malnutrition. 

The data in the section that follows are from the "productivity" interview schedule, particularly from the ir,,wrviews in 
the calendar year of 1985, for which the data are most complete. 
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TABLE 193 
PERCENT OF HOUSEHOLDS ENGAGED IN PRODUCTION OF SPECIFIC CROPS 

Crop 1984 (N=203) 1985 (N= 199) 
Percent Percent 

Maize (Corn) 73.4 79.9 

Beans 9.9 4.G 

Fava Bean 5.4 13.6 

Wheat 3.0 6.6 

Barley 3.9 9.0 

Oats 2.0 4.5 

Fodder 1.0 6.5 

Garden Vegetables 0.0 2.0 

The imponnce of maize as the primary agricu!tural crop is dramatically clear in the preceding table. In the sample of 
203 households, there were 22 percent who did not own land, ad an additional 7 houselholds did not plant their fields. 
Thus, we see that all of the households who were agriculturally active grew maize. Aparallel situation held for the fol
lowing year. The data hi the table also document that the great majority of farmers are devoting their small land hold
ings almost exclusively to the production of maize. (The relationship of size of land holdings and other socioconomic 
characteristics to agricultural decisions, including types of crops grown, will be explored in future malyses.) 

Animal husbandry, as a commercial activity, is relatively rare, as seen in the following table, which summarizes the 
data on active buying and selling of animals for the 203 households interviewed during 1985. The column on the far 
right shows the percent of households that own the various ypes of animals, which contrasts markedly with the active 
tading figures. Non-commercial use of animals include their utility in agricultural work and home consumption. They 
also represent a form of "savings," since an animal ran always be sold should a sudden need for cash arise. 

123
 



TABLE 19.6 
PERCENT OF HOUSEHOLDS ENGAGED IN BLYING AND SELLING ANIMALS IN 1985 (N=203) 

Percent Percent Percent 
Type Bought Sold Owned 

Mules 2.0 0.5 21.0 

Bulls 4.0 4.9 11.5 

Cows 5.9 8.4. 44.0 

Horses 5.9 1.0 49.5 

Burros 5.0 2.0 39.5 

Pigs 3.6 7.9 26.0 

Goats 0.5 3.0 6.0 

Sheep 7.4 9.4 71.5 

Turkeys 7.4 3.4 81.5 

Chickcns 14.7 0.5 89.5 

Table 19.7 lists the days of work for the main agricultural task3 that men carried out in their own fields in 1985 with 
respect to the cultivation of maize,the primary crop. The figures are based on the 75% of household heads who engaged 
in some agricultural activity during that year. 

TABLE 19.7 
DAYS OF WORK t.4 SPECIFIC AGRICULTURAL TASKS BY ADULT MEN ON THEIR OWN LAND IN 
1985 (N=I51) 

Task 	 Mean S.F. Range 
Days Days 

Cleaning Fields 	 6.9 6.6 1 - 30 

Plowing 	 4.1 4.3 1 - 30 

Irrigating 2.9 3.6 1 - 30 

First Harrowing 1.6 	 1.9 1-20 

Second Harrowing 	 4.5 2.8 1 - 9 

Sowing 	 2.5 3.1 1 - 30 

Weeding 3.1 3.3 1-20 

Fertilizing 2.3 2.2 1 - 14 

Secord Weeding 2.4 2.6 1 - 25 

Spraying 5.9 5.4 1 - 30 

Harvesting 7.4 7.1 1 -60 
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In addition to investing the labor of the male household head, the families in the sample also hire labor, as well as utiliz
ing the labo,"of other family members. Table 19.8 shows the percent of households that used hired workers and fami
ly members for variou farming tasks during the 1985 agricultural cycle. 

TABLE 19.8 
PERCENT OF HOUSEHOLDS USING HIRED WORKERS AND FAMILY MEMBERS FOR SPECIFIC 
AGRICULTURAL TASKS IN 1985 (N=200) 

Percent Hiring Percent Using 
Task Workers Family Workers 

Cleaning Fields 31.0 69.0 

Plowing 35.0 16.0 

Harrowing 27.0 19.5 

Sowing 41.5 26.5 

Weeding 27.5 31.5 

Fertilizing 22.5 37.5 

Harvesting 41.9 59.1 

The resuits in Table 19.8 suggest that family labor is most important with respect to harvesting and cleaning the fields 
after the harvest. Harvesting is a time when many households hire additional help, as is also the case for planting. 

The quantity of maize produced by households in the six communities varied widely, from as little as 35 kilos to as 
much as 60,000. The distributions of values for the size of the household harvests in 1984 and 1985 are shown in Table 
19.9. 
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TABLE 19.9 
SIZE OF HOUSEHOLD MAIZE HARVESTS: PERCENT OF SAMPLE 

Quantity Percent of Households 
in Kilos 1984 (N= 149) 1985 (N=159) 

N % N % 

< 1000 27 18.1 38 23.9 

1000-1999 23 15.4 31 19.5 

2000-2999 19 12.8 36 22.6 

3000-3999 21 14.1 22 13.9 

4000-4999 15 10.1 8 5.0 

5000-5999 10 6.7 10 6.3 

6000-9999 25 16.8 12 7.5 

10,000+ 8 5.5 2 1.3 

The harvest in 1985 was very poor throughout the central Mexican highlands. Rains were late in coming andrainfall 
level was low in the early part of the summer, which was follo. I by very heavy rains later in the summer that left 
fields disastrously flooded (see rainfall data in Chapter 2). The effect in the Soils Valley is visible in a comparison of 
1984 and 1985 figures in Table 19.9. 

From !he first productivity interview in 1984, of the sample of 101 respondents, 18.8 percent reported that they sold 
maize from the preceding (1983) harvesL From the 1984 harvest, only 29 households (14.3%) sold maize after the har
vest. Unfortunately, the question about amount of maize sold from the poor 1985 harvest was omitted from the final in
terview in early 1986 because the fieldworkers felt the subject was too sensitive to ask. However, it is likely to have 
been even less than 14%. 

From the figures on the percent of households that sell maize, as well as the data on buying and selling animals, it is 
apparent that the production of agricultural products is not a primary source of cash income for the majority of the 
houscholds in the study. While there are a minority of farmers who engage in production agriculture as a commercial 
activity, for most households the food produced is for home consumption. The need for cash income is met through 
other economic activities. 

A. Agricultural Day Labor for Wages 

One sourt-. of cash income is agricultural wage labor in the local area. Apart from, or in addition to, work on their own 
land, two-thirds of the male household heads (n = 129) reported they had engaged in agricultural labor for someone 
else in the month preceding the first 1985 interview in early spring. At the second interview in late summer, the propor
tion of household heads reporting agricultural labor for pay in the preceding month was 50% (n = 100), and in early 
1986, 60% of the 199 household heads also reported working in other people's fields for pay. Table 19.10 shows the 
mean and standard deviation for the number of days worked in the preceding month, excluding those who did not carry 
out such work. 
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TABLE 19.10 
DAYS OF AGRICULTURAL WAGE LABOR IN PREVIOUS MONTH BY ADULT MEN 

N Mean S.D. Range 

Spring, 1985 129 6.6 5.6 1 - 30 

Summer, 1985 101 8.1 8.1 2 - 30 

Spring, 1986 116 16.6 10.4 1-30 

From these data, it appears that agricultural wage labor plays a role in the economy of many of the households in the 
communities. While it is certainly not a primary source of income for most households, a high and relatively steady 
proportion of adult men engage in some wage labor of this type. 

V.WAGE LABOR IN NON-AGRICULTURAL ACTIVITIES 

Wage labor outside th-, agricultural sector is the primary income source for many of the families in the sample. At each 
interview concerning agricultural activities, the household head was asked whether he had engaged in non-agricultural 
work in the past month, and, if so, the number of days spent in non-agricultural work forwages. 

TABLE 19.11 
WAGE LABOR ACTIVITIES OF ADULT MALES IN PRECEDING MONTH 

Interview Period No Yes 
N % N % 

Summer, 1984 58 (60) 38 (40) 

Spring, 1985 100 (49) 103 (51) 

Summer, 1985 71 (36) 129 (64) 

Spring, 1986 74 (38) 125 (62) 
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TABLE 19.12 
DAYS OF WORK OF ADULT MALES IN PRECEDING MONTH IN SAMPLE WHO ENGAGED IN NON-
AGRICULTURAL WAGE LABOR 

Days of Wage Labor Activity 
Interiew Period 5 1..1. .5 16+ 

N % N % N % N % 

Summer, 1984 (n=39) 4 (10) 29 (74) 2 (5) 4 (10) 

Spring, 1985 (n.--103) 9 (9) 73 (71) 4 (4) 17 (17) 

Summer, 1985 (n=129) .29 (23) 92 (71) 3 (2) 5 (4) 

Spring, 1986 (n=125) 6 (5) 9 (7) 6 (5) 101 (83) 

From Table 19.11 we see that between 40 and 60 percent of adult men were involved in wage labor at the time of the 
interviews in early spring and late summer. During the year from the summer of 1984 to the summer of 1985, the majority 
of men who sought wage labor outside agriculture carried out such activities an average of two weeks per month. (Note 
that this generalization is limited to the months for which the data were gathered.) However, in 1986 there is a shaip 
change in the direction of much greater investment of time in non-agricultural wage labor. 

Future analyses will explore the relationships among wage labor patterns and food use. 

19.1 	 DeWalt, B., Bee, R. Pelto, P.The People of Temascalcingo: A Regional Study ofModeirnization. Unpublished 
monograph. The Unive sity of Connecticut 1974. 
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Chapter 20 

FOOD INTAKE DATA 

I. INTRODUCTION
 

The first section of this chapter describes the effects on estimated food intake of two protocol changes that occurred 
during the study. These changes, and the reasons for them, have been described in Chapter 6. T'his analysis is followed 
by a description of the intake of specific nutrients and foods by target individuals after January 1, 1985. Finally, wean
ing patterns are described. 

II. EFFECTS OF THE MID-PRO IECT PROTOCOL CHANGES ON ESTIMATES OF FOOD INTAKE 

The following summarizes the effects of two changes in the diet collection protocol on estimates of food intake of lead 
females, toddlers and schoolers. The f irst modification of the interview protocol was an interview form change that oc
curred on October 1, 1984. The new form was designed to record family, as well as individual, intake data, and to 
eliminate field-level calculations prior to data entry. The second was a change in interviewers and interview rotation 
that occurred on January 1, 1985. This change was part of a project reorganization to improve relationships with target 
households. 

Similar analytic techniques were used to quantify the effect of both changes on estimates of energy intake, although 
each change was investigated separately. The time line below displays the three-month intervals used in these analyses. 
The three intervals that are grouped and named Period-1 were used to explore the hypothesis that the October, 1984 
form change altered the recording ef diet information. Similarly, the intervals of Period-2 were used to evaluate the ef
fects of the January 1, 1985 interviewer changes. 

FIGURE 20.1: TIME LI4E OF METHOD CHANGE INTERVAL COMPARISONS 

April-June July-Sept Oct-Dec Jan-Mar April-June 
1984 1984 1984 1985 1985 

INTERVAL-1 INTERVAL-2 IN'TERVAL-3 INTERVAL-4 INTERVAL-5 
PERIOD #1 

PERIOD #2 
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All analyses for a particular change were restricted to subjects who had data in all three intervals for that Period, to 
avoid probiems due to using different subjects in each interval. Different numbers of observations were reported for 
different subjects, thus a data set containing a mean for each subject by interval was created. The resulting number of 
subjects available for each analysis 1,k'cnod by Subject Type) is as followr: 

Preschoolers Schoolers Lead Females 

Period- 1 32 71 101 

Period-2 58 108 169 

Each subject had to have at least one reported food intake record in each of three c.:set -tiv. three-month intervals to 
be included in the analysis. Since the subject%, diet intake was averaged in each interval, the study design corresponded 
to a complete repeated measures design with three time points. A simple randomized block ANOVA was used for much 
of this analysis. Using mean KCAL (energy intake, kcal/day) as the dependent variable in this example, the model is: 

Y(ij) = u + a(i) +b(j) + e(ij); 

where Y(ij)=mean KCAL, u=mean KCAL for all individuals, a(i)=subject effect, b(j)=interval effect, and e(ij)=random 
error. 

Because there is only one observation per subject per interval, the subject by inLerval interaction is used as an error term 
in testing hypotheses. Using this model, three contrasts for each of the two investigations were of iterest. These con
trasts can be defined in terms of u(j), the mean (KCAL) intake for subjects in the (j)th time interval, j=l,...5. For the 
first diet change contrasts that were estimated are: 

1) u2-ul: change in intake between 1st and 2nd interval 
2) u3. u2: change in intake between 2nd and 3rd interval 
3) (u2-ul)-(u3-u2): difference between (1) and (2). 

For children, assuming no seasonal effects on diet, the fist contrast can be interpreted as the change in intake with 
maturation. Similarly, the second change can be interpreted as the change in diet with maturation plus a change due to 
the different diet methodology. The contrast of most relevance with respect to the change in methodology is the third 
contrast, because in the absence oi seasonal effects, this contrast should estimate the methodological change directly. 
Similar contrasts were constructed to examine the seco-id change in diet methodology in Period-2. 

It is important to note that the interpretation of the contrasts depends upon the assumption of no seasonal effects. For 
example, if food is more scarce in the second time period 0=2), then the interval-2 minus interval-I estimate may be 
zero (or negative) because the lack of available food may offset normal increases in intake due to maturation. Unless 
seasonal effects can be estmateo, it is not poszible to separate normal increase in intake due to maturation. How;vcr, 
the third contrast is still interpretable ar an effect due to a change in methodology if the impact of season is the same 
between intervals-I and 2 as it is between intervals-2 and-3. 

Four dependent variables were studied: total kcal, total protein, kcal from meat, and kcal from tortillas. Except for kcal 
from meat, the results were similar. Due to the extreme variability inherent in kcal from meat, significance was never 
apparent in any contrast. As a result of the similarity in the other variables, only results for total kcal will be presented 
in this summary. Additional analyses examined possible effects by sex and community (except for preschoolers, whose 
small numbers did not allow community specific tables). The sex specific tables failed to show any important differen
ces between males and females and the detailed results are not included. The community specific tables did show sig
nificant variations in the Period-2 analysis. 
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A. Initial Description of.MeanLKcal by Period and Individual T)e 

Figure 20.2 piesents a plot of mean kcal by subject type and illustrates the general pattern inreported intake. Mean kcal 
intake for subjects included incohorts for each of the defined investigations are given inTable 20.1. The means for the 
frst two intervals appear to be similar across each of the subject types. An increase can be noted during intervals-3 and 
-4 with a leveling off obszrved in interval-5. 

B. Results of the October Form Changt 

Table 20.2 sommarizes the results of contrast estimates (and tests of hypotheses of zero contrast means) for the October 
form change.
 

TABLE 20.1
 
MEAN KCAL INTAKE FOR SUBJECTS BY THREE MONTFH TIME PERIODS (SD)
 

Suoject 
type N 

Apr-Jun 
1984-

Jul-Sep Oct-Dec 
1985 

Jan-Mar Apr-Jun 

Preschooler 
32 

58 

540 
(228.9) 

636 
(197.4) 

877 
(273.6) 
829 
(268.0) 

1025 
(302.5) 

1059 
(327.3) 

Schooler 
71 

108 

1439 
(459.5) 

1421 
(392.9) 

1627 
(463.4) 
1591 
(462.7) 

1883 
(488.4) 

1829 
(457.8) 

Lead Female 
101 

169 

1871 
(612.2) 

1941 
(656.6) 

2256 
(636.2) 
2273 
(667.7) 

2563 
(716.5) 

2510 
(676.0) 
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MEAN KCAL BY SUBJECT TYPE ACROSS TIM,(E
 
DITERVALS FOR PERIODS I & II
 

3000 

(2500 

0 
-2000 

0 
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April 1984 - June 1985
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Figure 20.2 is a plot of mean KCAL by subject type across three month titre intervals 
from April 19S4 to June 19S5. The means for the first two intcrvals appear to be similar 
across each of the subject types. An increase can be noted dUrin. intcrvals-3 and -4 \s ith 
a levclin,: off observed in intcrval-5. Intervals 1-3 represent Period I from .-\prL ,9S4 to 
),ccmber 1984, and interals 3-5 represent Period II from October l')S- to June 1985. 
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TABLE 20.2 
CONTRAST ESTIMATES OF KCAL INTAKE AND P-VALUES FOR OCTOBER FORM CHANGE BY 

TYPE OF SUBJECT 

Estimated Difference In Kcal Intake 

N u2- ul 
(P-value) 

u3 - u2 (u2 - ul) - (u3 - u2) 

Pre-
schooler 

32 96.1 
p=.018 

241.0 
p=.001 

-144.8 
p--.04 

Schooler 71 -17.5 
p-.73 

206.0 
p=.0000I 

-223.8 
p=. 0 1 

Lead 
Female 101 69.8 314.9 -245.2 

p=.2 2  p=.000! p=.01 

As indicated in Table 20.1, illustrated in Figure 20.2 and confirmed in Table 20.2, there were no significant differences 
in kcal intake between intervals- I and-2 (Apr-Jun and Jul-Sep) in 1984. However, there was a significant increase from 

interval-2 to interval-3 (contrast u3-u2) of 38%, 15% and 16% for preschoolers, schoolers, and lead females respec

tively. The differences for all subject types were statistically significant (conmst-2). Although an increase in intake due 

to maturity may be expected for preschoolers, a 38% increase over three months is much larger than expected due to 

maturity alone. However, the incease may also be attributable to the October form change, and/or seasonality. 

The third contrast was fonned to isolate the effect due to the October form change by eliminating the effect of matura

tion. This contrast is interpretable under the assiunpton of equal seasonal effects between the first and second inter

vals, and the second and third intervals. The increase of kcal intake from interval-2 (Jul-Sep) to interval-3 (Oct-Dec) 
was la;ger than the change from interval- I (Apr-Jun) to interval-2 (Jul-Sep). Contrast-3 indicates that this increase was 

significant for all subject types. 

C. ResutsiLhLnuarv Methodology Change 

Table 20.3 summarizes the results of contrast estimates (and tests of hypotheses of zero contrast means) for the January 
methodology cbnge. 
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TABLE 20.3 
CONTRAST ESTJMATES FOR JANUARY METHODOLOGY CHANGE 

Estimated D-ifference In Kcal Intake 
(P-value) 

N u4- u3 u5- u4 (u5- u3)- (u5- u4) 

Pre- 58 196 33 162 
schooler p=.000 Ip1.43 p=.03 

Schooler 292 -28 320 
(Male) 52 p=.0001 p=.5 7 p=.0003 
(Female) 56 294 -80 373 

p=.0.l0_ p=.16 p=.0002 

Lead 
Female 101 290 -53 343 

p=.0001 p=.26 p-.001 

Asignificant increase in reported kcal intake was evident for all subject types between interval-3 (Oct-Dec) and inter
val-4 (Jan-Mar). The reported increase was 24% for preschoolers, 17-20% for schoolers, and 13% for lead females. As
suring no seasonal effects, these increases could be attributable to maturation for preschoolers and schoolers but not 
for lead females. The January methodology change is a more likely explanation. Asimilar comparison betw( en inter
val-5 (Apr-Jun) and interval-4 (Jan-Mar) indicated no significant differences for any of the groups, suggesting that the 
change reported in the first contrast was due to the change in methodology. With the assumption of no seasonal effects. 
the change in methodology was isolated in the third contrast. For all subject types, the significant increase following 
the January change (interval-4 minus interval-3) was not observed in the subsequent contrast (interval-5 minus -4). Con
trast-3 indicates that the difference between these two comparisons was significant for the all subject types. 

D. Analysis of ChangesbLvComunJty., 

Additional analyses investirited these differences by community, for the January 1984 interviewer change. Community 
6 was not included in this analysis because data were not collected there until after the interviewer change. Tables 20.4 
and 20.5 show these results for schoolers and lead females (sample sizes for preschoolers were too small). An ANOVA 
was performed on contrast-3 across communities. Results of the Tukey post-hoc analysis for schoolers indicated that 
communities 4 and 5 were significantly different from communities 1,2 and 3 (p<05). No other -tautilairi differences 
were observed. Thus, the overall significani effect of contrast-3 for schoolers (Table 20.3) may be due primarily to com
munities 4 a'd 5. 

In the case of lead females, Tukey post-hoc analysis found no significant differences for contrast 3. Thus, an overall 
significant effect for contrast 3 was found iTable 20.3), but no community differences were observed. However, Tables 
20.4 and 20.5 indicate that the reported intakes for communities 4 and 5show the most marked change across the January 
intervention (u4-u3), especially in community 4. This pattern was consistent for schoolers and lead females, and sig
nificant for schoolers. 

E: Comparison of 1985 and 1986 Data 

Adifference of means test was used to compare the intakes of various nutrients and foods during January to March, 
1985 and January to March, 1986. The analysis was done for adult females who had at least one measure in each of the 
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six months (N4=260). There were no significant differences in the intakes of (1985 and 1986 values respectively) kcal 

(2609 and 2681), fat (39 and 44 g), carbohydrate (463 and 463 g), protein (75 and 77 g), cereals of all types (1885 and 

1868 kcal), legumes (114 and 154 kcal), tortillas (1726 and 1740 kcal), pasta (38 and 32 kcal), pulqtQ (144 and 146 

kcal), or animal products (99 and 140 kcal). Thus, data appear to be remarkably consistent during this 15 month period. 

TABLE 20.4 
MEAN KCAL INTAKE REPORTED BY COMMUNITY WITH CONTRASTS FOR JANUARY 
METHODOLOGY CHANGE
 

SCHOOLERS 

Community Oct-Dec'84 Jan-Mav'85 Apr.Jur'85 (u4-u3) (u5-u4) (u4-u3)-(u5-u4) 

#1 
Mean(n=i9) 1626 1.732 1635 106 -97 203
 

(SD) (517.2) (432.0) (423.7) p=. 19 p=.23 p=.! 5 

#2
 

Mean(n=21) 1577 1652 1563 76 -89 165 

(SD) (419.4) (424.2) (416.2) p=.22 p=.15 p=.13 

#3 
Mean(n=18) 1754 1969 2124 215 155 61 

(SD) (458.7) (555.2) (486.0) p=.02 P=.10 p--.70 

#4 
Mean(n=28) 1411 2055 1953 644 -102 747 
(SD) (516.2) (546.3) (437.8) p=.000I p=. 17 p=.0001 

#5 
Mean(n=22) 1669 1946 1849 277 -97 373 

(SD) (327.8) (356.5) (333.50) p:--.000 2 p=.16 p=.003 
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TABLE 20.5 
MEAN KCAL [NTAKE REPORTED BY COMMUNITY WITH CONTRASTS FOR JANUARY 
METHODOLOGY CHANGE 

LEAD FEMALES 

Community Oct-Dec'V. Jan-Mar'85 Apr-Jun'85 (u4-u3) (u5-u4) (u4-u3)-(u5-u4) 

11 

Mean(n=34) 2184 2270 2187 86 -83 169 
(SD) (567.8) (575.9) (539.8) p=.37 p=.38 p.=.30 

#2 
Mean(n=27) 2407 2382 2219 -26 -162 136 
(SD) (734.6) (620.8) (622.6) p=.78 p=.08 p=.40 

-?3
 

Nean(n=33) 2460 2663 2620 203 -43 246 
0 35  (SD) (636.9) (821.2) (788.2) p=. p=.65 p=.14 

44 
Mean(n=44) 1941 2685 2736 744 51 693 
(SD) (679.3) (735.6) (655.8) p=.0001 p=.60 p=.0001 

#5 
Mean(n=3 1) 2526 2763 2677 237 -86 323 

41 (S D) (536.7) (693.1) (558.6) p=.03 p=. . p=.08 

F. Conclusions 

In communities 3,4 and 5,the interviewer changes inJanuary of 1985 were associated with higher reported energy in
takes, especially incommunity 4. That community had the lowest intake prior to the hiterviewer change. While the in
terviewer changes were made because of a crisis in the community/project relationship, the change to professional 
nutritionis, apparently produced higher estimates of energy intake. Most project measures were made after the inter
viewer change. 

in tht, descriptio, s, of food intake, and for the more in-depth longitudinal analyses in later chapters that re
late functional outcomes to nutrient intake, only food intake data collected after January 1985 have been used. The 
reasons for this decision include: 

i) these data were collected by the most highly-trained, professional nutritionists, 

ii) averag nutrient intakes collected by weighing and observation (described in Chapter 6)are similar 
to those obtained after January 1, 1985, 

iii) there were no significant differences between the intakes of target individurJs during January to 
March 1985, compared to January to March 1986, suggesting that the higher estimates of intake after 
January 1985 are not a temporary phenomenon. 
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iv) 	 most of the January 1985 change occurred in Community 4, where the intakes seem unreasonably 
low prior to this time. 

The limited time and resources available for the preparation of this report did not permit a thorough examination of the 
reasons for the method effects on estimates of intake. It is probable that many of the data collected prior to January 1, 
1985 can be used in future analyses. For example, methodology did no:. significantly change intake estimatu all com
munities and it is possible that data from those communities in which intake estimateS were stable can be used lon
gitudinally. Interviewer bias must also be examined in 1984 and may reveal interviewers that produced very low 
estimates of intake. Finally, the interviewer change did not appear to affect the intake estimates for different foods dif
ferervtially - the effects were proportionally similar over all types; of fods. T1hus, estimates or rankings of dietary quality 
might be useful over the entire study, if the number of diet measures in each oPcriod is controlled in analysis. 

II QE.I "EIARY,,L('Y AND PROILINJT.KL. 

The following descriptions of ihe nutri,.nt intakes of target individuals are tased on food intake data collected after 
January, 1985. The average energy and protein intakcs of target subjects, plr day, per kg mean body weight, and per 
cm mean height, are shown in Tabje, 20-6 and 20.7. '1.he data from infants are not interpretable as most of them are ob
taining at least some calories and protein troma breast milk; they a-e shown here as an indication that energy intake from 
supplementa. foods is minimal on average. Pruschooler di.lt are described for "all" in this group, and separately for 
those who were weaned. As anticipated, tne recorded intakes of unwemncd children ae shghdly lower than those who 
are completely weaned, due to the unmeasured coniributior; of breast milk in Jie !brmer group. 

Compared to the iccommendeA dietary intakes ior Mexicans (20.1), preschc-olers' average daily intakes in Solis are 
too low by 130 kc~al, while for schoolers they are 150 kcal/d lower than .he 2,(00' kcal recommended. if th-,National 
Academy of Sciences Recommended Dietary Allowances (RDAs, 20.2) are used as the basis of comparison, energy in
takes of preschoolers are too low by 180 kcal, and of schoolers by 550 Lcal. Adult males achieve their recommended 
energy intake. 

Non-pregnant, non-lactating women consume 371 kcal/d more than the recommnmdation of 2000 kcal; this group con
tains women who are older and heavier than the pregnant and lactating groups, so that their total daily energy intake is 
higher on a total daily basis but not on a per kg body weight basis (Table 20.6). The Mexican recommendations are to 
increase energy intake by 200 kcab'd in pregnancy and 1.000 kcal/d in lactation. The equivalent RDAs are +300 ant 
+500 kcal/d respectively; the US-RDAs for lactation as.,unie the availability of 300 kcal/d from maternal fat stores 
deposited during lactation, while the Mexican values do not. Compared to intakes in the first trimester, intakes of the 
Mexican women do not appear to increase during pregnancy but remain close to the recommended level. However, this 
needs to be confirmed using a longitudinal data set of the same women studied before and during pregnancy. Compared 
to early pregnancy, average daily intakes rise by about 3,10 kcal in the first three months of lactatioa, and by 430 kM 
during months 3-8 postpart'm. On average intakes in lactation are 400 kcal below the Mexican recommendations, but 
similar to the US-RD,s. 

On a body weight basis, recommended energy intakes (kcal/kg) are (Mexican and US values respectively in each case) 
preschoolers, 90 and 100; schoolers, 76 and 86; adult males, 38 and 38; adult females, 36 and 36. Intakes per kg are on 
average more than adequate for all groups, using either Mexican or US recommendations. As discussed further below, 
these high intakes may be explained by an overestimate of the availability of dietary energy from tortillas. 

The Mexican recommendations for protein consumption are approximately 50 percent higher than those of the USA 
because of the poor quality of the maize protein that constitutes tie major source of dietary protein. The average daily 
intakes ofprescL-olers, schoolers, and adult males and NPNL females are close to the Mexican recommendations (which 
are 27, 52, 83 and 71 g/d for each group respectively). Intakes did not increase substantially in pregnancy, so that con
sumption was 20 g/d less than the Mexican recommendation of 81 g/d and about 15 g/day less than the United States 
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RDA of 76 g in pregnancy. Intakes increased by about 10 g/d in lactation but were still 30 g/d less than Mexican reconi
mendations (101 g/d), although they exceeded the US RDAs slightly (64 g'd). 

While average intake data such as these do not permit the estimation of the prevalence of inadequate intakes in the tar
get groups, the following generalizations can be made. The groups at great,s, risk of energy deficiency appear to be 
preschoolers and schoolers (although not on a kg weight basis) and pehdups lactating women. Incontrast, pregnant and 
lactating women constime oa average less protein than itcommended. 

'ABLE 20.6. 
MEAN ENERGY IN TAKE BY TYPE OF INDIVIDUAL 
DATA COLLECTED AFTER JANUARY 1, 1985 

Subject Type N* Kal/d NO Kcal/kg N4 Kcal/cn
Body Weight Height 

Infan (all) 95 176± 200 95 31.5±36.2 95 2.9+3.0 

Preschool. (all) 119 442 101.3 31.2 1131085j 119 13.4±3.8 

Preschool. t 96 1118+ 309 95 103.5-.31.8 - -

Schoolers 116 1858: 609 115 84.7 20.4 116 15.5 3.6 

Adult males 139 3029 1151 139 47.4 12.4 119 18.5 ±4.6 

Adu1lfemales 

Noalazting 

NPNL 98 2371 ± 833 98 40.9 + 10.8 98 15.7 + 3.5 

Tri 1 27 2139. 844 27 41.4± 1.5.2 27 13.2 3.7 

Trill 59 2208+ 851 59 42.1±16.3 5) 13.7±4.1 

T III 87 2230 + 876 87 42.8 ± 16.7 23 13.9 + 4.8 

Lactating 

0-3 mont 102 2476 ± 933 102 46.6± 17.2 1012 14.6 ±4.6 

3-6mont 106 2573 ± 925 106 48.1± 17.4 106 15.2±4.7 

6-8 mont 108 2567 ± 991 to$ E.6 . 17.8 108 15.4 + 5.0 

Tri I 12 2375 ± 870 12 40.0 8.9 12 15.2 ±3.7 

Trii0 9 2041 ± 618 9 36.9± 8.1 9 15.0±3.4 

# of individuals 

t mcss for a non-breasfed subset uecd in longitudinal &udysiz 

t Lactatig but not pregnant 

§ There were no Tri U women lactating. 
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TABLE 20.7.
 
MEAN PROTEIN INTAKE BY TYPE OF INDIVIDUAL
 
DATA COLLECTED AFTER JANUARY 1, 1)85 

Subject Type N* G/d Ni G/kg Nt G/cm 

Infants (all) 95 5.1 + 7.2 95 0.89±1.26 95 0.08 ±0.11 

Preschool. (all) 117 32.8± 14.5 117 3.04-±0.92 113 0.40±0.11 

Preschool.t 96 33.2 8.8 95 3.08 ±0.89 -

Schoolers 116 54.9+20.1 115 2.50+0.62 116 0.46+0.11 

Adult males 139 82.7±32.8 139 1.29±0.31 119 0.50±0.11 

Adult fmals: 

Nonlactating: 

NPNL 98 68.6±27.4 98 1.18±0.31 98 0.45±0.10 

Tri I 27 58.6±25.1 27 1.17 0.39 27 0.43 0.11 

Tri H 59 60.6±24.6 59 1.20±0.41 58 0.46±0.13 

Tn 11 87 64.1 +28.3 87 1,22 ±0.39 87 0.39±0.14 

Laitng: 
0-3 mont 102 68.1 ±27.4 102 1.30 0.42 102 0.48±0.13 

3-6 mon* 106 72.3±29.2 106 1,38±0.44 106 0.50±0.13 

6-8 mont 108 71.5 +28.9 108 1.36±0.42 108 0.50±0.14 

Ti 1 12 67.7 ±27.0 12 1.17 0.29 12 0.44 ±0.12 

Trill 9 60.3±23.3 9 1.06±0.23 9 0.43±0.10 

Legeads as for previous table. 
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TABLE 20.8.
 
MEAN DAILY NUTRIENT INTAKE BY TYPE OF INDIVIDUAL
 
DATA COLLECTED AFTER JANUARY 1, 1985 

Fat CHO Ca Fe Thiamin Ribo. Niacin Ascorbic Retinol 
Subject (g) (g) (mg) (mg) (rmg) (mg) (rng) (mag) (ug RE) 
Type S.D. S.D. S.D. S.D. S.D. S.D. S.D. S.D. S.D 

1* 5.6 26.7 106 1 0.1 0.2 0.5 3 97 
±8.1 ±30.1 ±209 ±1 ±0.1 ±0.4 ±0.6 ±7 +216 

22.0 189.3 501 11 0.8 0.5 5.1 15 176 
±14.2 ±83.2 ±268 ±6 ±0.4 ±0.3 ±2.7 ±19 ± 229 

S 29.4 344.0 857 21 1.4 0.8 8.9 21 245 
± 17.1 ± 117,9 ±385 ±8 ±0.5 ±0.4 ±4.6 ±27 ±426 

AM 41.9 494.0 1360 36 2.2 1.4 16.9 88 337 
± 25.1 ±191.0 ±658 ±17 ±0.9 ±0.6 ±8.7 ±87 +479 

AF:-

NPNL 36.8 415.3 1100 28 1.8 1.1 12.6 50 324 

+21.9 ± 157.1 ±496 ± 13 :t0.8 ±0.5 t6.3 ±49 ±401 

pt 38.4 430.6 1129 28 1.8 1.1 12.2 44 309 
±22.6 ± 142.9 ±546 ± 10 +0.7 ±0,5 ±5.1 ±47 ±354 

Lt 42.2 482.0 1259 31 2.0 1.2 13.8 50 328 
-23.8 ± 162.0 :t534 ±13 ±0.8 ±0.3 ±6.6 ±54 ±438 

Includes those childrrn receiving some breast milk. 
t Pregnant, ncslactating. 
t Lactating,nonpregnant 

Number of observations: "I- = Infants (522), "1 = Preschoolerv (1917), "S"= Schooler (1771), "AM"= Adult Males (2956), "AF= Adult Females: 
"NPNL" = Nonpregnant, Nolactating (1234), "P" = Pregnant (838), "L"= Lctating (1511). 
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TABLE 20.9. PERCENT TOTAL ENERGY INTAKE OF PLANT ORIGIN* 
DATA COLLECTED AFTER JANUARY 1, 1985 

Subject 
Type All Tortil. Legume Bread Pasta Rice Oils Pulque Veg. Fruit Cultt 

It 74 12 4 2 6 2 9 1 1 6 <1 

T 89 50 6 7 3 2 7 1 1 1 <1 
S 93 65 5 5 1 1 5 1 1 <1 <1 

AM 93 59 5 3 1 1 5 12 1 <1 <1 

AE: 
NPNL 92 60 5 5 2 1 5 6 1 <1 <1 
P 94 64 5 4 1 1 5 5 1 <1 <1 
L 94 64 4 3 2 1 5 5 1 <1 <1 

0 Nvmber of observazioni: "T"= Infants (522), " = Preschoolers (197), "S" = Scholers (1771), "AM" = Adult Males (2956), "AF"= Adult 

Females: "NPNL" = Non- pregnant, Nonhcating (1234), "P" = Pregnant (858), "L" = Lactaing (151 1). 

t Supplemental foods fed to infants. See text for comments on sugar intake. 

t "Cultivated" fruits and vegetables include those seasonaly available from home production, and wild gathc'td plant foods (see text). 

TABLE 20.10.
 
PERCENT TOTAL ENERGY INTAKE OF ANIMAL ORIGIN*
 
DATA COLLECTED AFTER JANUARY 1, 1985
 

Sub iect 
Type All Meat Dairy Eggs 

I 26.5 2.1 17.6 6.1 
T 1.9 3.1 5.3 2.8 
S 6.9 2.6 2.0 1.8 
AM 6.6 2.8 1.8 1.4 

AE:
 
NPNL 7.8 3.1 2.6 1.3 
P 6.5 2.6 1.9 1.5 
L 6.5 2.5 2.0 1.6 

*Number of observations: " = Infants (522), "" = Preschoolers (1917). "S" = Schoolers (1771), "AM" = Adult Males (2956), "AF' = Adult 

Females: "NPNL" = Non- pregnant, Nnactating (1234). "P" = Pregnant (838), "" = Lactating (1511). 
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TABLE 20.11 
PERCENT OF TOTAL PROTEIN INTAKE FROM VARIOUS SOURCES* 
DATA COLLECTED AFTER JANUARY 1, 1985 

CLASS FOOD TYPE 
Subject 
Type Plant Animal Tortil Legume Bread Pasta Rice Meat Dairy Eggs 

I 
T 
S 
AM 

56 
74 
83 
83 

44 
26 
17 
17 

13 
46 
60 
58 

6 3 
11 6 
10 5 
9 3 

11 
3 
1 
1 

3 
1 
1 
1 

4 
9 
8 
9 

28 
9 
4 
4 

11 
7 
5 
4 

AE: 
NPNL 
P 
L 

81 
83 
83 

19 
17 
17 

63 
60 
56 

8 
9 

10 

4 
3 
4 

2 
2 
2 

1 
1 
1 

7 
9 
8 

4 
5 
4 

3 
3 
4 

* Number of observations: T = Inftnts (522), 'T- = Freochooen (1917), "S"= Scbcxku (1771), "AM"--Adult Males (2953), "AF" Adult 

Females: "NI'NL"= Non- Pregnant. NonlacIatig (1234), P" = PregnAm (838), "L"= Lactating (1510). 

IV. ADEQUACY OF OTHER NUTRIEN T HSDIFT 

In the Soils diets, approximately 14% of the dietary energy iscontributed by fat, and 75% by carbohydrate (including 
alcohol) (Table 20.8). Equivalent values in the United States are 42 and 46% respectively. The Mexican diets are rela
tively low in fat and high in carbohydrate. The main source of calcium is tortillas, the calcium being added as lime 
during the soaking of maize prior to grinding at the mill. Surprisingly, the calcium intake of preschoolers is lower than 
US (800 mg/day) recommendations. Other target groups receive sufficient calcium on average. 

Iron intakes aie about 50% higher than recommended, because of the high iron content of tortillas (1 mg per tortilla or 
1.1 mg/100 kcal) and beans (about 2 mg per serving). However, the availability of thr Lon in these foods is low due to 
their high fiber content and the form of the iron (non-heme). In the absence of meat or ascorbic acid, absorption isabout 
2.5% from beans and maize (20.3, 20.4). Ascorbic acid intakes are very low: less than one half of recommended levels 
are consumed by children. 

Thiamin intakes are satisfactory in all groups. Riboflavin consumption is about half the levels advised for both groups 
of children, two thirds of that recommended for pregnant and lactating women, and slighdy low for other female and 
male adults. Niacin intake.- are a out baL-f the recommended levels for children. The situation with retinol iseven worse: 
intakes of children and adults are less than half of recommended levels. Inpregnancy and lactation, intakes of retinol 
are only about one quarter of the recommendations. 

The Management Entity, with the assistance of Dr. G. Beaton, applied a probability assessment approach (20.4) to 
the Mexico dietary data. The purpose of this approach as used here is to consider the likelihood that analyses using 
energy intake as the indcpendcnt variable are in fact showing the effects of inadequacies of other nutrients in the diet. 
Protein, vitamins A and C, and iron are the nutrients tested here. There are several importaa, caveats to the use and in
terpretation of this approach. First, errors in intake or food composition data will affect the estimate of prevalence, espe
cially if such errors are biased. Random errors have a much smaller impact. Secondly, estimates of requirement are 
current judgements based on documented sources. Thirdly, the estimates of prevalence relate to the probable adequacy 
of diets, and not to the prevalence of suboptimal nutritional status of individuals. The assessments are based on the 
average intake of individuals during the study, and do not consider cyclic or temporary changes in intake. Finally, 
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analyses for adult women assume that they were not pregnant or lactating (when in fact many of them were). Estimates 
were not calculated for infants, and were only made for preschoolers who were weaned. 

Since the analysis has only been performed so far using dietary data collected both pre-and post-January 1985, detailed 

prevalence estimates will not be presented here. However, the general pattern is as follows. A small percent (<8%) of 

children and adults have inadequate intakes of protein to maintain nitrogen balance and permit normal nitrogen accre

tion in children. In contrast, a high percentage of children (40-60%) and adults (about 40%) have vitamin A intakes 

below the level required to prevent clinical manifestations of deficiency. The probability of vitamin C deficiency is very 

high in children, and moderately high in adults. Assuming that dietary iron in Solis has a low availability overall, the 

percent of individuals who are likely to be consuming insufficient quantities to stabilize mild anemia is very low for 

preschoolers and adult males, but considerable in the case of schoolers and adult females (11- 16%). 

V. SOURCES OF DIETARY ENERGY AND PROTEIN 

Tables 20.9 to 20.11 describe the types of foods that are consumed. On average, preschoolers derive 88% of their ener

gy and 74% of their protein from plant sources. For schoolers and adults these percentages are 93 and 83% respective

ly. Well over half of the energy comes from tortillas in all groups. The obsecved median number of tortillas consumed 

by adult males and females during the diet validation study (Chapter 6) was 17 per day (1577 kcal), with a range of 6

39 for males, and 2-30 for females. Another 5-6% of total energy comes from beans, 3-5% from bread, 1.2% from pasta 

and 1%from rice. Most families produce their maize on their own or rented land but only a few of families grow beans. 

Vegetable oil is used sparingly in the preparation of beans, pasta, rice, eggs and meats, and only contributes about 5% 

to total dietary energy. Lard is not used. Not shown in these tables is the fact 12% of the non-breast milk intake of in

fants is from sugar, prepared in herb teas. 

The intake of calories from vegetables (apart from t;e maize in tortillas) and fruits is negligible. The most common of 

these are onions, g.ulic and tomatoes that are added to pasta, rice, beans and meats; iilea in salsa and meat dishes; 

squashes, potatoes, and chard. Of these, only squash (laTbIza,, Cucurbita _po, and beans are grown by some 
households. Fruits orjuices are given to young children. These ar largely purchased in season, and are oranges, bananas 

and mangos. "Amia de limon" (lemons, sugar and water) is commonly consumed with meals and can provide the main 

source of ascorbic acid for some children. "Cultivated" foods are seasonal, and include locally- or home-grown field 

crops (such as fresh maize, squash and squash flowers, and lima beans). Also in this category are the few wild foods, 

such as lun, ("prickly pear", the fruit of the n pd cactus that is high in calcium, iron and ascorbic acid), noak (cac

tus, Qpunti sp.), wild greens such as xcnosdes and quelites (flmgampfsris), and huiiacoch or liongos de 

maiz (fungi on the ears of maize that are highly-prized and sold by the locals for cash to buyers from Mexico City). 

There are almost no "home gardens" in the valley in spite of the efforts of several past development projects. 

]ulb=u, the alcoholic beverage brewed locally from the sap of the magu=y cactus (Agave sp.), makes a significant cwt

tribution to energy intake of adults - 12% for men, 6% for women and slightly less (5%) for pregnant and lactating 

women. Higher intakes had been anticipated in lactation since many women reported that they drank pulque to "give 

milk". bg= contains about 2% alcohol, in addition to a number of compounds that are reportedly hallucinogens. Other 

constituents include 430 kcal (of unknown digestibility), 120 mg calcium, 7 mg iron, 0.2 mg thiamin and riboflavin, 4 

mg niacin, and 60 mg ascorbic acid per liter. Usual intakes per meal are between 500 ml and a liter, with some men 

consistently reporting the consumption of 3-5 liters per day. Men also drink beer, especially on weekends, although 

women do so rarely. 

About three-quarters of the dietary energy of adults comes from tortillas and pul=u. Although consumption of this 

beverage may reduce the intake of tortillas, it dramatically increases the intake of iron and ascorbic acid and explains 

part of the high intakes of these nutrients by men. In future analyses attention should be paid to the possible confound

ing role of high pulque intakes on the functions and hematological status of adults, breast-fed infants who may ccn

sume the alcohol and/or metabolites in milk, and the small number of preschoolers and schoolers who are given this 
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drink. For example, analyses presented in Chapter 24 suggest fhat pul= consumption is associated with macrocytic 
anemia in both adult males and non-pregnant, non-Laciating adult females. 

V. FOODS OF ANIMAL ORIGIN 

Compa.red to the situation for schoolers and adults, proportionately more of the foods given to infanis are of animal 
origir. Preschoolers also receive slightly more milk and eggs. 

Of the 7 to 8% of calories that are of animal origin in adult diets, over half are from neat, with slightly smaller propor
tions from dairy products and eggs. Stores within the valley do not sell dairy products or meat. Most families have 
chickens (85%) and turkeys (79%) which aie consumed on special occasions. Beef and pork can be purchased from the 
market iMTemascalcingo, but is not sold in de community stores. Meat is available in the community of Solis only 
early on Sunday morning, and members of some target households complain that they could afford to buy more meat, 
but do not have the opportunity to do so. In recent years, many families have changed to purchasing their food from a 
"food truck" that comes to thr communities; this means that fewer go to markets where meat issold. Altl;ough 51% of 
the families own a cow, the consumption of fresh milk is low. Milk production is low, there are few refrigerators, and 
seme families sell their milk to aprivate individual who collects it with a truck. Milk (often diluted with water) is con
sumed by some families incoffee at breakfast, and sometimes inthe evening. Dried, full-cream milk is often substituted. 
Cheese is expensive and almost never ptchs., so that it is only consumed in quantity by the few families that make 
it from the milk of their own cow. Eggs are also acquired largely by home production, although they can be purchased 
in the community i.ninas. In summary, the high cost of animal products, their low availability (especially of meat) and 
Lhe lack of a refrigcrator in most (85%) of the homes means that the intake of these foods by poorer families, and the 
population in gener-al, is very low. 

The low intake of animal foods is of concern because such foods are the main sources of available iron and zinc, and 
high quality protein. Maize is considered a poor quality protein because of its low lysine and tryptophan content, un
less it is consumed with the complementary protein iia beans. Pasta is now a substitute for beans in a large proportion 
of meals. The poor quality of maize protein could be part of the explanation for the poor growth of children in Solis. 
An additional concern is the poor digestibility of carbohydrate (energy) in maize. In the INN food tables, the energy 
value of maize is calculated from the formula: 

calories = (protein x 2.73) + (fat x 8.37) + (CHO x4.13) 

The heat of combustion of maize carbohydrate is 4.20, thus it is assumed that almost all of the carbohydrate is avail
able. However, there are insufficient data on the digestibility of maize in Mexico. The grain is harvested when mature 
and dry, so the fiber content will be high. Field maize contains 2%fiber .USDA value, 20.5). The Atwater value for the 
factor to be applied to carbohydrate in corn i, 4.03 (20.5), rather than th 4.3 ucd in the I-N tabies. If the Atwater 
value were used instead of the ThN value, this would lower the estimated energy intake from tortillas by 2.5%. For adult 
males, this is a decrease of about 45 kcab'day. However, the digestibility of energy in rural Guatemalan diets contain
ing maize, beans, rice and squash, but l= fiber than those eaten in Solis, has been reported to be about 89% (20.6), 
compared to te Atwater estimate of 96% digestibility for the carbohydrate in com. if 89% digestibility is assumed, 
then the "Atwater" value for energy in maize carbohydrate becomes 3.74, and energy intakes of adult males would be 
decreased by 168 kcal/d. Since even 89% digestibility is a high estimate for tortillas, the values ior energy intake 
presented in the preceding tables probably overestimate available energy. 

Inmany of the analyses below, the intake of calories and/or protein from animal sources is a 15redictor of more favorable 
functional outcomes. While care must be taken to control for those variables that might correlate with higher amounts 
of animal foods (e.g. socioeconomic status, a better environment etc.), such foods provide better quality protein and 
more absorbable energy, iron and zinc. They are also more energy-dense and less bulky or "filling" than tortillas. Any 
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or all of these advantages of animal foods coUld explain the better growth and development of those children who are 
fortunate enough to consume more animal foods. 

VII. WEANING PATTERNS AND THE DIETS OF INFANTS AND f'RESCHOOLERS 

Since target infants were only followed up to 6-8 months after birth, and target preschooler, between 18 and 30 months 
of age, it is not possible to know with certainty the mean age at weaning in this sample. The weaning date of target in
fants and preschoolers was obtained from the mother during her monthly visit to the Solis clinic, and is the date when 

she first reported that she was no longer giving any brast milk to the child. The date can therefore be overestimated 

by up to 30 days. In addition to the data obtained in the clinic, a weaning date for all infants and preschoolers was ob
tained before the end of the study by asking the mother when weaning occurred. This recalled date was only used in 
the few cases where there were no available data from the clinic. 

No target infants were completely weaned duing the time tney were studied. Most of the infants had a gradual intro

duction of foods, mostly after 3 months of age. The percentage of specific foods consumed out of a sample of 1,000 

records of foods eaten by infants is as follows: ingredients in bean or pasta dishes (20%), sugar (11%), tortillas (7%), 

eggs (5%), milks (5%), rice (2%), fruit (mostly bananas, 2%), rice flour and soaked maize for the drink atl (1%), 

bread (1%), pul= (1%), colas (1%), meat (1%). The sugar is served in herb teas, and as mentioned above, constitutes 

about 12% of the non-breast milk calories consumed by infants. The sweetened teas a-e often the only supplemental 

food given to unweaned infants in the first few months of fife. Dairy products, which provide about 18% of non-breast 

milk calories, are about one third dried whole cow's milk, 28% infant formula, 32% fresh or boiled cow's milk, and 5% 

evaporated milk. 

Mos! preschoolers (72%) were weaned prior to 18 months of age (Table 20.12). Five preschoolers were not weaned 

until after 30 months of age. In analyses of relationships between intake and function, food intake data are only used 
from preschoolers after they are weaned. 

TABLE 20.11 
DISTRIBUTION OF WEANING DATES BY SEX FOR PRESCHOOLERS 

Number of Subjects 

Male 
Sex 

Female 
Total 

No Weaning Date 
Weaned Before 18 mo. 
Weaned from 18-21 mo. 
Weaned from 21-24 mo. 
Weaned from 24-27 mo. 
Weaned from 27-30 mo. 
Weaned after 30 mo. 

4 
56 
7 
4 
3 
2 
2 

3 
53 

8 
7 
4 
2 
3 

7 
109 
15 
11 
7 
4 
5 

Total 78 80 158 
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Chapter 21 

ANTHROPOMETRY DATA 

I. INTRODUCTION
 

Anthropometric data were collected repeatedly on all target individuals and once on non-target household members, as 
described in Chapter 7. Measurements were taken monthly on infants, preschoolers, and pregnant and lactating women, 
and every three months on schoolers, NPNL women, and adult males. Anthropometric data include length (up to 30 
months of age), height, weight, abdominal and lower arm circumference, and subscapular, suprailiac, triceps, and biceps 
skinfold measures. In addition, percentiles and Z-scores for weight, height, and weight-for-height were computed based 
on NCHS growth standards. 

This section describes the anthropometric data in two ways. First, anthropometric measures are averaged fo' ach sub
ject using all available data, and these averages are described for target groups. This description corresponds to across
sectional profile of the sampled population. Additional analyses comparing measures on a cross-sectional basis are 
reported. Second, anthropometric measures are summarized for infants, preschoolers, schoolers, and pregnant lead 
females on a monthly basis. This summary corresponds to a longiwdinal profle of the sample population. Complete 
anthropomeuicdata were not available on some target subjects. To insure that the summary represented a longitudinal 
cohort, subjects included had to have more than a minimum number of anthropometry measures to be included in the 
analysis. Finally, using the anthropometric data that were collected once on all non-target household members, a cross
sectional description of weight and height data is presented for the first 18 years of life. 

A. Cross-sectional Analysis 

The anthropometric measures reported are measures at birth. For cases in which data a, ,-in,)f birth were unavail
able, the nearest measure within 7 days after birth was selected. Approximately 9, -., . easures rep:irted her 
were taken on the actual date of birth. The other 10% are evenly spread across the remaining u lays allowes in this 
subset. For these later measures, the time of measurement is accounted for in the calculation of percentiles and Z scores. 

Tables 21.1 and 21.2 report cross-sectional statistics on weight and length by sex for target infants. Looking at the in
fants cross-sectionally, median birth weight is 3.2 kg with median length 50 cm. Thk infants are lighter (43rd percen
tile) and shorter (41st percentile) than expected from NCHS standards. Approximately 7% of the infants would be 
classified as low birth weight, with initial weights less than 2.5 kg. Weight-for-length at birth is very low, at the 17th 
percentile for females and the 25th percentile for males. However, this may be an artifact of the NCHS standards at 
birth, since weight-for-length is close to the 50th percentile for the 0 - 1month age interval (Tables 21.3 and 21.4). 
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TABLE 21.1 
SUMMARY BIRTH WEIGHT AND LENGTH DESCRIPTIONS 
INFANT MALES 

Variable N Median Mean (Nfin ,Max) SD 

Mean Weight (kg) 41 3.2 3.2 (2.2 . 3.9 ) 0.38 
Mean %ile wt 39 43 42 (0.5 , 97) 22.17 
Mean Z wt 39 -0.17 -0.28 (-2.61, 1.26) 0.75 

Mean Length (cm) 
Mean %ile In 

34 
32 

50.0 
41 

49.9 
44 

(44.0 
(0.2 

, 54.0) 
,94) 

2.22 
26.77 

Mean Z In 32 -0.21 -0.26 (-2.83,1.54) 1.01 
Mean WV/n 33 0.063 0.063 (0.05 , 0.075) 0.005 
Mean %ile wt/ln 25 21 29 (9,66) 17.96 
Mean Z wt/iln 25 -0.8 -.62 (-1.33,0.4) 0.52 

TABLE 212 
SUMIMARY BIRTt WEIGIIT AND LENGTH DESCRIPTIONS 
INFANT FEMALES 

Variable N Median Mean (Min, Max) SD 

Mean Weight (kg) 29 3.0 2.9 (2.1 ,3.9) 0.41 
Mean %ile wt 28 .4 32 (1 ,97) 25.65 
Mean Z wt 28 0.46 -0.55 (-2.29, 1.83) 0.92 

Mean Length (cm) 26 /19.0 49.1 (44.0 , 55.2) 2.26 
Mean %ile In 25 2.5 40 (0.3 , 98) 25.93 
Mean Z In 25 -0.40 -0.32 (-2.70, 2.09) 0.96 

Mean Wt/In 26 0.058 0.059 (0.048, 0.076) 0.006 
Mean %ie wtln 17 9 17 (3 ,84) 19.57 
Mean Z wt/In 17 -1.34 -1.16 (-1.95,0.99) 0.73 

Inthe reference population (NCHS), the 25th and 75h percentiles for weight correspond to 2.5 and 4.3 kg, while those 
for height correspond to 47 and 50 "m.Inthe .ample population, these percentiles were 2.8 and 3.3 kg for weight, and 
48 and 51 cm for height, rrspectively. The correlation between weight and height for the 60 subjets with both measures 
was 0.71. 

B.onia l-Alaa i 

Anthropometric data were recorded on infants through 9 months cf age, with 101 subjects meeting the minimum lon
gitudinal criteria of 4 data measureme its. The&! data are summarized for weight and height by month of age in Tables 
21.3 and 21.4, for male and female infants, respectively. Figures 21.1 and 21.2 are plots of the weight and height per
centiles of male and female infants combined, with the 3rd and 50th percentiles of NCHS standards shown for com
parison. 
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TABLE 21.3 
SUMMARY INFANT WEIGHT AND LENGTH MEANS BY MONTH 
MALES 

Month of Ave 
Variable 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 

Mean Weight (kg) 3.6 4.5 5.3 6.0 6.4 6.9 7.4 7.5 
Mean %ile wt 41 44 46 45 38 34 34 25 
Mean Z wt -0.23 -0.11 -0.10 -0.18 -0.45 -0.60 -0.65 -1.05 
(SD/mean)* 100 15.80 17.02 14.64 14.99 15.36 15.15 15.4-4 15.00 

Mean Length (cm) 50.2 54.0 56.6 59.7 61.8 63.4 64.8 66.2 
Mean %ile In 26 29 23 27 26 21 16 17 
Mean Z In -0.92 -0.74 -0.95 -0.84 -0.92 -1.15 -1.36 -1.41 
(SD/mean)* 100 5.07 4.64 4.21 4.47 4.77 4.21 3.91 4.36 

Wt/in 0.076 0.083 0.994 0.100 0.103 0.108 0.113 0.112 
Mean %ile wtAn 51 68 76 66 60 55 57 49 
Mean Z wi/ln 0.60 0.66 0.95 0.59 0.30 0.28 0.39 -0.04 

Means (cm): 
Head circumf. 36.1 37.7 39.1 40.3 41.3 42.2 43.1 43.6 
Abdominal cir. 35.2 37.1 39.0 40.8 41.7 42.3 43.3 43.2 
Upper arm cir. 11.2 11.4 12.2 13.0 13.1 13.5 14.0 13.8 
Lower arm cir. 10.5 10.8 11.6 12.3 12.4 12.9 13.2 13.0 
Biceps ski. 3.4 3.7 4.0 4.3 4.0 4.3 4.5 4.2 
Triceps skf. 5.5 6.4 6.9 7.5 7.6 7.7 8.0 7.7 
Suprailiac skf. 4.5 5.3 6.5 7.3 7.5 7.6 7.6 7.2 
Subscapular skf. 4.6 5.5 6.0 6.2 6.2 6.2 6.5 5.8 

N (weight) 44* 42 39 47 43 48 39 44 

n-41 for length. 16-17 for citcumferences and skinfolds 
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TABLE 21.4 
SUMMARY INFANT WEIGHT AND LENGTH MEANS BY MONTH 
FEMALES 

Mornth of Age 
Variable 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 

Mean Weight (kg) 3.3 4.1 4.9 5.5 6.0 6.2 6.7 6.9 
Mean %ile wt 37 42 40 42 38 28 27 22 
Mean Z wt -0.41 -0.22 -0.20 -0.26 -0.39 -0.78 -0.76 -1.04 
(SD/mean)*100 12.11 12.50 14.49 11.74 13.84 12.23 13.37 12.51 

Mean Length (cm) 49.3 52.2 55.3 57.4 59.3 60.6 62.3 63.7 
Mean %ile In 21 18 19 17 13 11 10 11 
Mean Z In -1.04 -1.14 -1.09 -1.21 -1.35 -1.52 -1.59 -1.58 
(SD/mean)* 100 4.47 3.72 3.64 4.02 3.21 3.45 3.22 3.37 

Wt/ln 0.069 0.079 0.088 0.095 0.100 0.101 0.108 0.108 
Mean %ile wtI~n 43 67 T2 76 73 63 69 58 
Mean Z wt/ln -0.03 0.73 0.83 0.91 0.89 0.62 0.74 0.39 

Means (cm): 
Head circumf. 35.4 36.5 38.2 39.1 40.0 40.7 41.4 42.1 
\bdomina! cir. 31.5 35.4 38.133.2 36.8 38.2 39.5 39.7 

Upper arm cir. 10.3 11.1 11.9 12.6 13.1 13.2 13.6 13.7 
Lower arm cir. 9.8 10.6 11.4 12.1 12.6 12:6 13.0 13.1 
Biceps skf. 3.2 3.5 4.0 4.2 4.5 4.4 4.4 4.4 
Triceps sf. 5.5 6.3 7.0 7.4 7.8 7.4 8.2 8.1 
Suprailiac skf. 4.8 5.7 6.9 7.8 8.3 8.1 8.1 8.2 
Subscaptilar skf. 42 5.1 6.0 6.3 6.7 6.8 6.7 6.6 

N (weight) 38* 38 40 43 42 37 41 33 

* n=33 for length, 13-14 for circumfermnces and skinfolds 

Infant weights are slightly lower than the reference population weights at birth, then recover so that they approach or 
attain the 45ta percentile for the first 3 months. This is followed by a steep decline so that male weights average 7.5 
kg and female weights 6.9 kg at 8 months. These values represent the 25th and 22th percentiles. Lergh pzuei.is are 
similar but more extreme. During the first month, average length is between 49.3 and 50.2 cm, which is close to the 
25th percentile by NCHS standards. Male infants maintain this percentile until month 5, when they drop to the 16-17th 
percentiles by 8 months. Female infants show a steady decline in percentiles, dropping to the l1th percentile by 8 
months. The weight-for-height ratio increases between birth and 3-4 months, then falls daring the remaining 4 months. 
Overall, the data suggest there is much variability ingrowth among infants, and that growth failure starts to occur around 
3 months of age on average. This apparent growth failure cannot be attributed solely to the use of the NCHS standards 
which were based primarily on data from formula-fed infants. Several investig. tors have shown that exclusively breast
fed infants actually grow faster than NCHS standards for the first three mon,.s of ife (21.1 - 21.3); and at 6 months of 
age, they are still close to the NCHS 50th weight percentile (21.3). 
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M. PRESCHOOLERS 

A..r±acnxIlAnal=4 

Multiple anthropometric measures were gathered on preschoolers aged 18 to 30 months, Means per subject were cal
culated and used in determining the overall aerages for weight and length presented in Tables 21.5 and 21.6 below. 

The median percentiles for weight aie below the 15th percentile ot the NCHS s'andards for both males and fzmales. 
Length is even lower in comparison to the standards, as the medians are the 1st and 3rd percentile for male and female 
preschoolers, respectively, The mean age at measure for both weight and length is approximately 25 months. The cor

relatiu,- of weight and length for the 14C subjects with both measures was 0.81. Median weight-for-length has fallen 

markedly compared to the infant data, on average to the 32nd (males) and 39th (females) percentiles. 

TABLE 21.1;
 
SUMMARY WEIGHT AND LENGTH DESCRII'TIONS
 
PRESCHOOLER MALES 

Variable N Median Mean (Mim, Max) SD 

Mean Weight (kg) 72 10.8 10.7 (8.4 , 13.2) 0.99 

Mean %lie wt 72 11 13 (.1 ,63) 13.14 

Mean Z wt 72 -1.43 -1.51 (-3.34,0.38) 0.76 

Mean Length (cm) 71 79.5 79.7 (72.2 , 89.4 ) 3.47 
Mean %ilc In 71 1 7 (0 ,82) 13.56 
Mean Z In 71 -2.34 -2.17 (4.41,0.9) 1.01 

Mean Wt/n 70 0.131 0.132 (0.104,0.155) .00 
Mean %ile wt/ln 70 32 34 (0.3 , 83) 17.97 
Mean Z wt/ln 70 -0.28 -0.48 (-2.78, 1.18) 0.66 

TABLE 21.6 
SUMMARY WEIGHT AND LENGTH DESCRIIIONS 
PRESCHOOLER FEMALES 

Variable N Median Mean (Min, Max) SD 

Mean Weight (kg) 75 10.4 IC.6 (8.2 , 13.9) 1.21 
Mean %ile wt 75 13 21 (.1 ,88) 22.36 

Mean Z wt 75 -1.16 -1.12 (-3.15,1.41) 0.95 

Mean Length (cm) 69 78.7 78.9 (71.6 ,88.8) 3.51 
Mean %ile in 69 3 9 (0,73) 13.41 
Mean Z In 69 -1.97 -1.96 (4.15 0.63) 1.04 

Mean Wt/n 71 0.130 0.130 (0.105,0.163) .01 

Mean %ile wt/ln 70 39 41 (1,94) 22.16 
Mean Z wt/ln 70 -0.28 -0.26 (-2.21 ,1.71) 0.73 
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B.Longitudinal Analysk 

Data were collected on preschoolers for the 12 month period between 18 and 30 months of age. There were 110 pre
schoolers who met the minimum criteria of having 4 anthropometry measures, as well as a minimum number of diet 
and morbidity measures. Half of the preschoolers had more than 9 months of anthropometry data. These data are sum
marized below for height and length by month of age for male and female preschoolers separately (Tables 21.7 and 
21.8), and are shown graphically (for male and females combined) in Figures 21.3 and 21.4. 

TABLE 21.7 

SUMMARY WEIGHT AND LENGTH MEANS BY MONTH 
PRESCHOOLER MALES 

Variable Month of Age 

18 19 20 21 22 23 24 25 26 27 28 29 

Mean Wt (kg) 9.5 10.1 10.0 10.0 10.3 10.3 10.7 10.7 11.0 11.3 11.3 11.5 

Mean %ileWt 8 17 11 12 11 8 13 13 13 6 14 14 

Mean Z Wt -1.75 -1.31 -1.57 -1.66 -1.56 -1.64 -1.42 -1.54 -1.50 -1.33 -1.41 -1.41 

(SD/Mean)* 100 10.01 12.14 9.84 11.98 10.59 7.90 8.11 10.83 10.03 9.90 11.23 10.16 

(N) (23) (25) (31) (36) (36) (43) (39) (44) (46) (50) (47) (49) 

Mean Ln (cm) 75.1 77.8 76.3 76.9 78.7 78.8 81.2 79.3 81.2 81.3 83.5 82.7 

Mean %ile 1n 7 8 3 3 4 3 15 7 6 5 12 7 

Mean Z 1n -2.52 -1.89 -260 -2.61 -2.27 -2.50 -1.42 -2.30 -1.91 -2.06 -i.63 -2.07 

(SD/Mean)* 100 5.47 3.82 3.77 4.49 3.59 4.01 3.82 5.62 3.27 3.19 4.22 3.90 

(N) (23) (25) (31) (36) (36) (43) (39) (44) (46) (50) (47) (49) 

Wt/in 0.126 0.132 0.126 0.126 0.131 0.130 0.133 0.133 0.133 0.135 0.140 0.35 

Mr %ile wtn 37 35 30 28 38 28 35 32 33 38 44 36 

Mean Z W/In -.40 -.22 -.59 -.66 -.37 -.50 -.50 -.38 -.48 -.35 -.20 -.43 

Means (am): 

Abdominal cir. 46.6 46.7 467 47.6 46.7 47.0 48.8 48.6 48.4 49.0 49.3 50.0 

Upper arm cir. 14.4 14.4 14.3 14.8 14.6 14.7 14.5 14.7 14.7 15.0 15.4 15.0 

Lower arm cir. 13.6 13.5 13.3 13.4 13.5 13.6 13.7 13.7 13.7 14.0 14.2 13.9 

Biceps ski. 4.4 4.0 4.3 4.5 4.3 4.1 4.4 4.2 4.6 4.4 4.2 4.6 

Triceps tkf. 8.1 6.7 7.5 7.5 7.3 7.4 8.2 7.6 7.4 8.1 7.8 7.7 

Suprailiac skf. 6.5 5.8 5.8 6.3 6.6 6.0 6.9 6.5 7.5 7.8 5.9 6.4 

Subxcapular ski. 5.1 3.9 4.5 4.8 4.8 4.4 4.9 4.8 5.4 5.5 4.8 4.9 

(N) (15) (12) (15) (21) (16) (21) (14) (19) (16) (23) (13) (25) 

Means (ca) : 

Head circur. 46.2 46.8 46.7 46.2 47.3 47.0 47.4 47.7 47.8 7.4 48.5 48.1 

(N) (13) (9) (13) (17) (16) (21) (14) (19) (16) (23) (13) (25) 
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TABLE 21.8 
SUMMARY WEIGHT AND LENGTH MEANS BY MONTH 
PRESCHOOLER FEMALES 

Variable Month of Age 

18 19 20 21 22 23 24 25 26 27 28 29 

Mean Wt (kg) 9.6 9.9 10.0 10.1 10.4 10.6 10.6 10.8 11.1 11.0 11.3 11.63 

Mean %le Wt 23 25 18 21 24 22 22 21 24 18 22 4-2 

Mean ZWt -1.05 -.98 -1.07 -1.15 -1.01 -1.02 -1.10 -1.13 -1.03 -1.18 -1.10 -0.96 

(SDA.ean)0100 13.76 13.20 12.42 13.62 12.00 11.38 12.85 11.48 11.51 10.04 12.53 11.03 

(N) (20) (29) (31) (38) (35) (38) (42) (44) (43) (43) (39) (40) 

Mean Ln (cm) 75.4 75.6 76.4 76.3 76.9 78.2 79.1 80.6 79.6 81.2 82.8 83.2
 

Mean %" In 9 4 4 8 5 3 13 16 6 15 16 12
 

Mean ZIn -1.96 -2.22 -2.20 -2.46 -253 -2.37 -1.83 -1.53 -2-08 -1.82 -1.54 -1.65
 

(Se,.'Mean)r 100 4.91 3.98 2.91 6.42 4.69 3.93 5.28 4.42 3.88 5.65 4.75 4.33
 

(1') (20) (29) (31) (38) (35) (38) (42) (44) (43) (43) (39) (40)
 

Wt/ln 0.127 0.126' 0.124 0.128 0.128 0.130 0.129 0.136 0.130 0.131 0.137 0.137
 

Mn %ile wtln 45 46 14 48 45 48 40 48 37 38 49 46
 

Mean Z wtlAn -.04 -. 16 -.47 -.00 -.09 -.02 -.30 -.02 -.38 -.40 -.04 -.14
 

Means (an):
 

Abdomina) cir. 45.6 44.9 46.2 46.0 45.7 46.8 46.1 47.5 47.1 47.6 49.1 48.9
 

Upper arm cir. 14.6 14.6 14.0 14.4 14.6 14.7 14.5 15.2 14.8 14.8 15.4 15.3
 

Lower arm cir. 13.8 13.7 13.2 13.5 13.6 13.8 13.6 14.3 13.6 13.9 14.5 14.0
 

Biceps ski. 4.5 4.7 3.6 4.8 4.4 4.6 4.6 4.5 5.2 4.3 4.8 4.5
 

Triceps skif. 8.0 7.9 6.7 8.4 7.7 8.1 7.8 8.5 8.0 8.4 8.4 8.2
 

Suprailiac ski. 8.2 6.8 6.8 7.8 8.2 8.4 7.8 7.4 8.5 8.1 .8 8.3
 

Subscapular skf. 5.5 4.3 4.3 5.3 4.9 6.1 5.3 5.4 5.5 5.4 .4 5.4
 

(N) (16) (12) (10) (20) (13) (15) (21) (16) (11) (21) (15) (15) 

Means (an):
 

Head circtu. 45.2 45.3 45.7 45.8 46.0 45.9 46.0 46.9 46.3 46.6 47.2 47.4
 

(N) (15) (10) (9) (19) (13) (15) (21) '16) (11) (21) (15) (15) 

In contrast to infants, the preschooler males are generally lower than the females in terms of average percentiles by 
month, for both we-ght and length. In weight, there is variability with *t'im,bui no Lresids of gaining or iosing ground 
in the perce:rLiles. The male preschoolers begin at 9.5 kg. and increase to 11.5 kg by month 29, while percentiles vary 
between the 8th and 16th. Female preschoolers are roughly equal in initial weights and gains, starting at 9.6 kg. and 
gaining to 11.6 kg by month 29. The percentiles for females range between 18 and 25. Trlength measures, the percen
tile scores for both sexes are lower than those for weight. Males start and end on at the 7th percentile, varying between 
the 3rd and 151h percentiles in the interim months. Females show some improvement in length percentiles. For the first 
six months the percentiles remain below 10 while in later months they are generally inthe low teens. Weight-for-length, 
while lower than in infancy, remains stable across this time period, with females in higher percentiles than males. 

In summary, it appears that there is marked growth retardation by the time preschoolers reach 18 months of age; but, 
between 18 and 30 months, the rate of growth inboth weight and length para1l1l the NCHS standards. Thus, the worst 
nutritional insult has probably occurred before 18 months, but there is no general trend of catching-up after this time, 
Nevertheless, as demonstrated by analyses in(Thapter 29, there is great variation among the preschoolers fn their rate 
of growth between 18 and 30 months. 
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IM-SCIO.LRS 

A. Cross-sectional Analysis 

Measures reported here are for schoolers 7-9.5 years old, the average age being 8.2 years. The number of weight ob
servations per subject in this group ranges from 1to 9, with a mean of 5.3. Tables 21.9 and 21.10 below provide cross
sectional statistics for the average height and weight values of subjects. In these tables, the mean weight is 21.8 kg and 
the mean height is 118.2 cm. Based on NCHS standards, these values are all below the 15th percentile. Weight-for
height, however, is close to the 50th percentile for both males and females. The correlation between height and weight 
for all schoolers was 0.81. 

TABLE 21.9
 
SUMMARY WEIGHT AND HEIGHT DESCRIPTIONS 
SCHOOLER MALES 

Variable N Median Mean (Min, Max) SD 

Mean Weight (kg) 85 21.8 22.2 (16.8 , 30.0) 2.67 
Mean %ile wt 85 15 22 (0.4 ,84) 19.41 
Meat, Z wt 85 -1.03 -0.96 (-2.64, 1.01) 0.75 

Mean Height (cm) 84 119.0 119.1 (107.1 ,129.0) 4.91 
Mean %ile ht 84 9 16 (0 ,73) 16.55 
Mean Z ht 84 -1.34 -1.34 (-3.55, 0.6) 0.87 

Mean Wt/Ht 84 0.182 0.184 (0.151,0.246) .02 
Mean %ile wt/ht 84 43 45 (3 ,93) 20.84 
Mean Z wt/ht 84 -0.14 -.09 (-1.90,3.06) 0.73 

TABLE 21.10 
SUMMARY WEIGHT AND HEIGHT DESCRIPTIONS 
SCHOOLER FEMALES 

Variable N Median Mean (Min, Max) SD 

Mean Weight (kg) 76 20.8 21.2 (16.6 , 28.3) 2.22 
Mean %ile wt 76 12 16 (1 ,76) 4.09 
Mean Z wt 76 -1.22 0.71 (-2.39, .71 ) 0.61 

Mean Height (cm) 76 116.3 116.9 (101.2 ,132.7) 5.36 
Mean %ile ht 76 6 11 (0 ,85) 15.39 
Mean Z ht 76 -1.60 -1.57 (-4.17, 1.06) 0.85 

Mean Wt/Ht 75 0.177 0.177 (0.150,0.216) .01 
Mean %ile wt/ht 75 50 47 (4 ,97) 20.64 
Mean Z wt/ht 75 0.01 -.10 (-1.73, 1.88.) 0.62 
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B.Longitudinal Analysis 

Data were collected on target schoolers for a maximum of 12 months. Because of the wide age range covered. Tables 
21.11 and 21.12 have been collapsed to several cohorts of subjects. At least 4 measures were available for each schooler. 
In the simple descriptive statistics provided, apparent trends over time may be confounded by the changing subject 
groups. Figures 21.5 and 21.6 are plots of the same data, for males and females combined, showing comparisons with 
the 3rd and 50th NCHS percentiles. 

For all age ranges, the average percentiles for weight and height are generally below the 20th percentile. The percen
tiles are lower for the older schoolers. Whether a general decline with age is actually present or whether this is an ar
tifact of sampling cannot be determined from this table. On average, the schoolers are growing at rates which cause 
them to continue to lose ground compared to the NCHS population. There is a slight tendency for weight-for-height to 
increase between 7 and 9 years of age. 

TABLE 21.11 
SUMMARY OF MALE SCHOOLER WEIGHT AND HEIGHT BY AGE IN YEARS 

Age inYears 
Variable 7 - <7.5 7.5 - <8 8- <8.5 8.5- <9 9- <9.5 

Mean Weight (kg) 20.8 21.3 22.2 23.3 23.8 
Mean %ile wt 22 18 17 19 16 
Mean Z wt -1.02 -1.15 -1.17 -1.10 -1.24 
(SD/mean)*100 12.50 11.97 11.80 11.55 14.62 

(N) (31) (51) (58) (37) (19) 

Mean Height (cm) 115.4 118.0 120.0 122.5 123.8 
Mean %ile ht 15 14 13 14 12 
Mean Z ht -1.53 -1.49 -1.50 -1.45 -1.59 
(SD/mean)*100 4.61 4.24 4.10 3.89 4.10 

(N) (29) (50) (55) (34) (19) 

Mean Wt/ht 0.176 0.181 0.183 0.187 0.194 
Mean %ile wt/h 46 45 43 42 39 
Mean Z wt/ht -0.15 -0.13 -0.18 -0.21 -0.28 

(N) (28) (49) (55) (37) (8) 

Mean Head circum. (cm) 50.3 50.5 50.8 51.1 51.3 
(N) (24) (43) (53) (34) (19) 

Mean Biceps skinfold (cm) 2.9 2.7 2.7 2.7 2.8 
(N) (26) (47) (53) (34) (19) 

Means (cm): 
Abdominal cir. 55.2 55.0 55.5 55.8 56.9 
Upper arm cir. 16.6 16.9 17.0 17.2 17.3 
Lower arm cir. 15.0 15.3 15.4 15.6 15.9 
Triceps skinfold 5.7 6.0 6.1 6.2 6.7 
Suprailiac sldnfold 4.1 4.8 4.5 4.7 4.8 
Subscapular skinfold 3.6 4.0 4.0 4.1 4.1 

(N) (29) (50) (55) (34) (19) 
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TABLE 21.12 
SUMMARY OF FEMALE SCHOOLER WEIGHT AND HFIGHT BY AGE Ev YEARS 

Age in Yeas _ 

Variable 7 - <7.5 7.5 - <8 8 - <8.5 8.5 - <9 9 - <9.5 

Mean Weight (kg) 19.8 20.4 21.4 22.1 22.5 
Mean %ile wt 21 17 16 13 9 
Mean Z wt -0.99 -1.15 -1.17 -1.30 -1.45 
(SD/mcan)* 100 10.45 11.62 10.75 10.68 8.98 

(N) (22) (50) (61) (39) (22) 

Mean Height (cm) 113.5 115.2 118.2 120.4 122.4 
Mean %ile ht 13 11 12 11 9 
Mean Z ht -1.54 -1.68 -1.56 -1.60 -1.62 
(SD/mean)*100 4.63 4.96 4.59 4.49 4.13 

(N) (21) (51) (59) (38) (22) 

Mean Wt/ht 0.172 0.175 0.178 0.182 0.175 
Mean %ile Wt/ht 50 49 45 46 32 
Mean Z Wt/ht 0.01 .0.04 -0.15 -0.12 -0.48 

(N) (20) (47) (59) (40) (6) 

Mean Head circum.(cm) 49.4 49.5 49.6 50.0 50.2 
(N) (15) (38) (55) (38) (22) 

Mean Biceps skinfold (cm) 3.5 3.4 3.3 3.4 3.2 
(N) (17) (41) (56) (38) (22) 

Means (cm): 
Abdominal cir. 55.6 55.7 56.5 57.3 58.2 
Upper arm cir. 16.8 16.9 17.1 17.0 17.1 
Lower arm cir. 15.0 15.1 15.3 15.3 15.3 
Triceps skinfold 7.7 7.8 7.4 7.4 7.3 
Suprailiac skinfold 5.3 5.9 5.8 5.6 6.3 
Subscapular skinfold 4.6 4.9 4.8 4.4 4.8 

(N) (21) (51) (59) (38) (22) 
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YA,DIILTS 

Adult anthropometric data are summarized in Table 21.13- 21.16. These values will be used to estimate body composi
tion. As will be described later in this report, maternal weight gain in pregnancy is low (7.7 kg). Skinfold thickness in
creases during the second trimester of pregnancy and drops quite markedly during the third. Upper arm circumference
 
shows a similar pattern. The changes shown here must be interpreted with caution, since the same women were not in
cluded at each point in time. The NPNL group has higher body weights, skinfolds, and circumferences than the preg
nant or lactating women because they are older on average. The Solis women become fatter with age. The proportion
 
of lean body mass (calculated from Dumin and Womersley's formula using the sum of four skinfolds, 21.4), falls from
 
69% in teenage women, to 64% in women age 20-30 years, and 58% between 40 and 50 years. Male teenagers have
 
82% lean body mass which remains constant up to 50 years of age.
 

TABLE 21.13
 
WEIGHTS AND HEIGHTS OF LEAD MALES &FEMALES
 

Subject # # #
 
Type Obs. Weight (kg) Obs. Height (cm) Obs. Wt/Ht2
 

Adult Maes 660 66.0 ± 9.6 509 166 6 508 .0023± .0003
 

AdulItFemales
 

Nonlactating 

NPNL 524 60.8 ± 10.4 319 154± 5 318 .0026± .0004 
Tri 1 77 53.5 + 7.8 40 152 6 40 .0024± .0003 
Tri 11 180 58.5 ± 7.5 23 153 ± 6 23 .0024 ± .0003 
Tri l1 317 61.2 ± 7.9 18 152± 5 18 .0027± .0003 

Lactating 

0-3 mon* 276 57.3 + 7.9 161 152 ± 5 161 .0025 ± .0003 
3-6 mon* 321 57.5 ± 8.4 107 152 ± 5 107 .0025 ± .0003 
6-8 mon* 228 56.8 ± 8.8 106 152 ± 5 106 .0024 ± .0003 

Lactating but not pregnant 
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TABILE 21.14 
SKINFOLDS OF LEAD MALES & FEMALES 

Subject 
Type 

# 
Obs. Biceps 

(cm) 

# 
Obs. Triceps 

(cm) 

# 
Obs. Suprailiac 

(cm) 

Adultmales 657 3.1_+ 2.1 660 7.5± 4.1 661 14.5± 7.5 

Adult females 

Nonlactating 

NPNL 
Tri 1 
Tri l 
Tri 111 

,)2 
67 

147 
281 

8.5+ 4.24 
7.1 3.8 
7.5 ± 3.9 
6.7 ± 3.4 

95 
67 

148 
281 

18.4± 6 
15.7 5 
16.1 + 5 
15.5 + 5 

494 
67 

148 
281 

28.5± 10.9 
23.1 ± 10.0 
24.4 ± 8.9 
24.5 ± 8.5 

Laming 

0-3 mon* 
3-6 mon* 
6-8 mori* 

173 
142 
144 

7.0 ± 3.0 
7.7 . 3.9 
7.3 £ 3.7 

173 
143 
145 

15.4 ± 4 
17.4 ± 5 
16.8 + 5 

172 
143 
145 

27.0 ± 9.4, 
27.3 ± 9.4 
27.7 + 10.2 

* Lactating but not pregnant 

TABLE 21.15 
SKINFOLDS & CIRCUMFERENCES OF LEAD MALES & FEMALES 

Subject 
Type # 

Obs. 
Subscapular 
Skinfold 
(cm) 

# 
Obs. 

Upper Arm 
Circ. 
(cm) 

# 
Obs. 

Lower Arm 
Circ" 
(cm) 

Adult males 660 12.8±6.5 658 28.2±2.3 660 23.5± 1.8 

Adult females 

Nonalac ttnc 

NPNL 
Ti 1 
Tri i 
Trill! 

495 
67 

148 
281 

28.4 10.9 
23.7 9.3 
24.6 8.3 
24.0± 7.8 

493 
67 

148 
281 

29.0-+ 2.9 
27.1 ± 2.2 
27.1± 2.3 
26.8± 2.3 

493 
67 

148 
281 

21.7.+ 
20.5 
20.7 
20.6± 

1.8 
1.3 
1.5 
1.5 

0-3 mon* 
3-6 mon* 
6-8 mon* 

172 
143 
145 

27.1 9.1 
27.2± 9.1 
27.5 ± 9.8 

173 
143 
145 

27.3 2.5 
27.9± 2.5 
27.8 ± 2.8 

173 
143 
145 

20.6± 1.5 
20.7± 1.5 
20.8 ± 1.5 

* Lactating but not pregnant 
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TABLE 21.16 
CIRCUMFERENCES OF LEAD MALES & FEMALES 

Subject # # 
Type Obs. Abdomen Obs. Head Circ. 

Circ. (cm) (cm) 

661 87.1 ±8.0 430 55.8 ±1.6 

Adult females 

Nonlactating 

NPNL 494 97.8 10.9 252 53.5± 1.3 
r'i 67 91.2± 8.6 39 52.7± 1.3 

Tri I1 148 96.0± 7.9 80 53.1± 1.4 
Tri llI 281 101.2 7.7 102 52.8 1.3 

0-3 mon* 170 95.0± 8.3 72 53.2± 1.3 
3-6. ion* 143 94.5± 8.9 56 52.9± 1.4 
6-8 mon* 145 93.9 + 9.5 95 53.3 + 1.5 

* Lacauting but not pregnant 

VI. FAMILY ANTHROPOMETRY 

The anthropometry of all household members was measured once, at the end of the study. Figures 21.7 - 21.16 show 
weight, height, and weight and height percentiles for males and females separately, between the ages of 1and 18 years. 
There is considerable variation among individuals, but both males and females have low weight and height percentiles 
at all ages. These household-level data indicate that the growth deficits that characterize the children in the longitudinal 
sample (infants, preschoolers, and schoolers) are also characteristic of their siblings at all ages between 1and 18 years. 
Most :individuals are below the 20th percentile for weight and the 10th percentile for height throughout the growth 
period. These deficits in weight and height cannot be attributed to "genetics", as there have been several studies that 
show growth of Mexican-American children to be close to the 50th percentile of the international standards used here 
(21.5). It is of interest that weight-for-height is relatively normal at all ages. Weight-for-height is obviously not a good 
indicator of chronic malnutrition. 
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Figure 21.7 Scatterplot of weight by aeC for Solis males, age 1-17 years. Line indicates 
mean weight at each age. 
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Figure 21.S Scattcrplot of weight by age for Solis females, ace 1-17 ycars. Line indicates 
mean weight at each age. 
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Figtire 21.9 Scattcrplot of height by age for Sobs males, age 1-17 years. Line indicates 
mean height at each age. 
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Figure 21.10 Scatterplot of height by age for Solis females, aec 1-17 Nears. Line indicates 
mean hlcizht at each age. 
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Figure 21.11 Scatterplot of weight-for-age percentiles for Solis meidcs, ag 1-17 years. Line 
indicates mean of percentiles at each age. 
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Figure 21.12 Scatterplot of weight-for-age percentiles for So osfemales, agc 1-17 ycars. 
Line indicates mean of percentiles at each age. 
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Figure 21.13 Scatterplot of 'light-for-age percentilus for Solis males, age 1-17 years. Line 
indicates mean of percentiles at each ace. 
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Figure 21.14 Scatterplot of huiulht-fo-agc percentiles foi Solis fem l]es, age 1-17 years. 

Line indicaes mean of percentiles at each aCe. 
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Figure 21.15 Scatterplot of weightfor-height percentiles for Solis males, age I-l 1 years. 

Line indicates mean of percentiles at each age. 
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Figure 21.16 Scatterplot of weight-for-height pcrccnti!as for Solis females, age 1-11 ycars. 
Line indicates mean of percentiles at each age. 
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Chapter 22 

INDIVIDUAL AND HOUSEHOLD MORBIDITY 

The fl.. st part of this chapter is devoted to a detailed discussion of the relationship between the methodology of data 
colle..aion and the construction and iruerpretation of morbidity variables. This is followed by descriptive analyses of 
t,e variables that have been constu(. T'orem the data base. The tables include analyses by subject type for categories
of ilbieszes and degree of severity. Illness is also examined by calendar month to assess seasonality in illness pattern
ing. The chapter concludes with the presentation of descriptive data on mortality in the study households. 

I. METHODOLOGWCLISSUEp 

As described in Chapter 8, the morbidity protocol called for collection of data on all resident members of target
hottseholds on a weekly basis. The mother in the family was the respondent for the household in an interview that al
ways began by asking whether anyone in the house was ill on that day. Inthe original method, which was followed be
tween January, 1984 and September, 1985, the interview was immediately terminated if the mother gave a negative 
response to the initial question. There was no further inquiry about whether anyone had been ill in the preceding week. 
If an individual f"mily member was reported to be currently ill, the recent history of the symptoms was pursued. Also, 
in the case where an individual had been ill at the previous visit, the interviewer inquired about the course of the 
symptoms in the intervening week. For the discu.sion that follows, we will refer to this mode of questioning as the 
"Original Morbidity Method." 

Beginning in Septemb-er, 1985 and continuing to the end of the project, a suppl,tmentary recall routine was added to the 
basic protocol. This routine, hereafter referred to as the "Supplementary Morbidity Recall," required a second set of 
questions following the initial inquiry about the current state of household health. The additional questioning asked the 
mother to recall whether illness symptoms had occurred in household members during the previous week even though 
the symptoms had already ierminated by the day of the interview. 

Taken together, the two parts of the procedure followed from September, 1985 to the end of data collection, reflect the 
CRSP cross-project design, whereas the protocol from January, 1984 through August, 1985 restricted the information 
base. The original method also limits the types of epidemiological variables that can be constructed from that data base. 

Field staff concern about the reliability and validity of recall data was the basis for restricting the original protocol. The 
supplementary protocol was added, albeit relatively late in the longitudinal study, in part to assess the effect of the more 
restricted method. Clearly, the original method would fail to record short-term illnesses that began and terminated be
tween interviewer visits. Thus, with respect to occurrences of disease ("illness episodes"), the original protocol would 
lead to an underestimate of the number of illnesses experienced by individuals. 
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A second issue that affected the bias in the data base generated with the original method was the matter of signs and 

symptoms. When information was elicited about the nature of a condition identified by the mother as an 'illness," she 

was asked to provide a list of the symptoms and signs the sick individual was experiencing. Her responses were recorded 

as specific signs and symptoms, rather than in nosological categories inferred by the interviewing physician. (The 

records were later coded into diagnostic categories.) 

In the original method, although the illness episode must have overlapped a morbidity visit, all signs and symptoms did 

not have to be present on the day of the visit. For example, if a subject experienced an illness lasting 10 days, and had 

fever for 2 days neither of which was a visit day, 2 days of fever appear in the record for that individual and hence the 

individual also contributes 2 days of fever to the total data base. 

The sequence of visits in each month served as a means of measuring moi .idity in an individual. While considerable 

effor" was made to maintain a weekly visiting schedule, inevitably some visits were missed. Therefore, in order to ob

tain a relative measure of the amou.t of morbidity data collected per ionth about an individual, an estimate was made 

of the number of days a record covered. We will refer to this estimate as "total days observed." 

Because of missing weekly visits, the value for "total days observed" per month is not always 30 (or 31). Therefore, to 

construct a denominator for the ratio of "days ill" to "total days observed," the estimate of "total days observed" is based 

on the proportion of visits made to visits scheduled. The "visits scheduled" reflects the number of weekly visits per 

mo,,th that would have been made if an interviewer had gone to the house every seven days. 

kn additional problem in the morbidity daw was introduced when the data were keypunched in Mexico. With the aim 

of reducing the amount of data to be processed, the date of each morbidity interview was not keypunched. Instead, mor

bidity data were enterzd with variables indicating the number of scheduled visits per month and the number of com

pleted visits per month for each individual. 

A. Extent or Underestimation of Illness EA~i~dta 

In order to assess the extent of underestimation of illness episodes engendered by the use of the original morbidity 
method, a comparative analysis was carried out on the data collected from September, 1986 to the en4 of the project. 
The results using just the original method were compared to the results using the original protocol with the supplemen
tary recall. 

Since the original method did not record illnesses that were confined to the period between visits (ic. short-term 
episodes), the probability of detecting an episode of specified length using the original method alone can be symbol
ized in Equation 1: 

EQUATION 1: 	 EXPECTED PROBABILITY OF DE [ECTING ILLNESS EPISODES OF SPECIFIED
 
LENGTHS USING THE ORIGINAL MORBIDT'VMETIIOD
 

Minimum of [( lengh of epis.-e), 1]
 
length of period betwen interviews
 

Assuming an interval of seven days between morbidity interviews, Equation 1can be interpreted as follows: the prob
abili.y of detecting an illness of one day's duration is ]/7 (14%); the probability of detecting an illness of two day's 
duration is 2/7 (29%); and so on. The method will ,inder-measure both the number of illness episodes and the number 
of days il!. 

The supplementary morbidity rexall should detect illness episodes missed by the original method. Assuming that all ill
nesses are recalled, it is expected that the percentage of idness episodes of specified length missed by the original 
method and detected by the supplementary recall can be expressed inEquation 2: 
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EQUATION 2: EXPECTED PERCENT OF ADDITIONAL ILLNESSES DETECTED BY USE OF THE 
SUPPLEMENTARY MORBIDITY RECALL 

Maximum of I - ( len.th of episode ) 0 - x 100 
I 	 ~ length of period between interiews / 

The percentage of additional illnesses expected to be detected by the supplementary recall decreases as the length of 
the episodes increases: 6/7 (6%) of illnesses of one day's duration, 5/7 (71%) of illnesses of two day's duration, and 
0% of illness epi.;odes one week or longer - illnesses that would have been detected by the original method. 

To assess the underestimation empirically, the following analyses were completed: 

1) 	 The number of total e'ays il reported with the original method is compared with the total days ill 
detected by the joint use of the original and supplementary protocols. 

2) 	 The percentage ofadditional illness episodes detected by the supplementary recall is examined, taking 
into account the length of the illness episodes. 

In Table 22.1, the number of ill days recorded by the original method is expressed as a percentage of the ill days recorded 
by the combined protocol. As can be seen in the far right column of the table, the original method detects at least 80% 
of "illness episodes," but the dciection of specific categories vadies between 57% and 100%, with the exception of diar
rhea in schook-rs. 

TABLE 22.1 
PERCENT OF ILL DAYS DETECTED BY THE ORIGINAL MORBIDITY ,.ETHOD 

%Of Days Detected 

Mean # 
Type of # of of Days Upper Lower Runny 
Illness Subjects Observed Fever Diarrhea Resp. Resp. Nose Other All 

Infants 82 114 62 75 83 88 92 76 84 
Preschoolers 76 129 57 81 92 82 87 66 82 
Schoolers 80 100 86 0 100 79 77 85 80 
Lead Females 137 130 63 93 79 95 87 92 88 
Lead Males 136 99 100 91 90 100 97 91 94 

Table 22.2 provides data on the nuilkber of additional illness episodes detected by the supplemental morbidity recall, 
taking into account the length of the episode. As suggested earlier, the expected percentage of additional illness episodes 
of a specified length detected by the supplementary recall is inversely proportional to the length of the episode. The 
number of illness episodes detected by each method is shown in the table. The frequencies are presented by length of 
the episode. Also included axe those illness episodes detected by the supplementary recall and missed by the original 
method. The number of subjects participating in the study varied according to month, ranging from 474 in September, 
1985 to 50 in May, 1986 when data collection cn mot ,ubjects had been completed. However, since both methods were 
used for all subjects, this difference should not result in bias. 
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TABLE 22.2 
NUMBER OF ILLNESS EPISODES DETECTED BY EACH COLLECTION METHOD ( ALL ILLNESSES 
COMBINED) 

L ofLmisadeiadays 

Morbidity Recall 1 2 3 4 5 6 7+ 

Original 
Original+Supple. 

11 
29 

16 
37 

iS 
40 

36 
54 

36 
46 

40 
54 

214 
228 

Additional episodes 
detected by Supple
mentary Recall 18 21 22 18 10 14 14 

Table 22.3 shows the percent of additional morbidity episodes expected to be detected by the Supplementary Morbidity 
Recall estimated by Equation 2. The trble also displays the percent c.f additional illness episodes actually detected. 

TABLE 22-3 
PREDICTED AND ACTUAL ADDITIONAL PERCENT OF MORBIDITY DETECTED BY THE SUP-
PLLMENTAL MORBIDFIY RECALL 

Leneth of episode in days 

1 2 3 4 5 6 7+ 

Additional Expected % 86 71 57 43 29 14 0 
Additional Actual % 62 57 55 33 22 26 6 

Difference between 
Actu, and Predicted % -24 -14 -02 -10 -07 +12 +6 

The actual percentages for the episodes of 1 to 5 days duration, shown in Table 22.3, are somewhat lower than predicted 
by Equation 2. That is, fewer illnesses are being recalled than wou!d be expected given the distribution of episodes of 
varying duration. The supplemental morbidity recall requires the respondent to remember symptoms that are no longer 
present. It isnot surprising that short-term illnesses should be under-reported since they are likely to be regarded as less 
serious, and therefore likely to be forgotten or otherwise not reported. Also, the number of days between the remission 
of an illness and the morbidity recall visit will be longer, on average, as the duration of the illness becomes shorter. 
There is simply more tine to forget a short duration illness than a longer duration illness. 

The two far-right columns in Table 22.3 show that the longer illnesses (of duration 6 and 7+ days) have a higher per
centage of additional illness episodes reported by the recall method than expected. This could result if the period of 
time between the interviews was not always one week. Infact, the time between morbidity visits varied, with a distribu
tion around a mean that is probably somewhat greater than seven days. 
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B. Computer Simulition or Adusted Original Morbidity Recall Dula 

Based on the empirical analyses above, we conclude that the original morbidity method records about 80% of the ill
ness days detected by the combined methods. In addition to days of illness, another concern is the extent to which the 
original method fails to idcntify illness episodes. A computer simulation was used to investigate the effect of adjusting 
data collected with the original mrthod by a factor derived from an estimate of missed illnesses. The goal was to as
sess whether the explanatory power of the moibidity data set .,ightbe improved by the adjustment. 

The computer simulation generated illness episodes for a period of one year on 1000 subjects. Assuming that an inter
vicw took place every "7days, estimates of illness incidence were made using: (a) the original protocol, (b) the com
bined protocols, and (c) the original method data adjusted for the under-detection of short-duration illnesses. The 
'adjusted" estim!tes were created by inflating the estimated number of illnesses of a qpecified length (based on the 
original method) by the quantity shown in Equation 3. 

EQUATION 3: 	 OBTAINING A VALUE FOR INFLATING NUMBER OF ILLNESS EPISODES OF A
 
SPECIFIED LENGTH DETECTED BY THE ORIGINAL MORBIDITY RECALL
 

Maximum of 	 [ number of days between intervieyv , I ]
L length of illness episode I 

The mean square error was calculated for an estimator. The MSE of the estimator provides a measure of how close the 
estimator is to the tne value, on average. Mean square error measures the accuracy of the estimate, which is derived 
from the reliability and the validity of an estimate. Reliability refers to how reproducible the estimate is over repeated 
samples in the population, and is estimated by the sampling variance. The validity of an estimator refers to how the 
mean of the estimate differs from the true value of the parameter, over repeated samples, and is expressed in terms of 
the bias of an estimate. The equation for the mean square error is: 

EQUATION 4: 	 EQUATION FOR MEAN SQUARE ERROR (MSE) 

MSE = VAR + BIAS 2 

A good estimator will have both small variance and minimal bias, i.e. small MSE. From the simulation, it was found 
that when the incidence rate of illness episodes was 0.01 or less (as is the case in this data base), the original method 
and the combined methods had much smaller mean square errors than the "inflation method." Although the "inflation 
method" provided an unbiased estimate of the total number of illnesses, the variance was very large. The original method 
was biased, but the smaller variance resulted in a smaller MSE than with the inflation method. 

Since the bulk of the morbidity data were collected using the original method alone, two analysis options are available: 

(1) 	 The original morbidity method data could be used, resulting -,an underestimate of the numbe of 
short duration illness episodes, or 

(2) 	 The original method data could be inflated, which would provide an unbiased estimate, but, due to 
its large variance, the result might not be very reliable. 

Because the mean square error for the original method model was much smaller than the mean square error of the ad
justed model, the unadjusted number of illness episodes appears to be a more accurate estimate. Therefore, it was decided 
to use the original method data in unmodified form in the construction of statistical models. 
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LVARIAiLES DERIVED FROM ORIGINAL MORBIDITY METHOD DATA 

The data set obtained by the original method includes the following variables for each individual: dates of onset and 
remission for signs and symptoms of illness, and the "severity" indicators -- degree of change in activity due to illness, 
alteration in a,,petite, and change in diet (see Chapter 8, Morbidity). 

A number of variables have been derived to summarize individual morbidity experience. These include: "Estimated 
Days Observed," "Illness Episodes by Illness Category" (type of illness), "Illness Days by Illness Category," "Total Ill
ness Episodes," "Total Illness Days," and "Severity." The time frame for the variables differs, depending on the analysis. 
The time periods include: calendar month summaries, age-month summaries (30 day periods based on the subject's 
age), and summaries of longer periods of time (e.g. one year). 

The derivation of these variables is as follows: 

1) 	 Estimated Da, Observed (per calendar month basis): 

a) 	 Incases where either 4 or 5 visits were scheduled ina month, estimated days observed are calculated 
as: 

(number of interviews completed in the month) x (number of days 
(ntumber of interviews scheduled in the month) in the month) 

b) 	 Incases where 3 or fewer visits were scheduled, the number of days
 
observed are estimated to be:
 

(number of visits comple.ted in we month) x 7 

It should be noted that this estimate is compromised in that the only days truly observed were days on which the mor
bidity visit was conducted, and days on which an individual suffered from an illness that overlapped at least one mor
bidity visit. Therefore, the number of Estimat'd Days Observed may be inflated with respect, to the actual number of 
days an individual was observed. Estimated Days Observed was created for use as the denominator in computing an 
illness rate variable that could be used in cross project CRSP comparisons. A more reliable, but less comparable rate 
would be Pays Ill per Morbidity Visit, rather than Days Ill per Estimated Days Observed. However, Days Ill per 
MAorbidity Visit has no comparable variable in the Egypt and Kenya projects. 

2) 	 Six Illness Categories (Fever, DiarieU.,Ate Upper Respiratory Illness, Acute Lower Respiratory 
Illness. Runny Nose. and Other TJ1nes-S) are defined from the "symptoms" recorded in the inter
views. (The Mexico interview protocol included 99 symptoms, such as nausea, chills, flu, and 
respiratory distress (See Chapter 8,Morbidity). 

3) 	 Illness Episodes for a Specific Illness Category is defined as the total number of occurrences of a 
specific illness category. In accordance with the cross-project CRSP protocol, a person must be free 
of illness for two days before a "new" morbidity episode issaid to begin. As a result, when the remis
sion date of a symptom is separated by one day from the onset date of a symptom of the same illness 
category, the illness is considered to be one episode. The one symptom free day, therefore, iscon
sidered to be an "ill day." 

4) 	 Days Il1 with a Specific Illness Category is defined as the total number of days with symptoms that 
are regarded as characteristic of the specific illness category. In cases where symptoms of the same 
illness category overlap in time, the earliest symptom onset date is defined as the beginning of the 
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illness and the latest symptom remission date is defined as the end of the illness. (Again, a single 
symptom-free day surrounded by days with symptoms of the same illness category is considered an 
ill day.) 

5) Total Illness Episodes is calculated from the sum of continuous periods of illness, regardless of ill
ness category; e.g. j days of fever, followed immediately by 5 days of unrelated diarrhea, followed 
immediately by 5 days of unrelated runny nose, would be counted as one total illness episode of 15 
days duration. 

6) Total Illness Days is defined as the total number of days ill during one episode. In cases where 
symptoms or illness categories overlap in time, the total illness days are calculated as beginning at 
the onset of the earliest symptom and ending with the remission of the last symptom, regardless of 
the specific illness categories to which the symptoms belong. 

7) Three types of Severity Measures were recorded for each reported symptom (see Chapter 8, Mor
bidity). These vaiiables were: a) "activity change," measured by a three point ordinal scale; b) "dietary
change," measured by a 5 point ordinal scale; and c) presence or absence of "aipetite change." In 
ca:ves where symptoms overlap, the most extreme value for the severity variable is taken as the value 
for illhe_.s episode. In the descriptive analysis presented belong, the severity variables are reduced to 
presence or absence of activity change, dietary change, and appetite change. 

IV. MORBIDITY EPISODES 

Illness episode data using only the data base generated by the original method are presented below by types of subjects
in the study. The subjects in these analyses are all members of the longitudinal sample. The time periods observce and 
the estimated days observed, which ary by type of individual, are indicated in the tables. The data presented iwldude: 
a) the number of subjects experier, .,g it least one episode of a particular category of illness during the specified time 
period, and b) an illness episode m,:- that is calculated as the sum of all illness episodes (of a given type) for a subject
divided by the sum of all "estirnvd days obse:rved" fer that subject. It should be noted that, due to episodes in which 
an individual experienced1 more than on.e type of illness, the value for Total Days Ill is not the sum of the individual 
illness categories. Total Davs IlI is the number of days a person was recorded as ill, using the CRSP protocol rcquir
ing two symptom free days before new symptoms are regarded as a new illness. 

AJn ran 

The majority of infants suffered at least one illness episode during the period they were in the study. Table 22.4 indi
cates that the common ailments for male infants are diarrhea, lower respiratory illness, and runny nose. Episodes-of 
runny nose appear to be of the longest duration. Upper respiratory illness showed the fewest number of episodes. Over
all, the female infant morbidity pattern appears to be very similar to that of the males (Table 22.5). While none of the 
specific illness categories exhibited a statistcally significant sex-related difference, male infants were found to be more 
likely to suffer at least one episode of illness than female infants (Fisher's Exact Test, two-tailed, p=.053). 
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TABLE 22.4 
ILLNESS EPISODES FOR MALE INFANTS 

# of Subjects Mean N of Illness 
Percentiles of 
lness Episodes 

Type of with Illness Episodes per per Day 
Episode N=53 (percent) Day of Observation* 50% 75% 90% 

Fever 9 (17.0) 1.27 0.00 0.00 6.88 
Diarrhea 7 (32.1) 2.86 0.00 6.54 9.99 
Upper Resp 5 ( 9.4) 0.62 0.00 0.00 3.49 
Lower Resp 21 (39.6) 3.61 0.00 6.67 10.76 
Runny Nose 21 (39.6) 3.96 0.00 6.87 13.36 
Other III 9 (17.0) 1.51 0.00 0.00 6.47 
Total Ills 42 (79.2) 11.17 9.35 15.27 23.26 

x 1000
 

Peod covemrd = birth - 180 days of age. Median nwnber eaurnated days for ll infanu = 146, firt quartile = 122.5, third quartile = 163 

TABLE 22.5
 
ILLNESS EPISODES FOR FEMALE INFANTS 

Percentiles of 
# of Subjects Mean N of Illness Illness Episodes 

Type of with Illness Episodes per per Day 
Episode N=49 (percent) Day of Observation* 50% 75% 90% 

Fever 6 (12.2) 1.27 0.00 0.00 5.92 
Diarrhea 16 (32.7) 3.40 0.00 6.85 13.16 
Upper Resp 3 ( 6.1) 0.48 0.00 0.00 0.00 
Lower Resp 14 (28.6) 2.75 0.00 6.25 11.63 
Runny Nose 20 (40.8) 4.39 0.00 7.09 12.50 
Other Ill 8 (16.3) 1.27 0.00 0.00 6.25 
Total Ills 30 (61.2) 10.72 7.14 19.67 27.21 

0 x 1000 

Period covered = birth = 143, first = =-180 days of age. Median number estimated days for all infants quartile 129.5. third quartile 156 

" reschAlers
 

As Tables 22.6 and 22.7 show, approximately three quarters of the male and female preschoolers suffer at least one ill
ness episode. The least common illness category for preschoolers is upper respiratory illness. 
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TABLE 22.6 
ILLNESS EPISODES FOR MALE PRESCHOOLERS 

Percentiles of
 
# of Subjects Mean N of Illness Illness Episodes


Type of with Illness Episodes per Per Day
 
Episode N=57 (percent) Day of Observation* 50% 75% 90%
 

Fever 23 (40.4) 1.68 0.00 2.99 5.15 
Diarrhea 23 (40.4) 1.85 0.00 3.00 6.15 
Upper Resp 10 (17.5) 0.75 0.00 0.00 3.61 
Lower Resp 32 (56.1) 2.78 2.81 5.15 6.56
 
Runny Nose 33 (57.9) 3.61 2.89 5.86 11.46
 
Other I11 16 (28.1) 1.11 0.00 2.88 5.14
 
Total Ills 43 (75.4) 8.14 8.38 12.08 15.50
 

* x 1000 

Period oovered 18- 30 months of age (390 days). Median number estimated days for allpreschooler = 330, firt quartile = 290.5, third quartile = 

347. 

TABLE 22.7 
ILLNESS EPISODES FOR FEMALE PRESCHOOLERS 

Percentiles of
 
# of Subjects Mean N of Illness Illness Episodes


Type of with Illncss Episodes per Per Day

Episode N=53 (percent) Day of Observation* 50% 75% 90%
 

Fever 17 (32.1) 1.18 0.00 2.92 3.20 
Diarrhea 23 (43.4) 2.16 0.00 3.43 6.24 
Upper Resp 4 ( 7.5) 0.39 0.00 0.00 1.67 
Lower Resp 20 (37.7) 1.62 0.00 3.02 5.71 
Runny Nose 26 (49.1) 2.87 0.00 4.71 8.84 
Other 111 12 (22.6) 0.91 0.00 0.00 3.51 
Total Ills 42 (79.2) 6.87 6.35 9.49 15.27 

Pcricer = covered 18 30 months of age (390 days). Median number estimated days for all preschoolers =321, firstquartile=300.5, third quartile= 
342.5
 

There is little difference between the male and female preschoolers in the patterning of iltness episodes. The only dif
ference of possible interest is the greater percent of male preschoolers with at least one reported lower respiratory ill
ness episode (Fisher's Exact Test, two-tailed, p=.059). 

.C.Schoolers * 

Approximately half of the male and female schoolers are reported as having at least one illness during the study period
(Tables 22.8 and 22.9). The mozt common illness category for schoolers is runny nose and the least common is diar
rhea. 
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TABLE 22.8 
ILLNESS El ,ODES FOR MALE SCHOOLFRS 

Percentiles of 
# of Subjects Mean N of Illness Illness Episodes 

Type of with Illness Episodes per Per Day 
Episode N=44 (percent) Days of Observation* 50% 75% 90% 

Fever 5 (11.4) 0.24 0.00 0.00 1.83 
Diarrhea 0 ( 0.0) 0.03 0.00 0.00 0.00 
Upper Resp 3 ( 6.8) 0.15 0.00 0.00 0,00 
Lower Resp 7 (15.9) 0.45 0.00 0.00 2.44 
Runny Nose 13 (29.5) 0.94 0.00 1.87 3.76 
Other 111 8 (18.2) 0.84 0.00 0.00 2.03 
Total Ills 20 (45.5) 1.48 0.00 2.55 4.45 

* X 1000 

Period covered = 7 - 9.5 years of age. Median number estimated days for all schooler = 384, first quarnile=329.25, third qur.ile = 467.5 

TABLE 22.9 
ILLNESS EPISODES FOR FEMALE SCHOOLERS 

Percentiles of 
# of Subjects Mean N of Illness Illness Episodes 

Type of with Illness Episodes per per Day 
Episode N=38 (percent) Day of Observation* 50% 75% 90% 

Fever 8 (21.1) 0.59 0.00 0.00 2.13 
Diarrhea 5 (13.2) 0.29 0.00 0.00 1.87 
Upper Resp 6 (15.8) 0.42 0.00 0.00 2.11 
Lower Resp 11 (28.9) 0.73 0.00 1.76 2.45 
Runny Nose 11 (28.9) 0.79 0.00 1.91 2.90 
Other Ill 11 (28.9) 0.77 0.00 1.86 2.89 
Total Ills 21 (55.3) 2.26 1.97 4.15 6.78 

° x 1000 

Penod covered 7 - 9.5 years of age. Median nunber estinated days for all schcxer = 394.5, first quanite.=352-75, third quartile = 477.5 

There is little difference between male and female schoolers in the rate of illness. The only sex difference of statistical 
interest is the absence of diarrhea among male schoolers compared to 5 cases for female schoolers (Fisher's Exact Test, 
two-tailed, p= .018). 

D. Lead Females and Males 

Comparing recorded illnesses for lead males and lead females, adult women are much more likely to have been ill at 
least once than are men (Fisher's Exact Test two-tailed, p<0.001) (Tables 22.10 and 22.11). Adult women also show 
significantly higher rates of illness for all illness categories. Itshould be noted that females had a higher number of Es
tinated Days Observed than males: a median of 434.5 days vs 390 days for lead males. Acomparison of Tables 22.16 
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and 22.17 shows that males have lower mean illness rates for total illnesses and for the six illness categories. However, 
the ranking of illness rates for types of illness category is the same for both males and females. 

The clear sex difference in rate of reported illness in these data parallels findings cross-culiurally. In most surveys, 
women are more likely than men to report illness symptoms, as they are also more likely to seek medical care (22.1). 
In this study, where women are the informants about their husband's state of health, the matter of male reluctance to 
report illness to an interiewer is not a factor. However, his does not rule out the po.;sibility that -nen frequently fail io 
discuss their health with their wives. These comments are not intended to suggest that the illness experiences of men 
are actually equal to those of women, but rather that the interpretation of the data niust be made in light of the general 
cross-cultural tendency for women to report (or experience) greater illness symptomology. 

TABLE 22,10 
ILLNESS EPISODES FOR LEAD FEMALES 

Percentiles of 
# of Subjects Mean N of Illness Illness Episodes 

Type of with Illness Episodes per Per Day 
Episode N=226 (percent) Day of Observation* 50% 75% 90% 

Fever 43 (19.0) 0.51 0.00 0.00 2.12 
Diarrhea 20 ( 8.8) 0.22 0.00 0.00 0.00 
Upper Resp 64 (28.3) 0.76 0.00 1.45 2.83 
Lower Resp 74 (32.7) 1.03 0.00 1.94 3.24 
Runny Nose 103 (45.6) 1.77 0.00 2.98 5.57 
Other Ill 112 (49.6) 2.10 0.00 3.04 5.92 
Total Ills 167 (73.9) 4.48 3.75 6.36 11.38 

* A 1000 
Period covered dependent cn pyiysiogical status and/or presence of a target child in the houehold. Median number estimated days for ll lead 
females = 434.5, int quande=338.0, third quartile = 533.25 

TABLE 22.11 
ILLNESS EPISODES FOR LEAD MALES 

Percentiles of 
#N of Subjects Mean N of Illness Ilness Episodes 

Type of with Illness Episodes per Per Day 
Episode N=142 (percent) Day of Observation* 50% 75% 90% 

Fever 11 ( 77) 0.25 0.00 0.00 0.00 
Diarrhea 4 ( 2.8) 0.16 0.00 0.00 0.00 
Upper Resp 17 (12.0) 0.39 0.00 0.00 1.86 
Lower Resp 21 (14.8) 0.49 0.00 0.00 2.29 
Runny Nose 39 (27.5) 0.86 0.00 1.78 3.27 
Other I11 39 (27.5) 0.91 0.00 1.67 3.52 
Total Ills 72 (50.7) 2.03 1.53 3.47 5.40 

* x 100 
Period overed dependeni on presence of a target child in Lx hotsehold. Median number estimated days for all lead males = 390.5, first quartile = 

289.5, third quanilc = 503.5 
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YSEI I 

Using data on subjects followed longitudinally, information on the severity of illness episodes isprovided for the various 
subject types in Tables 22.12 - 22.19. These tables show the number of illness episodes observed for each type of 
symptom and, for the given symptom, the associated incapacity, change in diet, and change in appetite. Illness episodes 
are the unit of analysis, and individuals may contribute a variable number of illness episodes. Also, when interpreting 
Tables 22.12 - 22.19, the small numbers should be considered and, therefore, the effect of random variation. 

Across all individual types, approximately one-third to one-half of all episodes weie associated with some change in 
activity, diet, o; appetite. For infants, males and females appear to suffer the observed effects of ilness equally, with 
diarrhea being associated with the highest severity as measured by changes in activity, diet, and appetite (Tables 22.12 
and 22.13). 

TABLE 22.12 
SEVERITY OF ILLNESS EPISODES FOR MALE INFANTS 

Type of # of Illnesses Dietary Activity Appetite 
Episode Observed Change (%) Change (%) Change (%) 

Fever 10 2 (20) 2 (20) 2 (20) 
Diarrhea 21 6 (29) 5 (24) 7 (33) 
Upper Resp 5 1 (20) 1 (20) 2 (40) 
Lower Resp 26 9 (35) 8 (31) 6 (23) 
Runny Nose 32 6 (19) 11 (34) 9 (28) 
OtherI1 9 0 (0) 1 (!H) 1 (11) 
Total Illnesses 83 21 (25) 24 (29)- 28 (34) 

* Note: no ilne ncs result in bedridden infanu 

TABLE 22.13 
SEVERITY OF ILLNESS EPISODES FOR FEMALE INFANTS 

Type of # of Illnesses Dietary Activity Appetite 
Episode Observed Change (%) Change (%) Change (%) 

Fever 9 1 (11) 4 (44) 3 (33) 
Diarrhea 23 6 (26) 2 (9) 4 (17) 
Upper Resp 3 0 (0) 2 (67) 1 (33) 
Lower Resp 9 3 (16) 7 (37) 4 (21) 
Runny Nose 31 9 (29) 9 (29) 4 (13) 
Other IU 9 1 (11) 0 (0) 0 (0) 
Total Illnesses 75 24 (32) 25 (33)* 12 (16) 

SNote: no illnesscs in bedridden infanusn"'t 


i 8C 



Fever and diarrhea both produce moderate levels of change in diet, acti,ity and appetite for male and female preschoolers 
(see Tables 22.14 and 22.15). Upper respiratory illness shows high levels of incapacity, but the number of episodes is 
small. The overall pattern of diet, activity and appetite changes appears to be similar for male and female preschoolers. 

TABLE 22.14 
SEVERITY OF ILLNESS EPISODES FOR MALE PRESCHOOLERS 

Type of # of Illnesses Dietary Activity Appetite 
Episode Observed Change (%) Change (%) Change (%) 

Fevci 35 15 (43) 17 (49) 24 (69) 
Diarrhea 43 16 (37) 14 (33) 24 (56) 
Upper Resp 14 6 (43) 8 (57) S (57) 
Lower Resp 56 9 (16) 10 (18) 15 (27) 
Runny Nose 73 12 (16) 14 (19) 18 (25) 
Other IN 23 8 (35) 10 (43) 12 (52) 
Total Illnesses 168 51 (30) 74 (44)* 80 (48) 

* Note: six episodes repont bedridden male presclxoor' 

TABLE 22.15 
SEVERITY OF ILLNESS EPISODES FOR FEMALE PRESCHOOLERS 

Type of # of Illnesses Dietary Activity Appetite 
Episode Observed Change (%) Change (%) Change (%) 

Fever 22 8 (36) 12 (55) 15 (68) 
Diarrhea 40 14 (35) 15 (38) 15 (38) 
Upper Resp 8 3 (38) 7 (88) 3 (38) 
Lower Resp 32 4 (13) 16 (50) 10 (31) 
Runny Nose 55 12 (22) 18 (33) 19 (35) 
Other Ill 16 7 (44) 8 (50) 8 (50) 
Total Illnesses 126 47 (37) 68 (54)* 71 (56) 

* Note nine epizodes report bedridden frnale pr.chooer 

For schoolers, the pattern of dietary, activity, and appetite changes due to illness is similar for females and males. While 
the number of illness episodes is relatively small for the illness categories of fever and diarrhea, these cases are usual
ly associated with change in activity and appetite (Tables 22.16 - 22.17). 
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TABLE 22.16 
SEVERITY OF ILLNESS EPISODES FOR MALE 'C1OOLERS 

TTqpe , # of Iltncsscs Dietary Activity Appefitc 

Episode Observed Change (%) Change (%) Change (%) 

Fe\er 7 3 (43) 7 (100) 6 (46) 

Diarrhea 2 1 (50) 1 (50) 2 (100) 

Upper Resp 8 2 (25) 6 (75) 6 (75) 

Lower Resp 12 2 (17) 7 (58) 6 (50) 

Runny Nose 25 4 (16) 12 (48) 13 (52) 

Other Il 14 4 (29) 7 (50) 10 (71) 

Total Illnesses 46 14 (30) 23 (50)' aq (61) 

* Nox seven episodtl rtqp.t teiddt mak schookr-z 

TABLE 22.17 

SEVERITY OF ILLNESS EPI3ODES FOR FEMALE SCHOOLERS 

Type of 4 of Il!nesses Dietar. Activity Appetite 

Episode Observed Change 0:-) Change (%) Change (%) 

Fever 16 9 (56) 11 (69) 12 (75) 

Diarrhea 5 4 (80) 4 (80) 4 (80) 

Upper Resp 10 1 (10) 3 (30) 3 (30) 

Lower Resp 22 13 (59) ii (45) 12 (55) 

Runny Nose 21 7 (33) 9 (43) 9 (43) 

Ou.tr Il 22 3 (14) 11 (50) 12 (55) 

Total Illnesses 64 24 (38) 33 (52)* 37 (58) 

Note srvvl epi-itcs rtp:! btdne female s-hoolers 

The "seve:-ity" ,*,taare presented for leoad males and females in Tables 22.18 anC 22.19. Earlier, we presented data show

ing a highe: rate of illness in women compared to men. In the tables below, we see that women are are also more like

ly to be bedridden ,vith an lHne-,. 
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TABLE 22.18 
SEVERITY OF ILLNESS EPISODES FOR LEAD FEMALES 

Type of #of Illnesses Dietary Activity Appetite 
Episode Observed Change (9k) Change (%) Change (%) 

Fever 52 13 (25) 35 (67) 28 (54) 
Diarrhea 21 11 (52) 7 (33) 13 (62) 
Upper Resp 80 15 (19) 34 (42) 24 (30) 
Lower Resp 106 16 (15) 54 (51) 36 (34) 
Runny Nose 178 31 (17) 55 (31) 61 (34) 
Other 111 210 4S (23) 92 (4+) 89 (42) 
Total Illnesses 44( 124 (28) 207 (46)* 205 (46) 

* Note: twenty-eighi r-pio&-%rtpor bdriddv, lkd fmn.au 

TABLE 22.19 
SEVERITY OF ILLNESS EPISODES FOR LEAD NIALFS 

Type of # of Illnesses Dietary Activity Appetite 
Episode Observed Change (%) Change (%) Change (%) 

Fever 13 4 (31) 10 (77) 8 (62) 
Diarrhea 9 3 (33) 3 (33) 5 (56) 
Upper Resp 20 7 (35) 11 (55) 7 (35) 
Lower Rest) 26 5 (19) 15 (z8) 7 (27) 
Runny Nose 50 16 (32) 23 (46) 19 (38) 
Other Ill 51 16 (31) 24 (47) 28 (55) 
Tota! Illnesses 112 36 (32) 54 (48)* 55 (49) 

epiloxeNcte: fis tal beLdidd=n ICJ males 

X_SE-ASDN=a 

Since there is little difference in morbidity between -naleand female children (infants, preschoolers, and schoolers), 
analyses of seasonal effects were carried out on combined samples. Tables 22.20 - 22.24 present these data. I these 
tables, N represents the total number of subjects observed in the given month. Since the study spanned more than one 
year, th: N in each month Yepresns the sum for that month in the years 1984-1986. 

Seasonal variation inmorbidity patterns is most apparent in the infant and preschooler data (Tables 22.20 and 22.21). 
Among these. cases of diarrhea appear to be more common in May and June. The months of March and October 
evidenc/d higher rates of lower respiratory illness among infants and runny nose in both groups. Infants and preschoolers 
experienced relatively low levels of illness episodes in April. High levels of illness are reported for infants for March. 
The rea.on for this is unknown. 

There was a slight indication of o seasonal morbidity pattern for lead ieFm.,Jes (Table 22.23). Episodes of runny nose 
were more common in October and November and, as with infants an Ipres..hoolers, the fewest illness episodes were 
iepored in April. 
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Schoolers and lead males had minimal seasonal variation in morbidity patterns. It may te noted that the mean number 

of visits completed during the months of January and December are consistently low relative to the other months. This 

is bccause no visits to monitor morbidity were scheduled during thc Christmas holidays. 

TABLE 22.20 
PERCENT OF INFANTS WITH ILLNESS, BY MONTH 

Mean # Upper Lower Runny Total 

Month N of Visits Fever Diarrhea Resp. Resp. Nose Other Illness 

Jan 73 2.90 2.7 4.1 2.7 8.2 15.1 5.5 28.8 

Feb 75 3.63 2.7 6.7 2.7 6.7 3.3 0.0 25.3 

Mar 72 3.46 5.6 9.7 0.0 12.5 16.7 11.1 41.7 

Apr 75 3.36 4.0 6.7 1.3 1.3 8.0 0.0 14.7 

May 72 3.70 2.8 19.4 0.0 6.9 9.7 1.4 27.8 

Jun 70 3.41 1.4 12.9 0.0 7.1 10.0 5.7 30.0 

Jul 72 4.11 1.4 6.9 0.0 1,4 8.3 6.9 22.2 

Aug 75 3.67 6.7 2.7 5.3 6.7 14.7 2.7 25.3 

Sep 66 3.61 1.5 6.1 0.0 3.0 10.6 1.5 18.2 

Oct 65 4.22 3.1 3.1 1.5 12.3 24.6 1.5 36.9 

Nov 65 3.52 9.2 9.2 4.6 15.4 20.0 1.5 36.9 

Dec 66 2.48 1.5 7.6 1.5 9.1 9.1 0.0 22.7 
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TABLE 22.21 
PERCENT OF PRESCHOOLERS WITH ILLNESS, BY MONTH 

Mean # Upper Lower Runny Total 
Month N of Visits Fever Diarrhea Resp. Resp. Nose Other Illness 

Jan 124 2.90 6.5 1.6 1.6 9.7 8.9 3.2 21.0 
Feb 134 3.70 3.7 3.0 3.0 8.2 8.2 1.5 20.1 
Mar 138 3.70 8.0 5.1 2.9 8.0 15.9 3.6 26.1 
Apr 131 3.30 4.6 6.1 1.5 3.8 4.6 0.0 12.2 
May 123 4.23 4.9 14.6 0.8 4.1 9.8 3.3 28.5 
Jun 118 3.66 4.2 11.0 0.8 4.2 6.8 5.1 18.6 
Jul 121 4.31 2.5 8.3 1.7 2.5 5.8 4.1 20.7 
Aug 116 4.18 3.4 6.0 0.9 6.9 12.1 3.4 23.3 
Sep 119 3.69 2.5 4.2 0.8 5.9 10.1 4.2 19.3 
Oct 128 4.27 5.5 6.3 2.3 7.8 14.1 2.3 22.7 
Nov 128 3.76 2.3 3.9 0.8 10.9 7.8 2.3 21.9 
Dec 127 2.67 2.4 2.4 1.6 6.3 7.9 1.1 15.0 

TABLE 2222 
PERCENT OF SCHOOLERS WITH ILLNESS, BY MONTH 

Month N 
Mean # 
of Visits Fever Diarrhea 

Upper 
Resp. 

Lower 
Resp 

Runny 
Nose Other 

Total 
Illness 

!da 181 2.74 1.7 0.6 1.7 5.0 3.9 0.0 7.2 
Feb 177 3.82 2.3 0.6 1.1 3.4 2.8 0.0 5.1 
Mar 171 4.00 4.1 0.0 0.6 1.8 1.8 1.2 5.8 
Apr 172 3.58 1.7 0.0 1.2 1.7 1.2 1.7 3.5 
May 168 4.29 0.6 0.0 0.6 0.0 2.4 1.2 3.6 
Jun 161 3.80 0.0 0.6 0.6 0.0 0.6 3.1 4.3 
Jul 182 4.35 0.0 1.1 1.1 0.5 2.2 2.2 6.0 
Aug 178 4.16 0.0 0.0 0.0 0.0 0.0 3.4 3.4 
Ser, 167 3.75 0.0 0.0 1.8 1.8 2.4 1.8 6.6 
O(. 166 4.33 1.2 0.0 0.0 1.8 1.2 2.4 4.8 
N 1v 158 3.87 1.9 1.3 1.9 2.5 5.7 1.9 9.5 
Dec 153 2.78 0.7 0.7 0.7 2.6 3.3 2.6 6.5 
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TABLE 2223 
PERCENT OF LEAD FEMALES WITH ILLNESS, BY MONTH 

Mean # Upper Lower Runny Total 
Mon.h N of Visits Fever Diarrhea Resp. Resp. Nose Other Illness 

Jan 343 2.81 1.7 0.3 2.9 3.8 4.1 5.5 12.8 
Feb 338 3.75 0.9 0.3 3.0 4.7 5.3 5.3 12.4 

Mar 336 3.84 1.8 0.3 2.7 3.9 6.5 6.5 13.1 
Apr 336 3.46 0.6 0.0 1.2 1.8 2.7 2.7 6.0 

May 322 4.21 1.2 0.9 2.2 0.9 4.3 3.4 10.2 

Jun 301 3.69 1.3 0.3 1.0 1.7 4.0 6.6 11.3 

Jul 318 4.32 2.2 0.6 2.2 2.2 5.0 7.2 13.5 

Aug 311 4.11 0.6 1.6 1.0 2.3 1.9 7.1 11.3 

Sep 300 3.73 2.3 1.7 2.3 2.3 5.7 7.7 16.0 

Oct 303 4.27 10 0.7 2.3 3.6 7.6 9.6 15.2 
Nov 297 3.78 0.7 0.0 4.4 5.1 8.4 5.4 16.5 
Dec 291 2.72 2.7 0.3 2.1 3.8 5.2 3.4 10.3 

TABLE 22.24 
PERCENT OF LEAD MALES WITH ILI.NESS, BY MONTH 

Mean # Upper Lower Runny Total 
Month N of Visits Fever Diarrhea Resp. Resp Nose Other Illness 

Jan 229 2.41 0.0 0.4 0.0 0.9 3.1 0.9 3.9 
Feb 227 3.29 0.9 0.4 0.9 1.3 3.5 3.1 6.6 

Mar 226 3.35 0.9 0.0 0.9 0.9 3.1 3.1 5.3 
Apr 221 2.91 0.0 0.0 0.9 0.5 0.0 1.8 2.7 
May 217 3.43 0.0 0.5 0.0 0.0 1.4 0.9 2.8 
Jun 204 2.84 0.0 0.0 1.0 1.5 1.0 1.0 2.9 
Jul 213 3.42 0.0 0.5 0.9 1.4 1.9 1.4 4.2 
Aug 213 3.34 0.5 0.9 0.9 1.4 1.9 2.8 5.2 
Sep 203 2.98 0.5 0.5 0.0 1.0 1.5 2.0 3.9 
Oct 205 3.63 1.0 1.5 1.0 0.5 2.4 1.4 6.3 

Nov 199 3.46 1.5 0.0 3.0 2.5 3.5 2.5 9.0 
Dec 193 2.50 0.5 0.0 0.5 1.0 2.6 2.1 4.7 
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Table 22.25 summarizes target household mortality between 1982 and 1986. 

TABLE 22.25 
DEATHS IN TARGET HOUSEHOLDS 

Age Males Females Totals 

0-1 6 4 10 
1-3 2 1 3 
4-17 1 2 3 
18-59 2 0 2 
60+ 4 2 6 

The highest mortality (10 deaths) occurs in infants less than a year old. Three deaths were due to premature births where 
the infants survived 1,2, or 4 days. Bronchial pneumonia was the cause of death for an infant 2 months old and an in
fant 10 months old. Other causes of mortality in infants were congenital malformation, dehydration, hemorrhages, and 
gastroenteritis. 

The next highest mortality (6 deaths) occurred in adults over 60 year.; old. Causes ofmortality were heart failure, arterial 
hypertension, cancer of the prostate, stroke, and a perforated peptic ulcer. 

In the 4-17 year-old age group, two teenagers died of head trauma and one 7 year-old drowned. 

All the deaths reported were members of target households. However, none of these were subjects in the longitudinal 
study. 

REEERENqCES 

22.1. 	 DohrenwendB. and DohrenwendB.P. eds. Stressful Life Events: Their Nature and Effects. New York: Wiley, 
1974. 
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Chapter 23 

HEALTH STATUS, HEALTH HISTORY AND HEALTH PRACTICES 

The examination of relationships between intake and health outcomes requires an assessment of the general health con
ditions within which the short-term effects frnd expression. Chronic illness, endemic paiasitism and alcoholism are 
among the factors that affect and confound intake-morbidity interactions. Hence it is important to identify previous 
health history, current health status, and general physical condition of subjects and their families. The initial health in
terview and physical examination, and subsequent follow-up visits, which were carried out by project physicians, 
provide this information. 

The clinical interviews also provided an opportunity to collect data on health practices, particularly related to pregnan
cy and lactation. These are very useful for understanding intake behavior and activity patterns during pregnancy be
cause they document the cultural context and cultural expectations. For example, it is important to know that some of 
the women (but not all) apparently deliberately change their food intake during pregnancy and lactation because of their 
beliefs about the value or harm associated with ingesting particular foods. Similar!y, the resumption of physical activity 
following parturition is culturally programmed, although many women are not able to conform to these norms because 
they lack the supportive resources necessary to rtfrain from many domestic tasks. 

This chapter presents the descriptive results from the clinical interviews conducted with lead males and females, and 
with mothers on behalf of their children. 

Table 23.1 shows personal health history data for adult men and women. Virtually all of the reported pathologies were 
diagnosed by a physician. Therefore, while there may well be serious under-reporting, primarily because of undiag
nosed pathology, one may be reasonably sure that the reported health problems represent diagnosed pathology. 

Concerning the health history of adults, we find very low levels of diagnosed chronic illness. However, the finding that 
46% of the men have experienced a trauma reflects the fact that in both work and non-work activities, men in the Solis 
valley face a high risk of injury. Injuries occur in a number of different ways, itc*uding automobile accidents, agricul
tural accidents, and wounds incurred from guns or knives. The injury risk for women is much lower than for their 
spouses, although their experience with surgery is not very much lower. For women, a proportion of prior surgeiy is 
probably accounted for by reproductive problems, whereas for men, much of the reported surgery was most likely as
sociated with tauma. 
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TABLE 23.1 
PERSONAL HEALTH HISTORY: PERCENT OF ADULT RESPONDENTS 

Lead Females Lead Males 

Health problem (N = 252) (N = 195) 

Surgery 15.5 20.5 

Trauma 7.5 45.6 

Allergies 3.2 3.1 

Hypertension 2.0 4.1 

Convulsions 1.2 1.0 

Cardiopathology 0.4 0.5 

Diabetes 0.0 0.5 

Table 23.2 includes data about the familial 1 "althhistory of the parents and siblings of lead males and females. Again, 
the vast majority off the reported pathologie, .,ere diagnosed by a physician, according to the respondents. There were 

only two cases of pathology diagnosed by a traditional healer ( and one by a nurse. For both men and women, 
the respondent's mother is the person most frequently identified as the afflicted individual. Mo.e rarely is the father the 
person with a pathology. This feature is undoubtedly influenced by differential utilization of health services by women 
and men. 

As seen in Table 23.2, hypertension and diabetes are :ported with the highest frequencies. The rate of reported con
vulsions appears to be rather high, and occurs in families of men and women equally. Some of the psychiatric problems 
reported by respondents may be related to alcohol abuse. 

TABLE 23.2 
FAMILIAL HEALTH HISTORY: PERCENT OF RESPONDENTS REPORTING PRESENCE OF DISEASE 

Adult Women Adult Men 
Disease (N = 246) (N = 194) 

Hypertension 15.3 i4.9 

Diabetes 8.5 10.8 

Convulsions 7.3 7.2 

Neoplasms 6.5 4.6 

Allergies 4.1 6.7 

Congenital abnormalities 3.7 2.6 

Psychiatric problems 2.4 4.6 
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The daa in Table 23.3 are from the interviews with the mothers of all children in the study, including those who were 
not studied over the course of a full year. As in the previous tables, the conditions were uniformly diagnosed by a 
physician. However, the same caution must be applied to these data as to the previous tables -- a great deal of illness 
goes undiagnosed. A further source of under-reporting, perhaps less significant in magnitude than the undiagnosed ill
nesses, is mothers' failure to remember specific illness events of the past. From whatever source, it is likely that the 
common childhood pathologies about which the mothers were questioned have a higher incidence rate than would ap
pear from these data. 

TABLE 23-3 
CHILDHOOD ILLNESSES: PERCENT OF CHILDREN IN TIE STUDY 

Infants Preschool School-age 
Illne-, (N = 108) (N = 134) (N= 142) 

Measles 0.9 8.2 19.0 

Rubella -- 0.8 --

Chickenpox - 0.8 8.5 

Scarlet fever - 1.5 0.7 

Lower respiratory 
tract infection* - 12.7 14.8 

Dehydration* - 21.6 14.4 

Otitis media* - 3.0 7.8 

*Ai least one occurrence 

Note: There we= no rqxxe cases of polio. 

Concerning chronic pathologies in childhen, there is I school-age child with a cardiac problem; two preschoolers are 
described as suffering from allergies and 2 school children have a history of convulsions. One preschooler, 2 schoolers 
and 1 infant had experienced surgery, while 7 cases of trauma were reported, all of which were found in school-age 
children. 

As part of the clinical interview, respondents were asked about the frequency with which they consumed alcohol and 
used tobacco. Table 23.4 shows the responses of women, and Table 23.5 presents the results for men. The results in 
Table 23.4 confirm the impressions of fieldworkers that alcohol consumption of women is confined mainly to flhque. 
Not shown in the table are the responses from I woman who reported she occasionally drinks brandy and other liquors, 
or the responses of 6 women who drink beer, one of them on a daily basis. None of the women drink tequila or other 
distilled liquors. Only 5 women smoke cigarettes, and of these, only 1 smokes on a daily basis. 
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'rABLE 23.4 
FREQUENCY OF PULQUE CONSUMPTION BY WOMEN, AS REPORTED TO A PHYSICIAN: 
PERCENT OF RESPONDENTS (N = 252) 

3-5/ 1-2/ <1/ 
Daily Week Week Week Never 

Frequency of 
consumption 40.5 6.7 8.4 8.7 35.7 

Frequency of 
inebriation 1.2 -- 0.8 9.9 88.1 

The high frequency with which men consume p uI as a primary beverage is seen in Table 23.5. Eighty-seven per
cent of men report drinking this locally produced beverage, which is followed in popularity by beer. Thirty-five per
cent of men drink beer, although only 15% do so on a daily basis. Brandy is reported to be consumed by 6%of men, 
with a usual consumpuon frequency of less than once a week. With respect to inebriation from beverages other than 
pu1= or beer, 4% of the men claim they consume a sufficient quantity to produce inebriation. None of the men drink 
liqueurs or tequila, although one man reporte d drinking "othcrf alcoholic beverages on adaily basis, with sporadic in
ebriation. Ne-arly 40% of the men smoke cigarettes, with "zm" roking the most common imi;e thC 
smokers. 

P consumption also occurs among school-age children. According to their mothers' report, 19% of the children 
consume pue, although only 6% do so on a daily basis. 

TABLE 23.5 
FREQUENCY OF ALCOHOL CONSUMPTION AND INEBRIATION OF LEAD MALES, AS REPORTED 
BY THEM TO A PHYSICIAN: PERCENT OF RESPONDENTS (N = 195) 

3-5/ 1-2/ <1/
 
Daily Week Week Week Never
 

PULQUE 

Frequency of 
consumption 63.6 10.8 7.7 5.1 12.8 

Frequency of 
inebriation 2.6 5.1 21.6 50.8 20.0 

BEER 

Frequency of
 
consumption 15.4 3.1 8.8 9.3 63.6
 

Frequency of
 
inebriation 0.5 2.6 7.7 23.0 66.2
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TABLE 23.6
 
FREQUENCY AND QUANTITY OF CIGARETTE SMOKING BY LEAD MALES AS REPORTED TO A 
PHYSICIAN: PERCENT OF RESPONDENTS (N = 195) 

3-5/ 1-2/ <1/ 
Daily Week Week Week Never 

Frequency 28.2 4.6 3.6 2.1 61.5 
of smoking 

Don't 
>6/d 4-6/d 1-3/d know None 

Quantity 8.7 8.7 20.5 0.5 61.5 
smoked 

WOIMEN'S HE-ALTH' LRODUCTIVE HISTORY 

All of the women in the study w 're interviewed extensively about their reproductive history, whether or not they were 
in the study for a pregnancy. Information about reproductive history and sexually-related variables is often difficult to 
elicit, and is typically subject to some distortion. In the Solis Valley, and in Mexican culture generally, there is con
siderable -eticence about discussing such matters. However, the fact that these data were collected by young, female 
physicians probably helped to assure cooperation in the responses. The rate of missing data is very low in all of Lhe 
tables fhit follow, and results probably represent "reality," as the women perceive and recall it. 

Table 23.7 shows the responses to questions on age of menarche, first sexual activity and first pregniancy. The 13 month 
difference between mean age of first sexual activity and first pregnancy reflects the absence of wide spread use of con
traceptives, both currently and in the past. The table also shows that early teen-age pregnancy (below age 16) is rare, 
and the modal category for first pregnancy is 19 years or older. 

On a population level, mean age of menarche partially reflects nutrition ana health status. In the U.S. today, the mean 
age of merarche is 12.8 years, as compared to about 17 in the 19h century (23. 1). Comparatively, the mean age of 13.6 
in the Solis sample is younger than that of Mayan Indians (15.1 years), b0ut higher than that reported for samples in Ar
gentina (12.5), Venezuela (12.6) or Cuba (12.9). Very delayed sexual maturation, as reflected in age at menarche, is rare 
in Solis, with only 5% of the sample reporting a first menses after age 15. 
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TABLE 23.7
 
SEXUAL MATURATION OF ADULT WOMEN: PERCENT OF RESPONDENTS (N = 246)
 

AGE Menarche 

10-12 19.2 

;3-15 71.6 

16-18 4.8 

19+ 0.8 

Mean 13.6 

Range 10-19 

First
 
Sexual 

Activity 


13.4 

45.5 

40.4 

18.4 

13-31 

First
 
Pregnancy
 

2.8 

40.0 

57.2 

19.5 

15-31 

The data on family size and structure reflect a population that has not, in the past, engaged in extensive family plan

ning. However, the data in Table 23.8 show that more than 20% of the couples in the sample are currently using some 

form of contraception, and the rate of use appears to be growing. Oral ontraceptives are the most popular method, fol

lowed by injectable hormones. IUDs are not commonly used, and have the same rate of frequency of use as the rhythm 
method. It is interesting to note that 5% of the couples use male rather than female methods, and 4.3% of the men have 

undergone vasectomy. 

TABLE 23.8 

USE OF CONTRACEPTIVES: PERCENT OF WOMEN RESPONDENTS (N=255) 

Duration % Respondents Type % Respondents 

Never 78.5 Oral 10.4 

< 1year 10.0 Injection 4.8 

1-4 years 9.2 Vasectomy 4.3 

5+ years 2.4 rUD 1.0 

Rhythm 1.2 

Condom 0.4 
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Table 23.9 presents the responses to inquiries about menstruation characteristics. Forty four percent of women have ex
perienced pelvic pain with menstruation at some point, while 15% report having experienced irregularity. 

TABLE 23.9 
MENSTRUAL CYCLE PATIERNS REPORTED TO A PHYSICIAN: PERCENT OF ADULT WOMEN 
(N=246) 

Problem Ever 

Expericnced 

None 38.6 

Irregular cycle 15.9 

Behavior changes 13.4 

Nigraines 3.3 

Other 1.2 

Duration: 

< 3 days 4.9 

3 days 39.0 

4-8 days 52.0 

> 8 days 3.7 

Unsure 0.4 

Reproductive problems with pregnancies prior to the start of the study are shown in Table 23.10. The data on prema
ture birth and low birth weight must be viewed with caution since most women would have little way of making ajudg
ment about these matters, except in extreme cases. 
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TABLE 23.10 
PREVIOUS REPRODUCTIVE PROBLEMS REPORTED TO A PHYSICIAN: PERCENT OF ADULT 
WOMEN (N = 246) 

During Previous Birth: 

Never One Two or more 
Problem Experienced Occurrence Occurrences 

C-section 	 95.5 4.1 0.4 

Forceps dehvery 	 91.9 6.9 1.2 

Premature birth 	 88.2 11.0 0.8 

Stil! birth 	 87.8 10.2 2.0 

Low birth weight 77.2 15.9 	 6.9 

Miscar-iage 	 70.4 18.4 11.2 

Percent Women 
Tine Period Problem Ever Experienced 

Previous Gestation: 	 Varicose veins 9.3 
Threat of pimature birth 7.7 
Trhreat of miscarriage 5.7 
Toxemia 5.7 
Vagiral hemorrhage 2.4 

Previous Birth: 	 Prolonged delivery 4.9 
Breech position 1.6 

Previous post-partum: 	 Excessive bleedhig 17.1 
Fever 8.5 

Previous lactation: Cracked nipples 20.7 
Breast infection 	 9.3 
Milk insufficiency 	 6.9 
Nc milk 	 2.4 

T"IF( TLT' IRE OF PREGNANCY AA1.p LACTATIQN 

The data in Table 23.10 are not only biological in nature, but they also reflect social and cultural conditions. For ex
ample, the very low incidence of C-Section and forceps-assisted deliveries is a function of the nature of medical ser
vices in the Solis Valley and surrounding area. The clinics in the area do not have the facilities to carry out surgery, and 
midwives do not use forceps. Lactation is also an aspect of health behavior that is heavily influenced by cultural fac
tors. With respect to lactation, it is interesting to find that only 9% percent report problems with mi!k volume, of which 
6.8% is descibed as "milk insufficiency." These figures are very low in comparison with many, particularly urban, 
populations in developing and developed countries where early weaning from the breast is commonly associated with 
F-,crceived "milk 'nsuffic;-ncy" (23.2). 

While the data above are based on the previous experiences of the women, summarized in terms of whether they had 
ever had any of the problems listed, Table 23.11 examines reproductive history in a somewhat different way. This table 
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presents data from the clinical interviews on children. Here the women are asked to report on the delivery characteris
tics of the child -- infant, preschooler or schcol-age. 

In Table 23.11 we see that more than a third of the births from pregnancies followed during ,.6e study period (the column 
labelled "infant") ck place at home. Close to 50% of the preschool children were born at home, and the figure rises 
to o-" ,/ for the school-age children. 

Since clinic facilities wcre available to project participants at a token fee, financial constraints are not a factor in ex
plaining the sizeabie percent of infants who were born at home. An i nportant part of the explanation for this phenomenon 
is the lack of conveieni transportation in the valley. Although third class bus service provides villagers with access to 
most areas of the valley, including Folis and the municipal center, the buses go to the communities only once or twice 
a day and there is no service in the eveyng. With the relatively dispersed settlement pattern, and in the absence of 
telephones, women in labor often cannot find transrortation to the clinic. Thus, many babies werc born at home, even 
when the mother intcnded to use the clinic facilities .or delivery. 

There is . close correspondence between clinic and hospital delivery and delivery assisted by a physician. The figures 
on midwife-attended births reflect the common pattcrn in which the midwife goes to the home of the wman in labor 
rather than the reverse. Rarely does delivery take place in the home of the midwife. A rapid decline in the use of mid
wives is apparent in the comparison of delivery attendant by subject type, which shows a four-fold decline in the past 
7-8 years. On the other hand, the stability in the figure for "relativeineighbor-auended" births (remaining at 1 in 4) 
reflects the lack of transportation facilities as an important factor influencing birth practices. 

TABLE 23.11 
DELIVERY CHARACTERISTICS: PERCENT OF CHILDREN IN THE STUDY 

Delivery Infant Preschool School-age 
Characteristics (N = 109) (N = 134) (N = 142) 

Hospital 4.6 6.0 3.5 

Clinic 58.7 44.8 23.9 

Own home 36.7 47.8 64.1 

Midwife's home - 1.5 8.5 

Delry Attnd~n 
Doctor 61.5 52.2 28.2 

Nurse 1.8 0.8 2.8 

Midwife 11.0 23.9 41.6
 

Relative/neighbor 25.7 23.1 26.1
 

Normal 92.7 97.0 93.7 

Abnormal 3.7 3.0 5.6
 

C- Section 3.7  0.7 
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Most cultures, including Euro-American ones, have fairly elabcrate ideas concerning appropriate food intake during 
pregnancy. Usually the cultural wisdom includes both food prescriptions ard proscriptions. The latter, often referred to 
as "food taboos," have been the subjec, of considerable criticism by biomedically trained professionals, who point to 
the negative nutritional consequences of many of these restrictions. On the other hand, some anthropologists have urged 
caution in condemning such beliefs, pointing out that they may have subtle but important positive functions. Pregnan
cy food "rules" in traditional M.ican culture are derived primarily from the huroral system, which is pervasive 
throughout Latin America. Thus while only 1%of the women attributed the source of their pregnancy food avoidances 
to "tradition," it is probable that tne other 19% who avoided some foods in order to "prevent problems" were also 
reflecting cultural beliefs related to the "hot/cold" system. 

Concerning the responses in Table 23.12, it is interesig to note that the great majority of women practice no food 
avoidances during pregnancy, a finding that suggests rapid cultural change has occurred in the valley communities. 
The paucity of items listed under the column of foods "specially consumed," coatrmstinarkedly with what one would 
expect to find in populatiois in industrialized countries. The fact that 50% perceive no change in appetite, together 
with the low response rate on foods specially ccusumed or avoided, suggests that the wonien do not view pregnancy 
as a period requiring dietary change or special dietary attention. 

One notes that ipulj appears ir,both the "foods avoided" and the "special food,, columns, but in both instances the 
n,umber of women mentioning pl in response to open-ended questions isvery small. Eighty-one women who were 
followed through a pregnancy reported to the -physicianthat they consumed sor Vuknim during their pregnancy. Two
thirds of thz mothers of school-a:oe children and preschoolers in the study reported that they had consumed pII= 
during the pregnancy of that child. Avery sml number (6women) also consumed beer during pregnancy. 
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TABLE 23.12 
DIETARY PRACTICES DURING LAST, PREVIOUS PREGNANCY: 
PERCENT OF WOMEN RESPONDENTS (N = 256) 

CHANGE D; APPEfITE (%) REASON FOODS AVOIDED (%) 

No change 50.6 No avoidances 77.7 

Increase 25.5 Prevent problems 19.5 

Decrease 22.3 "Tradition" 1.2 

Medical advice 0.4 

Don't know 1.2 

FOODS AVOIDED (%) FOODS SPECIALLY CONSUMED (%) 

Pork 6.0 "Cravings" 6.3 

Spicy foods 4.4 Chicken 4.0 

Chile 3.6 Pasta 2.4 

Pulque 2.4 Pulque 2.4 

Atole 0.4 

Chicken consomme 0.4 

Tea 0.4 

A key feature of the culture of reproduction in Latin America is the practice of the cuarent na the forty day postpar
tum period during which the mother and infant are given special treatment and care. Incentral, highland Mexico, tradi
tional postpartum activities involved a combination of aboriginal (Nahuat/Aztec) practices (including ritual baths) and 
practices derived from Spain. Among the chief components of the cirntena were the consumption of special foods, 
refraining from many domestic activities, and avoidance of stress and exposure to dangers of various sorts. 

The data in Tables 23.13 and 23.14 suggest that the .uarntnaaiFstill very much alive in the Solis valley, and the respon
ses of the women in the sample are in accocd with the ethnographic data. In contrast to pregnancy, a much higher per
cent of women follow some fcod prescriptions and proscriptions. In their last (previous) pregnancy, only 22% of the 
women avoided some foods, whereas 43% reported food avoidances during the postpartum period. Similarly 17% of 
the women sought to eat special foods during pregnancy, but the majority (81%) consumed special foods during the 
clc,, a. It isstriking to see that chicken and au&Il, both traditional postpartum foods, are mentioned by a significant 
number of the women. We see also that "tradition" is frequently mentioned as the reason for avoiding "dangerous" foods. 
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The list of activities in Table 23.14 was derived from key informant interviewing during Phase ! of the project. With
 
the exception of bathing, these are the activities that women said should be foregone during the cuar..t, a. Tradition
ally, bathing during this period was done only in the Lemasca. the small separate structure for the sweat bath. However,
 
today this practice has virtaally disappeared, but there is still some concern on the part of many women about expos
ing the body to "cold" in bathing. This is reflected in the report, by about a third of the sample, that they do not resume
 
bathing until the second postpartum week.
 

TABLE 23.13
 
DIETARY PRACTICES IN THE LAST, PREVIOUS POSTPARTUM PERIOD:
 
PERCENT OF RESPONDENTS (N= 251) 

CHANGE IN APPETITE (%) REASON FOODS AVOIDED (%) 

No change 57.6 No avoidanci:s 56.2 

Increase 30.4 Prevent problems 2.8 

Decrease 10.8 "Tradition" 38.0 

Medical advice 1.2
 

Don't know 0.8
 

FOODS AVOIDED (%) FOODS SPECIALLY CONSUMED (%)
 

Pork 21.0 "Cravings" 0.8
 

Spicy foods 4.4 Chicken 74.5
 

Chile 29.7 Pasta 36.3
 

Pulque 3.2 Pulque 8.8
 

Atole 41.4 

Chicken consomme 16.3 

Tea 1.2 
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TABLE 23.14
 
DAYS POSTPARTUM TO RESUMPTION OF ACTIVITIES: PERCENT OF RESPONDENTS (N = 251)
 

1-7 8-14 15-21 22-39 >40 
Activity days days days days days 

Sweeping 7.2 23.6 40.4 17.2 11.6 

Washing dishes 10.8 31.6 42.0 10.8 4.8 

Cooking 10.8 29.6 42.0 12.4 5.2 

Liftiiig objects 0.4 3.6 16.8 36.0 43.2 

Going to market 1.2 6.0 19.2 38.0 35.6 

Carrying baby outside 4.0 8.0 19.2 35.2 33.6 

Visiting doctor 8.0 5.6 5.2 5.6 75.6 

Bathing 65.2 31.6 1.6 0.0 1.6 

Note: For each activity, betv, een 2 and 4 women could not remember hence row totAls do not reach 100%. These data reflect previous, ntf current, 

postpartum periods. 
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Chapter 24 

LABORATORY DATA 

This chapter presents the results of descriptive analyses of laboratory data. Thus far these values have not been tested 
for their associations with dietary intake or any functional outcomes. However, they serve to alert us to several nutri
tional and health problems in the Solis population that might confound the interpretation of relationships between dietary 
energy intake and function. 

1. URINE ANALYSES 

Table 24.1 summarizes the results of the urine analyses. The bacteriological examination of urine evaluated total bac
teria and gram-negative bacteria in a semi-quantitative manner. For total bacteria a finding of 100 or more. colonies per 
plate or 10' bacteria or colonies/ml was regarded as abnormal. For gram-negative bacteria findings of 20 to 99 colonies 
per plate (104 bacteria or colonies/ml) and 100 or more colonies per plate (105 bacteria or colonies/ml) were regarded 
as abnormal. Counts of gram-negative rods greater than 105 may indicate infection of the urinary tract. The highest in
cidence of bacteriuria occur.,ed in prejnant women. Women are predisposed o urinary tract infections during pregnan
cy due to the dilation of the ureters caused by hormones and by pressure from the enlarged uterus. Such infections can 
lead to serious renal debility. 

Levels of protein greater than or equal to 30 mg'dl were regarded as abnormal. Proteinuria is an indication of renal dis
ease and toxemia of pregnancy. Healthy persons may exceed normal levels of protein in the urine during exercise or 
with dehydration. Functional proteinuria is also found with congestive heart failure, cold exposure and fever. In the 
Sois sample, no children exhibited proteinuria. Adult males had a high frequency o,'abnormal levels, for reasons that 
are not understood. There was no increase in the incidence of proteinuria during pregnancy. 

Levels of glucose greater than or equJ to 100 mg/dl were considered abnormal. Glucosuria with hyperglycemia is in
dicative of diabetes mellitus, some endocrine and central nervous system disorders, and metabolic disturbances. In preg
nancy an increase in glucose in the urine .'nay appear at relatively low blood glucose levels, but pregnancy did not apper 
to increase glucosuria. The low percentage of abno.vally high urine glucose values indicates that diabetes is not en
demic in the Solis population. 

Ketone levels greater than or equal to 5 mg/dI were considered excessive. No levels greater than 40 mg/dl were ob
served. In children ketonuria may occur in vomiting, diarrhea and fever, only one toddler, and no schoolers, had 
ketonuria. Vomiting or low blood glucose during pregnancy may also produce ketonuria. In these cases, limited food 
intake resulting in fat catabolism may be the cause. 

The smell of.urine was reported to be "abnormal" in 13-18% of idult women, and in 26% of those who were both preg
nant and lactatirg. A pcssible explanation for this is that the higher numbers of bacteria these samples caused more 
degradation to occur prior to analysis. Average urine densfty ranged between 1.018 and 1.020 among groups except that 
it fell slightly below this (1.017) in the last two trimesters of pregnancy. 
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II. FECAL ANALYSE.S 

The macroscopic examination of feces evaluated consistency and the presence of mucus and/or blood. Consistency of 
feces was described as watery, soft, pasty, hard or combinations of two consistencies. Feces that were watery, soft or 
in any combination with watery or soft were judged abnormal. The presence or absence of blood and/or mucus was 
noted- Approximately 20% of fecal samples from infants, children and women were classified as havin, some "soft" 
or "watery" characteristics (Table 24.2). About 40% of adult males, and women in their first trimester of pregnancy had 
feces of this type. 

Judged from the number of parasite cysts and eggs in fecal samples that were collected from individuals at 3-month in
tervals (Tables 24.3 and 24.4) several parasites are endemic to the valley. These are Entamoeba histolytica, Giardia 
larnblia, and Ascaris lumbricoides. Cysts were reported in a semi-quantitative manner. "Low" indicates the detection 
of 1 - 10 cysts per slide. "High" refers to the detection of 10 or more cysts per slide, and is considered abnormal. When 
counting the presence of eggs, "low" refers to the detection of less than 5 eggs per slide. "High" refer- to the detection 
of 5 or more eggs per slide. Both "low" and "high" values for eggs are considered abnormal. 

About 20% of infant's samples have entamoeba cysts, but there are almost no cases of giardia or ascaris at this age 
(Tables 3 and 4). Toddlers have lower levels of entamoeba and ascaris cysts than adults, but giardia is paiticularly 
prevalent in this group. The feces of scholers show a common prevalence of amoebas (43% of samples, 23% of which 
have high counts), giardia (13%), and ascaris (21%). E. vermicularis, Hymenolepsis nana, and helminths were not com
mon. 

TABLE 24.1.
 
URINE ANALYSIS BY TYPE OF INDIVIDUAL (PERCENT OF OBSERVATIONS)
 

Total Gram Protein Glucose Ketones 
# of Bacteria Negaives >30 >100 Z5 

S10 5 4 05
Subject Tests ei0 mg/dl mg/d mg/dl 

Toddlers 7 14 0 0 0 0 14 

Schoolers 15 0 0 0 0 0 0 

Adult males 346 7 3 3 14 1 6 

Adult females 

NPNL 424 14 6 7 8 1 4 

Tri 1 73 11 7 5 4 1 1 

Tri 11 145 14 6 10 3 0 3 

Tri UI 206 24 10 12 8 1 4 

Lactntiny 

0-3 mo 173 18 6 11 4 1 3 

3-6 mo 162 22 8 12 4 0 1 

6"8 mo 114 12 3 10 7 1 1 

> 8 mo 175 18 3 11 6 0 1 

Preg & l.act 23 26 4 17 4 0 0 
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TABLE 24.2
 
INDINIDUALS WITH ABNORMAL FECES (PERCENT OF OBSERVATIONS)
 

Soft or 
Subject # of Watery Mucus in Blood in Enuarncba Giardia 2ania 
type Tests Feces Feces Feces Trophoz. Trophoz 

Infants 69 18.8 7.8 1.5 2.9 1.5 0.0 

Toddlers 333 20.1 10.2 0.0 0.0 2.1 0.0 

Schoolcrs 567 19.3 9.9 0.2 0.0 1.8 0.5 

Adult males 336 39.0 7.4 0.0 0.0 1.8 0.0 

Adult females 

NPNL 343 26.8 8.2 0.3 0.0 12 0.3 

Tri I 46 41.3 6.5 0.0 0.0 0.0 0.0 

"Iri D 109 22.9 10.1 0.0 0.0 3.7 0.0 

Tri II 172 21.5 7.6 0.0 0.0 0.0 0.0 

0-3 mo 144 14.0 9.0 0.0 0.0 3.5 0.7 

3-6 mo 145 18.6 9.0 0.0 0.0 2.8 0.0 

6-8 mo 106 17.9 6.6 0.0 0.0 3.8 0.0 

>8 mo 154 18.3 9.7 0.0 0.0 1.3 0.0 

Preg & Lact 18 16.7 22.2 00 0.0 11.1 0.0 
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TABLE 24.3 
PERCENT OF INDIVIDUALS WITH CYSTS IN FECES 

# of E.h1ijtlyia Giardia Other cysts 
Subjects Tests Low High Low High Low High 

Infants 69 10.1 8.7 0.0 1.5 0.0 0.0 

Toddlers 333 9.6 8.1 5.7 12.0 0.6 0.6 

Schoolers 567 19.9 23.5 3.5 9.4 3.5 1.8 

Adult males 336 15.8 11.0 4.5 5.1 1.8 0.9 

Adult feales 

Nonlac ti _ 

NPNL 343 17.2 21.9 1.7 1.2 1.2 0.6 

Tri I 46 21.7 41.3 4.3 4.3 0.0 1.2 

Tri 11 109 16.5 34.9 4.6 1.8 2.8 0.0 

Tri Il1 172 24.4 15.7 1.7 2.3 0.0 1.2 

Lactating 

0-3 mo 144 19.4 27.1 1.4 3.5 0.7 2.1 

3-6 mo 145 22.8 25.5 2.1 0.0 3.5 0.0 

6-8 mo 106 19.8 21.7 2.8 0.9 0.0 13 

>8 mo 154 24.7 16.2 1.3 3.2 0.0 0.( 

Pregnant 18 223 33.3 0.0 0.0 5.6 0.0 
& LaCL 
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TABLE 24.4 
PERCENT OF INDIVIDUALS WITH EGGS IN FECES 

# of -A.s&is E. '.vmenlUi i-d1Uin-i 
Subject-, "eSLS Low High Low High Low High Low High 

Infants 69 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Toddlers 333 3.3 2.7 1.2 0.9 0.6 0.9 1.8 1.5 

Schoolers 567 9.9 11.5 1.6 1.6 0.9 1.4 3.5 5.1 

Adult males 336 6.3 5.7 0.0 0.6 0.0 0.0 0.3 0.6 
A.djult fecmal : 

Uonlacti'ti"g 

NPNL 343 5.2 7.9 0.9 0.0 0.0 0.6 0.6 0.6 

Tri 1 46 13.4 8.1 0.0 0.0 0.0 0.0 0.0 0.0 

Tri H 109 5.5 9.2 0.0 0.0 0.0 0.9 0.0 0.0 

Tri III 172 13.4 8.1 0.0 0.0 0.0 0.0 0.6 0.6 

0-3 mo 144 9.7 9.7 0.7 0.0 0.7 0.0 0.0 0.0 

3-6 mo 144 4.3 12.5 0.7 0.7 0.7 0.0 0.0 0.0 

6-8 mo 106 5.7 6.6 0.0 0.0 0.0 0.0 0.9 0.0 

>8 -no 154 8.4 4.6 0.7 0.0 0.0 0.0 0.0 0.0 

Pregnant 18 0.0 16.7 0.0 0.0 0.0 0.0 0.0 0.0 
& Lact. 
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M.DIEE RF=, Al COUNTS 

The results of the white blood cell differential counts are shown in Table 24.5. The average values for all parameters 
are within the normal range, The high number of white blood cells in samp!.es from toddlers deserves further analysis. 

TABLE 24.5 
WHITE BLOOD CELL DIFFERENTIAL couNrs 

Subjecms # of 
Tests 

# WBC 
(4tL) 

Neu-
tros 

Lym-
phos 

% 
Eosin 

% 
Basos 

% 
Monos 

Ban
ded 

Toddlers 50 8001 
+20950 

51.0 
± 8.4 

44.9 
±9.2 

2.3 
±2.6 

0.23 
+0.45 

1.51 
± 1.69 

0 

Schoolers 90 5794 

± 1727 
54.4 

±8.9 
41.4 

±9.1 
2.4 

±-2.6 
0.50 

±0.27 
1.89 

±2.00 
0 

Adult 
males 

74 5180 
+ 1744 

58.5 
+ 8.4 

38.6 
£ 7.5 

1.4 
+ 1.8 

0.08 
± 0.28 

1.41 
± 1.53 

0 

Adult 
fern 'lcs 

NPNL 73 5725 
± 1556 

61.1 

± 6.7 

35.8 
± 6.7 

1.5 
±2.0 

0.11 
±0.43 

1.34 
± 1.22 

0 

Tri I t 34 6669 

.1530 
62.0 

± 8.3 
33.6 

± 8.4 
1.7 

± 1.7 

0.09 
±0.28 

2.28 
± 1.20 

0 

Tri JIl t 67 6724 
+ 1789 

61.0 
+7.1 

34.5 
+7.0 

1.7 
± 1.5 

0.08 
+ 0.23 

2.68 
+ 1.49 

0 

3-6 mo 16 6251 
t2453 

57.4 
±10.5 

38.8 
± 5.3 

1.3 
± 1.4 

0 18 
±0.39 

1.12 
±0.99 

0 

6-8 mo 47 6039 
+159 

57.1 
+6.9 

39.9 
±6.4 

1.5 
+ 1.7 

0.25 
+0.91 

1.52 
+1.44 

0 

>8 Mo 32 5724 

+1606 

62.7 

±6.7 

34.0 

+6.2 

1.8 

±1.8 

0.03 

±0.18 

1.44 

± 1.54 

0 

Standard deviaton 

+ Pregnant but not lactating. 

. Lactatung but not pregnant. 
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TABLE 24.6 
HEMATOI OGY, MEAN 'ALUES 

Subjects # of lib (g/dl) Hct (#) # RBC MCV MCHC 
Tests (106,'1L) (m3) (%) 

Toddlers 50 11.5 36.4 4.2 85.3 31.6 
± 1.3 ±4.6 ±0.6 ± 6.5 ± 2.4 

Schoolers 90 12.6 38.5 4.2 89.8 32.5 
+ 1.0 +4.2 +0.5 +4.9 + i.7 

Adult 74 15.4 47.4 4.9 97.5 32.5 
males ± 1.1 ±4.2 ±0.5 ±6.5 ± 1.7 

Adult 
fern a!es 

NPNL 73 13.0 40.4 4.3 93.7 32.4 
± 1.2 ±4.3 ±0.5 ±5.1 ± 1.8 

Tri f* 34 12.3 36.7 4.0 90.7 33.6 
+ 1.2 +3.7 +0.4 +11.5 4 1.0 

Tri HI* 67 12.6 38.1 4.1 92.3 33.2 
±1.8 ±5.2 ±0.6 ±8.1 ±1.4 

3-6 mo 16 13.8 43.4 4.6 94.3 31.7 
± 0.7 ±4.8 ±0.6 ±4.4 ±2.1 

6-8 mo 48 13.3 41.6 4.5 93.3 31.9 
± 1.2 ± 4.5 ±0.5 ± 5.5 ± 2.5 

>8 mo 32 13.0 40.2 4.2 94.8 32.2 
+ 1.3 ±4.9 ±0.5 ±4.9 ±2.0 

* Pregnant but nw IclACLng. 

t Latcudng 'tbt not prtgnanL 
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TABLE 24.7 
PERCENT OF INDIVIDUALS WITIl HENIATOLOGICAL VALUES INDICATIVE OF ANEMIA 

_b.. .. __... . RlBC Cozaunt _. MCV MH 

Subjects N cut-off %low cut-off %low cut-off '%low cut-off 'lvow %high cut-off' %low 
(low&high) 

Toddlers 49 11.5 45 35.0 37 3.95 22 73, 100 2 4 31 30 

Schoolers 90 12.5 40 37.5 43 3.95 31 76, 100 0 2 31 12 

AcultM. 74 13.5 4 34.5 1 4.68 41 80,100 0 27 31 15 
Adult Females 
NPNL 71 12.5 28 34.5 8 4.16 37 80, 100 0 4 .1 JR 

Ti Hl 38 11.5 21 31.5 8 3.95 42 80, 100 9 5 31 0 

Tril 67 11.5 18 31.5 4 3.95 33 80, 100 6 7 31 4 

WLac-rin 
3-6 mo 16 12.5 0 34.5 0 4.16 25 80, 100 0 6 31 19 

6-8 mo 47 12.5 17 4.5 6 4.16 29 80, 100 0 9 31 21 

>8 mo 31 12.5 29 34.5 19 4.16 39 80, 100 0 6 31 9 

Sce textfor denvation of cut-off valu: 

The hematological data in tables 24.6 and 2.7 can be usei to describe the prevalence of anemia in the Solis com
munities. The values for hemoglobin, hematocrit and number of red blood cells are affected by the high altitude of 
Solis, 2,300 m. After consult:,Jon with Dr. Yi.p of the Center for Disease Control (CDC) in Atlanta, GA, we obtained 
the CDC's cor-rections for hic:h altitude and used these to correct the values below ,hrich deficiency is assumed to be 
present. Thes.e correction,; were: 

Hemoglobin: + 0.5 g/dl 
Hematocrit: + 1.5 % 
RBC• + 4.0 % of value 

To define high altitude (Solis) tit-off levels, these ccr-rections were applied to deficient or abnormal cut-off values ob
tamined from the following souces: 

Hemoglobin: World -calhi- Organization, corrected for altitude (24. 1) 
Hermatocrit: (Toddlers and schoolcrs) Amer. Academy of Pediatrics, corrected for altitude (24.2) 

(Aduli males, NT.L.ferndes) LNACG, corrected for altitude (24.3) 
(Pr.gnant women) Nat!. Nutrition Survey, altitude corrected (24.4) 

RBC: Refs. 24.5 and 2.4.6, corrected for altitude 
MCV: Ref. 24.7, no altitude correction 
MCHC: World Health Organization, no altitude correction (24.1) 

The prevalence of low hernoglobin levels is vei-y high in all groups ex.cept adult males. Almost half of the children 

including toddlers - have values suggestive of anemia, as do up to one-third of women, depending on their physiologi
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cal status. Additionally. ielow red blool cell (RISC) counti; suggest .populatin-wide prevalcnce of anemia, a]lthough 
surprisingl)' this alo OCCUrS ill hemogl-Tbin and iciatoc:rit ''a es.adLIlt males who had few lowI 

The percentage of high ValuC: tot NIC\' suggesting tolaie and/or vi tannin B iif)ficiervriduh Imien is striking (Table 
24.7). Th hih.st prevalcnce ot [he folate and/or 1312 anenias ocr';l, ii adult , rtr IJlI.rIchildren, and especially in 
adult males. The pre.,ence of nacr anemia in tlie adult narc, may explain viv 0ius group has such a high p.-r
cenauge of lcw RBC count-s iri tic ipparent absence of deficient heinoglohbin and hn ait levcls. The major sources 
of folate are green leatl' vc t'bles, organ reats, leulli becf, whe-.t, eggs, orangc juice, fi,:marid Jr' beans. Of these, only 
dry beans are eoiten il ;tibtmlntijl auount:.lv adblry inSolis, and lo king de,:troys 72? of the folat;2 ilbeans. Although 
vitamin B 12 dfi::eav ienerii.:ally rlaounitcr'd iouch less fretiuen'iy th:n folate deficiery ;t is g-ossiblc that those 
adult- who Ccnllunlilc rtlu,stno animal pfodiLcr, iimaky 1,-dLpitlwd in this vltllill. 

Tie relatinship bctv.cu.n the consriptioml of uL2J.J( 'y, ieat aIdj tortilias was exanmined b%s,rrelatlou aalv;iser 
for adult rnidos and non-pregnant, nrori-lactatilig femalcs (Table 24.8). Ave:agrlm dalIh... ',.ustinuptior of e.ch in
dividUal during thC; tie ir be study, the 72 adul males with hemlagical data rep o,:I consumed on avcrage 
almost one liter per day, with a rnge of 0 to 4.4 liters per day'. The avcrge.!t :kcby women wxas 0.3 (rage 0 to 1.8) 
liters per day. Pulq,= consumption was positively correlated v.ithN('VW irA egativel ''orreladwilh Ihe 1(80 coant, 
in both adult males and females. The only other significara ::st,:-iir,- v,ere between rue-t i: l nd :moglobin in 
women, and tortilla intake and red blo)d cell COUlII IllWome.H (wugative). TIohe> re : a Jiia coistent with theip-a 
sugge;tion dia P",ljt is associated \,,itd maam:r¢cytic nem ia, wonc ,v valties aswhile (in ()[m!', helrnot,.i ,in are 
sociated with smaller inta.es of meat and higher intakes of tortiilas. Our current imie-lrrtaaor (lati isthat aof tiles, 
constituent of 1uptj~tc - lerhaps alcohol, since this is known to decren,:1k. tlate r.orlumr rimlower hc atic affinity far fo
late, and imnpalir folate utilization -causes foLate deficiency anemia. Ira licincy arre mia ill v.mcni is less prevalent 
when d high :availbl iron in meat is consurmed, and more prevaient if more total iron cmc;; hoar tortillas inwhich 
availability is on!v about 1%. 

TA BLE 24.8 
RELATIONSHIP BETWEEN HEMATOLOGICAL VALUES AND HABITUAL CONSUMPTION OF 
PULQUE AND OTHER FGODS. 

HEMOGLOBIN MCV # RBC 
r p:5 r p:! r p< 

Adult males (N=72) 

Kcal from pulque -. 17 (.16) .20 (.09) -. 32 (.006) 

Total kcal .01 (.93) .11 (.36) .01 (.95) 

Kcal frorm me Ls .04 (.70) .05 (.67) - .04 (.76) 

Kcal fron tortillas .02 (.86) .03 (.82) .11 (.37) 

Adult fctal&. (N=71) 

Kcal from pulque -. 05 (.65) .33 (.005) -. 22 (.06) 

Total kcal -.02 (.84) - .01 (.79) -. 14 (.25) 

Kcal1 from meats .24 (.04) -. 07 (.54) .15 (.20) 

Kcal from tortillas - .17 (.15) .01 .94) -. 25 (.04) 
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Interpretation of the data, however, must be done with caution because of the paucity of reliaole cut-off values for 
populations at this altitude. There are also inconsistencies in the data, e.g. the percent of individuals with low MCV 
values is negligible. The existence of iron deficiency and folate and/or B12 deficiency concurrently wiU confound the 
interpretation of MCV. Serum ferritin data (Table 24.9 below) support the interpretation of a high prevalence of iron 
deficiency; it will also be impcrtant in future analyses to examine the relationship between available iron consumption 
and iron status of individuals. Finally, confirmaton of a high prevalence of folate and/or vitamin B12 deficiency in adult 
males will only be possible by the collection and analysis of additional blood samples. 

Serum ferritin values <10 (or 12) ng,/dl are indicative of iron deficiency anemia at all ages (24.3). The pattern of low 
values indicated in Table 24.9 parallels that of low values of hemoglob, and 1.ematocrit, i.e. a nigh incidence in tod
dlers, schoolers, and women. In pregnancy the situation is particularly s:ver.:, with half the women appearing to be 
anemic. Some, but not all. of the decrease in late pregnancy might be ascribed to hemodilution; postpartum, there are 
fewer low ferritin values but the incidence is still about 20%. 

The normal range of transferrin values is 200-400 rng/dl. In iron deficiency, serum transferrin may be elevated to twice 
the normal values. As shown in 'Table 24.9, the prevalence of high transferrin levels is greatest in toddlers (12%), and 
adult females (10 - 19% except for pregnant women). Low transferrin values may indicate impaired protein status (in 
conjunction with other serun, proteins), and transferrin values <100 or <150 are suggested as an indicator of possible 
nutritional risk. From I to 10% of persons in all groups have values below 150 mg/d. Elevation of transferrin is ex
pected during pregnancy and probably explains the zero incidence of low values, and the high incidence of high values, 
in Solis pregnant women. Total iron binding capacity (and transferrin) reaches adult levels after 6 months of age. Fur
ther analysis is required before the conflicting effects of marginal malnutrition (lowering) and iron deficiency (stimulat
ing) on transferrin levels can be interpretod in the Solis data. 

Normal prealbumin levels are in the range 10-40 mg/dl (Table 24.9). Values mg/dl have been suggested as indicating 
nutritional risk. About ori. quarter of Solis children had low prealbumin levels, which supports a diagnosis of marginal 
malnutrition. 

Comrement C3 and immunoglobulin levels have been investigated with particular reference to nutritional risk in 
children. Depression of serum complement C3 may occur due to i) decreased synihesis, and/or ii) activation of C3 (it 
binds immune complexes in tissue and is removed from serum). Chandra found the mean level of C3 to be decreased 
in PEM, with mean values of 6f ± 9 mg/dl compared to values of 143 ± 15 mg/dl in healthy individuals (24.8). The 
Solis schoolers and toddlers (Table 24.9) hd low levels of complement C3 'normal range taken as 55 - 120 mg/dl), 
with a mean value close to that found by Chandra in malnourished children. The following values of IgA have been 
reported in children: malnourished 203j:-98 mg/dl, recovered 130 ± 87 mg/d, controls 83 ± 40 mg./dl (24.9). Levels 
of adult IgA are obtained by age 16. By age 3.5 years only 50% of eventual adult levels are obtained, so that the 30% 
low va!ues in Solis schoolers might be partly an age effect. 
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TABLE 24.9.
 
PLASMA PROTEINS BY TYPE OF INDIVIDUAL
 

FeiTfin* Transferrin t Prealbumint 
Subject ng/dl f- mg/dl % % mg/dl % 
type N Mean low N Mean low high N Mean low 

Toddlers 45 26 33 43 262 7 12 44 15 23 
±52 ±88 ±7 

Schoolers 77 24 13 74 262 1 1 77 17 6 
±15 ±62 +5 

Adult 52 131 2 57 289 7 9 57 31 4 
males ±111 ±90 ±10 
Adult females: 

NPNL 64 31 20 64 316 0 17 66 26 2 
+34 ±90 ±11 

Tri l 1 23 20 35 16 99 0 (48) 29 27 0 
±21 +31 ± 9 

Tri llI 46 13 52 24 107 0 (63) 57 29 2 
±12 ±22 ±11 

Lacine: * * 
0-3 mo 4 12 4 242 4 19 

±12 ± 78 +5 

3-6 mo 16 27 19 16 298 6 19 16 23 6 

±23 ± 84 ±10 

6-8 mo 35 22 20 41 275 10 10 42 23 2 
±15 ±96 ±8 

>8 mo 27 25 22 27 25 4 16 27 25 7 
±22 ± 10 ±10 

o Low ferritin= <10 ng/dl 

t Lowaniferrin = <l50mg/dI, High= >400mg/dl 

t Lowprealburnin= <10mg/dl 

§ Pregnant and not lacting 

0 Lactating and nt pregnant 

(continued on next page). 
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TABLE 24.9 (continued) 

Complement C3t IGAt Rosette Formation §§ 

Subject mg/dl % mg/di % % % 
type N Mean abnormal N Mean abnormal N Mean abnormal 

Toddlers 8 56 50 (low) 14 108 0 31 34 94 
±13 ± 81 ±14 

Schoolers 40 65 20 (low) 54 139 30 (low) 72 27 94 
±12 ±65 ±15 

Adult 16 82 0 22 297 23 (high) 
males ± 17 ±140 

Adulfemals 
NPNL 20 79 5 (low) 29 214 3 (high) 22 36 82 

± 17 ±95 ±16 
TriH1 16 99 19 (high) 15 196 0 2 33 100 

±31 ±64 ±20 
Tri II0 24 107 21 (high) 21 192 0 3 59 33 

t22 ±64 +20 
Uctati** 

3-6 mo 2 118 0 5 216 0 11 33 100 
±40 ± 72 ±14 

6-8 mo 5 67 0 15 203 0 36 34 92 
+19 ±93 ± 11 

8 mo 14 35 93 

±14 

tt Low complement c3 = <55 mg/dl, High = >120 mg/dl 

-It Low IGA = < 90 mg/dl. High = > 450 mg/dl 

§§ Abnormal rosette formation = < 50% 

In healthy individuals rosette-forming cells (RFC) are greater than 50% of peripheral lymphocytes. The number of tod
dlers and schoolers with a low percentage of these cells is striking (Table 24.9). The mean % RFC among toddlers was 
34% and among schoolers, 27%. This compares to valus of 16.6 + 2.7 SE. (24.10) ora range between 11 and 40% 
(24.11) in children with protein energy malnutrition as defined by low serum albumin and low weight-for-age. In nor
mal children the mean %RFC has been reported as 59.7% + 1.4 S.E. (24.10), and as within the range of 58 to 79% 
(24.11). The fall in RFC parallels weight deficit (24.11). Depression of T-lymphocyte levels in the Solis women is also 
suggested. Although alcohol consumption may depress the level of T-lymphocytes this is not expected to be an ex
planatory factor for the Solis women and children. It has been shown by other investigators that children born small for 
gestational age exhibit long-term depression of T-lymphocyte levels even after nutritional rehabilitation. It has been 
hypothesized that relative malnutrition at a critical period in the development of the thymus-dependent immune sys
tem may result in prolonged or permanent impairment of cell-mediated immunity (24.10). 
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For all of the above tests, control samples were collected and analyzed from healthy individuals in Mexico City. We 
have not yet had the opportunit, to compare these values with those from Solis, and this step will be essential for the 
interpretation of Solis data. Future analyses will include examination of the association of all laboratory values with 
other nutritional and health-related outcomes. 
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Chapter 25 

RESTING METABOLIC RATE DATA 

Resting metabolic rate data for adults, collected as described in Chapter 12, are summarized in Tables 25.1 and 25.2. 
In Table 25.1, values have been calculated per minute and per day, per kg body weight (using the weight measure taken 
at the same time that RMIR was measured), and per cm height (using the mean height measure of the individual during
the entire study). The data are reported for the number of observations, rather than the number of subjects. There were 
1,860 measurements of RMR on adults, an average of approximately 4 measures per individual. Inorder to judge the 
reasonableness of the values, the weght and height data from each individual, by decade of age, were used in the 
WHO/FAO equations that predict BMR from body size (25.1). The Solis values are very close to predictions for non
pregnant, non-lactating women; FAO/WHO values are 22.5 and 22.9 kcal/kg for women aged 20 30 and 20- 40 years,-
respectively. For adult males, the Soils values are slightly lower than those predicted; FAO/WHO values are 25.5, 25.6, 
and 26.0 kcal/kg for men in thei" 20s, 30s, and 40s, respectively. The difference between predicted anti actual values 
increases with the age of the men, being almost identical in the 20 - 30 year olds, and approximately 3.5 kcal/kg lower 
in the 50- 60 year old Mexicans, compared to predictions for that age group. As discussed in Chapter 12, Sonts measure
ments were taken on subjects who fasted overnight, so that their metabolic jate should be closer to "basal" rather than
"resting". 

For those women on whom data were available prior to conception and throughout pregnancy and lactation, a separate 
analysis was performed in order to follow the longitudinal changes in RMR that may occur with changes in physiologi
cal status (Table 25.2). Of 39 women who had measures prior to conception, in each trimester of pregnancy and 
throughout lactation, 35 remai,.ied after data cleaning. The other 4 cases were rejected because they had an out-of-range
value ( 20% different from the mean value from that individual) at some time point. The slightly higher daily RMRs of 
the non-pregnant, non-lactating cross-sectional group inTable 25.1 are higher than values for the NPNL group in Table 
25.2. This car probably be explained by the higher body weights of the older women in this sample, since values were 
similar when expressed on a body weight basis. 

In the longitudinal group, there were no significant changes in RMR per minute or per kg during pregnancy, although
values per minute were slightly higher (but not significantly) in the third trimester. Figure 25.1 provides a scatterplot 
of te data. Values ploued at 0 days of pregnancy represent measures made on non-pregnant women. On a kcal/cm
basis, RMR in trimester 3 was significantly higher than in the non-pregnant, non-lactating group (MANOVA, Scheffe's 
comparisons). 

Currently, there exists much controversy over the extent to which maternal RMR increz_ s during pregnancy,.and the 
cumulative energy cost attributable to this increase. The US RDAs are based on a theoretical increment in RMR that 
aniounts to a totai of 36,000 kcal over the course of pregnancy (25.2). More recently, data have been published from 
studies in which RMR was actually measured during pregnancy. The general pattern that emerges is that the cumula
tive energy cost of maintenance is higher in well-nourished women than in those who are malnourished. For example, 
estimates of the cumulative RMR increase during pregnancy are 46,500 kcal in Swedish women (25.3), 20,000 kcal in 
Scottish women, (25.4), 13,000 kcal i. nutritionally-supplemented women in The Gambia, and only 1,000 kcal in mal
nourished Gambian women (25.5). 
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The average cumulative energy cost of RMR was calculated for the Sofis pregnant sample by subtracting the mean 
NPNL value from the mean value in each trimester. The estimated cumulative increase was 20,030 kcal. In future 
analyses of these data, we plan to use an integration approach to calculate the cumulative extra cost of resting metabo
lism at various stages of pregnancy. It is likely that this will result in a lower estimate of the increment in RMR than 
our current method of comparing trimester averages to NPNL values. 

On a kcal/minute basis, our datm agree closely with values reported by Lawrence et a]. on malnourished women from 
The Gambia (25.5); in Solis, the increase was 0.09 kcal/min between conception and 37 weeks of gestation, compared 
to 0.08 kcal/min in The Gambia (although only six malnourished women in the Gambian study had values at both con
ception and 37 weeks). This increase is much lower than that predicted by Hytten (25.4), who suggested that the rise 
in pregnancy should reach 0.18 kcal/min by the cod of pregnancy in well-nourished women. 

In the Solis study, there were no signIficant differences (MANOVA, Scheffe's comparisons) between any stage of preg
nancy, any stage of lactation, or between pregnancy and lactation. 

TABLE 25.1 
RESTING METABOLIC RATE OF ADULTS 

Kcal/min Kcal/d Kcal/kg Kcal/cm 
Subject Obs S.D. S.D. S.D. S.D. 

Adult 1.11 1601 24.59 9.64 
males 565 +0.22 ±310 :5.06 ±1.82 

Adult females: 
NPNL 399 0.92 1324 22.34 8.59 

±0.16 ±231 ±4.12 : 1.45 

Tri 1 63 0.88 1266 23.08 8.27 

±0.17 ±239 ±4.39 + 1.54 

Tri ll 115 0.90 1296 22.35 8.44 
+0.18 ±258 ±4.39 + 1.61 

Tri HI 140 0.93 1344 22.36 8.86
 
+0.18 +254 +4.08 ±1.56
 

Lact. 146 0.89 1275 22.47 8.37
 
0-3 mo ±0.16 ±231 ± 3.92 ± 1.47
 

Lact. 127 0.89 1281 22.86 8.40
 
3-6 mo ±0.15 ±212 ±4.21 ± 1.35
 

Lact 128 0.90 1294 23.06 8.48
 
6-8 mo ±0.14 ±208 ±3.81 ±1.29
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TABLE 25.2 
RESTING METABOLIC RATE OF WOMEN FOLLOWED LONGITUDINALLY DURING PREGNANCY 
AND LACTATION (N=35) 

# Kcal/min Kcal/d Kcall:g Kcal/cm 
Subject Obs S.D. S.D. S.D. S.D. 

NPNL. 33 0.85 1229 22.45 8.05 
±0.16 ± 234 ±4.12 -1.44 

Tri 1 39 0.87 1258 24.07 8.26 
±0.14 ± 198 ±3.85 ±1.27 

Tri H 43 0.89 1281 23.39 8.39 

±0.11 ± 153 +3.78 ±0.94 

Tri- Il 36 0.94 1356 23.29 8.90 
±0.12 ± 172 +3.73 +1.08 

Lact. 38 0.89 1280 22.94 8.35 
0-3 mo ±0.14 ± 206 ± 3.22 ±1.24 

Lact. 32 0.87 1257 24.13 8.32 
3-6 mo ±0.16 ±228 ±4.73 ±1.49 

Lact 25 0.87 1248 22.49 8.15 
6-8 mo ±0.14 ± 198 ±3.45 ± 1.21 
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Chapter 26 

HOUSEHOLD SANITATION AND PERSONAL APPEARANCE 

LINTRODUCTfON 

The purpose of the household saiitation and personal appearance measures is to capture, in a quantified fashiun, 
household and individual differences in physical appearance and general cleanliness. The concepts of personal clean
liness and appearance of one's physical surroundings may not be "human universals," but they are found widely in 
human cultures. On the cther hand, there are large cultural differences in what is regarded as "clean," "neat," or "fas
tidious," and there arc also striking chfferences in the value that is placed on achieving or ignoring cultual expecta
tions. The exurnt to which cultural norms of cleanliness are actwally associated with pathogenic exposure is undoubtedly 
highly variable, particularly since "cleanliness" can lx defined in ideological terms of "spiritual or social purity" that 
have little to (k witih hygiene in the western sense. 

In assessing "cleanliness" and "sanitation" the cnallenge is to design a method that uses cultural norms and, at the same 
time, provides some indication of "probable level of hygiene," however crude. The sensitivity to cultural norms is im
perative, not least because the observers are being asked to make judgments that inevitably have an element of subjec
tivity no matter how much effort the investigator makes to train the observers using specific cri:eria. When the 
fieldworkers are members of the same, general culture they will use those norms as a matter of course. 

Some indicators of hygiene and sanitation can be readily observed or can be ascertained through iita vicwig. Ihese 
include items such as source of water, waste disposal, toilet facilities, and so on. Other characteristics, such as whether 
an individual washes his or her hands after defecating or before preparing meals, are difficult or impossible to observe, 
and considerable cautior is advisable in the interpretation of verbal responses. 

Table 26.1 shows the answers men and women in the sample gave to physicians when queried about personal and 
household hygiene practices. Here we see, for example, that nearly one ii: five adults claim to brush their teeth daily. 
However, the dental examinations revealed a very poor state of denial and periodontal health, suggesting that some of 
the postive responses reflect the respondents' knowledge of what they should do, not what they actually do. 
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TABLE 26.1 
PERSONAL HYGIENE OF ADULTS, AS REPORTED TO PHYSICIANS; PERCENT OF RESPONDENTS 

Adult Women Adult Men 
-Nf 235) - _ = 194) 

2-4/ 1/ 2-4/ 1/ 
Practice Daily week week Daily wcek week 

Bathing 1.7 79.9 17.9 3.1 47.9 44.3 

Washing 
face 47.0 46.1 5.5 38.7 40.0 18.6 

Washing 
hands 100.0 --- 99.0 1.0 0.0 

Brushing 
teeth* 18.2 12.8 5.5 16.5 11.9 59.3 

Changing 
clothes 14.4 77.5 8.1 4.1 55.2 36.6 

Changing 
bedding 2.6 14.5 77.4 1.0 13.4 72.2 

63.6% of the women and 59.3% of the men repored never brushing their teth. 

Similar caution should be exercised in the interpretation of the verbal respones on management of water. Table 26.2 in
dicates the quality and source of water, as well as its treatment. The assessment of potability is difficult to evaluate, and 
an argument could be made that none of the water in the communities is safe to drink without some treadument. The 
claim, by some 20% of women that they boil drinking water is not supported oy the experiences of fielaworkers. Con
sistent water boiling is extremely rare, which is hardly surprising given the high cost of purchased fuel and the time and 
energy expenditure requih'*d to obtain firewood. 

TABLE 26.2 
HOUSEHOLD WATER SUPPLY AS REPORTED BY ADULT WOMEN TO PHYSICIANS: PERCENT OF 
RESPONDENTS (N = 234) 

Tvpc of Water 
Water Characteristics Cooking Drinking 

Origin ofWater 

Piped, not potable 71.4 70.9 

Well, spring 16.2 17.1 

Piped, potable 12.0 11.5 

TIratmnI 

None 82.5 78.2 

Boiled 17.1 21.4 
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H. C ONSiRIUTING TilE SANITATION AND APPEARANCE SCORES 

As described in Chapter 14, a series of observauons on environmental and individual appearance and characteristics 
were made by every project fieldworker at every visit to a household. This yielded a very large number of measures 
over the course of a yea. 

In ordtlr zo construct indices that sunmarize the multiple measurements, several steps were undertaken, as follows: 

1. 	 For each household, the mean for et.ich of the items in the observation protocol was calculated. For 
example, the preschooler's appearance was ated at each observation on a three point scale: 1= neat, 
clean; 2 = average; 3 = dirty, unkempt. An individual, hild's "appearance score" wa. calcuiatzd as 
the average of all ratings by all observers. 

2. 	 Frequency distributions and descriptive statistics of the households' mean values for each item in the 
protocol were generated (Table 26.3). The frequency disuibution showed that nearly all of the vari
ables had a large range and little skewing. The main exception to this generalization was the obser
vation of "excrement on the floor inside the house." In most houses the observers reported the presence 
of excrement most of the time. 

3. 	 A principal components analysis was carried out with the environmental variables to identify the 
clusters of highly correlated items. With the exception of trash inside the house, all of the variables 
loaded on the firs* fac:tor at a conelation of .68 or greater (Table 26.4). 

Based o,, the results of the statistical exercise it would have been reasonable to construct a single "environmental clean
liness measure." However, the ethnographic data suggested that "internal environment" (within the house) and "exter
nal environment" (within the patio) COuId be culturally, as well as logically distinguished. Therefore, two environmental 
scales were created--one based on the five external characteristics and a second based on five internal conditions (ex
cluding trash). A household's score for bodi variables was created by adding the means for each of the items in the scale 
and multipling the sum by 100. Higher values indicate higher levels of cleanliness. 

In addition to the two environmental scores, three measures of personal appearance were created. These consist of the 
mean values (x 100) of all observations by all observers over the course of the study for the "mother." "preschool child," 
and "school child." In every household where both preschool and school age children were present, fhe observers were 
instructed to record a rating regardless of whether the children were target subjects in the study. ,. with the environ
ment variables, higher values are associated with greater "cleanliness" of appearance. 

As would be expected from the principal components analysis, there is a strong, positive correlation between the inter
nal and external appr-ance of the household environment. There are also significant asociations between personal 
appearance and household characteristics, as well as with all sanitation and appearance measures and socio-economic 
status. Table 26.5 shows the matrix of iter-correlations. 
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TABLE 26.3
 
DISTRIBUTION OF MEAN VALUES FOR ITEMS ON THE OBSERVATION PROTOCOL (N 235)
 

Item 

External Characteristics 

Appearance 
of patio 

Patio plant 
waste 

Patio animal 
waste 

Patio t,-ash 

Patio food 
waste 

Internal Characteristics 

Appearance 
of house 

Appearance 
of walls 

Presence of: 

animal waste 
food waste 
trash 

Appearance 
of kitchen 

Personal Characteristics 

Appearance of 
mother 

Appearance of 
preschooler 

Appearance of 
school child 

Appearance of 
father 

Mean 

2.02 

3.07 

3.08 

3.24 

3.55 

2.11 

1.66 

1.86 
1.77 
1.59 

2.09 

2.26 

1.88 

1.92 

2.08 

S.D. Range 

0.44 1-3 

0.57 1-4 

0.51 1-4 

0.49 1-4 

0.34 1 -4 

0.45 1-3 

0.27 1-2 

0.17 1-2 
0.21 1-2 
0.26 1 2 

0.44 1-3 

0.42 1-3 

0.48 1 - 3 

0.47 1 - 3 

0.46 1 - 3 
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TABLE 26.4 

FACTOR PATTERN FOR IIOIISEIIOLD CHARACTERISTICS BASED ON PRINCIPAL COMPONENTS 

Variable Correlation 
with Factor One 

Appearance of patio .92 

Patio plant waste .78 

Pato animal waste .79 

i-atio trash .75 

Patio food waste .68 

Appearance of house .93 

Appearance of walls .85 

Prescnce of: 

animal waste .81 
food waste .86 
trash .14 

Appearance of kitchen .86 

TABLE 26.5
 

CORRELATIONS OF SANI!'A'l iON AND APPEARANCE VARIABLESR'
 

(1) (2) (3) (4) (5) (6) 

(1) External Scale - .72 .66 .58 .63 .20 

(2) Internal Scale - .79 .69 .71 .37 

(3) Mot-her's 
Appearance .82 .74 .35 

(4) Preschooler's 
Appearance - .71 .37 

(5) School Child's 
Appearance - .36 

(6) SES 

* Al co=lations xrr significnt a p <-01. 

The magnitude of association between the internal and external household appearance scales suggests that household 
maintenance activities, which are caried out primarily by women, are fairly cohe.,'.ve; however, the appearance of ex
ternal environments is affected by factors 'n addition to women's domestic management, particularly by the level of 
agricultural and animal husbandry activities. Nonetheless, there is a great deal of variation in the extent to which 
households keep animals penned outside of the immediate living compound. 
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There are strong relationships between the appearance scores of family members. The correlation between mothers' 
appearance and the appearance scores of their school age children is r = .74, while the correlation of preschooler and 
mother appearance scores is r = .82. The correlation of younger and older children's appearance is r = .71. 

There are signficant, but more modest associations between the appearance variables and socioeconomic status. The 
relationship of SES and external environment is the weakest, at r = .20 (p = .004); while iiternal environment shows 
an association of r =.37. For personal appearance and SES the values are r = .35 (mothers' appearance) r = .36 (school 
age children) and r = .37 (preschool children). While it is not possible, with these data, to rule out the possibility that 
observers confounded SES in theirjudgments of cleanliness and appearance, the level of the associations indicates that 
something in addition to, or other than, SES was indeed being measured. One would expeczt to find some degree of as
sociation between the physical conditions of living, personal appearance and economic status not least because greater 
material resources make it easier to maintain cleanliness. 

It is intriguing to affirm in the Solis data something that parents the world over know intuitively --children are messy 
creatures, and the more children there are around, the more difficult it is to maintain a clean environment In the sub
sample of 96 households in which a preschool child was soadied longitudinally, we find significant corelations between 
the appearance measures and the number of children in the household under 12 years of age. The associations are r = 
-.31 (p = .002) for both internal and external environment scores. The appearance of mother and child isalso affected,
with r values of -.32 and -.33, respectively. These relationships appear not to be merely a function of household size 
because none of the associations with total household size in this subsample reached a level of statistical significance. 

The measurement of "quality of child care" is a complex and difficult matter, in part because the concept is subject to 
a variety of interpretations. Maternal actions that are reflected in the appearance of children and of the physical environ
ment in which they live may ne regarded as one component of quality of care. In future analyses we will corsider the 
variables described in this chapter as indicators of maternal caretaking, at the same time recognizing that they tap only 
a limited range of the broader concept of "care" and also that other factors, in addition to women's activities, influence 
the physical conditions and appearances of individuals and environments. 
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Chapter 27 

PSYCHOLOGICAL DEVELOPMENT AND COGNITIVE PERFORMANCE 

INTRODUCTION 

The primary purpose of this chapter is to present a descriptive overview of the psychological data collected from all 
subjects. Each section begins with a brief discussion of the rationale for selecting the particular dimensions that were 
examined with respect to the goals of the CRSP research. For the presentation of data, the main criterion that guided
the design of the tables was the provision of sufficient detail to enable the rcader to obtain a picture of the total results. 

While it may be argued that the selection of table and -raph formats for data presentation represent "data analysis," it 
should be stressed that the tables and discussion that i tow are not intended as analytic interpretations. Some key fea
tures of the results are highlighted, occasionally by reference to other sectors of data. However, such discussions are 
simply for the purpose of calling attention to aspects of the data that might profitably be explored in the future. 

I. PSYCHOLOGICAL CHARACTERISTICS OF INFANTS 

A. The Brazelton Neonatal Asse.,ment Scale 

Infant neuromotor development at birth is one area in which to investigate the functional consequences of low mater
nal intake during pregnancy. In earlier decades it was widely believed that neurological maturation was unaffected by
intrauterine influences (27.1) However, more recent work has suggested that "retardation of neuromotor maturation oc
curs during altered pregnancy states and maternal undernutrition" (27.2). Working in Guatemala, Brazelton and col
leagues found developmental differences among infant- that suggest "effects in utero which may partially limit the 
baby's potential" and that may also account for "the inadequate responses the infant receives from an already over
stressed environment" (27.3). 

The Brazelton examination was administered at the Solis clinic to 59 infants in the study. Eighty-eight percent of the 
.esting occurred within the first 4 days of life, while the remaining 7 infants were tested between 5 and 28 days.
Table 27.1 provides descriptive statistics on the 52 infants who were tested in the first 4 days. In the table, the first seven 
variables are the scores for the clusters developed by Lester and colleagues (27.4). 
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TABLE 27.1 
BRAZELTON NEONATAL ASSESSMENT SCALE 
INFANTS IN SOLIS 

Variable 

Habituation 
Orientation 
Motor Performance 
Range of States 
Regulation of States 
Autonomic Stability 
Reflex Score 
Processes of Interaction 
Motor Processes 
Control of States 
Response to Stress 

Mean S.D. Range 

6.2 + 1.3 3.2-8.7 
4.1 ± 1.7 1.1-7.6 
4.6 + 0.9 2.4 - 6.5 
4.0 + 0.9 1.7-5.7 
6.1 ± 1.1 4.2 - 8.2 
5.4 ± 1.4 2.3 - 8.0 
1.6 ± 0.7 1.0-3.0 
2.2 ± 0.6 1.0-3.0 
1.9 ± 0.4 1.0-3.0 
2.1 ± 0.7 1.0-3.0 
1.5 + 0.7 1.0 - 3.0 

B. Social-Emotional Characteristics at Three and Six M.1ths of Age 

As described in the methodology section above, data for the assessment of infant social-emotional characteristics were 
elicited in a structured situation in which the mother was asked to hold her infant on her lap and play with the child. 
During the observation period, the psychologist coded both infant and maternal behaviors. Table 27.2 presents the 
results, first for infants, then for mothers. 

While most of the infant and mother behaviors show a large spread in the distribution of values, there are a few that 
occur so rarely that the response range is quite limited. By comparing the data at three and six moniths, it is apparent 
that some of the distributional pattern is explained by developmental maturation. For example, as might be expected,
infants at three months of age show a very low laughter response, while at six months it is a very common behavior. 
Yawning is a rare response in the three month olds, as is frowning, whereas fussing is very common in the later period. 
For mothers, variability is reduced with respect to looking, touching, and playing because it occurs so frequently. It 
should be noted that the categories selected for Table 27.2 were selected heuristically for the purpose of presenting data 
in this report. In future, analysis some of these behaviors can be treated as continuous variables. 
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TABLE 27.2 
MOTHER-INFANT INTERACTION: SOCIAL-EMOTIONAL CHARACTERISTICS 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME)* 

Behavior Three Months (n = 94) Six Months (n = 96)
 
Item (Percent of Observation Time) (Percent of Observation Time)
 
Observed 0 1-9 10-24 25-49 50+ 0 1-9 10-24 25-49 50+
 

1~E~
 

Looking at mother 22 13 18 19 28 21 20 19 28 12
 
Smiling 42 17 27 12 2 29 22 34 12 3
 
Vocalizing 24 26 26 17 7 36 18 33 6 7 
Laughing 90 9 1 .. .... . .. 8 92 
Yawning 76 19 5 .. .. 29 22 34 12 3 
Frowning 73 15 7 6 -- 36 18 33 6 7 
Fussing 56 13 19 9 4 .. .. .. 8 92 
Moving 19 15 25 18 23 29 22 34 12 3 
Squirming 52 13 22 9 4 36 18 33 6 7 

MOTHER 

Looking at infant .. .. .. 2 98 .. . .. 8 92 
Smiling 42 17 27 12 2 29 22 34 12 3
 
Vocalizing 26 26 17 7 36 18 33 6 7 
Touching .. .. .. 2 98 .. . .. 8 92 
Moving 42 17 27 12 2 29 22 34 12 3 
infant 
Imitating 24 26 26 17 7 36 18 33 6 7 
Playing .. .. .. 2 98 -- - -- 8 92 

*Values represent percent of the sample which exhibited specific behaviors. Columns ai ranges of proportion of time observed in the behaviors. For 

eumple, for three mcitlitds, 22 percent oi thz ..fnts never IookAe. = tl.- znonIzr durni A 2,hvobservauon period, while 28 percent of the children 

spent at least 50 percent of the obtervation period looking at the mother. Similarly. only two percent ef the infants were oberved to be smiling during 

50% of more of the obvrvation period. 

IT.PSYCHOLOGICAL CHARACTERISTICS OF PRESCHOOL CHILDREN 

A. The Bayley Mental mind Motor Scales and the Infant Behavior Record 

The figures in Table 27.3 provide descriptive statistics for both the Mental and Motor Scales, using the simple additive 
scoring system described in Chapter 15. 

The table also shows the results for two components of the Infant Behavior Record, which is based on the ratings of 
the test administrator. The two factor scores are the cognitive factor and the extraversion factor. 
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TABLE 27.3 
BAYLEY INFANT DEVELOPMENT SCALES AT 18,24 AND 30 MONTHS 

18 Months (n=94) 
Mean ±3.D. 

Measure (Range) 

Mental Score* 21.3 ± 5.3 

(9-39) 

Motor Score* 5.3 ± 2.8 

(0-12) 

Cognitive 24.3 ± 7.6 
(0-40) 

Extraversion 11.5 ± 4.6 
(0-23) 

*Sum of items passed (It should be ntd that the total nunbero 

Chapter 15 for a dec.ipion of itens.) 

24 Months (n= 117) 30 months (n=96)
 
Mean ± S.D. Mean ± S.D.
 

(Range) (Range)
 

30.7± 7.9 42.8 ± 7.4
 
(15-50) (19-56)
 

8.2 ± 2.5 11.9 ± 3.6
 
(0-13) (0-18)
 

28.1 ± 6.0 32.3 + 4.7.
 
(12-43) (19-43)
 

13.4 ± 4.1 16.3 ± 3.9
 
(3-23) (5-23)
 

item. pr iented to the child is greater at 24 ,nd30 monthi than at 18 months. See 

The results show a considerable increase in all components as children mature. This is seen not only in the mean scores 
but also in the range; with the exception of the Motor Score, the lower limit increases with age. However, it should be 
noted that even at the age of 30 months there were no children in the sample who passed all of the items on either the 
Mental or Motor Scales. On the other hand, there were quite a few who passed the "highest" item as defied by the 
standardized scoring procedure. 

B. Social-Emotional Characteristics and Mother-Child Interaction 

While the Bayley examination involves characteristics that have been more traditionally examined in studies of the 
relationship of malnutrition to psychological development, the data derived from the structured toy play situation are 
intended to measure social emotional traits and interaction modes. Tables 27.4 thiough 27.9 present data on 8 dimen
sions for the preschoolers and 9 characteristics for their mothers. 
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TABLE 27.4 
SOCIAL EMOTI.2"Al f"iARACTERISTICS AT 18 NIONTIIS; N=94 
(PERCENT OF SUBJECTS BY FERCENT OF OBSERVATION TIME) 

Behavior Percent of Observation Time 
Item 
Observed 0 1-9 10-24 25-49 50+ 

Constructive Play 3 3 14 29 51 
Fantasy Play 44 25 19 9 3 
Looking at Mother 18 36 36 10 -

Talking 26 24 30 19 1 
Smiling - 48 29 21 2 
Playing Together 33 30 15 17 6 
Seeking Help 85 11 4 - -

Crying 58 26 12 3 

*The ntUmber in the raws refer to the prooruoni of children in the samr.ple,whereas the columns represent percent of time the child is observed ex

hibiting a paricular behavior. 

TABLE 27.5
 
SOCIAL EMOTIONAL CHARACTERISTICS AT 24 MONTHS; N=117
 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME)
 

Behavior Percent of Observation Time
 
Item
 
Observed 0 1-9 10-24 25-49 50+
 

Constructive Play 1 1 10 21 67
 
Fantasy Play 52 19 14 12 3
 
Looking at Mother 35 39 19 7 1
 
Talking 26 31 23 16 4
 
Smiling 49 35 12 3 1
 
Playing Together 34 25 28 9 5
 
Seeking Help 89 9 2 - -


Crying 74 21 4 2
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TABLE 27.6 
SOCIAL EMOTIONAL CHARACTERISTICS AT 30 MONTHS; N=96 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME) 

Behavior 

Item 
Observed 0 

Percent of Observation Time 

1-9 10-24 25-49 50+ 

Constnctive Play 
Fantasy Play 
Looking at Mother 
Talking 
Smiling 
Playing Together 
Seeking Help 
Crying 

-

45 
39 
32 
65 
51 
85 
90 

3 
17 
30 
23 
20 
18 
10 

5 

10 
21 
20 
20 
12 
20 

5 

4 

14 
14 
6 

18 
3 
9 
-

75 
3 
4 
6 

2 

TABLE 27.7 
MOTHERS' SOCIAL EMOTIONAL CHARACTERISTICS FOR 18 MONTH OLDS 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME) 

Behavior 

Item 
Observed 0 

Percent of Observations 

1-9 10-24 25-49 50+ 

Conswnctive Play 
Fantasy Play 

Contingent 
Responsivity 

Looking at Child 
Talking to Child 
Smiling at Child 
Demonstration with 

Verbalization 
Coaxing 
Commanding 

2 
56 

67 
6 
-

33 

34 
26 
40 

2 
21 

20 
19 
2 

36 

23 
31 
22 

11 
14 

9 
21 
26 
21 

22 
25 
21 

31 
9 

4 
40 
45 
10 

16 
15 
11 

54 

15 
26 

4 
2 
7 
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TABLE 27.8
 
MOTHERS' SOCIAL EMOTIONAL CHARACTERISTICS FOR 24 MONTH OLDS:
 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME) 

Behavior 

Item 
Observed 0 

Percent of Observation Time 

1-9 10-24 25-49 50+ 

Constructive Play 
Fantasy Play 

Contingent 
Responsivity 

Looking at Child 
Talking to Child 
Smiling at Child 

Demonstration with 
Verbalization 

Coaxing 
Commanding 

1 
63 

76 
12 
1 

42 

31 

34 
31 

4 
15 

13 
13 
17 
35 

33 
37 
27 

8 
18 

7 
27 
20 

16 

25 
20 
26 

33 
4 

3 
21 
30 

8 

7 

7 
10 

54 

1 
27 
33 

4 

3 
6 

TABLE 27.9 
MOTHERS' SOCIAL EMOTIONAL CHARACTERISTICS FOR 30 MONTH OLDS 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME) 

Behavior 

Item 
Observed 0 

Percent of Ob"ervation Time 

1-9 10-24 25-49 50+ 

Constructive Play 
Fantasy Play 

Contingent 
Responsivity 

Looking at Child 
Talking to Child 
Smiling at Child 

Demonstration with 
Verbalization 

Coaxing 
Commanding 

2 
62 

77 
3 
1 

54 

50 
50 
22 

9 
21 

13 
13 
19 
33 

26 
40 
36 

15 
14 

9 
19 
25 
10 

16 

9 
27 

23 
4 

1 
42 
33 

3 

7 

1 
14 

51 
-

1 
23 
22 

-

1 

1 

The distributions in these tables document a considerable range of variation for most ofthe variables. As they get older, 
children show an increase in the proportion of time spent in constrictive play; however fantasy play does not increase. 
There are no changes in the distributions of looking and talking, both of which have a wide range. The proportion of 
time the child is observed smiling seems to decrease across the year from 18 to 30 months, and there is also some 
decrease in the percent of time children play together with their mothers. Seeking help from the mother is a very rare 
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activity at any of the three measurement points. Crying, which isvery common at 18 months, is rarely exhibited in the 
structured play situation by the time u.e child is 30 months old. 

Compared to their children, the mothers show less shift in the distribution of values over time. Constructive and fan
tasy play remain very constant; contingent responsivity Ls low throughout. Parallel to those of children, there are large
spreads in the values in looking, talking and smiling, which don't change over time. Demonstrating with verbalization 
occurs about 20% of the time at a rate of 25% or more in the observations of the mothers at 18 months. By the time the 
child is 30 months old, the proportion of mothers engaging in even this modest level of verbally-assisted demonstra
tion drops to 8%. At 24 months the percent is intermediate between the two other measures. Like demonstrating, coax
ing also shows a sharp decline over time. The pattern of values for maternal commanding, which has a wide distribution, 
does not change between 18 and 30 months. 

In addition to the specific itcrns in the preceding tables, a number of other characteristics were assessed during the ob
servation of structured toy play. The psychologists were asked to judge mothers and children on their level of affect and 
activity. A tape recorder was in operation during the interaction period, and verbal behavior has been coded in terms of 
a number of variables. Table 27.10 presents the data on activity and affect, as well as the results for verbal behavior. 

[IL SYCHOLOGICAI1 CHA RACTERISTICS OF SCHOOL AGE CILDREN 

Previous research on the consequences of malnutrition easured in school childrer has teen primarily focussed on the 
effects of early malnutrition on later performance, particularly cognitive performace. One typical design isbased on 
a comparison of children with a history of serious undernutrition and a control group of children who have not ex
perienced a diagnosed episode of malnutrition inearly life. The results of such studies have been somewhat mixed, with some showing strong effects while others have not demonstrated long-term consequences (27.6). Studies of curren un
dernutrition and cognitivc perfornance in school children are relatively rare in comparison with studies of the effect of 
early depnvation. There have been even fewer studies of the relationship of intake to noncognitive (social-emotional)
aspects of psychological function. The work of Barrett and Yarrow (27.7, 27.8), and Chavez and Martinez (27.9)
provide a framework for such studies, as well as evidence that intake is associated with performance in school-age 
children. 

A,.Cognitive Performance in School Age Children 

The results of cognitive testing are presented in Table 27.11, separated for boys and girls. Mean val.ies are shown for 
the first testing ("first year") and for the second round of testing ("second year"), which was carried out some 14-17 
months later. The subjects inthis table are limited to children who were tested twice, so that the comparisons are of the 
same children at two periods of time. 
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TABLE 27.10 
ACTIVITY AND AFFECT LEVELS OF PRESCHOOLERS AND THEIR MOTHERS 

Ace at ObsCr-,ation 
18 (n=91) 24 (n=112) 30 (n=94) 

Mean ± S.D Mean ± S.D. Mean ± S.D. 
Measure (Range) (Range) (Range) 

Child Affect 1.9 ± 0.6 2.0 ± 0.7 2.2 0.7 
(1-3) (1-3) (!-3) 

Mother Affect 1.9 ± 0.6 1.9 ± 0.7 1.9 ± 0.7 
(1-3) (1-3) (1-3) 

Child Activir. 1.7 ± 0.5 1.6 ± 0.5 2.0 ± 0.6 
(1-3) (1-3) (1-3) 

Mother Activity 1.8 ± 0.5 1.8 ± 0.5 1.8 ± 0.6 
(1-3) (1-3) (1-3) 

Mother Verbal 1.9 ± 0.7 1.7 ± 0.6 1.7 ± 0.6 
Conduct (1-3) (1-3) (1-3) 

Mother Total Words 174 ± 169 122 ± 112 102 ± 107. 
(7-908) (0-626) (0-619) 

Mother Total 60±55 48 ±47 41 ±45 
Times Spoke (2- 290) (0- 282) (0 - 240) 

Child Total 2 ± 3 3 ±4 7± 10 
Different Words (0 - 18) (0- 34) (0 - 53) 

Child Total 7 ± 22 8± 13 12 ± 21 
Times Spoke (0  173) (0- 63) (0- 123) 

For several of the test components there is no substantial change in test scores between the first and second testing; 
neither the mean values nor the range show much change for the Raven's matrices, the digit and vocabulary measures. 
However, in the block design, arithmetic and mazes tests, the scores are higher in the second round of testing. The at
tention span measure decreases for both boys and girls, which may simply reflect boredom with the test itself since it 
has lost its novelty value. 

Although the year of schooling separating the first and second testing does not, at ru-st examination, indicate a dramatic 
effect of exposure to schooling on test performance, it does not preclude the influence of schori. In order to assess the 
relationship of level of schooling to performance, the scores for the.first testing were disaggregated by grade in school. 
At the time of testing the mean age for both boys and girls was 7.6 years, with a standard deviation of 5 months; grade 
in school, however, ranged from no schooling (8 children) to grade 3 (15 children). The majority were either in first 
grace (49 children) or second gradc (38 children). 

When the test scores are examined by grade in school, we fiud that several of the test components show a clear linear 
increase with more schooling. For example, scores on digit repetition increase from a mean of 2.8 with no school to 6.4 
in grade 3; vocabulary increases from 18.0 with no school to 26.0 in grade 3. Similarly, arithmetic means are 3.1 for 
children with no schooling while those in grade 3 have a mean score of 9.6, and block design scores increase from 2.0 
in the no school category to 9.7 in grade 3. While performance on the mazes is very low for chiidren with no school
ing (mean of 5.5), there was no incremental effect of schooling after grade one, in spite of the fact that this measure 
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TABLE 27.11 
SCHOOL-AGE CHILDREN'S COGNITIVE PERFORMANCE 

GIRLS BOYS 
First Test Second rest First Test Second Test 

Mean ± S.D. Mean ± S.D. Mean ± S.D. Mean ± S.D. 
Measure (Range) (Rmge) (Range) (Range) 

Raven's Matrices 12.4 ± 3.9 12.5 ± 3.3 12.9 ±4.6 13.2 ± 2.7 
(4-22) (5-20) (6-24) (7- 19) 

Digit Repetition: 
Forward 3.0 ± 1.4 38±1.4 3.3 ± 1.3 3.6 ± 1.4 

(0-6) (0-6) (1-6) (2- 8) 

Backward 1.7± 1.4 2.2 ± 1.6 1.9 ±1.2 2.4 ± 1.3 
(0-5) (0-5) (0-4) (0-6) 

Vocabulary 24.1 ±5.9 24.3 ±4.7 24.4 ±6.2 25.2±4.6 
(9-39) (8-36) (9-39) (16-35) 

Block Design 5.4±5.6 7.4±6.7 6.1 ±4.1 8.1 ±6.1 
(0-28) (0-38) (0-19) (0-27) 

Arithmetic 6.4 ± 3.4 8.5 ± 3.0 7.3 ± 2.5 9.2 ± 2.6 
(0-14) (0-14) (2-14) (2-14) 

Mazes 7.0 + 5.1 11.8 . 6.1 12.3 ± 5.6 15.1 ± 6.1 
(0- 19) (0-24) (2-26) (2-27) 

Attention Span 
(Crossing Task) 135.0 ± 36.0 

(82 -236) 
114.0 ± 26.0 

(71 - 185) 
128.0 ± 37.0 

(70 - 270) 
110.0 ± 25.0 
(60 - 170) 

showed an improvement between the first and second testing. There is no relationship of school grade to performance 
on the Raven's matrices test, nor on the attention span test except that the 8 children with no schooling did very much 
better than the rest. There are no differences in attained school grade by boys aiid girls and no evidence that schooling 
is preferentially available to boys over girls, or the reverse. 

For the interpretation of the results concerning thz inhip of shooling o p fuie& -inacit is inpor-ant to recall that 
a number of factors influence the attained school grade of the children. Children who are perceived as "slow" may be 
sent to school somewhat later, while bright children are encouraged to go to school at a younger age. Similarly attained 
school grade may be affected by intellectual capacity. Another factor to consider is that the value parents p.ace on 
schooling may simultaneously and independently influence when a child enters school and their test performance. 

B. SocialEmotional Characteristics Observedon thela .rou.mrd 

Following the work of Barrett and associates referred to above, one would expect to find differences in social-emotion
al characteristics of children related to food intake and nutritional status. These associations will be examined in future 
analyses using the data presented below from the playground observations. In viewing the frequency distributions in 
the tables, it should be recalled that these are all continuous variables, and the categories used in the tables were based 
on heuristic considerations of data presentation. The tables are constructed to show the distributions by sex and by first 
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and second observation periods. There was approximately 14 months on average between the first and second obscr
vation period. 

TABLE 27.12 
PLAYGROUND OBSERVATION: BOYS' BEHAVIOR IN RELATION TO ADULTS 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME)* 

Percent of Observation Time 
First Year Second Year 

Behavior 0 1-9 10-24 25-49 50+ 1-9 10-24 25-490 50+ 

Seeks 
adults 79.8 13.5 4.5 1.1 1.1 83.3 5.6 3.7 5.6 1.9 

Does not 
seek adults 67 0.0 0.0 0.0 93.3 93 1.9 3.7 7.4 77.8 

Seeks physi
cal contact 92.1 1.1 2.2 0.0 4.5 79.6 1.9 0.0 5.6 13.0 

* Folowin, the formi utilhzed above for younger children, these tables ae constnrcted wiili the values indicating the percent of the sample, in 

colun'a indicating the percen-.t of observation time the child was observed to exhibit a specific behavior. For example, in Table 27.12, 79.8 percent 
of the boys did not seek adult attention during the period of observaion, while 13.5 percent were coded as"seeks adults" between I and 9 percent of 
the time they were observed. 

TABLE 27.13 
PLAYGROUND OBSERVATION: GIRLS' BEHAVIOR IN RELATION TO ADULTS 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME) 

Percent of Observation Tune 
First Year Second Year 

Behavior 0 1-9 10-24 25-49 50+ 0 1-9 t0-24 25-49 50+ 

Seeks 
adults 55.3 17.3 16.0 0.0 1.3 72.5 17.6 5.9 3.9 0.0 

Does not 
seek adults 1.3 0.0 1.3 1.3 96.0 3.9 3.9 2.0 19.6 70.6 

Seeks physi
cal contact 93.3 2.7 1.3 1.3 1.3 76.5 7.8 3.9 3.9 7.8 
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TABLE 27.14 
PLAYGROUND OBSERVATION: BOYS' BEHAVIOR IN RELATION TO OTHER CHILDREN 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME) 

Percent of Observation Time 
First Year SecondYie.a_ -Behavior 0 1-9 10-24 25-49 050+ 1-9 10-24 25-49 50+ 

Friendly 
interaction 1.1 3.4 6.7 10.1 78.7 11.1 7.4 9.3 18.5 53.7 

Help/aid 88.8 9.0 2.2 0.0 0.0 94.4 3.7 1.9 0.0 0.0 

Physically 
aggressive 76.4 16.9 5.6 0.0 1.1 74.1 22.2 1.9 1.9 0.0 

Verbally 
aggressive 75.3 19.1 5.6 0.0 0.0 61.1 20.4 14.8 3.7 0.0 

Aggressive 
play 75.3 12.4 2.2 5.64.5 61.1 16.7 7.4 1.9 13.0 
Mreddling 77.5 13.5 7.9 1.1 0.0 83.3 14.8 1.9 0.0 0.0 
Domination 61..8 29.2 9.0 0.0 0.0 85.2 14.8 0.0 0.0 0.0 

Asks for 
help or 75.3 13.5 5.65.6 0.0 88.9 5.6 3.7 1.9 0.0 
attention 

Defends 
self 62.9 19.1 9.0 7.9 1.1 87.0 11.1 1.9 0.0 0.0 

oubmission/
 
obedience 82.0 5.6
9.0 3.4 0.0 90.7 9.3 0.0 0.0 0.0 

"Yes" to request 80.9 15.7 3.4 0.0 0.0 85.2 13.0 1.9 0.0 0.0 

"No" to request 88.8 10.1 1.1 0.0 0.0 85.2 13.0 1.9 0.0 0.0 

No behavior 83.1 5.65.6 2.2 3.4 100.0 0.0 0.0 0.0 0.0 
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TABLE 27.15 
PLAYGROUND OBSERVATION: GIRLS' BEHAVIOR IN RELATION TO OTHER CHILDREN 
(PERCENT OF SUBJECTS BY PFRCENT OF OBiSERVATION TIME) 

Fercent of Observation Time 

__ZLi nLL. Second Year 
Behavior 0 1-9 10-24 25-49 50+ 0 1-9 10..24 25-49 50+ 

Friendly 
interaction 0.0 0.0 4.0 13.3 82.7 11.8 5.9 9.8 11.8 60.8 

Help/aid 93.3 5.3 1.3 0.0 0.0 94.1 5.9 0.0 0.0 0.0 

Physically 
aggressive 86.7 13.3 0.0 0.0 0.0 94.1 5.9 0.0 0.0 0.0 

Verbally 
aggressive 82.7 17.3 0.0 0.0 0.0 96.1 3.9 0.0 0.0 0.0 

Aggressive 
play 94.7 4.0 1.3 0.0 0.0 88.2 3.95.9 2.0 0.0 

Meddling 8C.0 18.7 1.3 0.0 0.0 82.4 17.6 0.0 0.0 3.0 

Domination 77.3 18.7 1.3 0.0 0.0 p0.4 17.6 2.0 0.0 0.0 

Asks for 
help or 72.0 22.7 4.0 1.3 0.0 90.2 7.8 0.0 2.0 0.0 
attention 

Defends 
self 69.3 25.3 4.0 1.3 0.0 92.2 7.8 0.0 0.0 0.0 

Submission/
 
obedience 86.7 6.7 0.0 5.3 
 1.3 98.0 2.0 0.0 0.0 0.0 

"Yes" to request 77.3 18.7 4.0 0.0 0.0 84.3 15.7 0.0 0.0 0.0 

"No" to ,,quest 93.3 6.7 0.0 0.0 0.0 90.2 0.09.8 0.0 0.0 

Nobehavior 81.3 5.3 5.3 5.3 2.7 100.0 0.0 0.0 0.0 0.0 
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TABLE 27.16 
PLAYGROUND OBSERVATION: BOYS'RELATIONSHIPTO PHYSICAL ENVIRONMENT 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME) 

Percent o"Observation Time 

Behavior 0 1-9 
First Year 

10-24 25-49 50+ 0 1-9 
Second Year 

10-24 25-49 50+ 

Involved in 
activity 20.2 7.9 10.1 9.0 52.8 24.1 14.8 11.1 14.8 35.2 

Plays with 
objects 49.4 23.6 7.9 7.9 11.2 61.1 3.7 1.9 5.6 27.8 

Destroys 
objects 84.3 9.0 4.5 2.2 0.0 100.0 0.0 0.0 0.0 0.0 

Wanders/ 
roams 31.5 29.2 25.8 9.0 4.5 29.6 25.9 31.5 11.1 1.9 

Isolated 
physical 
play 66.3 22.5 9.0 2.2 0.0 68.5 27.8 3.7 0.0 0.0 

Imaginative 
play 66.3 19.1 6.7 4.5 3.4 96.3 1.9 0.0 0.0 1.9 

Distracted 
by outside 
events 52.8 20.2 21.3 5.6 0.0 88.9 9.3 1.9 0.0 0.0 

Just 
observes 4.5 F.2 12.4 25.8 46.1 20.4 11.1 16.7 24.1 27.8 

Inactive 25.8 15.7 29.2 16.9 12.4 31.5 7.4 11.1 14.8 35.2 
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TABLE 27.17 
PLAYGROUND OBSERVATION: GIRLS' RELATIONSHIP TO PHYSICAL ENVIRONMENT 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME) 

Behavior 0 1-9 
First Year 

10-24 25-49 

Percent of Observation Time 

50+ 0 1-9 
Second Year 

10-24 2549 50+ 

Involved in 
activity 20.0 12.0 13.3 18.7 36.0 33.3 19.6 13.7 11.8 21.6 

Plays with 
objects 62.7 22.7 6.7 4.0 4.0 86.3 7.8 0.0 3.9 2.0 

Destroys 
objects 86.7 10.7 1.3 1.3 0.0 100.0 0.0 0.0 0.0 0.0 

Wanders/ 
roams 24.0 16.0 33.3 26.7 0.0 19.6 29.4 33.3 17.6 0.0 

isolated 
physical 
play 89.3 2.7 6.7 0.0 1.3 84.3 9.8 3.9 2.0 0.0 

Imaginative 
play 68.0 24.0 5.3 1.3 1.3 92.2 5.9 2.0 0.0 0.0 

Distracted 

by outside 
events 40.0 34.7 22.7 2.7 0.0 76.5 11.8 7.8 0.0 3.9 

Just 
observes 

Inactive 

2.7 

18.7 

6.7 

9.3 

16.0 

25.3 

21.3 

24.0 

53.3 

22.7 

15.7 

21.6 

13.7 

7.8 

25.5 

9.8 

17.6 

17.6 

27.5 

43.1 
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TABLE 27.18 
PLAYGROUND OBSERVATION: BOYS' LEVEL OF ACTIVITY 
(PERCENT OF SUBJECTS B7 PERCENT OF OBSERVATION TIME) 

Percent of Observation Time 
First Year Second Year 

Behavior 0 1-9 10-24 25-49 50+ 0 1-9 10-24 25-49 50+ 

Low 12.4 2.2 13.5 33.7 38.2 38.9 5.6 9.3 13.0 33.3 

Normal 10.1 6.7 19.1 24.7 39.3 13.0 16.7 9.3 11.1 50.0 

Very High 36.0 28.1 11.2 18.0 6.7 75.9 14.8 1.9 3.7 3.7
 

Hyperactive/
 
agitated 89.9 5.6 3.4 1.1 0.0 100.0 0.0 0.0 0.0 0.0
 

TABLE 27.19
 
PLAYGROUND OBSERVATION: GIRLS' LEVEL Or ACTIVITY
 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME)
 

Percent of Observation Time 
First Yer Second Year 

Behavior 0 1-9 lq-24 25-49 50+ 0 1-9 10-24 25-49 50+ 

Low 6.7 2.7 9.3 24.0 57.3 23.5 3.9 5.9 19.6 47.1 

Normal 6.7 8.0 16.0 34.7 34.7 33.3 9.8 9.8 15.7 31.4 

Very High 44.0 21.3 26.7 8.0 0.0 90.2 5.9 3.9 0.0 0.0 

Hyperactive/
 
agitated 94.7 4.0 1.3 0,0 0.0 98.0 2.0 0.0 0.0 0.0
 

TABLE 27.20 
PLAYGROUND OBSERVAION: BOYS' EMOTIONAL STATE 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME) 

Percent of Observation Time 
First Year S '__nc____L__,
 

Behavior 0 1-9 10-24 25-49 50+ 0 
 1-9 10-24 25-49 50+ 

Very happy 33.7 25.8 22.5 12.4 5.6 68.5 18.5 7.4 1.9 3.7 

Anxious 47.2 20.2 14.6 14.6 3.4 92.6 3.7 3.7 0.0 0.0 

Hostile 74.2 16.9 5.6 3.4 0.0 79.6 13.0 5.6 1.9 0.0 

Sad 84.3 11.2 0.0 1.1 3.4 87.0 1.9 0.0 5.6 5.6 

Loses control 87.6 7.9 2.2 2.2 0.0 96.3 1.9 1.9 0.0 0.0 

Content 6.7 2.2 9.0 10.1 71.9 9.3 1.9 1.9 20.4 66.7 

Animated 77.5 9.0 4.5 5.6 3.4 85.2 13.0 0.0 1.9 0.0 
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TABLE 27.21 
PLAYGROUND OBSERVATION: GIRLS' EMOTIONAL STATE 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME) 

Percent of Observation Time 
First Year Second Year 

Behavior 0 1-9 10-24 25-49 50+ 0 1-9 10-24 25-49 50+ 

Very happy 28.0 30.7 26.7 13.3 1.3 58.8 15.7 17.6 7.8 0.0 

Anxious 50.7 12.0 21.3 13.3 2.7 90.2 2.0 2.0 2.0 3.9 

Hostile 85.3 10.7 2.7 1.3 0.0 94.1 2.0 3.9 0.0 0.0 

Sad 84.0 10.7 4.0 1.3 0.0 78.4 3.9 0.0 11.8 5.9 

Loses control 96.0 1.3 0.0 0.0 2.7 100.0 0.0 0.0 0.0 0.0 

Content 1.3 5.3 5.3 1.3 86.7 1.3.7 0.0 11.8 9.8 64.7 

Animated 90.7 4.0 4.0 0.0 1.3 94.1 3.9 0.0 2-0 0.0 

C. Classroom Behavior 

As part of the assessment of social characteristics of the school children, observations were carried out in the class
room. As described in the methodology section above, the children's behavior was coded with respect to four cbarac
teristics - speaking, playing, off-task and out-of-the-room. fables 27.22, 27.23 and 27.24 present the frequency
 
distributions for the first thre of these variables, separately for boys and girls, at each of the observation periods.
 

In contrast to the tables above in these tables, the columns refer to the percent of children in the sample, while the rows
 
refer to the proportion of observation time a child was observed speaking (Table 27.22), playing (Table 27.23) or "off
 
task (Table 27.24). fhis format was adopted to permit comparison ef boys and girls at both time periods.
 

TABLE 27.22
 

CLASSROOM OBSERVATION OF SPEAKING
 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME)
 

First Year Second Ye, L 

Percent of Female Male Female Male 
Observation (N = 55) (N = 57) (N= 51) (N = 50) 

0 18.2 15.8 25.5 26.0 
1-9 21.8 29.8 37.2 20.0 
10-24 40.0 24.6 19.7 40.0 
25-49 16.4 24.5 17.6 14.0 
50+ 3.6 5.3 0.0 0.0 
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TABLE 27.23 
CLASSROOM OBSERVATION OF PLAYING 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME) 

First Year Second Year 
Percent of Female Male Female Male 
Observation (N = 55) (N = 57) (N = 51) (N = 50) 

0 54.5 49.1 66.7 58.0 
1-9 23.7 22.3 17.6 12.0 
10-24 14.5 14.1 5.9 16.0 
25-49 5.5 12.2 7.8 10.0 
50+ 1.8 1.8 2.0 4.0 

TABLE 27.24
 
CLASSROOM OBSERVATION OF "OFF-TASK"
 
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME)
 

FirstYr Second Year 
Percent of Female Male Female MVale 
Observation (N = 55) (N = 57) (N = 51) (N = 50) 

0 10.9 15.8 23.5 22.0 
1-9 16.4 15.8 21.6 12.0 
10-24 23.6 22.8 23.5 16.0 
25-49 30.9 15.8 19.6 38.0 
50+ 18.2 29.8 11.8 12.0 

IV. COGNITI VE PERFORMANCE IN ADULTS 

In spite of the fact that cognitive testing of adults was perhaps the most difficult part of the study to explain and justify 
to the families in Solis, the vast majority of adults agreed to be tested. Table 27.25 shows the mean values of perfor
mance scores in the components of the cognitive battery, in which responses were obtained from 241 lead women and 
1o0 i,-d men. 

Comparing adult men and women, we find that men have a higher upper range in the Raven, digits, block, and arith
metic components. Women exceed men in the attention span test, both in range and mean value. With the exception 
of attention span, the mean values for men are higher than those for women on all the cognitive measares. A series of 
paired Student's T tests were calculated to assess these differences. We find that they are all highly significant (p .0001). 
The performance of adult men is significantly better than that of women for all of the cognitive measures except for at
tention span, in which the women have significantly higher scores. 
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Table 27.25 
ADULT COGNITIVE PERFORMANCE 

Female (N=241) Male (N= 190) 

Measure Mean + S.D. Range Mean ± S.D. Range 

Raven's Matrices 14.5 + 4.4 2- 29 16.6 ± 5.5 7 - 33 

Digit Repetition: 

Forward 3.5± 1.3 1-8 4.0± 1.5 0-10 
Backward 2.8± 1.5 0-6 3.5± 1.6 0- 9 

Vocabulary 33.0 + 6.0 15 -49 34.3 ± 5.9 15 -48 

Block Design 10.0 ± 6.7 0 - 36 12.9 ± 8.2 0 - 46 

Arithmetic 8.1 ± 2.9 0- 19 9.8 ± 3.6 0-25. 

Mazes 10.6± 3.5 0-17 12.4± 3.7 0-17 

Attention Span 99.0 ± 35.0 45 - 250 85.0 ± 28.0 0  239 
(Crossing Task) 

The explanation for the performance differences between the sexes does not lie simply in the matter of literacy. Ap
proximately the same percent of men arid women taking the tests report they are literate (ca. 50%). However, there are 
differences in the level of achieved schooling, as shown in Tabc 27.26. 

TABLE 27.26 
ADULT YEARS OF EDUCATION 

Level of School Male (N=190) Female (N=241) 
n (%) n (%) 

None 38 (20) 57 (24) 

I - 2 years 54 (29) 86 (36) 

3 - 6 years 87 (46) 91 (38) 

7+years 11 (6) 7 (3) 

When performance scores are compared by level of education, we find that years of schooling relate directly to cogni
tive performance. There are marked increases in performance scores for all measures, for both men and women, with 
increasing years of education. Thus, for example, the mean values for men in the Ravens matrices i 13.6 f..r men with 
no schooling, 15.2 for I -2 years, 17.7 for 3-6 years and 26.2 for the group with 7 or more years. 

As one way of assessing the extent to which male-female differences may be explained by differences in schooling,
paired T tests were calculated for each of the test battery components, separately for the level of schooling categories 
shown in Table 27.26. In the group with no formal education there were no significant differences between men and 
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women in test performance. In the small group of 11 men and 7 women with more than primary school education, there 
werv also no differences, except for arithmetic in which the men had significantly higher scores than women. 

However, for the majority of adults - those with between I and 6 years of education - the mean scores for males and 
females remain significantly different. In the group with 1-2 years of schooling the men hadi signific.ntly higher per
formance scores in 5 of the 9 cognitive measures. Among men and women with 3-6 years of education, the mean scores 
for men were higher in 8 of the 9 performance measures. Thus, it appears that other factors are influencing the perfor
mance differences b-tween men and women. Undoubtedly, differences in access to information, experience beyond thi 
valley, and opportunities for social interaction, as well as more subtle effects of gender-related self esteem are involved. 

Some of these features are readily apparent in the data from the socio-cultural interview schedule. Table 27.27 
shows the resporses made by men and women to a series G: questions aimed at ascertaining level of knowledge 
abtct the world in which they live. Some of the questions concerned national affairs and characteristics, while 
others involved local figures. Acomparison of male-female differences shows that for all items, both national and 
local, a higher (and often much higher) percent of mzn are able to provide the correct answer. 

TABLE 27.27 
KNOWLEDGE OF LOCAL AND NATIONAL AFFAIRS: 
PERCENT OF RESPONDENTS WITH CORRECT ANSWER 

Adult Men Adult Women 

Information Item (N = 240) (N = 252) 

Capital of Mexico 34 18 

President of Mexico 35 25 

Bus fare to Mexico City 18 11 

Countries on border 15 5 

Ejido leader 27 16 

Former presiden (Mexico) 22 10 

State governor 30 22 

Town mayor 34 21 

In addition to the ethnographic work, there are other quantitative data to confirm the proposition that women in the vil
lages live in a much more restricted environment than do their spouses. This is reflected, for example, in patterns of 
travel outside of the community. The nearest large market center, a 45 minute bus ride, had been visited at least once 
in the previous year by 53% of men compared to 24% of women. Thirteen percent of men and 2% of women traveled 
there at least once a month. The state capital had been visited at least once in the previous year by 48% of men and 18% 
of women. Travel to Mexico City was also differentiated by sex, for 74% of the men reported they had been to the city
in the past year, as compared with 37% of the women respondents. There are no reported differences in attendance at 
local school or town events, but 27% of the mcn are active inone or more local organizations (church, school, aids or 
village groups) compared with 15% of women. 

With respect to media exposure to news, the picture issomewhat mixed. More women than men report listening to radio 
news (44% to 36%), wh.reas more men watch television news (30%) compared to women (20%). It is possible that 
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men have greater access to television, particularly those who migrate to work in Mexico City. The differences in reported 
newspaper reading are stronger. Twenty percent of the men claim to have read a newspaper in the preceding month, as 
contrasted with 2% of he women respondents. 

Taken together, these findings suggest a general picture of informational restriction in the lives of women in the Sois 
valley. The significance of this for intake-performance relationships should be explored in future analyses, particular
ly with respect to interaction with young children. 
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Chapter 28 

PRESCIOOLER -MOTHER ACTIVrrY STUDY 

1.INTRODUCTION
 

This chapter presents preliminary descriptive analyses of the observational data on activity patterns and social interac
tions collected on 41 target preschoolers (mean age at entry into study = 23 months) and thieir mothers, and on 3 target 
pregnant women (100% of the individuals observed for the Preschooler-Mother Activity Study). Hourly spot obszrva
tions, each fol!owed by 10 minuies of continuous observation, were carried out on each individual from 8:00 AM until. 
6:00 PM, one day per moith for 13 lonlths. The methodology for collection of these data is described in Chapter 16. 

Activities were collapsed into activity groups for the purpose of this report. For example, the activities' 'ctive play with 
objects' and 'active play without objects' were collapsed into 'active play' for preschoolers. The activides 'active child 
care' and 'teaching children and helping children to learn' were collapsed into 'active child care' for mothers. The 
majority of the activities observed during household visits had already been collapsed into activity groups when the 
data were coded. For example, the activities 'washing the child', 'dressing the child', 'combing the child's hair', 'bath
ing the child', 'spoon-feeding the child', etc. had all been coded as 'active child care' on the code forms. 

I1.ACTIVITY PATIERNS OF PRESCHOOLERS AND MOTHERS 

For purpose of analysis, the frequencies with which individuals were observed to be performing selected activities were 
calculated. Data were used from the frequency of observation of selected activities in both spot and 10 minute obser
vations of preschoolers and mothers. Only the principal activity of the 10 minute observation is examined inthe present 
analyses. Principal activity is defined as the activity performed for the greatest length of time during the 10 minute seg
merit (based on the judgement of observers). 

A total of 143 spot and ten minute observations were scheduled for each mothe - . ver a 13 month study period 
(11 observations per day, one day per month for 13 months). Since some observations ,,- missed, fre&iencies were 
calculated as the percent of observations in which the activity was observed tr be the principa; one. The mean number 
of observations completed for preschoolers and women was 136 and .34 respectively. A minimum of 93 observations 
were carried out on each individual studied. 

Table 28.1 shows the mean and suindard deviation of the percent of observations in which selected activities occurred 
during both the spot and 10 minute observations. The preschoolers studied were observed 'doing nothing' during an 
average of 19.3% of the spot observations, and this was the principal activity of 22% of the 10 minute observations. 
High mean percents are also shown for 'quiet play' (15.6% (spot) and 16.2% (10 min.)). Preschoolers were observed 
'walking' daring an average of 4.0% of the spot observations. However, 'walking' was the principal activity of only 
2.0% of the 10-minute obser;ations. This difference is probably due to the fact that preschoolers observed walking 
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during the entrance ('spot') observation often discontinued the activity after the observer arrived (the 10 minute seg
ment). 

As the data in Table 28.1 indicate, preschoolers were rarely (less than 1% of observations) observed performing other 
recreational activities, crawling, running, having an accident or being breastfed. Some of these activities might IFave 
been observed more frequently as 'secondary activities' during observations, and will be examined in future analyses. 

Table 28.2 shows the mean and standard deviation of the percent of observations in which selected activities of the 
v omen (i.luding mothers of preschoolers and the 3 pregnant women) were observed during the spot and 10 minute 
observations. Frequently the women were observed to be carrying out domestic and family maintenance activities 
(26.6% and 23.8% of the spot and 10 winute principal activity measures respectively) and prep,,ring and distributing 
food (21.6% of spots and 20.7% of 10 minute observations). They were rarely observed performing health care and 
sanitatioii o. xutsirig activities (less than 1.5% of the spot and 10 minute observations), and on less than 1%of occasions 
were they running, travelling (transportation), performing recreational activities, doing craft work or sleeping. Again, 
the frequency of thc., .activities as 'secondary activities' will be examined. 

TABLE 28.1 
PRESCHOOLERS: PERCENT OBSERVA f'IONS IN SELECTED ACTIVITIES (SPOT AND 10 MINUTE 
PRINCIPAL ACTIVITY MEASURES) (N=41) 

SPOT 10 MINU1E 
ACTIVITY Mean % S.D. Mean % S.D. 

Doing Nothing* 19.3 6.2 22.0 10.1 
Interacting Verbally 4.3 3.1 4.1 3.0 
Active Play 4.8 3.8 6.0 4.8 
Quiet Play 15.6 16.24.5 5.2 
Other Recreation 0.2 0.31.8 1.9 
Walking 4.0 2.1 2.0 1.7 
Running 0.3 0.5 0.1 0.3 
Crawling 0.0 0.2 0.0 0.0 
Helping With A Task 6.8 3.9 6.7 4.1 
Eating 8.2 3.5 8.5 3.2 
Being Breastfed 0.1 0.2 0.1 0.4 
Being Changed/Cleaned 1.5 1.1 1.9 1.3 
Sleeping 8.3 4.3 8.4 4.4 
Having An Accident 0.1 0.2 0.0 0.1 
Resting Activitiest 2.2 2.1 0.0 0.0 

* 'Doing Nothing': the individual was not performing any activity 
t 'Resting Activities' include watching television, listning to the radio, lying down to sleep, etc. (when no other activity was being performed 
concurrently) 
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TABLE 2.2 
WOMEN: PERCENT OBSERVATIONS IN SELECTED ACTIVITIES (SPOT AND 10 MINUTE PRIN-
CIPAL ACTIVITY MEASURES) (N=44) 

SPOT 

ACTIVITY 

Doing Nothing* 
Interacing Verbally 
Active Child Care 
Passive Child Care 
Breastfecding 
Domestic Maintenance 
Health & Sanitation 
Prep & Distrib. Food 
Income Generation 
Home Improvement 
Agriculture 
Animal Care 
Walking 
Running 
Transportation 
Recreation 
Craft Work 
Eating 
Sleeping 
Resting Activitiest 

Mean 

11.7 
8.4 
5.2 
1.5 
2.4 

26.6 
1.3 

21.6 
1.5 
0.2 
3.1 
4.5 
1.7 
0.1 
0.0 
0.0 
0.1 
3.2 
0.3 
1.2 

S.D. 

1.7 
4.3 
2.7 
1.7 
3.0 
7.3 
1.8 
8.0 
3.0 
0.5 
3.7 
4.4 
1,3 
0.2 
0.2 
0.1 
0.4 
2.1 
0.6 
1.5 

Mean 

0.7 
6.4 
5.7 
1.3 
2.7 

23.8 
1.1 

20.7 
1.5 
0.2 
2.8 
4.3 
0.4 
0.0 
0.0 
0.0 
0.2 
3.4 
0.2 
0.9 

10 MINUTE 
S.D. 

1.0 
4.0 
3.3 
1.4 
3.2 
7.2 
1.6 
8.6 
2.8 
0.5 
3.6 
4.2 
0.6 
0.0 
0.1 
0.0 
0.4 
2.5 
0.4 
1.2 

* 'Doing Nothing': the individual was not perfonning any activity 
t 'Resting Activiies' include watching television, listening to the radio, lying down to sleep, etc. (when no other activity was being performed con
currently) 

III. ACTIVITY TPANIAF, D..PO IC MEASURES 

The relationship between the frequency of specific activities and anthropometric measures of preschoolers was ex
amined using Spearman correlations. Mean weight-for-age and length-for-age percentiles were calculated foreach pre
schooler u-ir.g all measures taken during the study period (these data are shown in Table 28.3). fable 28.4 shov, s the 
correlations of these anthropometric variables for pieschoolers and the mean percent of occasions that selected activities 
were observed during the spot and 10 minute observation segmerts. Significant relationships were found between the 
percent of occasions in which preschoolers were 'doing nothing', during both the spot and 10 minute observations, and 
mean weight for age, and length-for-age. Lighter and shorter (for age) preschoolers 'did nothing' with significantly 
greatev frequency. Preschoolers with greater mean weight-for-age participated in quiet play more frequently during 
spots (p=.10) and significantly more frequently during the 10 minute observations (p=.03). Preschoolers with higher 
mean length-for-age were a!so observed in significantly more quiet play during spot (p=.02) and 10 minute observa
tions (p=.00). Heavier and taller preschoolers also interacted verbally more frequently during 10 minute observations 
(p=.03 and p=.05 respectively). There is a significant positive correlation between the preschooler's mean length-for
age and frequency of 'being changed or cleaned' during the 10 minute observations (p=.03). This may reflect th' nutri
tional status of the caretaker and/or the socioeconomic status of the family. Although not significant, heavier and taller 
preschoolers were more frequently observed in active play. 
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IV. ACIVITY PATTERNS AND DIETARY INTAKE 

Tables 28.5 and 28.6 present correlations of frequency of activities with dietary intake of the 41 preschoolers. Intake 
of energy and protein were averaged for available data on each individlual over the entire period of the observational 
ftudy (shown in Table 28.3). Table 28.5 shows the data on activties observed during the spots. There is no relationship 
betwecn total intake of kilocalories and activity (with the exception of 'having an accident', which was observed with 
such little frequency that its significance is questionable). Mez, protein intake is correlated only with 'helping with a 
task' (r=-.35, p=.02). Preschoolers who were observed in tiis activity were often following the mother around as she 
carried out her daily activities, helping her as a young chila might (handing her clothes to wash, hang, etc.). "Helping" 
activity could be interpreted as imitating the mother as she carried out tasks, or as choosing to be with her instead of 
with other children. Tere are no significant relationships between any activity and mean kilocalories ard mnean protein 
from non-animal sources with the exception of 'having an accident'. Interestingly, significant correlations were found 
between 'various activities and both mean kilocalories from animal sources and protein from animal sources. This sug
gests that dietary quality, and not just quantity, is of importance in terms of the activity of preschoolers. 

TABLE 28.3 
PRESCHGOI ERS AND WOMEN: DESCRIPTIVE DATA ON ANTHROPOMETRY AND DIET DURING 
STUDY PEkIOD 

MEAN S.D. RANGE 

ANTHROPOMETRY 
Wtlage Percentile 10.0 12.2 0.0  49.6 
Ln/age Percentile 20.1 20.0 0.0  87.3 

KILOCALORIE INTAKE 
Total (kcal) 1115.4 282.4 522.4 - 1813.9 
From animal (kcal) 137.9 112.0 10.6- 428.8 
From vegetable (kcal) 977.4 291.4 480.1 - 1740.5 

PROTEIN INTAKE: 
Total protein (g) 33.7 8.4 15.4 - 54.6 
Animal protein (g) 9.7 6.9 7 - 29.1 
Vegetable protein (g) 24.1 8.2 9.3  48.5 

KILOCALORIE INTAKE 
Total (kcal) 2551.6 610.3 1587.7 - 4585.0 
From animal (kcal) 215.1 179.4 13.3- 734.8 
From vegetable (kcal) 2336.5 607.5 1252.8- 4318.6 

PROTEIN INTAKE 
Total protein (g) 74.2 18.3 50.3 - 129.3 
Animal protein (g) 15.8 11.1'2 .9 - 49.5 
Vegetable protein (g) 58.5 16.5 26.5 - 106.9 

254
 



'FABLE 28.4 
PRESCHOOLERS: CORRELATIONS OF ACTIVITY AND MEAN ANTHROPOMETRY DURING 
STUDY PERIOD (N=41) 

SPOT OBSERVATIONS PRINCIPAL ACTIVITY OF 
10 MINUTE OBSERVATIONS 

MNWT/AGE MN LN/AGE INWTrI/AGE MN LN/AGE 
ACTIVITY r (p) r (p) r (p) r (p) 

Doing Nothing -.52 (.90) -.57 (.00) -.39 (.01) -.46 (.00) 
Interacting Verbally .18 (.27) .27 (.09) .33 (.02) .30 (.05) 
Active Play .22 (.17) .24 (.13) .25 (.17) .28 (.08) 
Quiet Play .26 (.10) .36 (.02) .34 (.03) .51 (.00) 
Other Recreation .27 (.09) .17 (.28) .27 (.09) .17 (.28) 
Walking .2"7 (.08) .29 (.07) .13 (.43) .12 (.45) 
Running .18 (.26) -.01 (.95) .07 (.64) .08 (.61) 
Crawling* -.27 (.08) -.25 (.11) 
Helping With A Task -.00 (.99) -.08 (.60) .10 (.52) .05 (.74) 
Eating 
Being Breastfed 

-.23 
-.13 

(.15) 
(.40) 

.05 

.05 
(.77) 
(.77) 

-.20 
-.13 

(.20) 
(.40) 

-.04 
.05 

(.79) 
(.77) 

Being Changed/Cleaned -. 17 (.30) .24 (.12) .21 (.18) .33 (.03) 
Sleeping -.04 (.79) -.00 (.98) -.04 (.80) -.01 (.96) 
Having An Accident -. 15 (.35) -.04 (.79) -.09 (.56) -. 19 (.24) 
Resting* -.02 (.89) .05 (.76) 

* Never observed a, principal ,cfivity of 10-minutz observatiois 

Referring to Table 28.5, data indicate that preschoolers who rececived more kilocalories from animal sources were ob
served doing nothing less (p=--.05). and interacting verbally and helping with tasks significantly more frequently (p=.02 
and p=.01 respectively). These preschoolers were also participating in active play more often (p=.05). They were also 
observed being changed or cleaned (cared for physically) on significantly more occasions (p=.01). This supports the 
hypothesis that the quantity and quality of 'being cared for' may be a reflection of the nutritional status of their caretaker. 
These preschoolers were also less often observd helping with tasks (p=.03). 

Preschoolers who consumed more protein from animal sources were also less frequently observed doing nothing (p=.0 6 ) 
and more frequently observed inreracting verbally (p=.02). There was also a tei'dency for these preschoolers to par
ticipate more in active play (r=.27, p=.09). Preschoolers who consumed more protein from animal sources were also 
observed helping with a task and being changed or cleaned significantly more often (p=.02 and p=.01 respectively). 
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TABLE 28.5 
PRE, CHOOLERS: CORRELATIONS OF ACTIVITY DUR.NG SPOT OBSERVATIONS AND MEAN 
DIETARY INTAKE DURING STUDY PERIOD (N.=41) 

MEAN KCAL MEAN PROTEIN 
ACFIVITY TOTAL Animal Vegetabie '"OTAL Animal Vegetable 

Doing Nothing r .04 -.31 .16 -.03 -.29 .22 
(p) (.81) (.05) (.32) (.86) (.06) (.17) 

lnteacting r -.03 .37 -.17 .07 .35 -.23 
Verbally (p) (.86) (.02) (.29) (.68) (.02.) (.15) 

Active Play r .12 .31 -.0. .19 .27 -.04 

(p) (.47) (.05) (.97) (.24) (.09) (.82) 

Quiet Play r -. 12 .14 -. 17 -.01 .13 -. 12 
(p) (.47) (.38) (.30) (.94) (.41) (.44) 

Other Recrea- r -.10 .31 -.22 .04 .29 -.20 
tional Activ. (p) (.52) (.05) (.17) (.80) (.07) (.22) 

Walking r .16 -.05 .18 .12 -.07 .18 
(p) ".30) (.76) (.26) (.46) (.68) (.27) 

Running r .05 .15 -.01 .07 .17 -.07 
(p) (.77) (.34) (.95) (.66) (.28) (.65) 

Crawling r .14 -.05 .15 .10 -.02 .12 
(p) (.40) (.74) (.34) (.54) (.91) (.47) 

Helping With r -. 17 -.39 -.01 -.35 -.39 -.03 
A Task (p) (.29) (.01) (.93) (.02) (.01) (.84) 

Eating r .29 -.03 .29 .27 -.01 .29 
(p) (.07) (.84) (.06) (.08) (.97) (.07) 

Being r -.04 -. ? .03 -.22 -.18 -.07 
Breastfed (p) (.78) (.27) (.88) (.; 7) (.25) (.65) 

Being Changed r -.13 .38 -.28 -.00 .35 -.30 
Or Cleaned (p) (.40) (.01) (.08) (1.00) (.02) (.06) 

Sleeping r .20 .01 .19 .23 .04 .20 

(p) (.20) (.94) (.23) (.14) (.79) (.20) 

Having An r .36 -. 14 .41 .27 -. 10 .36 
Accident (p) (.02) (.38) (.01) (.08) (.55) (.02) 

Resting r -.01 -.05 .01 .01 -.04 .05 
Activities (p) (.95) (.74) (.94) (.95) (.79) (.78) 
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TABLE 28.6 
PRESCHOOLERS: CORRELATIONS OF PRINCIPAL ACTIV'TY OF 10 MINUTE OBSERVATIONS 
AND MEAN DIETARY INTAKE DURING STUDY PERIOD (N- 41) 

MEAN KCAL MEAN PROTEIN
 
ACTIVITY TOTAL Animal Vegetable TOTAL Animal Vegetable
 

Doing Nothing r .11 -.24 .20 .02 -.25 .22 
(p) (.51) (.12) (.22) (.92) (.12) (.16) 

Interacting r -.18 .41 -.33 -.02 .42 -.37 
Verbally (p) (.26) (.01) (.03) (.88) (.01) (.02) 
Active Play r .16 .37 .01 .23 .35 -.06 

(p) (.31) (.02) (.93) (.15) (.02) (.71) 

Quiet Play r -.12 .09 -.15 -.06 .07 -.13 
(p) (.47) (.56) (.36) (.70) (.65) (.44) 

Other Recrea- r -.10 .31 -.22 .04 .29 -.20 
tional Acivi (p) (.52) (.05) (.17) (.80) (.07) (.22) 

Walking r .08 .15 .02 .13 .12 .03 
(p) (.62) (.35) (.90) (.42) (.45) (.85) 

Running r .07 .04 .05 .08 .02 .07 
(p) (.66) (.81) (.74) (.61) (.92) (.66) 

Helping Wiilh r -.11 -.31 .01 -.27 -.30 -.03 
A Task (p) (.49) (.05) (.95) (.08) (.05) (.87) 

Eating r .27 -.07 .29 .27 -.02 .30 
(p) (.09) (.65) (.07) (.08) (.90) (.06) 

Being r -.10 -.18 -.02 -.30 -.19 -.14 
Breasffed (p) (.55) (.26) (.88) (.06) (.23) (.37) 

Being Changed r -.18 .46 -.35 .02 .44 -.34 
Or Cleaned (p) (.26) (.00) (.02) (.88) (.00) (.03) 

Sleeping r .18 .01 .17 .21 .04 .18 
(p) (.25) (.97) (.28) (.20) (.82) (.26) 

Having An r .23 .16 .17 .22 .14 .11 
Accident (p) (.14) (.33) (.30) (.16) (.38) (.49) 

Resting r -.05 -.01 -.05 -.04 .01 -.05 
Activities (p) (.74) (.96) (.76) (.83) (.93) (.77) 

Table 28.6 shows the correlations between dietary intake and frequency of activities during the 10 minute observations 
of preschoolers. Again, there are no signifit.ant correlations between total intake of kilocalories or protein. However,Lotal kiloalories and total protein from animal ,,-)iu-ces correlates significantly with various activities. The influence of 

dietary quality is again suggested. Preschoolers who received more kilocalories from animal sources were observed 
doing nothing less frequently (r--.24, p=. 12). Ald.cugh not significant, this may be an importani relationship consider
ing the size of the sample (n=4 1). These preschoolers also interacted verbally and participated in active play significant
ly more frequently (p=.01 and pc .02 respectively). They were also observed helping with a task and being changed or 
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cleaned significantly more (p=.05 ad p=.00 respectively) during the course of the study. Again, the latter may be a 
reflection of the nutritional status of the caretaker. The significant relationship between dietary intake and pal-icipation 
in 'other recreational activities' should be interpreted with caution because of the low frequency of such activ'ties (see 
Table 28.1). 

Preschoolers who consumed more protein from animal sources were observed 'doing nothing' less frequently (r=-.25, 
p=. 12), interacting verbally more frequently (p=.0l), participating in more active play (p=.02), and helping with a task 
(p=.05) and bc-ing changed or cleaned more often (p=.00) during the 10 minute observations. Finally, preschoolers who 
consumed more kilocalories from non-animal sources were observed interacting verbally and being changed or cleaned 
less frequently (r=--.03 and p=.02 respectively). Preschoolers who consumed more protein from non-animal sources 
were also observed in these activities less frequently (p=-.0 2 and p=.03 respectively). Very few correlations were found 
between the consumption of kilocalories or protein from non-animal sources and frequency of specific activities in the 
spot (Table 28.5) or 10 minute observations (Table 28.6). This might be explained by the fact that all children eat similar 
amounts of non-animal foods. 

Tables 28.7 and 28.8 show correlations of activity and dietary intake data collected on the 44 mothers studied. As with 
the preschooler dietary data, mean dietary intake of the women was also calculated for the study period (shown in Table 
28.3). Table 28.7 shows the data on activities observed during the spots. The activity 'doing nothing' is significantly 
correlated with several of the intake variables measured. Worner, who were more often observed 'doing nothing' con
sumed less total kilocalcies (p=.01) and total protein (p=.01) and less k.ilocalories from animal (P=.05) and from non
animal (p=.05) sources. These women were also consuming less protein from animal and non-animal sources (r=-.27, 
p=.08 and r=-.25, p=l.0 respectively). Inshort, these women were eating less of everything. The data also show !hat 
women who were more frequently oib-s:rved performing active child care consumed more total kilocalories (r=.21, 
p=. 16) and significantly more protein (p=-.05). They also consumed more kilocalories and protein from animal sour
ces (r=.29, p=.06 and r=-.27, p-.08 respectively). Women who consumed more total kilocalories were also observed 
breastfeeding a child more often (p=.01). There is also a positive correlation between total intake of protein and per
cent observation of breastfeeding (r=.33, ,-=.03). The intake of kilocalories and protein from non-animal sources also 
correlated positively with percent observation of breastfeeding (p=.00). Women who consumed more kilocalories from 
animal sources were observed performing more income generating activities (p=.00). Similarly, women who received 
more protein from animal sources were also observed performing more income generating (p--.01) and animal care ac
tivities (p=.06). There is a negative correlation between mean kilocalorie and protein consumption from non-animal 
sources and percent observation of women performing income generating activities (p=.01 and p=.00 respectively). 

Table 28.8 shows correlations between dietary intake and the principal 'ctivity during the 10 minute observations of 
women. Again, the activity 'doing nothing' is significantly correlated with several of the intake variables. Women who 
were more frequently observed 'doing nothing' consumed less total kilocalories (p=.06), less total protein (p=.02) and 
less kilocalories (p=.02) and .protein (p=.02) from animal sources. As inthe spot observations, women who performed 
more active child care during the 10 minute observations also consumed more total protein (p=.G2) and kilocalories and 
protein from animal scurces (p=-.Cl and p--.02 rcspct"vcly). Although not btaisdcaly significant, there was also a ten
dency for these women to have consumed more total dlceaiories (r=.25, p=.10). Women consuming more total 
kilocalories and more total protein were also more frequently observed 'breastfeeding a child' (p=.00 and p=.01 respec
tively) and 'eating' (p=.05 and p=.05 respectively). Women consuming more kilocilories and protein from animal sour
ces were more frequently observ(,d performing income generating activities (p=.00 and p-.0 respectively). Finally, 
mean kilocalorie and protein intake from non-animal sources is again positively correlated with breastfeeding a child 
(p=.00 and p=.00 respectively) and negatively correlated with participation in income generating activities (p=-.01 and 
p=.Ol respectively). The effects of confounding variables, such as physiological StatUj of the mother, socioeconomic 
status of the family and nutritional status of the preschooler, will be examined by multivariate analysis. 
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TABLE 28.7
 
OBSERVATIONS AND MEAN DIETARY INTAKE DURING STUDY PERIOD (N=44)
 

MEAN KCAL MEAN PROTEIN 
ACTIVITY TOTAL Animal Vegetable TOTAL Animal Vegetable 

Doing Nothing r -.39 -.30 -.30 -.40 -.27 -.25 
(p) (.01) (.05) (.05) (.01) (.08) (.10) 

Interacting r -.12 .08 -.15 -.12 .11 -.22 
Verbally (p) (.43) (.58) (.34) (.42) (.47) (.16) 

Active Child r .21 .29 .13 .30 .27 .14 
Care (p) (.16) (.06) (.40) (.05) (.08) (.35) 

Passive Child r -.11 -.29 -.02 -.15 -.28 .03 
Care (p) (.48) (.06) (.87) (.32) (.07) (.85) 

Breastfeeding r .38 -.16 .43 .33 -.14 .46 
A Child (p) (.01) (.29) (.00) (.03) (.36) (.00) 

Domestic & Fam r .04 .04 .03 .04 -.01 .05 
Maintenance (p) (.80) (.81) (.85) (.78) (.96) (.73) 

Healthcare & r -.12 .04 -.13 -.15 .03 -.19 
Sanitation (p) (.43) (.79) (.39) (.34) (.84) (.23) 

Preparation & r .20 -.21 .27 .11 -.20 .26 
Distrib. Food (p) (.18) (.17) (.08) (.50) (.19) (.09) 

Income Gen- r -.25 .47 -.39 -.07 .46 -A1 
erating Activ (p) (.10) (.00) (.01) (.64) (.00) (.01) 

Home Improve- r .00 -.01 .01 -.03 .02 -.04 
ment (p) (.99) (.94) (.97) (.86) (.92) (.79) 

Agricultural r -.06 -.17 -.01 -.15 -.14 -.06 
Activities (p) (.70) (.26) (.95) (.? (.36) (.70) 

Animal care r -.03 .24 -.10 .07 .21 -.07 
(p) (.83) (.12) (.50) (.66) (.18) (.65) 

Walking r .02 .04 .00 .02 .03 -.00 
() (.92) (.79) (.98) (.92) (.87) (1.00) 

Running r -.06 .22 -.12 .00 .20 -.14 
(p) (.71) (.15) (.42) (.98) (.20) (.38) 

Transportation r -.20 .06 -.21 -.21 .06 -.28 
(P) (.20) (.69) (.16) (.18) (.69) (.07) 

(Continued) 
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TABLE 28.7 continued 

MEAN KCAL MEAN PROTEIN 
ACTIVITY TJOTAL, Animal Vegetable TOTAL Animal Vegetable 

Recreation r -. 12 -.05 -.11 -.15 -.02 -'.15 
(p) (.43) (.77) (.48) (.34) (,87) (.34) 

Craft Work r -.28 -.02 -.27 -.25 -.04 -.25 
(p) (.07) (.87) (.08) (.10) (.80) (.10) 

Eating r .16 .20 .10 .19 .24 .04 
(p) (.31) (.19) (.53) (.23) (.12) (.80) 

Sleeping r .04 .06 .03 .09 .07 .05 
(p) (.78) (.70) (.87) (.56) (.64) (.75) 

Resting r -.21 .23 -.28 -.12 .22 -.29 
Activities (p) (.17) (.14) (.07) (.44) (.16) (.06) 

TABLE 28.8 
WOMEN: CORRELATIONS OF PRINCIPAL ACTIVITY OF 10 MINUTE OBSERVATIONS AND MEAN 
DIETARY INTAKE DURING STUDY PERIOD (N=44) 

MEAN KCAL MEAN PROTEIN 
ACTIVITY TOTAL Animal Vegetable TOTAL Animal Vegetable 

Doing Nothing r -.29 -.35 -.18 -.34 -.35 -.13 
(p) (.06) (.02) (.23) (.02) (.02) (.40) 

Interacting r -. 18 -.10 -.16 -.22 -.07 -.19 
Verbally (p) (.25) (.72) (.29) (.15) (.64) (.21) 

Active Child r .25 .37 .14 .36 .35 .15 
Care (p) (.10) (.01) (.35) (.02) (.02) (.32) 

Passive Child r -. 14 -.25 -.07 -.18 -.24 -.02 
Care (p) (.35) (.10) (.65) (.25) (.11) (.88) 

Breastfeeding r .43 -.12 .47 .39 -.10 .51 
A Child (p) (.00) (.44) (.00) (.01) (.51) (.00) 

Domestic & Faro r .05 .13 .01 .08 .10 .02 
Maintenance (p) (.76) (.40) (.96) (.59) (.51) (.90) 

Healthcare& r -.07 -.03 -.06 -.13 -.03 -.12 
Sanitation (p) (.64) (.87) (.68) (.42) (.86). (.44) 

(Continued) 

260
 



TABLE 28.8 continued 

MEAN KCAL MEAN PROTEIN 
ACTIVITY TOTAL Animal Vegetable TOTAL Animal Vegetable 

Preparation & r .16 -.20 .22 .08 -.19 .23 
Distrib. Food (p) (.31) (.20) (.16) (.59) (.22) (.14) 

Income Gen- r -.24 .47 -.38 -.07 .45 -.40 
erating Aciv. (p) (.11) (.00) (.01) (.65) (.00) (.01) 

Home Improve- r .08 -.03 .09 .02 -.01 .03 
ment (p) (.60) (.83) (.56) (.88) (.97) (.85) 

Agricultural r -.03 -.19 .02 -.13 -.16 -.03 
Activities (p) (.84) (.23) (.88) (.39) (.30) (.83) 

Animal Care r -.05 .19 -.10 .04 .15 -.07 
(p) (.76) (.21) (.50) (.82) (.32) (.66) 

Walking r .08 -.21 .14 .01 -.21 .16 
(p) (.61) (.16) (.36) (.93) (.17) (.29) 

Transportation r -.15 .12 -.19 -.14 .10 -.23 
(p) (.33) (.42) (.22) (.35) (.50) (.13) 

Craft Work r -.27 .05 -.29 -.23 .00 -.25 
(p) (.07) (.76) (.06) (.14) (.98) (.10) 

Eating r .29 .19 .24 .30 .21 .19 
(p) (.05) (.21) (.12) (.05) (.18) (.23) 

Sleeping r -.06 .02 -.07 -.03 .02 -.05 
(p) (.68) (.91) (.65) (.85) (.89) (.76) 

Resting r -.14 .25 -.22 -.05 .23 -.22 
Activities (p) (.36) (.11) (.16) (.76) (.13) (.15) 

V.IMMARX 

Preliminary descriptive statistics on the preschooler - mother activity data found a number of significant correlations 
between activity patterns, anthropomctric and diet intake variables. These data suggest that body size of the preschooler 
and dietary intake of the preschooler and the mother may be an important predictor of activity patterns. Activity pat
terns in turn may prove to be an important indicator of nutritional status in the evaluation of individuals and popula
tions. 
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Chapter 29 

INTAKE, GROWTH AND MORBIDITY INPRESCHOOLERS 

1. ITRODUCTION
 

The relationship between ',he food intake of preschoolers and their growth and murbidity is one of the central questions 
investigated by the Nutrition CRSP. This chapter presents in-depth analyses of these relationships. 

Three different approaches are used to investigate the association between intake and growth. The first approach uses 
slopes of weight and length change between 18 and 30 months of age as measur,:s of growth, and compares these to 
food intake and morbidity data averaged over the s-me period. The second approach uses attained weight and length 
at 30 months of age as the outcome measures, and average food intake 2id morbidity experience during the previous 
12 months as predictors of attained size. Finally, an autoregression model is employed to investigate causal relation
ships, using food intake and morbidity ina previous one or three month period to predict weight and length in the sub
sequent one or three month period. 

A. Intake per KP Body Weight 

It was frequently necessary to express food intake on a per kg body weight basis, e.g. kcal/kg, g protein/kg, etc. Since 
body weight and food intake measures were rarely taken on the same day, and children grow rapidly, simple linear 
regressions of weight over time were fit for each preschooler so that body weight could be estimated on each day of 
food intake. This approach - in which weights are estimated by interpolation between the actual weights of each sub
ject -provides the closest estimate of the weight of each individual child. The approach is preferable to using the same, 
average sex-specific slope for all preschoolers, since there is large variatior among the individual weight slopes. 

Initially, weight data from all preschoolers with at least two weight measures between 18 months (547 days) and 30 
months (913 days) (N=141) were used to fit the simple regressions, and the resulting slopes (on an annual basis) and 
intercepts (at 18 months) were obtained. Extreme values of the slopes and intercepts only occurred when there was a 
combination of the following: a) only a few weight measures on a subject, and b) weight measures that were closely 
spaced.
 

In order to judge when the slope and intercept measures were sufficiently stable to permit weight prediction, plots were 
made of a) weight slope versus the interval between the first and last measures for each subject, b) slope versus the 
number of weight measures per subject, and c) slope versus the mean square error from the regression model. As a result 
of these plots, it was decided that slopes and intercepts were acceptable in those preschoolers who had at least two 
weight measures, when these were separated by 90 days or more. Of the 119 preschoolers that met these criteria, 
predicted weight at 18 months ranged from 6.04 kg to 13.17 kg, with an average of 9.47 kg. The annual weight change 
ranged from -3.55 kg per year to 5.81 kg per year, with an average of 2.16 kg per year. (Similar results were obtained 
when the criterion was at least 182 days between weight measures). 
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B.Effect of the Interviewer Change on Nutrient Intakes of Preschoolers 

Since the interviewer change inJanuary, 1985 resulted in significantly increased estimates of energy and protein intake
in three of the five communities participating at that time (Chapter 20), for the following analyses the decision was
made to use only the dietary data obtained after January i, 1985. Of the 110 preschoolers who were studied between 
18 and 30 months of age, 39 entered the study after January 1, 1985 and therefore had 12 months of dietary data col
lected after the iperviewer change. Data from these 39 children who had intake clata over a whole year were used in,
analyses of the rebtionship between food intake and the annual slope of growth. However, for ttsting .clationships be
tween growth and morbidity, and growth and maternal characteristics, with dietary variables excluded, analyses used
data from all 110 children studied between 18 and 30 months of age. Finally, for examining the relationship of food in
take to attained size, and in the autoregression models, all data collected after January 1, 1985 were used. As long as
there were at least four measures of food intake, and the child was weaned, the child was used as a subject in the analyses. 

H. APPROACH 1. RELATIONSHIP OF WEIGHT AND LENGTH SLOPES TO INTAKE AND MID 

A. Introduction 

A simple way to characterize growth over time is the rate of change of weight and length. This section examines the
relationship between intake, morbidity, and annual weight or length slopes. The hypothesis to be tested is that: 

The slope of weight and/or length between 18 and 30 months of age is related to food intake and/or
morbidity experience during the same period of time. 

The subjects are preschoolers who met the following criteria: were between 18 and 30 months of age; had at least two 
measures of weight separated by at least 90 days; or, two measures of length separated by at least 90 days; had at least
4 intake measures after Jan 1, 1985; and, had data on morbidity, matemal age, and anthropometry. 

Data on preschooler anthropometry, intake, and morbidity were summarized in terms of anal.yi variables and control 
variables. 

B. Vmlables 

1.Anthropometry Variables 

Analysis variables for preschooler anthropometry include the average weight (length), and slope of weight (length) (ex
pressed on an annual basis and estimated from simple linear regressions). Control variables for anthropometry include 
the. preschoolers age at average weight (length) measure, the number of days between the first and last weight (length)
measure, the number of weight (length) measures, and the square root of the mean square error (RMSE) from the linear
regression of weight (length) on age. The RMSE is included as an indicator of the variability in the growth rate of in
dividual children during the 12 month period. 

2. Intake Variables 

Analysis variables for intake were constructed as average daily intake during the 18-30 month age period. Only measures 
of intake made after January 1, 1985, and after weaning, were used in estimating the average intake of each individual. 
Variables used in the following analyses include: 
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i) kcal/day, g proteiR/day, 
ii) kcal and protein per kg body weight, with weight estimated on the day of food intake by simpleregres

sion of weight against time, 
iii) kcal and g protein from animal sources (explained in Chapter 6) 
iv) %kcal and %,protein from animal sources. 

Control intake variables included the preschooler's age at average intake measure and the number of intake measures. 

3. Morbidity Variables 

Morbidity analysis variables include the ratio of days ill over days observed, for the following illnesses: total illnesses, 
diarrhea, fever, acute lower respiratory, acute upper respiratory (excluding runny nose), and runny nose. It should be 
remembered that these morbidity variables are esimates of days ill, etc. (Chapter 22). Control morbidity variables are: 
the number of days of morbidity collection, the average age at morbidity measure, arid the number of months in which 
morbidity was measured. 

C. Number of Subjects 

A total of 110 preschoolers were in the longitudinal subset for possible inclusion in the analysis, of which 95 remained, 
after setting the criteria of two measures uken at least 90 days apart, for bot weight and length. An additional two pre
schoolers were excluded from the length analyses because the RMSE of their length slopes was 1,00, a value twice as 
high as that of the other individuals. Presumably, the high variability of these regressions was due to measurement error 
on one or more of the length measures. 

Analyses of weight and length slopes will be presented separately. Weight and length slopes were not significantly cor
related (r = 0.19, p = 0.07), although mean weight and mean length were highly correlated (r = 0.83, p < 0.001). The 
correla'ion of weight and length was slightly higher among females (r = 0.24, p = 0.11) than males (r = 0.12, p = 0.43). 
The weight slopes were not significantly different by sex (p = 0.52), although the length slopes showed evidence of a 
sex effect (p = 0.046), with females growing faster than males. 

Analyses of annual weight slopes are presented first, followed by analyses of length slopes. 

D. Annual Weight Change 

TABLE 29.1 
ANNUAL WEIGHT CHANGE OF MALE AND FEMALE PRESCHOOLERS 

Mean S.D. Median Min Max 25th 75th "" 
(kg/yr) %ile %ile 

All 2.13 .98 2.18 -0.67 3.93 1 2.92 

Male 2.06 .98 2.04 -0.67 3.91 1.39 2.87 

Female 2.19 .98 2.23 -0.35 3.93 1.78 3.00 

As shown in Table 29.1, using the weight change data of males and females combined, the mean annual weight change 
was 2.13 kg/year, with a range of -0.67 to 3.93 kg/year. Negative slopes were estimated for only one male and one 
female subject. Females grew significantly faster than males. 
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There were on average 11.6 weight measures per subject (range 4 to 17 measures). The median number of days between 
the first and last weight measu-ement was 309, and all subjects had at least 190 days between their first and last weight 
measur'lc. 

1. Correlations of Weight Slope with Age 

The average age at weight measure was calculated for each subject. The median age across all subjects was 247 months, 
and ranged from 22.9 months to 27.3 months. There was no evidence of differences in slopes by age at weaning. 
Correlation.; were calculated for weight slope with mean weight, average age at the time of weight measurement, in
terval between first and last weight measure, number of weight measures and root mean square error (RMSE) of a 
regression of weight on age. Correlations with mean weight and mean age at meastuement were statistically significant 
at the 0.05 level, with the strongest relationship being that between the RMSE and weight slope (Table 29.2). 

TABLE 29.2 
CORRELATION OF WEIGHT SLOPE WITH MEAN WEIGHT AND AGE AT WEIGHT MEASURE, IN-
TERVAL BETWEEN FIRST AND LAST WEIGHT MEASURE, NUMBER OF WEIGHT MEASURES, 
AND RMSE OF SLOPE. (N=95) 

Variable r p 

Mean Weight .19 .06 

Mean Age .22 .03* 

Interval between -.17 .09 
1st and last wL 

Number of weight -.14 .18 
measures 

Root MSE -.32 .001* 

*p<0.05 

These results indicate increasing weight slope with increasing average age at time of weight measurement, and suggest 
that the rate of change of weight may increase with age. The relationship of weight slope with age was still present con
trolling for mean weight (p = 0.05), supporting the hypothesis that weight slope increases with age, and that the increase 
cannot be explained simply by the faster growth of larger children. 

It also appears that larger children are growing at a faster rate; controlling for mean age at measurement, this relation
ship between mean weight slope and mean weight remained significant. 
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2. Effect of Age at Weaning on Weight Slope 

There was no significant correlation bc'.iween tie age at weaning and weight slope when male and female data wcre 
combined, or analyzed si-parately. 

3. The Variability of Weight Change and Annual Slope 

Weight slope was negatively correlated with the root mean square error (RMSE) of a regression of weight on age (r = 
-0.33, p = 0.001). A scatter plot of weight slope versus RMSE (Figure 29.1) illustrates that preschoolers with more vari
able weiht h:,v a lower rale of annual _rowtLi This relationship remained significant, even with control in multiple 
regression analyses for number of weight measures, number of days from first to last weight, sex, and average age at 
weight measure. A possible explanation for this relationship is that the more erratic growth patterns are caused by mor
bidity, which in turn results in poor growth. This hypothesis is examined later in this chapter. 

FIGURE 29.1. PLOT OF ANNUAL WEIGHT SLOPE VS RNISE 

Legend: A = I obs, B = 2 obs, etc. 
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4. Correlations of Weight Slope with Maternal Age and Size. 

Correlations of maternal age, matemal head circumference, maternal length, and maternal weight with preschoolers 
weight slope were all non-significant (p >.20). This suggests that maternal age and size had little influence on the in
crease in preschoolers' weight between 18 and 30 monihs of age. 

5. Descriptive Analysis of Food Intake Data 

Table 29.3 describes the average intakes of weaned preschoolers used in the slope anialyses, between 18 and 30 months 
of age. As explained above, all data were collected after January 1, 1985. Simple t-tests of male-female values for all 
intake variables showed that there were no significant sex differences in intake. For this reason, the following analyses 
used combined male and female data. 

On average, 19.9 diet measures were made on each subject (range 7 to 26), at an average age of 24.7 months (range
22.7 to 28 3 months). The mean intake was 104 kcal/kg, with only 13.6 % of the energy coming from animal sources. 
(This is very close to the 102 kcal/kg average when all dietary data - including those collected prior to January 1985 
were used on the 95 preschoolers. It is probable that all dietary data are useable from preschoolers, but this remains to 
be verified). Protein intake averaged 3.2 g/kg. 

TABLE 29.3 
DIETARY DATA OF PRESCHOOLERS 

AVERAGE INTAKES (N=36) 
Mean Min Max S.D. 

Kcal/d 
Total 1085 624 1664 269 
Animal 140 31 443 89 

G Protein/d 
Total 33 18 47 8 
Animal 10 3 29 6 

Kcal/kg 
Total 104 52 .62 28 
Animal 13.2 3.4 36.2 7.5 

G Protein/kg: 
Total 3.2 1.7 4.6 0.8 
Animal 0.9 0.3 2.4 0.5 

% animal kcal 13.6 3. 1 48.1 9.5 
% animal protein 29.0 10.0 75.9 15.1 

6. Intake by Age and Number of Measures 

Correlations were calculated between intake and the number of diet measures, and mean age at diet measure (Table 
29.4). Intake from animal sources was higher in those children who had more diet measures, and whose mean age ot 
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measurement was lower. One interpretation of these associations is that younger preschoolers consumed relatively more 
animal foods than older preschoolers. 

TABLE 29.4 
CORRELATION OF INTAKE WITH NUMBER OF DIET MEASURES AND MEAN AGE AT MEASURE 
(N=36) 

#of Diet P Average P 
Measures Value Age Value 

Total kcal .174 .309 -.039 .820 
Animal kcal .330 .049* -.270 .111 
Protein, g .213 .212 -.048 .783 
Animal protein, g .336 .045* -.272 .108 

Kcal/kg: 
Total .242 .156 -. 117 A96 
Animal .396 .017* -.334 .046* 

Protein g/kg: 
Total .299 .076 -.143 .407 
Animal .399 .047* -.333 .047* 

% Animal kcal .257 .129 -.242 .155 
% Animal protein .281 .097 -.300 .078 

"p< 0.05 

7. Slope and intake 

As shown in Table 29.5, there are a number of significant correlations between intake from animal sources and weight
slope. The average consumption of energy and protein from animal sortres, and the percent of total energy and protein 
consumed in animal products, were significantly correlated with weight slope. In contrast, neither total energy nor total 
protein consumed were correlated with the weight slope. 

Additional aaalyses were performed to examine possible relationships of intake with weight slope, controlling for the 
number of intake measures. The intake of animal kcal and animal protein were positively related (p = 0.01) to weight 
slope, after controlling for the number of diet measures. The same was true of animal kcal/kg (p = 0.03) and animal 
protein/kg (p = 0.02), and percent kcal and protein from animal sources (p = 0.04 and 0.03 respectively). Similarly, all 
animal variables were positively related to weight slope, after control for age. Correlations between the other diet vari
ables in Table 29.5 and weight slope remained non-significant, when controlled for number of diet meatures and mean 
age at measurement. 
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TABLE 29.5
 
CORRELATIONS OF INTAKE VARIABLES WITH WEIGHT SL3PE (N=36)
 

Correlation p-value 

Total kcal .15 .38
 
Animal kcal 
 .37 .02*
 
Protein, g .21 
 .21
 
Animal protein, g .39 
 .02* 

Kcal/kg: 
Total -.04 .83
 
Animal .32 .05*
 

Protein g/kg: 
Total .00 .99 
Animal .33 .05* 

% Animal kcal .35 .03* 

% Animal protein .35 .03* 

p<0.05 

Figure 29.2 provides a plot of weight slope against the intake of animal kcal per kg body weight. 

FIGURE 29.2: PLOT OF WEIGHT SLOPE vs ANIMAL KCAL/KG 

Legend: A:: I obs, B = 2 obs, etc. 
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8. Weight Slope and Social and Enviionmental Variables 

For the group of 36 children that had 12 months of food intake data after January 1, 1985, significant correlations were 
found between weight slope and the number of teenage women in the household (r = -0.37, p = 0.03), and between 
slope and the literacy (litiente , s illiterate) of he mnother (r = 0.41, p = 0.C 1). Thus, the more rapidly growing children 
had more literate mothers; the growth rates were 2.27 kg!' r for the itie group vs 1.52 kg/yr for children of illiterate 
mothers. There no significant correlations between weignt slop- and SocioeconomliC status, fLnily size, numiber of 
children unler 12 %,ears,mother's age, or with any sanitation or "appearance" (cleanliness) variaiblcs. 

Since maternal literacy was strongly associated with the weight slope of the child, the question was whether the cor
relation might be e plained by tdh p00rcr diets of children i households With lc.,s literate women. The intakes of ener
gy and protcin fiom animal sources were tound to be corrclated w ,h socioeconomic status (r = 0.4-1, p = 0 009 for 
energy and r = 0.42, p = 0.01 for protein, respecti ely'), as well as with inaternal 'iteracy (r G.3(, p = 0.03 and r = 0.33, 
p = 0.05, respectively). 

There is a dramatic difference in ie :amount of animal foo4ds consuticd by the children of literate (N=26) vs illiterate 
(N=8) mothers. In the case e animial kcal, mea intakc wa., 159 v, 83 kcal; while for percent of kcal from animal sour
ces, it was 16 vs 7%, respectively. 

Multiple regression models were used to test the assoc iation hetween veight slope and animmal intake variables, while 
controlling for the number of diet mcasures and matenial literacy. Even after controlling for these variables, the follow
ing dietary variables were significantly positively related to weight slope: animal kcai (p = 0 02), animal kcal/kg (p = 

0.02), animal protein q) = 0.01), animal protein/kg (p = 0.02), and the percenTL kcal (p = 0.03) and protein (p = 0.01) 
from animal source:;. No other diet varibles were related to slope in these moXJCls. Thus, both naternl literacy and the 
intake of animal foods are important correlates of preschooler weight slope. 

In the entire sample of preschoolers (N=88), there was a weak negative correlation between weight slope and external 
sanitation (r = 0.17, p = 0.1 1). Length slope correlatt with the appearance of the young child (r = 0.22, p = 0.04). Ad
ditional multiple regression models were ih'icfore ftt for weight slope vs intake variables in the greup of 36 children 
with dietary daia after Jarniuay 1, 1985, simultaneously controlling for the number of diet measures, external s;anitation, 
and the appearance of the young child. Again, all variables that measured the intake of animal -oods remained sig
nificantly correlated widt weight slope, after controlling for the other variables. Associations with measures of total 
energy and protein intake remained rion-significant. 

9. Weight Slope and Morbidity 

The following analysis explores the relationship between weight slope and morbidity. Since dietary variables are not 
included, slopes and morbidity data from the 95 weaned children between 18 and 30 months of age are used in these 
analyses. 

The mean number of days that morbidity data were collected for asubject. was 297, with a minimum of 166 and a max
imum of 351. In general, the number of days ill reported will underestimate the actual number of days ill in the popula

ion, due to the methodology used in the study (as explained in Chapter 22). Thirty seven of the 48 (77%) males and 
the same number of the 47 (79%) females reported some illness over the year. 

Rank correlations of the percent of days ill (i.e. % of days observed that a preschooler was ill) with specific illnesses 
were evaluated against weight slopes. Rank correlations were used because of the skewness of the morbidity data that 
occurred because many children had no illness. However, use of simple linear regressions produced a virtullly identi. 
cal pattern of significant associations. 

The only illness that was significantly correlated with weight slope was diarrhea; preschoolers with more diarrhea grew 
less (Table 29.6). 
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TABLE 29.6 
CORRELATIONS OF WEIGHT SLOPE WITH MORBIDITY (N=95) 

%of days ill Correlation p-value 

Total -.04 .71 
Diarrhea -.27 .007* 
Fever .05 .62 
Lower respiratory -.004 .97 
Upper respiratory -.02 .86 
Runny nose -.005 .96 

" p <6.1 

10. Weight Slope and Morbidty.-ANOVA 

One way analysis of variance was used to examine differences Ln annual weight slopes for (male) preschoolers who 
reported an illness vs. those who did not report an illness. The results are summarized in Table 29.7. 

TABLE 29.7
 
MEAN ANNUAL WEIGHT SLOPE BY PRESENCE OR ABSENCE OF ILLNESS SYMTOMS (N=95)
 

Mean Annual Weight Slope (kg/yr) 

Symptom 
NoSymtom 
n Mean 

Some Symptom 
n Mean p-value 

Any Iflness 21 1.97 74 2.16 0.42 
Runny Nose 43 2.10 52 2.15 0.82 
Lower Resp. 51 2.10 44 2.16 0.76 
Fever 63 2.12 32 2.13 0.96 
Diarrhea 54 2.33 41 1.85 0.02* 
Upper Resp. 83 2.13 12 2.06 0.82 

"p<0.05 

Mean weight slopes are lower for those preschoolers who had at least one episode of diarrhea. 

It was hypothesized that diarrhea episodes might cause erratic growth, which would be refletLed in the estimate of the 
root mean square error (RMSE) of the linear regression of weight on age. InTable 29.2 above, RMSE was shown to be 
negatively correlated with weight slope for the entire group of children (N=95), although the correlation was not sig
nificant in the smaller group used for diet analyses. To test the hypothesis, RMSE values were tested in a simple linear 
correlation against !he percent of days that each preschooler had diarrhea. The association was significant (r = -0.36, p 
= 0.03) in the smaller group (N=36), and remained negative but vs non-significant in the larger group (N=95). 

An even szronger association was noted between RMSE of weight slope and a number of diet variables, including total 
kcal and protein, and kcal/kg and protein/kg (all approximately r = 0.40, p= 0.20). The association was also significant 
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with some animal intake variables, i.e. animal kral and protein per kg body weight (r = 0.28 and 0.34, p = 0.09 and 
0.04), but not others such as the total and percentage of kcal from animal sources. 

It would therefore appear that diarrhea is associated with 1k_. erratic growth (but only in the smaller sample of children), 
while a higher food intake is associated with r grow,0 variability. There is no obvious explanation for these surpris
ing relationships. However, growth is variabie even in healthy, well-nourished children and it is conceivable that diar
rhea attenuates this variability. 

11. Inter-relationships among Weight Slope, Intake, and Morbidity. 

The above analyses show that weight slope is positively related to the intake of animal sources of energy and protein, 
and nega-.ively related to diarrhea. A multiple regression model was used to examine the effect of animal food intake 
controlling for the percent of days that a child had diarrhea. All animal intake variables remained significantly corre
lated with weight slope when c !trolling fur diarrhea. Thus, the relationship between the consumption of animal 
products and growth cannot be explained by a lower intake of these foods by children with diarrhea. In addition, no 
significant correlations were found between any diet variable and the percent of days ill with diarrhea. 

When diarrhea was expressc a dichotomous variable (i.e. either the child had diarrhea during the study or he/she 
did not), a different picture e,r - ,es. Controlling for diarrhea eliminates the effect of all the diet variables, suggesting 
that intake and diarrhea (dichotemized) are sufficiently related so that there is no variance left between slope and in
take. The effect of diarrhea on slope is over and above that of intake. 

T-tests of tle presence or absence of diarrhea against the intake of animal foods show that children who had at least one 
diarrhea , vent had significantly less (p < 0.05) animal kcal (106 vs 171 kcal/day), animal protein (7.8 vs 12.2 g/day), 
animd kcal/kg (10 vs 16 kcal/kg), animal protein/kg (0.8 vs 1.1 g/kg), ana a marginally lower percentage of kcal (10.9 
vs 16.1 %) and protein (24.3 vs 33.2 %) from animal sources (p < 0.10). No such differences were seen in the intake of 
total kcal and protein. One interpretation of the negative relationship between the intake of animal foods and the presence 
of diarrhea is that children who consume less of these foods are more susceptible to diarrhea, or have environments as
sociated with a greater risk of diarrhea. An alternative interpretation is that children consume iess animal foods when 
they have diarrhea; this explanation is less probab!e since there was a very small chance that food intake was measured 
during the actual diarrhea! events. 

E. Annual LeLghjiaa 

Table 29.8 illustrates the annual length slopes for male and female preschoolers, separately and combined. 

TABLE 29.8 
ANNUAL LENGTH SLOPES OF MALE AND FEMALE PRESCHOOLERS 

N 	 Mean S.D. Median Min Max 25th 75th 
(cm/yr) %ile %ile 

All 	 95 8.85 2.63 8.95 3.16 14.91 6.98 10.44 

Male 	 48 8.32 2.63 8.05 3.35 14.07 6.47 10.24 

Female 	 47 9.40 2.54 9.30 3.16 14.91 8.26 10.67 
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Using the length change data of males and females combined, the mean annual leagth slope wzs 8.85 cm/year, with a 
range of 3.16 to 14.91 cm/year. On average, there were 3.85 (median 4.0) measures per subject, with a range of 3 to 6 
measures. The median number of days between the first and last measure was 267 'mean 261), with a minimum of 142 
and a maximum of 357 days. Median and mean age at length measure was 24.3 months, with a range of 21.4 to 26.4 
months. 

The average female slope was significantly greater than that of males. Inan analysi of variance, controlling for mean 
length, mean age at length measure, number of length measures, interval between the first and last measure, and the 
RMSE of length slope, the sex effect remained marginally significant at p < 0.10. Thus, none of the variables tested 
clearly accounted for the sex difference. 

1.Slope and Maternal Characteristics 

There was no evidence of correlation of length slope with maternal age or head circumference. Maternal height had a 
low correlation with length slope (r = 0.14, p =0.17), as did maternal weight (r= 0.16,,p = 0.12). 

2. Slope and Age, and Number of Measures 

Length slope was not significantly correlated with the preschooler's age at the time of mean length measure, the value 
of mean length, the number of days between the first and last length measure, the number of length measures, or the 
root mean square error of the regression of length on age (Table 29.9). 

TABLE 29.9 
CORRELATION OF LENGTH SLOPE WITH MEAN LENGTH, MEAN AGE AT MEASUREMENT, IN-
TERVAL BETWEEN FIRST AND LAST MEASURE, NUMBER OF MEASURES, AND RMSE OF SLOPE 
LENGTH (N=77) 

Variable r p 

Mean Length .00 .96 

Mean Age -.06 .60 
Interval between 1st and last ht. -.04 .72 

Number of length measures -.07 .52 

Root MSE -.13 .22 

3. Slope and. Intake 

Intake data have been summarized in Table 29.3. The relationship of intake and length slope was evaluated for the 
weaned subjects who had 12 months of food intake data after January 1, 1985. As shown in Table 29.10, the relation
ships between length slope and intake show a similar pattern to those between weight slope and intake (Table 29.5).
Again, there is no association between total energy or total protein intake and length slope. There are significant cor
relations between length slope and the percentage of animal kcal and protein, although the other animal variables show 
a weaker relationship with length slope than they did with weight slope. 
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TABLE 29.10
 
CORRELATIONS OF INTAKE VARIABLES WITH LENGTH SLOPE (N=36)
 

Correlation p-value 

Total kcal -.19 .25 
Animal kcal .29 .08 
Protein, g -.17 .32 
Animal protein, g .27 .11 

Kcal/kg: 
Total -.17 .33 
Animal .27 .11 

Protein g/kg: 
Total -.17 .31 
Animal .25 .15 

% Animal kcal .35 .04* 

%Animal protein .33 .05* 

*p< 0.05 

4. Length Slope arid Social and Environmental Variables 

In the entire sample of preschoolers (N=95), length slope was correlated with mother's literacy (r = 0.29, 1,- 0.008),
and with external sanitation of the house (r = 0.22, p = 0.04). No significant associations were found with any other 
variables that measured household demographics, socioeconomic status, mother's age, sanitation, or the cleavliness of 
the mother and children. 

Thus, as with weight slope, literate mothers have preschoolers who grow faster than those of illiterate women. Increase 
in length averaged 9.7 cm/yr for children of literate mothers, compared to 7.7 cm/yr when me mother was illiterate. The 
significant correlation with maternal literacy persisted even in the smaller group used for diet analyses (r = 0.35, p 
0.04, N = 35). 

Controiling for the external sanitation of the household and the appearance of the young child, the only diet variables 
to be significantly related to length slope were percent of kcal (p = 0.04) and percent of protein from animal sources (p 
= 0.05). 

S.Slope and Morbidity 

There were no significant correlations between the percent of days ill with any illness and length slope (Table 29.11).
Table 29.12 also shows a lack of a relationship between morbidity variables and length slope when each illness was 
coded either as having occurred at least once, or not at all during the period of study. Difference in root mean square 
error of length measures comparing presence/absence of morbidity was examined, using one way analysis of variance. 
There were no significant differences inroot mean square error for any symptoms. 
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TABLE 29.11
 
CORRELATIONS OF LENGTH SLOPE WITH % DAYS ILL (N=95)
 

%of days ill Correlation p-value 

Total -.05 .64 
Diarrhea -.05 .66 
Fever -.07 .52 
Lower respiratory -.10 .33 
Upper respiratory -.02 .86 
Runny nose -.03 .81 

TABLE 29.12
 
MEAN ANNUAL LENGTH SLOPE BY PRESENCE OR ABSENCE OF ILLNESS SYMPTOMS (N=95)
 

Mean Annual Length Slope(cm/yr)
Symptom No Symptom Some Symptom p-value* 

Any Illn',cs 8.79 8.87 0.897 
Runny Nose 8.76 8.93 0.758 
Lower Resp. 8.57 9.17 0.268 
Fever 8.99 8.62 0.545 
Diarrhea 8.83 8.87 0.948 
Upper Resp. 8.86 8.76 0.90i 

* One way analysis of variance 

6. Summary of Slopes Models 

There was a large amount of inter-individval variability in both the weight and the length slopes ofpreschoolers. Children 
who consumed more animal kcal and protein, and had diets with a higher percentage of animal foods, grew faster as 
reflected in their higher weigh- and length slopes, but the association was weaker with length than with weight. Total 
energy and protein iatakes from all sources were not associated with growth in weight or length. Children with more 
diarrhea had a lower weight slope. When children were categorized according to the presence or absence of diarrhea 
between 18 ant' 30 months, it eged that chil&n who had suffeied di ,,hea consumed less animal products but not 
less total energy or protein. However, the percent of days that children had diarrhea was not associated with the intake 
of anii;al foods. Length slopes were not related to the prescnce or absence of diarrhea or to the percent of days ill with 
this condition. 

Weight and length s!opes were steeper in the children of more literate mothers, who fed their children more animal 
products. Neither weight nor length slopes were associated with socioeconomic status, family size variables, or 
household sanitation and child care scores, excpt for a positive relationship between external sanitation of the household 
and length slope. 
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Ill. APPROACH 2: RELAT7ONSHIP OFATTAINED WEIG .TA,N LENGTH AT 30 MONTHS TO INTAKE 
A .MQRIr3TDITy 

A.Inrfadurai.=
 

In this analysis, the outcome is attined weight or length at 30 months of age. The hypothesis to be tested is: 

weight and/or length at 30 months of age are related to food intake and morbidity experience during 
the previous 12 months 

B.Variales 

1.Anthropometry Variables 

Analysis variables for anthropometry include the average weight (length). and the Z score for weight (length) closest 
to 30 months of age. The Z score, calculated from NCHS standards for age in days (Chapter 7), was used to correct for 
the age of the child at which the measure was made. Awindow of± 45 days from 30 months was permitted. When two 
or more measures existed within this window, the measure closest to 30 months was used. The age when the measures 
used in the Z scores were recorded (as number of days difference from 30 months) was used as a control variable. 

2.Intake Variables 

Analysis variables for intake were again constructed as average daily intake during the 18-30 month age period. Only 
measures of intake made after January 1,1985, and after weaning, were used in estimating the average intake of each 
individual. Variables used in the following analyses were the same as used in the slope model, and include

i) kcal/day, g protein/day, 
ii) kcal and protein per kg body weight, with weight estimated on the day of food intake by simple regres

sion of weight against time, 
iii) kcal and g protein from animal sources, 
iv) %kcal and %protein from anima sources. 

Control intake variables included the preschooler's age at average intake measure, and the number of intake measures. 

3. Morbidity Variables 

Morbidity analysis variables include the ratio of days ill over days observed, for the following illnesses: total illnesses, 
diarrhea, fever, acute lower respiratory, acute upper respiratory (excluding runny nose), and runny nose. Control mor,. 
bidity variables are: the number of days of morbidity collection, the average age at morbidity measure, and the nu
ber of months in which morbidity was measured. 

£Ljumber of Subiects 

A total of 110 preschoolers were in the longitudinal subset for possible inclusion in the analysis, of which 107 had 
weight measures within ± 45 days of 30 months, and 102 had length measures. 

D. Description of the Z Scores 

Analyses of the weight and length data will be presented together. Weight and length Z scores were highly correlated 
(r= 0.81, p = 0.001). 
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TABLE 29.13 
Z SCORES FOR WEIGHT AND LENGTH AT 30 MONTHS 

Mean S.D. Minimum Maximum Mean # Days 
From 30 Mths 

Weight -1.25 0.90 -3.02 0.98 -18.24 
Length -1.86 1.02 -3.68 0.68 -40.14 

Table 29.13 illustrates that on average the children were well below the NCHS standards for weight, and especially for
length, at 30 months of ap. The attained weight Z was measured on average at 18 days before 30 months (range
-41 to +9days), while length was te; 3,1e!avs on average before 30 months (range -90 to +9 days). The., was no sig
nificant correlation between the attained Z score and the number of days from the child's 30-month birthday, so that 
time of measurement should not confound the interpretation of the analyses. 

E, Correlaon ahe with Attained Weight and Lelgh 

lae average food intake values for this group of preschoolers are virtually identical to those presented in Table 29.3.
There were 85 preschoolers with diet data between the age of 18 and 30 months after weaning, and after Jaruary 1,
1985. The mean age at which food intake was measuied was 26.0 months. For each child, age at mean date of diet 
measure was used as a control variable in multiple regression analyses to control for the fact that children were dif
ferent ages on January 1,1985. Attained weight ,.id length scores were not significantly conelated with age at mean 
date of food intake measurement. Average energy intudes were 1094 ± 282 kcal/day, and mean protein intakes were 
33.1 ± 8.4 g/day. 

Table 29.14 shows the correlations of average food intake measures between 18 and 30 months with attained weight
and length closest to 30 months. 

The associations between attained size and intuke are similar to those between growth slopes and intake (Approach I).
Total energy and protein intakes were not associated with size at 30 months, but intakes from animal sources were sig
nificantly correlated with attained weight and length. An intriguing outcome of analyses presented in Table 29.14 is the
st.-ongly negative con-elation between attained size, and energy and protein intakes, expressed per kg body weight. In
addition, the association between Z scores and the consumption of energy and protein from animal sources changes
from a significant positive correlation to one that i. non-sinificant. The following section explores some possible ex
planations for these relationships. 
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TABLE 29.14 
CORRELATIONS OF INTAKE VARIABLES WITH WEIGHT AND LENGTH Z SCORES 

WEIGHTZ SCORE LENGTH Z SCORE
 
(N=85) (N=82)
 

Correlation Correlation
 

Total kcal -.05 -.07
 
Animal kcal .29* .31*
 
Protein, g -.01 -.02
 

-.25t
Animal protein, g .25' 

Kcal/kg: 
Total -.38* -.36* 
Animal .17 .20 

Grams protein/kg: 
Total -.33* -.33; 
Animal .11 .11 

%Animal kcal .30* .30* 

%Animal protein .28t .27 t 

*p< 0.01 
tp<0.05 
t p < 0.001 

1.The Relationship Betweer Current Intake and Body Weight 

The first possibility explored wia that the negative associations between attained size and kcal or protein intake, ex
pressed per kg body weight, could be explained by the fact that the intake of preschoolers is unrelated to their body
weight. If this isso, then expressing intake on a pet kg basis would cause the intake of larger children to be anificially 
low, thus resulting in a negati e correlation between intake per kg and size. 

Toddlers were grouped by quartiles according to their 1P month weight (and length) and their 24 month weight (and 
length). These groupings were based on the following classifications: 

18 month group 24 month groups 

Weight (kg) Length (cm) Weight (kg) Length (cm) 
<8.85 <72.75 <10 <77 

8.85 - 9.40 72.75 - 75 10 -10.5 77 - 79.5 
9.40- 10.14 75 -77 10.5- 11.25 79.5-82 

10.14+ 77+ 11.25+ 82+ 

,"he mean intake of each quartile at 18 and 24 months was calculated. The results at 18 months and 24 months were 
similar, and the 18 month values are shown in Table 29.15. 
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TABLE 29.15 
MEAN INTAKE BETWEEN 18 AND 30 MONTHS BY WEIGHT QUARTILE AT 18 MONTHS 

18 month mean weight kcl/day kcaVkg animal animal 
quartile (kg) kcal/day kcal/kg 

1 8.1 1179 120 96 9.7 
2 9.1 1079 102 108 10.4 
3 9.8 1060 97 121 10.9 
4 i0.9 1087 89 162 13.3 

From Table 29.15, it appears that the average daily intake of kcal between 18 and 30 months bears no relationship to 
weight quartile position at 18 months, whereas the daily intake of animal kcal increases by each quartile. It follows that 
expressing kcal intake on a per kg basis will produce apparently lower intakes in the larger children and a negative cor
relation with body size. However, the intake of animal kcal is sufficiently high in the upper quartile children that this 
variable remains positively associated with size, when expressed on a per kg basis. 

The relationships between the food intake variables (as mean intakes for the 18 to 30 month period) and Z scores at 30 
months were re-examined, controlling for weight at 18 and 24 months in a rcrss:ion analysis. The results are presented 
in Table 29.16, and should be compared with those inTable 29.14. 

When the effect of previous size is controlled, there is no longer a negative relationship between kcal and protein in
take per kg body weight and attained Z scores. The generally positive associations ofaiimal foods with higher attained 
size at 30 months persists, especially with attained weight. Although ihis association is weaker (compared to the analysis 
in Table 29.14) when previous weight is controlled, there must be some additional contribution of animal food intake 
to attained size at 30 months, over and above any effect it had on size at 18 months. 

TABLE 29.16 
SUMMARY P VALUES OF REGRESSION COEFFICIENTS OBTANED BY ANALYSES OF INTAKE vs 
30 MONTH Z SCORES CONTROLLING FOR PREVIOUS WEIGHT AND LENGTH AT 18 AND 24 
MONTHS 

30 month weight Z 30 month length Z 
Controlling for 18 mth 24 mth 18 mth 24 mth 

wE wt ht ht 

Kcal/day 0.989 0.898 0.794 + 0.090 
Protein, g/day 0.361 0.510 0.653 + 0.049* 
Kcal/kg 0.152 0.898 0.230 0.404 
Protein/kg 0.565 0.700 0.319 0.269 
Animal kcal + 0.075 0.606 + 0.046* + 0.088 
Animal protein + 0.048* 0.606 + 0.064 + 0.098 
Animal kcallkg 0.179 0.610 0.144 0,185 
Animal i otein/kg 0.142 0.626 0.209 0.213 
%anima! kcal + 0.044* 0.778 + 0.099 0.404 
%animal protein + 0.025* 0.819 + 0.084 0.455 

+ = regression coefficient positive and significant; * p < 0.05 
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The most probable explanation for these relationships is that the size of the children isprimarily determined prior to 18
months of age, and that the dietary pattern and quality that is associated with size at 18 months is continued through
the 18 to 30 month period. Additional analyses of the importance or size at 18 months are presented in a subsequent 
secion of this chapter. 

2. Correlations of Attained Size with Morbidity 

This analysis was conducted on data from de 102 preschoolers who had weight Z scores, and 96 who had length Z 
scores close to 30 months (Table 29.17). From the rank correlations, it appears that the tendency is for children who
have more total illness, fever, and runny nose between 18 and 30 months to be heavier and taller at 30 months of age.
Diarrhea was not associated with attained size when expressed as %of days ill, nor when scored as the presence or ab
sence of one or more episodes of diarrhea. 

While there is no definitive explanation of these relationships between annual morbidity and attained size at 30 months,
it bears repeating that size at 30 months is a reflection of growth over 30 months, and that it is predicted by size at 18
months. Thus, the impact of diarrhea between 18 and 30 months on size attained at 30 months may be small and dif
ficult to detect. The role of size at 18 months is explored in the following section. 

TABLE 29.17
 
RANK CORRELATIONS OF WEIGHT AND LENGTH Z SCORES WITH % DAYS ILL
 

WEIGHT Z SCORE LENGTH Z SCORE 
(N=92) (N=87)

%of days ill r p-value r p-value 

Total .16 .12 .29 .006* 
Diarrhea -.03 .78 .11 .30
 
Fever .27 .008* .26 .01*
 
Lower respiratory .07 .53 
 .19 .07
 
Upper respiratory .04 .67 .14 .21
 
Runny nose 
 .18 .09 .25 .02' 

*p< 0.0l
 
tp <0.05.
 

3. The Importance of Body Size at 18 Months of Age 

The purpose of the preliminary analyses presented in this section is to determine the extent to which size at 18 months 
- and environmental variables related to this - explains attained size at 30 months. Itthere is a strong association be
tween earlier and later size, it will be more difficult to see the effect of morbidity and food intake on attained size at 30
months. Attained size reflects the cumulative experience of the child, and compared to weight and length slopes (ex
amined in the slope models above) or short-term changes in weight or length (used in the autoregression model presented
later in this chapter), it will be relatively insensitive to diet and morbidity during the 18 to 30 month period of the child's 
life. 

Weight at 18.0 months was estimated by interpolation from the regression equation derived from subjects' available 
weight data during the 18-30 month window. The correlation between estimated weight at 18 months and the Z score 
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for weij, jA months was 0.68 (p< 0.001), while the relationship between length at the same ages and attained Z 
score fo: .ngth showed a correlation of 0.77 (p <0.001). Thus, 18 month size is a strong predictor of 30 month size. 

Each subjects' weight and length quartiles at 18 months were tabulated against these quartiles at 24 months inorder to
evaluate the extent of change in quartile position over time. The quartile tables indicated a fair degree of tracking, with 
about 60% of the subjects maintaining their relative quartile positions between 18 and 24 months. For example, com
paring weight quartile at 18 months with weight quartile at 24 months, 19% of 103 preschoolers increased, and 18% 
decreased their quartile position at 24 months, while the remainder stayed in the same quartile. These quartile variables 
were used as the indicators in plots o. attained weight and length versus intake. Figure 29.3 isa plot of weight Z score 
at 30 months vs the intake of animal kcalkg, showing the quartile position of each child at 24 months. 

It is apparent from this plot that the relative quartile position at 24 months tends to be retained at 30 months. Those
children in the lowest quartiles at 24 months had the lowest intake of animal kcal per kg, and the lowest Z scores at 30
months. A.similar pattern was seen for all of tie other animal variables, whereas the total kcal and protein values were 
not associated with either weight quartile at 24 months or Z score at 30 months. 

FIGURE 29.3: PLOT OF ANINIAL KCAL/KG vs 30-MONTH WEIGHT Z SCORE, SHOWING WEIGHT 
QUARTILE AT 24 MONTHS 

30 	MONTH Z
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1= lowest quartile at 24 months, 2 = next highest quartile etc. 
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4. Correlations Between Attained Weighi and Length, and Environmental Variables 

In order to further explore the relationships between food intake, morbidity and attained size at 30 months, a number 
of other independent variables were tested in simple correlations against the Z scores. Variables that showed no cor
relation with attained size included: family size, number of adult or teenage women, maternal age, and external sanita
ion. Those variables that were significantly associated with 30-month Z scores are shown in Table 29.18. 

It is evident that those children who are small at 30 months of age are more likely to come from poorer homes, homes 
with more children under 12 years of age, homes in which the mother is illiterate, and where there is less sanitation and 
child care. 

TABLE 29.18 
CORRELATIONS BETWEEN ATTAINED VEIGHT AND LENGTH AT 30 MONTIS WVITH ENVIRON-
MENTAL VARIABLES 

Variable Weight Z Length Z 

(N=86) (N=82) 

Number of children -.23* -.21 
Mothers literacy .25* .3 2 t 
Internal sanitation .30t .3 1t 
Socioeconomic status .31t .36t 
Schooler's appearance .31t .3 2 t 
Mother's appearance .34 t .401 

Youngest's appearance .41 .45* 

* p < 0.05 

t p < 0.01 

1:p < 0.001 

The sanitation and appearance variables shown in Table 29.18 were all correlated with each other (p < 0.001), so that 
in future models one of these may suffice to represent the others. Interestingly, a principal component analysis showed 
that socioeconomic status, literacy, and number of children were correlated with different variables from the sanitation 
component, indicating that they were measuring different sources of Z score variability. 

Table 29.19 provides more detail of the strong associations between conditions in the child's environment and the in
take of animal foods. 



TABLE 29.19 
CORRELATIONS OF ENVIRONMENTAL VARIABLES WITH INTAKE 

animal animal %animal %animal 
kcal kcal/kg kcal protein 

SES .490* .454* .521* .225 
Mothers literacy .252* .249* .288* .3 3 1t 
Internal sanit 
Mother's appear. 

.246* 

.34 9 t 
.204 
.316 t 

.257* 

.3 2 2 t 
.3 05 t 
.362t 

Schoolers appear .316' .267* .319t .378* 

Sp < 0.05 

t P <0.01 

* p< 0.001 

As shown in Table 29.20, an initially contradictor-y relationship emerged between the number of children in the 
household and the intake and attained size variables. 

TABLE 29.20 
CORRELATIONS BETWEEN THE NUMBER OF CHILDREN IN HOUSEHOLD, INTAKE AND 30-
MONTH Z SCORES (N=88) 

Weight Length Hof 
Z Z children 

#children -.2291 -.208 1.00 
Kcal -.050 -.069 .113 
Protein .006 -.024 .110 
Kcal/kg -.380' -.3 6 4 t .233* 
Pr-otein/kg .332- ..326 t .250* 

* p<0.0 5 

tp<0.001
 

These correlations might be interpreted as indicating that preschoolers from families with more children are lighter and 
shorter at 30 months, but consume more energy and protein per kg. While these results appear to be contradictory, they 
can be explained by the fact that the 18 month weights of the preschoolers from families with more children a.e already
low. As indicated by analyses in the preceding sections of this chapter, on average these smaller preschoolers remain 
small at 24 and 30 months, but consume the same total kcal and piotein per day as larger children. Therefore, between 
18 and 30 month-, there is a negative correlation between daily kcal and protein intake per kg body weight and attained 
size at 30 months. 

Once 18 month weight or 24 month weight was controlled for in multiple regression analyses, there was no relation
ship between attained weight or length at 30 months and the number of children in the household. Since the number of 
children was negatively correlated with 18 month weight and length, the effect of the number of children on attained 
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size must have occurred prior to 18 months of age. Future analyses will attempt to determine whether this is attributable 
to parity or to worse dietary and environmental conditions in ,he households with more children. 

IV, APPROACH I: THE AUTOREGRESSION MODEL 

A. Itruidaluium 

Autoregression miodels are used here to explore the short-term relationships between weight in the current month and 
nutrient intake and morbidity in the previous month. For length, a similar model is used to examine the relationship be
iween length in the current three months and intake and morbidity in the previous threc months. Longer periods were 
necessary in the length model because there were fewer length measures on the children. Finally, three-month models 
were also tested on weight in order to compare the results with those of the three-month length model. 

From a biological perspective these models can be conceived of as a way to predict size in the current time period (1 
or 3 months) from events (illness ajnd intake) that occurred in the previous time period. Thus, they are an attempt to 
define a causal relationship between weight (length) and events in the recent pas,. This contrasts to the previous two 
approaches described in this chapter, in which we explored relationships with factors that may have had a cumulative 
effect on growth or attained size over ; relatively long period of time, and that may have had their main impact berore 
the time in which our data were collected. 

Thus, the autoregres . i, models are regression models where the dependent variable (weight or length) is predicted 
from a set of other variables, including anthropometry, diet and morbidity in the previous time period. The model as
sumes that the same relationship applies between adjacent months for all subjects at all times. Among the advantages 
offered by the autoregression approach is that oily two consecutive periods are necessary for observations to be in
cluded in the analysis. Also, by treating the observations at consecutive time points as independent observations, the 
sample size reflects the number of measures made, and not the number of subjects. Controlling for subject effects in 
these models also controls for cross-sectional variables (such as socioeconomic status and sanitation) in the sense that 
they cannot be simple confounders of relationships. 

Autoregression models were fit for weight and length measures on toddlers in the longitudinal data set. For both weight 
and length, two models were fit using different sets of the data. One set of data corresponded to all observations on lon
gitudinal subjects, but excluded diet variables. The second set was a subset of the first, inciuding measures when diet 
was recorded after January 1, 1985. Thus, analyses that included diet variables were performed only on the data set 
where dietary data had been collected after the interviewer change. The models will be presented f-ast for weight and 
then for length. 

B. Results of the Weight Model 

Autoregressive models were developed following the method pree nted by Rosner et al. (29.1). Data for each subject 
were summarized as a sequence of months between 18 and 30 months of age, where a month corresponded to a 30 day 
interval. Within each month, measres of each individual toddler's weight and intake were averaged. Measures of 
morbidity were also summarized in terms of presence or absence of spec'.fic symptoms. Intake and morbidity measures 
from the previous month were used to predict weight in the current iaonth. 

The first model fit for weight included previous month's weight, subject effects, age, and morbidity variables, in addi
tion to a control variable coi responding to the number of days from the actual date of weight measure to the midpoint 
of the month. Morbidity variables corresponded to presence or absence of reported six symptoms (fever, diarrhea, upper 
respiratory, lower respiratory, runny nose or other) in the month. The model did not include any diet variables and hence 
made use of anthropometric and morbidity data over the entire study period. The second model fit for weight included 
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diet variables inaddition to the variables in the first ie-d!!, and only inmlued observations on weaned toddlers that 

were taken after January 1, 1985. 

1.Results o the First Model 

Piincipal variables in the fist model weie weight, previous month's weight and previous month's morbidity. On 109. 
longitudinal subjects, on average weight was recorded for 9.3 months per subject, previous weight for 6.8 ;-ionths, and 
morbidiky for 9.0 months. For a month to be included in an analysis, no, only had weiTht to be recorded in Jiat month,
but ,also weight ai.d morbidity had to x recorded in the previous month. When this requirement was made, there were 
on average 7 months of complete data per preschooler in lo(i c-e,;. The following analysis is based on these 106 pre
schoolers who have a total of 740 months of observation. 

There were 56 male and 50 female preschoolers. Tbe niumber of months of observation per subject ranged from i to 
12, with 74% of individuals having 5 or more maonths of observation. The data included for analysis were not uniform
ly distribued over the age period, wth 48% of the data col!ect.ed between age 26-30 months, compred with 25% of 
the data at ages between 18 and 22 months. Seventy eight l.-Tcent of the toddlers were weaned prior to 18 months of 
age. There were at most lree weight measures in a iven mnontl', with a single weight measure being repi'red in 71% 
of the months. MN.e weight measures were reported per month at older ages. Weight me;asures were made on average 
1 day (S.D. = 7.60) latcr than the midpoint of the month. 

Mean weight of this group was 10.93 kg (S.D. = !.1).,npr-6 to the mean weight in the previous month of l0,7i kg
(S.D. = 1.10). Average weight change over the one month period was 0.21 kg. Illness occurred in 22% of .hemoaiths. 
The symptoms of ninny nose were reported in I1% of the months; diarrhea, 7%; lower respirarv, 7%; i;ver, 4%; and 
upper respiratory and other illnesses each occurred in 2% of the months. 

Fi,-st,
the model examined the eff..ct of previous weight, subjec: effE.ts, aid age in months. The initial model incluued 
on!y previous weight as an independent variable. As expected. thKLvaiiable was highly predictive of subsequent weight
(p < 0 0001), explaining 74% of the variance in subsequent weight Next, subject effects were included in the model,
where the purpose of the subject effect was to recognize that different 3ubjects have different mean weights. The sub
ject effect was highly significant (p < 0.0001), as anticipated by preliminary models. The combination of previous
weight and subject effects explained 80% of the variance in weighL Age (in months) of the toddler was next entered in
the model (as a continuous variable) awid found to be significam (p < 0.00)l). (Age (in montis) was also added as a 
categorical variable (using 12 categories), but this did not explain significantly more weight than did the continuous 
,agevariable). 

The next step in building the rnodel tested whether the relationship betwec n weight and previous weight differed by 
age. This was implemented by adding an interaction term for previous weight and age. The interaction term was statis
tically significant (p=0.03), although practicaliy unimportant since the pioportion of variance explained only increased 
from 84.9% to 85.0% by inclusion of .he ineraction. 

Other variables were exarnined for possible inte-raction " ith previous weight and age. Sex of the toddler did not sig
nificantly alter the reladionrhip of weight with previous weight (p = 0.64), nor the relationship with age (p = 0.34). The 
niraber of days from the date of weight measure to the midpoint of the month was included as a control variable in the 
regression, and was significantly related to weight (p=0.0156), but only increased the variance explained by 0.1% (to
85.1%). The relationship bet'veen previous weight and weight in children who were already weaned was stronger than 
in those who were not (;.0.047), but once again, the proportion of variance explaned by the model was changed min
imally (increasin,; to 85.9%). 

After these explarations of which variab'es should be included as independent variables, the relationship between the 
presence of mcrbiuity ;ymptoms in the previous month aaid weight in the current month was investigated. The basic 
autoregressive rodel included a subject effect, previous weight, age, and a variable to correct for the fact that ,neasures 
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were not always made at the midpoint of the month. All of these variables were confirmed to be significant (p < 0.05), 
and there was no evidence of interaction of these variables with sex (p> 0.05). 

Morbidity variables were entered in the model one at a time. A variable was created for each morbidity symptom, with 
value of '1' if the morbidity symptom was present in the rrevious month, and '0' if it was not. The results are reported 
as the regression coeffic'ent,; from the fitted models, where a negative coefficient indicates lower weight when 
symptoms were present in the previous month, and a positive coefficient indicates higher weight when symptoms were 
present in the previous month 'ab!c 29.21). 

Diarrhea in the previous month was negati%ClV associated with subsequent weight (p = 0.C,07). Presence (absence) of 
any of the other symptoms was na)t sigiii7icantly elated to subject's subsequent weight. There was no evidence of sex 
differences in the relationships between morbidity and subsequent weight. 

TABLE 29.21 
REGRESSIO.N COEFFICIENT ESTIMATES FOR PREVIOUS MORBIDITY AND SUBSEQUENT 
WEIGHT CONTROLLING FOR PREVIOUS WEIGHT, AGE, AND TIME THAT WEIGHT WAS 
MEASURED (N = 89 SUBJECTS) 

Regression Coeffic ient Estimates of Morbidity 
with VWeight (n=740) 

Coefficient p-value 

Any Illness -0.047 0.4080 
Diarrhea -0.288* 0.0007 
Fever -0.039 0.7290 
Upper Respiratory -0.250 0.1216 
Lower Respiratory 0.059 0.4971 
Runny Nose 0.131 0.0784 
Other Illness .0.143 0.3722 

* p < 0.05 

2. Resuls of the Second Model with Diet Va-'iables Included 

The second autoregressive weight model -nclud(d m,.asures of ,revious intake in addition to the other variables. This 
model was fit only to data collected after January 1, 1985, since a change in diet methodology was made at that time, 
and ony on weaned subjects Weight, previous weight, morbidity, and intake measures were recorded on average for 
5.5 months per subject for 89 longitudinal subjects. Th,.re were 44 male toddlers and 45 female toddlers. There were 
3 or more months of measures in 74% of the subjects, while 59% of them had 5 or more months. Most data were col
lecrd for older toddlers, with 52% of the data occurring between age 26-30 months, compamd to 21% between age 
18-22 months. There were at most 3 weight measures in a given month, with a single weight measure reported 70% of 
the time. On average, weight measures were made one half day later than the midpoint of the month. Two or more diet 
measures were made per month 91% of the time, with three or mere diet measures reported in 16% of the months. 

A total of 492 months of complete data were reported on the 89 toddlers. Table 29.22 summarizes the average weight 
and nutrient intake data for the group. Symptoms of diarrhea were reported in 8% of the months; fever, 4%; upper 
respiratory, 2%; lower respiratory, 7%; runny nose, 9%; and other iline .s, in 1%of the months. Overall, some symptom 
was reported in 23% of the months. 
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TABLE 29.22
 
AVERAGE WEIGHTS, INTAKES, AND MORBIDITY (N = 89 SUBJECTS)
 

Mean S.D. Min Max 

Weight (kg) 11.11 1.19 8.31 14.23 
Previous weight 10.93 1.18 8.25 13.74 

Kcal/day 1083 306 628 2387 
Protein, g/day 33 9 15 61 
Animal kcal 119 96 4 443 
Animal protein 8.6 6 0.3 29.2 
Percent uaimal kcal 11.5 9.3 0.3 54.7 
Percent animal protein 24.8 14.6 0.8 82.1 

Kcal/Ag 100 30 49 189 
Protein, g/kg 3.0 0.9 1.4 5.3 
Kcal from animal/kg 10.9 8.2 0.4 38.7 
Protein from animal/kg 0.8 0.5 0.03 2.3 

Models for this sample of 89 preschoolers (492 months of data) were fit using the same process as described above for 
the entire sample. Initial fit to weight included the independent variables of age, subject, previous weight, and a vari
able corresponding to the number of days from weight measure to the midpoint of the months. As with the larger group 
of 106 subjects, all of these variables were statistically significant (p < 0.01), and hence were included in all subsequent 
models. Collectively, these variables explained 87.7% of the variation in weight. Morbidity variables were next 
evaluated for inclusion in the regression equation. A positive coefficient for morbidity indicates an increase in weight 
in the month following a reported symptom The resulting regression coefficients and p-values are given in Table 29.23. 
As in the larger group of subjects, only diarrhea in the previous month predicts weight in the subsequent month. 

TABLE 29.23 
REGRESSION COEFFICIENT ESTIMATES OF MORBIDITY WITH SUBSEQUENT WEIGHT (N = 492 
MONTHS). 

coefficient p-value 

Any Illness -0.091 0.1621 
Diarrhea -0.404k 0.0001 
Fever -0.069 0.6170 
Upper Respiratory -0.254 0.2097 
Lower Respiratory -0.067 0.5358 
Runny Nose 0.167 0.0783 
Other Illness -0.025 0.9147 

p< 0.001
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A second set of auto-regressive models were fit to weight to evaluate the effect of previous intake. The regression model 
included other independent variables corresponding to age, subject, previous weight, and a variable corresponding to 
the number of days from weight measure to the midpoint nf the month. The resulting regression coefficients for intake 
(and p-values) are given in Table 29.24. In no case was there a significant relationship betwecii previous intake and sub
sequent weight. When a variable for sex was included in the model (as an interaction with intake), there was no evidence 
of a significant sex effect. 

TABLE 29.24 
REGRESSION COEFFICIENTS FOR MODEL OF SUBSEQUENT WEIGHT WITH PREVIOUS INTAKE 
CONTROLLING FOR AGE, PPREVIOUS WEIGHT, AND TIME THAT WEIGHT WAS MEASURED (N 
492 MONTIIS) 

Regression 
Coefficient 

Kcal/day 0.0001 
Protein, g/day 0.0046 

Animal kcal 0.0004 
Animal protein 0.0047 
%animal kcal 0.0036 
%animal protein 0.0010 

Kcal/kg 0.001 
Protein/kg 0.043 
Animal kcal/kg 0.004 
Animal protein/kg 0.043 

p-value 

0.3037 
0.1217 

0.2428 
0.2540 
0.3048 
0.6070 

0.3576 
0.1498 
0.2720 
0.2885 

A final set of autoregression models were fit for previous intake, controlling for presence of previous diarrhea. Al
though diarrhea remained highly significant in all models, in no case was intake significantly related to weight 

C. Results or the Lenth Model 

The procedures used were similar to those described for the weight model. The main diflcicnce was that measures of 
morbidity ani intake from the previous three months were used to predict length in the subsequent three months. The 
longer time periods were used because there were fewer length measures taken than there were weight measures. In
d( endent variables such as previous weight are also calculated for three monh periods. 

Fo2'"wing the previous weight example, the entire sample of preschoolers was used in the fIrst model to explore the 
relationship between previous morbidity and subsequent length. hen a subsample was used in a second model with 
data collected only after January 1, 1985 to examine the relationship between previous diet and subsequent growth. 

1. Results of the First Model. 

For a three month period to be included in an analysis, both lenl:, and morbidity had to be recorded in the previous 
period, as well as length in the subsequent period. There were 9C preschoolers (45 male and 45 female) with data that 
met these criteria, and 195 three-month sets of data Each child had from 2 to 4 periods of data, with 60% having 2 or 
3 periods. On average lengths were measured 1day prior to the three month mid-point (S.D. = 24.8 days). Mean dif
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ference between months was 2.38 cm. Illness rates (as percent of months in which the symptom occurred) were: diar
rhea, 7%; fever, 5%; upper respiratory, 3%; lower respiratory, 6%; runny nose, 12%; and other illness, 1%. Some 
symptom was reported in 25% of the months. 

In the series of models that were fit to examine the effects of independent variables on subsequent length, the significant 
variables were previous length (p = 0.0001, explaining 87% of the variance), subject effects (p = 0.0001, explaining an 
additional 5% of the variance), and age in months (p= 0.0001, explaining another 5% of the variance). The total variance 
in subsequent length explained by these variables was therefore 97%. No other independent variables added substan
tially to this model. 

When this model was used to investigate the effect of morbidity symptoms in the previous period on subsequent length, 
no significant effects of any illness symptoms were found. 

2. Results of the Second Model with Diet Variables Included 

There were 73 subjects who had data collected after January 1, 1985, 34 males and 39 females. A total of 140 three
month periods of complete data were available from these children. On average there were 1.08 length measures per 
period, taken one day (S.D. = 25.7) prior to the middle of the three month period. Mean length was 81.2 (S.D. = 3.1) 
cm, and mean length in the previous period was 79.1 (S.D. = 3.1) cm. Mean daily intakes were similar to those described 
for the weight models and Table 29.22, i.e. 1037 kcal, 31 g protein, and 12.2% of kcal from animal sources. Diarrhea 
symptoms were reported in 5%of the months; fever, 5%; upper respiratory, 1%; lower respiratory, 7%; runny nose, 9%; 
and other illness, 4 % of the months. There was at least one symptom in 20% of the months. One point was given for 
each of the three months in which a symptom appeared, for example if diarrhea occurred at least once in each three 
months of a period, the score would be 3. Thus, each symptom could have a score between 0 and 3. 

The independent variables used in the model were the same as those used in the larger group of 90 subjects, i.e. pre
vious length (instead of weight) which explained 90% of the variance, subject eflects, number of days from the mid
point of the period, and age in months. These variables together explained 98.1% of the variance in subsequent length. 
The resulting regressions for intake are shown in Table 2 9 .2j. 

TABLE 29.25 
REGRESSION COEFFICIENTS FOR MODEL OF SUBSEQUENT LENGTH WITH PREVIOUS INTAKE 
CONTROLLING FOR AGE, PREVIOUS WEIGHT, AND TIME THAT WEIGHT WAS MEASURED (N = 
140 PERIODS) 

Regression 

Coefficient p-l,uI,. 

Kcal/day 0.0004 0.3649 
Protein, g/day 0.0164 0.3087 

Animal kcal 0.0026 0.1197 
Animal protein 0.0371 0.1320 
% animal kcal 0.0312 0.0571* 
% animal protein 0.0199 0.0513* 

Kca/kg 0.0043 0.4158 
Protein/kg 0.1481 0.3825 
Animal kcallkg 0.0227 0.1761 
Animal protein/kg 0.3130 0.2124 

p <.06 
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The only two dietary predictors of length in the subsequent month were the percentage of kcal and of protein from 

animal sources, although the association is not strong (p < .06). 

D. Results ora Weight MdelUsingThree.Montl_ 1riods 

Since the length model showed an effect of diet quality (percent of kcal and protein from animal foods) on length in 
the subsequent three months, but the weight model ailed to find an effect of diet on weight in the subsequent month, 
we applied a three-month model to the weight data. The rationale was that one month (2 days) of food intak,.e data may 
not have been sufficient to estimate usual intake over a month, and one weight measure may not have reflected average 
weight duriig a month. 

Models were fit as 6escribed for the length models above. Subsequent weight was calculated as the mean of all weight 
measures in the three-month period. There were no significant effects of either diet or morbidity in the previous three 
months on weight in the subsequent three months. 

E. Conclusions from the AutoreZressitnLModels 

The use of th( :e models permits the following conclusions to be made: 

a) 	 diarrhea in the previous month has a negative effect on weight in the subsequent month, whereas no 
food intake variabies predict subsequent weight; 

b) 	 diets with a higher percentage of kcal and protein from animal sources predict length in the subsequent 
three months, but there is no effect of morbidity on subsequent length; 

c) 	 neither morbidity nor diet in the previous three months predict weight during the subsequent three 
months. 

The explanation for these apparent inconsistencies probably lies in the biology and timing of the effector and its response. 
In the first weight model the negative impact of a relatively recent diarrheal event was still detectable in the subsequent 
month, whereas in the three-month weight model the diarrhea may have occurred up to approximately four months 
before the mid-point of the next three-month period. This may have been too long for the impact of the diarrhea on 
weight to be detected. On the other h,nd, the two days of food intake data that were available in the previous month 
were probably not sufficient to estimate usual intake during the month, so that the effect of previous month's food in
take on subsequent month's growth could not be detected. 

In the length model, three-month periods were used. In this case, previous morbidity did not predict subsequent length, 
which again may be explained by the potentially long period that may have elapsed between an illness and the sub
sequent length measure. However, using three months of previous diet data was probably sufficient to estimate usual 
intake.and a relationship between diet and subsequent length was detected. 

In the final, three-month weight model, the longer time lag between the mid-points of periods may again explain the 
failure to detect an effect on subsequent weight, but the six days of food intake data should have been sufficient to es
timate usual intake. At this point in .hsse preliminary analyses, our hypothesis is that the effect of food intake on sub
sequent weight is sufficiently small that it can easily be obscured by variability in the weight measure caused by such 
factors as hydration status, time since the last meal, illness closer to the time of the weight measure, and measurement 
error. The average monthly increase in weight is about 200 g so that the difference between well-nourished and poor
ly-nourished children would be extremely hard to detect. This explanation assumes that intra-subject variability in length 
is smaller than that of weight, which is why the second autoregression approach detected a relationship between pre
vious intake and subsequent length. It may be impossible to detect the effects of both intake and morbidity on sub
sequent size in the same autoregression model, since intake needs to be measured over a relatively long time, whereas 
morbidity events should occur as close as possible to the time of subsequent anthropometric measure. 
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V. SUMMARY AND CONCLUSIONS FROM THE THREE MODELS 

The three approaches used here differ in the sensitivity with which they might detect relationships between diet, mor
bidity and the growth of preschoolers. The slope model compares the average annual dietary and morbidity experience 
of the child with the average change (growth) in weight and length during the same period of time. Using this approach, 
the intake of animal products was related to a higher rate of weight growth, and the percent of energy and protein from 
animal foods was positively related to length change. Diarrhea was the only illness to have a tnegative impact on weight 
slope, while no illnesses were related to length slope. Children with lower slopes amne from households with less literate 
mothers but no other environmental variables were strongly associated with the slopes. 

The second approach is the least sensitive of the three, both intuitively and based on the results. Attained weight and 
length at 30 months of age (expressed as Z scores) were used as the outcome variables, and compared to intake and 
morbidity during the 18 to 30 month period. Again the consumption of animal foods appeared to be important deter
minants of child growth, since the animal food variables were significantly correlate' with both weight and length at 
30 months. Strong negative correlations between attained size at 30 months and total energy and protein intake ex
pressed on a per kg body weight basis can be explained by the fact that the smaller children (most of whom were al
ready small by 18 months) have the same intake of energy and protein during the 18 to 30 month period as do larger 
children. Controlling for weight at 18 months eliminates these negative relationships. DiarThea had no relationship to 
attained size, while more total illness, fever and runny nose were associated with higher Z scoies. 

Several analyses demonstrated the importance of previous size (at 18 months) as a predictor of size at 30 months. The 
correlation between size at 18 and 30 months i3 strong, and the majority of preschoolers maintain their weight quartile 
position at 18 months until at least 24 months of age. Size at 18 months is positively related to the intake of animal 
products during the subsequent 18 months, suggesting that the higher quality diets of larger children are consumed prior 
to 18 months as well as during the study period. By 18 months of age it is also apparent that children are smaller if they 
come from households with more children. By controlling for size at 18 months, the negative relationship between num
ber of children and size at 30 mon,.hs disappeared. The children with the lowest Z scores come from households that 
have lower socioeconomic status, poorer sanitation and child care, and a lower intake of animal foods. The effect of 
these environmental conditions is cumulative over the 30 months of the children's ife and the 30-month Z scores reflect 
that cumulative experience. Nevertheless, the consumption of animal foods rei-'ained associated with attained size at 
30 months even controlling for size at 18 months. 

Finally, the autoregression models represent an attempt to define causal relationships between intake and morbidity in 
a previous period to weight and length in the subsequent period. One- and three-month periods of time were used. The 
general picture that emerges is a negative impact of diarrhea in the previous month on the subsequent month's weight. 
and a positive impact of animal food consumption in the previous three-month period with length in the subsequent 
three months. Different results were obtained depending on the time intervals used, and these have been discussed in 
relation to the conflicting requirements of having a sufficiently long period of food intake data so that ust.al intake can 
be estimated, as opposed to the need to measure size as soon as possible after a morbidiy event if the impact of that 
event is to be detec'r d. 

In general, we conclude that the consumption of animal foods has a positive relationship with weight and length change 
during 18 to 30 months of age, while the association with diarrhea is negative. Results of the autoregression 
analyses suggest that food intake and diarrhea are causal factors in explaining growth rate. 
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Chapter 30. 

COGNITIVE PERFORMANCE AND INTAKE IN PRESCHOOLERS 

I. INTRODUCTION 

This chapter presents a preliminary examination of one of the primary CRSP issues: the relationship between intake 
and cognitive development. Specifically, the focus of the analyses is on the mental component of the Bayley Scale of 
Infant Development at 30 months of age, which is used here as the indicator of cognitive developmenL Performance at 
30 months cf age was selected as 0 lependent variable because at that age a child had been followed in the study for 
12 months. This feature permits us to introduce a longitudinal component into the analysis. 

The preschoolers in this analysis consist of 78 children (38 males and 40 females) in the lorgitudinal sample, all of 
whom were weaned prior to 27 months of age. The analysis utilizes "recent dietary intake," which is operationalized 
as the mean intake for 27-29 months of age--the 3 months preceding the psychological measurement. In this sample, 
EAlof the dietary intake measures .ere collected after December, 1934; that is, after the methodological cha'ge in in

take procedures was instituted (see Chapter 20). 

II. THE DEPENDENT VARIABLE 

As described in Chapter 15, the Bayley examination requires children to respond to a series of challenges that reflect 
their ability to process information and produce appropriate actions, such as identifying and manipulating objects. In 
other words, it samples a child's cognitive organization. While the Bayley Scales have been used cross-cultt'rally, the 
standardization for age is based on a U.S. sample. Therefore, for the reasons discussed previously, the scoring system 
we have adopted is a simple numerical summary of "items successfully passed." Since all of the children were presented 
with the full battery of items and the age of testing was closely controlled, comparison of the raw scores across the 
sample is justified. 

Table 30.1 shows the mean and range of mental scores for the 78 children in the analyses that follow. While the range 
of scores for girls is slightly larger, there is no significant difference between the sexes. 

TABLE 30.1 
MENTAL SCORE AT 30 MONT-:S 

N Mean S.D. Range 

Males 38 43 (6.5) 31-54. 

Females 40 43 (6.0) 29-56 
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HT. INTAKE VARIABLES AND MENTAL SC.RE 

A primary hypothesis relating performance to energy intake can be phrased as follows: 

There will be a positive association between recent energy intake and Bayley mental performance 
scores. 

To test this hypothesis, "recent intake" was calculated as the mean energy intake assessed from the dietary measures 
taken at 27 - 29 months of age, expressed on a per kilogram basis. Table 30.2 presents the corelation coefficients for 
this variable (kcal/kg) and the mental score. 

TABLE 30.2 
CORRELATIONS OF KCAI/KG AND MENTAL SCORES 

n r (p) 

Males 38 -.22 (ns) 

Females 40 -.12 (ns) 

Total 78 -.17 (ns) 

While the signs on these coefficients are negative (indicating a tendency for higher intake to occur in children with 
lower scores), none of the correlations are signuicant. In fact, calculating a regression equation for the total sample 
yielded an r-square value of .001. Thus, we find that there is no association between recent energy intake and mental 
performance scores. Children with low intakes do not appear to have lower test scores compared to peers with higher 
intakes. 

When we shift attention from energy to other components of intake, a different pi emerges. Table 30.3 shows the 
results of regression analyses of two additional dietar variables. The first regression uses the ratio of animal protein 
(in grams) to total grams of protein iathe 3 month average of the children's intake records between 27 and 29 months. 
The second is the ratio of calories from animal sources to total calories for the same period of time. 

TABLE 30.3
 
REGRESSION MODELS--EFFECTS OF ANIMAL FOOD RATIOS ON COGNITIVE SCORES (N = 78)
 

Independent Variables p-value 

% Animal Protein .006 
(R-SQUARE: = .10; Root MSE = 6.02) 

% Animal Kcal .004 
(R-SQUARE: = .12; Root MSE = 6.02) 
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As can be seen in the table, the relationship between the animal inake measures and cognitive performance is positive 
and highly significant, although the ngnitude of ie association is modest, accounting for 10 - 12 percent of the 
variance. The interpretation of these findings is discussed below, after they have been assessed in the context of other 
variables. 

IV. ANTIIRQPOMETRY AND COGNITIVE PERFORMANCE 

While 	the interpretation of anthropometric data, as an indicator of past nutritional history and current nutritional status, 
is a complex matter, a child's size at a given time can be regarded as a reflection of the cumulative experiences -- nutri
tional, medical, and wchavio-al -- that influence physical development. Since these features may all influence 
psychological development, both independently and more importantly, interactively, it is important to assess the 
relationship of cognitive lcrformance to child size. Two hypotheses are proposed for testing: 

1) 	 Current body size, measured by the indicators: length-for-age and weight-for-age (at 30 months) will 
be positively associated with Bayley mental score (at 30 months). 

2) 	 Previous body size, meaurcd by the indicators: length-for-age and weight-for-age (at 18 months) 
will be positively associated with current Bayk y menial score (at 30 months). 

The thrust of the second hypothesis is to emphasize the continuous nature of,,evelopment. An assessment at 18 months 
is a year prior to the 30 month performance measure and is the earliest measure that we have on the preschool children 
in the sample. Thus, it is of interest to examin,' the extent to which the child's status at the start of the study predicts 
later performance. 

Table 30.4 shows the correlation coefficients and associated p-values for length and weight measures at 30 months 
with Bayley mental performance at 30 months, while Table 30.5 presents these associations for anthroponetry at 18 
months with cognitive performance at 30 months. The correlations are shown for the percentiles and Z score values of 
the NCHS standards. as well as the raw scores of weight and length. 

TABLE 30.4 
CORRELATION OF WEIGHT AND LENGTH VARIABLES AT 30 MONTHS WITH MENTAL SCORES 
AT 30 MONTHS (N = 78) 

M30 Months 

Total 
r (p) 

Girls 
r (p) 

Boys 
r (p) 

Weight .42 (.0001) .41 (.01) .46 (.0001) 

Weight Z 

Weight %le 

.42 

.40 

(.0002) 

(.0003) 

.39 

.40 

(.01) 

(.01) 

.47 

.43 

(.003) 

(.007) 

Length .45 (.0001) .52 (.001) .40 (.02) 

Length Z .46 (.0001) .52 (.001) .40 (.02) 

Length %ile .35 (.003) .41 (.01) .36 (.03) 
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TABLE 30.5 
CORRELATION OF WEIGHT AND LENGTH VARIABLES AT 18 MONTHS WITH MENTAL SCORES 
AT 30 MONTHS (N = 79) 

Mental Score at 30 Months 

r 
Total 

(p) r 
Girls 

(p) r 
Boys 

(p) 

Weight 

Weight Z 

.50 

.47 

(.0001) 

(.0001) 
.40 

Q4 

(.01) 

(.01) 
.63 

.60 
(.0001) 

(.0001) 

Weight %ile .38 (.0008) .36 (.03) .49 (.002) 

Length .48 (.0001) .52 (.001) .46 (.006) 

Length Z .47 (.0)01) .51 (.001) .42 (.01) 

Length %ile .31 (.008) .46 (.003) .32 (.06) 

The results of these bivariate analyses are suiking. For boys and girls, larger size (length and weight) is associated with 
better performance. 

The level and pattern of association between size at 18 months and mental performance score at 30 months is very 
similar to the patern of the concurrent size/performance relationships. We find that for both boys and girls, weight and 
length at the start of the study predict later performance in a consistent, positive fashion. 

Table 30.6 shows that other anthropometric characteristics at the beginning of the study (between 18 and 21 months) 
are also associated with psychological performance. 

TABLE 30.6 
CORRELATIONS OF HEAD AND ARM CIRCUMFERENCE AT 18 MONTHS AND 30 MONTH COGNI-
TIVE PERFORMANCE (N = 85) 

Bayley Mental 
r_ (p) 

Head Circumference .29 (.01) 

Lower Arm Circum. .29 (.007) 

UpperArm Circ. .35 (.001) 

Since length and weight are both strongly correlated with scores on the Bayley mental scale and with each other, we 
tested their potential "substitutability" in analyses that examine body size in relation to other fa.tors. We calculated 
simple regression models with oth length and weight on mental score. In regressions with the mental score as the de
pendent variable, once either length or weight is in the model, the other variable is nonsignificant. 
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The following table (30.7) provides another test of the hypothesis linking previous size (length at the earliest measure 
between 18 and 21 inorahs) with performance at 30 months. Here, regression analysis rather than correlation coeffi
cients are used. Ihe analysis uses the Z score values for length rather than the raw score or the percentile. Use of the 
raw score was rejected because of the range in age at the time of the initial length measuremenL The percentile scores 
were not used for regression analysis because the distribution is so highly skewed, with more than 50% of the sample 
below the 3rd percentile. 

TABLE 30.7 
REGRESSION MODEL--EFFECT OF LENGTH (18 MONTHS) ON COGNITIVE SCORE AT 30 
MONTHS (N = 70) 

Independent Variable p-value 

Length Z Score .0001 

R-SQUARE: =.212 Root MSE = 6.5 

When current length (30 months) is substituted for initial lcfith in this regression equation, the result is virtually iden
tical. Adding the slope of length (growth over the year of tic study) failed to contribute new information.
 

From the results of the regression analysis, ,econclude that the conditions that permit a child to grow physically larger
 
also support cognitive growth. To the extent that food intake is a primary factor influencing physical growth, it must
 
also be regarded as an influence in the association of size and psychological performance. An additional question is
 
whether intake affects cognitive performance over and above its contribution to g'owth. In operatioaal terms, .his can
 
oe tested in a multivariate regression model with h-,h length and intake. Table 30.8 presents the results using the Z
 
scores for length at 18 months and the ratio of animal protein to total protein (% animal protein) in the period of 27 
29 months. In this model (and in those presented below), "Type I"refers to the procedure in which the p-value of the
 
independent variables is cumulative, based on the order in which they are entered in the equation, while the "Type 11l"
 
analysis shows the p-values for the independent ,ariables contingent on all other variables in the model.
 

TABLE 30.8
 
REGRESSION IODEL--EFFECT OF LENGTtH AND PROTEIN RATIO ON COGNITIVE SCORE (N =
 
70)
 

Independent Variables p-value 

(Type I) 
p-value 

(Type Ill) 

% Animal Protein 
Length Z Score 

.003 

.0003 
.05 
.0003 

R-SQUARE: = .26 Root MSE = 5.60 
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From Table 30.8, we see that the effects of length and intake are additive. While length alone produced an R-square
value of 22%, adding current intake (% animal protein) improves the predictability of the model by 4%. The contribu
tion of the intake variable remains significant at .05 e,.en when it is contingent on length. 

V.COGNITIVE PERFORMANC _ANDMDR I Y 

Illness is one of the primary factors that interact with intake to influence giowth. It may also be hypothesized that ill
ness influences cognitive development independently of intake-growth interactions by affecting the nature of child
caretaker relationships and the relationship- of the child to his or her environment. Therefore, as part of an exploration 
of intake-performance relationships, it is necessary to assess the role of morbidity, particularly in third world settings.
Table 30.9 shows the mean days of illness per month in the subsample of 78 children described in this chapter. Three 
morbidity variables aie included: total illness, days ill with diarrhea, and days ill with fever. For etample, the average
number of days ill with diarrhea was less than one day per month (.33 of a day). The table also shows the r-values and 
p-values for the correlations of these variqbles with cognitive performance. 

TABLE 30.9
 
MORBIDITY AND COGNITIVE PERFORMANCE Q4=78)
 

Days per Month 

Total Illness Dia.-rha Fever 

Mean 1.37 .32 .23 

S.D. 1.17 .49 .35 

Correlation with Cognitive .08 .06 .14 
Score 

p-value n.s. n.s. n.s. 

The previous tablc suggests that there is no association between a child's morbidity experience and cognitive develop
ment. However, when tie correlation coefficients are examined separately by sex, we find that for one vanable--num
ber cf d.arrhea days--thor, is an association (r = .33, p = .05) for males only (N= 38). Boys with more reported days
of diarrhea have a tendency toward higher cognitive scores. Wheiher this relationship has meaning or is simply a chance 
event is difficult to assess with the present evidence. The fact that there is no association for females suggests the lat
ter explanation may be more appropriate. 

VI. COGNITIVE PERFORMANCE AND SELECTED SOCJAL CONDITIONS 

While the purpose of this analysis is to describe the effect of chronic low intake on cognitive development, the research 
has been undertaken from a theoretical perspective .that stresses the dynamic, multi-factored nature of behavior and 
development. For example, one pathway by which low intake may affect development is through subtle effects on the 
young child's manner of interacting with his or her environment, including reduced activity, attentiveness and social 
responsiveness. These behaviors, which lead to reduced stimulation and hence reduced opportunity for more complex 
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responses, may also affect the child's intake, perpetuating continued low intake because he or she does not actively 

"demand" food. Similarly, development may be compromised by an interaction between child passivity and maternal 

time allocation in households where child care time is limited because the caretakers are pushed by economic neces

sity to long hours of work. In such i situafion, low intake in the child interacts with the behavioral consequences of 

poor economic resnUrces, with each component contributing to and reinforcing a less than optimal outcome. 

Recently, Pollitt has contrasted earlier research efforts to define the link betwecn undernutrition and behavioral develop

ment with current approaches that stress the interactive nature of the developmental process (30.1). He suggests that, 

"The approach or the, blueprint of the main effect mdel (in which the central hypothesis is framed as a simple bivariate 

function) was too narrow and lacked the sensitivity to account for some findings as well as for what was observed in 

the field. The dynamic aspcct of the developmental process and the plasticity of the organism were not iniegrated into 
the model." With respcct to contadictory evidence concerning the impact of undemutrition and tie evidence for "the 
influential role of social cnvironmental factors," he suggests that rather than concluding nutrition plays little or no part 
in development, a stronger model is an interactive one. "...the interactive effects between nutrition and socioeconomic 

circumstances are more powerful than tilemain effects of nutrition. Socioeconomic deprivation apparently potentiates 

the effects of early undernutrition." 

In the section that follows, we broaden tic scope of analysis outside of the child herself or himself. The conditions in 
which the child is developing can be conc.ptualized at a ,u.mber o!levels. Ilere we chose to consider two levels--the 

child's primary caretaker, which in the Solis Valley is the mother, and secondly, the household in which the child spends 

most of his or her time. For this preliminary assessment, we have :;elected several variab!es of mother characteristics 

and household characteristics as ini Lnr of the complex "environmental" conditions that affect child development. 

Specifically, we have examined the following maternal and household characteristics: 

Mother: 	 Age
 
Birthplace
 
Literacy
 
Caretaking skill, as judged from tne child's physical appearance score
 

Household: 	 Total size
 
Number of children under 12
 
Family structure (nuclear vs. extended)
 
Marriage location (patrilocal, matrilocal or neolocal)
 
Socioeconomic status (see Chapter 19 for scale construction)
 

Bivariate correlations and analysis of variance were used first to assess the relationships of these variables to the cog
nitive development scores. A primnary purpose of this step was to identify variables to be used in developing multivariate 
models. 

With respect to maternal variables, there are no significant associations between cognitive scores of preschoolers and 
mother's age, birthplace, or literacy. However, cognitive performance score isstrongly associated with children's physi
cal appearance. The correlation coefficient is .37 (p =.001). This measure is the "Young Child Appearance" variable, 
derived from the sanitation and hygiene observations. For households that were in the study because of a target pre
schooler, the observers were instructed to make their ratings of the "young child's appe-arance" based on the target sub
ject. In these analyses, we may assume that the measure applies directly to the children for whom we have cognitive 
data. Howevtr, as previously discussed, we suggest that this variable may be regarded as an indicator of maternal 
caret.aking b'.havior and have therefore classified itas a 'maternal characteristic." 

Concerning the household level indicators, there are no associations between total household size or composition and 
cognitive performance. Girls in matrilocal households have significantly higher scores than girls in patrilocal or neolo

cal families. However, there are only 7 girls in this group and the relationship does not hold up for boys, so that it is 
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relationship to preschooler cognitive scores. 

Bas'd on the bivariate analyses, we selected two social variables for use in building a milivariate, model of cognitive 
performance. These are socio-econon.ic status and child appeara'ce. 

EDI.U ODE 2D 	 SOCIOECONOIC STATUS 

Table 30.10 presents the regression model for the k-ffect of socio.onornic status on cognitive perfoimance. The p .value 
is highly significant, but the 1,square value is lower than that achieved with either animal intake or preschooler length.
In Table 30.11, in which % animal protein or % aninal kcal is added to the model, the r-square is strengthenedi but the 
p-value for both the intake and SES measures is greater than .05. The third model, shown in Table 30.12. adds length 
at 18 months t, the model, which greatly improves the proportion of variance the model accounts for. Although ne;ther 
socioeconomic status nor :intake maintain p-values less than .05, the explanatory power of the model is greater than that 
achieved by using length alone. 

TAPLE 30.10 
REGRESSION MODEL: EFFECT O, SOCIOECONOMIC STATUS ON COGNITIVE SCORE AT 30 
MONTHS (n =70) 

Independent Variables p-value p-value 
(Type I) (Type III) 

Socioeconomic Status .009 rA)9 

R-SQUARE: = .09 Root MSE = 6.05 

TABLE 30.11 
REGLESSION MODEL: EFFECT OF SES AND ANIMAL FOOD INTAKE ON COGNITIVE SCORE (N = 

70) 

Independent Variables 	 p-value p-value 
(Type I) (Type III) 

% Animal Protein 	 .02 .14 
Socioeconomic Status .07 .07 

R-SQUARE: = .12 Root MSE = 5.99 

%Animal Kcal .007 .09 
Socioeconomic Status .11 .11 

R-SQUARE: = .13 Root MSE = 5.96 
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TABLE 30.12 
REGRESSION MODEL: EFFECT OF LENGTH, SES AND PROTEIN RATIO ON COGNITIVE SCORE 
(N = 67) 

Independent Variablcs p-value 
(Type I) 

p-value 
(Type III) 

%Animai Protein 
Length Z Score 
Soc~oeconomic Status 

.003 
.0009 
.15 

.20 

.007 

.15 

R-SQUARE: = .27 P.oot ISE = 5.6 

NTH.MODELS FDEELPMENTNCWDING MATERNAL-CARETXKINT 

The following table (30.13) provides the results of a regression analyscs that includes both the child's length and ap
parance score. In this model, the p-values for both variables remain ery significant and the r-square reaches .27. 

TABLE 30.13 
REGRESSION MODEL: EFFECT OF LENGTH AND CHILD APPEARANCE ON COGNITIVE SCORE 
AT 30 MONTHS (N = 67) 

Independent Va iables p-value 
(Type !) 

p-value 
(TypeIII) 

Length Z Score .0001 .004 
Child Appearance .02 .02 

R-SQUARE: = .27 Root MSE =:5.5 

The addition of the protein ratio variable to the model (Table 30.14) increases the r-square, although the p-value for 2 
of the 3 variables rises above .05 when intake is added. 

TABLE 30.14 
REGRESSION MODEL: EFFECT OF LENGTH, CHILD APPEARANCE, AND PROTEIN RATIO ON 
COGNITIVE SCORE (N = 67) 

Independent Variables p-value p-value 
(TypeI) (Type III) 

% Animal Protein .002 .14 
Length Z Score .0007 .009 
Child Appearance .06 .06 

R-SQUARE: = .29 Roo. MSE = 5.4 
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To construct the next model, intake was rerooved as an independent variable and the socioeconomic measure was added. 
Table 30.15 shows the inter-correlations of the three independent variables and Table 30.16 presents the results of the 
regression. Here we see. that although the independent variables are significantly correlated, they still contribute addi
tively to the prediction of cognitive performance. Together they account for more than 30% of the variance in perfor
mance. 

TABLE 30.15
 
INTER-CORRELATIONS OF SES, LENGTH AT 18 MONTHS AND CHILD APPEARANCE (N=70)
 

Length Child Appearance SES 
r p r p r p 

Length .38 (.001) .42 (.0004) 

Appearance .25 (.03) 

TABLE 30.16 
REGRESSION MODEL: EFFECT OF LENGTH, CHILD APPEARANCE ANW SES ON COGNITIVE 
SCORE AT 30 MONTHS (N =67) 

Independent Variables 	 p-value p-value 
(Type I) (Type III) 

Length Z Score .0001 .04 
Child Appearance .02 .03 
Socioeconomic Status .05 .05 

R-SQUARE: =.31 	 Root MSE = 5.4 

In the final model, we have restored the intake variable (% animal protein) and included length at 18 months, maternal 
caretaking, and socioeconomic Etatus. The intake variable has a veiy high p-value when it is contingent on the other 

, e variables in the model (Type III regression). Also, the contribution of socioeconomic status fails to maintain a p
tue less than .05 when it is contingent on the variables that precede it in the equation. Nonetheless, adding the intake 

variable to the ot.ers increases the r-square by I pe-cent, indicating that it has a slight additive predictability over and 
above its contributions to the other variables. 
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TABLE 30.17 
REGRESSION MODEL: EFFECT OF LENGTH, CHILD APPEARANCE, SES, AND PROTEIN RATIO 

ON COGNITIVE SCORE (N = 67) 

Independent Variables p-value 
(Type I) 

p-value 
(Type III) 

%Animal Protein 
Length Z Score 
Child Appearance 
Socioeconomic Status 

.002 
.0007 
.05 
.12 

.41 
.04 
.05 
.12 

R-SQUARE: = .32 Root MSE 5.4 

IX. CONCLUSIONS 

On the basis of the analysis to date, it seems clear that poor growth, as reflected in short stature, at the very least leads 
to delays in cognitive development. Children who are short at 18 months of age perform more poorly at 30 months on 
tests that challenge their cognitive organization. While the statistical models presented above all utilize length-for-age 
as the measure of size, the strong correlation between length and weight suggests that low weight-for-age will be similar
ly associated with compromised dcvelopment. Growth is a global measure, reflecting a child's physical and behavioral 
experience. It appears that in the Solis Valley, as in many other parts of the world, the features of life experience that 
lead to smoll size also lead to delayed cognitive development. 

The influence of the social environment on the children's cognitive development, is st'ongly confirmed in the sig
nificance of the two social variables in the models. The socioeconomic status and maternal caretaking measures reflect 
conditions in the household, both behavioral and material, which affect the child's progress toward greater complexity 
of cognitive organization. 

Intake of animal protein (%protein or %calories from animal sources) plays a small role in current performance, even 
when some featres of the social environment are statistically accounted for, as we saw in the regression equations in 
Table 30.11. The absence of any association between energy intake and cognitive performance may be the result of 
measurement error or may reflect a general adequacy of energy intake, despite the apparently low levels of intake 
reported for a portion of the sample. That is, if there is a threshold above which energy intake does not affect the com
plex mechanisms potentially linking intake to cognitive development, -t may be the case that the great majority of the 
children in the sample are above this "cut-off." 

Nutrition also plays a role in development through another mechanism. In the preceding chapter, the relationships of 
intake and growth in preschoolers were explored. Growth over the year of the study (length and weight change) and at
tained length and weight at 30 months were associated with the intake of animal foods (see Tables 29.5, 29.10, and 
29.16). Intake, in interaction with other factors, influences growth, which, in turn, is strongly associated with cogni
tive development. 

The analyses presented in this chapter lend strong support to an interactive model of nutrition and development, as 
proposed by Pollitt and others. Social-environmental conditions of the household (as measured by socioeconomic status 
indicators qnd maternal care-giving) clearly affect development. The biological and behavioral experiences of the child, 
as reflected in growth, also affect development. The mechanism of these effects is probably synergistic. That is, child 
nutrition, health, and activity (reflected ingrowth) have a synergistic relationship with social and social-relational con
ditions, with respect to risk of poor or delayed cognitive development. The model isanalogous to the dynamic interac
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tion of infection and malnutrition, which have a synergistic relationship with respect to risk of mortality. Our future 
work will be directed to further explication of this model. 
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Chapter 31 

PREGNANCY OUTCOME 

I. INTRODUCTION
 

This chapter presents preliminary analyses of the "Pregnancy Outcome" hypotheses that the three CRSP pv-ojects 
(Mexico, Egypt and Kenya) r,reed to explore in common. The University of Connecticut and INN in Mexico both par
ticipated in these analyses. Connecticut's emphasis has been on descriptive statistics, and on analyses relating to the 
postpartum period, while that of Mexico was on pregnancy outcome models. Variable definitions were mutually agreed 
on by both UConn and INN groups. 

The analyses discussed below are preliminary, serving only to suggest logical approaches to future, in-depth analysis. 
The data sets are largc. For example, UCenn analyses used about 440 core variables on 134 mother-infant pairs, but 
only a few of these could be entered into a model at the same time for reasons of collinearity. The process of identify
ing variables and variable constructs that best represent a theory is necessarily slow. 

Generally, UConn has started this process by looking at two variables at one time, plotting the data, noting apparent 
nor-linearities, eliminating outliers, a,:d building single then multiple equation models. Simple correlations were run 
between outcome and anticipated explanatory variables, followed by bivariate analyses to examine residuals. The 
benefit of this approach is that the maximum number of observations is !eft in each regression. Variables thai are high
ly correlated with each other were identified, and those that are not collinear wre selected for entry into later models. 

The Mexico approach was to examine groups of core variables for relationships that may or may not be expected. Using 
stepwise regression in SAS, the Mexican group worked with a set of about 228 core variabhles. The benefit of this ap
proach is that the explanatory power of a large number of variables could be explored within the limited time available. 

I1.DEFNTIOIN OF VARIABLFU 

The infant growth data are examined from two perslxctives. First, infant size at 1and 3months of age is considered to 
be predominantly the result of the pregnancy experience, and a measure of pregnancy outcome. Between 3 and 6 months 
the factors that have most impact on infant size are hypothesized to be: maternal size and nutritional status (diet and 
percent body fat), illness, and supplemental feeding. Supplemental feeding data have not yet been used in these analyses. 
These factors may all be a result of, or associated with, the behavioral and environmental circumstances that affect 
sanitation and child care. 

The variables employed in these analyses and their definitions are as follows: 
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PREGNANCY
 

Conception = birth minus 280 days except for abortions. 
Trimester: I = 0 -92 days, 11= 93 - 186 days, III = 187 - 280 days.
 
Pre-pregnancy weight = weight at 0 ± 60 days.
 
Mid-pregnancy weight = weight at 137 ± 15 days.
 
Late-pregnancy weight = weight at 250 - 280 days.
 

LACTATION 

Lactation trimester I weight = weight at 30 ± 15 - 91 ± 21 days of lactation.
 
Trimester II weight = weight at 92 ± 21 
- 183 ± 21 days of lactation.
 
Trimester III weight = weight at 184 ± 21 
 - 254 ± 21 days of lactation. 

INFANCY 

Birth measures were defined as those nearest to birth but only within 8 days of birth; 30 day measures had to be nearest 
to and within + 15 days of 30 days after birth; 90 day measures nearest to and within ± 15 days of 90 days of birth; and 
195 day measures nearest to and within ± 15 days from 195 days. While data are available on most mothers and infants 
up to 254 days postpartum, few analyses have been conducted here beyond 6 months postpartum in order to preserve 
commonality with the Egypt and Kenya projects. 

From original data sets containing information on 134 target infants and their mothers, 69 mother-infant pairs had data 
within all the windows representing 0, 30, 90 and 195 days postpartum. 

FATNESS 

Maternal body composition (% fat) was estimated at 30, 90 and 195 days of lactation from skinfold measures (biceps,
triceps, subscapular and suprailiac) at these time intervals. T"he equations of Durnin and Womersley were used to cal
culate body density (31.1) and that of Siri (31.2) to calculate percen, body fat from density. The formulae were based 
on maternal age at 195 days postpartum for each individual. Infant fatness was estimated from the sum of the four skin
folds at each age. 

In the Mexico analyses, the percent fat of pregnant women was also calculated from skinfolds, although it is recognized
that for this group the calculated values are only useful as "fatness indicators" since the Durnin and Womersley for
mulae are not applicable to pregnant women. 

MORBIDITY 

Morbidity data on infants were generated for each calendar month starting at the calendar month of birth. Morbidity
data were also averaged over all pregnancy for the target mothers and for infants during 7 months postpartum. The vari
ables used by UConn were the estimates of total days ill, and days of diarrhea, days of fever, upper respiratory infec
tion, lower respiratory infection, and other diseases, calculated as described in Chapters 8 and 22. Actual outcome 
variables were constructed by dividing the days ill in each month by the number of days obse,-ved in that month. 

Mexico included additional morbidity vaiables for pregnant women such as illness duration, degree of incapacity and 
appetite change, and medications. 

DIETARY VARIABLES 

For reasons explained in Chapter 20, analyses involving dietary variables were restricted to food intake data collected 
after January 1, 1985. The variables used are; total kcal, kcal from animal sources, kcal from vegetable sources, grams 
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of protein /day, grams of protein from animal sources, grams of protein from vegetable sources, and percent tota! kcal 
and protein from animal sources. 

All diet variables were calculated as average intakes per day over the time periods in question. For examplc, in one 
trimester of pregnancy there may be between one and eight daily mea';ures used, with an expected number of 6. 

AVAILAI1!. ENERGY 

This was calculated for e ich mother separately during pregnancy and lactation. It is the average kcal intake per day 
during pregnancy or lactatic-" minus the average RMR (kcal per day) for the same period. 

PREGNANCY (NIlPLICATIONS 

These are expressed as the total number of the following conditions: edema, excessive vomiting, proteinuria, 
transvaginal hemorrhage, and "bloo-d in urine". One point is as;gned for the presence of each condition during preg
nancy. The detailed monthly clinical examination dta from pregnant women have not all been included at this time. 

III. DESCRIPTIE STATISTICS 

Descriptive statistics on the major outcome and explanatory variables in the pregnancy outcome model are shown in 
Table 31.1. 

For most variables, all longitudinal pregnant and lactating subjects and their infants were usrd. In contrast, not all of 
these subjects had dietary data collected after January, 1985. as is apparent from the number of subjects associated with 
the descriptive statistics on dietary variables. 

The mean pregnancy total weight gain is only 7.1 kg, substantially lower than the 12.5 kg recommended in the United 
States. The number of measures in the time windows s'pecified in the model is quite small, partly as a result of the dif
ficulty of identifying pregnancy at an early stage, and partly because the monthly scheduled visits to the clinic (where 
most weights were taken on th;s group) often fell outside the windows used for these analyses. Since RMR measures 
were planned to occur at 5 months, there were many 5 month measures that fall slightly outside of the analysis win
dows used here. In future analyses, curves will be fit to the weight data of individual women so that weight change can 
be better estimated at specific time points. (The Mexico group has already used this approach in their stepwise regres
sion models discussed below). 

During lactation, average weight change is negligible between the first and third months, but a loss of about 0.7 kg oc
curs between months 3 and 6. The percent body fat in lactation shows a slight gain between months I and 3, with an 
overall loss of about 0.5 kg between I and 6 months. 

Birth weights averaged 3.15 kg, with 7% "low birth weights" (less than 2.5 kg). Anthropometric data. on infants are 
descibed in more detail in Chvpter 21. It is important to note tlat on average infants actually increase their weight per
centile compared to NCHS standards during the first month of life, tlhen undergo a slight loss between months 1and 3, 
and a rapid fall in hverage percentile between months 3 and 6. This pattern should be considered when attempting to 
explain infant growth, and suggests that environmental variables act most adversely on growth after the third month of 
life. 

Infant famecs increased between the first and third month, with little change occurring between 3 and 6 months. 

Maternal RMR changes have been discussed in greater detail in Chapter 25. RMP did not increase until late pregnan
cy, and in this group of women the difference between average RMR in pregnancy and in lactation is only 53 kcal/day. 
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Maternal energy intake was higher throughout lactation than pregnancy, and was highest at 6 to 8 months postpartum.
The difference in intake between pregnancy and lactation was 300 to 400 kcal/day, so that "a iailable energy" in lacta
tion was increased by the same amount. This increase in available energy, plus the small loss in maternal body fat that 
occurs during lactation, is presumably used for milk synthesis (ascuming no substantial change in the physical activity 
of the mother during lactation). 

Average total kcal and protein ntakes appar to meet the US-RDAs for both pregnancy and lactation, although there 
is a wide range in intake. Consumption does not increase with trimester of pregnancy, but as discussed above, it in
creases immediately after birth and at least up to 8 months of lactation. The intake of kcal and protein from animal sour
ces is very low during both pregnancy and lactation--the percent kcal from animal products is 6.7% in pregnancy and 
6.4% in lactation. It appears that lactation is characterized by an increase in the quantity of food consumed, but no 
change in the quality as judged from the consumption of animal products. 

Infant morbidity increased from 4% of observation days with reported illness in the first postpartum month, to about 
11% at 6 months. A large number (108 out of 134) of the infants had no recorded diarrhea, so that the skewed distribu
tion of diarrhea data may confound the interpretation of analyses using these data. For this reason, in the multiple regres
sion analyses, morbidity variables were also coded as 0/1 for absence or presence of the illness. "Theaverage postpartum
maternal morbidity rate (days ill / clays observed) was 2 to 8%, depending on the month of lactaiion. 

TABLE 31.1
 
DESCRIPTIVE STATISTICS ON PREGNANCY OUTCOME DATA 

Variable N Mean S.D. Mir, Max 

MATERNAL HEIGHT (cm) 
130 152.5 4.96 138.6 165.6 

MATERNAL WEIGHT (kg) 

Prepregnancy 45 54.4 7.23 41.0 70.3 
Trimester 1 29 54.5 7.19 41.6 73.7 
Midpregnancy 41 57.0 6.f4 42.2 72.8 
Trimester II 68 59.0 7.03 41.8 73.3 
Late pregnancy 88 62.0 8.23 43.4 81.7 
Lactation 30 days 111 57.1 7.59 40.6 77.2 
Lactation 90 days 115 57.3 8.03 40.5 81.2 
Lactation 195 days 116 56.4 8.65 39.1 82.0 

VIATFRNA.L WEIGHT CHANGE (kg) 

Trimester 1 18 0.18 2.12 -4.0 4.2 
Trimester lI 20 4.48 2.60 -2.7 8.6 
Trimester III 52 2.86 1.85 -2.9 6.9 
Mid- to end 31 5.47 2.31 1.8 10.8 
Total gain in preg. 34 7.66 3.80 -3.6 15.9 

LACTATION WEIGHT CHANGE (kg) 

Lactation 30 - 90 d 99 -0.04 2.2? - 7.6 7.5 
91 - 195 d 105 -0.71 1.87 -6.9 5.4 
30 - 195 d 99 -0.92 3.45 -12.9 10.1 
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T BLE 31.1 continued 

Variable N Mean 


MATERNAL FATNESS IN LACTATION (% body fat)
 

Lactation 30 101 32.50 
90 108 33.65 

195 88 32.38 

Change 30- 90 89 +0.89 
90- 105 78 -1.16 
30- 195 75 -0,48 

INFANT WEIGHTS 

Birth 94 3.15 
30 days 102 4.07 
90 day.s 103 5.52 

195 days 91 7.01 

INFANT WEIGHT PERCENTILES 

Birth 90 38.9 
30 days 99 43.4 
90 days 102 42,6 

195 days 90 29.5 

INFANT WEIGHT CHANGE 

0 - 30 days 87 0.97 
30- 90 92 1.43 
90- 195 82 1.48 

0 - 195 74 3.98 
30- 195 79 2.91 

CHANGE IN WEIGHT PERCENTILES 

0 - 30 days 87 6.0 
30-90 89 -3.6 
90- 195 80 -12.6 
0- 195 70 -7.5 

INFANT LENGTH (cm) 

Birth 81 49.44 
30 days 100 51.86 
90 104 57.67 

195 90 63.64 

S.D. 

4.62 
4.46 
5.09 

2.73 
3.41 
4.38 

0.40 
0.69 
0.81 
1.0.1 

24.1 

24.1 
25.3 
25.6 

0.62 
0.61 
0.61 

0.92 
0.83 

24.4 
17.7 
17.5 
29.6 

2.20 
2.26 

2.50 
2.66 

Min Max 

16.12 40.19 
17.92 42.46 
18.86 42.67 

-7.43 6.59 
-6.75 9.47 

-11.52 9.20 

2.1 4.3 
2.1 7.7 
3.5 7.7 
5.0 10.2 

0.5 96.5 

0.1 97.3 
0.4 96.9 
0.1 97.5 

-0.6 3.8 
-0.2 4.2 
0.0 2.9 

2.0 6.3 
0.6 5.2 

-58., 71.7 
-67.1 34.3 
-71.3 33.1 
-78.9 52.9 

44.0 55.2 
46.0 57.3 

51.0 63.3 
58.0 69.5 
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TABLE 31.1 continued 

Variable N 

INFANT LENGTH CHANGE (cm) 

0- 30 days 73 

30- 90 91 

90- 195 82 


0- 195 64 

30- 195 78 


SUM OF SKINFOLDS (4) FOR INFANTS 

30 days 93 

90 98 


195 84 


CHANGE IN INFANT SKINFOLDS (mam)
 

30 - 90 days 86 

90- 195 80 

30 - 195 72 


MNIATERNAL RNIR (kcal/day)
 

Pregnancy mean 75 

Lactation mean 112 


AVAILABLE ENERGY (kcaL'day)
 

Pregnancy mean 75 

Lactation mean 112 


MATERNAL ENERGY INTAKE (kcal/day)
 

Pregnancy Tri I 23 

Tr II 44 

Tri III 76 


Mean 1+11+111 81 


Lactation 0 - 90 days 98 

90-195 101 


195-254 101 

0-195 121 


Mlwn 

2.30 
5.90 
5.73 

13.94 
11.54 

(mm) 

19.25 
25.33 
26.92 

5.85 
1.20 
7.36 

1352 

1299 


1032 

1410 


2636 

2300 

2425 

2418 


2720 

2694 

2,11 

2739 


S.D. 

2.00 
1.62 
1.35 
2.28 
2.07 

5.13 
6.38 
5.92 

5.20 
4.32 
5.98 

208 

177 


559 

623 


689 

506 

605 

579 


696 

666 

"70 


660 


Min Max 

-3.0 6.7 
1.2 9.6 
1.4 8.9 
9.0 20.5 
7.1 16.0 

7.5 36.5 
9.0 41.5 

16.5 43.0 

-10.0 16.0 
-9.0 12.5 
-5.5 23.5 

936 2104
 
942 1824
 

-211 2441
 
-28 3850
 

1595 4133
 
1352 3789
 
1106 4303
 
1264 3960
 

1448 5547
 
814 5042
 

1297 5182
 
1247 5182
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TABLE 31.1 continued 

Variable N Mean S.D. Min Max 

MATERNAL ENERGY INTAKE FROM ANIMAL SOURCES (kcal/day) 

Pregnancy Tri I 23 150 117 0 524 
Tri 11 44 143 116 4 589 
Tri III 76 170 131 4 625 

Mean 1+11+111 81 160 113 16 607 

Lactation 0 - 90 days 98 185 167 0 987 
90- 195 101 170 155 0 934 
195- 254 101 169 161 0 911 
0- 195 121 171 143 6 733 

MEAN % KCAL FROM VEG SOURCES 

Pregnancy mean 81 2258 555 1055 3760 
Lactation mean 121 2567 651 1208 5061 

MEAN % KCAL FROM ANIMAL SOURCES 

Pregnancy Tri 1 23 5.6 4.0 0 15.9 
Tri 1l 44 6.0 4,0 0 15.5 
Tri III 76 7.1 5.1 0 21.0 
I+[I+Il 81 6.7 4.5 0 20.4 

Lactation 0 - 90 days 98 6.8 5.9 0 28.3 
90- 195 101 6.3 5.7 0 40.0 

195-254 101 6.4 6.8 0 42.5 
0- 195 121 6.4 5.4 0 31.4 

MATERNAL PROTEIN INTAKE (g/day) 

Pregnancy Tri 1 23 75 23.2 41 118 
Tri 11 44 65 41.6 39 106 
Tri 111 76 71 18.8 29 147 

1+11+111 81 70 17.2 40 115 

Lactation 0- 90 days 98 76 20.8 34 156 
90- 195 101 76 20.3 22 152 

195-254 101 79 20.8 35 134 
0-195 121 77 18.5 29 136 
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TABLE 31.1 continued 

Variable N Mean SD Min Max 

MATERNAL PROTEIN INTAKE FROM ANIMAL SOURCES (g/day) 

Pregnancy Tri i 23 12 8.2 0 41 
Tri I 44 12 8.6 0 42 
Tri Ifl 76 14 10.6 0 55 
1+1-+111 81 13 8.7 1 45 

Lactation 0 - 90 days 98 6.9 5.9 0 2i 
90- 195 101 6.3 5.7 0 4 

195-254 101 6.3 6.8 0 42 
0-195 121 b.4 15.4 0 31 

INFANT: TOTAL DAYS ILL/ TOTAL DAYS OBSERVED 

Monfil.
 

1 97 04 .13 0 79 
2 116 .05 .14 0 .71 
3 116 .05 .13 0 .74 
4 116 .09 .18 0 .75 
5 116 .08 .14 0 .68 
6 120 .11 .19 0 .81 
7 116 .10 .18 0 .81 

MOTHER: TOTAL DAYS ILL/ TOTAL, DAYS OBSERVED 

Month 

1 124 .03 .18 0 .56 
2 122 .03 .10 0 .58 
3 124 .02 .06 0 .29 
4 122 .07 .22 0 1.00 
5 120 .08 .20 0 1.00 
6 124 .05 .12 0 .52 
7 120 .03 .12 0 .88 

IV STMPL _ RFATLY. BETWEEN MATERNAL AND ENVIRONMENTAL VARIABLES AND IN-
FANT ANTIR 0 )POMETLY 

Tables 31.2 through 31.3 show the correlation coefficients of maternal variables in pregnancy and lactation with infant 
weight and length between 0 and 6 months postpartum. The numbers shown wre the conelation coefficient (Pearson's), 
p-value and N in each case. Similar tables were completed using dtaag in infant weight and length as the outcome in 
each period. While the significant correlations from the change tables will be reported here, the actual utbles are not 
presented due to their size. The percentiles, and change in percentiles, for infant weight and length at each age were 
also tested for correlation with the same maternal variables. The correlations were very similar to those found using the 
actual weight and height measures, so they are not reported here. 
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I. Maternal weight, height and "eight change. 

These corc!:i(ions are suitmo-arized in Table 31.2. Maternal weight hnd a strong association with the weight and length
of the infant. Matcrnal weight at 186 and 280 days of pregnancy was significantly correlatcd with both the weight and 
the length of the infant at birth, and at 1, 3 and 6 months of age. 
Thle mother's weight during the first half of pregnancy was not associated with birth weight, but was correlated with 
both infant wight and height at most postpartum intervals. Maternal weight at all except mid-pregnancy was corre 
lated with birth len eh. 

Maternal height 'aas highly predictive of the weight of her child when he/she machcd 6 months of age, and of the length 
of the infant at every point from birth to 6 months. 

Total maternal wcght gain ;luring pregnancy was not an important p:edictor of inant size, being assockited only withbirth length (r 0.37 p = 0,01). lowever, weight gain during the third trime ter was correlated with infant 
weight at I. lrd6 1. rthl,, :rd gain from mid- to late-pregmncy v,.:h infant length at birth (r =0 36, p = 0.08) and 
195 days. 

When cat r d into a tIIulti variate regress n .'nalysis \vih rmtermal height, these co ic Lations betwcen maternal weight
gain and intfant size lost their Significance. In the multivariate analyses presented 'elow, mother's weight at the end of 
pregnancy is the most robus, indicate- of not only the size, of the child at 6 monuis of agt:, kit also of infant growth rate. 

TABLE 31.2 
CORRELATIONS OF MATERNAL PRE(;NANCY ANIV"ROPONIETRY AND RMR 
WITH INFANT WEI(IiT AND LENGTH' 

MATERN A.L BIRTH 30 90 195 BIITH 30 90 195
 
VARIABLES DAYS DAYS DAYS DAYS 
 DAYS DAYS 

WEIGHT 
Day 0 0.172 0.345 0.30 0.414 0.292 0.400 0.410 0.450 

0.27 0.02* 0.04* 0.01* 0.08* 0.000 0.00* 0.00" 
42 41 43 37 36 41 43 37
 

Day 93 	 0.264 0.325 0348 0.275 0.613 0.234 0.369 0.199 
0.19 	 0.100 0.08* 0.20 0.00* 0.24 0.06* 0.36 

26 26 26 23 20 26 26 23 
Day 137 	 0.124 0U45 0.168 0.403 0.235 0.338 0.199 0329 

0.48 0.030 0.31 0.03* 0.22 0.040 0.23 0.08* 
34 36 38 28 28 35 38 28 

Day 186 	 0.288 0.M7 0.364 0.60. 0.302 0.292 0.372 0.519 
0.02 	 0.00" 0.00* 0.00" 0.03* 0.020 0.00" 0.00" 

60 61 64 53 50 61 64 53 
Day 280 	 0.276 0.271 0.407 0.525 0.228 0.176 0.308 0.384 

0.01* 0.01* 0.00' 0.00' 0.06* 0.12 0.0(0* 0.00' 
76 81 79 68 66 79 79 68 

313 



TABLE 31.2 continued 

, 	IJNFANT'-J'/E 1 - ... INFANT ILENGTH 
MATFRNAL BIRTH 30 90 195 BIRTH 30 90 195 
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS 

HEIGHT 	 0.037 0.020 0.147 0.28S 0.:45 0.191 0.302 0.405 
0.72 0.83 0.13 0.00" 1.020 0.05* 0.000 0.00* 

91 1(X) 103 90 79 98 104 89 
WEIGHT CHANGE 
Tri I 0.057 0.087 -0.024 -0.153 0.266 0.287 0.071 0.060 

0.82 	 0.74 0.92 0.60 0.40 0.28 0.78 0.83 
17 16 17 14 12 16 17 14 

Tr II 	 0.018 -0.074 -0.148 -0.064 -0.049 -0.076 -0.143 0.169 
0.94 	 0.77 0.54 0.81 0.86 0.77 0.55 0.54 

19 17 19 15 14 17 19 5 

Tri I1 	 0.027 0.359 0.320 0.327 0.084 0.189 0.105 0.155 
0.85 0.01* 0.02* 0.03" 0.60 0.19 0.47 0.33 
48 48 49 40 40 48 49 40
 

Mid-end 	 -0.008 0.027 0.146 0.238 0.365 0.113 0.043 0.329 
0.96 	 0.88 0.44 0.29 0.08* 0.57 0.82 0.14 
27 28 29 21 23 27 29 21 

Tri I+II+IH 	 0.046 0.036 -0.045 0.082 0371 0.133 -0.043 0.083 
0.79 	 0.84 0.80 0.68 0.64* 0.47 0.81 0.68 
32 31 32 27 29 31 32 27 

MEAN RMR 0.181 0.350 0.241 0.429 0.088 3.25 0.295 0.403 
0.15 	 0.00* 0.04* U.000 0.52 0.03* 0.01* 0.00* 

63 68 69 57 54 68 69 56 

MEAN 0.100 -0.182 -0.178 -0.251 -0.026 -0.193 -0.146 -0.062 
AVAILABLE 0.43 0.13 0.14 0.05* 0.84 0.11 0.23 0.64 
ENERGY 63 68 69 57 54 68 69 56 

t For each pair of variables, the first value shown is the correlatia coefficient (r), the second is the p value (*identifies p <0.10), and thethird is 

the numbe: of subjects. 

2. Maternal diet. 

Correlations of infant size with maternal intake are providt.d in Table 31.3. Maternal total kcal intake in the first trimester 
was only weakly correlated with infant weight at 90 days of age (r = -0.41, p = 0.08) but this negative correlation is 
probably spurious due to the small number of subjects (N = 19). Maternal intake of kcal from animal sources showed 
a much stronger association; animal kcal consumption in trimester I correlated with infant weight at 6 months, in 
trimester II with weight at birth, 3 and 6 months, and in trimester IIIwith length at 6 months. Correlations with the 
amount of animal protein consumed were very similar to those with animal kcal. In every trimester, the percentage of 
kcal and of protein from aniimal sources correlated with infant weight at 6 months, and in trimester 11 it predicted length 
at 6 months. No associations were seen between consumption of kcal from vegetable sout.:es and any infant 
anthropometri, measures. 
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3. Maternal RNIR and available energy. 

Mean RNIR in pregnancy was associ:ated with infant weight and length at every age except birth. Mean available ener
gy was as.gaL correlatcd with infant weights .ird lengths after birth. The higher the RMR, the lower is the avail
able energy. The corrclations 1'tween mean RIM-, m -an availablc energy, and all infant outcomes lose their significance 
when maternal height is introd:iced in a multivaL Le regression analysis to account for mother's size. RMR and avail
able energy arc u a:ss indicators of maternal size. RMR expressed as kcallkg has yet to be used in these analyses. 

TABLE 31.3 
SIGNIFICANT CORREILATIONS BETWEEN MATEIRNAL NUTRIENT INTAKE IN PREGNANCY AND 

INFANT EAIGHT ANI) LENGTH 

INFANT wErt" I.E'TTI 
MAITERNAL BIRTH 30 90 195 BIRTH 30 90 195 
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS 

ENERGY INTAKE 
Tri 1 -0.253 0.052 -0.406 -.264 -0.190 -0.115 -0.239 0.098 

0.29 	 0.83 0.089 0,34 0.46 0.63 0.32 0.73 
19 19 19 15 17 19 19 14 

Tr II 	 0.111 -0.098 {.0()4 0.117 0.033 -0.041 0.041 0.102 
0.51 	 0.55 0.98 0.53 0.85 0.80 0.80 0.59 

37 38 39 30 33 38 39 29 

Tri III 	 0.151 -0.029 -0.073 -0.057 0.004 -0.033 -0.067 0.020 
0.21 0.80 0.54 0.67 0.97 0.77 0.57 0.87 

68 73 71 57 57 73 71 57 

Tri 1+11+111 0.193 -0.001 -0.003 -0.006 0.027 -0.010 -0.001 0.117 
0.11 0.94 0.97 0.95 0.84 0.92 0.9 0.37 

69 74 73 60 58 74 73 59 
ANIMAL KCAL 
Tri I 0.124 0.138 0.206 0.467 -0.023 0212 0.116 0.063 

0.61 	 0.57 0.39 0.0'7* 0.92 0.38 0.63 0.83 
19 19 19 15 17 19 19 14 

Tr II 0.291 0.189 0.361 0.381 0.219 0.280 0.38 0.316 
0.07* 0.25 0.02* 0.03* 0.22 0.08* 0.01* 0.09* 

37 38 39 30 33 38 39 29 

Tri ITI 	 -0.121 0.096 0.135 0.189 0.151 0.076 0.093 0.256 
0.32 0.41 0.26 0.15 0.26 0.51 0.43 0.05* 

68 73 71 57 57 73 71 57 

Tri 1+11+111 -0.013 0.105 0.190 0.257 0.157 0.131 0.173 0-269 
0.91 	 0.36 0.10* 0.04* 0.23 0-26 0.14 0.03* 

69 74 73 60 58 74 73 59 
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TABLE 31.3 continued 

-_IAINTINFANT WEIGHT LENGTH 
MATERNAl, 
VARIABLES 

BIRlH 30 
DAYS 

90 
DAYS 

195 
DAYS 

BIRTH 30 
DAYS 

90 
DAYS 

195 
DAYS 

MEAN VEG KCAL 
0.204 
0.09-

69 

-0.030 
0.79 

74 

.0.043 
0.71 

73 

-0.056 
0.66 

60 

-0.007 
0.95 

58 

-0.039 
0.74 

74 

.0.037 
0.75 

73 

0.069 
0.60 

59 

% ANIMAL KC.AL 
Tri I 0.244 

0.31 
19 

0.158 
0.51 

19 

0.286 
0.23 

19 

0.556 
0.03* 

15 

0.043 
0.86 

17 

0.283 
0.23 

19 

0.179 
0.46 

19 

0.047 
0.87 

14 

Tri 1I 0.305 

0.06* 
37 

0.230 

0.16 
38 

0.363 

0.02* 
39 

0.455 

0.01* 
30 

0.204 

0.25 
33 

0,273 

0.09* 
38 

0.372 

0.01* 
39 

0.350 

0.06* 
29 

Tri 111 -0.224 

0.06* 
68 

0.076 

0.52 
73 

0.147 

0.22 
71 

0.236 

0.07* 
57 

0.078 

0.56 
57 

0.028 

0.80 
73 

0.080 

0.50 
71 

0.231 

0.08 
57 

Tri I+11+I 

PROTEIN, g 
Tri I 

-0.150 
0.21 

69 

-0.286 

0.23 
19 

0.054 
0.64 

74 

-0.004 

0.98 
19 

0.150 
0.20 

73 

-0.314 

0.18 
19 

0.269 
0.03" 

60 

-0.097 

0.72 
15 

0.061 
0.64 

58 

-0.218 

0.40 
17 

0.046 
0.69 

74 

-0.055 

0.82 
19 

0.111 
0.34 

73 

-0.317 

0.18 
19 

0.196 
0.13 

59 

0.133 

0.64 
14 

Tri II 0.179 
0.28 

37 

0.036 
0.82 

38 

0.134 
0.41 

39 

0.282 
0.13 

30 

0.047 
0.79 

33 

0.070 
0.67 

38 

0.099 
0.54 

39 

0.176 
0.35 

29 

Tri 11 0.061 

0.61 
68 

0.006 

0.95 
73 

-0.063 

0.59 
71 

-0.038 

0.77 
57 

0.044 

0.74 
57 

-0.063 

0.59 
73 

-0.094 

0.43 
71 

C.026 

0.84 
57 

Tri- 1+11+III 0.110 
0.36 

69 

0.013 
0.91 

74 

0.010 
0.93 

73 

0.036 
0.78 

60 

0.042 
0.75 

58 

-0.044 
0.70 

74 

-0.040 
0.73 

73 

0.130 
0.32 

59 
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TABLE 31.3 continued 

INFANT WEIGHT - INFANT LENGTH 
MATERNAL BIRTH 30 90 195 BIRTH 30 90 195 
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS 

ANIMAL PROTEIN, g 
Tri I 0.178 0.180 0.295 0.424 -0.041 0.241 0.180 0.113 

0.46 0.46 0.21 0.11 0.87 0.31 0.45 0.70 
19 19 19 15 17 19 19 14 

Tri I 0.272 0.222 0.440 0.421 0.224 0.271 0.378 0.314 
0.10* 0.16 0.00* 0.02* 0.20 0.09* 0.01* 0.09* 

37 38 39 30 33 38 39 29 

Tri1I -0.111 0.046 0.072 0.116 0.156 0.038 0.051 0.178 
0.36 0.69 0.54 0.38 0.24 0.74 0.67 0.18 

68 73 71 57 57 73 71 57 

Tri +I+ll -0.013 0.093 0.166 0.209 0.180 0.111 0.139 0.235 
0.91 0.42 0.15 0.10* 0.17 0.34 0.24 0.07* 

69 74 73 60 58 74 73 59 
%ANIMAL KCAL 
Tri I 0.419 0.290 0.43.4 0.601 0.087 0-381 0.321 0.092 

0.07* 0.22 0.06* 0.014 0.73 0.10* 0.17 0.75 
19 19 19 15 17 19 19 14 

Tr II 0.271 0.233 0.464 0.477 0.217 0.255 0.377 0.362 
0.10* 0.15 0.00* 0.00" 0.22 0.12 0.010 0.05* 

37 38 39 30 33 38 39 29 

Tri 1I -0.200 0.009 0.094 0.187 0.096 -0.001 0.061 0.194 
0.10" 0.93 0.43 0.16 0.47 0.98 0.60 0.14 

68 73 71 57 57 73 71 57 

Tri I+II+III -0.100 0.050 0.155 0.250 0.109 0.059 0.118 0.205 
0.41 0.66 0.19 0.04* 0.41 0.61 0.31 0.11 

69 74 73 60 58 74 73 5 
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B. Maternal Characteristics During Pregnancy and Infant Grwith 

1. Maternal heigFt, weight and weight change. 

Maternal weight during pregtancy was strongly associated with the change in infant weight between 90 and 195, 0 and 
195, and 30 and 195 days of age. The pattern was for the correlation to become increasingly strong between maternal 
weights later in pregnancy and infant weight increase after 90 days. The correlation between total infant weight gain in 
the first 6 months and maternal weight at the end of pregnancy was 0.56 (p <.001). 

Maternal height is strongly associated with infant weight changes between the third and sixth month of age (r = 0.31, 
p < .001), and infant length change between the first and third postpartum months (r = 0.35, p < .001). Correlations be
tween maternal weight gain in pregnancy and infant growth were not strong, except between maternal gain in the third 
trimester and infant weight change (r = 0.33, p =0.04 for change between 0 and 6 months). 

2. Maternal diet. 

The only significant correlation between maternal kcal intake in pregnancy and postnatal growth was in trimester I 
(negative with weight change from 0 to 30 days, but with only 17 subjects). However, in the first and second trimesters 
and overall, maternal intake of animal kcal was associated with infant weight change after 3 months of age (r = 0.40, 
p = 0.04 for animal kcal intake in trimesuer III anI infant weight change during the first 6 months). Kcal from animal 
sources in trimester 3 and overall was also associated with change in infant length between I and 6 months. In every 
trimester, percent of kcal and protein from animal sources were correlated with infant weight change and length change 
after 3 months (r : 0.33, p = 0.01 for overall percent animal kcal and weight change between 3 and 6 months). At no 
point in time did kcal from vegetable sources correlate significantly with infant growth. 

3. Maternal RMR and available energy. 

Average maternal RMR predicted growth in weight and lengt i of infants at most ages including birth ( '= 0.51, p = 

0.001 for weight increase between 0 and 6 months; again this is an indicator of maternal size). Available energy (A.E.) 
was negatively associated with infant weight change in most intervals. 

C. Maternal Characl. istics During Lactation and Infant Siz 

Table 31.4 shows the correltions of maternal characteristics in lactation wih infant weight and length during the first 
six postpartum months. 

1. Maternal weight and weight change. 

In general, maternal weight at 1,3 and 6 months of lactation was strongly, positively associated with both infant weight 
and length at the same time;. The correlation coefficients were even higher at 6 months of age than they were earlier 
in infancy. 

Maternal postpartum weight change was not associated with infant size at any time. 

Fatter women tended to have infants who were heavier from birth onwards and greater in length from one month on
wards, with the association being especially strong when the infant is six months old. However, pospartum changes in 
maternal fatness were not strongly associated with infant size, except that women with more fat loss between I and 3 
months had heavier infants at birth and 1 month. 
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TABLE 31.4 
CORRELATIONS BETWEEN MATERNAL ANTHROPOMETRY AND RMR IN LACTATION AND IN-
FANT SIZE 

INFANT WEIGHT INFANT LENGTH 
MATERNAL BIRTH 30 90 195 BIRTH 30 90 195 
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS 

WEIGHT 
Day 30 0.211 0.208 0.302 0.406 0.200 0.137 0.283 0.317 

0.04* 0.03* 0.00* 0.00* 0.07* 0.17 0.00* 0.00* 
90 101 98 83 78 99 99 83 

Day 90 0.189 0.257 0.232 0.428 0.252 0.206 0.313 0.349 

0.08* 0.01* 0.02* 0.00* 0.03* 0.05* 0.00* 0.00* 
84 91 99 84 72 90 10(0 84 

Day 195 0.129 0.221 0.231 0.406 0.172 0.131 0.240 0.263 
0.23 0.03* 0.02* 0.00 0.13 0.21 0.01* 0.01* 
gs 93 95 90 75 92 96 89 

WEIGHT CHANGE 
Day 30 to 90 0.094 -0.005 -.062 -0.045 0.094 -0.000 -0.068 -0.026 

0.39 0.95 0.55 0.69 0.43 0.99 0.50 0.81 
82 91 94 78 70 90 95 78 

Day 90 to 195 0.118 0.010 0,076 -0.136 0.267 0.035 0.042 -0.049 

0.29 0.92 0.47 0.21 0.02* 0.74 0.68 0.65 
80 87 91 83 70 86 92 83 

Day 30 to 195 0.132 -0.009 0.058 -0.081 0.132 0.005 -0.020 -0.064 

0.23 0.92 0.58 0.46 0.26 0.95 0.84 0.56 
83 93 92 82 73 92 93 82 

PERCENT FAT 
Day 30 0.289 0218 0.175 0.344 0.091 0.171 0.177 0292 

0.00* 0.03* 0.09* 0.00* 0.44 0.10* 0.08* 0.010 
83 93 92 76 73 93 93 76 

Day 90 0.181 0.089 0.123 0.342 0.088 0.067 0.161 0.329 

0.10* 0.40 0.24 0.00* 0.46 0.53 0.12 0.00* 
81 88 92 81 69 87 93 81 

Day 95 0.078 0.097 0.153 0220 0.146 0.152 0.185 0.186 

0.52 041 0.18 0.06* 0.26 0.19 0.10* .12 
68 73 75 69 60 73 76 69 
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TABLE 31.4 continued 

INFANT WEIGHT INFANT LENGTH 
MATERNAL BIRTH 30 90 195 BIRTH 30 90 195 
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS 

FAT CHANGE 
Day 30 to 90 0.230 0.203 0.098 0.005 0.107 0.158 0.021 -0.074 

0.04* 0.06* 0.37 0.96 0.39 0.14 0.84 0.53 
76 84 85 70 66 84 86 70 

Day 90 to 195 -0.032 -0.153 -0.096 -0.025 -0.141 -0.229 -0.058 0.008 
0.80 0.21 0.43 0.84 0.31 0.060 0.63 0.94 

61 66 68 63 53 66 69 63 

Day 0 to 195 0.180 -0.013 -0.075 -0.056 -0.030 -0.062 -0.046 -0.028 
0.15 0.91 0.53 0.65 0.82 0.60 0.69 0.82 

64 70 70 63 57 70 71 63 

MEAN RMR 0.047 0.010 0.020 0.0S5 0.161 0.076 0.138 0.059 
0.66 0.91 0.84 0.44 0.17 0.47 0.17 0.59 

82 92 96 81 71 91 97 81 

2. Maternal diet. 

At no stage of lactation up to 6 months were the mean intake of kcal, kcal from vegetable sources, or % kcal from 
vegetable sourLCS, correlated with infant size (Table 31.5). Interestingly, maternal constmption of energy and protein 
between 6 and 8 months were relaLd to infant weight and length at 6 months - perhaps reflecting the higher energy re
quirements for milk to feed larger infants. In contrast, the intake of anim'l kcal between months 3 and 6, and the mean 
overall % kcal from animal sources, grams of animal protein, and %animal protein, were significantly correlated with 
infant weight at all times from the first monih of age, and with infant length and weight at both one and six months. 

3. Maternal RMR and available energy. 

Neither mean RMR nor mean available energy in lactation were correlated with infant size at any time. 
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TABLE 31.5 
CORRELATIONS I1ETWEEN MATERNAL DIET IN LACTATION AND INFANT SIZE 

INFANT EIG IIT INTANT LENGTH. 

MATERNAL BIRTH 30 90 195 BIRTH 30 90 195 

VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS 

ENERGY INTAKE 
Day 0 to 90 -0.059 -0.011 -0.050 -0.031 -0.068 -0.036 -0.062 -0.067 

0.59 0.()! '5_2 0 7R 0.55 0.72 0.55 0.55 

86 93 94 78 75 92 94 78 

Day 90 te 195 0.067 0.0.j -0.024 0.023 -0.046 0.023 0.057 0.035 

0.54 0.47 0.81 0.83 0.70 0.82 0.58 0.75 

82 90 93 81 71 89 94 781 

Day 195 to 254 0.076 0.99 1 0.145 0.253 -0.162 0.032 0.097 0.222 

0.51 0.41 0.18 0.02* 0.20 0.77 0.36 0.05* 

74 81 85 77 63 80 86 77 

Day 0 to 195 0.043 0.079 0.047 0.113 -0.057 0.033 0.084 0.102 

0.68 0.43 0.63 0.29 0.6) 0.74 0.39 0.34 

89 98 101 86 77 97 102 86 

ANIMAL KCAL 
Day 0 to 90 0.016 0.123 0.105 0.125 0.049 0.046 0.022 0.021 

0.88 0.23 0.31 0.27 0.67 0.65 0.82 0.85 

86 93 94 78 75 92 94 78 

Day 90 to 195 0.188 0.188 0.122 0.208 0.136 0.114 0.108 0.196 
0.09* 0.07* 0.24 0.06* 0.25 0.28 0.29 0.07 

82 90 93 81 71 89 94 81 

Day 195 to 254 0.155 0.229 0.221 0.240 0.027 0.061 0.086 0.181 

0.18 0.03* 0.04* 0.03* 0.83 0.59 0.43 0.11 
74 81 85 77 63 80 86 77 

Day 0 to 195 0.121 0.192 0.171 0.203 0.091 0.090 0.081 0.153 

0.25 0.05* 0.08* 0.05* 0.43 0.37 0.41 0.15 
89 98 101 86 77 97 102 86 

MEAN VEG KCAL 
0.010 0.037 0.006 0.066 -0.087 0.013 0.066 0.068 

0.92 0.71 0.95 0.56 0.44 0.89 0.50 0.53 
89 98 101 86 77 97 102 86 

321
 



TABLE 31.5 continued 

MATERNAL 
-__REkN _WFTGHT 

BIRTH 30 90 195 
IN 

BIRTH 
-NTLENGTH 

30 90 195 
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS 

% ANIMAL KCAL 
Day 0to90 0.059 0.112 0.139 0.130 0.043 0.032 0.060 0.031 

0.58 0.28 0.17 025 0.71 0.75 0.56 0.78 
86 93 94 78 75 92 94 78 

Day 90 to 195 0.195 0.158 0.104 0.209 0.160 0.121 0.078 0.196 
0.07* 0.13 0.31 0.06* 0.18 0.25 0.45 0.07* 

82 90 93 81 71 89 94 81 

Day 195 to 254 0.153 0.207 0.217 0.214 0.087 0.066 0.083 0.145 
0.19 0.06", 0.04" 0.06* 0.49 0.55 0.44 0.20 

74 81 85 77 63 80 86 77 
Day 0 to 195 0.136 0.165 0.170 0.191 0.100 0.087 0.059 0.138 

0.20 0.10* 0.08* 0.07* 0.38 0.39 0.55 0.20 
89 98 101 86 77 97 102 86 

PROTEIN, grams 
Day 0 to90 -0.045 0.057 0.031 0.058 -0.035 -0.001 -0.026 -0.012 

0.6; 0.58 0.76 0.60 0.76 0.98 0.79 0.91 
86 93 94 78 75 92 94 78 

Day 90 to 195 0.056 0.120 -0022 0.067 -0.048 0.023 0.024 0.057 
0.61 0.25 0.82 0.54 0.68 0.82 0.81 0.61 
82 90 93 81 71 89 94 81 

Day 195 to 254 0.047 0.153 0.184 0.313 -0.172 0.060 0.097 0.213 
0.68 0.17 0.09" 0.00* 0.17 0.59 0.37 0.06* 
74 81 85 77 63 80 86 77 

Day0 to 195 0.031 0.141 0.090 0.165 -0.051 0.059 0.083 0.104 
0.76 0.16 0.37 0.12 0.65 0.56 0.40 0.33 

89 98 101 86 77 97 102 86 
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TABLE 31.5 continued 

INFANT WEIG HT .INFANT LEN H__ 
MATERNAL BIRTH 30 90 195 BIRTH 36 90 195 
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS 

ANIMAL PROTEIN, grams 
Day 0 to 90 0.019 0.093 0.1-14 0.117 0.061 0.028 0.070 0.042 

0.85 037 0.16 0.30 0.60 0.78 0.49 0.71 
86 93 94 78 75 92 94 78 

Day 90 to 195 0.185 0.155 0.090 0.190 0.168 0.096 0.091 0.189 
0.09* 0.14 0-38 0.08* 0.16 0.37 0.38 0.08* 

82 90 93 81 71 89 94 81 

Day 195 to 254 0.163 0.233 0.244 0.286 0.028 0.087 0.)94 0.181 
0.16 0.03* 0.02" 0.01* 0.82 0.44 0.38 0.11 

74 81 85 77 63 80 86 77 

Day0to 195 0.120 0.164 0.170 0.190 0.116 0.084 0.097 0.150 
0.25 0.10* 0.08* 0.07* 0.31 0.40 0.33 0.16 

89 98 101 86 77 97 102 86 
% ANIMAL PROTEIN 
Day 0 to 90 0.084 0.073 0.166 0.120 0.075 0.001 0.091 0.052 

0.44 0.48 0.100 0.29 0.52 0.99 0.38 0.64 
86 93 94 78 75 92 94 78 

Day 90 to 195 0.222 0.107 0.062 0.187 0.216 0.095 0.060 0.189 
0.04* 0.31 0.55* 0.09* 0.06* 0.37 0.55 0.09* 

82 90 93 81 71 89 94 81 

Day 195 to 254 0.170 0.179 0.2!.i 0.203 0.098 0.075 3.05_ 1,A 
0.14 0.10* 0.04* 0.07* 0.44 0.50 0.62 0.28 

74 81 85 77 63 80 86 77 

Day 0 to 195 0.151 0.118 0.153 0.165 0.143 0.065 0.047 0.133 
0.15 0.24 0.12 0.12 0.21 0.52 0.63 0.22 

89 98 101 86 77 97 102 86 

D. Maternal Variables During Lactation and Infant Growth 

1. Maternal weight and weight change 

Maternal weight throughout lactation was significantly and consistently correlated with infant growth in weight and 
length during the first six months of age (r = 0.472, p = 0.001 for mothers weight at 6 months and infant weight increase 
between birth and 6 months). Mother's height predicted weight and length change of the infant after months 3 and I 
respectively. Mothers who lost least weight and fat during months 3 through 6 of lactation, and who were fatter, had 
infants who gained more rapidly (r = -0.31, p = 0.006, for maternal weight change and infant weight gain from 3 to 6 
months . 
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2. Maternal diet 

The energy and protein intakes of [be mother between 6 and 8 months postpartum were positively associated with the 
rate of increase in infant weight and length between 1 and 6 months (infant weight with kcal, r = 0.30, p = 0.01 and 
wid protein, r = 0.34, p = 0.006). Maternal intake of kcal from animal sources showed no consistent pattern of associa
tions with infant growth, and the correlation never exceeded 0.20. 

E.Correlations with Infant Fatness 

The sum of infant skinfolds was calculated at 1,3and 6 months, and this estimate of fatness was correlated with a num
ber of maternal and environmental factors. Anumber of the explanatory variables described in Tables 31.2 and 31.3 
showed significant correlations with infant skinfolds. Neither the weight nor the height of the pregnant mother, nor her 
weight gain in pregnancy, predicted iniant fatness at any age. However, gain in fatness between months I to 6 was 
higher in infants whose mothers weighed more at 137 days (r = 0.43, p = 0.02) and 280 days (r = 0.27, p = 0.05) of 
pregnancy. Maternal weight changes during lhctaion were not correlated with the sum of infant skinfolds but did show 
a strong association with changes in infant skinfolis. Between I and 3,and 3 and 6 months of age, the increase in in
fant skinfolds was greater if the mother gained weight (or lost less) between months I and 6 of lactation (r = -0.22, p = 
0.05 and r =-0.41, p =0.0002 from I to 3 and 3 to 6 months of age respectively). There were also associations between: 
maternal percent fat at 30 days of lactation and infant skinfolds at 3 months (r= 0.22, p =0.05); average matemal animal 
kcal intake during lactation (mostly explained by intake between months 6 and 8) and infant skinfolds at days 30 and 
90 (r = .20, p <.05); maternal total kcal intake between 6 and 8 months of lactation and infant skinfolds at 6 months (r 
= 0.23, p = 0.05). 

Thus it appears that fatter infants have mothers who are heavier and fatter, lose less weight during lactation, and con
same more total kcal and animal kcal between 6 and 8 months postpartum. 

Mothers who had a greater amount of illness during lactation had infants with larger skinfolds at I and 3 months (r = 
0.20, p <.05), and a tendency toward larger skinfolds at 6 months (p <0.06). There was no association between any of 
the infant morbidity variables and infant skinfolds. 

Fatter children a: 6 months also came from homes with higher (cleaner) external (r = 0.27, p = 0.01) and internal (r = 
0.26, p = 0.02) sanitation scores, attributable to their faster rate of fat increase between months 1 and 6. Infants from 
larger households had smaller skinfolds at inonths I (r =-0.27, p = 0.007) and 3.The appearance of the mother, schooler 
and preschooler were positively associated with infant skinfold thickness at 3 and 6 months (cleaner appearance scored 
higher); the correlation was strongest at 6 months with the appearance of the preschooler (r = 0.23, p= 0.03). Mothers 
with higher socioeconomic status had a greater percent of body fat throughout lactation (r= 0.29, p = 0.006 at 6 months). 

To summarize these simple associations, it appears that infants who have the greatest increase in fatness have fatter, 
heavier mothers who eat more. They also live in cleaner, smalcr, and ,,alhouelLo6. Huwever, there were no 
detectable relationships between infants' skinfold measures or changes and either infant or maternal morbidity during 
lactation. 

E. CorrelaiQns between Maternal Diet and Other Variables 

Mean kcal from animal sources (but not total kcal) and the percent of kcal and protein from animal sources were sig
nificandy correlated with SES, external and internal sanitation, and the appearance of mothers, schoulers and pre
schoplers in the households. Total kcal intake in pregnancy and ,iilactation were significantly associated only with 
internal sanitation. 

Maternal height is not significantly correlated with total kcal or protein intake at any time. However, taller women con
sumed more and a higher percentage of animal kcal in the second trimester, and a higher percentage of animal kcal 
throughout lactation. Why there should be significant associations between maternal height and animal product intake 
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is not clear. lowever, these associations between maternal intake--especially of animal products--and maternal height, 
as well as , ith a number of environnental variables, suggest that those bctwecn animal product intake and otner vari
ables must be interpreted with caution. 

There were no consistent pattcrns of association between mate'nai weight or weight gain in pregnancy and any diet 
variables. A: each stage o lactation, intriguing negative correlations (N subjects > 69) were seen between the amount 
of kcal, vegetabl, kc:l, and proein consumed dur-ing the second and third trimesters of pregnancy and maternal postpar
tum wcight )for kcal, r = -0.20 to -0.31, p = .05). In other words, womern who consumed more kcals during late preg
nancy were smaller postpartum. They a!so lost consistently more weight throughout lactation (e.g. r = 0.31, p =0.01 
for intake verage energy intalke in pregnancy and maternal weight loss I to 6 months postpartum), had a lower percent
fat at 3 and 6 months of lactation ( r = -0.45, p = 0.(02 at 6 months), :1 lost more fat between 3 and 6 rnonths (r = 
0.41, p = 0.001). These same, if not stronger patterns were seen betweei, protein intake in pregnancy and postpartum 
body composition changes (e.g. average proein intake in pregnancy and maternal percent fat ,:t 6 months, r = -0.46, p 
= 0.00O2). 

In contrast, pregnancy intake of kcal wnd protein from animal sources was not correlated with postpartum weight, buL 
predicted more weight increas e (or less loss) l:,'teen 1 and 6 months ( i = -0.29, p = 0.01 for kcal). 

No diet variables were significantly correlated with maternal lactation weight, weight change, fatness, or fat change at 
any tune point. 

The importance of hcv observations is that a higher energy intake in pregnancy may be related to postpartum infant 
growth thr(ough the amount of maternal energy stores that are available for (or used during) milk synthesis. 

lMailmlt ,hmUltfat Morbidity 

Women from larger households had more pregnancy complications (r = 0.25, p = .01). Postpartum weight loss was 
lower in those mothers who had more complications in pregnancy (r = -0.29, p = 0.05 for the period 3 to 6 months 
postpartum). 

Matemal morbidity (total illness) during lactation was positively associated with infant size (especially weight) and fat
ness throughout irfancy, e.g. with infant weight at 6 months the correlation was 0.23 (p =0.03). Infant weight and skin
fold changes, however, were unrelated to maternal morbidity. Reported maternal illness in lactation was highly related 
to reported infant illness (r = 0.40, p = 0.0001). 

Morbidity variable constructs of (total days ill / observed) and (total days diarrhea / observed) were correlated with the 
variables measuring socioeconomic status, external sanitation, and internal sanitation. The results are as follows; 
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INFANTS TOTAL DAYS DIARRHtEA/DAYS OBSERVED (p.-values) 

N Month I Month 2 Month 3 Month 4 Month 5 Month 6 Month 7 

External (71) NS .13 .08 .03 NS NS NS. 
SaniL 

Internal (71) NS NS NS .003 NS NS NS 
Sanit. 

INFANTS TOTAL DAYS DIARRHEA/DAYS OBSLRVED (p-values) 

N Month 1 Month 2 Month 3 Month 4 Month 5 Month 6 Month 7 

External (71.) NS .004 .18 NS NS NS NS 
SaniL 

Internal (71) NS .03 NS NS NS NS NS 
Sanit. 

There are seve:.al possible explanations for this that need to be further explorcd. One potential explanation is that the 
morbidity measure is less reliable as an indicator of infant illness, and more reliable as a proxy for the mothers' ability 
to observe, and willingness to report, illness in her infant. The conditioa of sanitation was ob..rd. (lie investigator,
while the condition of the child's health was rported by the mother. Mothers in dirty houses may be less able to iden
tify the symptoms c' illness in their infant. The facts that i) mothers in cleaner houses tend to report more illnL. s, ii) the 
frequency of maternal and infant illnesses is strongly associated, and iii) sicker mothers have fatter infants, supports
this suggestior,. This will be tested through similar situations in other data sets, and against other measures of maternal 
care-taking ability. 

The seven month mean incidence rate of total illnesses of infants Nas not significantly correlated with: external sanita
tion, internal sanitation, socioeconomic status, and mother's average morbidity during pregnancy, (N= 127). The mean 
days ill / days observed for diarrhea was not significantly correlated with socioeconomic status. The average days ill /
days observed for the infant was not associated with infant size at any age included in these analyses. Infants born to 
women who ate more animal energy and protein during pregnancy had less morbidity during month, 1 to 3 postpartum
(r = -0.30, p = 0.02). Likewise, maternal intake of both total and animal ei..'rgy and protein were associated with less 
infant illness between 3 and 6 months of age. 

H.SocioeconomicSt iables 

Suciucconomic status was not related to the size or growth rate of the infant at any age (Table 31.6). 

Women with poorer socioeconomic status weighed less at mid-pregnancy and the end of pregnancy (r = 0.24, p <.05),
but were not different in weight at other times during pregnancy, nor did they differ in the amount of pregnancy weight
gain. Higher SES women were taller (r = 0.25, p = 0.004), and had fewer complications during pregnancy (r = 0.21, p 
= 0.03). 

Socioeconomic status was consistently positively related to the mother's weight (r = 0.32, p = 0.0005 at 6 months) and 
her fatness (r = 0.29, p = 0.006) throughout the first 6 months postpartum, and was consistently marginally (p = 0.12) 
associated with less weight and fatness loss during the same period. 
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Weight in pre gnancy was 1)ut as.o,ciated with sa'itaion or child care variables. In households which had better intcr
nal and extcnil sanitation, and where tie mother, schoolr rand vounest child had a -leancr appearance, mothers gained 
more weight during the Last trinicsrer of ptiegiaaiv (e.g. r = 0.32, p = 0.02 with external Fanitation), and also gained 
more (or lost less) weight during lactation (r :0C, 9 to 0.2,, p <0.05). 

Several factors in the infan':; envimrnment correlate with its weight (but not length) during the first six months of age 
(Table 31.6). The strongest and most consistent of these were indicators of maternal "sanitary practices and child care". 
Specifically, the external a lin;ernal sanitatin of the household, and the appea.ince of the mother and preschooler 
sibling, were positively asscOiated witl infant weight between I and 6 months and weight change during this period. 
More person!; in Qte household predicted smaller infant wcight (at I and 3 months) and length (a-t birti and I month). 
Since the effect of h(ousehold size is more significant in the first 3 months, thi,nay be operating through the parity of 
the tother rather than through household resources. Neither fite number of females over 12 ,e~u s of age, nor number 
of chi ldreit less than 6 years of age, was related to nfani size at any agc. 

in summary, infants incrcxtscd faster in we ight from bith onward:; if Owe extcior and interior saniuLary conditions of 
their homes were betcr, and If the premchx>ler:s and nothCw.: in the household appeared cleaner, but they grew more 
slowly if the nurrb - uf teenag',e women in the household was higher. 
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TABLE 31.6 
CORRELATIONS BETWEEN SOCIAL AND ENVIRONMENTAL VARIABLES AND INFANT SIZE 

IEA T IGHT INEANr LENGTH 
MATERNAL BIRTH 30 90 195 BIRTH 30 90 195 
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS 

SES 0.024 0.136 0.038 0.126 -0.078 0.015 0.058 0.019 
0.82 0.17 0.70 0.23 0.48 0.88 0.55 0.85 
92 101 103 90 80 99 104 89 

EXT. SANITATION -0.026 0.271 0.223 0.288 0.066 0.098 0.074 0.085 
0.80 0.00 0.02* 0.00" 0.56 0.33 0.45 0.42 

91 99 102 90 78 98 103 89 

INT. SANITATION 0.028 0.189 0.187 0.274 0.056 0.092 0.091 0.114 
0.79 0.06* 0.05* 0.00* 0.62 0.36 0.36 0.28 

91 99 102 90 78 98 103 89 

MOTHER'S APPEAR. 0.007 0.186 0227 0.218 0.082 0.118 0.147 0.138 
0.94 0.06* 0.02* 0.036 ' 0.47 0.24 0.13 0.19 
91 99 102 90 78 98 103 89 

SCHOOLER'S APPEAR. -0.032 0.110 0.115 0.125 0.017 0.099 0.135 0.132 
0.76 0.29 0.26 0.25 0.88 0.34 0.18 0.22 
83 91 95 85 71 90 96 84 

YOUNGEST'S APPEAR -0.00 0.225 0.225 0.251 0.109 0.121 0.158 0.138 
0.94 0.02* 0.02* 0.01* 0.33 0.23 0.11 0.19 
90 97 102 90 78 96 103 89 

# IN HOTJSEHOLD -0.059 -0.176 -0.210 .0.114 -0.234 .0.243 -0.113 -0.152 
0.56 0.07* 0.03* 0.28 0.03* 0.01* 0.25 0.15 
94 102 103 91 81 100 104 90 

# ADULT WOMEN -0.002 .0.036 0.057 0.121 -0.095 -0.092 0.020 0.038 
0.97 0.71 0.56 0.25 0.39 0.35 0.83 0.71 
94 102 103 91 81 100 104 90 

# WOMEN >12 YRS 0.069 0.102 0.076 -0.041 -0.023 0.027 0.085 0.037 
0.50 0.30 0.43 0.69 0.83 0.78 0.38 0.72 
94 102 103 91 81 100 1(C4 90 

V.MULTIVARTATE ANALYSES 

A. Selection or Variables 

From the above univariate analyses, patterns of relationships among variables were discerned. These patterns were 
entered into models using fewer, non-collinear variables. When members of a group of variables were highly correlated 
with each other, e.g. internal sanitation and child care, energy and protein intake, or maternal weight in trimesters 2 and 
3 of pregnancy, only one of these variables was selected for the multivariate analyses. Variables were chosen for entry 
into each model based on their reasonableness from a biological perspective, and their lack of collinearity. 
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The SAS Stepwise Regression procedure was used by both the Mexico and Connecticut groups, except that Connec
ticut includcd Ihe, maximum R- improvement option. The maximum R2 improvement method begins by finding the 
one-variable model producing the highest R2.Then another variable, the one that produc-s the greatest increase in R 
is added. At the xint at which the two-variable model is obtained, each of tte variables not in the model is compared 
to each variable in the mtel, and the procedure determines if removing one variable and replacing it with the other 
will increase die R2. All possible switches are checked, with the one that is finally made producing the largest increase 
in R'.The new comparisons start again and the procedure continues until no switches increase R, Inthe results presented 
here, variables w.re accepted as contributing significantly to the total variance explained f tlher F statistic reflecting 
its contribution to the model was p <:d. 10. The maximum R' improvement option is considered superior to the regular 
Stepwise procedure because it checks whethe.r the variables in die preceding step remain significant contributors to the 
total variance. after comnparing each variable in the model to each variable not in die model. 

In the results presented below, associaLtions are positive unless otherwise indiicatd. The hypotheses addressed here are 
those that the Principal hnvestic'atlos of the CRSP agreed would be tested by all three projects. 

1.Mlodel # I. 

The generl hypothesis tested was: 

Maternal energy intake during pregnancy affecr, maternal weight gain and body composition. 

a) The NMexico model 

The diet variable was mean energy intake for each month of pregnancy (two days per month). 

Dependent (explained) variables were: weight in the last month of pregnancy, percent body fat in the last month ofprcg. 
nancy (calculated using Durnin and Womersley's formula, although it is recognized that the values only approximate 
relative fatness in pregnant women), and the rate of weight gain between the 5th and 9th month of pregnancy. 

Confounding explanatory variables were: monthly maternal weights; family composition (number ofchildren <12 years 
of age, number 6 to 12 years of age, number of females > 12 years and number of males > 12 years of age); seasonality 
(three 4-month periods coded as dummy variables); socioeconomic status and sanitation variables; morbidity (days 
ill/days observed for gastrointestinal, respiratory {upper and lower combined), fever, other); severity of these illnesses 
(% resulting in total or partial incapacity, or loss of appetite); presence or absence of appropriate treatment (treatment 
that would reduce the duration of an illness or reduce fever); number of abortions; parity (1 or >6 for high risk, 2 to 5 
for low risk); interval since last pregnancy (a dummy variable of I if less than 12 months); pregnancy complications 
(excessive early vomiting, edema, vaginal bleeding). 

Results of Stepwise Regression Analyses 

i) Weight at the end of pregnancy. 

Apart from weight at months 7 and 8, which predicted 56% of the variance in weighc at month 9, other variables that 
reached the level of significance to stay in the model were kcal intake in the 6th month of pregnancy, percent fat of the 
mother at the 5th month (negative, p =0.09), percent of respiratory episodes resulting in a mild incapacity (negative, p 
= 0.06), percent of gastrointestinal episodes resulting in a moderate incapacity (negative, p = 0.06), percent of 
gastrointestinal episodes that received adequaze treatment (negative, p = 0.06), socioeconomic status (p = 0.07), and 
the occurrence of the birth during May to August (p = 0.02). 
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ii) Percent fat at the end of pregnancy. 

Percent fat during the previous three months (6 to 8) explained 45% of the variability at 9 months. Other variables that 
entered the model were total kcal consumed in month 7 (p = 0.01) and month 9 (p = 0.0001), percent of gastrointestinal 
episodes that resulted in severe incapacity (negative, p = 0.01), percent of fever episodes that Ycre treated (p = 0.03), 
parity (p = 0.05), socioeconomic status (p = 0.08) and number of males over 12 years of age (negative, p = 0.003). 

iii) Slope of maternal weight gain, 5 to 9 months. 

Only anthropometric and obstetric variables made a significant contribution. These were the weight of the mother at 8 
months (p = 0.004), percent fat at 5months (p = 0.006), excessive vomiting early in pregnancy (negative, p = 0.01), 
and percent of fever episodes treated (p = 0.08). 

iv) Summary and discussion of the Mexico analyses. 

The energy intake of the mother, especially in the second trimestcr, was positively related to mother's weight and fat
ness at the end of pregnancy. Women with a lower percent body fat at 5 months were heavier at the end of gestation
and had the highest rates of weight gain between months 5 and 9. Further work is needed to explore the direction of 
caLsality here. "Treated fever episodes" had a positive association, and gastrointestinal illnesses a negative one, with 
both percent body fat and weight at the end of pregnancy. Excessive vomiting in early pregnancy had a negative as
sociation with weight gain The effect of panty or,percent fat is probably attributable to the higher percent body fat of 
older women (Chapter 22), but this possibility needs to be explored further. Socioeconomic status was related to both 
mother's weight and fatness in late pregnancy. There are a Pumber of ways in which the presence of more males over 
12 years of age could have nzgatively influenced maternal fatness, including a heavy work load on the mother and 
reduced food availability for the mother. 

b) The Connecticut model 

Diet variables were average energy intake in pregnancy, average animal kcal in pregnancy, and average % animal kcal 
in pregnancy. 

Dependent (explained) variables were: sum of weight change in all trimesters, weight change mid-to-late pregnancy, 
weight change in the second trimester, and weight change during the last trimester. 

Confounding explanatory variables included: mother's weight at day 0 to 93, mothers % fat at day 30, mother's height,
socioeconomic stativ, pregnancy complications, appearance of mother, internal sanitation, and number in household. 

Results of Stepwise Regression Analyses 

i) Predictions of total weight change in pregnancy (0 to 280 days). 

None of the explanatory variables entered significantly into the model. 

i:) Predictions of maternal weight change, mid- to late pregnancy (137 to 280 days). 

The best predictor was average intake of animal kcal during pregnancy, having a correlation coefficient of 0.46 with 
the weight gain variable. However, plots of average animal kcal intake in pregnancy and weight at 137 and 186 days 
of pregnancy revealed that the three smallest women in the sample had the highest animal kcal intakes in both periods
and relatively large weight gains, thus greatly increasing the strength of the correlations. With this caution, the vari
ables that entered significantly into the model were: average intake of animal kcal, maternal percent fat at 30 days 
postpartum (assumed here to be a reasonable proxy for relative maternal fatness at 137 days of pregnancy), 
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sociocConomic status, and total pregnancy complicatiois (negative). The model explained 61% of the variance in weight
 
gain during the last half of pregnancy.
 

iii) Predictions of maternal weight change, second trimester of pregnancy (93 to 186 cdiys).
 

The variables that entered significantly into the final model were: average energy intake during pregnancy and total
 
pregnanc' complications (negative), together explaining 34% of the variance in second trimester weight gain.
 

iv) Predictions of ma1tcrnal weight change, last trimester of pregnancy (186 ,o 280 days).
 

None of the explanatry variablC:, citered significantly into the model.
 

v) Predictions of maternal fat at 30 days i-Ki-tp:17u'n.
 

Since the Durnin and Womersley formula is not valid for calculating the percent fat of pregnant women, fatness at 30
 
days postpartum 
was used as the outcome. Changes in fatness may have occurred during the first 30 days postpartum, 
but these are not large in well-nourished women. No diet variables entered the model. Maternal weight at the end of 
piegnancy was the only variable to contribute significantly, explaining 37. % of the variance in her fatness at 30 days 
postpartum. 

2. Model #2. 

The variables used were those described above for Connecticut's model #1. The hypothesis tested was: 

Maternal energy intake during pregnancy affects birth weight. 

Only maternal weight at the end of pregnancy was significant in the model to predict birthweight, explaining only 7.0% 
of the variance. Average energy intake in pregnancy and socioeconomic status entered with a weak level of significance 
(p <0.10) and the three variables explained 19.7% of the variance. 

3. Model 43. 

For this and subsequent models, the analysis variables were as follows. 

Diet variables were maternal energy intake 6 - 8 months, and 0 -8 months of lactation; animal kcal intake 6 - 8 months, 
and 0 to 8 months of lactation; and average percent kcal from animal sources in lactation. 

Dependent (explained) variables were infant weight at 6 months, change in infant skinfolds 1 to 6 months, and infant 
weight change between 0 and 6 months and 1and 6 months. 

Confounding explanatory variables were maternal height, maternal weight at end of pregnancy, maternal % fat and 
weight at months 1,3 and 6 of lactation, maternal weight change and fat change 1 to 6 months of lactation, number of 
persons in household, socioeconomic status, young child's appearance, internal sanitation, mothers and infants average 
%days ill in lactation, and birth weight. 

The hypothesis in Model #3was: 

Maternal intake during lactation affects infant size at 6 months. 
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i) Predictors of infant weight at 6 months 

Tie infant's weight at 6 months was predicted by mother's weight at the end of pregnancy, internal sanitation of the 
household, and average maternal energy intake in lactation. Together they explained 38.8% of the variance in infant 
size. 

ii) Predictors of infant weight change fram 0 to 6 months. 

Predictors of the increase in infant weight during the first six months were mother's weight at the end of pregnancy 
(40.8% of the variance), and internal sanitation of the household, which together explained 49.4% of the variance. 

iii) Predictors of infant weight change from I to 6 months. 

A total of 41.5% of the variance in the infant's weight change was explained by mother's weight at the end of pregnan
cy, external sanitation, and the percent of (lays the infant was ill with any illness. As discussed in the context of the 
simple correlations, heav,'ier infant, have more reported illness, which may be an artefact of better reporting by their 
mothers. No diet variables ,entered the model. 

iv) Predictors of infant skinfold thickness at 6 months. 

At 1 month of ,,ge, the only significant entry into the model to predict infant skinfolds was the number of persons in 
the household, with fatter infants coming from smaller households. This accounted for 8.1% of the variance. A total of 
14.0% of the variance in the sum of infant skinfold thicknesses at 6 months was explained by internal sanitation of the 
household and the mother's percent body fai at 30 days postpartum. Maternal energy intake between 6 and 8 months 
was weakly correlated with the infant's skinfolds at 6 months suggesting a relationship between infant fatness and the 
amount of dietay energy consumed by the mother to support lactation. 

Variables that entered significantly into the model to predict change in infant skinfolds between 1and 6 months were, 
maternal height and maternal weight change postpartum. The infants of mothers who lost less (or gained more) weight 
postpartum had larger increases in skinfolds. 

4. Model #4. 

The following hypothesis was tested: 

Matemal energy intake in lactation affects changes in maternal body composition between I and 6 
months of lactation. 

No '.'.riab~cs entered sig;,ificanty into the model to predict maternal weight change in lactation except for 
socioeconomic status which accounted for only 4.2% of the variance. Wealthier women lost less (or gained more) 
weight. 

The only variable to enter significantly in the model to predict percent fat at 3 months postpartum was maternal weight 
at the end of pregnancy (explaining 41.7% of the variance in fatness). At 6 months postpartum, the situation was similar 
except that mother's height also entered into the model, with the two variables explaining 48.2% of the total variance. 
Cf 'he variance in fatness change between 1and 6 months, 14.4% was explained by maternal weight at the end of preg
nancy and socioeconomic status, such that heavier, wealthier women gained more (or lost less) fat during lactation. 
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5) Model #5. 

Tle hypothesis tested 

Maternal energy intake in lactation affects maternal health. 

No variables predicted maternal health except for socioeconomic status, which had a weak positive relationship with 
the total percent of days that the mother was ill with any illness. Only 5.7% of the variance in illness was explained. 

VI. SUMMARY 

A.Bivariate Analyses 

The most important correlate of infant size is the weight of the mother during pregnancy, especially at the end ofpreg
nancy. Maternal weight is strongly associated with the weight and length of her infant from birth until at least 6 months 
of age and with the increase in weight and length of the child during this time. Maternal height is correlated with infant 
length up to 6 months, more so than with infant weight. Maternal weight gain in pregnancy is less strongly associated 
with infant size, although gain in the ast trimester was significandy correlated with infant weight change between birth 
and 6 months. 

The amount of animal kcal and protein consumed (luring pregnancy' was correlated with the size of the infant at 6 months 
and its weight change, especially between the third and sixth months. 

The strongest relationship between maternal and in;ant variables during lactation was again between the weight of the 
mother and both the weight and length of her infant. Maternal weight also predictd the increase in infant weight and 
length over this period. Although mamernal postpartum weight and fat changes were not correlated with infant size, the 
infants of fatter women were heavier and longer, and grew faster for the first six months of age. Paternal size will be 
examined in future analyses. 

Maternal diet was only related to infant size for the period 6 to 8 months postpartmn, with women who had heavier and 
fatter infants consuming more energy and protein. It is likely that the mothers of heavier infants consumed more food 
because of the higher milk proluction required, but more work is necessary before cause and effect can be determined. 

The fatness of infants is not related to maternal height or weight gain in pregnancy, but fatter infants are born to mothers 
who weighed more in the last half of pregnancy. In lactation, the mothers of fatter infants lose less (or gained more) 
weight, consume more animal foods during pregnancy and more total kcal and animal k"al between 6 and 8 months 
postpartum. They also live in cleaner, smaller,-and wcalthier households although there were no detectable relatiaA
ships between infants' skinfold measures or changes and either infant or maternal morbidity during lactation. In lacta
tion, no Li.'tvariables were significantly correlated with maternal weight, weight change, fatness, o,fat change at any 
time during tactauon. However, those women who consumed more animal foods in late pregnancy had less weight loss 
during lactation. 

Higher socioeconomic status was associated with a greater consumption of animal foods, cleaner households, and a 
cleaner appearance of the mother and her children. While status was not related to infant size or growth, the higher 
socioeconomic status mothers were heavier, taller, fatter, and lost less weight during lactation. In addition, women from 
households with better sanitation and cleaner children gained more weight in the last trimester of pregnancy, and lost 
less weight in lactation. Their children grew more during the first six months of life. Infants from larger households 
grew less in the early postpartum months, although growth was not associated with the number of children under six 
years of age, or the number of females over 12 years of age. The role of parity in infant growth has yet to be explored. 
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The average days ill / days observed for the infant was not associated with infant size at any age included in these 
analyses. Infants born to women who ate more animal energy and protein during pregnancy had less morbidity during 
months 1 to 3 postpartum. Maternal intake of both total and animal energy and protein were associated with less infant 
illness between 3 and 6 months of age. 

I. Multivariate Analyses 

In the Connecticut model, total maternal weight gain between conception and delivery was not predicted by any vari
ables. Between mid-pregnancy and delivery, weight gain was positively associated with a higher intake of animal foods, 
maternal fatness, and higher socioeconomic status. Pregnancy complications affected weight gain adversely. In the 
second trimester, weight gain was related to total energy intake, and again pregnancy complications had a negative in
fluence. The Mexican model used the slope of maternal weight gain between 5and 8 months as the equivalent outcome. 
Similar to Conncicut's results, weight gain was adversely affected by pregnancy complications. Thinner women at 5 
months ganed more weight during the remainder of pregnancy, a pattern observed in Connecticut's bivariate analyses. 
Mexico found no relationship between maternal diet and weight gain between months 5 and 9, but weight at the end of 
pregnancy was higher in mothers with a higher intake of kcal in month 6, less body fat at 5 months, fewer gastrointes
tinal illnesses, and higher socioeconomic status. 

The general picture that emerges from these analyses is that energy intake, low maternal fatness, and higher
socioe, onomic status have positive influences on maternal weight gain in the second and third trimesters, while preg
nancy complications and maternal moibidity have a negative influence. Women from higher socioeconomic status 
families, is well as those who have less pregnancy morbidity, _re fatter at the end of pregnancy. 

The strongest predictor of birth weight was maternal weight in late pregnancy, with weak contributions from average 
energy intake in pregnancy and socioeconomic status. Only 20% of the variance in birthweight was explained by these 
variables. Future analyses will include paternal size and restrict birthweights to these measured in the first three days, 
but it may be difficult to improve the existing models due to the small amount of variance in birth weight. 

In general, infant size (weight and length) and growth during the first sLt months of life were strongly predicted by 
maternal weight in late pregnancy and during lactation. Associations with maternal size were even stronger at six months 
than they were earlier in infancy. Infants also gained more weight and fat between I and 6 months if their mothers were 
fatter, lost less weight during lactation, and came from cleaner, wealthier households. Their mothers consumed sig
nificantly more energy and protein between 6 and 8 months of lactation. 

C.raLCmmnuoLi 

The pregnancy outcome analyses support several general themes and conclusions that are emerging from the Solis data. 
One of these is that early malnutrition has a permanent negative effect. If we assume that earlier malnutrition is to some 
extent responsible for small maternal size in pregnancy and !actation, then t.hs hs negative effcc= on infant growth 
up to at least 6 months of age. Since infant weights have already fallen to the 30th percentile by 6 months, and the 
sitation is not only worse by 18 months but shows little sign of improvement thereafter, further attention should be 
paid to understanding the mechanism by which materal size affects infant size. It is important to note that maternal 
weight and fatness seem to oe srronger predictors of infant growth than maternal height, so that current nutrient intake 
may also have an irdluence. This is supported by the observation that heavier, taller, fatter women live in wealthier 
households. However, we cannot rule out the possibility that these women also lived in wealthier households and were 
well-nourished when they were children. It is not possible to explain the small sizes of the mothers and their infants 
simply on a genetic basis, since Mexican-American infants who are members of families that migrate to the United 

"States on a seasoial basis are close to the 50th percentiles of the NCHS reference standards (31.3). 

From these analyses, a weak influence of current maternal diet in pregnancy and lactation outcome is apparent. The 
data suggest a positive association between maternal energy intake and weight gain later in pregnancy, and maternal 
weight in late pregnancy is in turn associated with infant growth. However, in the models tested here maternal intake 
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in pregnancy did not affect birth weight. Larger babies at six months of age had mothers who were consuming more 
energy and protein between six an! eight months, though this may be explained by a higher demand for milk by these 
infants. Further analyses are needed to explore causa!ity. In contrast to the situation in preschoolers where thc quantity 
of animal foodts consumed seems to be the most important dietary variable for explaining growth, mental development, 
and activity (Chaptcrs 2S - 30), these foods are not prominent in explaining maternal and infant weight changc. 

Morbidity ), th,_mother during pregnancy has a negative relationship with maternal weight gain, but infant morbidty 
was not associated %,ith infant si.e. 11 surprising lack of relationships with infant morbidity might be partly explained 
by the fact that oN(or 8(v,* of the infants had no reported diarrhea in the first six months. If diarrhea in this age group is 
of short dluration, then sonic events will have been missed by the morbidity methc 'used here (Chapter 22). An addi
tional concern i)a pote2ntial biaLs Inmothers' reports about infant illnesses: more infant illness events were reported by 
mothers from cleaner homes, Aith cleaner children, and who rep)ated that they themselves w,,ere sick more often. Thus, 
mothers who pay more attention to hy giene may be more likely to notice and report illness. 

In future analysc; i is iinportarit to include the role of weaning foods in explaining poor growth and morbidity of the 
Solis infants. Field workers report that a common practice is to give the infants supplements of weak, sugary tea start
ing around three months ofae., a practice that may not only adversely affect dietary quality but introduce bacterial con
tamination. This is supported by the observation that 12q of the non-breast milk energy inUkle of infants is from sugar 
(Chapter 20).An additional concern that remains to be examined is the c.,tent to which Maternal consumption of luLqi= 
is related to the size and vrowth rate of the infants. 
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PART IV
 

DISCUSSION 



Chapter 32 

SUMMARY AND CONCLUSIONS 

This project was designed to measure the impact of marginal malnutrition on the function of households and specific 
(target' types of individuals in a rural region of Mexico. It was primarily a collaborative effort between investigators 
in the University of Connecticut's Department of Nutritional Sciences and the Instituto Nacional de la Nutricion in 
Mexico City. Additional collaborators included investigators from the Universities of Florida and Massachusetts, and 
Florida International University. Parallel projects were conductei in Egypt and Kenya, and the Management Entity at 
the University of California, Berkeley coordinated the work of all three projects. 

The valley of Solis was selected as the Mexico field site because it met the following criteria: the presence of a range 
of nutritional status with a substantial prevalence of marginal malnutrition; the communities were agricultural and typi
cal of many in Mexico; it was rural yet a reasonable distance from Mexico City (three hours by car); and families were 
mostly nuclear. The valley of Solis lies at 2,300 m, and is an agricultural region ringed with a series of similar but dis
tinct communities. The study recruited households from six of tht se communities. 

Of the 290 households that were the final targets of study, about three quarters had access to agricultural land, most of 
which was djJdu property. The average land holding was between one and two hectares, with about 25% of tie 
households having less than one hectare (2.5 acres). Almost all households grow maize, which is the staple food, but 
few other foods or crops are grown and home gardens are rare. Most households have some chickens, turkeys and sheep 
that are used primarily for home consumption. The climate only supports one crop per year. Yields are relatively low 
due to the high cost of inputs such as seed, feitilizer, and herbicide. Irrigation from the Rio Lerma is only possible on 
some plots of land. qnd even then the cost of the pumps and fuel is often prohibitive. The economic situation in both 
Mexico and the Solis valley de'erioratd markedly during the life of this project, with the result that the majority of 
households survived by sending members to work in Mexico City during the week, returning on weekends and when 
aecessary to perform critical agricultural activities. 

The communities were indeed marginally malnourished, based on the following evidence. Growth stunting of children 
starts around three months of age, becomes severe dAng the first six months of life, and persists so that by 18 months 
weight- and length-for-age deficits are greater than during infancy. On average, the rate of growth of the Solis pre
schoolers between 18 and 30 months of age parallels that of the standards for well-nourished children, but no signs of 
catch-up growth are evident for the group as a whole. Schoolers are tie most growth-stunted group of all; they averaged 
between the 10th and 20th percentile for weight and the 12th percentile for height- Average weight-for-height was rela
tively normal in all groups. Cross-sectional antlhropomeric data that were collected once from all individuals in the tar
get households revealed that growth percentiles remained very low throughout adolescence. It is impossible to attribute 
this growth stunting to "genetics"; Mexicans raised in the United States are close to average size based on internation
al growth standards. It is also important to emphasize that there was a good deal of variability in socioeconomic and 
nutritional status among the Solis individuals, which will increase the likelihood of detecting significant associations 
between variables. 

Some of ihe moe in-depth statistical analyses in this report used the data from the preschoolers. A number of con
clusions can be made about the relationships between food intake, nutritional status and function in this group. It is ap
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parent that most of the growth.stunting occurs before the age of 18 months and that the majority of the children do not 
shift their weight or length percentiles substantially between 18 and 30 months of age. Nevertheless, there is considerable 
variability among the children in their weight and length growth rntes during this period. 

Several -analytical strategies were used to determine the role of nutrient intake in the growth of these children. Total 
energy intake is not related to growth rate, but the degre of consumption of animal foods is a significant predictor of 
the average increase in weight and length between 18 and 30 months of age. Diarrhea, measured either as the percent
of days observed that diarrhea was recorded or as the presence or absence of dianhea between the ages of 18 and 30 
months, has a negative effect on weight and length increase during this period. An autoregression method was used so 
that we could test whether food intake or morbidity in the preceding period predicted weight or length in the subsequent
period. The method demonstrates that the amount or percenmage of animal foods consumed in the previous three months 
predicts length in the subsequent three months, and that morb;dity in the preceding month predicts a smaller weight in 
the subsequent month. The weight and length adequacy of children at 30 months was related to the intake of animal 
foods during the preceding 12 months, but noL to the amount of diarrhea recorded during this period. The most likely
explanation is that size at 30 months reflects the cumulative experience of the child from birth and that illness events 
after 18 months do not have a detectable effect on the size attained at 30 months. 

We conclide that animal foods are more limiting to the growth of SoLis preschoolers than is total energy intake. The 
reasons for this are unknown but some possible explanations are suggested. The staple food of the Solis communities 
is maize, contributir.g on average about 60% of the dietary energy of adults, and 50 - 65% for weaned children. The 
other main energy sources are beans (5%), oil (5%), b-ead (3-5%), meat and fish (3%), dairy products (2%), eggs (2%)
and pasta (1-2%). It isevident that the intake of foods of animal origin is low, especially in low socioeconomic status 
households. The preschoolers receive only 9%of their energy from animal products, mostly from milk. While food in
take was not measured before the age of 18 months in the Solis preschooler sample, it is reasonable to assume that those 
children who were consuming a greater proportion of animal foods during the 18 to 30 month age p'-iod were also 
doing so from the time they were introduced to veaning foods or at least from the time at which they were weaned 
completely. Thus, relationships be:ween diet patterns and lunctional outcomes between 18 arid 30 months could in fact 
have been established at a much earlier age. 

One possible explanation for the apparent importance of animal foods inpreschooler diets, (rather than total energy in
take, as hypothesized for te CRSP design), is that energy intake may not be limiting. Households always seemed to
have some tortillas available - albeit not much else to eat. Nevertheless, some individuals - including preschoolers - did 
have energy intakes that averaged far below recommended levels. (Intakes of available energy are likely to be substan
tially overestimated in this report because the absorbable energ, in maize is lower than that assumed in the nutrient 
data base). Another explanation could be that the quality of maize protein isinadequate to support maximal growth of 
children, especially during periods of catch-up growth after illness events. An additional concern is that a low intake 
of meat and eggs may have resulted iniron and zinc deficiency and that these nutrients are limiting both physical growth
and mental development. Iron deficiency, assessed by serum ferritin and other hematological measures, was diagnosed
inone-third oL the preschoolers. Another possible explanation isthat the intake of animal foods may be easierfn meo-qiir
accurately than that of total energy. Finally, the possibility exists that the physical development of the child is linked to 
animal food intake through a third variable that iscommon o both and actually responsible for the poor growth (such 
as some aspect of socioeconomic status, parental size, or household sanitation). Preliminary multivariate analyses do 
not support this explanation. 

The length (and probably weight) of the child at 30 months of age, and the amount and percent of kcal and protein con
sumed in animal sources, are significantly associated with another functional outcome--the child's score on the Bayley
mental performance test. Although socioeconomic status and the mother's child care scecie also correlated with the 
Bayley mental performance score at 30 months, the variance explained by dietary animal products remains significant
when these social mea-sures are statistically controlled. Analysis of the extent to which the cognitive and behavior.'! 
performance of chilcden is influenced by their iron status will receive a high priority. 
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In a subsample of 41 mothcr-preschoxIle r pairs, frequent observations were made of tie activities of both individuals 
and of the interaCion Ietween the mother and her child. Thu preliminary analyses presented in this report again indi
cate that the average an1ount or percent of kcal or protein from animal sources are important, in this case significant 
positive con-elates of the percent of time that the child plays and interacts verbally, and negative correlates of the time 
the child spendts "doing nothing" or being changed or cleaned. The average weight and length Z scores of the child 
during the 1 -tc> 30 month ex'ritco--,athro:Iponttric variables that we know arc a sociated with the consumption ofanimal 
foods--show similar a.ssociations with the chihi's activity patterns to those seun with animal food consumption. For ex

ample, taller, heavier children spend more tine in play and verbal interaction, and less tin doing nothing. These prelimi

nary analyses suggest that th. nai-ginally malnourished lreschooler who is shorter, lighter, and consumes less animal 
products, is art apathetic, less act; 'e child eliciting less interaction with hiS/ler caretaker. It renains to be deternined 
whether iron suitus of the children expiains some of these behavioral differences. 

It is also appaen t that the nothers ,la'h consumed fever foods from animal soirces spend more time 'doing nothing" 
and less time it chiht care. Further analyses are needed to clarify whether these maternal Lehavioral differences are ex
plained by the mother's rutritiomJl -;,tatus (Cspeci;lly anthropomery and iron status) and/or the child's nutritional status. 
In general mothers from lowec socioeconomic household s do not keep either their homes, themselves or their children, 

as clean as those from weat1tier housholds. 

Fewer analyses have been perforned 6n schooler and adult data, but there are some important results. The prevalence 
of iron deficiency anemia is high in schoolers and adult women, approximately 33 and 20 percent respectively as as
sessed by ferritin levels. In contrast, adult nales rarely exhibit iron deficiency anemia as judged from ferritin, 
hemoglobin and hematocrit values. Rather there is a high prevalence of low red blood cell counts (41%) and high mean 

cell volumes (27%) in the adult male group, a picture suggestive of folic acid and/or v;,-min Bt2 deficiency anemia. 
There were significant correlations between the amount of pulque (the local alcoholic beverage) usually consumed by 
both men and women and mean cell volume, so that it is probable that the consumption of this drink induces a folate
deficiency anemmi. 

There were no biochemical tests of other micronutrient deficiencies. Average intakes of vitamins A and C, niacin and 
riboflavin are substantially below recommended levels. A probability assessment analysis of the nutrient intake data 
confirmed that there is a high probability of inadequate intakes of ion and vitamins A and C. 

The data concerning pregnancy, pregnancy outcome and infant growth during the first six .itunths of life wce analyzed 
in sonic depth. Te energy and protein intake of the pregnant woman bear little relationship to her size or the birth 
weight of her infant- There is a we-k positive association between maternal energy intake and weight gain in late preg

nancy, and the latter is in turn associated with more infant growth. Women do not increase their energy intake sig
nificantly during r)-egnancy, an observation that agrees with data from many other population groups including those 
that are well-nourished. Of interest is the fact that resting metabolic rate (RMR) rises much less in the Mexican women 
than it does in well-nourished women studied in other countries. In a subset of 35 women followed from before preg
nancy through lactation, the only significant increase was in RMR per cm height in the third trimester. In contrast to 
pregnancy, energy intake during lactation increases quite dramatically. An association was seen between maternal ener
gy intake between six and eight months of lactation and the size of her infant at six months. RMR is not significantly 
different at any point in lactation from non-pregnant, non-lactating values. 

One of the most striking relationships is between the size (especially weight and fatness) of the mother in late pregnan

cy and the weight and length of her infant at six months. Fatter mothers have babies who grow faster for the first six 
months, an important observation in a group where growth stunting starts to occur at three months of age. Maternal size 
is at least in part attributable to her nutritional history, and it is evident that in Siiz this is a stronger predictor of infant 

size and growth than current maternal nutritional status. Maternal morbidity dur:i.g pregnancy was negatively related 
to pregnancy weight gain, but neither maternal nor infant morbidity during lactation was related to infant growth. 
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EPILOGUE 

This project was a remarkable experience for each of the thousands of persons who were involved. To a greater or lesser 
extent, each and every one of them--including the study houszholds--contributed a part of their life, but all learned from 
the experience. Many were the occasions when the work appeared to be impossible. Almost all of the research protocols 

were innovative and developed specifically for this project. It was surprisingly difficult to predict those that w( i be 

difficult to administer or interpret. Collecting and updating census dati and the coatinual monitoring of the physiologi

cal status of women are examples of two of the unexpectedly difficult tasks. The change to professional diet interviewers 
part way through the study was deemed to be necessary for community relationships but resulted in an unanticipated 
increase in nutrient intake estimates. For the preliminary analyses presented in this report, we have used diet data col
lectzd only after the interviewer change, and further work is needed to understand the nature of this change and the ex
tent to which earlier data can be ,sed. The morbidity data are weaker tha, they should be because the field method used 
undfrestirmtes the proportion of illresses of shart duration, and because a decision was made not to capture the dates 
of irterviews for these prelimiary analyses. 

An excellent working relathinslip was established between the M.xican and American personnel. The Mexico team. is 
in possession of clean data and has, staff and facilities capable of further analysis, although the amount that can be done 
is severely constrained by lack of funds for personnel. The 'arme sitwntion exists at Connecticut Many years of analysis 
and publication remain before the project is truly ended. Meanwwhile, we all regard the highest priority Lo be the analysis 
of data and publication of results that will su:-ejy further substantiate the evidence in his repot that marginal malnutri
tion impairs the function and quali.y of life of human beings. 
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