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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 Salvader Zubiran (INN), Division de Nutricion de Com-
unidad in Mexico City and the University of Connecticut (UConn), Department of Nutritioral Sciences. The project,
which was funded from April, 1982 - September, 1987, was undertaken to investigate the relationships between mar-
ginal nutrition (measured primarily by intake of kilocalories, protein, and anthropometric status) and biclogical and so-
cial "outcomes” (especially growth, morbidity, reproductive competence, and psvchological development and
functioning). Pilot und "Phase I1" (Main Study) data were collected over approximately a three year period in six com-
munities of the Solis Valley, located in the rural central highlands of the state of Mexicc. 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-
ministrative unit--the Management Entity (ME)--at the University of California, Berkeley.

RESEARCH OPERATIONS

‘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 smdy ("Phase II"), and a period of data checking, correction, archiv-
ing and analysis, which overlapped the later stages of Phase I1.

Phase I

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 administrative tasks necessary for initiaHon
of the project.

The Solis Valley was selected for the project prnimarily because of 1) its accessibility :0 Mexico Ciiy (approximately 75
miles to the northwest), 2) its rural nature and apparently minimal migration, 3) the existence of marginal malnutrition
in the Valley suggested by anthropometric and other data available from previous studies, 4) the existence of a number
of sirmilar communities in the Valley suitable for the study, 5) thie availability of a 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 experience
of INN and UConn researchers in the area.

In the spring of 1982 faur 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 of Phase L This research was designed
1) to verify that Solis was an appropriate site for the project with regard to the prevalence of marginal malnutrition and



the feasibility of conducting research in the area, and 2) to develop protocols and train persomnel for Phese IL In addi-
tion, collection of comparable data from the three CR.SP projects was a major objective of the CRSP. Thus data from
preliminary sudies would inform the construction of Phase II protocols, which would support this odjective.,

The field staff rectuited for Phase I included some 30 personnel, mostly Mexicau—three physicians, three nniritionists,
a physiologist, two programmers, a secretary and approximately 20 assistants and other auxilicry personnel. UConn
PIsand z co-investigator (anthronolc 7ist) 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 from €22 houscholds), with basic demographic data on all households, 2) an anthropometric and dietary
survey of a randorm sanple within each community, and 3) a study of social characteristics in a subsample of 109
houscholds, selected randomly from the houscholds in the diet-anthropometry study. Fthnographic work was also car-
ried out throughout the summer. An additions! twe month pilot study exploring food intake, anthropomeiry, health
status, psychological functioning, activity ard illness patemns, and 1esioductive histories was undermken in the Fall
with 39 families in San Francisco Solis, a community which would vot be included in the Fhase 1T studly.

The prelimirary research of Phase I indicated substantial variation in nutrient inteke levels znd nutridonal stens in the
Solis populatica. Anthropometric asd ethnographic dets show=d a considerable prevalence of malnutrition, primarily
marginal malnputrition with 2 small incidence of severe malzutrition among children of various ages. Dietaty intai ¢ data
suggested a significant incidence of substandard calorie and protein intakes relative to U.S. Recommended Dietary Al-
lowances. The people of Solis appeared to be represemtative of impoverished rural Mexicans—pursuing a mixed
cconomic strategy of subsistence agriculture and wage labor, and consuming a marginal diet relying on com and beans,
with little consumpties of foods from animal sources. The community response to the research was cautiously positive,
but it was apparent that the more extensive, invasive research anticipated for Phase IT would require sensitivity to local
culture in design of protocols and tangible contribution to the community from the project. (zaddition, it was clear that
collection of meuningful data woula be a slow process, particularly in the initial stages of the project, when a substan-
tial investment of time would be rzquired to gain the confidence of respondents.

Phase [X

Following the completion of Phasc I data collection in October, 1982, project energies turnied toward preparation for
Phase IT, a process which would require more than a year to accomplish. The major tasks compieted during this period
included: augmenting and training of field staff in Mcxico; developing the administrative machinery in Mexico and
Connecticut to support full-scale operation of the project; identification, purchase, and, in some cases, U.S.-to-Mexico
transfer of equipment and supplies necessary for measurements and assays; optimizing relationships with the research
communities; and finalizing the Phase II protocols, including articulating research objectives, developing, testing and
refining inwerview instruments, and identifying and recruiting the target sarnple.

Special efforts in the area of community relations included support for the local clinic. The project provided funding
for a physician and for supplies and construction of the laboratory facilities. Fiestas underwritten by the project were
held in each of the research communities. Project social workers also assumed residence in each of the communities 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.L’s and the M.E., at which tentative plans for
common data to be collected were formulaied, review of cross-proiect recommendations in Mexico with field staff,
revision, and feedback to the MLE.

Ultimately protocols (including approximately 50 interview instruments and forms for data collection) were designed
to collect the following data fromn various "target” individuals and households: habitual food intake, anthropometry,
morbidity, mortality, health histories, physical examinations, pregnancy outcomes, laboratory analysis of blood, urine,



feces, and breast milk samples, resdng metubolic rate, psychological development and functioning, activity pattemns,
socioeconomic status, socioculturu! attitudes and behaviors, household sanitation end agricultural productivity. At the
community level, data on climate and local food prices would also be collected.

Five types of individuals were designated as targets for the study: intants (0-6 nconths), toddlers (18 to 30 months),
school children (7 1o 9 years), adult females (pregnant and inothers of target children) and adult males (heads of target
bousehelds). The study protocol called for collection of dut on 100 individuals in each target group for a one-year
period. In addition, the inclusion of households as a unit of enalysis in the study necessitated collection of scine data,
especially on morbidity and anthropometry, from "non-targei” individuals in target bouseholds.

Although census activities were carried out the previous summer, Phase Il began in essence in January, 1984 in the four
communities of the preliminary survey. In July, a fifth Solis Valley community (Calderas) was added to the study. A
sixth (Sau lose) was ndded in April, 1985 to increase the number of pregnancies and infants in the sample. The data
collection required 2.5 years to complete. During the height of Phase 11 the project employed e staff of approximately
100 field workers and a group of data management and administrative personnel i Mexico City.

The resulting Fiose data st olodes information of varying amounts on 1,064 target individuals from 290 households,
as follows:

Phase I1 Samiple: Targets
Infants 134
Toddlers 158
Schoolers 198
Adult Femnales 290
Adult Males 288
Target Houwssholds 250

The data management task of the 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 dat into computer files,
3. ermror checking and comrection of entered data,
4.  storage of data in Mexico and transfer of computer files 1c Connecticut,
5. stornge, reorganizing, and error checking of data, and return of questionable data to Mexico forreview,
6.  transfer of corrected data from Connecticut io 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 u function of variation
in available resources and demands for data utilization. During Phase ! and the early part of Phase II, data were entered
on microcomputers, primarily in Solis, and either transferred to magnetic tape through IBM-Mexico facilities for trans-



fer to UConn or sent on floppy diskettes. Later in Phase II mest daia were entered onto tape via mainframe at the large
data processing center of Salud Publica (Public Health Department) in Mexico City. The tapes were read at IBM's
Centro Scientifico in Mexico City end printouts of raw data were senz to Solis for checking against original interview
forms. Tapes were hand carried or sir-express mailed to UConn for processing. Copies were air-expressed from UCoun
to ME for archiving. "Anaiysis files” were provided to UMass statisticians primarily on floppy diskettes and on several
occasions via electronic mail (the "Bitnet” system).

Data mansgement tesks occupied the majority of the period following the completion of Phase I data collection in
June, 1986 to the end of the project. Although preliminary analyses were conducted at earlier stages, asystem of analysis
files for most areaz of ke study utilizing corrected data developed at UConn was not ready for use until early summer,
1987. Descriptive swmtistics for the majority of Phase IT data are included in this report. Initial analyses concerning tod-
dler food intake and growth, psychological development, and pregnancy outcome (the agreed upon cross-project
analyses for the final report), have been carried out at UMass, UConn and INN.

RESULTS AND DISCUSSION

Phase IT data indicated that the study communities were indecd marginally malnourished. Growth stunting of children
starts around three months of age, becomes severe during the fiist six months of life, and persists so that by 18 months
weighit- and length-for-age deficits are greater than duriog infancy. On average, the rate of growth of the Sclis pro-
schoolers between 18 and 20 months of age parallels that of the standards for well-pourished children, but no signs of
catch-up growth are evident for the group as a whole. Schoolers are the most growth-stusted grou» of all; they averaged
between the 10th and 20th pereentile for weight and the 12th percentile for height. Average weight-for-height was reli-
tively uormal in all groups. Cross-sectional anthmpometric data that were collected once from all individuals in the tar-
get households revealed that growth percentiles remained very low throughout adelescence.

Some of the more in-depth statistical analyses in this report used the data from the preschoolers. A number of con-
clusions can be nade about the relationships between food intake, nutritional status and function in this group. It is ap-
pareat that most of the growth-stunting oceurs before the age of 18 months and that the majority of the children do pot
shift their weight or length percentiics substantially betvieen 18 and 30 months of age. Neverthzless, there is considerable
variability among the children 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 w 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 thut diarrhea was recorded or as the presence or absence of diarrhes between the ages of 18 and 30
months, has 8 negative effect on weight and iengib increase during this period. Aa 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 percentage of animal foods consumed in the pravious three months
predicts length in the subsequent three months, and that morbidity in the preceding month predicts a smaller weigtt in
the subcequent month. The weight and length adequacy of children ar 30 months was related to the intake of animal
foods curing ti:e preceding 12 onths, but not to the amount of diarrhea recorded during this period. The most likely
explanatiou 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.

Analyses to date suggest that animal focds ere more limiting to the growth of Solis preschoolers than is total energy in-
take. The reasons for this are unknown but some possible explanations are apparent, including inadequate quality of
protein from non-animal sources ia the diet, inadequate intakss of iron and/or zinc, and the possibility that intake of
anima} foods may be easier to measure accurately than that of total energy.
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The length (and probably weight) of the child a1 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 score also correlated with the
Bayley mental performance score a1 30 months, the variance explained by dietary animal products remains significant
wher these social measures are statistcaily conuolled. Analysis of the extent (o which the coguitive and behavioral
performance of children is influenced by their iron status will receive a high priority.

In @ subsample of 41 mother-preschooler puirs, frequent cbservations were made of the activities of boths individuals
and of the interaction betweern the niother and her child. The preliminary analyses presented in this report again indi-
cate that the average amount or percent of keal or protein from animal sources are imporiant, in this case significant
positive correlaies of the percent of time that the chiid 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 month period--anthropometric variables that we know are associated with the consumption of animal
foods--show similar associations with the child's activity patierns to those seen with animal food consumption. For ex-
ample, taller, heavier children spend more tine inplay and verbal interaction, and less time doing nothing. These prelimi-
nary analyses suggest that the marginally ralnounshed preschooler who is shorter, lighter and consumes less animal
products, is an apathetic, less active child cliciting less interaction with his/her caretaker. It remains to be determined
whether iron status of the children explams some of these behavioral differences.

Ttis also apperent that the mothers who consumed fewer foods from animal sources spend more time "doing nothing”
5

and less rime in child care. Further analyses are needed to clarify whether these matemal behavioral differences are ex-

plained by the mother's nutritional status (especiaily anthropometry and iron status) and/or the child’s nutritional status.

Fewer analyses have been performed on schooi-r and adolt data, but there are soms important results. The prevalence
of iron deficiency anvmic iy high i ccheolers and adult women, approximately 33 aud 20 percent respectively as as-
sessed by fersitin fevels. In conuast, adult males rciy exhibit iron deficiency ancmia as judged from ferridn,
hemoglobin and hemateerit values. Rather there 5 5 high prevalence o low red blood cell counts (41 %) and high mean
cell volurnes (27 %) in the adult male group, a pictute suggestive ot folic acid and/or vitamin Bi2 deficiency anemia.
There were significant cornelations between the amount of pulque (the iocal alcoholic beverage) usually consumed by
both men and women and mean cell volune, so that it is probable that the consumption of this drink induces a folate-
deficiency anecmia.

The data concerning pregnancy, pregnancy outcome and infant growth during the first six months of li‘e were analyzed
in some depth. The energy and protein intake of the pregnant woman bear litele relationship to her size or the birth
weight of her infant. There is a weak positive asseciation between maternal erergy intake and weight gain in late preg-
nancy, and the latter is in turn asseciated witl more infant growth. Women do not increase their energy intake sig-
nificantly during pregnancy, an observaiicn that agrees with data from many other population groups including those
that are well-nounished. Of interest is the fact that resting metabolic rate (RMR) rises much less in the Mexican women
than it does iz weil-nourishizd women studied in other countries. In a subset of 35 women followed from before preg-
nancy through lsctzniog, 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 assuciation was seen between maternal ener-
gy intake between six and cight 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-lactadng values.

One of the most striking relationships is between the size (especially weight and famess) of the mother in late pregnan-
cy and the weight and leugth of her infant at six months. Fatter mothers have babies who grow faster for the first six
months—an important cbservation in 2 group where growth stunting sterts 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 Solis this is a stronger predictor of
infant size and growth than current matermal nutritional status. Maternal morbidity during pregnency was negatively
related to pregnancy weight gain, but neither matemnal nor infant morbidity during lactation: was related to infant growth.



January, 1982

March, 1982

May, 1982

September, 1982

November, 1982

January, 1983

July, 1983

November, 1983

January, 1984

May, 1984

July, 1984
September, 1984
April, 1935

May, 1985

September, 1985
June, 1986

April, 1987

July, 1987

September, 1987

Drs. Chavez, Allen, and Pelto convene in Mexico to identify research site and begin or-
genization of project. Dr. Allen begins year of residence in IMaxico.

Solis Valley selected as research site. Instruments Jeveloped for Phase L Community sur-
vey begins.

Phsse T data collection begins in four communities.

Additional pilot study commenced in San Francisco, Solis. First round of Phase [ data cap-
ture completed. First computzarized dats ‘ransferred from INN to UConn.

All CRSP Pls and ME statf review pilot deta and establish "common” dat: 10 be collected
in Phase I1.

External Advisory Panel reviews Phase 1 research design with Pls. Suggests revisions.

Pretesting of Phase Il instruments completed in non-study Solis Velley cornmunity of
Garabato.

Selection of initial target fumilies, sociceconomic statue interviews, and re-census in Phase
I communities.

Phase II data collection begins in four communities (San Miguel, Cerritos, Sar Nicolas and

San Antonio).

Computer entry of Phase II data begins in field.

A fifth community (Calderas) is added to the study.
First Phase II data transferred to UConn on diskettes.
A sixth comrnunity (San Jose) is added t the study.

Salud Publica (Mexico City) agrees to provide data entry services. [BM Centro Scientifica

{Mexico City) agrees to provide computing facilities and consultation.
Major carthquake strikes Mexico City.
Phase I data collection completed.

Phase II data entry ana error correction complete in Mexico and copy of all data transferred
to UCcnn.

First draft of Finai Report prepared.

Final version of Final Report prepared.
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Chapter 1

INTRODUCTION TC THE MEXICO CRSP

Just as in war, malnutrition casualties showld 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 inadequate food intake, was believed to be substantially more prevalent than the more visible states of
severe malnutrition. There was no doubt that moderatz malnutrition carried with it the impairment of individual health
and physiologicai anc social functioning. Nutritionists had begun to question the reliability of standard anthropometric
indices as sufficient measures of adequate nutrition. Few definitive 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 these circumstances, the United States Agency for International Development (A.L.D.) identified the
functional definition of nutritional status as a primary research direction. With the input of senior investigators from
the U.S. and developing countries, functional areas (including morbidity, reproductive competence, work output, cog-
nitive functioning, and social and behavioral functioning) 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 protucols
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 Mzxico Collaborative Research and Support Program (CRSP) was one of three projects funded by A.LD. as part
of an integrated cross-national investigation of the functional consequences of marginal nutrition. Similar projects were
also conducted in Kenya (Nairobi University/UCLA) and Egypt (Nutrition Institute of Cairo/Purdue, Xansas and
Arizona Universities). The Mexico project was a collaborativs effort of the Division de Nutricion de Comunidad, In-
stituto Nacional de a 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 Intzmational University (schooler and
adult cognitive performance), and the Memorial University of Newfoundland (immunclogy). 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 Coardination Board") was invested in
the development of protocols in each project that weuld allow parallel (i.e. cross-national) analyses.



FIGURE 1.1: NUTRITION CRSP GENERAL PROGRAM STRUCTURE
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The Mexico project research site was six comraunities in ihe Solis Valley, located in the rural central highlands in the
northwest corner 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 1" (January - November, 1982) - a preliminary period of project organizaticn, pilot surveys,
review of preliminary activities and cross-project (three CRSPs) discussion in preparation for ine
projects’ primary data coilection ("Phase II").

2. "Phase II" -- (November, 1982 - June, 1986) - a year of protocol development, pretesting, revision,
and sample recruitment followed by 2.5 years of collection of the preject’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. A period of data checking, correction, archiving, and preliminary analysis following the completion
of Phase II 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 [ operations and findings important for Phase I of the project (Chapter 3).

The research protocols of Phase IT are summarized in Part I1: Mexico CRSP Phase I Methodology, 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 (Chapter 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 Developmeat and Functioning (Chapter 15), and Acdvity Studies (Chapter 16)--and a dis-
cussion of data management in the project (Chapter 17).

PartIII: 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-
ton 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 associaiions 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 lengitudinal 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). Itis emphasized that the analyses of the Mexico CRSP data are 1n preliminary stages as of this report.

REFERENCES
1.1 Chavez, A. et al. Ecological Factors in the Nutrition and Development of Children in Poor Rural Areas.

Reprinted in La Desnutricion y La Salud en Mexicg, C. Perez Hidalgo y A. Chavez, eds. Division de Nutricion,
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1.2 Calloway, D.H. Functional consequences of malnutrition. Reviews of Infectious Diseases. 4 (4). 1982.

13 Collabcrative Research Support Program (CRSP). Revised Research Design - Phase II. University of Califor-
nia. Berkeley, 1983.



Chapter 2

THE RESEARCH SITE

L 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 situatcd 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 Temascal-
cingo in approximately three hours, on a route west to Toluca (capital of the state of Mexico), then northward through
the market center of Atlacomulco, turning 2nto a paved secondary road ihat passes a numnber of Mazahua Indian com-
munities before descending into the town of Temascalcingo (see Figure 2.1).

The communitics that comprise the municipio of Temascalcingo are primarily Mgstizo (Mexican-oriented, Spanish-
speaking) on the valley botiom, whereas the Indian communitizs in the hills surrounding the valley are Mazahua (on
the south and west) and Qtomi on the northeast side. Prior to 1929, when the redistribution of land ownership resulting
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 Mest:zn 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 and modern Fe2'th Center Solis now stands in the shadows of the building that ip earlier decades
symbolized the pre-Revolutionary hegemony of the privileged elites.

Tne municipio of Temascalcingo, like many areas of Mexico, is full of contrasts: between the Mestizos and Indians;
between town dwellers and the villagers; between the small number of local elitz witi middle class occupations and
economic resources and the majority of low-income familizs. The town of Ternascalcingo, 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 Sunday (with some carry-over to Monday) and attracts a large number of vendors from other locations, vho
sell frech produce, factory-made clothing, jewelry, a variety of "dime store" items, and locaily manufactured pottery.

Unti: 1970, there were no paved roads through the valley other than the main road that connects the town of Temascal-
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 eastward from Temascal-
cingo to the municipio 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
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In pre-Revolutionary days, at least throughout the 19th century and perhaps carlier, the valley area was irfigated by
means of an extensive system of canals and waterworks that controlled the Lerma River and permitted distribution of
river water 1o almost all parts of the valley floor. This irrigation system f{ell into disrepair after the Revolution, but has
now been restored and augmented through large-scale construction efforts in the 1960s. The extensive (and expensive)
construction activitieg, including the creation of a new river bed through most of the valley, brought a period of high
cmployment and moderate prospenity to the valley area during the 19€0s. By 1970 most of the irrigation construction
was completed, and opportunities for wage labor in the local arca diminished substantially.

IL 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 some of the surrounding hills reaching to elevations over 3000 meters. The climate is moderate
during the summer months, while winters can be quite chilly -- 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 zutumn (Sept.- Oct) 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 dunng the project. These data are summarized in Fijures 2.2 - 2.5,

L THE ECONOMIC SYSTEM OF THE SOLIS YALLEY

\. Agricultural Activiti | Cl istics
In the heyday of the Hacienda the Solis valley was an irmportant wheat-producing region. In the 1930s, after the Revolu-
tion (1910-1917), land was redistributed through the gjido system, a program that established community regulated
lands, and allocated them to individuals. Inheritance rights were held by children of the original gjidatarios, but
provisions 10 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
commuaities, 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 efforis of govemmental agriculture
specialists — who have sought 10 develop other income-producing crops -- the devotion to maize production has
remained predominant. Eighty-six percent of acreage in the imgated lands and well over 90% of the cultivated, non-
irrigated acrcage is devoted o maize (2.1)

In the munisipio, 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 1o maize. As recently as the mid-1970s, the valley region
had a much higher percentage of irrigated lands devoted to fodder — perhaps nearly a thousand hectares. Fodder produc-
tion was strongly encouraged by government agricultural spezialiste, 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 par: because of economic difficulties and in part because of internal management
problems. Consequently, the local market for fodder declined dramatically.
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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, Solis, Mexico.
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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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The subdivision of gjido plots to the offspring of the original holders has led to a situation in which most houscholds
have only very smail plots. In March-April, 1985, 204 households in the study were interviewed concerning their
agricwltural practices. In response to the question, "How many hectares of land do you have?", 33% of respondents
(the modal category) said they had between 1.0 and 1.9 hectares. Only 18% had 2 or more hectares, while another 26%
reported owning less than 1. Most surprising in view of the past land reform: actions is that neaily one-fourai of the
households (23%) reported that they "had no land" and their agriculiurai activities were carried out on rented or bor-
rowed plots,

B. Employment Qutside of Agriculiure; Wage Lahor znd Migration

In addition to farming, one of the main artisan indusrries of the Temascalcingo region is pottery. The Mazahua Indian
communities are all pottery comrmu:lities, in which nearly every household is iavolved directly in the manufacture of
inexpensive household pottery. Most of the pottery produced in these communities has not gone inic the tourist market,
though pottery truckers carry Temascalcingo wares throughout Mexico, and some of it is sold over the border in Texas.
The pottery industry is particularly importani for the Mazahua communities because they have very little irrigated land,
so their crops are far from adequate for maintaining household subsistence economies.

Other minor cottage industries exist in the arco. Basketmaking and manufacturing of straw hats are carried out by 2 few
families in the Indian cornmunities; whereas in the town of Temascalcingo one finds a few modem manufacturing
enterprises including a small-scale metal-working 2stablishment, a thriving "gelatin" manufacturer (the "gelatins™ are
sold like candies in public gathering places), and a small clothing factory. Brick manufacturing and stone quarrying is
also carried out by a few individuals, mainly for local utilization. Oczasionally households produce pulque, milk, or
¢ggs in excess of their ywn consumption needs and seli the surplus to neighbors. However, this is not a consistent source
of income tor the family.

Like most areas of highland Mexico, the Solis Valley is experiencing a dramatic economic transfarmation, which is ex-
acerbated by the national econornic crisis that 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 inipossible
for most families w acquire enough cash from the sale of farm products to meet cven very modest monetary needs. In
nearly all households, economic activities involve a mixture of wage labor ans farming.

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

During the basic houschold economic intzrview (described below), we collecied 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 cach houschold 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 lcft 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 "cominuting” was the common mode. On the other haad, 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-migraticn to wage labor, is changing the nasure 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, althougb 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. Inothers, however, wage labor is necessary in order to buy food, clothing and other essentials, and has not led
to a significant improvement in living condidons. Moreover, rampant inflation, which has included food, szads and
agricultural producticn costs, means that cash from wage labor is being used increasingly to meet basic needs.

LV, THE. FOOD SYSTEM IN THE VALLEY

Located in the heartland of central Mexico, where the com-beans-squash-chili complex evolved as the siaple that sup-
ported the growth of Mesoamerican civilization, the people of the Solis Valley are heavily commiited today to the food
of their ancestors. Corn, consumed primarily in the forra of tortillas (and less frequently in other ways) is the major
staple. The other cereal grains in the diet are rice and wheat. The primary legume is beans (phaseoius vulgaris), with
miner use of fava and lentils. Animal foods, which accouant for only a very small proportion of caloric intake, include
eggs, chicken, turkey, beef, pork and dairy procucts. The main beverage is a traditional product that piedates the Con-
quest-pulique, a moderately alcoholic drink made from the fermented sap of the maguey (agave). Coffee and lime-and-
sugar-rlavored water are also regularly consumed. Chapters 6 and 20 below provide detailed information on food intake
and consumption patterns.

The food utilized by valley households comes from three sources: home-produced; prurchased from markets, stores or
vendors; and collected or gathered. In agriculwral households much of the corn is home-produced, although many
houscholds are not self-sufficient in maize. A cominon pattern is to sell some corn after the fall harvest in order to ob-
tain cash and then purchase additional corn the following spring or summer when home-produced stores are 2xhausted.
Squash, beans, chili, and other vegetables are also produced for home consumption, but in the Solis valley few, if any,
houscholds raise all the heans they need, and chilies, tomatoes, onions, and other riain foods are also frequently pur-
chased.

Every Sunday, vendors of food (and other goods) converge on Temascalcingo, 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
fcods (cheese, bread, dried fish, ices, gelatins, and sweets) are also available. More than 100 vendors set up their stands
cach week in the central plaza. In addition, vendors of in-season local products, such as squash blossoms, avocados,
apples, and peaches, sell their small inveniories on street comers near the market.

In addition to the large market on the "dia d¢ Ia plaza”, numerous stores in Temascalcingo, including general grocery
stores and specialty shops (eg. butcher shops and bakeries), provide access to a wide range of focdstuffs.

In some rural communities, small stores with a highly reoiricted 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 napal cactus and various wild greens.

Y. HEALTH.ILLNESS AND HEALTH CARE IN THE SQLIS VALLEY

As in most parts of Mexico, the health care system in the Temascalcingo-Solis region of‘ers 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 traditionai healers, whose training and expertise derive for the most part from popular
beliefs and practices originating in toth the Indian and Eurcoean culiures.

A.Public Health Facilities

The area is served by four ditferent lands of public health facilives. Each system is sponsored by a particular governmen-
tal agency, and operates relatively independzntly. There is a system of health centers organized by the Secretaria de
Sslubridad y Asisiencia (SSA) and administered through local municipal governments. Each mupicipio has its own
Health Centers, with a system of referrals 10 hospitals for secondary and tertiary medical services.

The SSA Health Center in the town of Temascalcingo is swaffed by a medical doctor who is serving his/her one year of
mandatory service immediately following graduation from medical school. In addition 1o the full-time services of the
dector (pusante). the Health Cenizr generally has one nurse on duty during regular hours, from 8 AM until 3 PM. Inad-
dition o the SSA Health Center in Temascalcingo, there is a center in the town of Santiago Mexguititlan in the lower
end of the valley arca. Sauntiago is in the state of Queretaro, but people can readily cross boundaries o seek the services
of the Health Centers.

There is a second heaith center system eperated by ISSEMYM (Institwg de Seguridad Sogial of the State of Mexico
and the Municipios). Like the SSA Heald: Centers, this system is a part cf the State govermnmental siructure, with
provisions for secondary and tertiary services at hospitals in Atlacemulco and Toluca. Unlike the SSA Health Centers,
the services at ISSEMYM are available only 1o focal and state governmentil ernployees who pay a health insurance
premium, in retun for which consultations at the Healith Cenier are free, The ISSEMYM Health Center in Temascal-
cingo was established in the mid-1970s and has a medical doctor available 24 tours per day.

A third component of the general health care system are the centers operated by the Jnstituto Mexicann de Sezum So-
g¢ial. Unlike the SSA and ISSEMYM Centers, the IMSS health services are managed directly by the federal govern-
ment i the Temuscalcingo-Solis region, four such centers have been established in the past two years. At each one,
the staff consists of a medicz! doctor (available 24 hours a day, Monday through Friday) and two nurses.

The IMSS COPLAMAR Health Centers are unique in tha: they provide 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 COPLAMAR
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 destred.

The Unidad Medico Sqgial 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 hospial received its chicf budgetary support from the National Nutrition Institute (INN). The hospital also had
budgetary and administrative links w the state SSA system as well as to CODAGEM (Coordinating Commission for
Agricultwal and Animal Husbandry Development of the State of Mexico). CODAGEM was involved in the main-
tenance of the Solis Hospital because the hospital buildings are on the grounds of the ex-hacienda Solis, which
CODAGEM maintained as an agricultura! extension and training facilicy. The hospital includes a delivery room plus
four beds for adult patients, beds for childeen, and cubicles for eight newbom infants, including an incubator for inten-
sive care of premature infants. The unit 2iso has X -ray and laboratory facilities, two consultation physicians, the medi-
cal director’s office, and a small library.

B. The Private Medical Sector

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. Bv the tiine the CRSP research began there were 12
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private doctors in Temascalcingo. and one pant-time doctor in San Nicolas, one of the study consmunities. (The part-
ume doctor teaches English in the secondary school in Temascalcingo and practices medicine in the aftemcon). In
general, the fecs of the private doctors are considerably higher than the imodest fees at the public health clinics.

There are {ive pharmacies in the own of Temascalcingo. The pharmacies sell (with or without picicription) a number
of aniibiotics and other medications. Many people rely on the pharmacies for "informal consultations,” on the basis of
which they buy antibiotics and other medications withou; incwring the costs of going firsi to consult with an M.D. Haw-
kers of medications (merolicos) also appear in the area from time to time, selling patent medicines and other prepara-
tions outside the control of health authorities,

C. Traditional Healers and Medications

Although the present research did not explore the nature and extent of traditional healing facilities and practices, rzla-
tively superficisl surveys (docr-to-door interviews) in the late 1960s and 1970s demonstrzted that practices involving
traditional healing were widespread among the Indian populations of the region, and that only a small ininority of the
Mestizo people rasde extensive use of folk practitioners. A major exception 1o this generalization is the large number
of women who continue to utilize traditional birth attendants (See Chapter 235, Feople also conlinue 0 use hueseras
{"hone seiters") for muscular and orthopedic complaints.

In 1967 the [nstitnto Mezicaon de Estudios Sacinles (IMES) conducted a social and demographic survev in the Solis
Valley (2.1). Table 2.1 hignlights some key features of traditional health practices noted in the research, showing con-
trasts between an Indizn community (Santiago) and the Mestizo popu'stion in Ternascalcingo.

Survey interviewing is generally a poor tnethod for learning ¢bout traditicral health practices, Many people avoid
divulging much about traditional health practices, which they feel are seen by outsiders us "backward" or "not- sophis-
ticated.” On the other hand, the general impression that the majority of people in the valley, especially the Mestizg
populatiens, have largely put their faith in modern medicine is supporied by a variety of kinds of data. In the mid-1970s
K. DeWalt reporied on health practices and beliefs in one of the cornmunitics adj~cent to Temascaicingo, using the title
“The Ilnesses No Longer Understand” (2.2). tier research indicated that people regarded modern medical resources as
more effective, adding by way of explanation that perhaps the illnesses themselves had changed in character.

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

TEMASCALCINGO SANTIAGO
No. % No. %
Use herbs 11 21.2 60 49.6
Pharmacy 12 23.1 12 99
Doctor 29 56.0 44 30.4
Curandero 0 0 4 3
No answer 0 0 1 ¢.8
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2.1. DeWalt, B., Bee, R., Pelto, P. The People of Temascalcingo: A Regional Study of Modernization. Unpublished
monograph. The University of Connecticut. 1974,

22. DeWall, K. The Illnesses No Longer Understand: Changing Concepts of Health and Curing in a Rural Mexican
Community. Medical Anthropology Newsletter. 1977.
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Chapter 3

PHASE I STUDIES

LINTRODUCTION

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)

b)

c)

d)

e)

Ethnographic swdies, focusing particularly on economic, dietary, and ethnomedical characteristics
and household activity pattems.

A mapping and full census of the houscholds in the communities of San Nigolas, San Miguel, San
Antonjo and Cerritos —- the four comm: ities initially selected as the rescarch sites.

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

Anthropometric measurements on approximately 60 percent of the individuals in the smdy com-
munities.

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 refincment of the research tools and
instruments, staff recruitment and training, and community preparation. Experiences during this period in specific areas
of data collection are detailed in the methodology chapters in the following section.

L Ett hic Studi

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.

B8, Community Census

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

Dietary studies in the four communities were made on a total of 437 individuals, frorn 24% of the households in the
census. In each houschold, 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 consumed and
the variation among households, and to assess whether there were differences between communities.

The procedure for collecting the clietary 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 cach 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 described and weighed when
available.

5.  The proportion of the family recipe consurned 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 Yalues of Mexican
Foods (198G) developed by INN.

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

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

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 ngocurous assessment of the accuracy of their report-
ing but of their general willingness and capacity to respond to quantitatively phrased inquiry.)

2. Maire, 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 San Nicolas
15% of households consumed chicken two 1o three times a week, the great majority consumed it once
a week, and 10% consumed it only rorely. The [indings 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 1o 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 Suryey

A tcam of anthropometry ficldworkers 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 ineasured on a Detecto balance, without shoes and without excess clothing, Recording was to 0.05
kg. Infants 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. A square 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 the elbow and shoulder, with the arm bent and hand on the therax. Recordings were
made t0 0.01 cm. Triceps skinfold thickness was measured with a Lange caliper on the back of the left arm at the mid-
point The anm was relaxed and the skinfold held 1.5 cm. above the midpoint. Recordings were made 10 0.5 mm in
duplicate.

A number of importint generalizatons 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 ralnutrition:

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 1 to 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.

¢)  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 e for 10% ~f e children.

2. Several logistical problems were encountered, which suggested that further work would have to be done to make the
measurements acceptable (o the families. Among the specific 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
discase causation.)

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

¢)  The staff complained that carrying the anthropometric 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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IL THE PILOT. STUDY IN SAN FRANCISCO SOLIS

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 L.

The small community of San Francisco Solis, located about 10 kilometers southwest f project headquarters, was
selected as the site for the pilot study. The community was sufficiently similar to thz study communities 0 suggest that
it was a reasonable site for pretesting protocols and techniques of administration. Threc components of the pilot study
are described below: the dictary intake study, the anthropometric study, and a study of activity patterns in adult women,

A.Dictary Iniake

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

Two professional nutzitionists 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 couse. 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 besn 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 wnat 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 donc 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 (2.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 weie conducted to determine whether there were any significant variations
tetween types of subjects, day of week or interview sequence, with results as follows:

1. Whenall subjects (N= 50) are included in a repeated measures ANOVA model with sex z;nd 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 adw: males and females by interview sequence, at-
tributable to intakes on interviews 1, 2 and 4.

22



4, There were no differeaces for children.

‘These results indicated that in the longitudinal study it would be important to adhere strictly to a sampling strategy that
alternated the days on whirh food intake data were collected, so that each day would be equally represented in the total
corpus of an individual’s measurements. The presence of an interview effect, at least with 1espect to the first six inter-
views, suggested we would find some variation over time that was a consequence of respondent/interviewer interac-
uon.

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

MALES (N=12) FEMALES (N=20)

Mean (SD) Mean (SD)
Monday 2581 (85T) 2149 (705)
Tuesday 2475 (54C) 2081 (870)
Wednesday 2242 (1089) 1798 (661)
Thursday 2740 (651) 2080 (603)
Friday 2541 (629) 2144 (898)
Sawrday 2677 (555) 2144 (634)
Interview
One 2752 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 (737T) 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

MALES (N=9) FEMALES (N=9)

Day Mean (SD) Mean (SD)
Monday 1260 (534) 1563 361)
Tuesday 1594 (373) 1445 (525)
Wednesday 1705 (389) 1216 (526)
Thursday 1626 (376) 1413 (452)
Friday 1558 (469) 1310 (559)
Saturday 1659 (308) 1462 (484)
Interview

One 1739 (312) 1357 (536)
Two 1519 391) ) 1388 (483)
Three 1769 T (400) 1267 (495)
Four 1506 (373) 1555 {456)
Five 1480 37D 1419 (514)
Six 1390 (596) 1425 479)
Total 1567 (259) 1401 (326)
B. Anthropometry

Anthropometric data were tiken 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 the four communities.

The 1ables 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,



TABLE 3.3

CLASSIFICATION OF WEIGHT-FOR-AGE IN CHILDREN: SAN FRANCISCO SOLIS

% Adequacy of Weight

Age N 70-79 80-89 90-99 100+
i (%) n (%) n (%) n (%)
0-9 17 1 (6) 4 (29 9 (53) 3 (18)
1-1.9 9 2 (22 3 (33 4 (44 0
2-29 19 5 (206) 5 (20) 9 (48 0
3-3.9 24 2 (8) 10 (42) 12 (50) C
4-4.9 14 1 (7 6 (43) 7 (50) 0
8-8.9 12 217 5 (42) 5 42) 0
9-9.9 19 3 (16 10 (53) 6 (32) Y
10-10.9 14 2 (14 10 (71 2 (19 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

% Adeguacy of Height

Age N 70-79 80-89 90-59 100+
no (%) no (%) no (%) no (%)

0-9 16 2 (13) 5 (3D 8 (50) 1 (6

1-1.9 11 5 (45) 3 @27 3@ 0

2-2.9 19 9 (47) 5  (32) 4 Q) 0

3.39 24 0 (42) 5 (3%) 5 (20) 0

449 13 3 (23) 7 (54 3 (23) 0

8-8.9 12 3 (25) 6  (50) 3 (25) 0

9-9.9 19 4 Q@ 10 (53) 5 (26) 0

10-10.9 14 6  (43) 7 (50) 1 0) 0

11-11.9 20 3 (15) 10 (50 739 0




TABLE 3.5
CLASSIFICATION OF WEIGHT FOR-HEIGHT IN CHILDREN: SAN FRANCISCO SOLIS

% Adequacy of Weight-for-Height

Age N 70-79 70-82 90-99 100+

n (%) n (%) n (%) n (%)
0-.9 17 0 1 (6) 12 (1) 4 (23
1-1.9 1 2 (18) 1 ©9) 6  (55) 2 (18)
2-2.9 20 0 5 (29 15 (75 0
3-3.9 24 0 0 22 (92) 2 ®)
44.9 13 0 3 (23) 9 (69 1 (8)
8-8.9 12 0 0 10 (83) 2 (17
9-9.9 19 0 2 (1) 16 (34) 1 (5)
10-10.9 13 0 0 12 (%) 1 ®)
11-11.9 17 0 2 (12 14 (83) 1 (6

The children in San Francisco Solis have a very high proportion of low height-for age. Approximately three-fourths of
the children are short for their age. While the situation is somewhat betier for weight, 47% of the preschoolers and 66%
of the school age children have low weights. As would be predicted in a populacion with chronic but not acute low in-
take, the majority of children are within normal limits 0a weight-for-height.

The survey of physical activity pattems was intended as a test of whether women would be willing and able to provide
informaiion on their daily activides. Twenty four families with a child between 8 and 12 years of age, representing a
range of socioeconiomic status, were selected for this substudy.
The activity ineiview schedule consisted of two parts:
. Atimewble of activities, divided into two time periods:
- "morning" (before comida) and
- "afiernoon” (after comida)
2. Aseries of questions concemning the nature, duration, and seasonality of activites,
Specifically, the intarview elicited information 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; descniption of the
clements of the 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. Tendinga store (cg. taking articles from a shelf, putting them on the counter), which involves primari-
ly walking, sitzing and kneeling.

2. Breast-feeding, which involves sitting during the day or lying down at night.
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10.

11.

12,

13.

14.

15.

16.

17.

Sewing (mending by hand or with a machine, or weaving wool or cotton), which is carried out in a
scated position.

Milking cows, which is an activity done while scated.
Ironing clothes (mainly standing).

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

Stripping kemels cf maize from the cob, an activity done whiie seated.

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

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

Caring for children (bathing, dressing, combing hair, changing diapers, and feeding), which are main-
ly standing activities,

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

Caring for animals, which includes giving water and food, taking them 10 pasture, and cleaning their
quarters.

Carrying milk in buckets.

Washing cloches, which includes soaking the clothes the day before washing them, scrubbing, rins-
ing, and hanging them to dry.

Cleaning house, including sweeping, bed-making, and cleaning furniture.

Going to the mill to have maize ground, which requires carrying heavy buckets of pre-soaked com
1o the mill and back.

Gathering firewood (walking to the hills, gathering or cutting wood by hand, making a bundle, put-
tng 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 1o each activity per day and per week. Number of hours worked per day, as well as sleep
and rest, were also recorded.

D. Resnlts

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 nore 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 1o 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 1o 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 o four times per week. The amount
of time devoted to stripping the cobs varied from 15 minutes 0 one hour, whereas making tortillas required one (o five
hours per day.

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

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

‘The activities least often performed were milking, carrying milk, cutting unimal feed, and gathering wood. Two women
tended a store, working either 10 or 13 hours per day. However, since other activities were performed simultaneously
with tending a store, it is difficult to interpret the £nergy demands represented by this activity.

L DISCUSSION

‘The pilot study was not designed 1o test hvpotheses about the relationship of food intake to functional outcomes. Rather,
its purposes were o train {ield staff in the appliciation of research tools and instruments, to assess the community
response o our research procedures, and 1o provide feedback ca the effectiveness and feasibility of the proposed
measures. A variety of methods were used for training, quality control, and inteiviewer reliability testing. Most of the
interviews were tape-recorded so that problems could be detected 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 wi/ht squarcd: r=.68 (n=20)
kcal/day and kcal cost of activity/day: r=.61 (n=15)

For adult maies:

kcal/day and wi/ht squared: r=.58 (n=17)
For school children:

kcal/day and wt/ht sauared: 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 communitics and from the pilot study, provided the clear
evidence that there was a range of variation in nutritional status in the valley’s population. Ethnographic data, food in-
take data, and anthropometric data confirmed a substandal incidence of low intake and small body size. The
socioeconomic contex: of the nutritional picture emerged clearly; the people of the Solis 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 difficultics, 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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Chapter 4

PHASE I METHODS: OVERVIEW

{JINTRODUCTION

The Phase II research involved collection of a variety of types of data ("data areas") from January, 1984 through June,
1987. These included data on individuals (census, food intake, anthropomeltry, morbidity, clinical and laboratory data,
resting metabolic rate, psychological developmen: and performance, and activity studies); houschold-level variables
(mortality, houschold sanitation, SES and migration measures, agricultural productivity, and family activity); and com-
munivy-level variables (ethnography, feed prices, and climate). Most data were collected repeatedly (longitudinally)
according to differing schedules, with the objective of obtaining data over a one year period 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 Table 4.2 at the coniclusion of this chapter.

IL FIELD STAFE

The research was conducted by teams devoted to specific areas, These were headed by "jefes de area” ("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, ete.), mast 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 11, is provided in Figure 4.1.

The field staif was housed in facilities of the exhacienda in the community of Solis, Teams traveled in project vans to

research communities each moming (Mcnday through Saturday). Some data (e.g. RMR, laboratory samples, clinical
examinations) were collected at the clinic in Solis.

UL 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,
nsychological 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 o 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 (o data from children aged 18-30 months with a several week
overlap at the younger and older ages.

Schoolers: Children from aged 7 - 9 years, wiih 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 o 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 (San
Miguel, Cerritos, San Nicolas, and San Antonig) in the Fall of 1983. Two additional communities were added later in
the study (Calderas, July, 1984 and San Jose, April, 1985) in order to reach the CRSP goal of 100 individuals of each
target type. The majority of houscholds 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 neccssary, read) a letter describ-
ing the purpose of the study, th~ 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 voere also given special "medical cards"
showing that they were eligible for free or discounted medical care at the Solis clinic.

The uming of the actual entry of target subjects into the interview schedules was dependent on a number of factors.
Table 4.1 shows the pattem of recruitment by individual type for all subjects. The initial group selected was predominarit-
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 toddier or schooler became pregnant, or a non-
target child reached 18 months of age in a houschold 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 abont the purpose and importance of the
project, community fiestas, etc., a crucial sirategy 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 uecessary, arrangement of transportation of
houschold members to the Soiis 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 Field Director usually became involved at this point to ensure
that the project was as h:lpful as possible within the obvious constraints involved. One of the most valued and usual
ways that assistance was siven was transportation of a seriously-ill household member to Mexico City and provision
of medical treatment at the IINN hospital.

A detailed description of the overall Phase I data management system is provided in Chapter 17. D2ta 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 cente: (Szlud Publica) in Mexico
City. Some small datasets were keypunched 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 (Centro

Cientifico), 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 tcansferred 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

1984

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 3 45
August - 8 22 21 25
September -- 6 6 1 10
October 3 14 5 14 13
November 31 18 1 14 17
December 16 4 3 3 3
1985

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 anthropometry data, "cross- sectional” sample (see chapter 18)
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TABLE 4.2:

DATA COLLECTION SCHEDULES

Infants

Toddlers

Adult

Schoolers Males

Adult
Females

(NPNL*)

Adult
Females
(Pregnant)

Adult
Femnales

(Lactating)

CENSUS

FOOD INTAKE
ANTHRGPOMETRY
MORBIDITY
CLINICAL DATA
Clin. Hist.

Physical Exam

LABORATORY DATA

Fecal Analysis
Urinalysis
Hematology

RMRY

PSYCHOLOGY
Brazelton
Bayley
BR}

Interaction Obs.
Schoolyard Obs
Classroom Obs.
Cognitive Tesls

SOCIOCULTURAL

ACTIVITY STUDIES
Adults
Mother-Toddler

HOUSEHOLD DATA
SES and Migration
Agri. Prod.**
Sanitation
Family Activity

yr

2/mn
1/mn
1/wk

1/3mn

1/year
2/year

1y

l/mn
1/wk

13mn

W W W,

1/mn

1/yr 1Yy
2/mn 2/mn

'Amn

1/3mn

1/wk 1/wk

173mn

1/3mn

[T T S R

1/’mn

-1/3mn

1/3mn

1/mn

2/mn minimum, observed by interviewers

1/study

yr

13mn

1/wk

13mn

1/3mn

1/3mn

lfyr

1/mn
1/wk
1/mn

1/3mn

I/yr

2/mn
1/mn
1/wk

1/mn

23

2/mn

* NPNL = Nau-pregnant, non-lactating.

1 RMR = resting metabolic rate
} IBR = Infant Behavior record

§ obs. = observations

** Agri. Prod. = Agriculmural Productivity
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Chapter 5

CENSUS METHODS

L PURPOSE

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.

U. DATACOLLECTED

Data collected included description of the household location in relation to a community map (including community,
sector, and house number); information 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
documenuation of birth date; birthplace; principal occupation; and ability to read and write.

IIL_DATA COLLECTION PROCEDURES
A. Intecview Structurs and Schedule

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 during interviews in homes of respondents and recorded on the standard census form utilized for
all studies in the Division of Community Nutrition at INN. The interview was conducted by a team of two interviewers.
One questioned the respondent, while the other recorded responses. On the following workday, interviewers remmed
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 intially selected for the study was carried out in September and Octriver, 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. P { Training and S ision

Foliowing the pretesting of the census protocol (carried out in 1983 in ore 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 ach community, waiting at a local temporary headquarters for interviewer teams to return
from the households to check completed forms with them. The final recensus was carried out by Community Health
Audes who had worked in the community health outposts since the beginning cf the project. ‘Ihey were trained by the
Area Chief.

LV. DATA QUALITY CONTROL
A. Primary Coding of Rata
Census data were entered directly onto census forms by one of the interviewers on the census team.

After the interview teams had completed several interviews, the Area Chief reviewed each furm 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, initiaily 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 daw were transferred to tape via mainframe file at [BM Centro Cientifico, waere updates were entered as needed.



Chapter 6

FOOD INTAKE

L PURPOSE

Food intake data were collected in order to measure the nutrient intake of target individuals within households. In ad-
dition, fanily 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 constming in the household (wei ghted by age, sex, ard size), In this
way, households can be ranked in terms of nutritional adequacy, and their food patterns and behaviors described.

IL DATA COLLFCTED

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
and 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 these 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.

IL DATA COLLECTION PROCEDURES

The method used for collection of dietary data during Phase I 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 I, 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 concidering: i) meal patterns in the communities and the perceatage of
daily intake consumzd 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 corubined recording by subjects, weighing by interviewers, and recall by mothers, i.e. it was
a "recall/record/weighing" method.
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Interviesy S | Administrati

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 paiticipants, 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 0 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 1o 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-time. These data were then used by the interviewer to prompt the respondent, eliciting more precise recalls
on the following day. Unless such "prompts” were used, the respondents tended to forget what they had consumed on
the previous evening; the cvzning meal is usually small and often based on left-overs caten casually. The houschold
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 pericd, the interviewer arrived at the house and questioned the
mother about her health. If the respondent was not well, the interview was either rescheduled or continued, if she was
willing. Failure tc consent to the interview because of illness was a rarc event, and a record was made when this oc-
curred  The following four sections of the diet in‘erview were then completed.

1. Meal Atterndance. This form was completed once per 24-nour 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 cut all names and identification codes of target subjects. Mothers were asked who had consumed
cach meal in the previous 24-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 (o be minimal. The identification number (ID) of the male head-of-housekold
was entered on the form even if he was absent that day. If he had left the housz for the day, then the uotation "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 (nothirg, little, or normal). (These data will be compared by health
status (morbidity recalls) as an additional measure of the effect of illn=ss 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 (numbered in order of pre-
paration or consumption), the meal(s) at which it was served, and the proportion of recipe werved et meal. Respon-
ses, based on respondent recall, were entered to the nearest 25% of the original recipe. 7« i DOse was 1. keep
a continuous check on whether or not 100% of a recipe or food was eaten during the interview periou. This form, not
used until Scptember, 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 II.

3. List of Ingredients and Amounts. The same {oods 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 not 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 later assigned weights by referring to a table that
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had been developed by weighing food items of variovs sizes available in the coramunity. Ingredients and non-recipe
foeds were coded using the codes in the Mexican Food Composition Tables (6.1).

4. Individual Intake Form. On this form were listed, in grams, the wmnounts of recipes or food items eaten by each
target individual. In most cases, these amounts were the portion size served by the mozher. Preltminary studies of the
validity of the food intake methodology showed that the mothers were remarkably accurate in their ability to demonstrate
the portion size of a recipe that they served to cach target individual, or that the target persons served o themselves.
The monotony of the Solis diet is relevant in this regard. The mother usaally had some of the recipe or fouds 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 o cach target. The interviewer then weighed the size of the portion. When ne food preparation was available
the bowl wus filied with water o the level indicated by the respondent. The number of tortllas consumed was recorded
from the "torulla forms” and ten wrtflas weighed each day so that an average weight per tortilla could be obtained for
the famuly. Specific vanables recorded were mesl times, recipe codes, and weight in grams of consumed portions of
each recipe or tood, Also Hsted were the total amouns of non-recipe foods consumed by the entire family.

B.Interview Schedule

Interviewvers vent to each houschold on 3 consecutive days per month to obtain 48 hours of infurmation. 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 virtally every case, cach community was divided into three sectors for scheduling diet interviews,
based on household Jocation. For example, visits to houses in one suctor were scheduled for Monday and Tuesday, ir.
the second sector on Wednesday and Thursday, and the third, Friday and Saturday. This schedule was rotated month-
ly so that each houschold provided data covering Sunday evening through Saturday afternoon. In Phase 1 of the project,
auempts were made to collect dietary data between Satunday evening and Sunday afternoon. However, the majority of
houscholds objected suongly to this intrusion. The main reasons for this were the presence of the male heads of
households in the home 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,

€. Personng] Training and Superyision

The data were gathered hy high school educated "auxiliaries” in 1984. The auxiliaries and new nutritionists underwent
an intensive training period of one-to-two months duration, supervised by irained, licensed nutritionists. During this
time, they ieamned ..l phases of methodology, which until October 1984 included hand-calculation of the weights of
foods consumed by individuals. From January to December 1984, trained nutritionists supervised 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 onward, 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 morole of both the staff and the respondents. A licensed nutritionist was
assigned 1o cach household as the pivjoct staff member tesponsible for project-household communication. The
nuiritionists, several of whom had been supervisors during the previous year, were now supervised by the Chief
Nutritionist, while the auxiliaries checked interviews for missing or miscoded information. Additional team members
in Solis checked ID numbers against the sample census for each family and individual. The effects of these interviewer
changes on nutrient intakes are presented in Chapter 20, section 11
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IV. ADDITIONAL NOTES ON PROTOCOQL

Because some of the fiequently consumed Mexican dishes lose substantial but variable amounts of water during cook-
ing, and the total volume of the cooked dish was not measured, it was not usefu! to ask respondents about the volume
of water used in recipes. Specifically, such dishes are beans (boiled and fried), pasta, and rice (toiled and fricd). For
these recipes, we recorded only the weight and/or volume of all ingredients used except water. These values were later
multiplied by conversion factors (CFs) to estimate the ingredient’s wet weight in the cooking pot once cocking had
been completed. This multiplication was done during the computer conversion to nutrients when the proportion of a
recipe consumed by an individual was caiculated.

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 arecipe,
the usual method of preparing the dish, and the presence of all the necessary ingredients, cach item was weighed or
measured during the recipe preparation procedure. The pot was weighed thres times: empty, and with all ingredients
both just prior to cooking and just prior to serving the prepared food. Approximately 100 ¢ of well-mixed sample was
taken from the pot immediately before serving. This was transported to the Solis laboratory in plastic bags, from which
approximately 20 g (in duplicate from cach 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 factars, 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 {rom 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 factors for each household.

Conversion factors were calculated from the following equation:

CF x Weight of dry pasta (or beans or ric?) = (weight of pot + contents after cooking) -
(weight of pot + weight of all other ingr:dients 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 2.18-5.39); 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, respectively.

Y. DATA MANAGEMENT
\. Pri Coding of I

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

E. Data Entry Procedures

From January w0 September, 1984, data were entered on Apple microcomputers in Solis. Individual intake of specific
foods from recipes was calculated by kand and the food weights and codes entered onto a separate coding form, After
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September, 1984, the dawa collection forms were revised (with no change in the food intake method) so that data could
be entered directly into the computer, climinating the need for any calculation of values in the ficld. After September,
1984, data were entered at Salud Publica in Mexico City, assisted by a data entry program that provided data entry fields
for werminal 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 revicwed all IDs and names against a printout of the sample census, thereby identify-
ing coding crrors. These 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 lape
atIBM could be correcied. A series of computer-aided error-deteciion programs was developed in Mexico and used to
detect additional errors. These errors, or questionable values, were retumed 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, exiensive errorchecking programs 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 appeared 1o be unreasonable, by examining the consistency = mong recipes.

From these programs two types of filters were developed -- one used for finding errors of all types, and a second, derived
from the human review of the output of the first, for correction of the data when revised values were sent back from
Mexico. Many of these programs were modified and used 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 o Mexico, where they were checked against original interview forms
for coding ani data entry errors. Currections 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 facilitics to coordinate the correction and analysis of this complex data set.

YL DATA ANALYSIS
A Food C ition Tabl

The basic ¢ata 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
(Certral Amenca), INNE (Ecuador) and FAO (Food and Agriculture Organization), To the INN dar~ hase 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. A random sample of about 40 recipes from the com-
munity was used (o 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
mada for losses of vitamins and minerals that would occur during ~ooking. 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
retinol. Almost all of the foods in the data base are raw, so that nutrient content - especially of some vitamins and
minerals - is overestimated in cooked dis'ies preparsd from these foods.

The energy values in the tables were calculated by multiplying the protein, fat, and carbohydrale 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 maize, the energy factor for the carbohydrates in tortillas is cenainly nveres-

timated. The value for ground whole-ground cornmeal using the Atwater system (6.2) is 4.03 kcal/g (not 4.13 as used
here). In addition, the Atwater value assumes a digestibility of 96%, which is also an overestiinate, as will be discussed
further in Chapter 20. Alcohol has an energy value of 7.10 kcal/g in the Mexican tables, slightly higher than the value
of 6.93 kcal/g in the USDA tables. However, by far the majority of alcehol consumed in Solis is in pulque, 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).

Individual Nutrient Intakes

These were calculated for each target individual as a total per 24-hour period. A special Daily Summary 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. In addition, 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 sources. " Animal" foods included: all foods in the INN tables with the food codes for meats, fish,
eggs, dairy products, and chicken fac (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. Al vilier foods, including alcohclic beverages, were categorized as being of "plant" origin.

C. Family Foud 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 consumption 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 basai metabolic rate (BMK). Houschold energy intake will then be calculated as:

Relative Household Energy Intake = Household Intake (kcal/d)
HH BMR (kcal/d)

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

VIL VALIDATION OF FOQD INTAKE METHOROLOGY.

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 nutriticnists on 30 families. As a result
of the first validation study, modifications to the first method were made, including the use of the tortilla records. A
third and finul 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 houscholds, randomly selected from those still in the study as of March, 1986 or
those who had been in the stdy until either November or Decetnber, 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 houschold 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 respensible for conducting the earlier diet interviews in that particular household. When leav-
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ing, the nutritionist asked when the 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 io observe, 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 timne period during which observations had been corducted. Nutrient and
food intake were compared berween the obseivation/weighing vs recall/record/weighing methods.

B. Results of the Validation Siudy

Mean calorie intakes of all target individuals combined were 2042 (observed) and 1902 (study method) kcal/day, and
protein intakes weee 55.3 (observed) and 50.6 (study method) g/day. 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 since specific interviewers were scheduled either always on thie first or second
day. Thus, it is assumed in the subsequent analyses that interviewer effects are random.

Larger differences between tie two methods occurred when intakes were higher. Scatter plots of the differences by typs
of individual indicate the expected unequal variance (Figure 6.1). Tests of difference were made on the ratios of method
two (the Phase [T method) 1o methort one (observation and weighing) keal and protein intakes (Figure 6.2) as well as
the actual values of keal and pretein .

DifYerence Between Observation/Weighing (Method 1) and Reczll (Method 2)

First, the actual differcnce in encigy intake measured by the two methods was tested. A comparison of the difference
between method 1 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 esiimates more than the subjecis who eat less. Figure 6.2 illustrates the dif-
ference bewwecn the methods when it is expressed as the ratio of energy intake measured by method 1 vs method 2.

The ratio estimator appears 1 overcorrect slig. ly and does not have a normal distribution. Thus, two methods were
used to analyze the differences in ratios; i) ignoring the bias, and testing whether the mear ratio was 1.0, and ii) sub-
tracting 1.0 from the ratio and vsing 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 1o the observation method, the study method underestimatzd 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) had intakes that were about 1,000 kcal lower by the recall method. Closer scrutiny
of their daia showed that the difference was accounted for by underestimation of tortilla intake, and that these four per-
sons consurned 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
ALL SUBJECT TYPES
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FIGURE 6.2: RATIO OF THE DIFFERENCE IN KCAL INTAKE, METHOD 1 vs 2
ALL SUBJECT TYPES
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TABLE 6.1

SIGNIFICANCE OF DIFFERENCES BETWEEN INTAKE METHODS

TYPE METHOD KCAL/D DIFFERENCE MEANS OF  14TIOS OF
(m) F<) RATIOS MEANS
Method 2-1 Method 2/1 Method 2/1

ADULTM. 1 (obs¥) 3144 -312 86 90
(20) 2 (rect) 2832 (.05) (.05)*

(03)
ADULTFE, 1 (obs) 2766 -2% 90 02
(29) 2 (rec) 2542 (.06) (.02)*

(ot
SCHOOLERS 1 (obs) 1643 -105 93 94
(11) ‘. (tec) 1538 (.71) (40)*

(45!

TODDLERS 1 (obs) 1019 51 98 1.05
(18) 2 (rec) 1070 (.63) (.85)*

(86)
INFANTS 1 (obs) 483 20 91 1.04
(13) 2 (rec) 503 (.67) (. 63)"

(90)!

* P value for test that ratio of recall/observation (method 2/1) is different from 1.0
1 P value for test that ratio of (recall/observation - 1) is different from 0

1 Observation Method
§ Recall Method

L. PURPOSE

This questionnaire is unique to the Mexico project and has several purposes. It provides a semi-quantitative summary
o: foods purchased, grown at home, borrowed, or given away by the household during one week each month throughout
Phase IL 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” household consumption (amount per household per week) than the daily intake data.

L 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 returnied,

and foods given as gifts.
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IIL 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 dza 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.

L 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.

IL DATA COLLECTED

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

IIL. 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

L PURPOSE

Anthropometric measurements were taken 1o assess the following: 1) child growh, 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 (kcal/kg] and RMR [kcal/kg/min]).

IL_DATA COLLECTED

Anthropom:2tric data include, weight (to 0.1 kg), height or length (t0 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).

IIL DATA COLLECTION PROCEDURES
A, Structure and Schedule of Interviews

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 eightand 30 days, and then monthly. Measure-
ments were taken of pregnant and lactating women, either in the clinic or at home, once per month, Newboms were
measured at the Solis clinic. Additionally, all family members were measured in their home cnce, at the close of the
study.

B. Personnel

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 experierced in anthropometry. Training took a minimum of two weeks; the ac-
curacy and precision of the staff, and intra- and inter-operator errors, wese monitored by the method of Habicht (7.1).

C. Equipment and Methods
Wcights of infants borr: in the Solis clinic were measured with a Salter infant scale. Older individuals, and infants in

their kumes, 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 und bottom of the feet. For oider children and adults
measured in the home, a plumb 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 accurdte weighing of subjects, balances were calibrated before each set of measurements in a given locale.
The Lange calipers 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 taken by one in-
terviewer and then repeated by a secord interviewer. (Because other individuals often refused to be subjected to repeat
measurements, schooiers were the only subjerts 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 rataken 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.

Y. DATAMANAGEMENT AND ANALYSIS
. Pri Coding of D

No coding of anthropometric data was necessary because values were entered directly into the computer from inter-
view forms,

B. Error Checking

Out-of-range values per measure were defined by subject type and were determined by a variety of processes, includ-
ing referring 10 National Center for Health Statistics (NCHS) standards and selecting the upper- and lower-most per-
centiles. This, however, detected 100 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.C ion_of Weist { Heights o P i

An algorithm was obtaincd 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 day of measurement. The percentiles and Z scores were those used by WHO, FAO and the
NCHS (7.1).
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Chapter 8

MORBIDITY

L PURPOSE

Morbidity data were collected on a weekly basis from eyery 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 adequacy of the medications employed to treat the illness.

IL DATA COLLECYED

At each visit the interview schedule was used to elicit the following information: 1) iliness 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 asceriained 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.

IIL DATA COLLECTION PROCEDURES
A.Interview Structure ar 1 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 of the 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 health 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 illnesses 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 Solis also
asked about symptoms in the previous week, after the usual inquiry about curicnt 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.

Visits to the household were made by a team of two people — a physician and a local health auxiliary. In Phase I, the
feasibility of using community workers to collect the morbidity data was evaluated. The plan was for physicians to ac-
company the health auxiliaries for several weeks, after whicii the physiciasis 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 was not regarded as a legitimate health professional. Also, the local workers did not readily recog-
nize visible signs of illness and inquire 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
. 2 recording forms. This training was provided by the Area Chief for Morbidity and the project field director, both
physicians.

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 shezt 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. A second 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.

Alist of the 99 signs and symptoms utilized in the morbidity records is provided in Table 8.1.
B. The Coding Form

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 designed by the field director, and coding was done by the physicians, under the dircction of an
M.D. supervisor. The transfer of data from the two original forms to a code shect 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 = Pharyngo-tonsilius,
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 = Diarthea

18 = Traumatism

19 = Fetid Urine

20 = Vomiling

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
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49 = Otitis

50 = Upper Armi Edema
S1=Mur »>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 Parasiies
60 = Odynophagia, Painful

01 = Refuses Feeding

62 = Dysentery

63 = Reddened Pharynx

64 = Tenesmus

65 = Anal ltching

66 = Reddened Tonsils

67 = Purulent Tonsils

68 = Dehydration

69 = Enlarged Lymph Nodes
70 = Hemia

71 = Ronchi

72 = Leukorrhea .

73 = Clear Nasal Discharge
74 = Mucous Nasal Discharge
75 = Dry Cough

76 = Productive Cough

77 = Erythemia/Inflamed Nasal Mucosa
78 = Purulent Tonsils

.79 = Abnomal Lung Sounds

80 = Lung Stertoris

81 = Abdominal Discomfort

82 = Abnormal Radiographic Signs
83 = Parasites by Lab Exam

84 = Iiching

85 = Allergic Reaction

86 = Occular Congestion

87 = Abdominal Pain on Palpation
88 = Tympanism (Abdominal)

89 = Difficulty in Swallowing

90 = Hyperperistalsis

91 = Alcoholism

92 = Hypertension

93 = Abnormal Cardiac Sounds
94 = Reddened Ear Drum

95 = Enlarged Tonsils

96 = Pale Conjuctivas



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: net 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-caioric
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 cffect, no treatment,
and a code for "don’t know",

CXlness Categories
The nincty-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 ficld and the
new ciwgories were created at UConn in raw data already wansferred. The categores were derived as follows:
FEVER = Fever, not fecling well, chilis
DIARRHEA = nausea,-diarrhea, vom'ling, dysentery, tenesmus, dehydration, hyperperistalsis
UPPER RESPIRATORY = inflamed throat, sore ihroat, 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.

DR.ICD Codes
Subsequent to the Phase IT data collection, project physicians in Mexico assigned ICD-9 codes (International Classifica-

tion of Diseases, 9th 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.

Y. DATA MANAGEMENT

The format for entering the morbidity monitoring data into a computer file 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 files were
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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.
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Chapter 9

MORTALITY

L PURPOSE

The purpose of this protocol was to record deaihs that had occurred in households in the study during the previous five
years (May, 1981 10 May, 1986). It should be noted that all deatts of children born to women in the study, including
still births, were also recorded in the clinical history of each woman. The questions atout monality were restricted 0
members of the household only; that is, to the individuals living under one roof and sharing common food and othier
resources. Since thie sample of families in the study is not a random sample of all houselolds in the community, the data
from this protocol cannot be used to reconstruct community death rates.

IL DATA COLLECTED

The household mortality data include the name, age at dcath, and cause of death of any household members who had
died in the five years prior 1o the interview.

L DATA COLLECTION PROCEDURES
A, Interview e and. Schedul

This interview was administered once to all families in the study in May, 1986, after the close of other data collection
activities. Some familics 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 ali families regardless of when they entered or left the
study.

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

The imerviewer st asked about deaths in the household and then asked 1o see a copy of the death certificate(s). In
Mexico, burial cannot take place without an official death certificate, and every houschold has a copy. The certificate
includes name, date of death, age at death, and cause of death. The death certificate is, by law, 1o 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 certificate and any discrepancies were discussed.
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B. Personne! Training and Supervision

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.

(V. DATA QUALITY CONTROL

\. Pri Coding of Daia

Data were captured directly on the interview forms. At the time of the interview, the cause of death was recorded ex-
actly as it 2ppeared 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 cersus. The physician then coded the cause of death, using the same morbidity codes that were used in
the project’s morbidity data.

B. Errcor Checking and Correction of Data

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



Chapter 10

CLINICAL HISTORY AND PHYSICAL EXAMINATIONS

L PURPOSE

.11 of the subjects in the study were interviewed and given a physical examination in order to obtain information on
fairitlial health history, their own past history, and current health status. Subsequent interviews and exams were for the
purpose of monitonng health stat:s during the course of the study.

IL DATA COLLECTED

Separate inturview 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 hygicne 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
fesding practices, and the age of achieving a series of developmental markers.

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

IIL. DATA COLLECTION PROCEDURES
A.Interview Structure and Schedule

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. Pregnant women were seen every month, a schedule that continued through the first six months postpar-
tum. Iniants were also examined once a month. Infants born in the Solis clinic were given their first physical within 12
hours of birth, while those bom 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 community social worker (during 1984) or the nutritionist (daring 1985-86) would visit the family
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to arrange for transportation to the clinic, Initially, the social workers used the visit o explain the purpose of the ex-
amination. There were generally no problems in acceptance of this component of the study.

On the moming of the clinic visit, a projact driver would bring the family to the clinic. The individuals included in the
trip were the leal female, lead male, and the children who were subjects in the study. Other household members also
accompanied them if they were il! 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 forms
and 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
fr the CREP (by a technical advisory group convened by ME.).

The intzrview 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 conducted

the 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.

IY. DATAMANAGEMENT AND CODING

Although many items were initially recorded on a pre-coded form, the data from the interviews were transferred to a
code 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 shect. 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 any 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 records. 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 first
checked in Solis by an assistant to assure that the identification number was correct. The sheets and physical examina-
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tion forms were then brought to INN where the file designs were created by one of the personnel of tie data manage-
ment unit. The designs were then reviewed by a physician before the code shects 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

L PURPOSE

Several categories of laboratory analyses were performed. These included meas:.rement of: a) fecal parasites in order
to control for the efizcts 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) hematolcgy for the detection of anemias and
infections; d) nutritiozia! satus indicators in plasina; e} ihe percent fat in breast milk as a pregnancy outcome meastre;
and f) pregnancy testiag to assist us in the early recruitment of pregnant women.

IL DATA COJ LECTED

Fecal samiples were ¢xamined for consistency, mucus, blood, parasites, protozoan trephozoites and cysts, parasite eggs,
and helminth eggs. Urinalysis included: 1) smell, colcr, density, and pH; 2) semi-quantitative measures of protein,
glucose, ketones, bilirubin, nitrites, and blood; 3) semi-quantitative description of cells, filaments, and crystals; 4) the
presence of E. vermicularis, Tricl: smonas, or Candida; and 5) bacterial counts by plating. Hematological measures on
whole blood were: red and white c2ll counts, 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-rosettes and blastoid
transformation. The fat content of human milk samples was estimated by centrifugation.

IL DATA COLLECTION PROCEDURES
A.Interview Structure and Schedule

The sclection of families and dates for fecal and urine collections was programmed monthly. Scheduled families were
given labelled centainers in which to collect samples. In most cases, the subjects brought the samples to the laboratory
early in the moming, at the same time that they were scheduled for some other test (¢.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 ¢f blood samples was in no way
obligatory, and that unwillingness to provide ssmples would in no way affect their continuation as participants in the
study. The subjects were driven to the Solis clinic where the bloud was drawn,
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Milk samples were collected in the Solis clinic at the same time as the clinical exam, Although the experimeutal design
was to collect 5 ml at the beginning, and S 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 and 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,

if)  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.

iif)  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-ros=ttes and blastoid
transformation svere 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 six months of lactation. Initial plans to sample
colostrum were not realized dne to objections by the mothers.

B. Porsoanel

During the course of the project, fourteer 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 Solis. 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 counter that was used for hematology, and microscopes.
Examination of urine and fecal sampies, all pregnancy testing, and centrifugation of milk was done at Solis. Due to the
difficulty of working with fluctuating voltage (even with a regulator), frequen: power failures, and a dusty environment
in 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 weze taken, while being siored on ice. Milk samples
were 1rozen 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 So'is clinic next moming, or for pick-up
of the samples if the subjects were not scheduled to come to the clinic.

On arrival at the lab, feces were visually examined for consistency, mucous, and parasites. A drop of diarrheal samples
was mixed with polyviny! alcshol, dried, and stained with Wheatley's trichrome stain prior to the microscopic examina-
tion of cysts, eggs, and leukocytes. A semi-quantitative analysis of the parasite load 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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tamned by cultures and were cheaper and casier o use. However, after June of 1984 the Microstix became nnavailable
in Mexico and only culwres 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 venipunctuie using 21 gauge necdles 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 Elecuronics, Hialeah, FL). Ferritin
was analyzed by radioimmunoassay using a "Ferrizyme" kit from Abbott Laboratories (Berkeley, CA). Transferrrin,
prealbumin, complement C3, and IgA analyses were made by laser nephelometry using a nephelometer loaned by
Hoescht (Calbiochem-Behring). The nephelometer had an automatic cuvette ransporter. Data were automatically trans-
ferred via a V-2 interface 1o a Hewleu Packard HP 9815A calculator for the calculation of concentration, and printout
and storage of datu. 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 project. Due to the high cost of these analyses, it had
been agreed that Mexico svaild only run 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 trypan 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 dilutzd in
RPMI with added fewl calf's serum, HEPES, fungizone, gentamycin, bicarbonate and L<glutamine. Duplicates of this
suspension were put into level well NUNC plaics and stimuiated with mitogens. These were phytohemoglutinin (PHA)
and concanavalin A (Sigma, St. Louis, MC). After incubation, radioactive thymidine was added (New Englaiid Nuclear
Co., Boston, MA). After additional incubation, zells were washed, fixed, dried, and radioactiviry counted in a Packard
liquid scintillation counter. Controls included radioactive thymidine, cells without added PHA and concanavalin A,and
a blank with scintillation fluid alone. The biastoid in:dex is the ratio of stimulated CPM compared to non-stimulated
controls.

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

Tne “creamatocrit™ method was used to estimate the proportion of fat in milk sarnples; a few ul of milk were run into
acapiliary tbe and centrifuged. The proportion of fat was read with a hematocrit reader. The data obtained are of doubt-
ful validity becausz we could not guarantee 4t milk was always taken at the same stage of breast-feeding events, and
the percentage of fat in milk rises markedly tovvards the end of feedings. Milk sampl: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.
Immunoglobulin assays on milk were not run because of their dubious interpretability; it is important to measurs only
specific secretory immunoglobulins (an expensive proc.dure) and these respond more to infections in the mother than
1o her nutritional status.

Y. DATA QUALITY CONTROL
A.Laboratory

For the fecal and urinary analyses, the supervisce 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. Sensitvity, 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 technicizn retraining or equipment calibration instigated
as appropriate,

External quality control was achieved by sending samples on a weekly basis to the 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 made in duplicate. Ferritin analyses
were done in duplicate, and e.ch run also contained samples of diluent and seven standards, each in duplicate.

B.Dzta

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 eniry 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.

YL DATAMANAGEMENT AND £ NaLYSIS

The raw data were checked for outliers at Connecticut using univariate analysis. Qutliers 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 "acceptable” values so that the percentage of individuals with low values could
be identified. These results are provided in Chapter 24. Values were also used as continuous variables in analyses.
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Chapter 12

RESTING METABOLIC RATE

L _PURPOSE

This protocol measured the resting metabolic rate (RMR) of adult and school-age targe: subjects in order to: 1) deter-
mine if marginal malnutrition 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 daita 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.

IL_DATA COLLECTED

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

IIL_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 moming of the test. On the day of
the test, the project driver went to the house to collect the lead males znd 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 moimnings. 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 2 smaller face mask was

necessary.

During the test, the subject lay down for 30 minutes, and then was linked io a Max Planck respirometer. An inflatable
face mask was applied for three - four minutes and the first sample of 60 ml of expired air was collected, and its volume
measured for the last minute the mask was wom. 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 dricd air) was
measured 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. Pregnant
women were measured ai 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 (o correct this problem all
resulted in failure,

rsonn ini

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 . . - wory of UAM in Mexico City for drying and calitration 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. DATAMANAGEMENT AND ANALYSIS
. Pri Coding of D

Data we-: tecorded in a laboratory notebook during the test, and transcribed onto the computer data entry sheet im-
mediately ofter 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 finzl volume
of expired air.

ALIBM, 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 kcal/24 h, are possible in taller subjects). On
the printouts of suspect valnes, 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” +* acton of initial from final volumes of oxygen. Because the raw data were also in Connecticut, the true valuc
wat  sculated 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 (o be valid.
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L PURPORE

Chapter 13

SOCIAL DATA

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) Soctocultural 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.

IL DATA COLLECTED

\. Soci ic 1 -

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 I -

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)

ii)
iii)
iv)
v)

vi)

Aspirations for children's education and occupation.
Frequency of travel outside the community.

Radio and television exposure.

Participation in family and community social activities.
Extent of utilization of social programs.

Knowledge of community and external affairs.
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£, Agricultural Activities and Productivi

This protocol was designed 1o 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-eaming 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.

ILDATA COLLECTION PROQCEDURES
A, Schedule and Structure

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 interview was administered twice to families; once at entry into the study, and once at exit from the study or after
one yzar, whichever occurred first. The initial round of interviewing was carried out in November, 1983 in four com-
munities with the first set of families recruited into the swdy. In November, 1984, a secord round of interriews was
carried out. For the initial houscholds who remained in the study, this interview represented the second data collection;
for many houscholds (those who entered the study between January, 1984 and November, 1984), this was the first in-
terview. When households from two additional comnmuaiiies were added 1o the sample, an initial round of intervicws
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 raany cases, it was also necessary 1o 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 formn with the identification
number of the family and the identification number of the interviewer. The socioeconomic interview was carried out
without prior arrangement with the 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 pato of the house. The interviewers were instructed to ask the
questions standing with their back to the house. This was done 10 avoid the possibility that the interviewer would fill
outitems, 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 ficldworker v 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 houschold head was home at the time of the initial visit.

As part of data quality control procederes, 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 team 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) Socicculturat Characterisitics

This interview was administered once to the lead female and once to the lead male. As with the socioeconornic inter-
view, the initial set of families recruited in November, 1983 were interviewed during the first month of the study. A
number of the male houschold heads who migrated o 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.

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, ficldworkers attempted to construct some measure of privacy. Interview-
ing women in the morning when their husbands were away, and men in the aftemoon when their wives were busy with
household chores was common.

Each interviewer tape rr ~rded two of every ten interviews and returned the tape o the Area Chief, together with the
completed forms at the end of each day. The team of ficldworkers who conducted 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 fust 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 houschold head provided the information. The second interview, which covered
information on preparation of the field and planting, was conducted in May, 1984. The third intervicw, on the subject
of weeding and irrigation, was carried out in August, 1984.

The revised version of the agricultural activities interview was first administered in January and February, 1985, cover-
ing the harvest of 1984. The second interview, conducted in July, 1985, contained information on planting for the cur-
rent ycar. 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, 5o in this interview the fami-
ly was 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 of fieldworkers, 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 correctness of his recording of responses.
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The Area Chssf for all social dta, 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 worked for a public health program in a crowded inner city neighborhood. At the time
the proj:ct began, she had worked as a medical social worker in the Solis Valley for four years and had gained widc ex-
perience in the communities tn which the project was carried out.

In the planning phase ¢f the project, there was general agreement among the project staff that the social data could all
be collected by individuals with secondary or high school lzvel training. Tt was felt that it would be besi not to use in-
terviewers from the villages to gather economic informaticn but that it was :nportant for interviewess i% be familiar
with the local calture. Young people from the nearby municipal centcr sremed appropriate because ruany of them had
experience with lire in the villages (through friends and relatives), but they were not directiy ncighbors of the familizs
they were to interviow,

In September, 1983, the Area “hief contacted the faculty of the secondary school and the preparatory fhigh schoct) 0
announce the aveilability of emnployment in the project  Ten studeris, male and female, ranging in age frorm 16 t 21
vears of age, responded o the request for field assistants.

The training of the fieldworkers, which was under the direcdon of the Area Chier, with the assistarce of the Field Direc-
tor and other senior statf, ook place at the project h=adquarters in Solis. The first training sessions occurn2d in October,
1983. The arca chicf gave a series of classes thar included -escription of the goals, purposes, and form of the pmject,
interviewirg techniques, and review of ihe interview forms.

The second stage of training involved prectice sessions in which the fieldworkers took wurns interviewing each other in
front of the group. One individual was designated as "the interviewe:”, acother as "interviewse”, while the rest were
observers who also filled in the interview forms as they listened. Afv s each interview, the style of questioning was dis-
cussed and criticized and the recorded answers of everyone were compared. Tlis traning procedire was carried out
initally with the socineconomic interview scheduie. Prior to the first siministration of the sociocuitural and agricul-
tural activity interviews later in the year, his aspect of training was repeated.

The third step in training was introducing the fisldworkers to the coramunity They toursd each community, learning
the system of sectors and heusehold mapping that was devised to assist project personnel in identifying study households.

The final st2p iu traliing was learning o use the tape recorder in a fashion that didn't disrupt the flow of the interview.

The team of social data tieldworkers was very statle throughout the project  Of the origtnal ten recruited in 1983, only
one person left pricr to t'.e completior of darz collection in 1986. He was replaced by ancther young man from the
municipal center who received an individualized course of training by the Area Chief. Apart from their interviews with
social data instruments, Lis grcup of fieldworkers alse workad in the area of activity recall and dietary dara collection
during 1984, In 1985, they wortzed as assistants in data checking and ranagement, except during the periods of social
data collecrion.

IV. DATA MANAGEMENT AND ANALYSIS

A, Quality Contra] of Data Collection
The three area; of socia! data were subject to the same procedures of data quality control in data collection. At the end

of each day, the interviewers retumed their comipleted formis io the Area Chief. In the evening, she reviewed the com-
pleted forms, checking for two problems: missing data (iteias not filled in) and extreme values.
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For the sample of tape recorded interviews, the Area Chief also checked respondents’ replies against the: filled-out form,
Problems of missing data, highly unusual values, or other apparent errors were discussed the following day with the
fieldworkers individually. The ficldwoikers then returned to the respondents 1o obtain additional information or make
the corrections. In some cases, for example, when the Area Chief felt there might be a problem of rappont between the
interviewer and the respondent, she went back herself o collect the correct information. The following example il-
lustrates this process:

Households normally have only & small number of draught animals. When an interview rcturned with a report of 42
oxet the Area Chicf questioned the interviewer, who insisted that 42 was the number the inforrnant gave. The area
chief then went to the family for an er.planation. The result was that the family was not the ow aer of the animals, but
was maintamning them for the regional agricultural bank. This was a unique case as this type of arrangement was rare
in the Solis area. The socioeconomic interview form was corrected to show that the household owned no oxen.

In the early months of the swdy, another method of quality control, in addition to tape recorcing a sample of interviews,
was direct observation of the interviews by the Area Chicf. For several weeks, she accompanied the fieldworkers on
interviews, usually cbserving at least three - four interviews per week for each fieldworker. Any problems with an
interviewer’s style, interprztation of questions and responses, or method of recording were discussed immediately after
the interview.

B. Coding The Sociat Data Sets

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

1) Although the general format of the social cata collection instruments was based on categorical respon-
3¢s, many questions included an option to record an alternative answer.

2) Since the distributior. of responses could not always be anticipated, questions were designed to max-
imize detail, with the expeciation thar the first Jevel of data reduction would occur in transferring the
respenses to code sheets,

Designing the coding categories and testing coding reliabilivy was a joint activity of one of the principal investigators
and the Arca Chief. To accomplish this, a large sample of completed interviews, was reviewed and frequencies of
responses were hand tabulated. Decisions about combiniag iteras into a single code were based partly on frequencies
and partly on .ogical or cultural considerations. To preserve richness of information, combining items into a single code
was kept to a rainimum,

Portions of the sociocultural interview required further work. A nrmber of the questions were open-ended. Coding
categories for these items were developed after reviewing a large number of completed interviews in order to assure
that the categories covered the ranye of possible responses. Arnswers to a set of questions on "knowledge” (of local is-
sues and the wider worla) were coded in terms of the "correctness” of the responses. Since some of the items changed
over time {e.g. “"Who is the municipal presideiit?”), the coding instructions were revised, as necessary, to reflect such
chunges.

Allcoding was done by the Area Chief. Approximately 50% of the sociv-cultural interviews, 25% of the socioeconomic,

and 10% of the agricultural interviews were 2lso coded by principal investigators. There were virtally no coding dis-
agreements between the coders,

81



C.Data Entry and Cleaning

The coded data were entered on tape at the Computer Center at Salud Publica (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 sheel.

Printouts of the raw (coded) data were sent back to Solis for hand checking agatnst the original data. After correction
of identified errors, the data were sent to Connecticut for range checking. Items that failed 1o meet the qualifications
were returned to the Area Chief for further checking against the original interview schedule. Errors were corrected or,
very rarely, the value of an iters had to be "flagged” as a questionable or bad value.
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Chapter 14

SANITATION DATA

L PURPOSE

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

IL. DATA 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, preser:ce/number of animals, and location/care of food); other household characteristics relevant to sanitation
(water source, waste disposal); and physical appearance of family members.

IILDATA COLLECTION PROCEDURES

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) Ethnographic work yielded information on which parameters were most »sadily 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 fcs 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-fumished 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.P | Traini { Supervisi

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 Arca Chief for social data, who also had responsibility for periodically checking the
completed data sheets.

IV, DATA QUALITY CONTROL
\. Pri 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 Checki LC onaf I

Data were entered into a computer file directly from the original observation sheets at the Data Processing Center at
Salud Publica. No additional coding was necessary. After data entry, a printout of the results was visually checked
against the original data sheets by Solis 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.



Chapter 15

PSYCHOLOGICAL DATA

L 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 I'V explains data collection and coding procedures.

d. Section V describes data management and analysis procedures.

ILTYPES OF DATA COLLECTION INSTRUMENTS
A.Infants

The psychological data or 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 abstract 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 coordinaticn and skills, it is not concemed 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 environment. 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 thisstudy, we included a total of nine behaviors from the original check list: 1) responsivenzss to examiner, 2) coopera-
tiveness, 3) general emotional tone, 4) responsiveness to objects, 5) goal directedness, 6) auention span, 7) reactivity,
8) large motor coordination, and 9) fine motor coordination.

4. Mcther-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) s5quirming,.

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} wuching the child, moving the child’s limbs, 6) imitating the child's sounds, 7) playing games with
the child, and 8) "infantized behavior".

In addidon 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 Fayley Scale of Infant Development,
including the Infant Behavior Record, described above; and observation of beh wvior 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 t 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 10 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 consecutive items for use
in testing the preschooless at 18 months and adding an additional 10 to the test for children of 24 and 30 months. In
the Bayley Scale formut, these are items numbered 100 10 153 and 100 to 163, respectively.

2. The Bayley Motor Scale

In exact paratlel to the Mental Scale, the iteins 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 preschooler. 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 itlems were included in the ex-
amination, using 47-52, 57-61, 65, 68, 70, 71, 73, 75-79. und 81 from the original format.

3. The Baylev Infant Behavior 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) constructive play, 2) fantasy play, 3) looks at mother, 4)talks, 5) smiles,

6) play together (with mother), 7) szeks help or instructions, and 8) fussing or crying.

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

€. School Age Children

As with the preschool child, the psychological data on school-age children cover two main categories — cogniiive
development and social emotional functioning. For the child of seven 1o 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 cognitive functioning were drawn mainly from the Wechsler Intelligence Scale for Children (W1SC-R)
(15.3) with some additional measures. The components were as follows:

From the WISC-R:

1) Digit Span Task, in which the subject is asked to repeat sequences of numbers, fisst 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 10 copy designs presented pictorially with a set of
blocks.

3) The Arithmetic test, in which the problems to be sclved arepresented in verbal form.
4)  The Maz« test, which requires the subject to trace a path from the center of a maze (0 a final outlet.
From other sources:

1)  An"Attention Span” task, designed by Dr. Finley, in which the sudject is asked to placé a mzk across
rows of lines, working as rapidly as possible. The performance is scored in terms of ths amount of
time required 10 "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 patiern in which a
piece is missing and asked to identify the art 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 presenied with a set of.colorcd 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-
ton o 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. Atregular
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 explicitly designed to provide

a basis for an "introversion-extroversion" score. For each characteristic, the teacher is asked to rate the child ona 5
point scale, in terms of its applicability to the subject.
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D. Adults

The psychological data on the adult were limited 10 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.

L PERSONNEL TRAINING AND SUPERVISION

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, Floriaa Intemational 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 preschoo! testing, including observation of mother-infant interactions.

A.The Area Chief

The Area Chief for psychology joined the project staff in July, 1983. She received her licenciatura in psychclogy from
the University of Morelos, and completed a year of postgradnate work at the Universidad Nacional Aul.ucina de Mexic
(UNAM). She also had some ficld experience prior 10 joining the CRSP project

B. Fieldworkers: R . and Traini

The Area Chief had the primary 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.
1neir 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 courses to qualify as a sccondary 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 schonl 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 examination sheet.

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

3. Cne atatime, each ficldworker 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 leam the procedures for the observational
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study of schoolyard activity. Comparison of coding was the main way in which problems were dis-
cussed and observations standardized.

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 tock over the preschooler testing for several months.

In June, 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 coin-
pleted all of their formal training for the licenciatura, except for the thesis and social zervice internship. After a brief
period of training (following the procedure described above), they began testing preschool and school-age children.

Two of the three psychologsts left in December, 1984 and in January, 1985, two psychologists, one from UNAM and
the other from the University of Morelos were 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
10 six, three of whom had university training 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.

[V. DATA COLLECTION AND CODING PROCEDURES

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

A fnfants

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 bern in the health clinic in Solis, the examination was adininistered when the infant
was brought o the clinic for a first medical examination. This event occurred between eight and 28 days after birth.
The Bayley Mental and 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 filled 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 retum 1o 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 1esting
procedure and returned on another day.

3. Mother-Infant Face-to-Fuce Interaction Obseirvation

For this testing procedure, the mother was asked 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 10 the mother and infant and recorded their behaviors on a form that included the items described
above. The observauon schedule was 1o observe for 10 seconds and record fur five seconds, for a period of five minutes.
4. Coding 1ne Brazelton Neonatal Behavior Assessment So-le

The coding system used in this swdy to classify the Brazelton items is the standard system developed by Lester (15.7).
This preduces seven subscales: 1) habiwation, 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 IBR

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

Two factors from the total 1BR 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) auention (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 the extraverion 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 ai 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 fil=,
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B. Prescheol Children

The project design called for the admiristration of the Bayley testing procedure to preschool subjects at three ages: 18
months, 24 months and 30 months. This schedule was generally followed, 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 m:0st 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 temporary 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 moming. For most families, the outside patio
is a primary living area, and it was usually in the patio that the testing was conducted. In bad 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. Scmetimes 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 tircd,
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 Baylcy, the observations began with the psychologist taking out a set of "Lego Blocks," colored plastic
blocks that can be fited together o make three dimensional 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 (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 (atagivenage)
of behaviors that are normatively characteristically achieved by children of a given age. Population distributions are
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thnis 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 fails on specific 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 jow numbered (hence "easier”) items were failed
by alarge 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 ceutious about using the standard scores even for intra-group
analysis.

Given the difficuliizs of irterpieting the standard MDI 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 performance of all childrer in the sample.

The Mental Scale wes obtained by counting the total number of items the child passed. The Motor Score was denived
in an identical fashion.

4. Infant Behavior Record

As previously noted, the IBR is compieted by the examiner, following the administration of the mental and motor scale
items. Nine iterns from the IBR are used in the construction of the extraversion and cognitive factor scores: 1) respon-
siveness to examiner, 2) cooperaiiveness, 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 the psychologist fills out the form.

3. Coding the Mother/Child Intcraction 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 behavior of the mother and the child on a three point scale.

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

At alater date, the Arez Chief scored the verbal material on the tapes, using the following coding categories: 1) total
number of weids spoken by the child during the ten minute interval of the interaction, 2) total number of times the child
spoke dunng the session, 3) number of different words spoken by the child, 4) total number of words spoken by the
mother during tiie ten minute interval of the interaction, 5) number of times the mother spoke during the sessicn, 6)
number of phraszs spoken by the mother, and 7) number of commands given by the mother.

C. School Aze Childre:

Four of the five types of measurements on school children were carried out twice — the cognitive test battery, self-draw-
ing, classroom, and playgrourd 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 schocl administrator was asked to provide a room where the testing could be conducted without

distraction. In all cases, the testing involved only the presence of the test administrator and the subject. When the com-
munity school could not provide a quict place, the Area Chief secured a room in a nearby house. The testing took place
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during the school day and the children were brought fiom the classroom to the testing room. Children who were not
enrolled in school were tested in their home,

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

2. Self-Drawing

Upon completion of the cognitive test batiery, 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 paper. Tte child was asked to muke a drawing of hirself/her-
self. When the child annournced it was complete, the psychologist removed the crayons and pencil and then Jeviewed
the drawing with the child, asking for a description or clarification 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 dircetiy on
the drawing. In no case were additional details added to the drawing during this period of explanation.

3. Classroom and Schoolyard Observations

The same procedure for data recording ws used in the zlassroom and schoolyard observations. The Area Chief prepared
the forms for the observer, filling in the identification nurnbers 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 svere 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 insmuctions, 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 sample 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 separrte 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:



1) Cognitive Factor, which assigns one point for each of the following characteristics: missing facial
features, missing body parts, distorted body parts, displaced body parts, and disproportion.

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

7. Coding The Playground and Classroom Obser vations

As described above, the Barreut- Yarrow observation protocol involves a series of categories, grouped into three general
clzsses. There are a total of 25 behavior categories. In each 10 second observation period, only one category is marked.
The scoring rcquires a simipie summation of the number of observation units for 2ach 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 cach of tne 60 chscrvation periods.

The classroom observation scoring procedure is very similar 1o that used for the schoolyard observations. However,
the summed scores are limited 1o the four categones described above.

At the end of the Aay, the psychologist who made the observations summed the number of check marks in each row
and wrote taese in a firal column on the original forrn. The Area Chief later checked the coding. In Connecticut, the
raw scores for each item were transformed into "percent of total observations”,

D. Adults

The cognitive (cst batiery was applied once to each adult in the study. Efforts were made to conduct the testing within
a few months of entry into :he study. In a faw cases, however, mainly with men who are frequent migrants,
the testing could not be completed until near the <nd of the family's participation in the study.

All testing of adults was canied out in the home. Several days before the scheduled test date, the Area Chief visited
the family to explain the purpose of the testing and introduce the family to the psychologist(s) who would conduct the
interview. The preferred procedure was to make an appointment o test both parents in the same visit, working with the
mother first, then tie father.

The psychologists usually went 10 the hcuse in a team of two. Cne 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 patic.

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

Y. DATA MANAGEMENT AND ANALYSIS
A.Daia Quality Controf

For several of the testing procedures -- the cognitive tests on preschool, school-age, and adult subjects and the mother-
child observation stvdies -- tape recording the interviews was an appropriate means of assessing quality of data collec-
tion. As each new procedure was put into place, or as new tieldworkers began working independently, tape recordings
of every interview were made for at least two months. In the case of mother<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 study she
regularly attended testing situations, including the playground and classroom observatons. In ium, she reviewed her
own testing procedures by comparison with 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 team.

B, Data Coding, Entry, and Checking

Coding procedures and data quality control of coding are described in the sections on tests for subject types. Data entry
for al! psychological measures was done at the Public Health Data Center, using the standard project procedures. Data
cleaning and correztion 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 perceniles, fellowed by correction from original data or flagging of bad or suspicious
values, as necessary.
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Chapter 16

ACTIVITY STUDIES

L PURPOSE

Three different protocols were utilized for activity studies, each focusing on a different target group (adults, motiiers
and their preschool-age children, and families). The first protocol assessed time allocated by adults to various activities
on a daiiy basic, 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 also collected on sleep and
relaxation patterns, female participation in agricultural/food gathering activities, adults’ participation in social and
childcare activities, and houschold distribution of activites 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 IT study, determining predic-
tors of activity patterns and social interactions of women and preschool-age children.

The third protccol examined the distribution of activities in the family during school and vacation periods. One ques-
tionnaire was administered 1o 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-genesating 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 rclationships between nutritional variables and activity pat-
temns of individuals.

IL.DATA COLLECTED
A.Adult 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 worker ) using 24-hour recalls of activities. Minutes of sleep and total minutes in each
activity over the 24-hour period were recorded. Additional data on sleep and relaxation pattemns of the adults inter-
viewed, their participation in social and childcare activities, and the participation of women in agricuitural/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 ages 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,
we:e also observed. All completed the study, increasing the wial number of women observed to 44.

Data were gathered by observers during a series of 1G-minute observations (11 observations, vne per hour, during con-
secuuive 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. Addiuonally, "principal activities” (in
terms of time) performed during the 10-minute timeslot, perceived influence of the observer's presence on observed
activities and bzhaviors in the 10-minute spot, and cleanliness (of individuals and their clothes, if the toddler had been
changed/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 o
estimate activity levels. Quanttatve 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 tacorded was
the involvement of other family and community members. Lasdy, the participation of the mother and other family and
comniunity members in domestic, childcare, and social activities during that time pericd was examined.

C. Family Distribution of Activiti

Data on {amily distribution cf 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) assistng 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.

I 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 Sawrday in March. The cycle was then repeated. This provided a total of four interviews per day cof the week. Be-
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cause families in the community of Calderas did not enter the study undl July, 1984, only two interviews pzr 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 staius 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. 10 6:00 p.m. once a month, for a total of 13 months. Observatons were conducted on all days ot 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 per target in-
dividual included two on each day of the week (except Sunday), pius the initial observation. The first day of observa-
tions for cach 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 cach family,
on the day the family was scheduled for observation during February or March, 1936,

3. Family Activities

The questionnaire was administzred o 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 comimunity (San Jose Solis). This questionnaire was administered once to each family,
following the spring school vacation. Families in the Mother/Toddler Observation study were interviewed during April
or May, 1986; all other families were interviewed in June, 1988,

B.P | Trainine and S

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-
quently (Zuly - December, 1984), fizldworkess 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 perforined, 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 stdy, both the 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
precess. The two observations were later compared and differences, if any, were discussed. This continued, though
less frequently (approximately 33% of the observations), during the second half of the study. However, all observa-
tions were reviewed by the Study Coordinator. The Coordinator also accompanied observers during all the harvest ac-
uvity interviews. All completed questionnaires were then reviewed by the Coordinator and respective observers 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 appruoximately 10% of all observations by having two
observers simultancously carry out the observations over an ertire 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 Farnily Ac-
livity 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, revicw all of the questionnaires administered Dy nutritionists
and observers.

MAN h N ]
\, Pri Codi (D

Questionnaires on adult activites (1st protocol) were coded on the original interview forms. Codes werc 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 cach activiry,
As of September 1984, the questionnaires were coded by nutritionists trained by the Coordinator. In the fixst half of
the study, the Coordinator coded all questionnaires. This function was taken over during the last six months by the
numitionists 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.tidentification, 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
nutritionist trained by the Coordinator) coded observations on separate coding forrms, 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 atributes (e.g. demand-
ing attention) and 21 behaviors (eg. smiling, crymng). All information not reducible 10 a code (qualitative data) was also
attached to the observation and coding sheets.

Inter-coder reliability between the Coder and the Coordinator was calculated tased 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-
servatons 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 harvest-participation questionnaires were coded by the Coordinator using a
scparate 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 Coorc'inator prior to computer entry of data.

Codes for variables on the family questionnaires (protocol 3) were formulated by the Study Coordinator, as were codes
for the other two instruments 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 specia! 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 o computer entry of data.

B. Error Checking and Correction of Data

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 Coordinaior due to an al-
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teration in the study protocol. Questionable data were discussed and verified, which sometimes required the fieldworker
to return 1o 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 ime, reviewed all questionnaires, consulting with the nutritionists
about suspect data. Two auxiliary workers and the Cocrdinator 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-aided detection of illegal codes and
out-of-range values. A program 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 10
his or her score. 1f the two did not equal !,440 (total number of minutes in a 24-hour period), the code sheet and original
questionnaire were again reviewed and all values recalculated.

A third Coordinator for the Adult Activity scgment of the study, employed from August through December, 1986,
reviewed frequency distributions, marking all out-of-range values. A computer 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 idzntify 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 1o "missing.”

The data correction form was then returned to INN with the computer printout of suspect cases. Corrections were
reviewed with the daw 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 printea and checked against the code sheets
for keypunching errors. Any such ermors were identified and corrected. If none were found, then original observatiors
and interviews were cnecked for errors occurring 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
forms were identified and noted. This process was also utilized for harvest questionnaire data. Any inconsistencies be-
tween information on original forms and code sheets were corrected by the Coordinator, if possible. When corrections
were not possible, codes were changed to "missing.” Data correciion forms and the computer printout of suspect data
were reviewed by the Study Coordinator, who ertered corrections onto tape at Connecticut. This tape was duplicated
and a copy sent to INN in Mexico City.

Any questionable iata on the Farily 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 frequency 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 final corrections were
entered onto the tape at Connecticul and copies sent to INN.,
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Chapter 17

DATA MANAGEMENT

LINTRODUCTION

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 management and archiving of completed re-
search instruments, including the revising of original forms prior to data eniry, (b) the establishment of protocols for
data entry, (c) the preparation of collected data for dawa entry, (d) the screening of entered data prior to extensive data
processing, (¢) the transfer of computer-usable data from INN to the University of Connecticut, (f) computer-aided
detection and processing of suspect data, (g) the preparation of data for statistical analyses, (h) the transfer of data to
INN, (i) the transfzr 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.

IL THE PROCESS OF DATA MANAGEMENT IN THE MEXICO NUTRITION CRSP

The nemerous questionnaires, reczlls, 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 compleied forms were then reviewed by a team of workers for completeness of
the information on the fron: page of each questionnaire (subject, household, and community identification numbers, in-
terviewer identification numbers, date of apglication, etc.). Forms were stored in plastic bags in Solis organized on the
basis of data area, month cf application, and commuwity.

In 1986, ali the origina! forms, questionnaires, etc. were microfilmed as a lasting record of the original, raw data.
B. Establishment of Protocols for Data Entry

During Phase I, cach item on a research instrument was numbered in oider to facilitate data entry. However, a number
of these carly protocols were flawed for a variety of reasons. All of thesc research instruments were constructed with
the idea that data entry would be done by professional keypunchais incated at modemn facilities in Mexico City. Early
in Phase I (January, 1984 - May, 1985), access 10 professional keypunching facilities was unexpectedly unavailable
(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 [I-based data entry system, many
existing data entry protacols were modified so as to restrict the data entered to that deemed most essential.
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Later in Phase IT (June, 1985 - May, 1986), access to professional keypunching became available. All large data sets,
even those previously keypunched using Apple IIs, were subsequently re-punched by professional keypunchers using
a two-pass data entry system. However, most original data enty protocols were altered. Some alterations we:e simp-
ly a continuation of protocols established for use with the Apple II's. Other prowicals reflected the concer for reduc-
ing the amount of data to be entered (e.g. Morbidity). A few areas of inquiry lacked data entry protocols, and forms
and codebooks were developed during Phase 1.

C.Data Entry
1. Preparaticn of Data

In most areas, the data keypunched came directly from the original rescarch instrument. In other areas, the original
data were recoded using Hojas de Yaciado (codesheets). Areas which were recoded include Morbidity and some areas
of Psychology. In the area of Psychology, well established and compiex methods have been developed for the deriva-
ton of standard scores from the many items in the research instmment. It was believed by project psychologists that
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 wstrusnent, which was poorly designed for large -scale keypunching,

2. Keypunching

Nearly all arcas of data were keypunciied by professionals at the Mexican Public Health Department’s (Salud Publica)
two-pass data entry system. In a few data arcas, small data sets were keypunched on Apple IIs and IBM compatible
microcomputers using word processing software. This methiod 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 of Entered Data in Mexico

A labor intensive methnd 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 te cieck each line of data against the original form used by the keypuncher. V:’hen errors were detected,
the problem was 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 replocing the value in error, Corrections were
done using text editors operating on a minicomputer installed at INN, and a mainframe comrputer located at Mexico

IBM's Centro Cientifico (Scientific Center).

The labor iiensive method of daw 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 the screening process occurred in a rural 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 than computer-aided range-
checking procedures, but errors were detected which computer-aided methods would likely have missed. Moreover,
the employmeni of computer-aided data screening methods would have required additional Mexican personnel for com-
puter programing and would have competed with limited access in Mexico to powerful mainframe or minicomputers.

As stated above, the first 18 months of Phase I were marked by data entry based on Apple II microcomputers. Data
were transferred o 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 and transferred to the University’s mainframe compute:.
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Once data were keypunched at Salud Publica, data were sent to Connecticut recorded on magnelic lape. A few data sets
keypunched on microcomputers were initially scitt to Connecticut on IBM PC format diskettes. These datasets were
then transferred to the University mainframe computer using a dedicated phone line and a high speed modem.,

In the early and middle periods of Phase 11, data were sent to Connzcticut before data screening and duta correction in
Mexico. Later, as data sets were screened and corrected, updated versions of the data were sent o 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 1o Cennecticut during Phase 11, 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 hundred lines for files such as Climate and Montality (see Table 17.1). The final
versions of these data sets amived in Connecticut during the period December, 1986 through May, 1937.

K. Computer-gided Detection and Processing of Suspect Data at Conncecticut

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

Early in Phase 11, suspect values were sent back to Mexico for scrutiny and possible correction. However, the demands
of data entry and limited computer resources made responses 1o 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-checking programs were writien 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 cccupied INN’s data management resonrces.,

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

G. Preparation of Data for Statistical Anal

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 datz 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 szt to one of SAS’s special missing values (Le. .A
or .B). Incases 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 correctdon.

2. Creating der‘ved variables: A large nuniber of derived variables were created. These ranged from
variables which_are computationally simp!= 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 weifht 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 managzment purposes, the Mexico project defined
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two subsets of subjects with some data: the relatively unresirictive (in terms of the amount of data
collected on the sukbject) "cross-sectional sample™, and the more restrictive "longitudinal” sample.
Data management staff wrotc a series of programs which gathered the information necessary for
defining targets, and then generated a SAS targets dita set containing variables such as ID's, sex,
birthdatz, and "wirdow" dates determiring whethicr a measurement fell within a "legal” time period.
This data set became one fiiter through which all data were passed prior to statistical analyses.

4. Creating "analysis" datasets: University of Connecticut data management staff created nearly
all data sets centaining data generated by different research instruments. A few data sets analyzed
by INN-based sta{f were created by INN-based data management staff using IBM Centro Cientifico’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 pregramers available at Connecticut.
Also, the centralization of data manipulation, prior to statistical analyses, was seen as essendal to
coordinating statistical analyses occurring at three different sites: the University of Connecticut, the
University of Massachusetts, and INN,

H, Transfer of Data 1o INN.

As described above, the furst data transferred te Connecticut during Phase II were recorded on floppy disketies. These
data were tansferred to Connecticut’s mainframe computer and then recorded on magnelic tape. A copy of this tape
was then sent to INN. Once INN had acquired a mainframe 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 sent
the University of Massachusets.

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

L Transfer of Data to Massachuseits

The Department of Biostatistics at the University of Massachusetts School of Public Health at Amherst was the site of
mase saustical analyses, which were supervised of Dr. Edward Stanek. After a brief experimert using Massachusetts'
mainframe cornpuier, a decision was made to conduct all statistical analyses at the University of Massachussus, using
SAS for the microcomnputer. As a result, Connecticut created special "analyses” data sets which were then transferred
to Massachusetts on disketies. The data on each diskette was accompanied by a SAS program for crezting 4 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 creauon, caveats, etc. Two copies of each of
these diskettes were kept a1 Connecticut.

L Transfer of Data to ME

As data arrived in Connecticut, preparations were made for the transfer of these data to the M.E. for archiving, With
rare excepuons, 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 Coinecticut to accompany the tape. As a general rule, documen-

tation was as follows:

1. atablelisting 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. asetof English codebooks associated with the included files.

Later, when several generations of somne 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 found.

In a few cases, SAS data sets werz sent to ME. It was hoped that Connecticut would have the time and resources to
send all data seis to ME ini SAS format, using the guidelines defined in the document Nutrdtion CRSP Basic Data Set
(September, 1984). However, with one exception, anthropomeiry, this proved impractical.

IILFINAL ARCHIVING OF DATA AND DATA MANAGEMENT MATERIALS

In tiic final months of the Mexico Nutrition CRSP, plans were developed for the final archiving of materials of future
use to the Principal Investigators and others inwerested in using Mexico project data. To be archived are:

1. a cet of tapes containing all the final versions of raw data received from INN,
2, a complete set of Spanish codebooks accompanied by their English translations,
3. docume ~. " linking each raw data set with its associated codebook,

4. a set of tapes containing ol significant SAS data seis creared by Connecticut-based staff,

5. a set of tapes contiining ali programns used to generate significant SAS data sets,

6. documentation explaining the purpose of each archived SAS program and any information necessary
for interpreting the SAS code. The sequence of activities necessary for recreating each archived SAS

data set will be fully decumented.

7. manuals for each of the data areas detailing procedures for data collection, coding, error detection
and correction.

Data files archived at UConr: and transferred 1o the M. E. for archiving are listed in the following table.
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TABLE 17.1
MEXICO CRSP DATA FILES ARCHIVED AT U CONNECTICUT AND UC BERKELEY

NUMBER NUMBER
AREA OF LINES AREA OF LINES
ACTIVITY DIET
(Version 1) 49,681
‘Vomen (84) 56,276 " 48,383
Men (84) 111 (Version 2) 51,175
Men 6,675 " 38,524
Family 13,846 " 52,794
Obs./Women 65,076 " 46,670
Toddlers " 21,877
Harvest 259 " 68,189
ANTHROPFOMETRY DIET
Targets 6 SUBSTUDY 4,723
" 367 2,504
3,695 2,227
1,138
" 810 FECAL ANALYSIS 2,618
" 682
MILK
Family 699 Creamatocrit 253
Schoolers 56 Milk Collection 272
BLOOD ANAL. 2,828 MOKBIDITY )
) Mexico Meth. 36,522
BASAL CENSUS 5,361 M.E. Meihod 5,872
CLIMATE 1,151 MORTALITY 603
CLINICAL HISTORY PHYSICAL EXAMS
Adults 17,841
Women 10,621 Women with newborns 6,040
Preg/Lact 33,003
Men 9,756
Pediatric 39,354
Subsequent Ped. Hist 850
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TABLE 17.1 (CONTINUED)

NUMBER
AREA OF LINES
PRODUCTIVITY
Past Harvest 212
Part I (84) 324
Part IT (84) 582
Part I (85) 1,224
Part IT (85) 1,406
Part I 597
PSYCHOLOGY
INFANTS
Brazelton 61
Infants/3m 95
Infants/6m 99
Mother/Child
Interact. 97
Bayley Mental 97
Bayley Motor 97
IPR 97
TODDLERS
18 months
Bayley Mental 94
Bayley Motor 94
IBR 94 .
Toddler/18m 101
24 months
Bayley Ment. 117
Bayley Motr. 117
Bayley Lang. 117
IBR 117
Toddler/24m 118
30 months
Bayley Ment. 96
Bayley Mot. 96
Bayley Lang 96
IBR 96
Toddler/30m 96

NUMBER

AREA OF LINES
PSYCHOLOGY
SCHOOI 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 I 5,095
. PanmI 1,995
WEEKLY HOUSEHOLD
FOOD USE 86,474
FOOD PRICES 7,907




FIGURE 17.1: DATA PLOW PATTERNS IN THE MEXICO CRSP
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Chapter 18

PHASE I 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 structure of data entry and rnanagement of the Phase II data sets. The final three
chapters in this section report preliminary aralyses of relationships of food intake, morbidity, and toddler growth (29);
food intake and toddler psychological development (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 the data sets and the criteria employed are outlined below.

L PHASE I1 DATA

Data, in some form, from virmally 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 amourts 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 vefore analyses could proceed. Problematic data that had to be addressed included the following:

1. Datacollected 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 focllowed beyond his or her 9th month of age,
etc.),

3. Records with miccoded, 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 comections as much as possible prior to generation of the descripiive analyses for the final
report.

I CROSS-SECTIONAL AND LONGITUDINAL DATA

With regard 0 the descriptive data and analyses presented in this report, the strategy has been to create two samples:
"cross-sectional” sample and a "longitdinal” 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 longiwdinal samples were selected according to the following criteria:

Cross-sectional target children had to meet the following minimum criteria:
1. Atleast one diet or anthropometry measurement during the study period (01,01/84 - 05/31/86);
2. Avalid binhdatie and sex from the Census file;
3. birthdates which fell within the following "windows":

¥ for INFANTS: a birthdate which fell between (a) 254 cays before the beginning of the project, and
(b) the end of the project

* for TODDLERS: a birthdate which fell betwzen (a) 997 days before the beginning of the project,
and (b) 533 days before the end of the project.

* for SCHOOLERS: abirthdate which fell between (a) 3653 days before the beginning of ihe project,
and (b) 2192 days before 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 S leT
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 ieast & morbidity visits during the study period.

LEAD MALE WINDOW: 1/1/84 - 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: 1) at least 2 anthropometry measures during the schooler window, and
2) at least 8 diet measures during the schooler window, and

3) at least 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: 1) at least 4 anthropometry measures during the toddler window, and
2) at lcast 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 mumed 18 months,and
(b) the end of child’s 30th month (using 30 day 'months’).

INFANTS: 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 "mionths").

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

TABLE 18.1

PHASE I TARGETS CROSS-SECTIONAL AND LONGITUDINAL SAMPLES
Cross- Longi-
Sectional tudinal
INFANTS 134 102
Males 67 53
Females 67 49
TCDDLERS 158 110
Males 78 57
Females 80 53
SCHOOLFERS 198 130
Males 102 66
Females 96 64
ADULT FEMALES 250 226
ADULT MALES 288 142

Target Households™ 290

* At least one cross-sectional 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.

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,
witharange from 3 individuals (5 families) to 19 people (1 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 concerning 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 DISTRIBUTIC:N IN STUDY HOUSEHOLDS: PERCENT OF HOUSEHOLDS

Children Children Males Females
Number <6 yrs 6-12yrs >12yrs > 12 yrs
0 -— 16.3 -
1 254 14.2 423 42.0
2 316 29.5 25.7 243
3+ 43.1 39.9 319 20.7

Household structure is, of course, affected by both biological and social parameters. Chapter 23 provides information
on parity, usc of contraceptives, and related biological/behavioral characteristics. Infant mortality remains kigh in com-
parison with wealthy, industrialized countries. However, only one-third of the women in the samplz 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 experiericed two or more child deaths. Thus, child monality is playing a role in the household structures
reflected in Table 19.2, although not as devastatingly as in earlier periods.

A.Marriass and Family Structure

As in all conimunities the 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 organizatior. 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 patrilocal 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 hizhland 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 preschocler 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. In 96 households with preschoolers in the longitudinal sample, 48 per-
cent are neolocal, 37 percent are 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 the Solis valley, while one third repre-
sent marriages in which one or both of the parents are from outside the Solis arca. In the majority of these lauer cases,
one of the pair is from the community in which the family presently lives.

B. Kinship Patterns

Kinship patterns among Mexican rural populations, particularly mestiza communities, have gencrally been described
as bilateral; anc there are no strong corporate kin groups with formal economic, political, or social functions beyond
the household units. This does not mean that kinship as such is unimportant - is simply means that ties of relationships
beyond nuclear families are flexible, social bonds of suppont, assistance, and sociability that consists of networks of in-
dividuals and farnilies.

The potental for social support from kin is apparent from the following figures. Eighty five percent of the lead men
and 64 percent of the Jead 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 wecek, botl: for general "socializing™ and for
more work-oniented acuvities.

1. SOCIOECONOMIC CHARACTERISTICS

In some areas of Mexico, social stratification, involving a merging of prestige and ecoromic status, is referred to by the
concept, calegoma. In rural areas, people with more education, land, or income are said to have "high categoria,” while
landle .+, .neducated, poor people are low in this trait. Although this term was not widely used in the Solis Valley,
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 in ap intermediate position. However, in the communities of the valley today there appears to be increas-
ing <conomic differentiation,

As described in Chapier 2, wage labor has become a2n 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.:c management of houschold finances is mainly by men, who give their wives money
for purchases. Ethnographic interviewing during Phase I demonstrated that questioning about income viciated cultural
norms and could rot be used as a basis for asssssing socioeconomic status. As a result, our assessment of economic
status is denived from data that reflegt 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 houszhold 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 location 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 commit resources on a more permanent
basis. Nonetheless, both of these impiy 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 ior the MSL scale was derived from ethnographic work to identify items that represented dif-
ferent degrees of houschold 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 itzms in the CASA scale are: composition of the floor, roof and walls, whether the walls are plastered and painted,
the number of rooms, number of windows, number and type of doors, and number and type 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 scaie,
each item was coded on a three-point scale based on level of desirability. 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 pzssessions.

For multivariate statistical analyses, it is useful 1o 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 summed, to create a measure referred to in this repcrt as SES. The scaling pro-
cedure was carried out twice: once vith the data from the first interview and a second time with the final household in-
terview. Thus, there are two variables recorded: SES, wiich is taken from the first household interview and SES2,
which comes from the second measure.

Table 19.3 shows the ir.ean, standard deviaton, and range for SES1 and SES2.

TABLE 193 :
SOCIOECCONOMIC STATUS OF STUDY HOUSEHOLDS

N Mean + S.D. Range
SES1 260 205+ 112 S- 414
SES2 224 209+ 111 5- 416
Difference 208 01+ 61 2260 - +212

For the 208 households on which we have two SES interviews, the correlation between SES1 and SES2 isr = .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 difference 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. Fortunaely, 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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UL CTHER SOCIAL CHARACTERISTICS

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 in nearly every community and Solis itself has
acquired a secondary school.

The number of new schools built in the area during the pas: decade reflects the ideologies of Mexican governmental
policy-makers, but it also indicates the growing 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 increas-
ingly aware of the need for literacy and general knowledge of the world, in connection with the variety of governmen-
tal policies, programs, and other situations that require coraplex decisions and responses from individual families.
However, because of the paucity of 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 parents in the sample is relatively low, itis interesting to see that n:any
families have high aspirations for 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 compieted the primary grades, whereas 30 percent of the men
and 17 percent of the women would like 10 see their children acquire an university-level educ:tion. 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 higher educational and occupational aspirations for their
children (male and female) than do mozhers..

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:ly $50.00 U.S. at the time the question was posed. Tahle 19.4 shows
the responses.

In Table 19.4, it is apparent that women are more. concerncd about improving the interior of their homes than are men.
Men are more involved with agriculture, although a sizeable proportion of women are a'so 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 AN EXTRA 5000 PESOS': 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
Im-rove Agricultural Implemerts 1 6
Buy Animals 19 38
Start a Small Business 4 | 4
Save 6 8

* Includes those with more than one response
t Equivalent of $50 US
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IV AGRICULTURAL CHARACTERISTI(S ANIY ACTIVITY

In Chapter 13 there is a description of the series of interviews that were conducted over the course of the study to col-
lect information on agricultural activities in the houscholds. The data from 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 roted ear-
lier, respondents were reluctant to provide total income figures; however, they were willing to discuss their agricultural
activities and investments of timie and other resources. The measures of socioeconomic status described above capture
some key elements of household econoinic charucteristics ~ those that are reflected in lifestyle conditions. From the
daus on agricultural investments, we expect Lo derive other dimensions of sconomic status. (The development of these
measures wil! be undentaken in future analyses.)

(2) In communities that are primarily dependent on agriculiure 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 CRSP 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 is,
uis, onc of a number of contributing factors.

In communities such as those of the Solis Valley, where agriculture is one component i1 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 the CRSP study seems highly desirable,

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

(4) Finally, the data from the productivity interviews, in connection with the information on non-farm economntic ac-
tivities and food acquisition patterns, provides the basis for future analyses of the relationships of food availability to

intra-hcuschold food distribution and marginal malnutrition.

The data in the section that follows are from the "productivity” interview schedule, particularly from the inwrviews in
the calendar year of 1985, for which the data are most complete,
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TABLE 19.5
PERCENT CF HOUSEHOLDS ENGAGED IN PRODUCTION OF SPECIFIC CROPS

Crop 1984 (N=203) 1985 (N=199)
Percent Percent
Maize (Com) 734 79.9
Beans 9.9 4.6
Fava Bean 54 13.6
Wheat 3.0 6.6
Barley 39 9.0
Qats 20 4.5
Fodder 1.0 6.5
Garden Vegetables 0.0 20

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

Animnal husbandry, as a commercial activity, is relatively rare, as seen in the following table, which summarizes the
data on active buyiny ard selling of animals for the 203 households interviewed during 1985. The column on the far
right shows the percent of Eouseholds that own the various ypes of animals, which contrasts markedly with the active
trading 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 can always be sold should a sudden need for cash arise.
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TABLE 18.6
PERCENT OF HOUSEHOLDS ENGAGED 1IN BUYING AND SELLING ANIMALS IN 1985 (N=203)

Percent Percent Percent
Type Bought Sold Owned
Mules 20 0.5 21.0
Bulls 4.0 4.9 11.5
Cows 5.9 §4 44.0
Horses 5.9 1.0 49.5
Burros 50 20 39.5
Pigs 36 7.9 260
Goats 0.5 30 6.0
Sheep 74 9.4 71.5
Turkeys 74 34 81.5
Chickens 14.7 0.5 89.5

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

TABLE 19.7
DAYS OF WORK .:4 SPECIFIC AGRICULTURAL TASKS BY ADULT MEN ON THEIR OWN LAND IN
1985 (N=151)

Task Mean SD. Range
Days Days
Cleaning Fields 6.9 6.6 1-30
Plowing 4.1 43 1-30
[rmigating 29 3.6 1-30
First Harrowing 1.6 1.9 1-20
Second Harrowing 4.5 28 1-9
Sowing 25 3.1 1-30
Weeding 3.1 33 1-20
Fenilizing 23 22 1-14
Secor.d Weeding 24 26 1-25
Spraying 59 54 1-30
Harvesting 7.4 7.1 1-60




In addition to investing the labor of the male household head, the families in the sample also hire lzbor, as well as utiliz-
ing the labor of other family members. Table 19.8 shows the percent of houscholds that used hired workers and fami-
ly members for various farming tasks during the 1935 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 Ficlds 31.0 69.0
Plowing 35.0 16.0
Harrowing 27.0 19.5
Sowing 41.5 26.5
Weeding ' 275 315
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 houscholds in the six communities varied widely, from as little as 35 kilos !0 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 199
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 36 226
3000-3999 21 14.1 22 13.9
4000-4999 15 10.1 8 5.0
5000-5%99 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 and rainfall
level was low in the early part of the summer, which was follov.. | by very heavy rains later in the summer that left
fields disastrously flooded (see rainfall data in Chapter 2). The effect in the Solis Vailey is visible in a comparison of
1984 and 1985 figures in Table 19.9.

From the first productivity interview in 1984, of the sample of 101 respondents, 18.8 percent reported that they sold
maize from the preceding (1983) harvest. From the 1984 harvest, only 29 households (14.3%) scld 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 i<
apparent that the production of agricultural products is not a primary source of cash income for the majority of the
houszholds 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.

icyl W,

One source 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 carly
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.



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

Froin 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 scurce of income for most households, a high and relatively steady
proportion of adult men engage in some wage labor of this type.

Y. WAGE LABOR IN NON-AGRICULTURAL ACTIVITIES

Wage labor outside the 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 for wages.

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
Intzrview Period 1-5 6-10 11-15 16+
N % N % N % N %

Summer, 1984 (n=39) 4 0) 29 (74 2 (5 4 (10)
Spring, 1985 (n=103) 9 (9 1 (M) 4 @ 17 (7
Summer, 1985 (n=129) 29 (@) 92 (M) 3@ 5 @)
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 io 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 shap
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.
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Chapter 20

FOOD INTAKE DATA

LINTRORUCTION

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. This analysis is {ollowed
by a description of the intake of specific nutrients and foods by target individuals after January 1, 1985. Finally, wean-
ing patterns are described.

ILEFFECTS OF THE MID-PROJECT PROTOCOL CHANGES ON ESTIMATES OF FOCGD INTAKE

The following summarizes the effects of two changes in the dict collection protocol on estimates of food intake of lead
females, toddlers and schoolers. The first 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 calculutions 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 ielationships 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 ¢f 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 LINE OF METHOGD CHANGE INTERVAL COMPARISONS

April-June July-Sept Oct-Dec Jan-Mar April-June
1684 1984 1984 1985 1985

INTERVAL-1 INTERVAL-2 INTERVAL-3 INTERVAL4 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 (Penod by Subject Type) is as follows:

Preschoolers Schoolers 1.ead Females
Period-1 32 71 101
Period-2 58 108 169

Each subject had to have at ieast one reported food intake record in each of threc coasecutive three-month intervals to
be included in the analysis. Since the subject’s diet intake was averaged in each interval, the sdy design corresponded
0 a complete repeated measures design with three tine points. A simpic randomized block ANOVA was used for much
of this analysis. Using mean KCAL (energy intake, kcai/day) as the dependent variable in this example, the model is:

Y (i) = u +a(i) +b() + 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
erTor.

Because there is only one observation per subject per interval, the subject by interval interaction is used as an error term
in testing hypotheses. Using this model, three contrasts for each of the two investigations were of interest. These con-
trasts can be defined in terms of u(j), the mean (KCAL) intake for subjects in the (j)th time interval, j=1,...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 intrval
3) (u2-ul)-(u3-u2): difference between (1) and (2).

For children, assuming no seasonal cffects 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 dict methodnlogy. The contrast of most relevance with respect to the change in methodology is the third
contrast, because in the absence of seasonal effects, this contrast should estimate the methodological change directly.
Similar contrasts were constructed to examine the seconid change in diet methodology in Period-2.

It is important to note that the interpretaton of the contrasts depends upon the assumption of no seasonal effects. For
example, if food is more scarce in the second time period (j=2), then the interval-2 minus interval-1 estimate may be
zero (or negatve) because the lack of available food may offset normal increases in intake due 0 mamration. Unless
seasonal effects can be estimated, 1t is not poscible 1o separate normal increase in intake due to matration. However,
the third contrast is still interpretable as an effect due to a change in methodology if the impact of season is the same
between intervals-1 and 2 as it is between intervals-2 and-3.

Four dependent variables were studied: total kcal, wtal protein, kcal from meat, and kcal from tortillas. Except for keal
from meat, the results were similar. Due 1o 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 (excepi 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.

130



s Initial Descrinticn of Mean Kcal by Period and Individual T

Figure 20.2 presents a plot of mean kcal by subject type and illustrates the general pattern in reported intake. Mean keal
intake for subjects included in cohorts for each of the defined investigations are given in Table 20.1. The means for the
first 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.

Table 20.2 summarizes the resulls 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 MONTH TIME PERIODS (SD)

1984 1985
Suoject Apr-Jun Jul-Sep Oct-Dec Jan-Mar Apr-Jun
type N
Preschooler
32 540 636 877
(228.9) (197.4) (273.6)
58 829 1025 1059
(268.0) (302.5) (327.3)
Schooler
71 1439 1421 1627
(459.5) (392.9) (463.4)
108 1591 1883 1829
(462.7) (488.4) (457.8)
Lead Female
101 1871 1941 2256
(612.2) (656.6) (636.2)
169 2273 2563 2510
667.7) (716.5) (676.0)
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Figure 20.2 is a plot of mean KCAL by subject type across three month timre internvals
from Apnl 1984 to June 1985, The means for the first two intervals appear to be similar
across cach of the subject types. An increase can be noted during intervals-3 and -4 with
a levehing oft observed ininterval-5. Intervals 1-2 represent Period 1 from Apr 1984 to
December 1954, and intervals 3-3 represent Penod H from October 1954 to June 1985,



TABLE 20.2
CONTRAST ESTIMATES OF KCAL INTAKE AND P-VALUES FOR OCTOBER FORM CHANGE BY
TYPE OF SUBJECT

Estumated Difference In Kcal Intake

(P-value)
N u2 - ul u3 - u2 (u2 -ul)-(u3-u2)

Pre- 32 96.1 241.0 -144.8
schooler p=.018 p=.0001 p=04
Schooler 71 -1'7.5 206.0 -223.8

p=.73 p=.00001 p=.01
Lead
Female 101 69.8 314.9 -245.2

=22 p=.0001 p=.01

As indicated in Table 20.1, iliustrated in Figure 20.2 and confirmed in Table 20.2, there were no significant diffcrences
in keal intake between intervals-1 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 (contrast-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 increase may also be attributable to the October form change, and/or seasonaliry.

The third contrast was formed to isolate the effect due to the October form change by eliminating the effect of matura-
tion. This contrast is interpretable under the assnmpiion 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 larger than the change from interval-1 (Apr-Jun) to interval-2 (Jul-Sep). Contrast-3 indicates that this increase was
significant for all subject types.

C. Results of the January Methodology Change

Table 20.3 summarizes the results of contrast estimates (and tests of hypotheses of zero contrast means) for the January
methodology change.
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TABLE 203
CONTRAST ESTIMATES FOR JANUARY METHODOLOGY CHANGE

Estimated Difference In Kcal Intake

{P-value)
N 4 -3 us -4 (uS-u3)-(us-ud)

Pre- 58 195 33 162
schooler p=.0001 p=43 p=.03
Schooler 292 -28 320
(Male) 52 p=.0001 p=.57 p=.0003
(Female) 56 294 -80 CYK]
p=.00C1 p=.16 p=.0002

Lead
Female 101 290 -53 343
p=.0001 p=.26 p=.001

A significant 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-
surning no seasonal effects, tuese increases could be attributable to mawration for preschoolers and schoolers but not
for lead females. The January methodology change is a more likely explanation. A similar comparison between 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 ). Con-
trast-3 indicates that the difference between these two comparisons was significant for the all subject types.

D. Analysis of Changes by Community,

Additional analyses investirated 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 significanty different from communities 1, 2 and 3 (p<.05). No other statistical diffarences
were observed. Thus, the overall significant effect of contrast-3 for schoolers (Table 20.3) may be due primarily to com-
munities 4 aid 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 (Table 20.3), but no community differenices were observed. However, Tables
20.4 and 20.5 indicate that the reported intakes for communities 4 and S show the most marked change across the January
intervention (u4-u3), especially in community 4. This pattern was consistent {or schoolers and lead females, and sig-
nificant for schoolers.

E: Comparison of 1985 and 1986 Data
A cifference of means test was uscd to compare the intakes of various nutrients and foods during January 10 March,

1985 and January 10 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 (M=260). There were no significant differences in the intikes 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 kcat), tortillas (1726 and 1740 kcal), pasta (38 and 32 kcal), pulque (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-Mar'85 Apr-Jun’835 (u4-u3) (u5-14) (u4d-u3)-(ud-ud)
#1
Mean(n=19) 1626 1732 1€35 106 97 203
(SD) (517.2) (432.0) 423.7) p=.19 p=23 p=.15
#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=.0001 =17 p=.0001
#5
Mean(n=22) 1669 1946 1849 277 97 373
(SD) (327.8) (356.5) (333.50) p=.0002 p=.16 p=.003
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TABLE 20.5
MEAN KCAL INTAKE REPORTED BY COMMUNITY WITH CONTRASTS FOR JANUARY
METHODOLOGY CHANGE

LEAD FEMALES

Community Oct-Dec'84 Jan-Mar'85 Apr-Jun’85 (ud-u3) (u5-ud) (ud-u3)-(u5-ud)

#1

Mean(n=34) 2184 2270 2187 86 -82 169

(SD) (567.8) (575.9) (539.8) p=37 p=.28 p=.30

#2

Mean(n=2 2407 2382 2219 -26 -162 136

(SD) (734.6) (620.8) (622.6) p=.78 p=.08 p=40
#3

Mean(n=33) 2460 2663 2620 203 43 246

(SD) (636.9) (821.2) (788.2) p=.035 p=:.05 p=14
#4

Mean(n=44) 1941 2685 2736 744 51 693

(SD) (679.3) (135.6) (655.8) p=.0001 p=.60 p=.0001

#5

Mean(n=31) 2526 2763 2677 237 86 323

(SD) (536.7) (693.1) (558.6) p=.03 p=41 p=.08

E. Conclusions

In communites 3, 4 and 5, the interviewer changes in January of 1985 were associated with higher reported enzrgy in-
takes, especially in community 4. That community had the lowest intake prior to the interviewer 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 estimales of energy intake. Most project measures were made after the inter-
viewer change.

In the foligwing descriptions 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,

i) averag nutrient intakes collected by weighing and observation (described in Chapter 6) are similar
10 those obtained afler January 1, 1985,

iii)  there were no significant differences between the intakes of target individuzls 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,

136


http:p=.p=.65

iv) most of the Jannary 1985 change occurred in Community 4, where the intakes seem unreasonably
low prior to this time.

The limited time and resources available for the preparadon 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 dauwa collected prior to January 1,
1985 can be used in future analyses. For example, methodology did not significantly change intike estimate  1all 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 intecviewers that preduced very low
estimates of intake. Finally, the interviewer change did not appear to alfect the intake estimates for different foods dif-
ferentially - the effects were proportionally similar over all iypes of fowds. Thus, estimates or rankings of dictary quality
might be useful over the entire study, if the number of diet measures in each period is controlled in analysis.

The following descriptions of the nutrient intakes of target individuals are based on food inuke data collected after
January, 1985. The average energy and protein intakes of target subjects, per day, per kg mean body weight, and per
c¢m mean height, are showa in Tabies 20.6 and 20.7. The data fron infants are not interpretable as most of thern are ob-
taining at least some calories and protein from breast milk; they are shown here as on indication that energy intake from
supplemental foods is minimal on average. Preschooler data are desenibed for "all” in this group, and separately for
those who weere weaned. As antcipated, the recorded intakes of unweaned children are shghdy lower than those who
are completely weaned, due 1o the unmeasured coniribution of breast miliz in the former group.

Compared to the recommended dietary intakes for Mexicans (20.1), prescheolers’ average daily intakes in Solis are
too low by 130 kcal, while for schoolers they are 150 keal/d lower than the 2,000 keal recommended. If the National
Acudemy of Sciences Recommended Dietary Allowances (RDAs, 20.2) are used as the basis of comparison, cnergy in-
takes of preschoolers are too low by 180 keal, and of schoolers by 550 keal. Adult males achieve their recommended
energy intake.

Non-pregnant, non-lactating women constnie 371 keal/d moze than the recommendation of 2000 keal; 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 intakce by 200 kcal/d in pregnancy and 1.000 kcal/d in lactation. The equivalent RDAs are +-300 and
+500 kcal/d respectively; the US-RDAs for lactation assume the availability of 300 keal/d from matemal fat stores
deposited during lactation, while the Mexican valuzs do not. Compared to intakes in the first timester, intakes of the
Mexican women do not appear to increase during pregnancy but remain close to the recommended level. However, this
needs Lo be confirmed using a longitudina! data set of the same women studied before and during pregnancy. Compared
10 early pregnancy, average daily intakes rise by about 340 kcal in the first three months of lactation, and by 430 keal
during months 3-8 postpartm. On average intzkes 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 cither 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 proiein consumption are approximately 50 percent higher than those of the USA
because of the poor quality of the maize protein that constitutes the major source of dietary protein. The average daily
intakes of prescl._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 factation but were stil! 30 g/d less than Mexican recom-
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 greates. risk of energy deficiency appear to be
preschoclers and schoolers (although not on & kg weight basis) and perhaps lactating women. In contrast, pregnant and
lactating women consume on average less protein than recommended.

TABLE 20.6.
MEAN ENERGY INTAKE BY TYPE OF INDUVIDUAL
DATA COLLECTED AFTER JANUARY 1, 1685

Subject Type N* Keal/d IR Kcal/kg N Kcal/cn:
Body Weighit Height
Infants (all) 95 176 ¢ 200 95 31.5+£36.2 95 29430
Preschool. (all) 119 1085 + 442 119 101.3 £31.2 113 134+£38
Preschool.! 9  1118% 309 95 10354318 - .
Schoolers 116 1858 + 609 115 84.7 +20.4 116 15.5+ 3.6
Adult males 139 3029 4 1151 139 4741124 119 18.5+4.6
Adult females
Nonlactating
NPNL 98 2371+ 833 98 40.9 + 10.8 98 157 +£3.5
Tri 27 2139+ 844 27 414 +152 27 132+ 3.7
Trill 59 2208 + 851 59 42.1+16.3 59 13.7 £ 4.1
Tri 11 87 2230+ 876 87 42.8 +16.7 28 139+ 4.8
0-3 mon* 102 2476 + 933 102 46.6 +17.2 102 146 + 4.6
3-6 mon* 106 2573 £ 925 106 43.1+174 106 152+4.7
6-8 mon* 108 2567 ¢ 991 108 48641178 108 154+£5.0
Tril 12 2375 + 870 12 40.0 + 8.9 12 152437
Tri I 9 2041 + 618 9 369 + 8.1 9 150 + 3.4

* # of individuals

1 meais for a non-breastfed subsct used in longitidinal analysis
% Lactaung but not pregnant

§ There were no Tri Il women lactating.
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TABLE 20.7.

MEAN PROTEIN INTAKE BY TYPE OF INDIVIDUAL
DATA COLLECTED AFTER JANUARY 1, 1985

Subject Type N* G/ N' G/kg N* G/cm
Infants (all) 95 51% 72 95 0.89+ 1.26 95 0.08+0.11
Preschool. (all) 117 3281145 117 3044092 113 0.40 1 0.11
Preschool.? 96 332+ 838 95 3.08 +0.89 . -
Schoolers 116 5494201 115 2504062 116 0.46 +0.11
Adult males 139 827+328 139 129£031 119 0.50 + 0.11
Adult females:
Nonlagtating:
NPNL 98 68.6 +27.4 98 1.18 £0.31 98 045+ 0.10
Tri ¥ 27 58.6 4 25.1 27 1.17 +0.39 27 0.43+0.11
Tri o 59 60.6 +24.6 59 120+ 0.41 58 0.46 +0.13
Tn 118 87 64.1+28.3 87 122.40.39 87 0.39 1 0.14
Laciating:
0-3 mon* 102 68.1£274 102 1304042 102 0.424.0.13
3-6 mon* 106 723+292 106 1384044 106 0.50 £ 0.13
6-8 mon? 108 71.5+289 108 136+042 108 0.50 £ 0.14
Tril 12 67.7 +27.0 12 1.17 £ 0.29 12 0.44 1 0.12
Trill 9 60.3 £233 9 1.06 +0.23 9 0.43+0.10
Legends 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 ®) @ (mg) (mg) (mg) (mg) (mg) (mg) (ugRE)
Type S.D. S.D. S.D. S.D. S.D. S.D. S.D. S.D. S.D
I* 5.6 26.7 106 1 0.1 0.2 0.5 3 97

+81 +30.1 +209 +1 +01 +04 +06 +7 +216

i 220 1893 501 11 0.8 0.5 5.1 15 176
+142 +832 +7268 +6 +04 +03 +27 +19 +£229
S 294 3440 857 21 14 0.8 8.9 21 245
+17.1 £1179 +385 +8 +05 +04 +46 +27 426

AM 41.9 4540 1360 36 2.2 1.4 16.9 88 337
+£25.1 £1510 +658 +17 +09 +06 +87 +£87 4+479

AFE:

NPNL 368 4153 1100 28 1.8 1.1 126 50 324
+21.9 £157.1 1496 +13 .08 +05 63 +49 +401

pf 384 4306 1129 28 1.8 L1 122 4 30
+22.6 £ 1429 +546 +£10 407 +05 +51 +47 +354

L} 422 4820 1259 31 2.0 12 138 50 328

+23.8 £162.0 534 +13 +08 +035 +66 +54 +438

* Includes those children receiving some breast milk.
+ Pregnant, nonlactating.
$ Lactating, nonpregnant.

Number of observations: "I" = Infants (522), "T” = Preschoolerr (1917), *S™ = Schoalers (1771), "AM" = Adult Males (2956), "AF” = Adult Females:
“NPNL" = Nonpregnant, Nonlactating (1234), "P” = Pregnant (838), "L" = Lactating (1511).
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TABLE 20.9. PERCENT TOTAL ENERGY INTAKE OF PLANT ORIGIN*
DATA COLLECTED AFTER JANUARY 1, 1985

Subject

Type Al Tortil. Legume Brcad Pasta Rice Oils Pulque Veg. Fruit Cult
It 74 12 4 2 6 2 9 1 1 6 <1

T 88 30 6 7 3 2 7 1 1 1 <l

S 93 65 S 5 1 1 5 1 1 <1 <l
AM 93 59 S 3 1 1 5 12 1 <] <l
AE:

NPNL 92 60 S 5 2 1 5 6 1 <1 <1

P 94 64 5 4 1 1 5 5 1 <1 <l

L 94 64 4 3 2 1 5 5 1 <1 <l

* Nuember of observatians: “T" = Infants (522), "T" = Preschoolers (1977), "S™ = Schoolers (1771), "AM™ = Adult Males (2956), "AF" = Adult
Females: "NPNL" = Non- pregnant, Nonlactating (1234), "P™ = Pregnant (858), "L" = Lactating (1511).

t Supplemental foods fed 1o infants. See text for comments on sugar intake.

t "Cultivated” fruits and vegetables include those seasonally available from home production, and wild gathered plant foods (sec text).

TABLE 20.10.
PERCENT TOTAL ENERGY INTAKE OF ANIMAL ORIGIN*
DATA COLLECTED AFTER JANUARY 1, 1985

Subjiect

Type All Meat Dairy Eggs
I 26.5 2.1 17.6 6.1
T 19 3.1 53 28
S 6.9 2.6 20 1.8
AM 6.6 28 1.8 14
AFE:

NPMNL 7.8 3.1 26 13
P 6.5 26 1.9 1.5
L 6.5 2.5 20 1.6

*Number of observations: “T" = Infants (522), "T" = Preschoolers (1917), "S™ = Schodlers (1771), "AM™ = Adult Males (2956), "AF" = Adult
Fanales: "NPNL" = Non- pregnant, Nonlactating (1234), “P” = Pregnant (838), "L" = Lacuting (1511).
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TABLE 20.11
PERCENT OF TOTAL PROTEIN INTAKE FROM VARIOUS SOURCES*
DATA COLLECTED AFTER JANUARY |, 1985

CLASS FOOD TYPE
Subject
Type Plant Animal Tortil Legume Bread Pasta Rice Meat Dairy Eggs
[ 56 4 13 6 3 11 3 4 28 11
T 74 26 46 11 6 3 1 9 9 7
S 83 17 60 10 5 1 1 8 4 5
AM 83 17 58 9 3 1 1 9 4 4
AL
NPNL 81 19 63 8 4 2 1 7 4 3
P 83 17 60 9 3 2 1 9 5 3
L 83 17 56 10 4 2 1 8 4 4

* Number of observations: T" = Infents (522), "T" = Freschoolers (1917), "S™ = Schoolers (1771), "AM™ = Adult Males 2953), "AF" = Adult
Females: "NPNL" = Noa- pregnant, Nonlactting (1234), "P” = Pregnam (838), "L = Lactating (1510).

IV. ADEQUACY OF OTHER NUTRIENTS I THE DIET

In the Solis diets, approximately 14% of the dietary energy is contributed 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 irtake of preschoolers is lower than
US (800 mg/day) recommendations. Other target groups receive sufficient calcium on average.

Iron intakes are 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 the wion 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 is about
2.5% {rom 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 satis{actory 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 shghtly low for other female and
male adults. Niacin intakes are ahout half the reccmmended !evels for children. The situation with retinol is even worse:
intakes of children and adults are less than half of recommended levels. Ir. pregnancy 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 a3 the indcpendent 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 importani 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 baszd 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 dictary 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 peicentage 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 (1 1-16%).

‘ES OF DIETARY E

Tables 20.9 1o 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 schoclers and adults these percentages are 93 ard 83% respective-
ly. Well over half of the energy comes from tortillas in all groups. The ghserved 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 dictary cnergy. Lard is not used. Not shown in these tabies 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 th.e maize in tortillas) and fruits is negligible. The most common of
these are onions, garlic and tomatoes that are added to pasta, rice, beans and neats; chiles in salsa and meat dishes;
squashes, potatoes, and chard. Of these, only squash (galabaza, Cucurbita pepo’, and beans are grown by some
households. Fruits or juices are given to young children. These arc largely purchased in season, and are oranges, bananas
and mangos. "Agua 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 funas, ("prickly pear”, the fruit of the nopal cactus that is high in calcium, iron and ascorbic acid), nopales (cac-
tus, Qpuntia sp.), wild greens such as xoconostles and quelites (Brassica campestrs), and huitlacoches or hongos 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.

Pulque, the alcoholic beverage brewed locally from the sap of the maguiey cactus (Agave sp.), makes a significant cea-
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". Pulque 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 consumnption 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 pulque. 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 confounil-
ing role of high pulque intakes on the functions and hematological status of adults, breast-fed infants who may cen-
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 that pulque consumption is associated with macrocytic
anemia in both adult males and non-pregnant, non-lactating adult females.

VL. FOODS OF ANIMAL ORIGIN

Compared to the situation for schoolers and adults, proportionately more of the foods given to infants 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 dicts, 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 in Temascalcingo, but is not sold in the community stores. Meat is available in the community of Solis only
early on Sunday morning, and members of some target households complzin that they could afford to buy more meat,
but do not have the opportunity to do so. In recenit years, many families have changed to purchasing their food from a
"food truck” that comes to the communities; this means that fewer go 1o markets where meat is sold. Altiough S1% 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 a private individual who collects it with a truck. Milk (often diluted with water) is con-
sumed by some families in coffee at breakfast, and sometimes in the evening. Dried, full cream milk is often substituted.
Cheese is expensive and almost never purchased, 5o 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 tiendas. In summary, the high cost of animal products, their low availability (especially of meat) and
the lack of a refrigerator in most (85%) of the humes means that the intake of these foods by poorer families, and the
population in generd, 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 corsidered a poor quality protein because of its low lysine and typtophan content, un-
less it is consumed with the complementary protein ia 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 frotn the formmula:

calories = (protein x 2.73) + (fat x 8.37) + (CHO x 4.13)

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 10 be applied to carbohydrate in com is 4.03 (20.5), rather than the 4.i3 used in the INN wabies. If the Atwater
value were used instead of the INN value, this would lower the estimated energy intake from tortillas by 2.5%. For adult
males, this is a decrease of about 45 kcal/day. However, the digestibility of energy in rural Guatemalan diets contain-
ing maize, beans, rice and squash, but Jess fiber than those eaten in Solis, has been reported to be about 89% (20.6),
compared to the 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.

In many of the analyses below, the intake of calories and/or protein from animal sources is a predictor 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 encrgy-dense and less bulky or "filling” than tcrtillas. Any
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or all of these advantages of animal foods covld explain the better growth and development of those children who are
fortunate enough 1o consume more animal foods.

YIL WEANING PATTERNS AND THE DIETS OF INFANTS AND PRESCHOOLERS

Since target infants were only followed up to 6-8 months after birth, and target preschoolers between 18 and 30 months
of age, it is not possible to know with certainty the mean age ai 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 briast milk to the child. The date can therefore be overestimated
by up o 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 ne available data from the clinic.

No target infants were cornpletely weaned during 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 focds 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 atole (1%),
bread (1%), pulque (19%), colas (1%), meat (1%). The sugar is scrved in herd teas, and as mentioned above, constitutes
about 12% of the non-breast milk calories consumed by infants. The sweetened teas are often the only supplemental
food given to unweaned infants in the first few months of life. 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,

Most 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 analys=s of relationships between intake and function, food intake data are only used
from preschoolers after they are weaned.

TABLE 20.12
DISTRIBUTION OF WEANING DATES BY SEX FOR PRESCHOOLERS

Number of Subjects
Sex Total
Male Female

No Weaning Date 4 3 7
Weaned Before 18 mo. 56 53 109
Weaned from 18-21 mo. 7 8 15
Weaned from 21-24 mo. 4 7 11
Weaned from 24-27 mo. 3 4 7
Weaned from 27-30 mo. 2 2 4
Weaned after 30 mo. 2 3 5
Total 78 80 158
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Chapter 21

ANTHROPOMETRY DATA

LINTRODUCTION

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 compuied based
on NCHS growth standards.

This section describes the anthropometric data in two ways. First, anthropometric measures are averaged fo' rach sub-
Jectusing all available data, and these averages are described for target groups. This description corresponds to a cross-
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 longiiudinal profile of the sample population. Complete
anthropometric data 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 numbzr 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.

IL INFANTS
A, Cross-sectional Analysi

The anthropometric measures reported are measures at birth. For cases in which data a* t~= date of birth were unavail-
able, the nearest measure within 7 days after birth was selected. Approximately % .« - easures reported here
were taken on the actual date of birth. The other 10% are evenly spread across the remaining o Jays allowe in this
subset. For these later measures, the time of measurement is accounted for in the calculation of percentiles and 7 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. The 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 - 1 month 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 (Min , Max) SD
Mean Weight (kg) 41 32 3.2 (22 ,39) 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) 34 50.0 49.9 (440 ,54.0) 222
Mean %ile In 32 41 44 (0.2 ,94) 26.77
MeanZ In 32 -0.21 0.26 (-2.83,1.54) 1.01
Mean Wi/la 3 0.063 0.063 (0.05,0.075) 0.005
Mean %ile wi/ln 25 21 29 (9,66) 17.96
Mean Z wi/ln 25 08 -.62 (-1.33,04) 0.52
TABLE 21.2

SUMMARY BIRTH WEIGHT AND LENGTH DESCRIPTIONS
INFANT FEMALES

Variable N Median Mean (Min, Max) SD
Mean Weight (kg) 29 3.0 2.9 (2.1 ,39) 041
Mean %ile wt 28 ) 32 ' (1,97) 25.65
Mean Z wt 28 - 0.46 -0.55 (-2.29,1.83) 0.92
Mean Length (cm) 26 49.0 49.1 (440 ,552) 226
Mean %ile In 25 25 40 (03 ,98) 25.93
Mean Z In 25 -0.40 0.32 (-2.70,2.09) 0.96
Mean Wi/in 26 0.058 0.059 (0.048,0.076) 0.006
Mean %ile wi/In 17 el 17 (3 ,84) 19.57
Mean Z wi/In 17 -1.34 -1.16 (-1.95,0.99) 0.73

In the reference population (NCHS), the 25th and 75th percentiles for weizht correspond to 2.5 and 4.3 kg, while those
for height correspond w 47 and 50 :m. In the sample population, these percentiies were 2.8 and 3.3 kg for weight, and
48and 51 cm for height, respectively. The comrelation between weight and height for the 60 subjezts with both measures
was 0.71.

B. Longitudinal Agalysi

Anthropometric data were recorded on infants through 9 morniths of age, with 101 subjects meeting the minimum lon-
gitudinal cniteria of 4 data measureme 1ts. These data are summarized for weight and height by moath of age in Tables
21.3 and 214, 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 Age
Variable 0-1 1-2 2-3 34 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 -023 011 -010 -0.18 -045 -060 -065 -1.05
(SD/mean)* 1N 1580 17.02 1464 1499 1536 1515 154 1500
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 092 074 0% -08 092 -115 -136 -141
(SD/mean)*100 5.07 4.64 4.21 447 4.77 4.21 3.91 4.36
Wt/ln 0.076 0.083 0294 0.100 0.103 0.108 0.113 0.112
Mean %ile wi/ln 51 68 76 65 &0 55 57 49
Mean Z wi/In 0.60 0.66 0.95 0.59 0.30 0.28 039 -0.04
Means (cm):
Head circumf. 36.1 377 39.1 40.3 413 422 43.1 436
Abdominal cir. 35.2 37.1 390 408 417 423 433 432
Upper amm cir. 11.2 114 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. 34 3.7 4.0 43 4.0 4.3 4.5 4.2
Triceps skf. 5.5 6.4 6.9 7.5 7.6 7.7 8.0 1.7
Suprailiac skf. 4.5 53 6.5 73 7.5 7.6 7.6 72
Subscapular skf. 4.6 5.5 6.0 6.2 6.2 6.2 6.5 58
N (weight) 44+ 42 39 47 43 48 39 44

* n=41 for length, 16-17 for circumferences and skinfolds
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TABLE 21.4
SUMMARY INFANT WEIGHT AND LENGTH MEANS BY MONTH

FEMALES
Muonth of Age
Variable 0-1 1-2 2-3 34 4-5 5-6 6-7 7-8
Mean Weight (kg) 3.3 4.1 49 5.5 6.0 6.2 6.7 6.9
Mean %ile wt 37 42 40 42 38 28 27 22
Mean Z wt 041 022 020 D26 039 078 076 -1.04
(SD/mean)*100 12.11 1250 1449 11.74 1384 1223 1337 1251
Mean Length (cm) 493 522 553 574 593 606 623 637
Mean %ile In 21 18 19 17 i 11 10 11
Mean Z In -1.4  -114 109 -121 -135 -1.52 -1.59 -1.58
(SD/mean)*100 447 372 3.64 402 321 345 322 337
Wi/n 0069 0.079 0.088 0095 0.100 0.i01 0.108 0.108
Mean %ile wi/ln 43 67 72 76 73 63 69 58
Meun Z wi/ln 0.03 073 0.83 0.91 089 062 074 039
Means (cm):
Head circumf, 354 36.5 382 39.1 400 407 414 421
ibdominal cir, 31.5 332 354 36.8 38.1 382 39.5 397
Upper am cir. 10.3 11.1 119 12.6 13.1 13.2 13.6 13.7
Lower arm cir, 9.6 10.6 11.4 12.1 12.6 12.6 13.0 13.1
Biceps skf. 32 3.5 4.0 4.2 4.5 44 44 4.4
Triceps skf. 55 6.3 7.0 7.4 7.8 7.4 8.2 8.1
Suprailiac skf. 4.8 3.7 6.9 7.8 8.3 8.1 8.1 8.2
Subscapular skf. 42 5.1 6.0 6.3 6.7 6.8 8.7 A.6
N (weighi) 38+ 38 40 43 42 37 41 33

* n=33 for length, 13-14 for circumferences and skinfolds

Infant weights are slightly lower than the reference population weights at birth, then recover so that they approach or
attain the 45tn percentils 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. Length pateias 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 11th percentile by 8
months. The weight-for-height ratio increases between birth and 34 months, then {alis during the remaining 4 months.
Overall, the data suggest there is much vuriability in growth 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 investis,ators have shov:n that exclusively breast-
fed infants actually grow faster than NCHS standards for the first three mon.:s of life (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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OL PRESCHOOLERS

Maultiple anthropometric measures were gathered on preschoolers aged 18 to 30 months, Means per subject were cal-
culated and used in determining the overail averages for weight and length presented in Tables 21.5 and 21.6 below.
The median percentiles for weight ase below the 15th percentile of the NCHS standards for both males and females.
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-
relativ. ~f 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 21.5

SUMMARY WEIGHT AND LENGTH DESCRIPTIONS

PRESCHOOLER MALES

Variable N Median Mean (Miri, Max) SD
Mean Weight (kg) 72 10.8 10.7 (84 ,13.2) 0.99
Mean %iie 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 (722 ,894) 347
Mean %ilc In 71 1 7 0 ,82) 13.56
Mean Z In 71 -2.34 2.17 (4.41,09) 1.01
Mean Wi/ln 70 0.131 0.132 (0.104,0.155) .00
Mean %ile wi/In 70 32 34 0.3 ,83) 17.97
Mean Z wyln 70 0.28 -0.48 (-2.78,1.18) 0.66
TABLE 21.6

SUMMARY WEIGHT AND LENGTH DESCRIPTIONS
PRESCHOOLER FEMALES

Variable N  Median Mean (Min, Max) SD

Mean Weight (kg) 75 10.4 1C.6 (82 ,13.9) 1.21
Mean %ile wi 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 (716 ,58.8) 3.51
Mean %ile in 69 3 9 (0,73) 13.41
MeanZ In 69 -1.97 -1.96 (4.15,0.63) 1.04
Mean Wi/ln 71 0.130 0.130 (0.105,0.163) .01
Mean %ile wt/In 70 39 41 (1,%4) 22.16
Mean Z wi/ln 70 -0.28 : .26 (-2.21,1.71) 0.73
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B. Longitudinal Analysi

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. Haif of the preschoolers had more than 9 months of anthropometry data. These datz 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
PRESCHOOILER 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 10.0 103 10.3 107 10.7 11.0 11.3 11.3 11.5
Mean %ile Wt 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 1198 10.59 7.90 8.11 10.83 10.03 9.90 11.23 10.16
)} (23) (25) (31 (36) (36) 43) (3%9) “#4) (46) (50 @) (49)
Mean Ln (em) 75.1 7.8 76.3 76.9 78.7 78.8 81.2 793 81.2 81.3 83.5 82.7
Mean %ile In 7 8 3 3 4 3 15 7 6 5 12 7
Mean ZIn -2.52 -1.89 -2.60 -2.61 227 -2.50 -1.42 -2.30 -191 -2.06 -i.63 2,07
(SD/Mean)*100 5.47 3.82 i 449 3.59 4.01 3.82 5.62 1.7 3.19 422 3.90
™ (3) @25 @an (36) (36) (43) 39 (44) (46) (50) “n @9
Wiln 0.126 0132 0.126 0.126 0.131 0.130 0.133 0.133 0.133 0.135 0.140 0.135
Mn %ile wiln 37 35 30 28 38 28 35 32 3 38 44 36
MeanZWvyln  -.40 -22 -59 -66 -37 -50 -.50 -38 -.48 -35 -20 -43
Means (an) :
Abdominal cir.  46.6 46.7 46.7 47.6 46.7 47.0 48.8 48.6 48.4 49.0 49.3 50.0
Upperammcir. 144 14.4 143 14.8 14.6 14.7 145 14.7 14.7 15.0 15.4 15.0
Loweramar.  13.6 13.5 133 . 134 13.5 13.6 13.7 13.7 13.7 14.0 142 13.9
Biceps skf. 44 4.0 43 45 43 4.1 4.4 42 4.6 44 42 4.6
Triceps skf. 8.1 6.7 15 715 73 74 8.2 1.6 7.4 8.1 7.8 __.7.2
Supniliac skf. 6.5 58 58 6.3 6.6 6.0 6.9 6.5 15 7.8 59 6.4
Subscapularsidf. 5.1 39 45 4.8 4.3 44 49 4.8 54 55 4.8 49
™ 15) (12) as @n (16) @n (14) (19) (16) 23 ay @9
Means (cm) :
Head circum. 462 46.8 46.7 46.2 473 410 474 417 478 7.4 48.5 48.1
™) (13) 9 (13) (17 (16) (21) (14) (19) (16) (23) (13) @29)
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TABLE 218
SUMMARY WEIGHT AND LENGTH MEANS BY MONTH

PRESCHOOLER FEMALES
Vanable Month of Age

18 19 20 21 2 25 24 25 26 27 28 29
Mean Wt (kg) 9.6 9.9 10.0 10.1 104 10.6 10.6 10.8 11.1 11.0 113 11.63
Mean %oile Wt 23 25 18 21 24 22 2 21 24 18 2 4-2
Mean Z Wi -1.08 -98 -1.07 -1.15 -1.01 -1.02 -1.10 -1.13 -1.03 -1.13 -1.10 0.96
(SD/Mcan)*100 13.76 13.20 12.42 13.62 12.00 11.38 12.85 11.48 11.51 10.04 12.53 11.03
) 20) (29 @n (38) (3s5) (38) 42) (44) (43) (43) (39) 40
Mesn Ln (em) 754 75.6 76.4 76.3 76.9 78.2 79.1 80.6 79.6 812 828 832
Mean %ile In 9 4 4 8 5 3 13 16 6 15 16 12
Mesn Z In -1.96 222 220 -2.46 -253 237 -1.83 -1.53 208 -1.82 -1.54 -1.65
(SPMcan)*100 4.91 3.98 291 6.42 4.69 393 528 442 3.88 5.65 4.75 433
™) (20) 29) an (%) €3)) (38) (42) (44) 43) (43) (39 @0
Wi/ln 0.127 0.125 0.124 0.128 0.128 0.13v 0.129 0.136 0.130 0.131 0.137 0.137
Mn %ile wi/ln 45 46 34 48 45 48 40 48 37 38 42 46
Mean Z wi/ln -04 -16 -47 -.00 - -02 -.30 -2 -.38 -40 -.04 -14
Means (am) :
Abdomina} cir.  45.6 449 46.2 46.0 457 46.8 46.1 475 47.1 47.6 49.1 489
Upperammcir.  14.6 14.6 14.0 14.4 14.6 14.7 145 152 14.8 14.8 15.4 15.3
Lowerarm cr.  13.8 13.7 13.2 135 13.6 13.8 13.6 143 13.6 13.9 14.5 14.0
Biceps skf. 45 4.7 3.6 4.8 4.4 4.6 46 45 52 43 4.8 45
Triceps skf. 8.0 79 6.7 84 1.7 8.1 718 8.5 8.0 8.4 8.4 8.2
Supriliac skdf. 82 6.8 6.8 78 8.2 8.4 7.8 74 85 8.1 .8 8.3
Subscapular sikf. 5.5 43 43 53 49 6.1 53 54 5.5 54 4 54
N (16) (12 (10) (20 (13) (15) @an (16) n (2D (15 A%
Means (an):
Head circum. 452 453 45.7 45.8 46.0 459 46.0 46.9 463 46.6 472 474
O] (15 (10) (9 (19) (13) (15) 1) ‘16) an 1) (15 (1%

In contrast to infants, the preschooler males are generally lower than the females in terms of average percentiles by
month, for both weight and length, In weight, there is variability with ibne, bui no uends of gaining or iosing ground
in the perceatiles. 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. Tn length 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 15th percentiles in the interim months, Females show some improvement in iength percentiles. For the first
six months the percentles remain below 10 while in later months they are generally in the low 1eens. 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 in both weight and length parallels the NCHS standards. Thus, the worst
nutritional insult has probably occurred before 18 months, but there is no general rend of catching-up after this time,
Nevertheless, as demonstrated by analyses in Chapter 29, therc is great variation among the preschoolers in their rate
of growth between 18 and 30 months.
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Measures reported here are for scheolers 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 1 to 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 S0th percentile for both males and females. The correlation between height and weight
for all schoolers was 0.81 .

TABLE 219

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 2 (04 ,84) 19.41
Mean Z wt 85 -1.03 .96 (-2.64,1.01) 0.75
Mean Height (cm) 84 119.0 119.1 (107.1 ,129.0) 491
Mean %ile ht 84 9 16 (0,73) 16.55
MeanZ ht 84 -1.34 -1.34 (-3.55,06) 0.87
Mean Wi/Ht 84 0.182 0.184 (0.151,0.246) .02
Mean %ile wt/ht 84 43 45 (3.,93) 20.84
Mean Z wi/ht 84 -0.14 -.09 (-1.90,3.06) 0.73
TABLE 21.10

SUMMARY WEIGHT AND HEIGHT DESCRIPTIONS
SCHOOLER FEMALES

Variablz N Median Mean {Min, Max) SD

Mean Weight (kg) 76 20.8 212 (166 ,28.3) 222
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 it 76 -1.60 -1.57 (-4.17, 1.06) 0.85
Mean W/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




B. Longitudinal Analysi

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 severat cohorts of subjects. Atleast 4 measures were available for each schooler.
In the simple descriptive statistics provided, apparent trends over time may he confounded by the changing subject
groups. Figures 21.5 and 21.6 are plots of the same data, for malzs and ferales 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 1o 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

Agein Years
Variable 7-<15 7.5 - <8 8-<8.5 85- <9 9-<9.5
Mean Weight (kg) 20.8 213 2.2 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
™) €)Y 6)Y) (58) (37N (19)
Mean Height (cm) 1154 118.0 120.0 122.5 123.8
Mean %ile ht 15 14 13 14 12
MeanZ ht -1.53 -1.49 -1.50 -1.45 -1.59
(SD/mean)*100 4.61 424 4.10 3.89 4.10
™) (29) (50) (55) (34) (19)
Mean Wi/ht 0.176 0.181 0.183 0.187 0.194
Mean %ile wi/h 46 45 43 42 39
Mean Z wi/ht 0.15 -0.13 0.18 -0.21 -0.28
™) (28) (49) (55) (37 (8)
Mean Head circum. (cm) 50.3 50.5 50.8 51.1 51.3
™) (24 43) (53) (34) as
Mean Biceps skinfold (cm) 2.9 2.7 2.7 2.7 28
) (26) CY)) (53) (34) (19)
Means (cm):
Abdominal cir. 55.2 55.0 55.5 558 56.9
Upper arm cir. 16.6 16.9 17.0 - 17.2 173
Lower arm cir. 15.0 15.3 154 15.6 15.9
Triceps skinfold 57 6.0 6.1 6.2 6.7
Suprailiac skinfold 41 48 45 4.7 48
Subscapular skinfold 3.6 40 4.0 4.1 4.1
) (29) (50) (55) (34) (19)
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TABLE 21.12
SUMMARY OF FEMALE SCHOOLER WEIGHT AND HFIGHT BY AGE IM YEARS

Agein Years
Variable 7 -<15 7.5 - <8 8 - <85 835 - <9 9 .95
Mean Weight (kg) 19.8 204 214 22.1 22.5
Mean %ile wt 21 17 16 13 9
Mean Z wt -0.99 -1.15 -1.17 -1.30 -145
(SD/mean)*100 1045 11.62 10.75 10.68 8.98
™) (22) (50) (61) (39) (22)
Mean Height (cm) 113.5 115.2 118.2 120.4 1224
Mean %ile ht 13 11 12 11 9
MeanZ ht -1.54 -1.68 -1.56 -1.60 -1.62
(SD/mean)*100 4,63 496 4.59 4.49 4.13
N) (21) (51) (59) (38) (22)
Mean Wuht 0.172 0.175 1 0.178 0.182 0.175
Mean %ile Wt/ht 50 49 45 46 32
Mean Z Wi/ht 0.01 -0.04 0.15 -0.12 -0.48
N) (20) @47 (59) (40) (6
Mean Head circum,(cm) 494 49.5 49.6 50.0 50.2
N) (15) (38) (53 (38) (22)
Mean Biceps skinfold {cm) 3.5 34 3.3 34 32
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 15.3 153
Triceps skinfold 7.9 7.8 74 7.4 7.3
Suprailiac skinfold 5.3 59 . 58 5.6 6.3
Subscapular skinfold 4.6 49 4.8 4.4 4.8
™) (21) (51) (59) (38) (22)
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MEXICO PROJECT
MEAN WEIGHTS FOR SCHOOLERS
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Y. ADULTS

Adult anthropometric data are summarized in Table 21.13 - 21.16. These values will be used to estimate body composi-
uon. 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 Durnin 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 w 50 years of age.

TABLE 21.13
WEIGHTS AND HEIGHTS OF LEAD MALES & FEMALES

Subject # # #

Type Obs.  Weight (kg) Obs.  Height (cm) Obs. WuyH?

Adult Males 660 660 + 9.6 509 166+ 6 508 0023 + .0003
Adult Females

Nonlactating

NPNL 524 60.8 + 104 319 154+ 5 318 .0026 + .0004
Tril 77 535+ 78 40 152+ 6 40 .0024 + .0003
Trill 180 585+ 75 23 153+ 6 23 .0024 + .0003
Tri OI 317 612+ 179 18 152+ 5 18 .0027 + .0003
Lactating

0-3 mon* 276 573 £ 79 161 152+ 5 161 0025 + .0003
3-6 mon* 321 57.5 £ 84 107 152+ 5 107 0025 £ .0003
6-8 mon* 228 568 + 8.8 106 152+ 5 106 0024 + .0003

* Lactating but not pregnant
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TABLE 21.14
SKINFOLDS OF LEAD MALES & FEMALES

Subject # # #
Type Obs.  Biceps Obs.  Triceps Obs.  Suprailiac
(cm) {cm) {cm)
Adult males 657 3.1+ 21 660 7.5+ 4.1 661 145+ 75.
Adult females
Nonlactating
NPNL <2 8.5+ 4.24 95 184+ 6 494 285+ 109
Tril 67 7.1+ 3.8 67 157+ 5 67 23.1+ 10.0
Tri I 147 75+ 39 148 161+ 5 148 244+ 89
Te 01 281 6.7+ 3.4 281 155+ S 281 45+ 85
I .
G-3 mon* 173 7.0 £ 3.0 173 154 + 4 172 270+ 94
3-6 mon* 142 7.7 + 3.9 143 174 + 5 143 273+ 94
6-8 mon* 144 73 £ 3.7 145 168 + 5 145 277+ 10.2
* Lactating but not pregnant
TABLE 21.15
SKINFOLDS & CIRCUMFERENCES OF LEAD MALES & FEMALES
Subject
Type # Subscapular # Upper Armm # Lower Arm
Obs.  Skinfold Obs.  Circ. Obs. Circ
(cm) (cm) (cm)
Adult males 660 128 +6.5 658 282423 660 235+ 18
Adult females
Nonlactating
NPNL 495 284 +109 493 29.0+ 2.9 493 217+ 1.8
Tril 67 23.7+ 9.3 67 27.1+ 22 67 205+ 1.3
Tri I 148 246+ 8.3 148 27.1+ 23 148 207+ 1.5
Tri I 281 240+ 7.8 281 268 + 2.3 281 206+ 1.5
I .
0-3 mon* 172 27.1+ 9.1 173 273+ 25 173 206+ 1.5
3-6 mon* 143 2724 9.1 143 2794+ 2.5 143 207+ 1.5
6-8 mon* 145 275+ 9.8 145 278+ 2.8 145 208+ 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)

Adult males 661 87.1+80 430 558+ 1.6

Adult females

Nonlactating

NPNL 494 97.8 +10.9 252 535+ 13

Tnl 67 912+ 8.6 39 527+ 13

Tl 148 9.0+ 79 80 531+ 14

Tri I 281 1012+ 7.7 102 528+ 1.3

I .

0-3 mon* 170 95.0+ 8.3 72 532+ 13

3-6.0n* 143 9454+ 8.9 56 529+ 14

6-8 mon* 145 939+ 95 95 533+ 15

_ * Lactating but not pregnant

YL FAMILY ANTHRQPOMETRY

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 1 ard 18 years.
There is considerable variation among individuals, but both males and females have low weight and height percentiles
atall 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 1 and 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 intermnational standards used here
(21.5). Tt is of interest that weight-for-hzight is relatively normal at all ages. Weight-for-height is obviously not a good
indicator of chronic malnutrition.
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5] " o] o]
94} t th [9;]

WEIGHT (kg)
N
[9)]

()
92}
L= 2.2

[}

1 T T T T T T T H 1 T T T ¥ T T

1 2 3 4 5 6 7 B 9 1011121314 1518 17
AGE IN YEARS

Figure 21.7 Scatterplot of weizht by age for Solis males, age 1-17 years. Line indicates
mean weight at cach age.
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Figure 21.8 Scatterplot of weight by age for Solis females, age 1-17 years.  Line indicates
mean weight at each age.
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MEXICO PROJECT
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Ficure 21.9 Scatierplot of height by age for Solis males, age 1-17 years. Line indicates
mean height at cach age.
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Figure 21.10 Scatterplot of height by age for Solis females, age 1-17 years.  Line indicates
mcan height at cach age.
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MALE WEIGHTS AS P RCENTILE
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Figure 2111 Scatterplot of weight-for-age percentiles for Solis males, age 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 Solis females, age i-17 years.
Line indicates mean of percentiles at each age.
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MEXICO PROJECT
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Figure 21.13 Scatierplot of keight-for-age percenties for Solis males, age 1-17 years. Line
indicates mean of percentiles at each age.
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Figure 2114 Scatterplot of height-for-age percentiles for Solis femoles, age 1-17 years.
Linc indica.es mean of pcrccmdcs at cach age.
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MEXICO PROJECT
MALE WEIGHT-FOR-HEIGHT AS
PERCENTILE NCHS STANDARDS
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Figure 21.15 Scatterplot of weight-for-height percentiles for Solis males, age 1-11 years.
Line indicates mean of percentiles at cach age.
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Figure 21.16 Scatterplot of weight-for-height percenti'cs for Solis females, age 1-11 years.

Line indicates mean of percentiles at each age.
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Chapter 22

INDIVIDUAL AND HOUSEHOLD MORBIDITY

i PORODUCTION

The 1173t part of this chapter is devotec to a detailed discussion of the relationship between the methodology of data
colle:.ion and the construction and intzrpretation of morbidity variables. This is followed by descriptive analyses of
the variables that have been construt .« “yom the data base. The tables include analyses by subject type for calegories
of illiesses and degree of severity. llness is also examined by calendar month to assess seasonality in illness pattem-
ing. The chapter concludes with the presentation of descriptive data on mortality in the study houscholds.

ILMETHODROLOGICAL JSSUES

As described in Chapter 8, the morbidity protocol called for collection of data on all resident members of target
houscholds or: a weekly basis. The mother in the family was the respondent for the household in an interview that al-
ways began b; asking whether anyone in the house was ill on that day. In the original methed, 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 fmily 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 discussion that follows, we will refer to this mode of questioning as the
"Original Morbidity Method."

Beginning in September, 1985 and continuing to the end of the project, a supplmentary recall routine was added to the
basic protocol. This routine, hereafter referred o 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 symptorns had occurred in household members during the previous week even though
the symptoms had already erminated by the day of the interview.

Taken together, the two parts of the procedure followed from September, 1985 o 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 ar “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 ia 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 o 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 amount of morbidity data collected per inonth 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, t0
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
morith that would have been made if an interviewer had gone to the house every seven days.

An additioral problem in the morbidity dala 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 inclicating the number of scheduled visits per month and the number of com-
pleted visits per month for each individual.

A.Extent of Underestimation of Illness Episodes

In order 10 assess the extent of underestimation of illness episodes cngendered hy the use of the original morbidity
method, a comparative analysis was carried out on the data collected from September. 1986 to the en: of the project.
The results using just the original method were comparcd 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 DETECTING ILLNESS EPISODES OF SPECIFIED
LENGTHS USINC THE ORIGINAL MOREIDITY MLCTIICDO

Minimum of [ ( lengthofepisode ) 1 ]

length of period between interviews

Assurning an interval of seven days between morbidity interviews, Equation 1 can be interpreted as follows: the prob-
ability of detecting an illness of one day’s duration is 1/7 (14%); the probability of detecting an illness of two day’s
duration is 2/7 (29%); and so on. The rethod will inder-measure both the number of illness episodes and the number
of days ili,

The supplementary morbidity recall should detect illness episodes missed by the original method. Assuming that all ill-

nesses are recalled, it is expected that the percentage of iilness episodes of specified length missed by the original
me:hod and detected by the supplementary recall can be expressed in Equation 2:
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EQUATION 2: EXPECTED PERCENT OF ADDITIONAL ILLNESSES DETECTED BY USE OF THE
SUPPLEMENTARY MORBIDITY RECALL

Maximum of [ 1- ( length of episode , 0 I x 100
length of period between interviews / A

The percentage of additional illnesses expected to be detected by the supplementary recall decreases as the length of
the episodes increases: 6/7 (86%) of illnesses of one day's duration, 5/7 (71%) of illnesses of two day’s duration, and
0% of illness episodes 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 cays ill reported with the original method is compared with the total days ill
detected by the joint use of the original and supplementary protocols.

2)  Thepercentage of additional illness episodes detected by the supplementary recal! is examined, taking
into account the length of the illness episodes.

InTable 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 cait be seen in the far right column of the table, the original method detects at least 0%
of "illness episcdes,” but the deiection of specific caicgories varies between 57% and 100%, with the exception of diar-
rhea in schoolers.

TABLE 22.1
PERCENT OF ILL DAYS DETECTED BY THE ORIGINAL MORBIDITY .. .ETHOD

% Qf Days Detected
Mean #

Type of #of of Days Upper Lower Rumny

Dlness Subjects Observed Fever Diarhea 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 1060 79 77 85

Lead Females 137 130 63 93 79 95 87 92 88
Lead Males 136 99 100 91 9 100 97 91

Table 22.2 provides data on the nu:nber of additional illness episodes detected by the supplemental morbidity recall,
taking into account the length of the episode. As suggested earlicr, 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 are those illness episodes detected by the supplementary recall and missed by the original
method. The number of subjects partizipating in the study varied according to month, ranging from 474 in September,
1985 10 50 in May, 1986 when data collection cn mozi subjects had been completed. However, since both methods were
used for all subjects, this difference should not result in bias.

171



TABLE 222
NUMBER OF ILLNESS EPISODES DETECTED BY EACH COLLECTION METHOD ( ALL ILLNESSES
COMBINED)

Length of episcde in days
Morbidity Recall 1 2 3 4 5 6 7+
Original 11 16 18 36 36 40 214
Original+Supple. 29 37 40 54 46 54 228
Additional episodes
detected by Supple-
mentary Recall 18 21 2 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 Equaricn 2. The table aiso displays the percent of additional illness episodes actually detected.

TABLE 223
PREDICTED AND ACTUAL ADDITIONAL PERCENT OF MORBIDITY DETECTED BY THE SUP-
PLEMENTAL MORBIDITY RECALL

Length of epicode in days
1 2 3 4 5 6 7+
Addidonal Expected % 86 71 57 43 29 14 0
Addiuonal Actual % 62 57 55 33 22 26 6
Difference between
Actal 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 would 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. Itis not surprising that short-term illnesses should be under-reported since they are likely to be regarded as less
serious, and therefore likely 10 be forgotien 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 time 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
ime between the interviews was not always one week. In fact, the time between morbidity visits varied, with a distribu-
tion around a mean that is probably somewhat greater than seven days.



BT Simulstion of Adjusted Original Morbidity Recall Ds

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 1o days of illness, another concern is the extent 1o which the
original method fails o identify illness episodes. A computer simulation was used to investigate the effect of adjusting
data collected with the original mr.thod by a factor derived from an estimate of missed illnesses. The goal was to as-
sess whether the explanatory power of the morbidity data set 1aight be improved by the adjustment,

The computer simulation generated illness episodes for a period of one year on 1000 subjects. Assuming that an inter-
vicw ook place every 7 days, 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” estimates were created by inflating the estimated number of illnesses of a specified length (based on the
original method) by the quantity shown in Equation 3.

EQUATION 3: OBTAINING A VALUE FOR INFLATING NUMBER OF ILLNESS £PISODES OF A
SPECIFIED LENGTH DETECTED 8Y THE ORIGINAL MORBIDITY RECALL

Maximum of pumber of days between interview |, 1 ]

length of illness episode

The mean square error was calculated for an estimator. The MSE of the estimator provides a measure of how close the
estimator is 1o the true value, on average. Mean square error measures the accuracy of the esiimate, 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 o how the
mean of the estimate differs from the true value of the parameter, over repeatzd 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?

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 cpisodes 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 thc 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 undercstimate of the number of
short duration illness episodes, or

@ The original method data could be inflated, which would provide an unbiased estimate, but, due
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
1o use the original method data in unmodified form in the construction of statistical models.
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The data set obtained by the criginal method includes the following variables for ecach 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 appetite, 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,” "Iliness Episodes by Iliness Category™ (type of illness), "Illness Days by Illness Category,” "Total Ill-
ness Episcdes,” "Total lness Days,” and "Severity.” The time frame for the variables differs, depending on the analysis.
The tme 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 § visits were scheduled in a month, estimated days observed are calculated
as:

(number of interviews completed in the month) x (number of days

(numnber 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 completed in t1e month) x 7

It should be noted that this estimate is compromised in that the unly 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 Estima*>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
Morbidity Visit has no comparable variable in the Egypt and Kenya projects.

2) Six Illness Categories (Fever, Diarriica, Acute Upper Respiratory Iliness, Acute Lower Respiratory
Ilness. Runny Nose. and Other Tlnecces) are definad from the "symptoras” recorded in the inter-
views. (The Mexico interview protocol included 99 symptoms, such as nausea, chills, flu, and
respiratory distress (See Chapler 8, Morbidity).

k)] lliness 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 is said 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 iliness
category, the illness is considered to be one episode. The one symptom free day, therefore, is con-
sidered to be an "ill day."

4)  Days Il with a Specific Iliness 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 symplom 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.)

S) Total Illness Episodes is calculated from the sum of continuous periods of illness, regardless of ill-
ness category; e.g. 5 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 Iilness Days is deiined as the total number of days ill during one episode. In cases where
symptoms or illness caiegories 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.

)] Three types of Severity Measures were recorded for each reported symptom (see Chapter 8, Mor-
bidity). These variables were: a) "activity change, " measured by a three pointordinal scale; b) "dietary
change," measured by a 5 point ordinal scale; and c) presence or absence of "aypetite change.” In
cases where symptoms overlap, the most extreme value for the severity variable is taken as the value
for illne:s episode. In the descriptive analysis presented below, the severity variables are reduced to
preseuce or absence of activity change, dietary change, and appstite change.

IV.MORBIDITY EPISODES

Lliness 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 observes and
the estimated days observed, which ' ary by type of individual, are indicated in the tables. The data presented wclude:
a) the number of subjects experier ...y at least one episode of a particular category of illness during the specified time
period, and b) an illness episode r..:: that is calculated as the sum of all illness episodes (of a given type) for a subject
divided by the sum of ail "estimated davs observed” fer that subject. It should be noted that, due to episodes in which
an individual experiences! more than ore type of illness, the value for Total Days Ill is not the sum of the individual
illness categories. Total Days Il is the number of days a person was recorded as ill, using the CRSP protocol requir-
ing two symptom free days before new symptoms are regarded as a new illness,

A.Infants

The majority of infants suffered at least one illness episosie during the period they were in the study. Table 22.4 indi-
cates that the comnion ailments for male infants are diarrhea, lower respiratory illness, and runny nose. Episodes-of
runny nose appear (0 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 statistically significant sex-related difference, male infants were found to be saore
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

Percentiles of

# of Subjects Mean N of Illness llness Episodes
Type of with Iliness Episodes per per Day
Episode N=53 (percent) Day of Observation* 50% 15% 0%
Fever 9 (17.0) 1.27 0.00 000 6.88
Diarrhea 7 (32.1) 2.86 0.00 654 999
Upper Resp 5 (9.4) 0.62 0.00 000 349
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 11l 9 (17.0) 1.51 0.00 000 647
Total Ills 42 (79.2) 11.17 9.35 1527 23.26
* x 1000

Peniod covered = birth - 180 days of age. Median number estimated days for all infants = 146, first quartile = 122.5, third quantile = 163

TABLE 22.5
ILLNESS EPISODES FOR FEMALE INFANTS

Percentiles of

# of Subjects - Mean N of Illncss IIness 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 0.0 000 592
Diarrhea 16 32.7) 340 0.00 685 13.16
Upper Resp 3 (6.1 048 0.00 000 O0X
Lower Resp 14 (28.6) 2.75 0.00 625 11.63
Runny Nose 20 (40.8) 4,39 0.00 7.09 1250
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.z1
* x 1000

Peniod covered = binth - 180 days of age. Median number estimated days for all infants = 143, first quantile = 129.5, third quartile = 156

B. Preschoglers

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 Lllness Illness Episodes

Type of with Illness Episodes per Per Day

Episode N=57 (percent) Day of Observation* 50% 5% 90%
Fever 23 (40.4) 1.68 0.00 299 515
Diarrhea 23 (40.4) 1.85 000 300 6.5
Upper Resp 10 (17.5) 0.75 0.00 0.00 361
Lower Resp 32 (56.1) 2.78 2.81 5.15 6.56
Runny Nose 33 (57.9) 3.61 2.89 586 1146
Other 111 16 (28.1) 1.11 0.00 2.88 5.14
Total IlIs 43 (75.4) 8.14 8.38 12,08 1550

* x 1000
Period covered = 18 - 30 months of age (390 days). Median number estimated days for all preschoolers = 330, first quartile = 290.5, third quartile =
347.

TABLE 22.7
ILLNESS EPISODES FOR FEMALE PRESCHOOLERS

Percentiles of
# of Subjects Mean N of Lllness Iliness Episodes

Type of with Ilincss Episodes per Per Day

Episode N=53 (percent) Day of Observation* 50% 75% 90%
Fever 17 (32.1) 1.18 000 292 3.20
Diarrhea 23 (434) 2.16 000 343 6.24
Upper Resp 4 (7.5 0.39 000 0.00 1.67
Lower Resp 20 371.7) 1.62 000 3.0 5.71
Runny Nose 26 49.1) 287 000 4N 8.84
Other 11l 12 (22.6) 0.91 000 0.00 351
Total s 42 (79.2) 6.87 635 949 15.27
o 1000

Pericd covered = 18 - 30 months of age (390 days). Median number estimated days for all preschoolers = 321, first quartile=300.5, third quartile =
3425

There is liule difference between the male and female preschoolers in the patterning of iliness 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. Schoglers
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 E} ,ODES FOR MALE SCHOOLERS

Percentiles of

# of Subjects Mean N of Dlness Dlness Episodes

Type of with Illness Episodes per Per Day

Episode N=44 (percent) Days of Observation* 50 75% 0%
Fever 5 (11.4) 0.24 0.00 0.00 1.83
Diarrhea 0 (0.0 0.03 000 000 000
Upper Resp 3 ( 6.8) 0.15 000 000 000
Lower Resp 7 (15.9) 045 0.00 000 244
Runny Nose 13 (29.5) 0.94 0.00 1.8 3.76
Other Il 8 (18.2) 0.84 000 000 203
Total Ills 20 (45.5) 1.48 0.00 255 445
* x 1000

Period covered =7 - 9.5 yeans of age. Median number estimated days for all schoolers = 384, first quartile=329.25, third quanile = 467.5

TABLE 229
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* 0% 75% 90%
Fever 8 (21.1) 0.59 000 0.00 2.13
Diarrhea 5 (13.2) 0.29 0.00 0.00 1.87
Upper Resp 6 (15.8) 042 0.00 0.00 2.11
Lower Resp 11 (28.9) 0.73 0.00 1.76 245
Runny Nose 11 (28.9) 0.79 0.00 1.91 2.90
Other Il 11 (28.9) 0.77 0.00 1.86 2.89
Total IlIs 21 (55.3) 2.26 1.97 4.15 6.78

*x 1000
Peniod covered =7 - 9.5 years of age. Median number estimated days for all schoolers = 394.5, finst quanile=352.75, third quanile = 477.5

There is litle 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-lailed, p<0.001) (Tables 22.10 and 22.11). Adult women also show
significantly higher rates of illness for all illness categories. It should be noted that females had a higher number of Es-
timated Days Observed than males: a median of 434.5 days vs 390 days for lead males. A comparison 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 categorics. However,
the ranking of illness rates for types of illness category is the same for both males and females.

The clear sex differcnce in rate of reported illness in these data parallels findings cross-culiurally. In most surveys,
women are more likely than men (o 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 heaith, the matter of male reluctance to
report illness 10 an interviewer is not a factor. However, .his does not rule out the possibility that snen frequently fail 10
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 must be made in light of the general
cross-cultural lendency for women to report (or experience) greater iliness symptomclogy.

TABLE 22,10
ILLNESS EPISODES FOR LEAD FEMALES

Percentiles of

# of Subjects Mean N of Illness Iliness Episodes

Type of with lllness Episodes per Per Day

Episode N=226 (percent) Day of Observation* 50% 75%  90%
Fever 43 (19.0) 0.51 000 000 212
Diarrhea 20 ( 8.8) 0.22 0.00 0.00 0.00
Upper Resp 64 (28.3) 0.76 000 145 2.83
Lower Resp 74 (32.7) 1.03 000 1M 324
Runny Nose 103 (45.6) 1.77 0.00 298 5.57
Other 111 112 (49.6) ' 2.10 0.00 3.4 5.92
Total s 167 (73.9) 448 375 6.36 11.38

* x 1000
Period covered dependent on physialogical status and/or presence of a target child in the household. Median number estimated days for all lead
females = 434.5, first quanile=338.0, third quartile = §33.25

TABLE 22.11
ILLNESS EPISODES FOR LEAD MALES

. Percentiles of
#N of Subjects Mean N of Hlness Iliness Episodes

Type of with Iliness Episodes per Per Day

Episode N=142 (percent) Day of Observation* 50% 75% 0%
Fever 11 I 0.25 000 000 0.00
Diarrhea 4 (28 0.16 000 000 0.00
Upper Resp 17 (12.0) 0.39 0.00 0.00 1.86
Lower Resp 21 (14.8) 0.49 000 000 229
Runny Nose 39 (27.5) 0.86 0.00 1.78  3.27
Other Il 39 (27.5) 0.91 . 0.00 1.67 3.52
Total llls 72 (50.7) 2.03 1.53 347 540

* x 1000
Period covered dependent on presence of a target child in the household. Median number estimated days for all lead males = 390.5, first quantile =
289.5, third quarnile = 503.5
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Y. SEVERITY

Using data on subjects followed longitudinally, information on the severity of illness episodes is provided 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. lllness 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 were associated with some change in
aclivity, diet, or appetite. For infants, males and females appear to suffer the observed effects of illness 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 0)
Diarrhea 21 6 29 5 (24) 7 33
Upper Resp 5 1 (20) 1 (20) 2 40)
Lower Resp 26 9 35 8 (3 6 (23)
Runny Nose 32 6 (19 11 (34) 9 28)
Other 11l 9 0 (0) 1 QY 1 1y
Total Illnesses 83 21 25) 24 (29~ 28 (34)

* Note: no illness=z result in bedridden infants

TABLE 22.13
SEVERITY OF ILLNESS EPISODES FOR FEMALE INFANTS

Type of # of lllnesses Dietary Activity Appetite

Episode Observed Change (%) Change (%) Change (%)
Fever 9 1 (11 4 44 3 (33)
Diarrhea 23 6 (26) 2 (9 4 amn
Upper Resp 3 0 (0) 2 (67) 1 33)
Lower Resp 3 (16) 7 @37 4 21
Runny Nose 31 9 (25) 9 (29) 4 13)
Other Ill 1y 0 (0) 0 (0)
Total [lnesses 75 24 32) 25 (33)» 12 (16)

* Note: no illnesses resu't in bedridden infants
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Feverand diarrhea both produce moderate levels of change in dict, activity 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 dict, 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 i5 43) 17 49) 24 (69)
Diarrhea 43 16 37 14 (33) 24 (56)
Upper Resp 14 6 43) 8 (57 H 57
Lower Resp 56 9 (16) 10 (18) 15 X))
Runny Nose 73 12 (16) 14 (19) 18 (25)
Other 1ll 23 8 (35) 10 (43) 12 (52)
Total Ilinesses 168 51 (30) 74 (44)* 80 (48)

¥ Note: six episodes repont bedridden male preschoolers

TABLE 22.15
SEVERITY OF ILLNESS EPISODES FOR FEMALE PRESCHOOLERS

Type of # of Illnesses Dietary Activity Appelite

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 3D
Runny Nose 55 12 22) 18 (33) 16 35)
Other 111 16 7 44) g8 (50 8 (50)
Total Illnesses 126 47 37 68 (54)* 71 (56)

* Note nine episodes report bedridden female preschoolers

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 Or ILLNESS EPISODES FOR MALE SCHOOLERS

Type v { # of Nlncsses Dictary Activity Anpetite

Enisode Observed Change (%) Change (%) Change (%)
Fever 7 3 (43) 7 (100) 6 (46)
Diarrhea 2 1 (50) 1 (50) 2 (00
Upper Resp 8 2 25) 6 (715 6 (75)
Lower Resp 12 2 amn T  (58) 6 50
Runny Nose 25 4 (16) 12 (48) i3 (52)
Other 11l 14 4 (29) 7  (50) 10 (7))
Total Illnesses 46 14 (30) 23 (50)* 28 ©En

* Note: seven epusodes repant bedridden male schoolerz

TABLE 22.17
SEVERITY OF ILLNESS EPIGODES FOR FEMALE SCHOOLERS

Type of # of Illnesses Dietary Activity Appetile

Episode Observed Change (%) Change (%) Change (%)
Fever 16 9 (56) 11 (69) 12 75)
Diarrhea S 4 (80) 4  (80) 4 (8
Upper Resp 10 1 {10) 3 (30) 3 30
Lower Resp 22 13 (59 i) (45) 12 (55)
Runny Nose 21 7 (33) 9 (43 9 (43)
Oueer I 22 3 (14) 11 (30 12 (55)
Total Ilinesses 64 24 (38) 33 (52) 37 (58)

™ Noatr seven epusodes repont bednidden female schoolerns

The “severity” “2ta are presenied for lead males and females in Tables 22,18 and 22.19. Earlier, we presented data show-
ing a higher rate of illness in women compared 1o inen. In the tables below, we see that women are are also more like-
ly to be bedndden with an “lne-s.
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TABLE 22.1§
SEVERITY OF ILLNESS EPISODES FOR LEAD FEMALES

Type of # of lllnesses Dietary Acuvity Appetite

Episode Observed Change (%) Change (%) Change (%)
Fever 52 13 (29 35 (67 28 (54)
Diarrhea 21 11 (52 T (33) 13 62)
Upper Resp 80 15 19 4 @D 24 30)
Lower Resp 106 16 (15) 54 (51 36 34)
Runny Nose 178 31 (17N 55 (31 61 (34)
Other 1l 210 48 2y 92  (44) 89 42)
Tolal Ilnesses 44¢€ 124 (28) 207 (46)* 205 (46)

* Note: twenty-¢ight episodes report bedridden lesd females

TABLE 22.19
SEVERITY OF ILLNESS EPISODES FOR LEAD MALES

Type of # of Illnesses Deetary Activity Appetite

Episode Observad Change (%) Change (%) Change (%)
Fever 13 4 3y 10 (7 8 (62)
Diarrhea 9 3 (33) 3 (33 S (56)
Upper Resp 20 7 (%) 11 (55) 7 (35)
Lower Resp 26 S 19 15 (X8) 7 27)
Runny Nose 50 16 32) 23 (46) 19 (38)
Other Il 51 16 (1) 24 (47) 28 (55)
Tota! Nlnessz2s 112 36 (32) 54 (48)° 55 49)

* Note: five episodes reyon bed.idden lead males

VL SEASONALITY

Since there is little difference in morbidity between .nale and ‘emale children (infants, preschoolers, and schoolers),
analyses of seasonal effects were carried out on combined samples. Tables 22.20 - 22.24 present these data. In these
tables, N represents the total number of subjects cbserved in the given month. Since the study spanned more than one
year, €12 M in each month represents the sum for that month in the years 1984-1986.

Seasonal vaniation in morbidity pailems is most apparent in the infant and preschooler data (Tables 22.20 and 22.21).
Among these, cases of diarthea appear to be more common in May and June. The months of March and October
evidenced 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 iliness are reported for infants for March.
The reason for this is unknown.

There was a slight indication of a seascnal morbidity pattem for lead fes-ales (Table 22.23). Episodes of runny nose

were more comron in October and November and, as with infants an ] pres.hoolers, the fewest illness episodes were
reporied in April.
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Schoolers and lead males had minimal seasonal variation in morbidity pattems. It may o2 noted that the mean number
of visits completed during the months of January and December are consistently low relative to the other months. This
ie because no visits o monitor morbidity were scheduled during the 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 Iliness
Jan 73 2.9 2.7 4.1 2.7 8.2 15.1 55 288
Feb 75 3.63 27 6.7 27 6.7 13.3 00 253
Mar 72 346 5.6 9.7 0.0 12.5 16.7 11.1 417
Apr 75 3.36 40 6.7 1.3 13 80 0.0 14.7
May 72 370 2.8 19.4 0.0 6.9 9.7 14 278
Jun 70 341 1.4 129 0.0 7.1 10.0 57 300
Jul 72 4.11 14 6.9 0.0 14 8.3 65 222
Aug 75 3.67 6.7 27 5.3 6.7 14.7 2.7 253
Sep 66 3.61 1.5 6.1 0.0 3.0 10.6 1.5 18.2
Oct 65 422 31 31 1.5 123 246 1.5 36.9
Nov 65 3.52 9.2 9.2 4.6 154 200 1.5 369
Dec 66 2.48 1.5 7.6 1.5 9.1 9.1 00 227
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TABLE 22.21
PERCENT OF PRESCHOOLERS WITH ILLNESS, BY MONTH

Mecan # Upper Lower Runny Total
Month N of Visils Fever Diarthea Resp. Resp.  Nose  Other Illness
Jan 124 2.90 6.5 1.6 1.6 9.7 8.9 32 210
Feb 134 3.70 3.7 3.0 30 8.2 82 1.5 201
Mar 138 3.70 8.0 5.1 2.9 8.0 15.9 36 261
Apr 131 3.30 4.6 6.1 1.5 3.8 4.6 0.0 12.2
May 123 4.23 49 14.6 0.8 4.1 9.8 33 285
Jun 118 3.66 42 11.0 0.8 4.2 6.8 5.1 18.6
Jul 121 431 25 8.3 1.7 2.5 5.8 4.1 20.7
Aug 116 4.18 34 6.0 09 6.9 12.1 34 233
Sep 119 3.69 25 4.2 0.8 59 10.1 4.2 193
Oct 128 427 5.5 6.3 23 7.8 14.1 23 227
Nov 128 3.76 23 3.9 0.8 10.9 7.8 23 219
Dec 127 2.67 24 24 1.6 6.3 7.9 1.1 15.0
TABLE 22.22
PERCENT OF SCHOOLERS WITH ILLNESS, BY MONTH

Mean # Upper Lower Runny Total
Month N of Visils Fever Diarrhea Resp. Resp Nese  Other Illness
Tan 181 2.74 1.7 0.6 1.7 5.0 39 0.0 7.2
Feb 177 3.82 23 0.6 1.1 34 2.8 0.0 5.1
Mar 171 4.00 4.1 0.0 0.6 1.8 1.8 1.2 58
Apr 172 3.58 1.7 0.0 12 1.7 1.2 1.7 3.5
May 168 428 0.6 0.0 0.6 0.0 24 1.2 3.6
Jun 161 3.80 0.0 0.6 0.6 0.0 06 3.1 43
Jul 182 435 0.0 1.1 1.1 0.5 22 22 6.0
Aug 178 4.16 0.0 0.0 0.0 0.0 0.0 34 34
Ser 167 3.75 0.0 0.0 1.8 1.8 24 1.8 6.6
Ot 166 433 12 0.0 0.0 1.8 12 24 4.8
Nw 158 3.87 1.9 1.3 1.9 25 5.7 1.9 9.5
Dec 153 2,78 0.7 0.7 0.7 26 33 26 6.5
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TABLE 22.23
PERCENT OF LEAD FEMALES WITH ILLNESS, BY MONTH

Mean # Upper Lower Runny Total
Month N of Visits Fever Diarrthea Resp. Resp. Nose Other Illness
Jan 343 2.81 1.7 0.3 29 8 4.1 5.5 12.8
Feb 338 3.75 0.9 0.3 3.0 4.7 5.3 5.3 124
Mar 336 3.84 1.8 03 2.7 39 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 322 421 1.2 0.9 22 0.9 43 34 10.2
Jun 301 3.69 1.3 03 1.0 1.7 4.0 6.6 113
Jul 318 4.22 22 0.6 22 2.2 5.0 72 13.5
Aug 311 4.11 0.6 1.6 1.0 23 1.9 7.1 11.3
Sep 300 373 23 1.7 2.3 23 5.7 7.7 16.0
Oct 303 427 1.0 0.7 23 36 7.6 9.6 15.2
Nov 297 3.78 0.7 0.0 44 5.1 8.4 5.4 16.5
Dec 291 272 2.7 03 2.1 38 5.2 34 10.3

TABLE 22.24
PERCENT OF LEAD MALES WITH ILLNESS, BY MONTH

Mean # Upper Lower Runny Total
Month N of Visits Fever Diarrhea Resp. Resp Nose  Other Illness
Jan 229 241 0.0 04 0.0 09 31 0.9 39
Feb 227 3.29 0.9 04 09 1.3 35 31 6.6
Mar 226 3.35 0.9 0.0 09 09 31 3.1 53
Apr 221 291 0.0 0.0 09 0.5 0.0 1.8 2.7
May 217 343 0.0 0.5 0.0 0.0 14 0.9 28
Jun 204 2.84 0.0 0.0 1.0 1.5 1.0 1.0 2.9
Jul 213 342 0.0 03 09 1.4 1.9 1.4 42
Aug 213 3.34 0.5 09 09 1.4 1.9 2.8 5.2
Sep 203 298 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 24 4.4 6.3
Nov 199 3.46 1.5 00 30 2.5 35 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 preumonia was the cause of death for an infan: 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 years old. Causes of mortality were heart failure, arterial
hypenension, 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.
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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 shon-term effects find expression. Chronic illness, endemic patasitism 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 nnderstanding intake behavior and activity patterns during pregnancy be-
cause they document the cultural context and cultural expectations. For example, il 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. Similarly, the resumption of physical activity
following parturition is culturally programmed, although many women are not able 1o conform to these norms because
they lack the supportive resources necessary 10 refrain 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 personai 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-
rosed 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, it~: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 surgery is
probably accounted for by reproductive problems, whereas for men, much of the reported sutgery was most likely as-
sociated with trauma,
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TABLE 23.1
PERSONAL HEALTH HISTORY: PERCENT OF ADULT RESPONDENTS

Lead Femnales Lead Males
Health problem (N =252 (N=195)
Surgery 15.5 20.5
Trauma 1.5 45.6
Allergies 32 31
Hypertension 20 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 b ~alth history of the parents and siblings of lead males and females. Again,
the vast majority of the reported pathologies ~ere diagnosed by a physician, according to the respondents. There were
only two cases of pathology diagnosed by a traditional healer (curandern) 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.¢ 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 reported with the highest frequencies. The rate of reported con-
vulsions appears 10 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, 4.9
Diabetes B.5 10.8
Convulsions 7.3 7.2
Neoplasms 6.5 4.6
Allergies 4.1 6.7
Congenital abnormalities 37 2.6
Psychiatric problems 24 46 -
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The data 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 o 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 pathologics about which the mothers were questioned have a higher incidence rate than would ap-
pear from these data.

TABLE 233
CHILDHOOD ILLNESSES: PERCENT OF CHILDREN IN THE STUDY

Infants Preschool School-age
1llness (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* - 12.7 148
Dehydration* - 21.6 144
Otitis media® - 3.0 7.8

* Al least one occurrence

Note: There were no reported cases of polio.

Concemning chronic pathologies in children, there is 1 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 pan 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 22.4 confirm the impressions of fieldworkers that alcohol consumption of women is confined mainly to pulque,
Not shown in the table are the responses from 1 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. INone of the women drink tequila or uther
distilled liquors. Only 5 women smoke cigarcties, and of these, only 1 smokes on a daily basis.
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TABLE 23.4
FREQUENCY OF PULQUE CONSUMPTION BY WOMEN, AS REPORTED TO A PHYSICIAN:
PERCENT OF RESPONDENTS (N = 252)

3-5/ 1-2/ <l/
Daily Week Week Week Never
Frequency of
consumption 40.5 6.7 8.4 8.7 357
Frequency of
incbriation 12 - 0.8 9.9 88.1

The high frequency with which men consume pulque 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 incbriation from beverages other than
pulque 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 reported drinking "othes™ alcoholic beverages on a daily basts, with sporadic in-
cbriation. Nearly 40% of the men smoke cigarettes, with "¢2ily” smoking the most common respSnse amoay the
smokers.

Pulque consumption also occurs among school-age children. According to their mothers’ report, 19% of the children
consume pulgue, 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/ <l/

Daily Week Week Wezek Never
PULQUE
Frequency of
consumpuon 63.6 10.8 1.7 5.1 12.8
Frequency of
inebriation 26 5.1 21.6 50.8 20.0
BEER
Frequency of
consumption 154 31 8.8 9.3 63.6
Frequency of
inebriation 0.5 26 1.7 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/ <l/
Daily Week Week Wecek Never
Frequency 28.2 4.6 36 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
WOMEN'S HEALTH: REPRODUCTIVE HISTORY

All of the women in the study wre 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 o
elicit, and is typically subject 1o some distortion. In the Solis Valley, and in Mexican culture generally, there is con-
siderable reticence 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 ihe
tables that 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 pregriancy. 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 carly 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 and health statws. In the U.S. today, the mean
age of menarche is 12.8 years, as compared to about 17 in the 19th century (23.1). Comparatively, the mean age of 13.6
in the Solis sample is younger than that of Mayan Indians (15.1 years), but 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, israre
in Solis, with only 5% of the sample reporting a first menses after age 15.

193



TABLE 23.7
SEXUAL MATURATION OF ADULT WOMEN: PERCENT OF RESPONDENTS (N = 246)

First

Sexual First
AGE Menarche Activity Pregnancy
10-12 19.2 -—- —-
13-15 71.6 134 28
16-18 48 45.5 40.0
19+ 0.8 404 572
Mecan 13.6 18.4 19.5
Range 10-19 13-31 15-31

The data on family size and structure reflect a population that has not, in the past, engaged in exiensive 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 (o be growing. Oral contraceptives are the most popular method, fol-
lowed by injectable hormones. TUDs are not commonly used, and have the same rate of frequency of use as the rhythm
method. Itis 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

< lyear 10.0 Injection 48

1-4 years 9.2 Vasectomy 43

5+ years 24 JUD 1.0
Rhythm 1.2
Condom 04
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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 PATTERNS REPORTED TO A PHYSICIAN: PERCENT OF ADULT WOMEN
(N=246)

Problem Ever
Experienced
None 38.6
Irregular cycle 15.9
Behavior changes 13.4
Migraines 33
Other 1.2
Duration:
< 3 days ) 49
3 days 39.0
4-8 days 520
> 8 days 3.9
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 Expenienced Occurrence Occurrences
C-section 95.5 4.1 04
Forceps delivery 919 6.9 1.2
Premature birth 88.2 11.0 0.8
Sul! birth 878 10.2 20
Low birth weight 772 15.9 6.9
Miscaniage 70.4 18.4 11.2
Percent Women
Time Period Problem Ever Expenenced
Previous Gestaton: Varicose veins ‘ 93
Threat of premature birth 7.7
Threat of miscarriage 5.7
Toxeria 5.7
Vaginal hemorrhage 24
Previous Birth: Prolonged delivery 49
Breech position 1.6
Previous post-partum: Excessive bleeding 17.1
Fever 8.5
Previous lactation: Cracked nipples 20.7
Breast infection 9.3
Milk insufficiency 6.9
Nc milk 24
THE C1 TURE QF PREGNANCY AND LACTATION

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 milk volume, of which
6.8% Is described 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
perceived "milk ‘nsufficizncy” (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 fcllowed during the study period (the column
labelled "infant") 'ock place at home. Close to 50% of the preschool children were bomn at home, and the figure rises
to &4% for the school-age children.

Since clinic facities were available 10 project participants at a token fee, financial constraints are not a factor in ex-
plaining the sizeabie percent of infants who were bom at home. An iinportant part of the explanation for this phenomenon
is the lack of convenient transportation in the valley. Although third class bus service provides villagers with access to
most areas of ihe valley, including Tolis and the municipal center, the buses go to the communities only once or twice
a day and there is no service in the svening, With the relatively dispersed setdement pattern, and in the absence of
telephones, women in labor often cannot find transnortation to the clinic. Thus, many babies werc bom at home, even
when the mother intended ) use the clinic facilities Jor delivery.

There is 2 close correspondence hetween clinic and hospital dzlivery and delivery assisted by a physician. The figures
on miawife-attended births reflect the common pattern in which the midwife goes to the home of the woman 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 appareni 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 "relative/neighbor-atended” births (remaining at 1 in 4)
reflects the lack of transportation facilities as an important factor influencing birth vractices.

TABLE 23.11
DELIVERY CHARACTERISTICS: PERCENT OF CHILDREN IN THE STUDY

Delivery Infant Preschool School-age
Characteristics (N =109) (N=134) (N = 142)
Place of Delivery
Hospital 4.6 6.0 35
Clinic 58.7 448 239
Own home 36.7 478 64.1
Midwife's home - 1.5 8.5
Delivery Attendant
Doctor 61.5 ' 522 282
Nurse 1.8 0.8 28
Midwife 11.0 239 41.6
Relative/neighbor 25.7 23.1 26.1
Type of Delivery
Nurmal 92.7 97.0 93.7
Abnormal 37 3.0 5.6
C- Section ‘ 3.7 - 0.7
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Most cultures, including Euro-American ones, have fairly elaberate ideas concerning appropriate food intake during
pregnancy. Usually the cultural wisdom includes both food prescriptions and proscriptions, The latter, often referred to
zs "food taboos,” have been the subject of considerable criticism by biomedically trained professionals, who poini to
the negative nutritional consequences of many of these restrictions. On the other hand, some anthropologists have urged
cauvtion in condemning such beliefs, pointing out that they may have subtle but imporiant positive functions. Pregnan-
cy food "rules” in traditional Ma=xican calture are derived primarily from the humoral 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, i is inleresting to note that the great majority of women practice no food
avoidances during pregnancy, a finding that suggests rapid cultural change has occwred in the valley communities.
The paucity of items iisted under the column of foods "specially consumed,” coatrasts markedly with what one would
expect to {ind in populations in industrialized countries. The fact that 50% perceive no change in appetite, together
with the low response rate on foods specially consumed or avoided, suggests that the women do not view pregnancy
as a peried requiring dietary chunge or special dietary attention.

One notes that pulque appears i both the "foods avoided™ and the "special foods” columns, but in both instances the
mumnber of women mentioning pulgue in response o open-ended questions is very small. Eighty-one women who were
followed through a pregnancy repoimed w the physician that they consumed som= pulque during their pregnancy. Two-
thirds of thz mothers of school-age children and preschoolers in the study reported that they had consumed pulque
during the pregnancy of that child. A very small number (6 women) 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 IN APPE{TTE (%) REASON FOODS AVOIDED (%)
No change 50.6 No avoidances 71.7
Increase 255 Prevent problems 19.5
Decrease 223 "Tradition” 1.2
Medical advice 04
Don’t know 12
FOOLS AVOIDED (%) FOODS SPECIALLY CONSUMED (%)
Pork 6.0 "Cravings" 6.3
Spicy foods 44 Chicken 40
Chile 3.6 Pasta 24
Pulque 24 Pulque ‘ 24
Atole 0.4
Chicken consomme 04
Tea 0.4

A key feature of the culture of reprocuction in Latin America is the practice of the guarentena, the forty day postpar-
tum period during which the mother and infant are given special treatment and care. In central, highland Mexico, tradi-
tional postpartum activities involved a combination of aboriginal (Nahuatl/Aztec) practices (including ritual baths) and
practices derived from Spain. Among the chief components of the cuarentena 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 cuarentena is still very much alive in the Solis valley, and the respon-
ses of the women in the sample are in accord witli the ethnographic data. In contrast to pregnancy, a much higher per-
cent of women follow some fcod prescriptions and proscriptions. In tlieir last (previous) pregnancy, only 22% of the
women avoided some foods, whereas 43% reporied food avoidances during the postpartum peried. Similarly 17% of
the women sought to eat special foods during pregnancy, but the majority (81%) consumed special foods during the
cuarentena. It is striking to see that chicken and atole, 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 cuareriena. Tradition-
ally, bathing during this period was done only in the lemascal. the small separate structure for the sweat bath. However,
today this practice has virtually 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 avoidancs:s 56.2
Increase 304 Prevent problems 28
Decrease 10.8 "Tradition™ 38.0
Medical advice 1.2
Don't know 0.8
FOODS AVOIDED (%) FOODS SPECIALLY CONSUMED (%)
Pork 210 "Cravings” 0.8
Spicy foods 44 Chicken 74.5
Chile 29.7 Pasta 36.3
Pulque 32 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 23.6 404 17.2 11.6
Washing dishes 10.8 316 42.0 10.8 4.8
Cooking 10.8 29.6 420 124 52
Lifting 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 cutside 40 8.0 19.2 35.2 336
Visiting doctor 8.0 5.6 52 5.6 75.6
Bathing 65.2 31.6 1.6 0.0 1.6

Note: For each activity, between 2 and 4 women could not remember; hence row totals do not reach 100%. These data reflect previous, not current,
postpertum 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 1o 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.

F AN

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 colonics per
plate or 10° baclc.na or colonies/ml was regarded as abnormal. For gram-negative bacteria findings of 20 to 99 colonies
per plate (‘0 bacteria or colonies/m}) and 100 or more colomcs per plate (105 bacteria or colonies/ml) were regarded
as abnormal. Counts of gram-negative rods greater than 10° may indicate infection of the urinary tract. The highest in-
cidence of bacteriuria occurred in pregnant women. Women are predisposed to urinary tract infections dunng 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 incication of renal dis-
ease and toxemia of pregnancy. Heaithy 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
Solis sample, no children exhibited proteinuria. Adult males had a high frequency of 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 equal 1o 100 mg/d} 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 may appear af relatively low blood glucose levels, but pregnancy did not appeor
to increase glucosuria. The low percentage of abne..nally high urine glucose values indicates that diabetes is not en-
demic in the Solis population.

Ketone levels greater than or equal 1o 5 mg/dl 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 cdult women, and in 26% of those who were both preg-
nant and lactatirg. A pessible explanation for this is that the higher numbers of bacteria these samples caused more
degradation to occur prior to analysis. Average urine density 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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ILFECALANALYSES

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
1n 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 havin7T 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 hiswlytica, Giardia
lamblia, and Ascaris lumbricoides. Cysts were reported in a semi-quantitauive 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" refers w 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 particularly
prevalent in this group. The feces of schoolers show a common prevalence of amoebas (43% of samples, 23% of which
have high counts), giardia (13%), and ascans (21%). E. venmiculans, 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 Negatives 230 2100 25

Subject Tests <10 <10 <10f mg/dl mg/dl mg/d!

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

Tril 73 11 7 5 4 1 !

Tri O 145 14 6 10 3 0 3

Tri 01 206 24 10 12 8 1 4

Laciating

0-3mo 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 & lact 23 26 4 17 4 0 0




TABLE 24.2
INDIVIDUALS WITH ABNORMAL FECES (PERCENT OF OBSERVATIONS)

Subject # of a/c;):ﬁ::yr Mucus in Blood in Enamocba Giardia Taenin
lype Tests Feces Feces Feces Trophoz. Trophoz
Infants 69 18.8 7.8 1.5 2.9 1.5 0.0
Teddlers 333 20.1 10.2 0.0 0.0 21 0.0
Schoolers 567 19.3 9.9 0.2 0.0 1.8 0.5
Adult males 336 39.0 74 0.0 0.0 1.8 0.0
Adult females
NPNL 343 26.8 8.2 0.3 0.0 12 0.3
Pregnant
Tril 46 41.3 6.5 0.0 0.0 0.0 0.0
Trill 109 229 10.1 0.0 0.9 37 0.0
Tri 1 172 215 1.6 0.0 0.0 0.0 0.0
0-3mo 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 0.0 00 111 0.0
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TABLE 24.3
PERCENT OF INDIVIDUALS WITH CYSTS IN FECES

# of E. histolytica Giardia QOther 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 57 120 0.6 0.6
Schoolers 567 199 235 3.5 94 35 1.8
Adult males 336 15.8 11.0 4.5 5.1 1.8 0.9
Adult females

Nonplactating

NPNL 343 172 219 1.7 12 12 0.6

Tril 46 21.7 413 43 43 0.0 1.2

Tl 109 165 349 4.6 1.8 2.8 0.0

Tri I 172 244 127 LT 2.3 0.0 1.2

Lactating

0-3 mo 144 194 271 1.4 35 0.7 2.1

3-6 mo 145 228 255 2.1 0.0 35 0.0

6-8 mo 106 198 217 2.8 09 0.0 13

>8 mo 154 24.7 16.2 1.3 32 0.0 0.L

Pregnant 18 223 333 0.0 0.0 5.6 0.0

& Lact
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TABLE 24.4

PERCENT OF INDIVIDUALS WITH EGGS IN FECES

i of Ascaris __E.vermic,.  Hymenolepsis . Helminuis

Subjects Tests 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
Toddlers 333 33 2.7 1.2 0.9 0.6 0.9 1.8 1.5
Schoolers 567 99 11.5 1.6 1.6 0.9 1.4 35 5.1
Adult males 336 6.3 5.7 0.0 0.6 0.0 0.0 0.3 0.6
Adull females:

Nonlactating:

NPNL 343 5.2 7.9 0.9 0.0 0.0 0.6 0.6 0.6

Tril 46 134 8.1 0.0 0.0 0.0 0.0 0.0 0.0

Trill 109 5.5 9.2 0.0 0.0 0.0 0.9 0.0 0.0

Tri 11 172 134 8.1 0.0 00 0.0 0.0 0.6 0.6
Lactating:

0-3 mo 144 9.7 9.7 0.7 0.0 0.7 0.0 0.0 0.0

3-6 mo 144 43 12.5 0.7 0.7 07 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 mo 154 84 4.6 0.7 0.0 G.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

& LacL
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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 samples from toddlers deserves further analysis.

TABLE 24.5
WHITE BLOOD CELL DIFFERENTIAL COUNTS

% % %
Subjects # of # WBC Neu- Lym- % % o Ban-
Tests (ul) ros phos Eosin Basos Monos ded
Toddlers 50 8001 51.0 449 23 0.20 1.51 0
+ 2095 +84 +£92 426 045 $1.69
Schoolers 90 5794 544 414 2.4 0.50 1.89 0
+ 1727 +89 161 +26 +027 200
Adult 74 5180 58.5 38.6 1.4 0.08 141 0
males + 1734 +8.4 +7.5 +18 +028 +153
Adult
NPNL 73 5725 61.1 35.8 1.5 0.11 1.34 0
+ 1556 +67 167 +20 1043 1122
Trig' 34 6669 620 336 17 009 228 0
+ 1530 +83 +84 +£17 +028 +1.20
Tri 1t 67 6724 610 35 17 008 268 0
+ 1789 +71 70 +15 +£023 +149
Lactating®
3-6 mo 16 6251 574 38.8 1.3 018 1.12 0
+2453 +10.5 +£53 +14 +039 10599
6-8 mo 47 6039 57.1 399 1.5 0.25 1.52 0
+ 1519 +69 +64 +17 +091 +144
>8 mo 32 5724 62.7 34.0 1.8 0.03 1.44 0
+ 1606 +6.7 +£62 +18 +0.18 +154

* Standard deviation
+ Pregnant but not lactating.
$ Lactating but not pregnant
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TABLE 24.6
HEMATOLOGY, MFAN VALUES

Snbjects #of  Hb(g/d) Het (%) # RBC MCV MCHC
Tests (10%41L) (m3) (%)
Toddlers 20 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 +1.7
Adult 74 154 474 49 97.5 325
malcs +1.1 +4.2 +0.5 + 6.5 +1.7
Adult
females
NPNL 73 130 40.4 43 93.7 324
+1.2 +43 +0.5 +5.1 +1.8
Tri II* 3 123 36.7 4.0 90.7 336
+1.2 +3.7 +04 +11.5 +1.0
Tri H1* 67 12.6 38.1 4.1 92.3 33.2
= 1.8 +5.2 +0.6 + 8.1 +14
I.‘a;;m!.ingJr
3-6 mo 16 13.8 434 4.5 94.3 31.7
+0.7 +4.8 +0.6 +4.4 +2.1
6-8 mo 48 13.3 41.6 4.5 933 319
+12 +4.5 +0.5 " +55 2.5
>8 mo 32 13.0 40.2 4.2 94.8 322
+1.3 +49 +0.5 +4.9 +2.0

* Pregnant but not lactating.
1 Lactating but not pregnant.
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TABLE 24.7
PERCENT OF INDIVIDUALS WITH HEMATOLOGICAL VALUES INDICATIVE OF ANEMIA®

Hb Hoy ~RBCCount - MCVY . MCHC
Subjects N cut-off Flow cut-off %low cutoff %low cut-oif  %low Schigh cut-off Zolow
(low&high)

Toddlers 49 11.5 45 35.0 37 3.95 22 73,100 2 4 31 30
Schoolers 50 12.5 40 37.5 43 3.95 31 76, 100 0 2 31 12
Adult M. 74 13.5 4 34.5 1 4.68 41 80,100 0 27 31 15
Aduli Females

INPNL 71 12.5 28 M5 8 4.16 37 80, 100 0 4 2 1R
Tn 1l 38 11.5 21 315 & 3.95 42 80,100 9 5 31 0
Tn 11 67 11.5 18 31.5 4 3.95 33 80, 100 6 7 31 4
Laciiing

3-6 mo 16 125 0 M3 0 4.16 25 80,100 0 6 31 19
6-8 mo 47 12.5 17 M5 6 4.16 29 80, 100 0 9 31 21
>8 mo 31 125 29 345 19 4.16 39 80, 100 0 6 31 9

~ Sce text for denvation of cut-off valu-s

The hemaiological data in Tables 24.6 and 24.7 can be used w describe the prevalence of anemia in the Solis com-
munitics. The values for hemoglobin, hematocrit and number of red blood cells are affected by the high altitude of
Solis, 2,300 m. After consultetion with Dr. Yip of the Center for Disease Control (CDC) in Atanta, GA, we obtained
the CDC's corrections for high altitude and used these to correct the values below which deficiency is assumed to be
present. These corrections were:

Hemoglobin: +0.5 g/dl
Hematocnt: +15%
RBC: + 4.0 % of value

To define high aldtude (Solis) ht-off levels, these corrections were applied to deficient or abnormal cut-off values ob-
tained from the following sources:

Hemoglobin: World Healdn Organization, corrected for alttude (24.1)

Heamatocnt: (Toddlers and schoolers) Amer. Academy of Pediatrics, corrected for alutude (24.2)
{Adull males, NPNL females) INACG, corrected for alutude (24.3)
(Pregnant women) Natl. Nutrition Survey, altitude corrected (24.4)

RBC: Refs. 24.5 and 24.6, corrected for altitude
MCV: Ref. 24.7, no aititude correction
MCHC: World Health Organization, no altitude correction (24.1)

The prevalence of low hernoglobin levels is very high in all groups except adult males. Almost half of the children -
including toddlers - have values suggestive of anemia, as do up 1o one-third of women, depending on their physiologi-
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cal status. Additionally. the Jow red blood cell (RBC) counts suggest» population-wide prevalence of anemia, although
surprisingly this also occurs inadult males who had few low hemoglabin and hematoerin values.

The percentage of high values for MCV suggesting folate and/or vitamin B2 deficiency in aduli men is striking (Table
24.7. The highest prevalence of the folate and/or B12 anemias cccurs it adulte, raimer than children, and especially in
adult males. The presence of macrocytic anemia in the adult maies may explain why this group has such a high per-
centage of lew RBC counts in the apparent absence of deficient hemoglobin and hematocrit levels. The major sources
of folate are green leaty vesrebles, onzan meats, lean beef, wheat, egps, orange juice, fish and dry beans, Of these, only
dry beans are esten in substantial amounts by adults in Solis, and cookhing destroys 72¢¢ of the folat: in beans. Although
vitamin Bz deficiency i penerally encountered much less frequently than folate deficiency. it is nossible that those
adults who consume hmost no animal products may be depleted i this vitanin,

The relauonship between the consumption of pulyue, enerpy, meat and tortillas was examined by correlation analvais
for adult males and non-pregnant, non-lactatng females (Table 24.8). Avesagmg daly pyglione censumption of cach in-
dividual during thew time i the study, the 72 adult males with hemazological dats reporied here consumed on average
almost one liter per day, with a range of 010 4.4 liers per day, The average intike by women was 0.3 (range 0 10 1.8)
liters per day. Pulque consumption was positively correlated with MCY and egatively correlaied with the RBC count,
in both adult rales and females. The only other significant ss.ooiitions were between meat ke and acmoglobin in
women, and tortilla intake and red blood cell count i wornen (negative). These relanenning ore consistent with the
suggeston thai pulgue is associated with macrocytic anemia, while (in women onh - fow hemoglobm values are as-
soctated with smaller intakes of meat and higher mtakes of wriilas. Our current inrpretazion of these data is that 4
consttuent of pulgue - perhaps alcohol, since this is known to decrease folate absorpron, lower hepatic affinity for fo-
late, and impair folate utilization - causes folate deficiency ancmnia. fron deficiensy ancimia in women is Jess prevalent
when the highly available iron in meat is consumed, and more prevaient if more otal iron comes frosm tortillas in which
availability is onlyv about 15.

TABLE 248
RELATIONSHIP BETWEEN HEMATOLOGICAL VALUES AND HABITUAL CONSUMPTION OF
PULQUE AND OTHER FGODS.

HEMOGLOBIN MCV # RBC

r ps r p< r pP<
Adult males (IN=72)
Kcal from pulque -17  (.16) 200 (.09) -.32 (.006)
Total keal 01 (93) 1 (36) 01 (95)
Kcal from meats M (70) 05 (67 -04  (76)
Kcal from wrtllas 02 (.86) 03 (82) A1 (.37)
Adult females (N=71)
Kcal from pulque -05 (.65 .33 (.00%) -22  (.06)
Total keal -.02 (84 .07 (79) -4 (25)
Keal from meats 24 (0% =07 (54 A5 (20)
Kcal from tortillas =17 (19) 01 (%) - 25 ()
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Interpretation of the data, however, must be done with caution because of the paucity of reliable cut-off values for
populations at this aldtude. 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 B13 deficiency concurrenty will 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 impertant in future analyses to cxamine the relationship between available iron consumption
and iron status of individuals. Finally, confirmation of a high prevalence of folate and/or vitamin B2 deficiency in adult
males will only be possible by the collection and analysis of additioral blood samples.

Serum fermitin values <10 (or 12) ng/dl are indicative of iron deficiency cnemia at ail ages (24.3). The pattern of low
values indicated in Table 24.9 parallels that of low values of hemoglobis and hematocrit, i.e. a high incidence in tod-
dlers, schoolers, and women. In pregnancy the situation is particularly szver:, with half the woraen 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 ransferrin values is 200-400 mg/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
conjunctior: with other seruni proteins), and transferrin values <100 or <150 are suggested as an indicator of possible
nutritional nisk. From 1 to 10% of persons in all groups have values below 150 mg/dl. 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 malnutriton (lowering) and iron deficiency (stimulat-
ing) on transferrin levels can be interpreted in the Solis data.

Normal prealbumin levels are in the range 10-40 mg/d! (Table 24.9). Values mg/dl have been suggested as indicating
nutritional risk. About orx quarter of Solis children had low prealbumin levels, which supports a diagnosis of marginal
malnutrition. ’

Comygiement C3 and immunoglobulin levels have been investigated with particular reference to nutritional risk in
children. Depression of serum complemant C3 may occur due o i) decreased synthesis, 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 61 + 9 mg/dl compared to values of 143 + 15 mg/dl in healthy individuals (24.8). The
Solis schoolers and toddlers (Table 24.9) had low levels of compleinent 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 203+ 98 mg/dl, recovered 130 + 87 mg/dl, 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 values in Solis schoolers might be partly an age effect.



TABLE 24.9.
PLASMA PROTEINS BY TYPE OF INDIVIDUAL

Feiritin* Transferrin' Prealbumin?
Subject ng/d! A 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
1 52 _ + 88 7
Schoolers 77 24 13 74 262 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 118 23 20 35 16 99 0 (48) 29 27 0
+21 + 31 + 9
Tri 118 46 13 52 24 107 0 (63) 57 29 2
+ 12 + 22 +11
Laciating:**
0-3mo 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

» Low ferritin = <10 ng/dl

t Low tranderrin = <150 mg/dL, High = >400 mg/d!
t Low prealbumin = <10 mg/dl :
§ Pregnant and not lactating

** Lactating and not pregnant

(continued on next page).

213



TABLE 24.9 (continued)

Complement 3t 1ca¥ Rosette Fermation®?

Subjest mg/dl % mg/dl % % %

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

Adutt 16 82 0 22 297 23 (high)

males +17 +140

Adult females

NPNL 20 79 5 (ow) 29 214 3 (high) 2 36 82
+17 as + 16

Tri 1 16 99 19 (high) 15 196 0 233100
+31 + 64 +20

Tri m1® 24 107 21 (high) 21 192 0 3 59 33
+22 +64 +20

J-6 mo 2 118 0 5 216 0 i1 33 100
+40 +72 + 14

6-8 mo 5 67 0 15 203 0 36 M 92
+19 + 93 + 11

>8 mo 14 35 93

+ 14

11 Low complement ¢3 = <55 mg/dl, High = >120 mg/dl
7} 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 % REC among toddlers was
34% and among schoolers, 27%. This compares o valuss of 16.6 + 2.7 S.E. (24.10) or a 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 o 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 cxpected to be an ex-
planatory factor for the Solis women and children. It has been shown by other investigators that children bom 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 opportunity 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-relaled 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 RMR 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. In order to judge the
reasonableness of the values, the we'ght 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 Solis values are slightly lower than those predicted; FAQ/WHO values are 25.5, 25.6,
and 26.0 kcal/kg for men in their 20s, 30s, and 40s, respectively. The differcnce between predicted ana 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, Solis measure-
ments were taken on subjects who fasted overnight, so that their metabolic iate 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 1o concepticn, 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 in Table 25.1 arc higher than values for the NPNL group in Table
25.2. This carn 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 the data. Values plotted at 0 days of pregnancy represent measures made on non-pregnant women. On a kcal/cm
basis, RMR in trimester 3 was significanuly 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 |
amounts to a otai of 36,600 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 ircrease during pregnancy are 46,500 kcal in Swedish women (25.3), 20,000 kcal in
Scottish women, (25.4), 13,000 kcal ir nutritionally-supplemented women in The Gambia, and only 1,000 kcal in mal-
nourished Gambian women (25.5).

217



The average cumulative energy cost of RMR was calculated for the Solis pregnant sample by subtracting the mean
NPNL valve from the mean value in each trimester. The estimated cumulative increase was 20,030 keal. 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 esumate of the increment in RMR than
our current methiod of comparing trimester averages to NPNL values.

On a kcal/minute basis, our data agree closely with values reported by Lawrence et al. 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 0.1R kcal/min by the end 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.

TADBLE 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 + 145

Tril 63 0.88 1266 23.08 8.27

+0.17 +239 +4.39 + 1.54

T O 115 0.90 1296 22.35 8.44

+0.18 + 258 +4.39 + 1.61

T O1 140 0.53 1344 22.36 8.86

+0.18 +254 +4.08 +1.56

Lact. 146 0.89 1275 2247 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 Kcalkg Kcal/cm

Subject Obs S.D. S.D. S.D. S.D.
NPNL 33 0.85 1229 2245 8.05
+0.16 + 234 +4.12 + 1.44

Tril 39 0.87 1258 24.07 8.26
+0.14 + 198 +3.85 +1.27

Trill 43 0.89 1281 23.39 8.39
+0.11 + 153 +3.78 +0.94

Tri I 36 0.94 1356 23.29 8.90
+0.12 + 172 +3.73 +1.08

Lact. 38 0.89 1280 22.94 8.35
0-3mo +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

LINTRODUCTICGN

The purpose of the houschold sauitation and personal appearance measures is to capture, in a quantifisd fashion,
household and individual differences in physical appearance and general cleanliness. The concepts of personal clean-
liness and appearance of one’s physical swroundings 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 differerces in the value that is placed on achicving or ignoring cultural expecta-
tions. The cxwert to which cultural norms of cleanliness are actually associated with pathogenic exposure is undoubtedly
highly variatle, particularly since "cleanliness” can be defined in ideological terms of "spiritual or social purity” that
have little 10 do with hygiene in the westem sense.

In assessing "cleanliness” and "sznitation” the challenge 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 1o 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 o train the observers using specific criteria. When the
fieldworkers are members of the same, general culture they wiil use thase norms as a matter of course.

Some indicators of hygiene and sanitation can be readily observed or can be ascertained through iuiciviewing, Ghese
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 caution 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 onc ii: five adults claim to brush their teeth daily.
However, the dental examinations revealed a very poor state of denal 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
(N=239) N =194)
24/ / 24/ 1/

Practice Daily week week Daily week weck
Bathing 1.7 79.9 17.9 3.1 479 443
Washing
face 47.0 46.1 5.5 38.7 40.0 18.6
Washing
hands 100.0 e - 99.0 1.0 0.0
Brushing
teeth* 18.2 12.8 5.5 16.5 11.9 593
Changing
clothes 14.4 71.5 8.1 4.1 55.2 36.6
Changing
bedding 2.6 14.5 774 1.0 13.4 722

* 63.6% of the women and 59.3% of the men reported never brushing their teeth,

Similar caution should be exercised in the interpretation of thz verbal respones on management of water, Table 26.2 in-
dicates the quality and source of water, as well as its reatment. 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 treatment. 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 required to obtain firewood.

TABLE 26.2

HOUSEHOLD WATER SUPPLY AS REPORTED BY ADULT WOMEN TO PHYSICIANS: PERCENT OF

RESPONDENTS (N = 234)

- Typs: of Water
Water Characteristics Cooking Drinking
Origin of W
Piped, not potable 714 70.9
Well, spring 16.2 17.1
Piped, potable 12.0 11.5
Treatment
None 82.5 78.2
Boiled 17.1 214
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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 o a houschold. This yielded a very large number of measures
over the course of a year,

In order (o construct indices that summarize the multiple measurements, several steps were underiaken, as follows:

1. For each household, the mican for exch of the items in the observation protocol was calculated. For
example, the preschooler's appearance was rated at cach observation on a three point scale: 1 = neat,

clean; 2 = averge; 3 = dinty, unkempt. An individual - hild’s "appearance score™ was calcuiatzd as
the average of all ratings by all observers.

2. Frequency distributions and descriptive statistics of the heuseholds’ mean values for each item in the
protocol were generated (Table 26.3). The frequency disuibution showed that nearly all of the van-
ables had a large range and litde skewing. The main exception to this generalization was the obser-
vationof "excrement on the fioor 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 first factor at a conelation of .68 or greater (Table 26.4).

Based on: the results of the statistical exercise it would have been reasonable Lo construct a single "environmental clean-
liness measure.” However, the ethnographic data suggested that "intenal environment” (within the house) and "exter-
nal environment” (within the patio) could 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 both variables was created by adding the means for cach of the items in the scale
and multipling the sum by 100. Higher values indicate higher levsls 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, the observers were
instructed to record a rating regardless of whether the children were target subjects in the study. A.- 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 appearance of the household environment. There are also significant associations 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 initer-correlations.
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TABLE 26.2
DISTRIBUTION QF MEAN VALUES FOR ITEMS ON THE OBSERVATION PROTOCOL (N == 235)

liem Mean S.D. Range

External Characteristics

Appearance

of patio 2.02 044 1-3
Patio plant ,

waste 3.07 0.57 1-4
Paiio animal

waste 3.08 0.51 1-4
Patio trash 3.24 0.49 1-4
Patio food

waste 3.55 0.34 1-4

Internal Characteristics

Appcarance
of house 2.11 045 I-3
Avpcarance
of walls 1.66 0.27 1-2

Presence of:

animal waste 1.86 0.17 1-2
food waste 1.77 0.21 1-2
trash 1.59 0.26 I-2
Appearance

of kitchen 2.09 0.44 1-3
Personal Characteristics

Appearance of

mother 2.26 042 1-3
Appearance of

preschooler 1.88 048 1-3
Appearance of

school child 1.92 047 1-3
Appearance of

father 2.08 0.46 1-3
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TABLE 26.4
FACTOR PATTERN FOR HOUSEHOLD CHARACTERISTICS BASED ON PRINCIPAL COMPOMENTS

Vanable Correiation
with Factor One

Appearance of patio 92
Patio plant waste 7R
Patio animal waste 79
ratio trash s
Patio food wiste .68
Appearance of house 93
Appearance of walls 85
Presence of:

animal waste .81
food waste .86
trash 14
Appearance of kitchen .86
TABLE 26.5

CORRELATIONS OF SANITATION AND APPEARANCE VARIABLES*

(M (2) (3) ) &) (6)

e Exiernal Scale - 72 66 .58 63 20
) Internal Scale - .79 .69 71 37
€} Mother’s

Appcarance - .32 74 35
%) Preschooler’s

Appearance - ) 37
&) School Child’s

Appearance - 36
(6) SES -

* All correlations are significant at p <.01.

The magnitude of association between the internal and external household appearance scales suggests that household
maintenance activides, which are carried out primarily by women, are fairly cohesive; however, the appearance of ex-
temal environments is affecied 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 significant, but more modest associations between the appearznce variables and socioeconomic status. The
relationship of SES and external environment is the weakest, at r = .20 (p = .004); while inrtenal 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 their judgments of cleanliness and aypearance, the level of the associations indicates that
something in addition to, or other than, SES was indeed being measured. One would expext 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.

[t 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 swdied longitudinally, we find significant correlations 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 intemal and external environment scores. The appearance of mother and child is also 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 houschold 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 10
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 be regarded as one compenent 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 envizonments,
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Chapter 27

PSYCHOLOGICAL DEVELOPMENT AND COGNITIVE PERFORMANCE

INTRODUCTION

The primary purpose of this chapler is o present a descriptive overview of the psychological data collected from ali
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 resuits.

While it may be argued that the selection of table and rraph formats for data presentation represent "data analysis,” it
should be stressed that the tables and discussion that [. ‘ow are not intended as analytic interpretations. Some key fca-
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,

LPSYCHOLOQGICAL CHARACTERISTICS OF INFANTS
A.The Brazelton Neonatal Assessment 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 newromotor maturation oc-
curs during altered pregnancy states and maternal undernutrition” (27.2). Working in Guatemala, Brazelton and col-
leagues found developmental differences among infants 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 S9 infants in the study. Eighty-eight percent of the
testing 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

Vzriable Mean S$.D. Range
Habituation 62+ 13 32-87
Orientation 4.1 + 1.7 1.1-7.6
Motor Performance 46 + 09 24-6.5
Range of States 40 + 0.9 1.7-5.7
Regulation of States 6.1 £ 1.1 42-82
Autonomic Stability 54 + 14 23-80
Reflex Score 1.6 £ 0.7 1.0-3.0
Processes of Interaction 22 + 06 1.0-3.0
Motor Processes 19 + 04 1.0-3.0
Control of States 2.1 £ 0.7 1.0-3.0
Response to Stress 1.5 + 0.7 1.0-3.0

B. Social-Emotional Chi istics at T1 1 Six Months of A

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 moaths, 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 2549 SO+ 0 1-9  10-24 2549 50+
INFANT

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 -- - -- g 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 are ranges of proportion of time observed in the behaviors. For

example, {or three month uids, 22 percent of the 2Sants never looked 22 the moilicr dunng the observation period, while 28 percent of the children

spent at least 50 percent of the observation period looking at the mother. Similarly, only two percent cf the infants were observed to be smiling during

50% of more of the observation period.

IL PSYCHOLOGICAL CHARACTERISTICS OF PRESCHOOL CHILDREN
A.The Bayley Mentat and 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 compaonents 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) 24 Months (n=117) 30 months (n=96)
Mean + 3.D. Mean + S.D. Mecan + S.D.
Measure (Range) (Range) (Range)
iMental Score* 213+ 53 30.7+ 7.9 428+ 74
9-39) (15 - 50) (19 - 56)
Motor Score* 534+ 28 82+ 25 119+ 36
0-12) 0-13) 0-18)
Cognitve 2431 7.6 28.1+ 6.0 323+ 4.7
(0 - 40) (12-43) (19 - 43)
Extraversion 11.5+ 4.6 13.4 + 4.1 163+ 3.9
0-23) (3-23) (5-23)

*Sum of items passed (Tt should be netxd that the total numbser of items presented Lo the child is greater at 24 and 30 months than at 18 months. See
Chapter 15 for a description of items.)

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 defined by the
standardized scoring procedure.

B. Social-Emotional CI . { Mother-Child I .
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 through 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 EMOTION AT CHARACTERISTICS AT 18 MONTHS; N=94
(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 3 3 14 29 51
Faritasy Play 44 25 10 9 3
Looking at Mother 18 36 36 10 -
Talking 26 24 30 19 1
Smiling - 48 29 21 2
Playing Together KR 30 15 17 6
Secking Help 85 11 4 - -
Crying 58 26 12 3 -

*The numbers in the rows refer to the proportion of children in the samplz, 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

Itemn

Observed 0 1-9 10-24 25-49 50+
Constructive Play 1 1 10 21 67
Fantasy Play 52 19 14 3
Looking at Mother 35 39 19 7 1
Talking 26 E)| 23 16 4
Smiling 49 35 12 3 1
Playing Together 34 25 28 9 S
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 Percent of Observation Time
Item
Observed 0 1-9 10-24 25-49 50+
Constructive Play - 3 10 14 75
Fantasy Play 45 17 21 14 3
Looking at Mother 39 30 20 6 4
Talking 32 23 20 18 6
Smiling 65 20 12 3 -
Playing Together 51 18 20 9 2
Seeking Help 85 10 5 - -
Crying %0 5 4 . -
TABLE 277
MOTHERS’ SOCIAL EMOTIONAL CHARACTERISTICS FOR 18 MONTH OLDS
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME)
Behavior Percent of Observations
Item
Observed 0 1-9 10-24 25-49 50+
Constnictive Play 2 2 11 31 54
Fantasy Play 56 21 14 9 -
Contingent

Responsivity 67 20 9 4 -
Looking at Child 6 19 21 40 15
Talking to Child - 2 26 45 26
Smiling at Child 33 36 21 10 -
Demonstration with

Verbalization 34 23 22 16 4
Coaxing 26 31 25 15 2
Commanding 40 22 21 11 7
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TABLE 27.8
MOTHERS’ SOCIAL EMOTIONAL CHARACTERISTICS FOR 24 MONTH OLDS:
(PERCENT OF SUBJECTS BY PERCENT OF ORSERVATION TIME)

Behavior Percent of Observation Time
Item
Observed 0 1-9 10-24 25-49 50+
Constructive Play 1 4 8 33 54
Fantasy Play 63 15 18 4 -
Contingent

Responsivity 76 13 7 3 1
Looking at Child 12 13 27 | 27
Talking to Child 1 17 20 30 33
Smiling ai Child 42 35 16 8 -
Demonstration with

Verbalization 31 33 25 7 4
Coaxing 34 37 20 7 3
Commanding 31 27 26 10 6
TABLE 27.9
MOTHERS’ SOCIAL EMOTIONAL CHARACTERISTICS FOR 30 MONTH OLDS
(PERCENT OF SUBJECTS BY PERCENT OF OBSER VATION TIME)
Behavior Percent of Obcervation Tirne
Item
Observed 0 1-9 10-24 25-49 50+
Constructive Play 2 9 15 23 ‘ 51
Fantasy Play 62 21 14 4 -
Contingent

Resnonsivity 77 13 9 1 1
Looking at Child 3 13 19 42 23
Talking to Child 1 19 25 33 22
Smiling at Child 54 33 10 3 -
Demonstration with

Verbalization 50 26 16 7 1
Coaxing 50 40 9 1 -
Commanding 22 36 27 14 1

The distributions in these tables document a considerabie range of variation for most of the variables. As they get older,
children show an increase in the proportion of time spent in constractive 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
tme 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 is very 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; ccntingent responsivity «s 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 itcms in the preceding tables, a number of other characteristics were assessed during the ob-
servation of structured toy play. The psychologists were asked o 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.

Previous research on the consequences of malnutrition mcasured in school children has teen primarily focussed on the
effects of early malnutrition on later performance, particularly cognitive performance. One typical design is based 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 malnutriticn in early 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 current un-
dernutrition and cognitivc perforinance in school children are relatively rare in comparison with studies of the cffect of
carly depnivation. 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,

The results of cognitive testing are presented in Table 27.11, separated for boys and girls. Mcan valaes are shown for
the {irst testing ("first year") and for the second round of testing ("second year"), which was carried out some 14-17
months later. The subjects in this table are limited io 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

Age at Qbservation

18 (n=91) 24 (n=112) 30 (n=94)
Mean+3.D Mean +S.D. Mean £ S.D.
Measure (Range) (Range) (Range)
Child Affect 19+06 2.0+0.7 22+0.7
(1-3) (1-3) -3
Mother Affect 1.9+0.6 1.9+0.7 1.9+07
(1-3) (1-3) (1-3)
Child Activiry 1.7+0.5 16+0.5 20+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 7422 8+13 12+ 21
Times Spoke ©-173) (0-63) (0-123)

For several of the test components there is no substartial 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 tesis, 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 novelly value.,

Although the year of schooling separating the first and second testing does not, at first examination, indicate a dramatic
effect of exposure o schooling on test performance, it does not preclude the influence of schoci. In order to assess the
relationship of level of schooling to performance, the scores for the first testing were disuggregated 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
grage (49 children) or second gradc (38 children).

When the test scores are examined by grade in school, we find 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 10 6.4
in grade 3; vocabulary increases from 18.0 with no schoo! 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 chiidres: 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 Test First Test Second Test
Mean + S.D. Mean ¢ S.D. Mean + S.D. Mean + S.D.
Measure (Range) (Range) (Range) (Range)
Raven’s Matrices 124+39 125+3.3 129 +4.6 132427
4-22) (5-20) 6-24) (7-19)
Digit Repetition:
Forward 30£14 38414 33413 3614
0-6 (0-6) (1-6) (2-8)
Backward 1.7+ 14 22+16 19+1.2 24413
0-5) 0-5) (0-4) (0-6)
Vocabulary 241459 243+4.7 244+6.2 2524 4.6
9-39 8 - 36) 9-39) (16 - 35)
Block Design 54+56 74 +6.7 6.1 +4.1 8.1+6.1
(0-28) (0-38) 0-19) 0-27)
Arithmetic 64+34 85+3.0 73125 92+26
0-14) 0-14) (2-14) 2-14)
Mazes 70+5.1 11.8 +: 6.1 123 +5.6 5.1 6.1
0-19) (0-24) 2-26) 2-27)
Altention Span
(Crossing Task) 1350+ 36.0 114.0 £ 26.0 128.0 + 37.0 1.10.0 +25.0
(82 -236) (71-185) (70 - 270) (60 - 170)

showed an itnprovement between the first and second testing. There is ro relationship of school grade to performance
on the Raven’s matrices tesi, 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 and girls and no evidence that schooling
is preferentially available to boys over girls, or the reverse.

For the interpretation of the resu!ts conceming the celatcnship of schicoling (o performaiice it is tnponant to recall that
a number of factors influence the attained school grade of the children. Children who are perceived as "slow” may be
sent o 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 piace on
schooling may simultancously and independently influence when a child enters school and their test performance.

Following the work of Barrett and associates referred to above, one would expect Lo 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 [irst
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and second observation periods. There was approximately 14 months on average between the first and second obser-
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 Sccond Year
Behavior 0 1.9 10-24  25-39 50+ 0 1-9 10-24 254y 50+
Seeks
adults 79.8 13.5 4.5 1.1 1.1 83.3 5.6 3.7 5.6 19
Does not
seek adults 6.7 0.0 0.0 0.0 933 9.7 1.9 37 7.4 77.8
Secks physi-
cal contact 92.1 1.1 2.2 0.0 4.5 79.6 1.9 0.0 5.6 13.0

* Following the forma: wtilized above for younger children, these tables are construcied with the velues indicaling the percent of the sample, in
columns indicating the percent of observation time the child was observed to exhibit a specific behavior. For example, in Table 27.12, 79.8 percent
of the hoys did not seek adult attention during the period of observaiion, while 13.5 percent were coded as "seeks adults™ between 1 and 9 percent of
the ume 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 Time

— First Year SecondYear
Behavior 0 1-9 10-24 2549 S0+ 0 1-9 10-24 2549 50+
Seeks
adults 55.3 17.3 16.0 0.0 1.3 72.5 17.6 59 39 0.0
Does not ’ ' -
seek adults 1.3 0.0 1.3 1.3 960 39 39 2.0 19.6  70.6
Seeks physi- .
cal contact 933 2.7 1.3 1.3 1.3 76.5 7.8 39 39 7.8
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TABLE 27.14

PLAYGROUND OBSERVATION: BOYS’ BEHAVIOR IN RELATION 7O OTHER CHILDREN
(PERCENT OF SUBJECTS BY PERCENT OF ORSERVATION TIME)

Percent of Observation Time

First Year Secnpd Yea r —
Behavior 0 1.9 10-24 2549 504 0 1-9 10-24 2549 S50+
Friendly
interaction 1.1 34 6.7 10.1 18.7 11.1 7.4 93 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.} 74.1 22.2 1.9 1.9 0.0
Verbally
uggressive 753 19.1 5.6 0.0 0.0 61.1 20.4 14.8 3.7 0.0
Aggressive
play 75.3 124 2.2 4.5 5.6 61.1 16.7 74 1.9 13.0
Meddling 77.5 13.5 79 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 5.6 5.6 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 00 -
submissiony/
obedience §2.0 9.0 5.6 34 0.0 90.7 9.3 0.0 00 00
"Yes" to request 80.9 15.7 34 0.0 0.0 85.2 13.0 1.9 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 5.6 5.6 2.2 34 100.0 0.0 0.0 0.0 0
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TABLE 27.1%

PLAYGROUND OBSERVATION: GIRLS’ BEHAVIOR IN RELATION TO OTHER CHILDREN
(PERCENT OF SUBJFCTS BY PERCENT OF OBSERVATION TIME)

Fercent of Observaiton Time

rirstYear . Second Year
Behavior 0 1-9 10-23 2549 50+ 0 1-9 10-24 2549 SO+
Friendly
interaction 0.0 0.0 4.0 13.3 8§2.7 11.8 5.9 9.8 1.8 60.8
Help/aid 93.3 5.3 1.3 0.0 0.0 941 59 0.0 0.0 0.0
Physically
aggressive 86.7 13.3 0.0 0.0 0.0 94,1 59 0 0.0 0.0
Yerbally
aggressive 82.7 17.3 0.0 0.0 0.0 96.1 39 0.0 0.0 0.0
Aggressive
play 94.7 4.0 1.3 0.0 0.0 88.2 59 39 2.0 0.0
Meddling 8C.0 18.7 1.3 0.0 0.0 824 17.6 0.0 0.0 2.0
Domination 773 18.7 1.3 0.0 0.0 £04 176 2.0 0.0 0.0
Asks for
kelp or 72.0 227 4.0 1.3 0.0 90.2 7.8 0.0 2.0 0.0
atlention
Defends
self 69.3 253 4.0 1.3 0.0 92.2 7.8 0.0 0.0 0.0
Submission/
obedicence 86.7 6.7 0.0 53 1.3 98.0 2.0 0.0 0.0 0.0
"Yes" to request 773 18.7 4.0 0.0 0.0 843 15.7 0.0 0.0 0.0
"No" to 1equest 93.3 6.7 0.0 0.0 0.0 50.2 9.8 0.0 0.0 0.0
No behavior 81.3 5.3 53 53 2.7 100.0 0.0 0.0 0.0 0.0
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TABLE 27.16
PLAYGROUND OBSERVATION: BOYS’RELATIONSHIP TO PHYSICAL ENVIRONMENT

(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATIONMN TIME)

Percent of Observation Time

Eicst Year Second Year
Behavior 0 1-9 10-24 2549 50+ 0 1-9 10-24 2549 50+
Involved in
activity 20.2 79 10.1 9.0 52.8 24.1 14.8 11.1 14.8 352
Piays with
objects 494 23.6 79 7.9 112 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 4.5 296 25.9 315 11.1 19
Isolated
phyvsical
play 66.3 22.5 9.0 22 0.0 68.5 278 3.7 0.0 0.0
Imaginative .
play 66.3 19.1 6.7 4.5 34 96.3 1.9 0.0 0.0 1.9
Distracted
by outside
events 52.8 20.2 213 56 0.0 88.9 9.3 1.9 0.0 0.0
Just
observes 4.5 T2 12.4 25.8 46.1 204 11.1 16.7 24.1 278
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 OBSER YATION TIME)

Percent of Observation Time

First Year Second Year
Behavior 0 1.9 10-24 2549 S50+ 0 1-9 10-24 2549 50+
Involved in
acuvity 20.0 12.0 13.3 18.7 36.0 333 19.6 127 11.8 216
Plays with
objects 62.7 22.7 6.7 4.0 4.0 86.3 7.8 0.0 39 20
Destroys
objects 86.7 10.7 1.3 13 0.0 100.0 0.0 0.0 0.0 0.0
Wanders/
roams 24.0 16.0 33.3 26.7 0.0 19.6 294 333 17.6 0.0
Tsolated
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 53 1.3 1.3 92.2 5.9 2.0 0.0 0.0
Distracted
by outside
events 40.0 347 22.7 2.7 0.0 76.5 11.8 7.8 0.0 39
Just
observes 2.7 6.7 16.0 21.3 53.3 15.7 13.7 25.5 17.6 27.5
Inactive 18.7 9.3 25.3 24.0 22.7 216 7.8 9.8 17.6 43.1
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TABLE 27.18

PLAYGROUND OBSERVATION: BOYS’ LEVEL OF ACTIVITY

(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME)

Percent of Observation Time

First Year Second Year
Behavior 0 1-9 10-24 2549 50+ 0 19 10-24 25-49 50+
Low 124 22 13.5 337 38.2 389 5.6 9.3 13.0 333
Normal 10.1 6.7 19.1 247 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
TABLE 27.19
PLAYGROUND OBSERVATION: GIRLS’ LEVEL OF ACTIVITY
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATIOIY TIME)

Percent of Observation Time

First Year Sccond Year
Behavior 0 1-9 1N-24 2549 50+ 0 1-9 10-24 2549 50+
Low 6.7 2.7 9.3 240 57.3 23.5 39 5.9 19.6 47.1
Normal 6.7 8.0 16.0 34,7 34,7 333 9.8 9.8 15.7 314
Very High 40 213 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 OBSERVATTION: BOYS' EMOTIONAL STATE
(PERCENT OF SUBJECTS BY PERCENT OF OBSERYATION TIME)

Percent of Observation Tima

First Year Second Year
Behavior 0 1-9 10-24 2549 50+ 0 19 10-24 2549 S50+
Very happy 337 25.8 22.5 124 5.6 68.5 18.5 7.4 1.9 3.7
Anxious 472 20.2 14.6 14.6 34 92.6 3.7 3.7 0.0 0.0
Hostile 74.2 16.9 5.6 34 0.0 79.6 13.0 5.6 1.9 0.0
Sad 84.3 11.2 0.0 1.1 34 87.0 1.9 0.0 5.6 56
Loses control 87.6 7.9 2.2 2.2 0.0 G6.3 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
Arnimated 77.5 9.0 4.5 5.6 34 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 2549 50+ 0 1.9 10-24 25449 50+
Very happy 280 307  26.7 13.3 1.3 588 157 17.6 7.8 0.0
Anxious 507 120 213 13.3 2.7 90.2 2.0 2.0 20 39
Hostile 85.3 10.7 2.7 1.3 0.0 94.1 20 3.9 0.0 0.0
Sad 84.0 107 4.0 1.3 n.0 78.4 39 0.0 11.8 59
Loses control 96.0 1.3 0.0 0.0 2.7 100.0 0.0 0.0 0.0 6.0
Content 1.3 5.3 5.3 1.3 86.7 13.7 0.0 11.8 98 647
Animated 90.7 4.0 4.0 0.0 1.3 94.1 3.9 0.0 2.0 0.0

€, Classreom 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 charac-
teristics - speaxing, playing, off-task and out-of-the-rcom. Tables 27.22, 27.23 and 27.24 present the frequency
distributions for the first three of these variables, separately for boys and guls, 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 sampie, 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). This format was adopted to permit comparison cf boys and girls at both time periods,

TABLE 2722
CLASSROOM OBSERVATION OF SPEAKING
(PERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME)

First Yeur . SecondYear
Percent of Female Male Female : Male
Observation (N =55) N=357) N =51) (N =50)
0 18.2 15.8 25.5 26.0
1-6 21.8 29.8 372 20.0
10-24 40.0 24.6 19.7 40.0
25-49 16.4 24.5 17.6 14.0
50+ - 36 53 0.0 0.0
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TABLE 27.23
CiLASSROOM OBSERVATION OF PLAYING
(PFERCENT OF SUBJECTS BY PERCENT OF OBSERVATION TIME)

First Year —SecondYear
Percent of Female Male Female Male
Observation N=5%5 (N=57) N=51) (N = 50)
0 54.5 49.1 66.7 58.0
1-9 237 22.3 17.6 12.0
10-24 14.5 14,1 5.9 16.0
25-19 5.5 12.2 7.8 10.0
50+ 1.8 1.8 20 4.0

TABLE 27.24
CLASSROOM OBSERVATION OF "OFF-TASK"
(PERCENT OF SUBJECTS BY PERCENT QF OBSERVATION TIME)

First Year — DecondYear
Percent of Female Male Female Male
Observation (N =1595) (N=57) N =151 (N =50)
0 109 15.8 235 220
1-9 164 15.8 21.6 12.0
10-24 23.6 22.8 23.5 16.0
2549 30.9 15.8 19.6 38.0
50+ 18.2 29.8 11.8 12.0
LV. COGNITIVE 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 Icad women and
190 lead men,

Comparing adult men and women, we find that men have a higher upper range in the Raven, digits, block, and arith-
metic components. Woinen exceed men in the attention span test, both in range and mean value. With the exception
of atiention span, the mean values for men are higher than those for women on all the cognitive measures. 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.ID. Range Mean 1 S.D. Range
Raven’s Matrices 145+ 44 2-29 166+ 55 7-33
Digit Repetition:

Forward 35+ 13 1-8 40% 15 0-10

Backward 28+ 1.5 0-6 35+ 16 D-9
Vocabulary 330+ 60 15-49 343+ 59 15-48
Block Design 100+ 6.7 0-36 129+ 8.2 J-46
Arithmetic 81+ 29 0-19 28+ 3.6 0-25
Mazes 106+ 3.5 0-17 124+ 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 lic simply in the matier of literacy. Ap-
proximately the same percent of men and women taking the tesis report they are literate (ca. 50%). However, there are
differences in the level of achieved schooling, as shown in Tab.c 27.26.

TABLE 2726
ADULT YEARS OF EDUCATION

Level of School Male (N=190) Female (N=241)
n (%) n (%)

None 38 (20) 57 24)

1-2years 54 29) 86 (36)

3-6 years 87 46) 91 (38)

7+ years 11 6) 7 €))

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 is 13.6 {.r men with
no schooling, 15.2 for 1 - 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 19 significant differences between men and
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wonier: in test performance. In the small group of 11 men and 7 women with more than primary school education, there
wer also no differences, except for arithmetic in whicn the men had significantly higher scores than women.

However, for the majority of adults - those with between 1 and 6 years of education - the mean scores for males and
fernales remain significantly different In the group with 1-2 years of schooling the men had significantly higher per-
formance scores in 5 of the 9 cognitive measures. Among tnen 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 between men and women. Undoubtedly, differences in access io information, experience beyond tha
valley, and onportunities 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 {rom the socio-cultural interview schedule. Table 27.27
shows the responses made by men and women 0 a series ¢ questions aimed at ascertaining level of knowledge
abeut the world in which they live. Some of the questions concemned national affairs and characteristics, while
others involved local figures. A comparison of male-female differences shows that for all items, both national and
local, a higher (and often much higher) percent of men are able w provide the correct answer.

TABLE 27.27
KNOWLEDRGE 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 presideni (Mexico) 22 10
State govemnor 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 pattemns of
travel outside of the community. The nearest large market center, a 45 minute hus ride, had been visited at least once
in ihe previous year by 53% of men compared te 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 43% of men and 18%
of women. Travel to Mexico City was also differentiated by sex, for 74% of the men reported they had been 1o the city
in the past year, as compared with 37% of the women respondents. There are no reported differences in attandance at
local school or town events, but 27% of the men are active in one or more local organizations (church, school, gjidg or
village groups) compared with 15% of women.

With respect to media exposure to news, the picture is somewhat mixed. More women than men report listening to radio
news (44% 1o 36%), whereas more men watch television news (30%) compared to women (20%). It is possible that
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men have greater access 1o 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 the women respondents.

Taken together, these findings suggest a general picture of informational restriction in the lives of women in the Solis
valley. The significance of this for intake-performance relationships should be explored in future analyses, particular-
ly with respect 1o interaction with young children.
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Chapter 28

PRESCHOOLER - MOTHER ACTIVITY STUDY

LINTRODUCTION

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 their mothers, and on 3 arget
pregnant women (100% of the individuals observed for the Prescheoler-Mother Activity Study). Hourly spot obscrva-
tions, each followed by 10 minuies of continuous observation, were carried out on each individual from 8:00 AM until.
6:00 PM, one day per mouth for 13 months. The methodology for collection of these data is described in Chapter 16.

Activities were coliapsed 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 activiues ‘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 fonns.

ILACTIVITY PATTERNS 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 obzervation is examined in the present
analyses. Principal activity is defined as the activity performed for the greatest length of time during the 10 minute seg-
ment (based on the judgement of cbservers).

A total of 143 spot and ten minute observations were scheduled for each mothe ~ .. : ~vera I3 morth study period
(11 observations per day, one day per month for 13 months). Since some observations w.. missed, freiencies were
calculated as the percent of observations in which the activity was observed tc be the principai one. The raean number
of observations completed for presclioolers and women was 136 and 134 respectively. A minimum of 93 observations
were carried out on each individual studied.

Table 28.1 shows the mean and siandard deviation of the percent of observations in which selected activities occurred
during both the spot and 10 minute observations. The preschoolers studicd 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 cbservations.
High mean percents are also shown for ‘quiet play’ (15.6% (spot) and 16.2% (10 min.})). Preschoolers were observed
‘walking’ during an average of 4.0% of the spot observations. However, ‘walking’ was the principal activity of only
2.0% of the 10-minute obserations. 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 incicate, preschoolers were rarely (less than 1% of obscrvations) observed performing other
recreational activities, crawling, running, having an accident or being breastfed. Some of these aciivities might Fave
been ebserved more {requently as ‘secondary activities’ during observations, and will be examined in future analyses.

Table 28.2 shov:s the mean and standard deviacon of the percent of observations in which selected activities of the
women (including mothers of preschoolers and the 3 pregnait women) were observed during the spot and 10 minute
obscrvations. Frequently the women were observed to be camrying out domestic and family maintenance activities
(26.6% and 23.8% of the spot and 10 rinute principal activity measures respectively) and preparing and distributing
food (21.6% cf spots and 20.7% of 10 minute observations). They were rarcly observed performing health care and
sanitatioi 0: resting activities (less than 1.54% of the spot and 10 minute observations}, and on less than 1% of occasions
were ey running, travelling (transportation), performing recreational activities, doing craft work or sleeping. Again,
the frequency of the.t activities as *secondary activities’ will be examined.

TABLE 28.1
PRESCHOOLERS: PERCENT OBSERVA fIONS IN SELECTED ACTIVITIES (SPOT AND 10 MINUTE
PRINCIPAL ACTIVITY MEASURES) (N=41)

SPOT 10 MINUTE
ACTIVITY Mean % S.D. Mean % S.D.
Doing Nothing* 19.3 6.2 22.0 10.1
Interacting Verbally 43 3.1 4.1 3.0
Aclive Play 4.8 38 6.0 4.8
Quiet Play 15.6 4.5 16.2 52
Other Recreation 0.2 1.8 0.3 1.9
Walking 40 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 39 6.7 4.1
Eating 3.2 3.5 8.5 3.2
Being Breastfed 0.1 0.2 0.1 04
Being Changed/Cleanced 1.5 1.1 1.9 1.3
Sleeping 8.3 4.3 8.4 44
Having An Accident 0.1 0.2 0.0 0.1
Resting Activities’ 2.2 2.1 0.0 0.0

* 'Doing Nothing': the individual was not performing any activity
1 'Resting Activities' include watching television, listening to the nadio, lying down 10 sleep, ete. (wiicn no other activity was being performed

concurrently)
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TABLE 25.2
WOMEN: PERCENT OBSERVATIONS IN SELECTED ACTIVITIES (SPOT AND 10 MINUTE PRIN-
CIPAL ACTIVITY MEASURES) (N=44)

SPOT 10 MINUTE
ACTIVITY Mean S.D. Mean S.D.
Doing Nothing* 11.7 1.7 0.7 i.0
Interaciing Verbally 84 4.3 64 40
Active Child Care 5.2 2.7 5.7 33
Passive Child Care 1.5 1.7 1.3 1.4
Breastfecding 2.4 3.0 27 32
Domesuc Maintenance 26.6 7.3 238 7.2
Health & Sanitation 1.3 1.8 1.1 1.6
Prep & Distrib. Food 216 8.0 20.7 8.6
Incomz Generation 1.5 30 1.5 238
Home Improvement 0.2 0.5 0.2 0.5
Agriculture 3.1 3.7 28 36
Animal Carc 4.5 44 4.3 4.2
Walking 1.7 1.3 0.4 0.6
Running 0.1 0.2 0.0 0.0
Transportation 0.0 0.2 0.0 0.1
Recreation 0.0 0.1 0.0 0.0
Craft Work 0.1 04 0.2 04
Eating 32 2.1 34 25
Sleeping 03 0.6 0.2 04
Resting Activities' 1.2 1.5 0.9 12

* 'Doing Nothing': the individual was not perfonming any activity
t 'Resting Activities' include watching television, listening to the radio, lying down to sleep, etc. (when no other activity was being performed con-

currently)

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 for each pre-
schooler u-irg all measures taken during the sudy period (these data are shown in Table 28.3). ‘Table 28.4 show s the
correlations of these anthropomerric variables for pieschoolers and the mean percent of occasions that sclected activities
were observed during the spot and 10 minute observation segments. 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
greate: 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 also 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 corTelation 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 ths nutri-
tional status of the caretaker and/or ihe socioeconomic status of the family. Although not significant, heavier and taller
preschoolers were more frenuently observed in active play.
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IV ACTIVITY 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 encrgy and protein were averaged for available data on each individial over the entire period of the observational
ctudy (shown in Table 28.3). Table 28.5 shows the data on activities observed during the spots. There is no relationship
between 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). Mean protein intake is conelated only with ‘helping with a
task’ (r=-.38, p=.02). Preschoolers who were observed in tais 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 wask, 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. There are no significant relationships between any activity and mean kilocalories and mean protein

rom non-animal sources with the exception of 'having an accident’. Interestingly, significant comrelations 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 imponance in terms of the activity of preschoolers.

TABLE 283
PRESCHGOL ERS AND WOMEN: DESCRIPTIVE DATA ON ANTHROPOMETRY AND DIET DURING
STUDY PERICD

MEAN S.D. RANGE
PRESCHOQOLERS (n=41]
ANTHROPOMETRY
Wt/age Percentile 10.0 122 0.0- 49.6
Ln/age Percentile 20.1 20.0 00- 873
KILOCALORIE INTAKE
Total (kcal) 11154 282.4 522.4 - 18139
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) 337 8.4 154- 546
Animal protein (g) 9.7 6.9 7 - 29.1
Vegetable protein (g) 24.1 8.2 93- 485
KILOCALORIE INTAKE
Touwl (kcal) 2551.6 " 6103 1587.7 - 4585.0
From animal (kcal) 215.1 179.4 13.3- 7348
From vegetable (kcal) 2336.5 607.5 1252.8 -4318.6
PROTEIN INTAKE
Total protein (g) 74.2 18.3 503- 1293
Animal protein (g) 15.8 1.5 9- 495
Vegetable protein (g) 58.5 16.5 26.5- 106.9
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TABLE 28.4
PRESCHOOLERS: CORRELATIONS CF ACTIVITY AND MEAN ANTHROPOMETRY DURING
STUDY PERIOD (N=41)

SPOT OBSERVATIONS PRINCIPAL ACTIVITY OF
10 MINUTE OBSERVATIONS
MNWT/AGE  MN LN/AGE MN WT/AGE  MN LN/AGE
ACTIVITY r® r ) r @) r @
Doing Nothing =52 (90) -57  (.00) -39 (0D -46  (.00)
Interacting Verbally A8 (27 27 0 (09) 33 (0 30 (09)
Active Play 22 (1) 24 (13) 25 (17 28  (.08)
Quiet Play 26 (.10) 36 (02) 340 (03) S (00)
Other Recreation 27 (09) A7 (.28) 27 (09 A7 (28)
Walking 27 (.08) 29 (07 A3 (43) A2 (45)
Running A3 (.26) -0 (95) 07 (64) 08 (61
Crawling* -27  (.08) =25 (11)
Helping With A Task -00 (99 -08 (60 A0 (52 05 (74)
Eating =23 (.19) 05 (7D =20 (20) -4 (79)
Being Breastfed =13 (40) D5 (7D -13 (40) 05 (77
Being Chonged/Cleancd <17 (30) 24 (12) 21 (.18) 33 (03)
Slecping S04 (79) 00 (98) 04 (80) -0l (96)
Having An Accident =15 (.35) 04 (.79) -09  (.56) =19 (24)
Restng* -02 (.89 05 (76)

* Never observed a< principal activity of 10-minutz observations

Referring 10 Table 28.5, data indicate that preschoolers who reczived 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 areflection of the nutritional status of their caretaker.
These preschoolers were also less often observed helping with tasks (p=.03).

Preschoolers who consumed more protein from animal sources were also less frequendy observed doing nothing (p=.06)
and more frequently observed intsracting verbally (p=.02). There was also a terdency for these preschoolers to par-
ticipate more in active play (r=.27, p=.09). Presctioolers who consumed more protein from animal sowrces 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

PFRESCHOOQLERS: CORRELATIONS OF ACTIVITY DURING SPOT OBSERVATIONS AND MEAN
DIETARY INTAKE DURING STUDY PERIOD (N=41)

MEAN KCAL MEAN PROTEIN
ACTIVITY TOTAL Animal Vegetabie  TOTAL Animal Vegetable
Doing Nothing r 04 -31 16 -03 -29 22
(p) (&1 (.05) (.32) (.86) (.06) 17
Interacting r -03 37 -17 07 35 -3
Verbally ® (.86) (.02) (.29) (.68) (.02) (.15)
Active Play r A2 31 -01 19 27 -04
® (.47) (.C5) (.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 -2 04 .29 -20
tional Activ. )] (.52) (.05) 17 (.80) .07 (22)
Walking r .16 -.05 .18 A2 -07 18
(p) .30, (.76) {.26) (.46) (.68) 27
Running r 05 15 -01 07 17 -07
® 7 (.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 (1)) (29) on (.93) (.02) (.01) (.84)
Eating r 29 -03 29 27 -01 29
()} (07 (.84) (.06) (.08) (9N .07)
Being r -04 A .03 =22 -.18 -07
Breastfed (9] (.78) (.27 (.88) (X)) (.25) (.65)
Being Changed r -13 38 -.28 -00 35 -30
Or Cleaned @) (.40) on (.08) (1.00) (.02) (.06)
Sleeping r 20 01 .19 23 .04 20
® (:20) (.94) (.23) (.14) (.79) (.20)
Having An r 36 -.14 41 27 -.10 .36
Accident ) (.02) (.38) (.01) (.08) (.55) (.02)
Resting r -01 -.05 01 .01 -.04 05
Activities (® (.95) (.74) (.94) (.95) (.79) (.78)
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TABLE 28.6
PRESCHOOLERS: CORRELATIONS OF PRINCIPALACTIV.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
()] (.51) (.12) (22) (.92) (.12) (.16)
Interacting r -.18 41 -33 -.02 42 -37
Verbally ) (.26) o1 (.03) (.88) 01 (.02)
Active Play r .16 37 01 23 35 -.06
® (31 (.02) (.93) (.15) 02) (71)
Quiet Play r -12 08 -15 -.06 07 -13
® (.47) (.56) (:36) (.70 (.65) (:44)
Other Recrea- r -.10 A1 -22 04 .29 -20
tional Aciivi () (.52) (.05 .17 (.80) .07 (22)
Walking r .08 A5 02 13 A2 03
) (.62) (.35) (.90) (42) (.45) (.85)
Running r 07 04 05 .08 02 07
® (.66) (.81) (.74) (61 (:92) (:66)
Helping With r -11 -31 01 -27 -30 -03
A Task )] (49) (.05) (.95) (.08) (.05) (.87)
Eating r 27 -07 29 27 -02 30
® (:09) (.65) (.07) (.08) (:90) (.06)
Being r -.10 -.18 -.02 -.30 -.19 -14
Breastfed () (.55) (.26) (.88) (.06) (:23) 37
Being Changed r -.18 46 -35 02 44 -34
Or Cleaned ()] (:26) (.00) (.02) (.88) (.00) (.03)
Sleeping r 18 01 17 21 04 18
® (:25) 97 (.28) (.20) (.82) (.26)
Having An r 23 .16 17 22 14 J1
Accident ) (.14) (33 (.30) (.16) (.38) (49
Resting r -.05 -01 -05 -04 01 -05
Aciivities )] (.74) (.96) (.76) (.83) (.93) 17

Table 28.6 showss the correlations between dietary intake and frequency of activities during the 10 minute observations
of preschoolers. Again, there are no significant comrelations between total intake of kilocalories or protein. However,
wotal kilocalories and total protein from animal sonrces correlates significantly with various activities. The influence of
dietary quality is again suggesied. Preschoolers who received more kilocalories from animal sources were observed
doing nothing less frequently (r=-.24, p=.12). Altt.cugh not significant, this may be an important relationship consider-
ing the size of the sample (n=41). These preschoclers also interacted verbally and participated in active play significant-
ly more frequently (p=.01 and p: .02 respectively). They were also observed helping with a task and being changed or
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cleaned significantly more (p=.05 and p=.00 respectively) during the course of the study. Again, the latter may be a
reflection of the nutritionai status of the caretaker. The significant relationship between dietary intake and pariicipation
in 'other recreational activities’ should be interpreted with caution because of the low frequency of such activities (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==.01), participating in more active play (p=.02), and helping with a task
(p=.05) and being changed or cleaned more often (p=.00) during the 10 minute obscrvations. Finally, preschoolers who
ccnsumed more kilocalories from non-animal sources were observed interacting verbally and being changed or cleancd
less frequendly (r=-.03 and p=.02 respectively). Preschoolers who consumed more protein from non-animal sources
were also observed in these activities less frequently (p=.02 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 aiso calculated for the study pzriod (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. Womer: who were more often observed *doing nothing' con-
sumed less total kilocalciies (p=.01) and total protein (p=.01) and less kilocalories from animal (p=.95) 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=1.0 respectively). In short, these women were eating less of everything. The data also show that
women who were more frequently ouscrved performing active child care consumed more total kilocaleries (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 tetween wtal intake of protein and per-
cent observation of breastfeeding (r=.33, ,=.03). The intake of kilocalories and protein from non-animal sources also
corrzlated positively with percent observation of breastfeeding (p=.00). Womeu who consumed niore kilocalories from
animal sources were observed performing more income generating activities (p=.00). Similarly, women who received
more protcin {rom 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 detary intake and the principal ~ctivity during the 10 minute observations of
wornen. Again, the activity 'doing nothing’ is significantly correlated with sevcral 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 .protzin (p=.02) from animal sources. As in the spot observations, women who performed
more active child care during the 10 minute observations also consumed more tstal protein (p=.C2) and kilocalories and
protein from cnimal scurces (p=.C! and p=.02 respectively). Alithough noi siaiisically significant, there was also a ten-
dency ior these women to have consumed more total kilccaiories (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 kilocalories and protein from animal sour-
ces were more frequently observed performing income generating activities (p=.00 and p=.00 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=.01 respectively). The effects of confounding variables, such as physiological statuy 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  TCTAL Animal Vegetable
Doing Nothing r -39 -.30 -39 -40 =27 -25

® (01 (.05) (.05} (.01 (.08) (.10)
Interacting r -12 .08 -15 -12 11 -22
Verbally ) (43) (.58) (34) (42) 47 (.16)
Active Child r 21 29 13 30 27 14
Care ) (.16) (.06) (.40) (.05) (.08) (.35)
Passive Child r -11 -29 -02 -15 -28 .03
Care ) (.48) (.06) (87 (32) 07 (.85)
Breastfeeding y 38 -.16 43 33 -14 46
AChild (» (.01) (.29) (.00) (.03) (.36) (.00)
Domestic & Fam r .04 M .03 04 -.01 05
Maintenance ) (.80) (8D (.85) (.78) (.96) (.73)
Healthcare & r -12 04 -13 -15 03 -19
Sanitation ® (43) (.79) (.39) (34) (.84) (.23)
Preparation & r 20 -21 27 A1 -20 26
Distrib. Food ®) (.18) 17 (.08) (.50) 19) (.09)
Income Gen- r -25 47 -39 -07 46 -41
erating Activ | 1)) (.10) (.00) (.01) (6 (.00) (.01)
Home Improve- r .00 -01 .01 -03 .02 -4
ment ® (.99) (.94) 97 (.86) (.92) 79
Agricultural r -06 -7 -01 -15 -14 -06
Activities () (.70) (.26) (.95) (25 (.36) (.70)
Animal care r -03 24 -10 .07 21 -07

) (.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 0 20 N7

® 1) (-15) (42) (.98) (-20) (.38)
Transportation T -20 06 -21 -21 .06 -28
L (6)] (.20) (.69) (.16) (.18) (.69) .07)
(Continued)
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TABLE 28.7 continued

MEAN KCAL MEAN PROTEIN
ACTIVITY TOTAL Animal Vegetable  TOTAL Animal Vegetable
Recreation r -.12 -.05 -.11 -15 -02 -.15
)] (43) 1 (.48) (.34) (87 (34)
Craft Work r -28 -.02 =21 -25 -.04 -25
® (07 (.87) (.08) (.10) (.80) (.10)
Eating r 16 20 10 19 24 .04
® (31 (.19 (.53) (23) (.12) (.80)
Sleeping r 04 06 .03 0 07 .05
® (.78) (70) (87 (.56) 4 (.75)
Resting r -21 23 -28 -12 22 -29
Activities (p) 17 (.14) ") (49 (.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

® (.06) (.02) (.23) (.02) (.02) (.40)
Interacting r -.18 -.10 -.16 -22 -07 -.19
Verbally (1)) (.25) (72) (.29) (.15) (.64) (21)
Active Child r 25 A7 14 36 35 15
Care ® (.10) (01) (.35) (.02) ¢.02) (.32)
Passive Child r -.14 -25 -.07 -.18 -24 -.02
Care ® (.35) (.10) (.65) (.25) (.11) (.88)
Breastfeeding r 43 -12 47 39 -10 51
A Child (1)) (.00) (.44) (.00) (o1 (53] (.00)
Domestic & Fam r .05 13 01 08 10 02
Maintenance ()] (.76) (.40) (.96) (5% sn (90)
Healthcare & r -07 -.03 -.06 -.13 -03 -12
Sanitation ()] (.64) (87 (.68) (42) (.86), (44)

(Continued)
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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 ®) (31 (.20) (.16) (.59) (.22) (.14)
Income Gen- r -24 A7 -38 -07 A5 -40
erating Activ. P .11 (.00) (.01) (65) (.00) .01
Home Improve- r .08 -03 .09 02 -.01 03
ment ®) (.60) (.83) (.56) (.88) 97 (.85)
Agricultural T -03 -.19 02 -13 -16 -03
Activites ) (.84) (.23) (.88) (.39 (.30) (.83)
Animal Care r -05 .19 -.10 04 15 -07

® (76) (21) (-50) (:82) (:32) (.66)
Walking T .08 -21 14 01 -21 16

®) (.61) (.16) (.36) (.93) 17 (.29)
Transportation r -.15 12 -.19 -.14 .10 -23

) (.33) (42) (.22) (.35) (.50) (.13)
Craft Work T -27 .05 -.29 -23 00 -25

®) o7 (.76) (.06) (.14) (.98) (.10)
Eating r .29 19 24 30 21 .19

® {.05) (21) (.12) (.05) (.18) (:23)
Sleeping r -06 02 -07 -.03 02 -.05

®) (.68) (91) (.65) (.85) (.89) (.76)
Resting r -14 25 -22 -05 23 -22
Activities ()] (.36) (.11) (.16) (.76) (.13) (.15)
Y. SUMMARY

Preliminary descriptive statistics on the preschooler - mother activity data found a number of significant correlations
between activity patterns, anthropomctric and dict 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 pattemns. Activity pat-
temns in tun may prove 1o b an important indicator of nutritional status in the evaluation of individuals and popula-

tions.
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Chapter 29

INTAKE, GROWTH AND MORBIDITY IN PRESCHOOLERS

LINTRODUCTION

The relationship between the food intake of preschoolers and their growth and morbidity is one of the central questions
investigated by the Nutrition CRSP. This chapter presents in-depth analyses of these relationships.

Three different approaches arc used to investigate the association between intake and growth, The first approach uses
slopes of weight and length change between 18 and 30 nionths of age as measure:s of growth, and compares these o
food intake and morbidity data averaged over the same period. The second approach uses attained weight and length
at 30 months of age as the outcome measures, and average food intake znd morbidity experience during the previous
12 months as predictors of attained size. Finally, an autoregression modei is employed to investigate causal relation-
ships, using food intakz and morbidity in a previous one or three month period to predict weight and length in the sub-
sequent one or three month period.

A.Intake per Kg 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 10 using the same,
average sex-specific slope for all preschoolers, since there is largs variatior. among the individual weight slopes.

Initially, weight data from all preschoclers 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 aresult
of these plots, it was decided that slopes and intcrcepts were acceptable in those preschoolers who had at least two
weight measures, when these were separated v, 90 days or more. Of the 119 preschoolers that inet these criteria,
predicted weight at 13 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 CI Nutrient Intakes of Preschool

Since the interviewer change in January, 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 usc only the dietary data obtained after January 1, 1985. Of the 110 preschoolers who were studied between
18 and 30 months of age, 39 entered the swdy after January 1, 1985 and therefore had 12 months of dictary data col-
lected after the interviewer change. Data from these 39 children who had intake data over a whole year were used in
analyses of the relationship between food intake and the annual slope of growth. However, for testing .elationships 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 autained size, and in the autoregression models, all data collected after January 1, 1985 were used. As long as
there were at least four measures cf food intake, and the child was weaned, the child was used as a subject in the analyses.

MWWMWAKW MORBIELITY
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, maternal age, and anthropometry.

Data on preschooler anthropometry, intake, and morbidity were summarized in terms of analysis variabies and zontrol
variables.

B. Variables
1. Anthropometry Variables

Analysis variables for preschooler anthropometry include the average weight (length), and slope of weight (length) (ex-
pressed on an annual tasis and estimated from simple linear regressions). Control variables for anthropometry include
the preschoolers ag= 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 protein/day,
i) kcaland protcin per kg body weight, with weight estimated on the day of food intake by simple regres-
sion of weight against time,
iii) keal and g protein from animal sources (explained in Chapter 6)
1v) %t 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,
diarthea, fever, acute lower respiratory, acute upper respiratory (excluding runny nose), and runny nose. It should be
remembered that these morbidity variables are estimates of days ill, etc. (Chapter 22). Control morbidity variables are:
the number of days of morbidity collection, the average age at morbidity measure, and the number of months in which
morbidity was measured.

C.Number of Subjects

Atotal 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 tzken at least 90 days apart, for both weight and length. An additional two pre-
schoolers were excluded from the length analyses because the RMSE of their length slopes was 1,000, 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), althcugh mean weight and mean length were highly correlated (r = 0.83, p < 0.001). The
correlation of weight and length was slightly higher among females (r = 0.24, p = 0.11) than males (r = 0.12, p=043).
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 Wejght Change

TABLE 29.1 A
ANNUAL WEIGHT CHANGE OF MALE AND FEMALE PRESCHOOLERS,

Mean S.D. Median Min Max 25th 75th "~
(kg/yr) %ile Bile
All 2.13 98 2.18 0.57 3.93 141 2.92
Male 2.06 98 2.04 0.67 3.91 1.39 2.87
Female 2.19 .98 223 -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 weigh. measures per subject (range 4 to 17 measures). The median number of days between
the first and last weight measucement was 309, and all subjects had at least 190 days between their first and last weight
measur:s.

1. Correlations of Weight Stope with Ape

The average age at weight measure was calculated for each subject. The median age across all subjects was 24.7 months,
and ranged from 22.9 months to 27.3 months. There was no evidence of differences in slopes by age at weaning.
Correlations 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 measwrement 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

Ist and last wt.

Number of weight -.14 18
ineasures

Root MSE =32 .001*
*p<005

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 beiween the age at weaning and weight slope when male and female data were
combined, or analyzed separately.

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 scauer plot of weight slope versus RMSE (Figure 29.1) illustrates that preschoolers with more vagi-
able weight b ve g lower rate of annual growth, 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 causcd 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 RMSE

Legend: A=1obs, B =2 obs, elc.
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4. Correlations of Weight Slope with Maternal Age and Size.

Correlations of maternal age, matemal head circumference, matermnal length, and maternal weight with preschoolers
weight slope were all non-significant (p >.20). Thus suggests that maternal age and size had litde influence on the in-
crease in preschoolers’ weight between 18 and 30 months of age.

5. Descriptive Analysis of Food Intake Data

Table 29.3 describes the average intakes of weaned preschoolers used in the slope analyses, 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 10 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 thau 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 5
Kcal/kg
Total 104 52 162 28
Animal 13.2 34 36.2 1.5
G Protein/kg:
Total 32 1.7 4.6 0.8
Animal 0.9 0.3 24 0.5
% animal kcal 13.6 3.1 48.1 9.5
% animal protein 29.0 10.0 759 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 (Tabls
29.4). Intake from animal sources was higher in those children who had more diet measures, and whose mean age at
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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
Tctal keal 174 309 -.039 .820
Aniraal kcal 330 049 -270 Jd11
Protein, g 213 212 -.048 783
Animal protein, g 336 045* =272 .108
Kcal/kg:
Toual 242 .156 - 117 496
Anima] 366 .017* -334 046*
Prowin 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<00S5

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 sources, and the percent of total energy and protein
consumed in animal procucts, were significantly correlated with weight slope. In contrast, neither total energy nor total
protein consumed were correlated with the weight slope.

Additional analyses 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 kecal/kg (p = 0.03) and animal
protein/kg (p = 0.02), and percent kcal and protein from animal sources (p =9.04 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 controlied for number of diet measures and mean
age at measurement, '

269



TABLE 29.5
CORRELATIONS OF INTAKE VARIABLES WITH WEIGHT SLOPE (N=36)

Correlation p-value
Total kcal 15 38
Animal kcal 27 02+
Protein, g 21 21
Animal protein, g A9 .02%
Kcal/ke:
Totat -4 .83
Animal 32 Lo
Protein g/kg:
Total 00 9
Animal J3 05+
% Animal kcal 35 03~
% Animal protein 35 T .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 GF WEIGHT SLOPE vs ANIMAL KCAL/KG

Legend: A:=1o0bs, B =2obs,elc.
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8. Weight Slope and Social and Envivonmental Varjables

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 (lirerate vs illiterate) of the mother {r = 0.41, p = 0.01). Thus, the more rapidly growing children
had more literate mothers; the growth rates were 2.27 kg/ur for the liwemie group vs 1.52 kg/yr for children of illiteraie
mothers. There na significant correlations between weignt slops and socioeconomic status, family size, number of
children un-er 12 vears, mother's age, or with any sanitition or "appearance” (cleanliness) variables.

Since matemal literacy was strongly associated with the weight slope of the child, the question was whether the cor-
relation might be explained by the poorer diets of children in households with less Hterate women. The inttkes of ener-
gy and protein {rom animal sources were found 1o be corrclated with socioeconomic status (r = 044, p = 0 009 for
energy and r=0.42,p = 0.01 for protein, respectively), as well as with maternal Mireracy (r= 036, p=0.03 and r = 0.33,
p = 0.05, respectively).

There is a dramauc difference in the amount of animal foods consumed by the children of literate (N=26) vs illiterate
(N=8) mothers. in the case of animal keal, mean intake wis 1549 ve 83 keal; while for percent of keal from animal sour-
ces, it was 16 vs 740, respectively.

Muluiple regression models were used o test the association between weight slope and animal intake variables, while
controlling for the number of diet measures and maternal literacy. Even after controlling for these variables, the follow-
ing dietary variables were significantly positively reiated to weight slope: animal keai (p = 0 02), animal kcal/kg (p =
0.02), animal protein (p = 0.01), anima! protein/kg (p = 0.02), and the percen keal (p = 0.03) and protein (p = 0.G1)
from animal sources. No other diet variables were related o slope in these models, Thus, both inaternal literacy and the
intake of animal foods are important correlates of preschooler weight slope.

In the entire sample of preschoclers (N=88), there was a weak negative correlation between weight slope and external
sanitation {r = 0.17, p = 0.11). Length slope correlated with the appearance of the young child (r = 0.22, p = 0.04). Ad-
ditional multiple regression models were thierefore fit for weight slope vs intake variables in the greap of 36 children
with dietary daia after January 1, 1985, simultuncously controlling for the number of diet measures, external sanitation,
and the appearance of the young child. Again, all variables that measured the intake of animal Joods remained sig-
nificantly correlated with weight slope, after controlling for the other variables. Associations with measures of lotal
energy and protein intake remained non-significant.

2. Weight Slope and Morbidity

The following analysis explores the relatonship between weight slope and morbidity. Since dictary variables are not
included, slopes and morbidity data froni the 95 weaned children between 18 and 30 months of age are vsed in these
analyses. .
The mean number of days that morbidity dawz were collected for a subject was 297, with a minimum of 166 and a max-
imum of 351. In general, the number of days ill reported will underestimate the actal number of days ill in the popula-
tion, due 10 the methodology used ir the sdy (as explained in Chapter 22). Thirty seven of the 48 (77%) males and
the same number of the 47 (79%) females reported some illuess 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 virally ident-
cal pattern of significant associatious,

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
Totai -4 J1
Diarrhea -27 007*
Fever .05 62
L.ower respiratory =004 97
Upper respiratory -.02 .86
Runny nose -.005 96
*p<.0l

10. Weight Slope and Morbidity--ANOVA

One way analysis of variance was used to examine differences in annual weight slopes for (male) preschoolers who
reporied an ilness 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 SYMPTOMS (N=95)

Mean Annual Weight Slope (kg/yr)

No Symotom Some Symptom

Symptom n Mean n Mean . p-value
Any Ulness 21 1.97 74 2.16 042
Runny Nose 43 - 210 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 arc 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 reflec.ed in the estimate of the
root mean square error (RMSE) of the linear regression of weight on age. In Table 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 the percent of days that each preschooler had diarrhca. The association was significant (r = -0.36, p
= 0.03) in the smaller group (N=36), and remained negative but was non-significant in the larger group (N=95).

An even sTonger association was noted between RMSE of weight slopc and a number of dict 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.c. animal keal 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 appeur that diarthea is associated with Jess erratic growth (but only in the smaller sample of children),
while a higher food intuke is associated with marg growtt 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 voriability.

11. Inter-relationships among Weight Slope, Intake, and Morbidity.

The abeve analyses show that weight slope is positively related to the intake of animal sources of energy and protein,
and nega:ively related 0 diarrhea. A multinle 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 siope when c.utrolling 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 diarrhiea. In addition, no
significant correlations were found between any diet variable and the percent of days ill with diarrhea.

When diarrhea was expresse * < 2 dichotomous variable (i.e. either the child had diarrhea during the study or he/she
did not), a different picture e.n-+y,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 the presence or absence of diarrhea against the intake of animal foods show that children who had at least one
diarrhea vvent had significangy less (p < 0.05) animal kcal (106 vs 171 kcal/day), animal protein (7.8 vs 12.2 g/day),
animal kcal/kg (10 vs 16 kcal/kg), animal protein/kg (0.8 vs 1.1 g/kg), ana a marginally lower percentage of keal (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 probable since there was a very small chance that food intake was measured
during the actual diarrheal events.

E.Annuzl Length Change

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) Gile %ile
All 95 8.85 263 8.95 3.16 1491 6.98 10.44
Male 48 8.32 2.63 8.05 335 14,07 647 10.24
Female 47 9.40 2.54 $.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 wes 8.85 cm/year, with a
range of 3.16 1o 14.91 cm/year. On average, there were 3.85 (median 4 0) measures per subject, with arange of 310 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 10 26.4
months.

The average female slope was significantly greater than that of males. In an analysis 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. Matemal neight had a
Inw 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 LLENGTH, 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 ~ge -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 Tabie 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.



TABLE 29.10
CORRELATIONS OF INTAKE VARIABLES WITH LENGTH SLOPE (N=36)

Correlation p-value
Tolal keal -.19 .25
Animal kcal .29 .08
Protein, g -17 32
Animal protein, g 27 A1
Kcal/kg:
Total -17 33
Animal 27 Al
Protein g/kg:
Total -17 31
Animal 25 15
% Animal kcal 35 04+
% Animal protein 33 05*
*p«0.05

4. Length Slope and Social and Euvironmental Variables

In the entire sample of preschoolers (N=95), length slope was correlated with mother’s literacy (r = 0.29, 1 -- 3.008),
and with externai 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 clearliness of
the mother and children.

Thus, as with weight slope, literate mothers have preschoolers who grow faster than those of illiterate women. Increase
inlength averaged 9.7 cm/yr for children of literate mothers, compared 10 7.7 cm/yr when the 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 )
= 0.05).

5. 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 in root 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 Illnazs 8.79 8.87 0.897
Runny Nose 8.76 893 ) 0.758
Lower Resp. 8.57 9.17 0.268
Fever 8.99 8.62 0.545
Diarthea 8.83 8.87 0.948
Upper Resp. 8.86 8.76 0.901

* One way analysis of varjance

6. Summary of Slopes Models

There wasalarge amount of inter-individval variability in both the weight and the length slopes f preschoolers. Children
wiio consumed more animal kcal and protein, and had diets with a higher percentage of animal foods, grew faster as
reflected in their higher weight and length slopes, bui the association was weaker with length than with weight. Total
energy and protein intakes 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 te the presence or absence of diarrhea
between 18 and 3¢ months, it emerged that childron who had suffaied disrhea 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 aniral foods. Length slopes were not related to the preseace or absence of diarrhea or to the percent of days ill with
this condition.

Weight and length slopes were steeper in the children of more literate mothers, who fed their children more animal
products. Neither- weight nor lergth slopes were associatzd with socioeconomic statws, family size variables, or
household sanitation and child care scores, excupt for a positive relationship between external sanitation of the household
and length slope.
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IIL APPROACH 2: RELATIONSHIP OF ATTAINED WEIGHT AND LENGTHAT S0 MONTHS TO INTAKE
AND MORBIDITY

A.Introduction
In this analysis, the outcome is atiained 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, Variables
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 (Chapier 7), was used 1o correct for
the age of the child at which the measure was made. A window of + 45 days from 3C moaths was permitted. When two
or more measures existed within this window, the measure closest 10 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 Variabies

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 mode!, 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-
sicn 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 ncse. Control mor-

bidity variables are: the number of days of morbidity collection, the average age at morbidity measure, and the ntffi-
ber of months in which merbidity was measured.

C. Number of Subjects

A total of 110 preschoolers were in the Iongitudinal 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.S

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 ag=. The attained weight Z was measured on average at 18 days before 30 months (range

41 10 +9 days), while length was wien 40 days on average before 30 months (range -90 to +9 days). There 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. Correlation of Intake with Attained Weight and Length

The average food intake values for this group of preschoolers are virtually identical to those presented in Table 29.3.
There werc 85 preschoolers with dict data between the age of 18 and 30 months after weaning, and after January 1,
1985. The mean age at which food intake was incaswed was 26.0 months. For each chiid, 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 sud length scores were not signiticantly conelated with age at mean
date of food intake measurement. Average energy intules 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 1o 30 months.

The associations between attained size and intake are similar to those between growth slopes and intake (Approach I).
Toial 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 intniguing outcome of analyses presented in Table 29.14 is the
strongly negative conrelation 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 i3 nen-significant. 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

WEIGHT Z SCORE LENGTH Z SCORE
(N=85) (N=82)
Correlation Correlation

Total kcal -.05 -07
Animal kcal 29¢ 31+
Protein, g -.01 -.02
Animal protein, g .25t 25t
Kcal/kg:

Total .38% .36}
Animal 17 .20
Grams protein/kg;: )
Total .33t .33
Animal 1 1

% Animal kcal 30* 30*

% Animal protein 28" 27t
*p< 0.01

+p<0.05

$p<0.001

1. The Relationship Betweer " urrent Intake and Body Weight

The first possibility explored was that the negative associations between attained size and kcal or protein intake, ex-
pressed per kg bodv weight, could be explained by the faci that the intake of preschoolers is unrelated to their body
weight. If this is so, then expressing intake on a per kg basis would cause the intake of larger children to be antificially
low, thus resulting in a negative correlation bewween intake per kg and size.

Toddlers werc grouped by quartiles aczording to their 18 month weight (and length) and their 24 month weight (and
length). These groupings were based on the following classifications:

18 month groups ¢4 month groups
Weight (kg) Length (cm) Weight (kg) Length (cm)
<8.85 <72.75 <10 <77
8.85- 9.40 7275-175 10-10.5 77-79.5
940-10.14 75-77 10.5-11.25 79.5 - 82
10.14+ 77+ 11.25+ 82+

~he mear intzke 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 WEIGIHT QUARTILE AT 18 MONTHS

18 month mean weight kcal/day kcal/kg 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 10.9 1087 89 162 133

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 tie 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 reymssion analysis. The results are presented
in Table 29.16, and should be compared with those in Table 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 of aaimal foods with higher attained
size at 30 months persists, especially with attained weight. Although this association is weaker (compared to the analysis
in Tabie 29.14) when previous weight is controlled, there must be some additional contribution of animal food intake
t2 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 OBTAINED 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
wt wt ht ht

Kcal/day 0.989 0.898 0.794 +0.090
Protein, g/day . 0361 0.510 0.653 . +0.049*
Kcalkg 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 kcal/kg 0.179 0.610 0.144 0.185
Animal j rotein/kg 0.142 0.626 0.209 0.213
% animal 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 is primarily determined prior to 18
months of age, and that the dictary 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 of size at 18 months are presented in a subsequent
section of this chapter.

2. Correlations of Attained Size with Morbidity

This analysis was conducted on data from the 102 preschoclers who had weight Z scores, and 96 who had length Z
scores close 1o 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 diarrhca between 18 and 30 months on size attained at 30 months may be small and dif-
ficult w detect. The role of size at 18 months is explored ir: 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 J2 .29 .006*
Diarrhea -03 .78 A1 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<0.0!
t p<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 detenmine the extent to which size at 18 months
- and environmental variables related to this - explains attained size at 30 months, It there is & strong association be-
tween earlier and later size, it will be more difficult to sce the effect of morbidity and food intake on attained size at 30
months. Auained size reflects the cuinulative experience of the child, and compared o wzight and length slopes (ex-
amined in the slope models above) or short-term changes in weight orlength (used in the autoregression model presented
later in this chapter), it will be relatively insensitive to diet and morbidity during the 18 to 30 morth 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 morth windew. The correlation between estimated weight at 18 months and the Z score
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for weig 20 months was 0.68 (p < 0.001), while the relationship between length at the same ages and attained Z
score foz ..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 in order o
cvaluaie 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 betwesn 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 of attained weight and length versus intake. Figure 29.3 is a plot of weight Z score
at 30 months vs the intake of animal kcal/kg, showing the quartile position cf each child at 24 months.

It is apparent {rom this plot that the relative quartile position at 24 months tends o 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 the other animal variables, whereas the total keal and protein values were
not associated with either weight quartile at 24 months or Z score at 30 months.

FIGURE 29.3: PLOT OF ANIMAL KCAL/KG vs 30-MONTH WEIGHT Z SCORE, SHOWING WEIGHT
QUARTILE AT 25 MONTHS

30 MONTH 2z

[
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1 = lowest quartile at 24 months, 2 = next highesi quartile eic,
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4. Correlations Between Attained Weighi and Length, and Environmental Variables

In order to further explore the reiationships 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, matemal age, and external sanita-
tion. Those variables that were significantly associated with 30-month Z scores are shown in Table 29.18.

Itis evident that those children who are small at 36 months of age are more likely o 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 WEIGHT AND LENGTH AT 30 MONTHS WITH ENVIRON-
MENTAL VARIABLES

Variable Weight Z Length Z
(N=86) (N=82)
Number of children -23* -21
Mothers literacy 25* 32!
Intenal sanitation 20! 31
Socioeconomiic status 3t 36!
Schooler’s appearance a1t .32T
Mother's appearance 34t 40
Youngest's appearance ' 411 45
*p<0OS
tp<0.0]
¥ p <0.001

The sanitation and appearance variables shown in Table 29.18 were ali correlated with each other (p < 0.001), so that
in future models one of these may sufTice 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.,

R



TADLE 29.19
CORRELATIONS OF ENVIRONMENTAL VARIABLES WITH INTAKE

animal animal % animal % animal

kcal kcal/kg kcal protein
SES 490% 454 5213 522}
Mothers literacy 252+ 249+ 288* 337
internal sanit 246* 204 257* 305"
Mother's appear. 3491 316 3221 3621
Schoolers appear 316! 267+ 3191 378
*p<0.05
t p<0.01
$p<0.001

As shown in Table 29.20, an initially contradictory 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 #t of
Z Z children

# children -.229% -.208 1.00
Kcal -.050 -069 113
Protein 006 -.024 110
Kcal/kg -380" -3647 233+
Protein/kg 3321 -3267 250*
*p<005
1 p<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 1o be contradictory, they
can be explained by the fact that the 18 month weights of the preschoolers from families with more children are 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 consumie the same total kcal and piotein per day as larger children. Thercfore, between
18 and 30 months 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 oi age. Future analyses will atiempt to determine whether this is attributable
1o parity or to worse dictary and environmental conditions in the houscholds with more children,

IV, APPROACH 3; THE AUTGREGRESSION MODEL,

Autoregression models are used here to explore the short-term relationships between weight in the current month and
nutricnt 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 three 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 cvents (illness ond intake) that occurred in the previous time period. Thus, they are an attempt 10
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
cffect on growth or attained size over ¢ relatively long period of tinie, and that may have had their main impact before
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. Ainong the advantages
offered by the autoregression approach is that only 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 sociceconomic 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 lIength, two models were fit using different sets of the dats. One set of data corresponded 1o all observations on lon-
gitudinal subjects, but excluded dict 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 collecied afier the interviewer change. The models will be presented first for weight and
then for length.

B. Results of the Weight Model

Autoregressive models were developed following the method presented by Rosner et al. (29.1). Data for each subject
were summarized as a sequence of months between 18 and 30 months of age, v’here a month corresponded to a 30 day
interval. Within each month, measires 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 ruonth,

The first model fit for weight included previous month's weight, subject effects, age, and morbidity variables, in addi-
tion to a control variable coiresponding to the number of days from the actual date of weight measuze to the midpoint
of the month. Morbidity variables corresponded to presence or absence of reported six symptoms (fever, diarrhea, upper
respiratory, lower respiratory, runiny 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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dict variables in addition to the variables in the first madel, and only incleded observations on weaned todd'ers that
were taken afier Jenuary 1, 1985.

1, Results of the First Model

Piincipal variables in the fiist 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 months, and
morbidity for 9.0 months. For a month to be included in an analysis, no: only kad weizht 1o be recorded in that month,
bur also weight ar.d morbidity had to be recorded in the previous month. When this requirement was made, there were
on average 7 months of complete dita per preschooler in 106 eaces. The fallowing analysis is based on these 106 pre-
schoolers who have a toial of 740 months of observation.

There were 56 male and 50 female preschoolers. The aumber of months of observation per cubject ranged from i (o
12, with 74% f individuals having 5 or more taonths of observation. The data inicluded for analysis were aot uniform-
ly distribued over the age period, with 48% of the data collecied between age 26-30 months, compared with 25% of
the data at ages between 18 and 22 months. Seveniy eight . 2rcent of the toddlers were weaned pricr 1o 18 months of
age. There were at most ihree weight measures in a ~iven montt, with a single weight measure being reperted in 711%
of the months. Mo~ weight measures were reported per menth at older ages. Weight measures were made on average
1 day (S.D. = 7.60; later than the midpoint of the month.

Mean weight of this group was 10.93 kg (S.D. = 1.10) somparea to the mean weight in the previous mondh of 10.71 kg
(8.D.=1.10). Average weight change over the onge month period was 0.21 kg. lliness occurred in 22% of the moaths.
The symptoms of runny nose were reposted in 119% of the months; diarrhea, 7%; lower respiratery, 7%; v.ver, 4%; and
upper respiratory and other illnesses cach occwred in 2% of the months.

Fisst, the model examined the effct of previous weight, subjec: eff:ots, and age in months. The initial model incluued
only previous weight as an indepeadent vaiiable. As expected, this vatiable was highly predictive of subsequent weight
(p <00001), explaining 74% of the variance in subsequent weight. Next, subject effects were incleded in the model,
where the purpose of the subject effect was to recognize that different subjects have different mean weights, The sub-
;ect effect was highly significant (p < 0.0001), as anticipated by oreliminary models. The combination of previous
weight and subject effects explained 80% of the variance in weight. Age (in months) of the toddler was next entered in
the madel (as a continuvous variable) and found to be significan: (p < 0.00)1). (Age (in monuis) was also added as a
categorical variable (using 12 categories), but this did not explain significantly more weight than did the continuous
age variable),

The next step in building the model tested whether the relationship betwecn weight and previous weight differed by
age. This was implemented by adding zn intzraction term for previous weight and age. The interaction lerm was statis-
dcally significant (p=0.03), althougk: practicaliy unirportant since the proportion of variance explained only increased
from 84.9% 10 85.0%% by inclusion of :he interaction.

Other variables were examined for possible interaction with previous weight and age. Sex of the teddler did not sig-
nificantly alter the relationship of weight with previous weight (p = 0.64), nor the relationship with age (p=0.34). The
number of days from the date of weight measure to the midooiat of the month was included as a control variable in the
cejjreseion, and was significantly related to weight (p=0.0156), but only increased the variance explained by 0.1% (to
85.1%). The rclationship bet'veen previous weight and weight in children who were already weaned was stronger than
i1 those who were not (» = 0.047), but once again, the proportion of variance explined by the model was changed min-
imally (increasiny to 85.9%).

After these explorations of which variab'es should be included as independent variables, the relationship between the

presence of merbidity symptoms in the previous month aad weight in the current month was investigated. The basic
autoregressive roodel included a subject effect, previous weight, age, and a variable to correct for the fact that measures
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were not always made at the midpoint of the monih. 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 > 0.03).

Morbidity variables were entered in the model one ata time. A variable was created [or each morbidity symptom, with
value of "1"if the morbidity symptom was present in the previous month, and 0" if it was not. The results are reported
us the regression ceefficients from the fited models, where a negative coefficient indicates lower weight when
symptoms were present in the previous month, and a positive coeificient indicates higher weight when symptoms were
present in the previous month (Table 29.21).

Diarthea in the provieus month was negatively associated with subsequent weight (p = 0.0007). Presence (absence) of
any of the other symptoms was not significantly related to subject’s subsequent weight. There was no evidence of sex
differences in the relationships between morbidity and subsequent weight.

TABLE 29.21

REGRESSION COEFFICIENT ESTIMATES FOR PREVIOUS MCRBIDITY AND SUBSEQUENT
WEIGHT CONTROLLING FOR PREVIOUS WEIGHT, AGE, AND TIME THAT WEIGHT WAS
MEASURED (N = 89 SUBJECTS)

Regvession Coefficient Esumates of Morbidity
with Weight (n=740)

Cocfficient p-value
Any Illness 0.047 0.4080
Diarrhea -0.288* 0.0007
Fever -0.039 0.7290
Upper Respiratory -0.256 0.1216
Lower Respiratory 0.059 0.4971
Runny Nose 0.131 C.0784
Other Iliness -0.143 0.3722

* p<u.0s

2. Resul:s of the Second Model with Diet Vz_xv-iub!es included

The second autoregressive weight model included measures of nrevious 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 oniy on weaned subjects. Weight, previous weight, morbidity, and intake measures were recorded on average for
5.5 months per subject for 89 longitudinal subjects. There 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 S or more months. Most data were col-
lezrad for older wddlers, with 52% of the data occurring between age 26-30 months, compared 10 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 ime. On 2verage, weight measures were made one half day later than the midpoint of the month. Two or more dict
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 datz were reported on the 89 toddlers. Table 29.22 snmunarizes the average weight
and nutrient intake daa 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 illne 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 26 4 443
Animal protein 8.6 6 0.3 29.2
Percent animal kcal 11.5 9.3 0.3 54.7
Percent animal protein 24.8 14.6 0.8 82.1
Kcalkg 100 30 49 189
Protein, g/kg 3.0 0.9 14 53
Kcal from animal/kg 10.9 8.2 04 38.7
Protein from animal/kg 0.8 0.5 0.03 23

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 te 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 coefTicients 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

REGRESSICN COEFFICIENT ESTIMATES OF MORBIDITY WITH SUBSEQUENT WEIGHT (N = 492
MONTHS).

coefficient p-value
Any Illness -0.091 0.1621
Diarthea -0.404* 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 Iliness -0.025 0.9147

+p < 0.00t
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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 1o
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 betweci 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, PREVIOUS WEIGHT, AND TIME THAT WEIGHT WAS MEASURED (N =
492 MONTIIS)

Regression

Coefficient p-value
Kcal/day 0.0001 0.3037
Protein, g/day 0.0046 0.1217
Animal kcal 0.0004 0.2428
Animal protein 0.0047 0.2540
% animal kcal 0.0036 0.3048
% animai protein 0.0010 0.6070
Kcal/kg 0.001 0.3576
Protein/kg 0.043 0.1498
Animal kcal/kg 0.004 0.2720
Animal protein/kg 0.043 0.2885

A final cet 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 of the Length Model

The procedures used were similar to those described for the weight model. The main dificicnce was that measures of
morbidity ana 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¢ yendent variables such as previous weight are also calculated for three monih periods.

Fol~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. Then 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 leretk 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 1 day prior to the three month mid-point (S.D. = 24.8 days). Mean dif-

289



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, explainirg 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
peried, taken one day (S.D. = 25.7) prior w 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 nosz, 9%;
and other illness, 4 % of the months. There was at least one symptom in 20% of the months. One point was given for
cach 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 eftects, number of days from the mid-
point of the period, and age in months. Thesz variables together explained 98.1% of the variance in subsequent length.
The resulting regressions for intake are shown in Table 29.2.,

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-valug
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+*
Kcal/kg ) 0.0043 0.4158
Protein/kg 0.1481 0.3825
Animal kcal/kg 0.0227 0.1761
Animal protein/kg 0.3130 0.2124

*p<.06
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The only two dictary 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 of a Weight Model Using Three-Month Periods

Since the length model showed an effect of diet quality (percent of kcal and protein from animal foads) on length in
the subsequent three months, but the weight model failed 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 intake data may
not have heen sufficient to estimate usual intake over a month, «nd one weight measure may not have reflected average
weight durir.s a month.

Models were fit as described for the length models above. Subsequent weight was calculated as the mean of all weight
measures in the threc-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 Autoregression Models
The use of the se models permits the following conclusions to be made:

a) diarrhea in the previous month has u negative effect on weight in the subsequent month, whereas no
food intake variabies predict subsequent weight;

b)  diets withahigher 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 wo long for the impact of the diarrhea on
weight 10 be detected. On the other hand, the two days of food intake data that were available in the previous month
were probably not sufficient 1o 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, pre vious 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
intaks and a relationship between dict 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 hase preliminary analyses, our hypothesis is that the effect of food intake on sub-
sequent weight is sufficienty 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 reiatively long time, whereas
mortidity events should cccur as close as possible to the time of subsequent anthropometric measure.
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Y. 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 slopz mod-l compares the average annual dietary and morbidity experience
of the child with the average change (growth) in weighit and length during the same period of time. Using this approach,
the intake of animal products was related to a higher rate of wcight growth, and the percent of energy and protein from
animal foods was positively related to length change. Diarrhea was the only illness ta have a negative impact on weight
slope, while no illncsses were related to length slope. Children with lower slopes came from households with less literate
mothers but no other environmental variables were strongly associated with the siopes.

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 (¢xpressed 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 correlatert with both weight and length at
30 months. Strong negative correlations between atwined 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 climinates these negative relationships. Diarthea had no relationship to
attained size, while more total illness, fever and runay nose were associated with higher Z scores.

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 is strong, and the majority of preschoolers maintain their weight quartile
position at 18 months unul 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 consurned prior
10 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 months disappeared. The children with the lowest Z scores come from houscholds that
have lower sociceconomic 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 life and the 30-month Z scores reflect
that cumulative experience. Nevertheless, the consumption of animal foods remnained 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 usual intake can

be estimated, as opposed to the need to measure size as soon as possible after a morbidi.v event if the impact of that
event is to be detecr 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 tha: food intake and diarthea are causal factors in explaining growth rate.
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Chapter 30

COGNITIVE PERFORMANCE AND INTAKE IN PRESCHOOLERS

LINTRODUCTION

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 anulyses 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 cognitve development. Performance at
30 months cf age was selected as i ‘lependent variable because at that age a child had been followed in the study for
12 months. This feature permits us to inroduce a longitudinal component into the analysis.

The preschoolers in this analysis consist of 78 children (38 males and 40 females) in the lorgitdinal sample, all of
whom were weaned prior 10 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,
21l of the dietary intake measures vere collected after December, 1934; that is, after the methodological change in in-
take procedures was instituted (see Chapter 20).

As described in Chapter 15, the Bayley examination requires children to respond 1o 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-culturally, the
suandardization 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 MONTES

N Mean S.D. Range
Males 38 43 6.5) 31-54
Femalcs 40 43 (6.0) 29-56
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ILINTAKE VARIABLES AND MENTAL SCORE
A primary hypothesis relating performance to energy intake can be phrased as follows:

There will be a positive associatior: 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 dictary measures
taken at 27 - 2% months of age, expressed on a per kilogram basis. Table 30.2 presents the co:relation coefficients for
this variable (kcal/kg) and the mental score.

TABLE 30.2
CORRELATIONS OF KCAL/KG AND MENTAL SCORES

n r ®
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 picinre emerges. Table 30.3 shows the
results of regression analyses of two additional dietar; variables. The first regressicn uses the ratio of animal protein
(in grams) to total grams of protein ia the 3 month average of the children's intake records between 27 and 29 months.
The second is the ratio of calories from animal sources 1o 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 intake measures and cognitive performance is positive
and highly significant, although the magnitude of the 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.

LV. ANTHROPOMETRY 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 rxhavioral -- hat influence physical development. Since these features may all influence
psychological developrnent, both independently and more importantly, interactively, it is imporant 1o assess the
relationship of cognitive performance 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, measured by the indicators: length-for-age and weight-for-age (at 18 months)
will be positively associated with current Bayley menial score (at 30 months).

The thrust of the second hypothesis is to emphasize the continuous nature of «.¢velopment. An assessment at 18 months
is a year prior to the 30 month pzrformance measure and is the earliest measure that we have on the preschool children
in the sample. Thus, it is of interest to examine the extent 1o which the child’s status at the start of the study predicts
later performance.

Table 30.4 shows the correlaton 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 anthropometry 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)

Mental Score a1 30 Months
Total Girls Boys -

r ) r ) r @
Weight 42 (0001) 41 (o) 46 (0001)
Weight Z 42 (0002) 39 (01 47 (003)
Weight %ile 40 (.0003) 40 (0D 43 (007)
Length 45 (0001) 52 (001) 40 (02)
Length Z 46 (0001) 52 (001) 40 (02)
Length %ile 35 (003) 4 (o 36 (03)
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TABLE 30.5
CORRELATIONM OF WEIGHT AND LENGTH VARIABLES AT 18 MONTHS WITH MENTAL SCORES
AT 30 MONTHS (N =79)

Menta] Score at 30 Months
Total Girls Boys

r (P r ®» r ®»
Weight 50 (0001) 40 (01) 63 (.0001)
Weight Z 47 (0001) 40 (01) 60 (.0001)
Weight %ile 38 (.0008) 36 (03) 49 (002)
Length 48 (0001) 52 (001 46 (.006)
Length Z 47 (6701 S1 (001) 42 (0N
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 pattem 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 cther 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 ®
Head Circumference 29 (.01
Lower Arm Circum. 29 (.007)
Upper Arm 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 factors. We calculated
simple regression models with soth length and weight on mental score. In regressions with the m.ental score as the de-
pendent variable, once cither length or weight is in the model, the other variable is nonsignificant.

296



The following table (30.7) provides another test of the hypothesis linking previous size (length at the carliest measure
between 18 and 21 months) with performance at 30 months. Here, regression analysis rather than correlation coeffi-
cients are used. The 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 measurement. 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: = .22 Root MSE = 6.5

When current length (30 months) is substituted for initial leiytth in this regression equation, the result is virtually iden-

tical. Adding the slope of length (growth over the year of the study) failed to contribute new information.

From the results of the ragression analysis, we conclude that the conditions that permil a child to grow physically larger
also support cogmitive 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 growth. In operational terms, this can
oe tested in a multivariate regression model with both length and intake, Table 30.8 prcscnis 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 1" 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 01"
analysis shows the p-values for the independent variables contingent on all other variables in the model.

TABLE 30.8
REGRESSION MODEL--EFFECT OF LENGTH AND PROTEIN RATIO ON COGNITIVE SCORE (N =
70)

Independent Variables p-value p-value
(Type 1) (Type IIT)
% Animal Protein 003 .05
Length Z Score .0003 .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 een when it is contingent on length.

Y. COGNITIVE PERFORMANCE AND MQRBIDITY

Illness is one of the primary faciors that interact with intake to influence giowth. It may also be hypothesized that ill-
ness influences cognitive development independently of intake-growth interactions by zffecting the nature of child-
caretaker relationships and the relationships 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 iliness per month in the subsample of 78 children described in this chapter. Three
morbidity variables are included: total illness, days ill with diarrhea, and days ill with fever. For example, 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 thcse variables with cognitive performance.

TABLE 30.9
MORBIDITY AND COGNITIVE PERFORMANCE (N=78)

Days per Month

) Total Itlness Diathea 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 table suggests that there is no association between a child’s morbidity experience and cognitive develop-
ment. However, when the correlation coefficients are examined separately by sex, we find that for one vanable--num-
ber of dinrrhea days--therc 15 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. Whether 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.

VL. COGNITIVE PERFORMANCE AND SELECTED SQCI[AL 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 houscholds where child care tme is limited because the caretakers are pushed by economic neces-
sity to Jong hours of work. In such & situation, low intake in the child interacts with the behavioral consequences of
poor cconomic resources, with each component contributing to and reinforcing a less than opimal outcome.

Recently, Pollitt has contrasted earlier research efforts 1o define the link between 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 model (in which the centril hypothesis is framed as a simple bivariate
function} was too narrow and lacked the sensitvity to account for some findings as well as for what was observed in
the field. The dynamic aspect of the developmental process and the plasticity of the organism were not integrated into
the model." With respect to contradictlory evidence concerning the impact of undernutrition and the evidence for "the
influentiai role of social environmental factors,” he suggests that rather thar concluding nutrition plays litle or no part
in development, a stronger model is an interactive one. " .the interactve effects between nutrition and socioeconomic
circumstances are more powerful than the main cffects of nutrition. Socioeconomic deprivation apparently potentiates
the effects of carly undermutriton.”

In the section that follows, we broaden the scope of analysis outside of the child herseif or himself. The condiuons in
which the child is developing can be conc.ptuatized at a number of levels. Here we chose to consider two levels--the
child’s primary caretaker, which in the Solis Valley is the mother, and secondly, the houschold in which the child spends
most of his or her time. For this preliminary asscssment, we have selected several variables of mother characteristics
and houscho'd characteristics as ipdicitors of the complex "environmental” conditions that affect child development.
Specifically, we have examined the following maternal and houschold characteristics:

Mother: Age
Birthpluce
Literacy
Caretaking skill, as judged from the child’s physical appearance score

Household: Touwal size
Number of children under 12
Family structure (nuclear vs. extended)
Marmiage location (patrilocal, matrilocal or neolocal)
Socioeconomic status (see Chapter 19 for scale construction)

Bivariate corrclations and analysis of variance were used first to assess the relationships of these variables to the cog-
nitive development scores. /A pritnary purpose of this step was to identify variables to be used in developing multivaniate
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 is strongly 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 appearance” 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. Howevr, as previously discussed, we suggest that this variable may be regarded as an indicator of maternal
caretaking b:havior and have therefere classified it as a "maternal characteristic.”

Concerning the household level indicators, there are no associations betwesn total household size or composition and

cognitive performance. Girls in matrilocal households have significanuy 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.

Bascd on the bivanate analyses, we selected two social variables for use in building a multiveriate model of cognitive
performarnce. These are socio-econcniic status and child appearance.

VILMODELS OF DEVELOPMENT INCLVDING SOCIOECONOM{C STATUS

Table 30.10 presents the regression model for the vffect of socioezonornic status on cognitive performance. 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 % animal keal is added to the model, the r-square is strengthened 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 neither
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.

TALLE 30.10

REGRESSION MODEL: EFFECT OF SOCIOECONOMIC STATUS ON COGNITIVE SCORE AT 30
MONTHS (n = 70)

Independent Variables p-value p-value
(Type ID (Type IID)
Socioeconomic Status 009 LA
R-SQUARE: = .09 Root MSE = 6.05

TABLE 30.11 *

REGF.ESSION MODEL: EFFECT OF SES AND ANIMAL FOOD INTAKE ON COGNITIVE SCCRE (N =
70)

Independent Variables p-value p-value
(Type ) (Type IIT)

% Animal Protein .02 .14

Socioeconomic Status .07 .07
R-SQUARE: = .12 Root MSE =5.99

% Animal Kcat 007 .

Sociceconomic Status g1 1
R-SQUARE:=.13 Root MSE = 5.96
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TABLE 30.12

REGRESSION MODEL: EFFECT OF LENGTH, SES AND PROTEIN RATIC ON COGNITIVE SCORE
(N=67)
Independent Variablies p-value p-value
(Type ) (Type I1I)

% Animai Protein 003 20
Length Z Score 0009 .007
Sccioeccnomic Status 135 a5

R-SQUARE: = .27 Foot MSE = 5.6

VL MODELS OF DEVELOPMENT INCLUDING MATERNAL CARETAKING

The following table (30.13) provides the results of a regression analyses that includes both the child’s length and ap-
pearance score. In this model, the p-values for both varizbles remain very 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 Vauiables p-value p-value
(Type ) (Type 1II)
Length Z Score 0001 004
Child Appearance 02 .02
R-SQUARE: = .27 Roct 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: EFTECT OF LENGTH, CHILD APPEARANCE, AND PROTEIN RATIO ON
COGNITIVE SCORE (N = §7)

Independent Variables . p-vaiue p-value
(Type D) (Type II)
% Animal Protein 002 14
Length Z Score 0007 009
Child Appearance 06 06
R-SQUARE: = .29 Root MSE =54
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To construct the next model, intake was rernoved 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 perforinance. 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

T p r p r P
Length - .38 (.001) 42 (.0004)
Appearance - 25 (.03)

TABLE 30.16

REGRESSION MODEL: EFFECT OF LENGTH, CHILD APPEARANCE ANN SES ON COGNITIVE
SCORE AT 30 MONTHS (N = 67)

Independent Variables p-value p-value
(Type 1) (Type I1I)
Length Z Score A .0001 : 04
Child Appearance .02 03
Socioeconomic Status 05 05
R-SQUARE: = .31 Root MSE = 54

In the final model, we have restored the intake variable (% animal protein) and included length at 18 months, maternal
caretaking, and socioeconomic status. The intake variable has a very high p-value when it is contingent on the other
thi e variables in the model (Type I1I regression). Also, the contribution of socioeconomic siatus fails to maintain a p-
e Jess 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 1 pexcent, 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 p-value
(Type I) (Type 11I)
% Animal Protcin 002 41
Length Z Score 0007 04
Child Appearance 05 .05
Socioeconomic Status 12 2
R-SQUARE: = .32 Root MSE =54
ISION

On the basis of the analysis to date, it scems 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 3G months on
tests that challenge their cognitive organization. While the statistical models presented above ali 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 development. 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 smell size also lead to delayed cogriuve development.

The influence of the social environment on the children's cognitive development, is strongly confirmed in the sig-
nificance of the two social variables in the models. The socioeconromic 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 fearures 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
veported for a portion of the sample. That is, if there is a threshold above which energy intake does net affect the com-
plex mechanisms potentially linking intake 1o cognitive development, it 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 inieraction with other factors, influences growih, which, in tum, is strongly associated with cogni-
tive development.

The analyses presented in this chapter lend streng support to an interactive medel of nutrition and development, as
proposed by Pollitt and others. Social-environmental conditions of the household (as measured by socioeconomic status
indicators and 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 in growth) have a synergistic relationship with social and social-relational con-
ditions, with respect to risk of poor or delayed cognitive development. The model is analogous 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.

REFERENCE
30.1.  Pollitt, E. A critical view of three decades of research on the effects of chronic energy malnutrition on be-

havioral development. Paper presented at Meeting of the International Dietary Energy Consultancy Group.
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Chapter 31

PREGNANCY OUTCOME

LINTRODUCTION

This chapler presents preliminary analyses of the "Pregnancy Outcome™ hypotheses that the three CRSP projects
(Mexico, Egypt and Kenya) ¢ zreed 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 mod-ls. Variable definitions were mutually agreed
on by both UConn an¢ INN groups.

The analyses discussed below are preliminary, serving only to suggest logical approaches to future, in-depth analysis.
The data sets are large. 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
non-linearities, eliminating outliers, aud building single then multiple equation models. Simple correlations were run
between outcome and anticipated explanatory variables, followed by bivariate analyses to examinc residuals. The
benefit of this approach is that the maximum number of observations is left in each regression. Variatles thai are high-
ly correlated with each other were identified, and those that are not collinear were selected for entry into later models.

The Mexico approach was 1o examine groups of core variatles 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 variahles. The benefit of this ap-
proach is that the explanatory power of a large number of variables could be cxplored within the limited time available.

IL DEFINITION OF VARIABLED

The infant growth data arc examined from two perspectives. First, infant size at 1 and 3 months of age is considered to
be predominanty the resultof 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: matemal size and nutritional status (diet and
perceni body fat), illness, and supplemental feeding. Supplemental feeding data have not yct been used in these analyses.
These factors may all be a result of, or associatec with, the bshavioral and environmental circumstances that affect
sanitation and child care.

The variables employed in these analyses and their definitions are as follows:

305



PREGNANCY

Conception = birth minus 280 days except for abortions.
Trimester: 1 =0 - 92 days, I = 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 IIT 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 1o 254 days postpartum, few analyses have been conducted here beyond 6 months postpartum in order 1o 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 postparium.

FATNESS

Matemal 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. The equations of Durnin and Womersley were used to cal-
culate body density (31.1) and that of Siri (31.2) to calculate percent body fat from density. The formulae were based
on maternal age at 195 days postpartum for each individual. Infant fainess was estimated from the sum of the four skin-
folds at each age.

I 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 Dumnin and Womersley for-
mulae are not applicable to pregnant women.

MORBIDITY

Morbidity data on infants were generated for cach 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 observed in that month.

Mexico inclnded additional morbidity vaiiables 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 dictary 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 ota! kcal
and protein from animal sources.

All diet vaniables were calculated as average intakes per day over the tilme periods in quesuon. For example, in one
trimester of pregnancy there may be between one and cight daily measures used, with an expected number of 6.

AVAILABLY ENERGY

This was calculated for each mother separately during pregnancy and lactation. It is the average kcal intake per day
dunng pregnancy or lictaticn minus the average RMR (kecal per day) for the same period.

PREGNANCY COMPLICATIONS

These are expressed as the total number of the following conditions:  edema, excessive vomiting, proteinuria,
transvaginal hemorrhage, and "blood in urine”. One point is assigned for the prescnce of each condition during preg-
nancy. The detailed monthly clinical examination data from pregnant women have not ali been included at this time.

Descriptive statistics on the major outcome and explanatory variables in the pregnancy outcome model are shown in
Table 31.1.

For most variables, all longitudial pregnant and lactating subjects and their infants were used. In contrast, not all of
these subjects had dietary data collected after January, 1985. as is apparent from the number or subjects associated with
the descripuve statistics on dietary vanables.

The mean pregnancy total weight gain is only 7./ kg, substanually lower than the 12.5 kg secommended in the United
States. The number of measures in the time windows specified in the model i< quite sinall, 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 this group) often fell outside the windows used for these analyses. Since RMR measures
were planned to occur at § months, there were many S month measures that fall slightly outside of the analysis win-
dows used here. In future analyses, curves will be fit 10 the weight data of individual women so that weight change can
be better estimated at specific ume points. (The Mexice group has already used this approach in their stepwise regres-
sion models discussed below).

During lactation, average weight change is negligible between the fust 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 1 and 3, with an
overall loss of about 0.5 kg between 1 and 6 months.

Birth weights averaged 3.15 kg, with 7% "Jow birth weights™ (less than 2.5 kg). Anthropometric data on infants are
desciibed in inore detail in Chepier 21, It is important 1o noie that on average infants actually increase their weight per-
centile compared to NCHS standards during the first month of life, then undergo a slight loss betwesn months 1 and 3,
and a rapid fall in average percentile between months 3 and 6. This pattern should be considered when attempting to
explain infant growth, and suggests that environmental veriables act most adversely on growth after the third month of
life.

Infant famess increased between the first and third month, with litde change occurring between 3 and 6 months,

Matemal RMR changes have been discussed in greater detail in Chaptler 25. RMR 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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Matemal 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 "available energy” in lacta-
tion was increased by the same amounr. This increase in available energy, plus the small loss in maternal body fat that
occurs during lactation, is presumably used for miik synthesis (ascuming no substantial change in the physical activity
of the mother during lactation).

Average total keal and protein intakes appear to meet the US-RIDAs for both pregnancy and lactation, althougn 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 pregrancy and lactation--the percent kcal from animal products is 6.7% in pregnancy and
6.4% in iactation. 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 moath, 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 con{ound 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. The averayge postpartum
maternal morbidity rate (days ill / days observed) was 2 to 8%, depending on the month of lactation.

TABLE 31.1
DESCRIPTIVE STATISTICS ON PREGNANCY OUTCOME DATA

Variable N Mean S.D. Min 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 2% 54.5 7.19 41.6 73.7
Midpregnancy 41 57.0 6.4 422 72.8
Trimester 11 68 59.0 7.03 41.8 73.3
Late pregnancy 88 62.0 8.23 434 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
MATFRNAL WEIGHT CHANGE (kg)
Trimester I 18 0.18 2.12 4.0 4.2
Trimester n 20 4.48 2.60 2.7 8.6
Trimester In 52 2.86 1.85 -2.9 6.9
Mid- to end 31 547 2.31 1.8 10.8
Touwal gain in preg. 34 7.66 3.80 -3.6 15.9
LACTATION WEIGHT CHANGE kg)
Lactation 30 - 60d 99 -0.04 222 -1.6 1.5
91-195d 105 -0.71 1.87 -6.9 54
30-195d 99 -0.92 345 -129 10.1
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TABLE 31.1 continued

Variable N Mean 5.D. Min Max

MATERNAL FATNESS IN LACTATEION (% body fat)

Lactarion 30 101 32.50 4.62 16.12 40.19

90 108 33.65 4.46 17.92 42.46

195 88 32.38 5.09 18.86 42.67

Change 30- 90 89 +0.89 2.73 -7.43 6.59
90 - 105 78 -1.16 341 -6.75 9.47

3G-199 75 -0.48 4.38 -11.52 9.20

INFANT WEIGHTS

Birth 94 215 0.40 2.1 43
30 days 102 4.07 0.69 2.1 7.7
90 days 103 5.52 0.81 3.5 7.7

195 days 91 7.01 1.04 5.0 10.2

INFANT WEIGHT PERCENTILES

Birth %) 38.9 24.1 0.5 96.5
30 days 99 434 24.1 0.1 97.3
90 days 102 42.6 253 04 96.9

195 days 90 29.5 25.6 0.1 97.5

INFANT WEIGHT CHANGE
0- 30 days 87 0.97 0.62 0.6 38

30-90 92 1.43 0.61 0.2 4.2

90 - 195 82 1.48 0.61 0.0 29
0-195 74 3.98 0.92 2.0 6.3

30-195 79 291 0.83 0.6 52

CHANGE IN WEIGHT PERCENTILES
0 - 30 days 87 6.0 244 -58./ 71.7

30-90 89 -3.6 17.7 -57.1 343

90 - 195 80 -12.6 17.5 <713 331
0-195 70 -1.5 29.6 -78.9 529

INFANT LENGTH (cm)

Birth 81 49.44 2.20 44.0 55.2
30 days 100 51.86 2.26 46.0 573
90 104 57.67 2.50 51.0 633

195 90 63.64 2.66 58.0 69.5
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TABLE 31.1 continued

Variable N Mcan S.D. Min Max
INFANT LENGTH CHANGE (cm)

0- 30days 73 2.30 2.00 3.0 6.7
30- 90 91 5.90 1.62 1.2 9.6
90-195 82 5.73 1.35 14 89

0-195 &4 13.94 2.28 9.0 20.5
30 - 195 78 11.54 2.07 7.1 16.0
SUM OF SKINFOLDS (4) FOR INFANTS (mm})

30 days 93 19.25 5.13 7.5 36.5

90 98 2533 6.38 9.0 41.5
195 84 26.92 592 16.5 43.0
CHANGE IN INFANT SKINFOLDS (mm)

30 - 90 days 86 5.385 5.20 -10.0 16.0
90 - 195 80 1.20 4.32 -9.0 12.5
30-195 72 7.36 598 -5.5 23.5
MATERNAL RMR (kcal/day)
Pregnancy mean 75 1352 208 936 2104
Lactation mean 112 1299 177 942 1824
AVAILABLE ENERGY (kcal/day)
Pregnancy mean 75 1032 559 211 2441
Lactation mean 112 1410 623 -28 3850
MATERNAL ENERGY INTAKE (kcal/day)
Pregnancy Tril 23 2636 689 1595 4133
Tri 1l 44 2300 506 1352 3789
Tri 1l 76 2425 605 1106 4303
Mean I+]11+1] 81 2418 579 1264 3960
Lactation 0- 90 days 98 2720 696 1448 5547
90-195 101 2694 666 814 5042
195 - 254 101 2811 782 1207 5182
0-195 121 2739 1247 5182



TABLE 31.1 continued

Variable N Mean S.b. Min Max
MATERNAL ENERGY INTAKE FROM ANIMAL SOURCES (kcal/day)
Pregnancy Tril 23 150 117 0 524
Trill 143 116 4 589
Tri 111 76 170 131 4 625
Mean I+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 Tril 23 5.6 40 0 15.9
Trill 44 6.0 40 0 15.5
Tri 111 76 7.1 5.1 0 21.0
[+0+111 81 6.7 4.5 0 204
Lactation 0- 90 days 98 6.8 59 0 283
90-195 101 6.3 57 0 40.0
195 - 254 101 64 6.8 0 42,5
0-195 121 6.4 54 0 14
MATERNAL PROTEIN INTAKE (g/day)
Pregnancy il 23 75 232 41 118
Tr 1l 44 65 41.6 39 106
Tri [0 76 ) 18.8 29 147
I+11+10 81 70 17.2 40 115 -
Lactation 0- 90 days 98 76 20.8 34 156
90 - 195 101 76 20.3 2 152
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 (p/day)

Pregnancy Tril 23 12 8.2 0 41
Trill 44 12 8.6 0 42
Tri 10 76 14 10.6 0 55
[+11+111 81 13 8.7 1 45
Lactation 0- 90 days 98 6.9 59 0 26
90 - 195 101 6.3 57 0 o4
195-254 101 6.3 6.8 0 42
0-195 121 b4 154 0 31
INFANT: TOTAL DAYSILL/ TOTALDAYS OBSERVED
Monti
1 97 04 13 0 79
2 116 05 14 0 1
3 116 05 13 0 74
4 116 09 18 0 75
5 116 .08 .14 0 .68
6 120 A1 .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

LV, STMPLE CORRELATIQNS BETWEEN MATERNAL AND ENVIRONMENTAL VARIABLES AND [N-
EANT ANTHROPOMETRY

Tables 31.2 through 31.5 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 are the comrelation coefficient (Pearson's),
p-value and N in cach case. Similar tables were completed using chazge 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 table:s are not
presenied duc 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 matemal 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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A Maternal Chara cteristics During  Pregnancy and Infant A thropometry
I. Maternal weight, heipht and weight change,

These cortelations are summarized in Table 31.2. Maternal weight had a strong association with the weight and length
of the infant. Maternal weight at 186 and 280 days of pregnancy was significantly correlated with both the weight and
the length of the infunt at hirth, and at 1, 3 and 6 months of age,

The mother’s weight during the first half of pregnancy was not associated with hirth weight, but was correlated with
both infant weight and height at most postpartum intervals. Maternal weight at all except mid-pregnancy was corre-
lated with birth length,

Matemalheightasas highly predictive of the weight of her child when he/she reached 6 months ot age, and of the length
of the wfant at every point from birth 1o 6 months,

Total matemal weight gain Juring pregnancy was not an important predictor of infant size, being associated only with
birth length (r = 0.37 p = 0.04). However, weight gain during the third trimester was correlated with infant

weightat 1, 2 and 6 monthy, and gain from mid- o late-pregnancy with infant fength at birth (r= 0 36, p = 0.08) and
105 days.

Wheo catered into a multivariate regression enalysis with maternal height, these correlations between maternal weight
b y v

gain and infunt size lost their signiiicance. In the muliivanate analyses nresente:d below, mother's weight at the end of

pregnancy is the mest robus. indicate- of not only the size of the child at 6 momns of age, butalso of infant growth rate.

TABLE 31.2 '
CORRELATIONS OF MATERNAL PREGNANCY ANTHROPOMETRY AND RMR
WITH INFANT WEIGHT AND LENGTH'

e JNEFANT WEIGHT —NEANTLENGTH.
MATERNAL BIRTH 30 $0 195 BIRTH 30 90 195
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS
WEIGHT
Day 0 0.172 0345 030 0.414 0.292  0.400 041G 0.450
0.27 0.02* 0.04* 0.01» 0.08* 0.00* 0.00* 0.00*
42 41 43 37 36 4] 43 37
Day 93 0264 0325 0348 0.275 0.613 0234 0369 0.199
0.19  0.10 Q.08+ 0.20 0.06* 0.24 0.06* 0.36
26 26 26 23 20 26 26 23
Day 137 0.124 0345 0.168 0.403 0.235 0338 90.199 0329
0.48 0.03* 031 0.05* 0.22 0.04% 023 0.08*
34 36 38 28 28 3 38 28
Day 186 0.283 0.367 0.264 .60 0302 0292 0372 0519
0.02¢ 0.0~  0.00° 0.00* 9.03*  0.02° 0.00* 0.00*
60 61 64 53 50 61 64 53
Day 280 0276 0.271 0407  0.525 0.22 0.176 0308 0.384
001*  0.01* 0.00* 9.00* 0.06* 0.12 0.06* 0.00*
76 81 79 63 66 79 79 68
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TABLE 31.2 continued

—  INFANTWEIGHT INFANT LENGTH
MATERNAL BIRTH 30 90 195 BIRTH 30 90 195
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS
HEIGHT 0.037 0020 0.147 0.288 6.245  0.191 0302  0.40S
072 083 0.13 0.00* 6.02*  0.05* 0.00* 0.00*
91 100 103 50 79 98 104 89
WEIGHT CHANGE
Tril 0.057 0087 -0.024 -0.153 0.266 0287 0071 0.060
082 074 092  0.60 040 0.28 078 0.83
17 16 17 14 12 16 17 14
Trill 0.018 -0.074 -0.148 -0.064 -0.04¢ 0.076 -0143 0.169
094 077 0.54 0.81 086 077 0.55 0.54
19 17 19 15 14 17 19 5
Tri TI1 0.027 0359 0320 0327 0.084 0.186 0.105 0.155
0.85 0.01*  0.02¢  0.03* 0.60 0.19 0.47 033
48 48 49 40 40 48 49 40
Mid-end 0.008 0027 0.146 0.238 0365 0.113 0043 0.329
096 088 0.44 0.29 0.08* 0.57 0.82 0.14
27 28 29 21 23 27 29 21
Tri [+1I+10 0.046 0036 -0.045 0.082 0.371  0.133 -0.043 0.083
079  0.84 080  0.68 0.04* 047 081 0.68
32 31 32 27 29 31 32 27
MEAN RMR 0.181 0350  0.241 0.429 0.088  3.25 0.295 0.403
0.15 0.00*  0.04* v.00* 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* 084 0.1 0.23 0.64
ENERGY 63 68 69 57 4 68 69 56

+ For each pair of variables, the first value shown is the correlation coefficient (r), the second is the p value (* identifies p <0 .10), and the third is
the numbe: of subjeas.

2. Maternal diet.

Correlations of infant size with maternal intake are provided in Table 31.3. Maternal total kcal intake in the first trimester
was only weakly comrelated 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 [ correlated with infant weight at 6 months, in
trimester [T with weight at birth, 3 and 6 months, and in trimester III with 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 animal 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 sources and any infant
anthropometric measures.
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3. Maternal RMR and available energy.

Mean RMR in pregnancy was associzted with infant weighit and Iength at every age except birth. Mcan available ener-
gy was negatively correlated with infant weights and lengths after birth, The higher the RMR, the lower is the avail-
able energy. The correlations between mean RMR, m2an avaiiable energy, and all infant outcomes lose their significance
when maternal height is introduced in a mulivis - ue regression analysis to account for mother’s size. RMR and avail-
able energy are aouny as indicators of maternal size. RMR expressed as keal/kg has yet to be used in these analyses.

TABLE 31.3
SIGNIFICANT CORRELATIONS BETWEEN MATERNAL NUTRIENT INTAKE IN PREGNANCY AND
INFANT WEIGHT AND LENGTH

INFANT WEIGHT (NFANT LENGTH
MATERNAL BIRTH 36 90 195 BIRTH 30 90 195
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS
ENERGY INTAKE
Tril 0253 0052 -0.406  0.264 0190 0115 -0.239  0.098
029  0.82  0.08% 034 046 063 032 073
919 15 1718 191
Trill 0.111 -0.09¢ 0003  0.117 0033 -0.041 0.041 0.102
0.51 035 098 053 085 080 080 0.59
3738 39 30 3038 39 29
Tri 111 0.151 0.029 0073 -0.057 0.004 -0.033 -0.067 0.020
021  0.80 054 067 097 077 057 087
68 73 71 57 71 M 57
Tri I+11+111 0193 -0.007 -0.003 -0.006 0027 0.010 -0.001 0.117
0.11 094 087 095 084 092 09 037
69 74 73 60 8 74 T3 59
ANIMAL KCAL
Tri 1 0124 0.138 0206 0.467 20023 0212 0116 0.063
061 057 039 0.07* 092 038 063 083
919 19 15 17019 19 14
Tri 1l 0291 0.189 0361 0381 0219 0280 038 0.316
0.07* 025 0.02° 0.03° 022 0.08* 0.01* 0.09*
37038 39 30 3038 39 29
Tri 111 0121 009 0135 0.189 0.151 0076 0.093 0.256
032 041 025 015 026 051 043 0.05*
68 73 11 5 5773 T 8T
Tri +11+10 0013 0105 090 0.257 0.157  0.131 0173 0.269
091 036 010 0.04* 023 026 0.4 0.03*
6 74 73 & 58 74 7359



TABLE 31.3 continued

INFANT WEIGHT INFANT LENGTH
MATERNAL BIRTH 30 90 195 BIRTH 30 40 195
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS
MEAN VEG KCAL
0.204 0.030 -0.043 -0.056 -0.007 -0.039 -0.037 0.069
0.09¢ 079 071  0.66 095 074 075  0.60
69 14 73 60 58 74 73 59
% ANIMAL KCAL
Tril 0244 0.158 0286 0.556 0.043 0283 0.179 0.047
031 051 023 0.03* 086 023 046 087
19 19 19 15 17 19 19 14
Tri O 0305 0230 0363 0.455 0204 0273 0372 0350
0.06* 0.6 0.02* 0.01° 025 0.09* 0.01* 0.06*
37 38 39 30 33 38 9 29
Tri 01 0224 0076  0.147  0.236 0.078 0.028 0080 0.231
0.06* 052 022 0.07* 0.56 080 050 008
68 T3 71 57 57 73 n 57
Tri [+11+111 -0.150  0.054 0.150  0.269 0.061 0046 0.111 0.196
021 064 020 0.03¢ 0.64 069 034 013
69 74 73 60 - 58 74 73 59
PROTEIN, g
Tri I 0286 -0.004 -0314 -0.097 -0.218 -0.055 -0.317 0.133
023 098 018 072 040 082 018 0.4
19 19 19 15 17 19 19 14
Tri 11 0.179 0036 0134 0282 0.047 0070 0.099 0.176
028 082 041 013 079 067 054 035
37 38 39 30 33 38 39 29
Tri 01 0061 0006 -0.063 -0.038 0.044 0063 -0.094 €.026
061 095 059 077 074 059 043 084
68 73 71 57 57 13 n 57
Tri 411+ 0.110 0013 0010 0.036 0.042 0.044 -0040 0.130
036 091 093 078 075 070 073 032
60 74 73 60 58 74 73 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 | 0178 0180 0295 0.424 0.041 0241 0.180 0.113
046 046 021 (.11 087 031 045 0.70
19 19 19 15 17 19 19 14
Tri Il 0272 0228 0.440  0.421 0224 0271 0378 0314
0.10*  0.16 0.00* 0.02* 020 0.09* 0.01* 0.09*
37 38 39 30 33 38 39 29
Tri I 20011 0046 0072 0.116 0.156 0038 0051 0.178
036 069 051 038 024 074 067 018
68 13 7 57 5173 757
Tri I+11+111 0013 0093 0.166 0.209 0.180 0.111 0.139 0.235
091 042 015 0.10% 017 034 024 0.07°
69 74 73 60 58 74 73 59
% ANIMAL KCAL
Tri 1 0419 0290 0431 0.601 0.087 0331 0321 0052
0.07* 022 0.06* 0.01* 073 010* 017 075
' 19 19 19 15 17 19 19 14
Tri 11 0271 0233 (.464 0477 0217 0255 0377 0362
0.10* 0.5 0.00* 0.00* 022 012 001° 0.05*
37 38 39 30 3 38 39 29
Tri I -0.200 0009 0.094 0.187 0.096 -0.001 0.061 0.194
0.10* 093 043 0.6 047 098 060 0.14
68 73 7 57 57 13 1 57
Tri I+11+11I -0.100 0050 0.155 0.250 0.109 0059 0.118 0.205
041 066 019 004* 041 061 031 0.1
68 4 T3 60 8 4 07 5
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1. Maternal height, weight and weight change.

Maternal weight during pregnancy 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, excep!t 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 corrclation between maternal keal intake in pregnancy and posinatal growth was in trimester [
(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 trimester 111 an:d infant weight change during the first 6 months). Kcal from anirmnal
sources in trimester 3 and overall was also associated with change in infant length between 1 and 6 months. In every
timester, percent of kcal and protein from animal sources were corrzlated 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 of infants at most ages including birth (v = 0.51, p =
0.001 for weight increase between 0 and 6 months; again this is an indicator of matemal size), Available energy (A.E.)
was negatively associated with infant weight change in most intervals.

C.M Al Cl teristics Durine I . { Infant Size

Table 31.4 shows the correlations of maternal characteristics in lactation wiih infant weight and length during the first
six postpartum months,

1. Materna! 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 times. The correlation coefficients were even higher at 6 months of age than they were earlier
in infancy.

Matemal 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, postpartum changes in
maternal fatness were not strongly associated with infant size, except that women with more fat loss between | and 3
months had heavier infants at birth and | month,
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TABLE 31.4
CORRELATIONS BETWEEN MATERNAL ANTHROPOMETRY AND RMR IN LACTATION AND IN-
FANT SIZE

INFANTWEIGHT INFANTLENGTH —_
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.C0* 0.07* 0.17 0.00* ©.00*
90 101 98 83 78 99 99 83
Day 90 0,189 0.257 0.232  0.428 0.252  0.206 0313 0.349
0.08* 0.01* 0.02* 0.00* 0.03* 0.05* 0.00* 0.00*
84 91 99 84 72 90 106G 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~ 0.13 021 0.01* 0.01*
RS 93 95 90 75 92 96 89
WEIGHT CHANGE
Day 3010 90 0.094 -0.005 -062 -0.045 0.094 -0.000 -0.068 -0.026
039 095 0.55 0.69 0.43 099 050 081
82 91 94 78 70 90 a5 78
Day 90 to 195 0.118 -0.010 0076 -0.136 0.267 0.035 0.042 -0.049
029 092 047 021 - 0.02* 074  0.68 0.65
80 87 91 83 70 86 82 83
Day 30 to 195 0.132 -0.009 0.058 -0.081 0.132  0.005 -0.020 -0.064
023 092 058 046 026 095 084 0.56
83 93 2 82 73 92 93 82
PERCENT FAT
Day 30 0289 0218 0.175 0344 0.091 0.171 0177 0.292
0.00* 0.03* 0.09* 0.00* 0.44 0.10* 0.08* 0.01*
83 93 92 76 73 93 93 76
Day 90 0.181 0.089 0.123 0342 0.088 0.067 0.161 (329
0.10* 040  0.24 0.00* 046 053 0.12 0.00*
31 88 92 81 69 87 93 81
Day 95 0.078 0.097 C.153 0.220 0.146 0.152 0.185 C.186
052 041 0.18 0.06* 0.26 0.19 0.10° J12
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 30to 90 0.230 0.203 0.098 0.005 0.107 0.158 0.021 -0.074
0.04* 0.06* 0.37 0.96 039 0.14 08¢ 053
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
080 0.21 043 084 031 0.06* 063 094

61 66 68 63 53 66 69 63

Day O to 195 0.180 -0.013 -0.075 -0.056 -0.030 -0.062 -0.046 -0.028
015 091 053 065 082 060 065 082

&4 70 70 63 57 70 71 63

MEAN RMR 0.047 0.010 0020 0085 ¢.161 0.076 0.138 0.059
066 091 084 044 0.17 047 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 sources, correlated with infant size (Table 31.5). Intercstingly, matemnal consumption of encrgy and protein
hetween 6 and 8 months were relaied to infant weight and length at 6 months - perhaps reflecting the higher energy re-
quircments for milk to feed larger infants. In contrast, the intake of animal 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 mozin 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 wvailable energy in lactation were correlated with infant size at any time,
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TABLE 31.5

CORRELATIONS BETWEEN MATERNAL DIET IN LACTATION AND INFANT SIZE

INFANT WEIGHT INFANT LENGTH
MATERNAL BIRTH 30 90 195 BIRTH 30 90 195
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS
ENERGY INTAKE
Day 0t0 90 -0.059 -0.011 -0.050 -0.031 -0.068 -0.036 -0.052 -0.067
058 nMm 062 Q7R Q.55 0.72 055 0.55
86 93 94 78 75 92 ) 78
Day 90 tc 195 0.067 0.07.: -0.024 0.023 -0.046 0.023 0.057 0.035
0.54 0.47 0.81 0.83 0.70 0.82 058 0.75
82 90 93 81 ! 89 94 781
Day 195 to 254 0.076 0.91 0.145 0.253 -0.162 0.032 0.097 0.222
0.51 0.41 0.18 0.02* 0.20 077 036 0.05*
74 g1 85 77 63 80 86 77
Day 0 10 195 0.043 0079 0047 0.113 -0.057 0.033 0.084 0.102
068 043 063 029 0.6) 0.74 0.39 034
89 98 101 86 71 97 102 86
ANTMAL KCAL
Day 0w 950 0016 0.123 0.105 0.125 0.049 0.046 0022 0.021
088 023 0.31 0.27 0.67 065 082 085
86 93 94 78 75 92 94 78
Day 9010 195 0.188 0.188 0.122 0.208 0.135 0.114 0.108 0.196
0.09¢* 0.07¢ 024 0.06* 025 028 0.29 007
82 90 93 81 7 89 i 81
Day 1950 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" 083 059 043 0.11
74 81 85 71 63 80 86 77
Day 010 195 0.121 0192 0.171 0.203 0.091 0.090 0.081 0.153
0.25 0.05* 0.08* 0.05* 9.43 037 041 015
89 98 101 86 7 97 102 86
MEAN VEG KCAL
0.010 0.037 0.006 0.066 -0.087 0.013 0.066 0.068
092 071 095  0.56 044 089 050 053
89 98 101 86 77 97 102 86
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TABLE 31.5 continued

INFAMT WEIGHT INFANTLENGTH
MATERNAL BIRTH 30 20 195 BIRTH 30 90 195
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS
% ANIMAL KCAL
Day 01090 0.05% 0112 0139 0.130 0.043 0.032 0.060 0.031
0.58 0.28 0.17 025 0.71 0.75 0.6 0.78
86 91 94 78 75 92 9 78
Day 20 to 195 0.195 0.158 0.104 0.209 0.160 0.121 0.078 0.196
0.07* 0.13 031 0.06* 0.18 0.25 045 0.07*
82 50 93 81 71 89 ) 81
Day 195 10 254 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 51 85 77 63 80 36 77
Day Ot 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 010 90 -0.045 0.057 0.031 0.058 -0.035 0.001 -0.026 -0.012
0.67 0.58 0.76  0.60 076 0.98 n79 091
86 93 94 78 75 92 1 78
Day 90 to 195 0.056 0.120 -0022 0.067 -0.048 0.023 0.024 0.057
0.61 0.25 082 054 0.68 082 0.8 0.61
82 90 93 81 71 89 1) 81
Day 195 10 254 0.047 0.153 0.184 0.313 -0.172  0.060 0.097 0.213
0.68 0.17 0.9 0.00* 0.17 0.59 0.37 0.06*
74 81 85 77 63 80 86 77
Day O to 195 0.031 0.141 0.090 0.165 -0.051 0.059 0.083 0.104
0.76 016 037 012 0.65 056 040 033
89 98 101 86 77 97 102 86
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TABLE 31.5 continued

INFANT WEIGHT ) INFANT LENGTH -
MATERNAL BIRTH 30 90 195 BIRTH 36 90 195
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS
ANIMAL PROTEIN, grams
Day 010 90 0019 0.003 0144 0.117 0061 0028 0070 0042
085 037 016 030 060 078 049 071
86 92 9 718 75 92 94 78
Day 90 to 195 0.185 0.155  0.090 0.190 0.168 0096 0091 0.189
0.09* 0.4 038 0.08° 016 037 038 008
82 90 93 81 71 89 94 81
Day 195 10 254 0.163  0.233  0.244  0.286 0028 0087 0094 0.181
016 0.03* 0.02¢ 0.01* 082 044 038 0.1
74 81 85 T 63 80 86 77
Day 0 to 195 0.120 0.164 0.170  0.190 0.116 0084 0097 0.150
025 0.10* 0.08* 0.07° 031 040 033 0.6
89 98 10l ¥6 77 97 12 86
% ANIMAL PROTEIN
Day 0 16 90 0.084 0073 0166 0.120 0.075 0001 0.091 0.052
044 048 0.10° 029 0.52 099 038 064
8 93 94 78 75 92 94 78
Day 90 to 195 0.222 0107 0062 0.187 0216 0095 0060 0.189
0.04 031 0.55% 0.09¢ 0.06* 037 055 0.09°
82 90 93 81 71 89 M 8l
Day 195 to 254 0.170 0.179 0214 0203 0.008 0075 0037 2123
0.14  0.10* 0.04* 0.07* 044 050 062 028
74 81 85 77 63 80 8 77
Day 0 1o 195 C.IS1 0118 0.153 0.165 0.143 0065 0047 0.133
015 024 012 012 021 052 063 022
89 98 101 86 77 97 102 86

LM | Variables Durine Lactafi { Infant Growtl

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 moaths and infant weight increase
between birth and 6 months). Mother's height predicted weight and length change of the infant after months 3 and 1
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 the mother between 6 and 8 months postpartum were positively associated with the
rate of increase in infant weight and length between 1 and 6 menths (infant weight with keal, r = 0.30, p = 0.01 and
with protein, r = ¢.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. Carrelati th Tnfans F:

The sum of infant skinfolds was calculated at 1, 3 and 6 months, and this estimate of fatness was correlated with a num-
ber of maternal and environmsntal factors. A number 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 famess at any age. However, gain in fatness between months 1 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 lactation were not correlated with the sum of infant skinfolds but did show
a strong association with changes in infant skinfolds. Between 1 and 3, and 3 and 6 months of age, the increase in in-
fant skinfolds was greater if the mother gained vseight (or lost less) between months 1 and 6 of lactation (r = 0.2, p =
0.05and r=-0.41, p = 0.0002 from 1 to 3 ard 3 to 6 months of age respectively). There were also associations between:
raternal percent {at at 30 days of lactatior and infant skinfolds at 3 months (r = 0.22, p = 0.05); average matzmal animal
kcal intake during lactation (mostly cxplained by intake betweer moaths 6 and 8) and infant skinfolds at days 30 and
90 (r = .20, p <.0S); matemal total keal 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-
sume more towl kcal and animal kcal between 6 and 8 months postpartum.

Mothers who had a greater amount of illness during luctation had infants with larger skinfolds at 1 and 3 months (r =
0.20, p <.05), ard 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.

Fauer children a: 6 months also came from homas with higher (cleaner) external (r = 0.27, p = 0.01) and internal (r =
0.26, p = 0.02) sanitation szores, attributable to their faster rate of fat increase between months 1 and 6. Infants from
larger households had smaller skinfolds atinonths 1 (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 corrclation was strongest at 6 months with the appearance of the preschooler (r = 0.23, p = 0.03). Mothers
with higher sociceconomic 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, simatlcr, and wealtiie: housclioids. However, there were no

detectable relationships wetween infants’ skinfold measures or changes and either infant or maternal morbidity during
lactation.

Mean kcal from animal sources (but not total kcal) and the percent of kcal and protein from animal sources were sig-
nificantly correlated with SES, extemal and internal sanitation, and the appearance of mothers, schovlers and pre-

schoplers in the households. Total keal intake in pregnancy and i lactation were significantly associated only with
intemnal sanitation.

Matemal 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 keal
throughout lactation. Why there should be significant associations between maternal height and animal product intake
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is not clear. However, these associations between maternal intake--especially of animal products--and maternal height,
as well as with a number of environmental variables, suggest that those between animal product intake and otner vari-
ables must be interpreted with caution.

There were no cousistent patternss of association between mateimat weight or weight gain in pregnancy and any diet
variables. Atcach stage of lactation, intriguing negative correlations (N subjects > 69) were seen between the arnount
of keal, vegetable keal, and prozin consumed during the second and third trimesters of pregnancy and matemal postpar-
tum weight (for keal, r=-0.20 to -0.31, p = .05). In other words, womer wlho consumed more kcals dunng lute preg-
nancy weri smaler postpartum, They also lost consistently more weight throughout factation (e.g. r= 0.31, p = 0.01
for intake average energy intake in pregnancy and maternal weight foss 110 6 months postpartum), had a lower percent
fatat 3 and 6 months of lactation {r = -0.45, p = 0.0002 at 6 months), #:..} lost more fat between 3 and 6 months (r=
0.41,p = 0.001). These same, if not stronger patterns were seen between protein intake in pregnancy and postpartum
body composition changes (e.g. average pretein intke in pregnancy and maternal percent fat it 6 months, r = -0.46, p
= 0.0002),

In contrast, pregnancy intake of kcal and protein from animal sources was not correlated with postpartum weight, bug
predicted more weight increase (or less loss) tetween 1 and 6 months (1 = -0.29, p = 0.01 for kcal).

No diet variables were significantly correlated with matemal lactation weight, weight change, fatness, or fat change at
any tne point.

The impontance of these observations is that a higher energy intake in pregnancy may be related to postpartum infant
growth through the amount of maternal energy stores that are avaiiable for (or used during) milk synthesis.

G Maternal and Infant Morbidity

Women from larger houscholds had more pregnancy complications (r = 0.23, 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 infancy, ¢.g. with infant weight at 6 months the correlation was 0.23 (p = 0.03). Infant weight and skin-
fold changes, however, were unrelated 0 maternal morbidity. Reported maternal illness in lactation was highly related
10 reported infaat 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 DIARRHEA/DAYS OBSERVED (p-values)

N Month 1 Month 2 Month 3 Month 4 Month § Month 6 Month 7
External (7H NS 13 .08 .03 NS NS NS-
Sanit.
Intemal (71) NS NS NS .003 NS NS NS
Sanit.

INFANTS TOTAL DAYS DIARRHEA/DAYS OBSERVED (p-values)

N o Month 1 Month 2 Month 3 Month 4 Month § Month 6 Month 7
External (71) NS .004 18 NS NS NS NS
Sanit
Internal D NS 03 NS NS NS NS NS
Sanit.

There are several possible explanations for this that need to be further e¢xplored. 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
tonbserve, and willingness to report, illness in her infant. The condition of sanitation was observed by the investigator,
while the condition of the child’s health was reported by the mother. Mothers in dirty houses may be less able to iden-
tfy the symptoms c”illness in their infant. The facts that i) mothers in cleaner houses tend to report more illness, ii) the
frequency of maternal and infant illnesses is strongly associated, and iii) sicker mothers have fatter infants, supporns
this suggestion. This wili be tesied through similar situations in other data sets, and azainst other measures of maternal
care-taking ability. :

The seven month mean incidence rate of total illnesses of infants was not significantly correlated with: external sanita-
tion, internal sanitation, sociceconomic status, and mother’s average morbidity during pregnancy, (N=127). The mean
days ill / days cbserved (or diarrhea was not significantly correlated with socioeconomic states. The average daysill/
days observed for the infart was not associated with infant size at any age included in these analyses. Infants born to
women who ate more animal energy and proiein during pregnancy had less morbidity during month. 1 to 3 postparium
(r=-0.30, p = 0.02). Likewise, maternal intake of both total and animal cr.2rgy and protein were associated with less
infant illness between 3 and 6 months of age.

H. Soci ics Variables
Suciveconomic status was not related to the size or growth rate of the infant at any age (Table 31.6).

Women with poorer socineconomic status weighed less at mid-pregnancy and the end of pregnancy (r = 0.24, p <.05),
but were not different in weight at other timnes during pregnancy, nor did they differ in the amount of pregnancy weight
gain. Higher SES wornen were taller (r = 0.25, p = (.004), and had fewer complications during pregnancy (r=0.21,p
= 0.03).

Sociocconomic status was consistently positivzly related to the mother’s weight (r = 0.32, p = 0.0005 at 6 months) and
her fatness (r = 0.29, p = 0.006) throughour the first 6 months postpartum, and wus consistently marginally (p = 0.12)
associated with less weight and fatness loss during the same period.
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L Sanitation and Child Care Variables

Weightin pregnancy was not associated with sanitation or ¢hild care variables. In houscholds which had better intcr-
nal and cxtermel sanitation, and where the mother, schooler and younaest child had a cleaner appearance, mothers gained
more weipht during the last wrimester of pregnancy (e.g. r= 0.32, p = 0.02 with external sanitation), and also gained
more (or lost less) weight during Lictation (r= 0 19 w0 0.25, p <0.05).

Several factors tn the infant’s environmeni corrclate with its weight (but not length) during the first six months of age

(Table 31.6). The suongest and most consistent of these were indicators of maternal “sanitary practices and child care”.

Specifically, the external and inicrnal sanitation of the houschold. and the appea. ance of the mother and preschooler

sibling, were positively associated with infant weight between 1 and 6 months and weight change during this period.

More persons in the household predicted smaller infant weight (at 1 and 3 months) and length (it birth and 1 month),

Since the effect of household size is more significant in the first 3 months, thi< inay be operating through the parity of
lal

the mother rather than through houschold resources. Neither the pumber of females over 12 years of age, nor number
of children less than 6 years of age, was related 10 infant size atany age.

In summary, infants increased faster in weight from birth onwards i the exterior and interior sanitatary conditioas of

their homes were better, and 1f the preschoolers and mothers in the household appeared cleaner, but they grew more
slowly if the numrher of teenage women in the houschold was higher.
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TABLE 31.6
CORRELATIONS BETWEEN SOCTAL AND ENVIRONMENTAL VARIABLES AND INFANT SIZE

INFANT WEIGHT ' INFANT LENGTH
MATERNAL BIRTH 30 90 195 BIRTH 30 90 195
VARIABLES DAYS DAYS DAYS DAYS DAYS DAYS
SES 0024 0136 0038 0.126 0078 0015 0058 0019
082 017 070 023 048 088 055 085
92 101 103 90 80 99 104 8
EXT. SANITATION 0026 0271 0223 0.288 0066 0.098 0074 0.085
0.80  0.00* 0.02* 0.00* 0.56 033 045  0.42
91 99 102 90 78 98 103 89
INT. SANITATION 0028 0.189 0.187 0.274 0.056 0092 0091 0.114
079 0.06* 0.05%  0.00* 062 036 036 028
91 99 102 90 78 98 103 89
MOTHER'S APPEAR. 0007 0.186 0227 0.218 0082 0.118 0.147 0.138
0.94 0.06* 002° 9.03* 047 024 0.3 019
91 99 102 %0 78 98 103 89
SCHOOLER'S APPEAR.  0.032 0.110 0.115 0.125 0017 0.099 0135 0132
076 029 026 025 088 034 018 022
83 91 95 85 7190 9% 84
YOUNGEST'S APPEAR ~ 0.007 0.225 0.225 0.251 0109 0.121 0158 0.138.
094 0.02* 0.02¢ 0.01* 033 023 011 019
9 97 102 90 78 96 103 89
# IN HOUSEHOLD 0059 -0.176 0.210 -0.114 -0.234 -0.243 -0.113 -0.152
0.56 0.07* 0.03* 028 0.03* 001 025 0.5
94 102 103 91 81 100 104 90
# ADULT WOMEN 0.002 003 0057 0.121 -0.095 -0.092 0020 0.038
097 071 056 025 039 035 083 071
94 102 103 91 81 100 104 90
# WOMEN >12 YRS 0069 0.102 0076 -0.041 0023 0027 0085 0037
050 030 043  0.69 083 078 038 072
94 102 103 91 81 100 14 90

V.MULTIV. L AN

A, Selection of Variables

From the above univariate analyses, pauerns of relationships among variables were discemed. These patterns were
entered into models using fewer, non-collinear variables. When members of a group of variables were Lighly correlated
with each other, ¢.g. internal sanitation and child care, energy and protein intake, or matemal 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 Swepwise chrcsslunproudurc was uscd by both the Mexico Lmd Connccticut groups, except that Connec-
ticut included the muximum R” improv Lanl option. The maximum R improvement method begins by finding th
one-variable model producing the highest R, Then another variable, the one that produc~s the greatest increase in R
is added. At the point at which the two-variable model is obtained, cach of the variables not in the model is compared
1o each variable | in the madel, and the procedure determines if removing one variable and replacing it with the other
will § increase the R*, All possible switches are checked, with the one that is finally made producing the largest increase
inR". The new comparisons start again and the procedure continues until no switches increase R Inthe results presented
here, variables were accepted as contributing significantly to the total variance explained f their F statistic reflecting
its contribution 1o the model was p <0.10. The maximum R? improvement option is considercd superior to the regular
Stepwise procedure because itchecks whether the variables in the preceding step remain significant contributors to the
total variance after comparing each variable i the model 1o each variable not in the model,

In the results presented below, associations are positive unless otherwise indicat:d. The hypotheses addressed here are
those that the Principal Investigators of the CRSP agreed would be tested by all three projects.

B, Tests of Hypotheses Using Multivariate Models
1. Model # 1
The gener2] hypothesis tested was:
Maternal energy intake during pregnancy affec s maternal weight gain and body composition.
a) The Mexico model
The diet variable was mean cenergy intake for cach 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 of preg-
nancy (calculated using Dumnin 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 of children <12 years
of age, number 6 10 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), fzver, other); severity of these ilinesses
(% resulting in total or partial incapacity, or loss of appelite); presence or absence of appropriate treatmeat (treatment
that would reduce the duration of an illness or reduce fever); number of abortions; parity (1 or >6 for high risk, 2 to §
for low risk); interval since last pregnancy (a dummy variable of 1 if less than 12 months); pregnancy complications
(excessive early vomiting, edema, vaginal bleeding).

Results of Stepwise Regression Aunalyses
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 adequzic 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 menths. Other variables that
entered the made! were total keal consumed in month 7 (p = 0.01) and month 9 (p = 0.0001), percent of gastrointestinal
cpisodes that resulted in severe incapacity (negative, p = 0.01), percent of fever episodes thai were 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, 510 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 5 months (p = 0.006), excessive vomiting early in pregnancy (negative, p = 0.01),
and percent of {ever 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
catsality 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 on percent fat is probably attributable to the higher percent body fat of
older women (Chapter 22), but this possibility needs to be explored further. Sociocconomic status was related to both
mother's weight and fatness in late pregnancy. There are a rumber of ways in which the presence of more males over
12 years of age could have negatively influenced maternal fatness, including a heavy work load on the mother and
reduced food availability for the mother.

b) The Counnecticut model

Diet variatles 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 rimesters, weight change mid-to-late pregnancy,
weight change in the second trimester, and weight change during the last trimester.

Confounding explanatery variables included: mother’s weight at day 0 to 93, mothers % fat at day 30, mother’s height,
sociocconomic statne, 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 mnodel.

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 swrength of the correlations. With this caution, the vari-

ables that entered significantly into the medel were: average intake of animal keal, matemal 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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socioeconomic status, and total pregnancy complications (negative). The model explained 61% of the variance in weight
guin during the last half of pregnancy.

iti) Predictions of maternal weight change, second trimester of pregnancy (93 to 186 days).

The variables that entered significantly into the final model were: average energy intake during pregnancy and total
pregnancy complications (negative), together explaining 34% of the variance in second trimester weight gain.,

iv) Predictions of matemal weight change, last trimester of pregnancy (186 w 280 days).
None of the explanatory variables eptered significantly into the model.
v) Predictons of maternal fat at 30 davs postpartem.
Since the Durnin and Womersley formula is not valid for calculating the percent fat of pregnant women, fawess at 30
days postpartum was used as the ouicome. 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. Matemal weight at the end of
pregnancy was the only variable to contribute significantly, explaining 37.1% 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:

Matemal energy intike during pregnancy affects birth weight.
Only maternal weight at the end of pregnancy was significant in the iodel to predict birthweight, explaining only 7.0%
of the variance. Average energy intake in pregnancy and sociocconemic status entered with a weak level of significance
(p <0.10) and the three variables explained 19.7% of the variance.
3. Modei #3.

For this and subsequent models, the analysis variables were as follows.

Diet variables were matemal energy intake 6 - 8 months, and O - 8 months of lactation; animal kcal intake 6 - 8 months,
and O 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 10 6 months, and infant
weight change between 0 and 6 months and 1 and 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 1o 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 #3 was:

Matemal intake during lactation affects infant size at 6 months,
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i) Predictors of infant weight at 6 months

The infant’s weight at 6 months was predicted by mother's weight at the end of pregnancy, internal sanitation of the
houschold, and average matemnal energy intake in lactation. Together they explained 38.8% of the variance in infant
size.

i1} Predictors of infant weight change from 0 to 6 months,

Predictors of the increase in infant weight during the {irst 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,

iti) Predictors of infant weight change from | to 6 months.

Atotal 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 days the infant was ill with any illness. As discussed in the context of the
simple correlations, heavier infanty have more reported illness, which may be an artefact of better reporting by their
inothers. No diet variables entered the model.

iv) Predictors of infant skinfold thickness at 6 months.

At 1 month of age, 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
houschold 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 dietary energy consumed by the mother to support lactation.

Variables that entered significantly into the model to predict change in infant skinfolds between 1 and 6 months were
maternal height and rmatemal 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:

Maternal energy intake in lactation affects changes in maternal body composition between 1 and 6
months of lactation.

No varizbles entered siguificantly inio 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
atthe end of pregnancy (explaining 41,7% of the variarce 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 the variance in fatness change between 1 and 6 months, 14.4% was explained by matemal weight at the end of preg-
nancy and socioeconomic status, such that Lieavier, wealthier women gained more (or lost less) fat during lactation.
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5) Model #5.
The hypothesis tested .25t
Maternal energy intake in lactation affects maternal health.

No variables predicted maternal health except for socioecconomic 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 importznt correlate of infant size is the weight of the mother during pregnancy, especially at the end of preg-
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 ime. Maternal height is correlated with infant
length up to 6 months, more so than with infant weight. Matermal weight gain in pregnancy is less strongly associated
with infant size, although gain in the last rimester was significanty correlated with infant weight change between birth
and 6 months.

The amount of animal kcal and protwin consumed during 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 iniant variables during lactation was again between the weight of the
mother and both the weight and length of her infant. Maternal weight also predicted the increase in infant weight and
length over this period. Although maiemal 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 dizt was only related to infant size for the period 6 o 8 months postpartuin, with women who had heavier and
fatter infants consurning more encrgy and protein. It is likely that the mothers of heavier infants consumed more food
because of the higher milk preduction required, but more work is necessary before cause and effect can be determined.

The fatness of infants is not related 10 matcrnal height or weight gain in pregnancy, but fatter infants are born w raothers
who weizhed more in the last half of pregnancy. In lactation, the mothers of faiter infants lose less (or gained more)
weight, concume more animal foods during pregnancy and morz total kcal and animal kcal between 6 and 8 months
pestpartum. They also live in cleaner, smaller,-and wealthier households although there were no detectable relatiod-
ships between infants’ skinfold measures or changes and either infant or maternal morbidity during lactation. In lacta-
tion, no ¢i-t vanables were significandy correlated with maternal weight, weight change, famess, or fat change at any
time during lactauon. However, thos¢ women who consumed more animal foods in late pregnancy had less weight loss
during lactation.

Higher sociocconomic status was associated with a greater consumption of animal foods, cleaner houscholds, and a
cleaner appearance of the mother and her children. While status was not related to infant size or growth, the higher
socioeconomic siatus mothers were heavier, taller, fatter, and lost less weight during lactation. In addition, women from
households with beuter 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 no: 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 thesc
analyses. Infants bom to women who ate more animal energy and protein during pregnancy had less morbidity during
months | to 3 postpartum. Matemal intake of both total and animal energy and proteir: were associated with less infant
illness between 3 and 6 months of age.

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 complicaticns affected weight gain adverscly. In the
second tnimesier, weight gain was related to total energy intake, and again pregnancy complications nad a negative in-
fluence. The Mexican model used the slope of maternal weight gain between S and 8 months as the equivalent outcome.
Similar to Connccticut’s results, weight gain was adversely affected by pregnancy complications. Thinner women at 5
months geined more weight during the remainder of pregnancy, a pattern observed in Connecticut’s bivariate analyses.

fexico found no relationship between maternal diet and weight gain between months S 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 S 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
socioes onomic status have positive influences cn maternal weight gain in the second and third trimesters, while preg-
nancy complications and maternal morbidity have a negative influznce. Women from higher sociocconomic status
families, as well as those who have less pregnancy morbidity, are fatter at the end of pregnaricy.

The strongest predictor of birth weight was maternal weight in late pregnancy, with weak contributions from average
cnergy 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 six months of life were strongly predicted by
maternal weightin 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 1 and 6 months if their mothers were
fatier, lost less weight during lactation, and came from cleaner, wealthier households. Their mothers consumed sig-
nificantly more cnergy and protein between 6 and 8 months of lactation.

C.General Comments

The pregnancy outcome analyses support several general themes and conclusions that are emerging from the Solis data.
One of thesc 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 lactaticn, thern this has negative effects on infant growih
up to at least 6 months of age. Since infant weights have already fallen to the 30th percentile by 6 months, and the
sitnation 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 matemal size affects infant size. It is important to note that maternal
weight and fatness seem to be stronger predictors of infant growth than maternal height, so that current nutrient intake
may alsv have an irfluence. This is supported by the observation that heavier, taller, fatter women live in wealthier
houscholds. 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 genelic basis, since Mexican-American infants who are members of families that migrate to the United
“States on a seasonal 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 urn associated with infant growth, However, in the models tested here maternal intake



in pregnancy did not affect birth weight, Larger babices at six months of age had mothers who were consuming more
energy and protein between six and eight months, though this may be explained by a higher demand for milk by these
infants. Further analyses are necded 1o explore causality. In contrast to the situation in preschoolers where the quantity
of animal foods consumed seems to be the most important dietary vanable for explaining growth, mental development,
and activity (Chapters 28 - 303, these foods are not prominent in explaining matemal and infant weight change.

Morbidity of th2 mother during pregnancy has a negative relationship with maternal weight gain, bat infant morbidity
was not associated with infant sive. The surprising lack of relationships with infant morbidity might be partly explained
by the fact that over 807 of the nfants had no reported diarrhea in the first six manths, If diarrhea in this age group is
of short durauon, then some events will have been missed by the morbidity methe * used here (Chapter 22). An addi-
tional concem 1s & potential bias in mothers” reports about infane illnesses; more infant iliness events were reported by
mothers from cleancr homes, with cleancer children, and who repoited that they themselves were sick more often. Thus,
mothers who pay mare attention o hyvgicne may be more likely (o notce and report illress.

In future analyses 14 15 important to include the roie of weaning foods in explaining poor growth and morbidity of the
Solis infants. Field workers report that a common practice is 1o give the infants supplements of weak, sugary tea start-
ing around three months of age, a practice that may notonly adversely affect dictary quality but introduce bacterial con-
tamination. This 1s supported by the observation that 1266 of the non-breast rilk energy intake of infants is from sugar
(Chapter 20). An additional concem that remains to be examined is the extent to which maternal consumption of pulque
is related 1o the size and growth rate of the infants,
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Chapter 32

SUMMARY AND CONCLUSIONS

This project was designed to measure the impact of marginal malnutrition on the function of houscholds and specific
(target) types of individuals in a rural region of Mexico. It was primarily a coilaborative 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 conducted in Egypt and Kenya, and the Managernent Entity at
the University of California, Berkeley coordinated the work of all three projects.

The valley of Solis was selected as the Mexico fizld site because it met the following criteria: the presence of a range
of nutritional status with a substantial prevalence of marginal malnutrition; the cornmunities were agricultural and typi-
cal of many in Mexico; it was rural yet a reasonable distance from Mexico City (three hours by car); and familics 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 these communities.

Of the 290 households that were the final targets of study, about three quarters had access to agricultural land, most of
which was gjido property. The average land holding was between one and two hectares, with about 25% of the
households having less than one hectare (2.5 acres). Almost all houscholds grow maize, which is the staple food, but
few other foads or crops are grown and home gardens are rare. Most houscholds have some chickens, turkeys and sheep
that are used primarily for homs consumption. The climate only supports onz crop per year. Yields are relatively low
due to the high <ost of inputs such as seed, feitilizer, and herbicide. Irrigation from the Rio J.eima is only possible on -
soine plots of land. and even then the cost of the pumps and fuel is often prohibitive. The economic situation in both
Mexico and the Solis valley deseriorat:d 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 1o 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 dii-ing 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 tiie 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 anthropome ric data that were collected once from all individuals in the tar-
get houscholds revealed that growth percentiles remained very low throughout adolescence. It is impossible o attribute
this growth stunting 10 "genetics”; Mexicans raised in the United States are close 10 average size based on internation-
al growth standards. It is also important to emphasize that there was a good deai 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 mo.e in-depth statistcal analyses in this report used the data frem 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 rates 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 degr ¢ 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
pericd. The method demonstrates that the amount or percentage of animal foods consumed in the previous three months
predicts length in the subsequent three months, and that morbidity in the preccding month predicts a smaller weight in
the subsequent month. The weight and length adequacy of children at 30 months was related 10 the intake of animal
foods during the preceding 12 months, but nou io 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 conclizde 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. contributing on average about 60% of the dietary energy of adults, and 50 - 65% for weaned children. The
other main encrgy sources are beans (5%), oil (5%), bread (3-3%), meat and fish (3%), dairy products (%), eggs (2%)
and pasta (1-2%). 1t is evident that the intake of foods of anima! 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 sainple, 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~riod were aiso
doing so from the time they were introduced to ‘weaning foods or at least from the time at which they were weaned
completely. Thus, relationships between diet pattems and functional outcomes between 18 and 30 months could in fact
have been established at a much earlier age.

One possible explanation for the apparent importance of animal foods in preschooler diets, (rather than total energy in-
take, as hypothesized for tiie CRSP design), is that energy intake may not be limiting. Households always scemed to
have some tortillas available - aibeit not rauch else to eat. Nevertheless, some individuals - including preschoolers - did
have encrgy 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 is inadequate 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 in iron 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
in one-third of the preschoolers. Another possible explanation is that the intake of animal foods may be easier ta measnre
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 is common io both and actually responsible for the pcor growth (such
as some aspect of sociocconomic 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 kecal 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 sccie also correlated with the
Bayley mental performance score at 30 months, the variance explained by dietary animal products remains significant
when these social measures are statistically controlled. Analysis of the extent to which the cognitive and behaviore!
performance of children is influenced by their iron status will receive a high priority.
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In a subsample of 41 mother-preschooler pairs, frequent observations were made of the activities of both individuals
and of the inicraction between the mother and her child. The preliminary analyses presented in this report again indi-
cate that the average amount or percent of kcal or protein from animal sources are important, in this case significant
nositive cerrelates of the percent of time that the child plays and interacts verbally, and negative correlates of the time
the child spends "doing notiing” or being changed or cleaned. The average weight and length Z scores of the child
during the 18-1o-30 month period--anthropometric variables that we know arz associated with the censumption of animal
foods--show similar associations with the child’s activity patterns to those seen with animal food consumption. For ex-
ample, aller, heavier children spend more time in play and verbal interaction, and less tim: doing nothing. These prelimi-
nary analyses suggest that the marginally malnourished preschooler who is shorter, lighter, and consumes less animal
products, is an apathetic, less acti e child eliciting less interaction with hissher caretaker. [t remiains 10 be detennined
whether iron status of the children expiains some of these behiavioral differences.

[t is also apparent that the mothers whe consumed fewer foods from animal sources spend more time “doing nothing™
and less time in chud care. Further analyses are needed to ¢larify whether these matemal behavioral differences are ex-
plained by the mother s natritional status (especially anthropometry and iron status) and/or the child’s nutritional status.
In general mothers from lowe socioeconoric households do not keep either their homes, themselves or their children,
as clean as those from wealthier households,

Fewer analyses have been performed on schooler and adult data, but there are some important results. The prevalence
of iron deficiency ancmia is high in schoolers and adult women, approximately 33 and 20 percent respectively as as-
sessed by ferritin levels. In contrast, adult males rarely exhibit iron deficiency anemia as judged from ferritin,
hemoglobin and hermnatocrit 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 vi*amin B1z deficiency anemia.
There were significant correlations between the amount of pulque (the local alcoholic beverage) usually consumed by
both men and woimnen and mean cell volume, so that it is probabie that the consumption of this drink induces a folate-
deficiency anemia.

There were ne biochernical 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 iton and vitamins A and C.

The data concerning pregnancy, pregnancy vutcome and infant growth during the first six raunths of life were analyzed
in some depth. The energy and protein intake of the pregnant woman bear litle relationship o 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-
nificandy during nregnancy, 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-nourisned women studied in oif:er countries. In a subset of 35 women followed from before preg-
nancy through lactation, the only significant increase vas in RMR per cm height in the third trimester. In contrast 1o
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, nen-lactaung values.

One of the most striking relationships is between the size (especially weight and fatness) of the mother in Lite 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 moriths of age. Maternal size
is at least in pant attributable to her nutritional history, and it is evident that in Sciis this is a stronger predictor of infant
size and growth than current matermnal nutritional status. Maternal morbidity duri:ig pregnancy was negatively related
1o 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 {rom
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 we  1be
difficult to administer or interpret. Collecting and updating census dats and the coatinuat monitoring of the physiologi-
cal status of women are examples of two of the unexpectedly difficult tasks, The change to professional dier 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 presenied in this report, we have used diet data col-
lected 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 1sed. The morbidity data are weaker thaa they should be because the ficld method used
undzrestimates the proportion of illnesses of short duration, and because a decision was made not Lo capture the dates
of interviews for these preliminary analyses.

An excellent working relationstip 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, 2lthough the amount that can be done
is severely constrained by lack of funds for personnel. The same sitiation exisis at Connecticut Many years of analysis
and publication remain before the project is truly ended. Meanwhile, we all regard the bighest priority o be the analysis
of data and publication of results that will sureiy further substontiate the cvidence in this report that marginal malnutri-
tion impairs the function and quality of life of human beings.
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