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This project involves the secondary analysis of data which were
collected for another study (the Determinants of Natural Fertility
Study in Matlab), No new data will be collected. The dats contain
no identifying information on individual subjects and, therefore,
there is no rigk of violating confidentiality. Use of demographic °
data from this population is vital to the study since we are

.Abst:ractkSu_mmary:

investigating the relationship between nutritional status, morbidity
and the risk of child mortality in a high mortality population.
Especially since the data already exist, we feel that the benefit

of further analyses to identify the determinants of child mortality
for outweigh any possible risks,
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(a) Ethical Review Committee:
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(c) Director:
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SECTION 1I - RESEARCH PLAN

The major aim of the proposed rcsearch is to describe the complex
relationships of malnutrition and morbidity with infant and child
mortality. This project will involve sccondary onnslysis of cxisting
prospective dsta omn 1he health and nutritiom of childgen collected in
major projects {two involving public heslth interveniion and one in 8 =
*natursl’ or non—intervention setting) in three devcloping countries,
Newly dcveloped methodology that permits far more complex questions to be
sddressed with smell sanples thasn previously possible will be coployed,
The need for analysis of data of this type using 8 common f{ramework and
more sophisticated mectbodology that may fcad to & better understanding of
the detcrminants of infant and child mortality has been recognized by both
dcmographers and public health workers (Preston, 1978; Gwztkin, ct al..
1980}. Our specific objectives are:

1. to determine how sociocconomic factors often found to be strongly
essociated with infant and child survival (sach &as maternal
cducation) affect the probability of children dying through more
proximate causes of death (e.g., discase, nutritional status and
injury);

2, to detcrmine the relative magnitude and importance,  as
determinants of the probability of dying for infants and young
childzen, of:

a. nutritional status (both acute and chronic)

b. episodes of gastrointestinal, systemic, apd rcspiratory
disease and other types of discase and injury

c. the interaction of nutritional status and disease

3. to examine the relative contributions of nutritionmal deprivation
and discase during differcnt periods of 8 child's growth to tbe
probability of dying;

4. to evaluate the reclative nutility of scveral measures of
nutritional status and of worbidity as predictors of a child’'s
risk of dying.

Over the past 20 years, at lcast a dozen public health intervention
programs Lave been carried out in rural arcas of developing countries with
s varicty of research and practical aims. Many of these projects involved
the intrnduction (eor improvement) of modern medical cere; others provided
nutritional supplements, nutrition cdncation, and improved water sapplies
and sanitagzy facilities to part of their study populations. Sone
collected detailed informetion on vital e¢vents, nutritional states, and
illacss, V¥We plan to carcy out comparable analyses of data from two of the

Throughout this propeosal we use the term 'intervention’ to refer to ¢
.field study that introduced improved health care end/or nutritioral
supplenentation progreas to & malrourished population, pveunlly in &

developing covuntry.
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most carcfully designed and executed of these projects, both of which wexe
conducted daring the 1970s: the Nutritional . Justitute of Central Americs
and Panama’s (INCAP) study of secveral Guatemalan villages snd towns, and
the Narangwal study condocted by the Indian Council of ¥edical Research
and Johns Hopkins University. For comparison, the analysis will also be
replicated using data collected by the International Centerx for Diarrhesl
Disease Research, Bangladesh (ICDPDR,B) in villages in Matleb Thane,
Bangladesh, which received no public health intervention except occasional
emergency csre and diarrheal treatment, These studies are described in
detail in section D. Comparisoms of results between the INCAP and
Narangwal studies, which took very different approsches to public heelth
intervention, and the Matlab data, will permit the disestanglement of
results due to the particular characteristics of the interventions, and
the cultures in which these studies took place, from results perteining to
more broadly generalizable biological and social relstionships.

B. _ SIGNIFICANCE

Although dcveloping countries have oxperienced drematic declines is
mortality at all ages since World War II, their mortality retes are still
significantly higher than those of industrialized nations. Unfortunately,
improvements in survivorship im developing countries seem to have slowed
down or leveled off, despite the fact that mortslity remains at relntively
high levels (Gwatkin, 1980; Chen, 1981). A substantial proportion of
these deaths occur zmong infants. and children, and gastrointestinal and
respiratory infections are leading cauvses.

The continuation of sustained mortality decline in developing
countries will require s more precise understanding of the associations of
these gastrointestinal and respiratory infectioms, and the intimately
rclated problem of malnutrition, with mortality. While it has been
recognized for several years that the synexgism between malnunirition &and
infection increases the risk of mortality over the risk due to either
factor alone (Scrimshay end Gordon, 196B), a consensus on & model of
possible mechanisms through which these aud other factors affect mortality
has only recently begun to be reached. Two versions of tkis model, which
is described im greater detall in section D, have been presented by Mosley
(1980) and Chen (1981). In the model, the risk of dying is dcpendent on
four proximate determinants: wmorbidity (mediated by trcatment of the
disease aftex its inception), nutritional status, maternal
chaeracteristics,  and genetic endowmént, Sociceconomic and cultural
factors affect these determinants either directly (ans in the case of
nutritional states), or indirectly f{e,g. by influencing exposure to
discase by affecting & child’s physical environment). Unfortunately, the
relationships posited by this model are, as Chen {1981:12) says, ‘still
tnadcquately documented, [sand] poorly mnderstood.’
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The cvidence thst is aveilable on determinants of infan{ and child
nortality comes primarily from twe types of <xesearch, one which
conccotrates on the socioeconomie correlates and the other on marce
proximste influcnces on mortslity. The first type includes studies by
demographers and social scicentists, using information from censuses, vital
statistics, and suzrveys, and often employing multivariate models (see, for
exauple, Bebnm, et al., 1976 and 1979; Haincs, Avery, and Strong, 1981;
lisines and Avery, 1982; Schultz, 1979; Caldwell, 1979; Carvahal and
Purgess, 1978; Chasckiel, 1981; Trussell and Preston, 1981: Trussell and
Hammersloogh, 1982)., A central finding of these studics has been the
importance of maternal education in redncing a child's risk of death, c¢ven
when other social, economic, and cavirommental factors arc held constant,
Residence in an urban area, higher income, occupational status, the
availability of medicsl care and modern sanitary facilities, and better
Liousing quality bave also becn shown to decrease the risk of infant and
child wmortaiity, These studies play a vital role im delineating
appropriate target groups for mortality reduction progrems, Duc to the
Vimitations of dats used, “however, they have been unable to describe
sdequately the - associstions of discasc and nputritional status witk
nortality, or to erxasmine thoroughly the relationship between these
proximate cevses of death and the social, econcmic, &nd enviroamcrntal
factors they show to be related to the risk of dying, '

The secord grovp consists of studies carried ount by epidemiologists,
notritionists, sad physicians using information colleccted in public health
interventions in developing countries, Analyses in this group kave more

et s i e i ey 2 i Ly M, g L A S——

Evidence avzilable from several other types of rescarch not discussed
rbove provides 1little information on the effect of morhidity,
cairetrition, eand socioeconcmie factors on thke irdividoal risk of
dying. Puffcr and Serrano's (1973)investigation of causes of death
listed on Ceath certificates is an cxumple of numerator analysis that
carnot be used (o ezsmine the effect of malnutrition on the probability
of dying since there 3s.n0 information om the popalation at risk,
Cliricsl studics of malnourished patients (sec, for 'example, Viteri and
Pineds, 1971), while contributing information om the biologicsl
mechasises of melnntrition and morbidity that was important for the
formelation of the model described above, provide no information about
the relative importance of these factors for infant acd child mortslity
in the population. There have xls50 been numerous aggpregate snelyses of
the relationskip betveen mortality rates and changes In food supply.
nuticnel ipcome, or medical techniques, cither cross—-sectionally or
over time (sce, for cxample, Preston, 1976; Stolnitz, 1955 and 1956:
FcKeownr znd Record, 1962; Post, 1976; Stein, et al,, 1975; Corlin, et
al,., 1976; Solircano and Vine, 1980). ¥hile thcse studies contritute
. importent information onm the reasont for eggregste varlations in
mortslity, their results provide only s very rough inmdication of the
impact of malnutrition, morbidity and socioeconomic facturs on the risk
of Infant and child dcath,
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directly examined relatlionships botween mortslity and its proximate
determinants., While the quality and amount of information collected in
these interventions varies widely (Gwatkian, et al,, 1980), scveral of
these projects kept very accurate records of demographic events,
morbidity, and nutritional statws, Two types of results have been
produced by these studies. The first is estimates of the change in
mortality attributable to the intervention itself, and in some cases the
monctary cost of producing the change {sce Gwatkin, et _nl,, for =a
summary of sceveral major projeets). ¥hile these results provide an
estimate of the cost of producing s mortality decline by rcplicating a
particolar type of intervention, they do not directly address the rcasons
for the mortality change occurring during the jintervention. The sccond
type of analyses gcnerated by these studies are more detsiled cxaminations
of the effects on mortality of factors such as matcrnal supplementation
during pregnancy and lactation, birth weight, the incidence of particular
disease, and wmcasurcs of nutritional status (for example, Msta, 1978;
Mora, et sl,, 1978; Bacrtl, ct al., 1970; Lecktig, et al., 1978; Kiclmann,
et_s},, 1978; Chen, Chowdhury, and Huffman, 1980; Kielmann and Mc¢Cord,
1978, among others). Studies in this group bave usocally been handicapped
by an insbility to include several varisbles simultancously iam ‘the
analysis due to small ssaple size. Many also compound the szall sample
size probles and create semple selection bias by limiting their sample to
individuals whe have becn undexr observation during the cntire study
peried, or for = saobstantial portion of the project. In addition,
comparison of the published results of these studies is always difficult
(.nd often impossible) because they nse a vericty of variables and
analytic tecknigues. . Summarizing results from studies of this type,
Preston (1978:14) said that ‘the demographic returns from these studies
beve been disappointing ... None has provided a rich description of the
nain factors that secm to differentiste high mortality from low mortality
grovps and femilies ... it is appropriste only to say that muck of the
promise of these studies for demographic rescarch on mortality has yvet to

be reslized,®

The proposed research is intended to extend previous analyses of
determinants of mortality .significantly by thoroughly cxamining the
relationship of gastrointestinal, systemic, snd respiratory disease and
malnuirition -~ major roadblocks to continved mortality redoctions in
developing ccuntries -~ to the risk of dying. To accomplish this task we
will sxeanalyze dats from two major intcrventiom projccts aad & natural
setting vusing recently developed statistical methods, These thzree

Some of these cstizates werc based only on the difference in rortalite
rates before and doring the intervention, making §t difficult tu
stiribute zny change solely to the intervention itself. A few stundies
included a control gronp that was monitored duriang the project, &nd
. based their cstimates of change on diffcrences between the treatment
and control groups, But cven this procedore. oftecn was fraught with

problens: (Gwatkim, et _=1,, 1580),
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projects were selected because they generated threo of the most complote
and carcfolly collected datz sets sveaileble from developing countries, for
the purposes of this project. Our analysis will focus on the mortality of
infants and children, for three reasons, First, the risk of mortality is
highcst at these ages, and therefore the potential impact of programs
attecmpting to reduce wmortality is preatest among infants and children.
Second, since dcath, cven in high mortality rsettings, is rclatively
infrequent for adults, estimates of adolt mortality in small populations
such as those to be included in this study are subject to major sampling
errors. The number of infant and child deaths is comparstively large &and
less suhject to large random {luctuastion. Third, much of the
anthropometric information to be wvsed in the analycis was collected only
for infants and children. '

The major product of the proposed research will be numerical
cstimates of many of the associations proposed in the model dcscribed by
Mosley (1980) and Chen (1981)., 1In particular, we will attempt to estimate
the relative contribution of nutritioral status, morbidity, and the
intcraction of these two factors to the risk of & child dying at a given
age, holding constant possibly confounding factors such s&s meternal -sge
and parity. We should be 2ble to determine, for example, how muck acute,
moderate malnutrition increeses the risk of death of a child with & recent
history of mcesles, Similarly, we can compare the impzct of chronmic and
of acute malnotrition on mortality, holding counstant indices of morbidity
history, and cstimate the size of the interaction effect between
walnatritjon end episodes of diarrheal discase, We will also examine
differences in these associstions among age groups, to determine which
factors and combinations contribute most heavily to mortality at differcnt
stages of s child’s development,

Results from this analysis, compared scross three very differesnt
populations, should produce detailed information about the relstionships
between the extent snd type of improvemests ip snutritional statas &and
health, apd the magnitude of reduction in infant apd child wortslity.
Cozbined with publiiched dota from intervention projects and from health
ministries on the approximate costs of improvements in nutritional status
and redection in Jlevels and severity of morbidity, these results shoold
jmprove our ability to detcrmine the most cost effective nmeans to contioue
reductions in infant end child mortality ‘in developing countries., More
generally, the results axe crpected to provide a clecarer picture of the
process lesding to mortality, and more specific and, it is hoped, more
froitful directicn for future studies of mortality.

The proposed research will also attempt to determine how socinl and
cconomic factors known to be 2ssociated witk infant and child mortality
operate through putritionmal status, morbidity nnd use of medical sexvices,
¥hy, for cxample, do the children of ‘more highly educated mothers
erpericnce lower mortelity? Results from this part of the enalysic should
help to fill the gap between studies of socioeconomic mortality-
determinants and research on fectors that sctually =are the proximate
causes of mortality. '
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Fioelly, as a byprodunct, the proposed researchk will evaluate the
reiative cefficacy of different measores of nntritional statas and
morbidity as predictors of the risk of death, Our methodology will permit
us to determine, for example, how much the reiative risk of dying 1is
increased for a c¢hild who 1is moderately malnovrished by each of several
measures {such as weight-for-height, height—for-age, and weight-for—age).
These results showld be a. nseful additiom to current research by
nutriticnists and epldemiologists attempting to find appropriate mcasures
of risk to be wused in nutrition surveillance programs (for cxenple,
Trowbridge and Staehling, 1980).

C. EXPERIENCE AND QUALIFICATIONS

This project will be an interdisciplinary collaborative effort by
researchers with complementary skills and experience, Familiarity with
the settings and data collection proceduxes used in the three studies
included in this analysis and experience working with the complex data
sets they genmerated is cssential to the execation of the proposed
research. All of the rescarchers who will participate in the proposed
project have expertise on one of the three projects involved., The
principal investigator, Dr., Anne Pebley, is a demogrspher, with 2 strong
background in research mecthodology as well as training in nutrition and
agricultural cconomics. Since 1976, she has becn sssociated with INCAP
{where she worked during the summers of 1976 =and 1977), =and bas
participated in the cleaning and analysis of the INCAP-Rand surveys (sce
Pebley, Nelgado and Brimeman, 1979 and 198B1; and Pebley, 1281). She also
worked on develeping estimates of vital rates in the INCAP study villages
and towns, employing the longitudinmal dats to be used in this project,

Her co~investigator, Dz. Sandra Huf fman, is =r oputritional
epidcmiologist with training in population. For the psst six years, she
has worked with ICDDR,B on several projects (see Huffwman, Chowdbury and
Mosley, 1977: Hoffwan, Chowdbury and Sykes, 1980; Chen, Chowdhury =znd

"Maffman, 1980), incloding the collectiorn of the Matlab dats used is the

apnalysis.

Dr., Alsvddin Chowdhury, who has previously collsborated with Dr,
uffman, is & demographer employed ss & rescarch scieatist at JCRDR,B. He
is thoroughly femiliar with Matlad Thanr, and has particirated in seversi
projccts in the Matlab villages, including collection and anaiysis of the
Matlab data te be unsed in this project (see Chowdhery snd Becker, 1981,
and Chen, Chowdhnry and Muffman, 1980}).

Pr. Robert Periex, a physicinn and epidemiologist at Johmns Hopkins,
was & resesrch associate and projcect officer om the Narengwal Project in

‘Punjab, India, between 1967 and 196%. Since 1973, Dr. Parker has been

involved in the analysis of data collected in this intervention project
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(sce Kiclman, Taylor end Parker, 1978; Taylox, et =l.. 1978). He brings
to the proposed anslysis & broad background in public health and nutritioz
and en lutimate knowledge of the Narangwal villages snd the complex
intexvention project conducted there, :

Dr. Mark Wolff is a statistician snd rescarch essociate in the
Departnmeat of International Health at Johns UNopkins. He is currentiy
restructuring the Narangwal computer data basc in collaboration with
membors of the Narangwel working group.

Dr. Japes Trassell, 2 mathematical demographer at the Office of
Population Research, is currently cngaged in rcsearch om socioecoromic
determinants of infant and child mortality vsing dats from the Vorld
Fertility Survey. He has previovsly worked on the development of hazards
models for use in demography and has recently complcted a varicty of
demographic applications of these podels, cne of which is presented in the
appendix to this proposal. Dr. Trassell scrved as = consultant to ICDDR,B
in Dacca in 1975 and provided demographie advice on the collection of data
in Matlab for the Determinants of Natural Fextility Study.

THE STUDIES

Despite their differing designs and aims, the three studies included
in this analysis =all carefully collected prospective informztion of
relatively high. quality from predominantly agricnltural popelations in
developing countries, in which chronic malnmutrition snd infections were
common. While several other intervention studies were considered for
inclusion, (see Guatkin, et al., for & soxzmary of some of them) most were
not suitsble for at least one of three ressons: (1} they did not collect
adequate information on nutritional statms, morbidity, and mortality, (2)
the data collected were not available f{or likely to be available at the
beginning of the project) on computer tepe or cards, or (3) their sample
sizes were fer too small. The charncteristics of the three studics
included are discossed below and semmarized in Toble 1. The evailability
of dats (by type and frequency) relevant to the proposed project is listed
iz Table 2 for cach of the three studies,

The Narangwal Nutrition Study

- .
‘This project wes carried ont during 1968 to 197 ncas Harsngwel,
Punjeb, India as & collaborative effort between the Indisn Council of
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Mcdics) Research snd Johns fopkins University. The sindy was intended to
test hypotheses asbout the relationships between malnutrition and
infection, to guantify the impact of nutritional care and mcdical care on
growth, morbidity and mortality, and to dcvelop end demonstrate the
cffectiveness of a paramedic-based population-wide nutrition and pre-
school hcalth care program (Kiclmenn, Taylor, end Parker, 1978).

The Nnrengwal integrvention consisted of the introduction of medical
care (immunization, health educetion, and carly dimgnosis and trecatoent of
illness) and  nntritional care {anthropometric surveillance, food
supplesents, and nutrition cducation) into tem rural villages sccording ‘to
an cxperimental design. Three villages received nutrition care only, two
received medical care only, three others received hoth nutritionsl and
medical csre, and two reccived no services except for minimal symptonatic
treatment and emergency care. The average mid-ycar population of children
0 to 3 years oid in cach village (the age group studied in cach of the
experinental groups) was about 200, cxcept for the combined care villages
where the average was approxjmately 320, By the end of the project, more
than 2900 children had been observed for at least part of the study
period., The project begam in Gctober 1968, although scrvices were
initially imtroduced in only siz villages. Detween January 1970 and the
termination of the stodyg in May 1973, tke experimental design was

operative in all villages,

In the scrvices villages, botk notritionsl and ncdical components
relicd heavily on surveillence of young children by femily health workers
and prompt treatment. Food supplementation was provided twice daily in =
fceding center in (he notrition care villages and tzken pnd 1ibitum.
Attendance was voluntery. Caloric-enriched nilk was distriboted in the
morning and » porridge-like gruel in the afterpoon, Standard servings of
¢ morning and aftcrnoon
provided approximately 400 calories and 11 grams of protein. All pregnant
women in the service villages received pre-nntal care, In the notrition
care villeges, pregnant vomen received folic acid and iron throughont
pregnancy and food supplements when necessary. In the nedical care
villages, three tetanus toxoid 3injections wecre given one montk apart
during the third trimester, Morbidity, diet, and anthropometry data were
collccted for children between birth and age three, The frequency end

e e A et o e e S L e e W b

Mot to be confused with the Narengwal Populatioa Stody, vwhich was
copdueted simultancously and focused on integrated family planning and
health care. _ '

Caxrying ont the cxperimcotel design was complicated by the fact that
one of the coatrol villages was included in the intensive hcealth
sexvice progrem of the nearby Govermment Primary Hecalth Ccnter one year
after it was included in the Narangwal Study. Thic snd other reasons
cendered the village no longer comparable, and it waz dropped from the
study in 1972, slthough mortslity observations were continued through

1973,
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iypes of dsts coliected are outlined in Table 2. The Narangwal Study is
described iu greater detail by Ta; lor et 8. (1978).

The IKCAP STUDY

The INCAP study wes cerricd out by INCAP's Division of MNHuman
Development in four rugral villages in the castern Guatemsnlan depariment of
El Progreso, Unlike the Naurmngwal study, which was intended to ttudy
malnutrition, worbidity and wortality, the INCAP study was designed to
investigate the impact of ild to moderate malnutrition on mcntal
development and physical grovth during childhood (Klein, et al., 1975).

The INCAP intexvention comsisted of the introduction of curative
medical cere (treatment in & central clinic staffed by twe physicians and
participstion ia national vaccination campaigns) into 2ll study villages,
and randem allocation of villages to onme of two nutlritinnal trcatment
groups. Two villeges received atole, a fortified gruel containing 163
¢alories and 11 grams of profein per cnp. The other two received {resc
& 'Kool-2id’ type of beverage, containing 59 celories per cup end no
protein, ss e placebo. As in the Narengwal project, the supplencnts were
aveilable ad libitnm to all fanily menbers in central feeding centers in
cach village. Pregnant women received pre-natal medical care, and
voluntarily participated in the supplementation programs,

The study was conducted between 1969 and 1977, and & total of 1623
c¢hildren were obscrved for at least a quarter of the study. The types and
frequency of dats collected for children aged 0 to 7 in the El Progreso

villages are described in Table 2,

Between 1974 and 1976, a series of cross~scctional socisl, ccenomic
and demographic surveys was conducted by TINCAP in collsboration with the
Eand forporation in the Bl Progreso villages., ‘The study was ecxpandcd so
that two semi~urbam towns near Guatcmals city im the nunicipality of
Petapa were added as ‘controls.* Longitudinal deta collectionm began in
1974 2nd the cross-sectional surveys were eiso conducted in these towns.
Clinic-besed mnmedicel care, similar to that availadble in the raral
villages, was introduced igoto the Petapen towns., Anthropometric meaznres
were collected for childrenm rged © to 7, home dietary and worhidity
informetion wes gsthered from houscholds containing pre-school children,
and vital statistics were recorded in the continuouns census update Ly the
rmorbidity intervicwers, Unlike datz for the E} Progreso villeges, this
information is ouly available for s portion of the children in the two
tewns, Althcuph the primary source of deta for this anelysis will be the
information collected in the El Progresc villages, the inclusjon of the
Fetrpa dete will jncrcese the varistion in nutritional statos'® morbidity,
aod sociceconomic statas in the INCAP sample. The INCAP study snd the
INCAP-Rand Surveys are described in greater deteil in Elein, et al.,

(1975). and Clark (1980},
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Matleb Study

Since 1963 the ICDDR,B (formerly Cholcra Research Laboratory) has
operated a fleld rescarch program in Matlab Thane, Bungladesh. The
program  includes the provision of diarrheal health services and
maintenance of a vital registration system in an ares with a populstion
{as of 1974) of 263,000, The date in this analysis were collected as part
cf the Determineats of Natural Fertility Study (DNFS) between October 1975
end April 1978. ‘Vnlike the Narangwal and INCAP interventicns, this study
-was gntirely obscrvationa]l in the sense that neither comprchensive medical
cere nor nntritional care were introduced into the villages under study.

The type and frequency of data collected in the Matlab study arc mere
limiled tham in .the other two projects. The sample, for the data to be
used in the proposed mnalysis, consisted of the youngest children (under
rnge 5 et the beginning of the study) of mairied women or reproductive ages
{15 to 49) 1living in the 14 Matlab villages included in the DNFS. Ages of
the children arc known sinet birth dates are recorded in the ICDDR,B vital
registration system., V¥Weight was mcasored monthly for 21) children in the
semple. WNo infourmation on morbidity of children is aveilable, but heights
of mothers snd sociccconomic data were collected at the beginning of the
study, &nd wecights of mothers, monthly throughout the study. Further
description of this study can bLe found in Chowdhury snd Becker (1981),

Despite the limitations of the data, the Matlab study will provide a
relatively accurate represcntation of a malnourished populstion with only
1imited access to mcdical facilities with which to contrast resalts from
the Narangwal snd INCAF intcrventions. Because of the somewhat intrusive
reture of the continuouns dsta collection in the INCAP n2nd Narangwal
studics and the introduction of at least some new health services into all
the INCAP villages and almost all Narangwal villages, many of the
sssociastions to be cxanined may differ inm impertant ways {rom the szwme
relationships in the non-intervention scttings im which most children in
developing courtries live., For ecxample, we. may find that the relstionship
betweea sociocconomic rntatus snd mortality is partly asttcnuated in the
INCAP arnd Narzngwal populations since the aveilability of nutritionmal
supplenentation end medical care to children of 21} social stratx reduced
the disparities in notritional stetus and access to medical care between
poorer and more well-off families, This problem will be cnly partly
eliminsted by the inclusion of the ecaperimental groups that rcceived
ncither or only one type of secrvice. Replicating at Jeast part of the
anelysis on data from a non-intervention sctting such as Mrtlab will
provide a Dbaseline against which to cvaluate the ecffect on the
associntions of interest of the intcrventicn procedures themsclves.

et e e ko e e A e 4 e

.‘ .
As steted above, diarrhesl treatment services for children were

available at ae ICDDR,B clinfe.
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PREVIOUS RESEARCH USING TIHESE DATA

This section reviews the previons xesesrch on the determinants of
infant and ¢hild mortality using date from the Narangwsl, INCAP, and
Matlab projects and describes the way in which the proposed analysis will
add to previous work, A more general review of rescarch from s varlety of
?;;;;;s on determinants of infant and child mortality is provided by Chen

Narscawal

The Nﬁrangvul project has produced a greater body of rescarch on the
determinants of infant and child mortality than the other two projects, in
psrt becanse this was one of its original aims. Several approaches were

taken,

The first and simplest method of examining the effocts of improved
nutrition and reduction in morbidity on morxtality was to compare mortality
rates among the four experimentsl groups (Kiclmanmm, et al., 1978)}. The
cesults indicate that the groups receiving nutrition and medical
interventions did experience lower perinatsl, peonatal, postnconatzal,
infant, and 1 to 3 year old wortality rates than the control group.
Forther comparisons of children in the foor groups suggest that autrition
supplementation did, in fact, measurably improve nutritional status, and
that medical care reduced the frequency of diarrhes, vomiting, and other
morbid symptoms. While these results, like those of othexr inmtervention
studies (sce Gwatkin, et sl., 1980), imply that improved putrition and
medical care reduce infant and child mortality, comparisons of this kind
provide only rough estimates of the magnitode of the relstionships and
1ittle information about the mechanisms involved and the effects of
varistions in other characferistics among experimental groups and among
children within groups that may .also affect mortality risk.,

Kielmaon et al. (1978) also aggregated dats from a1l experimentsl
groups in the Narangwal study and examined mortality rates at different
sges by social esnd demographic characteristics. They found that while
male mortality was higher during the perinatal period (as is universally
cbsexved), females expericnced comsistently higher mortality after the
tirst 7 days of life. There were also important diffcrences in mortality
rates by caste and by season. The analysis, then, compared mortality
rates in cach group by both experimental group and caste. Kielmznn et al.
found that these rates were reduced by nutritional and medical care for
both castes, although differences remein between the castes. Because the
sample was broken down by both experimental groop and caste, however,: the
aumber of cases ipn each cell was very small,

Another way in whick factors affecting mortality were investigated
was to look at causes of deaths occurring in "the Narungwal villages
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(Kiclmann, Uberoi and Bhatia, undated). The majority cf perinatal deaths
were doo to extreme prematurity, intrauterine ssphyxisz, end birth traume,
Castroenteritis, disrrhes, and lower respiratory infections were the major
causes of death for older infants and children. An cxaminstion of causes
of death, however, says little about which factors affect the probability
of dx’ing. For this resson, Kielmann, Uberol and Bhatia also compared
scveral characteristics of children who had died with the population of
children to attempt to determine which were related to mortality. They
found that children who died. came from families which had s
disproportionate number of prior deaths and were disproportionately likely
to be of 7th or higher order than other children in the villages. To
examine the relationship between putritional statns and desth, they
compared the distribution of nutritional status at death for children vho
died with the average distribution of nutritional status im the villages.
Not surprisingly, children who died fell substantially below the average
nutritional standards. This analysis was bhampered by the fact that only

one characteristic at a time could be compared because of small sample
Sizeo

Kielmsnn snd McCord (1978} looked more directly at the relationship
between nntritional statos and the risk of dying. In the first past of
their snalysis, they compared weight-for—age collected cross—sectionally
with a child’s mortality experiecance in the subsequent six and twelve
months, Their results indicate that in cach age group the risk of death
within one .year is six times higher _for children at less tham 60 percent
‘of the median weight io the Hervard standards than for children at, 80
percent or more.  As the authors recognized, this type of snalysis is
limited in scveral ways. The first is that the longer the child survives
after the cross—sectional weight measurcment is taken, the less adequately
that cross—scctional measurement describes the child's actual nutritionsa]
statns. This problem scverely restricted the investigators® ability to
< sonElide "that - deeths, except—those occonrring: shortly after the .cross=
sectional measurement was taken, were related in any way to that
particnlar measure of nutrxitional status. Apnother problem is that this
analysis does not take morbidity into _accoovnt, Onec result of this
exclosipn is -that the risk of mortslity {rom maluutrition may be falsely
iafisted becsose part of the wmalnotrition measured may result from serious

illness.
- A

Kiclmann and McCord also looked at the relationship between 2
longitvdinal .series of anthropometric measures und mortality. Using a
type of life table, the probability of dying was calculated for thrce age
groueps and fonur nutritional status groups by dividing the number of deaths
in cach cell (i.e., e¢ach combination of age and nutritional siatus
category) by the child months of exposuvre irn that c¢ell., A child,
therefore, might contribute «child months of cxposure to scverel
putriticnal status categories. This procedure has the advantage of more
closely relsting a child's probability of dying at any particolar period
of time to theirx nutritionsl statos at that time. The risk of dying for
children less tham 60 percent of the .Harverd wcight median was 10 times
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the risk of children at 20 percent or more of tho omedian at ages 1 to 6
morths, 25 times at ages 6 to 12 months, and 7 times at agos 12 to 36
months, ¥While providing the best ¢stimate available of the change in the
ritk of morfality Ly nutritional status, this analysis was unable to take
into occonn® other factors that affect mortality (snd intcract with
nutritional status), swch as morbidity, since the number of cascs
prolibited further Lreakdowns of the 1ife table.

One othecr enalvsis of the infurmation collected st Narangwal, by
heSweemer (undated), cxomined factors affecting infant end child
mosrtality. DeSweemer's investigation focused on the effect of child
spacing on child mortslity, end thus only indircetly on the cffects of
nutrition and infaction on rnortality. The snalysis indicated that
children with long interbirth intervals preceding their births Lad lower
rgc-specific mortality, irrespective of the length of the subscqueat birth
intcreal.

The ope relevant aralysis that used a nultivariaste framcwork weos an
cxemination of the dcterningnts of weight and height by Taylor, et al.
(1978). 1TIn this analysis, weight ard height collected at 13 separete uges
were each regressed on the following independent variables: sex, caste,
number of siblings, matcrnal age, cipcerimental groop, sceson of
measurenent, year of messurcment, und several interaction terms., Thirtcen
seprrate regressicns were run, one on the sacmple at cach age. The results
indicated thst scx, caste, rnunber of siblings, and to a lesser degree,
meterna! age and cxperimental group, vere significantly related to both
weight and height, Sceason wes also sn important determinant of weight.

INCAP

By contrast, the rescarch produced by the INCAP study has focuscd
;ainly om ths impact of nutritiom or mental development and physical
growth (see Kleim, et el., 1975, amcng othcrs) and there is reclatively
litile work om the dcterminants of infant end child mortality. THCAP
estimated that the mcdical care system in the foor .illagece reduced the
infent portality rate from 160 per thounssnd -births in 1968 to stout 85 in
1969 (prior to the introduction of supplementation) and the nutritional
rupplementation progranm produced & further decline to 47 per 1600 births
(F.cehtig, et al., 1978), Althouph Kicin, ct al. {(1975) demenstrated tlal
suhstential impreovements in ¢hild growth eppenred to rewult frum the
supplenentatjon progren, 2s with simifar resuits from the Nurangwal study,
the magnitude of the essociation of sorhidity and nutriticnal status with
the risk of dying canret be deterrzired from these figoxes slone.

lechtig, et al. {(1978) cxerincd the "asscociation bhetween raternval
nrtrition, sociccconomic status, birth weight, and infant mortality in the
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rure]l El Progreso villsgas.. Four Independent variables, all dichotomlzed
into bigh and low categories, wexre nsed: maternal height (as an jindicator
of maternal nutritional kistory), socioecoromic score (a composite
reflecting housing quality, quality of the mothor’s ¢lothing, and
psychological variable indicating the reported extent of teaching variouns
skills and tasks to preschool children by family members), birth welght of
the child, and the numbei of calorles from supplementation (cither from
atole or fresco) the mother comsumed during pregnancy. Statistically
significant differences in infant mortality rates were found only by
maternsl beight and birth weight., The autbors then compared the infant
‘mortzlity Tates between the two categories of each variable, bolding
constant the other threc variables in a four~way table. Shorter mothers
and mothers reccliving lIess supplementation during pregnancy had
consistently higher infant wortality rates when other factors were held
constant, No comsistent relationship was found between the socjoeconcmic
scose and birthweight and infant mortality. Becavse of the small sample
and the cross—clessification procedure used, howeverx, some of the cells
contalned az few as three cases. For this reason, the aunthors djid not
perform tests of statistical significance., Another major limitstion of
the study was thé variables ipcluded. Measurement of the quantity of
supplement consumed may be a poor indicator of maternal nutritiopal status
during pregnancy since it assumes the home djets of =21l women in the
- semple were the same and. that no substitution of supplement for other food
consumption occurred. The use of a8 socioeconomic variable combining a
psychologicel index with measures of financial wellbeing also renders any
interpretation of the findings of this anslysis, with regard to sociail,
cconomic, znd environmental factors, difficult st best. ’

Matlah

The dsts on c¢hildren collected in Matlab Thana that will be included
in this stody have not been analyzed. A closely related znelysis using
data from snother survey in Matleb has been performed by Chem, et al.
(1980). The major object of the analysis wasz to assess the cfficacy of
several measnres (height-for-age, weight-for-age, weight~for-height, and
axm circomference~-for—age) of notritional states, measured cross—
sectionally, in predicting subsequent child ‘mortality (observed over a
two-year period after the cross—sectional snrvey). Fir\st child mortality
rates were calcolated for three nutritional varisbles. 'The anthors found
that severely malnourished children (by any of the measures) were two to
four times more .likely to die than .normal to moderately malnourished
children. When children were cross—classified by both weight-for-height
(representing current nutritionel statns) and height-for—age (representing
nutritional’ history), mortality .rates increesed with the severity of
malnutrition for each measare, holding the othecr constant,

L L o e el e o S T, P s .

* "A preliminary version of; these reenlts was -ghblished by Habicht, ot
_._1.. 1915. . -
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Chen, et al. (1980) slso examined dcath rates by cause by
sutritional stetus., Malnourished childrer had uniformly higher destd
rates from each cause than bettor nourished children. Even though I1CDDR,B
provides diarrheal trcatment services to all children in Mnatlabh, the
diarrhecal death rate was almost four times higher apong malaourished
children., Firnally, the authors iovestigated the diffcrences in nortality
by maternal nutritional ‘status and floor space, & measure of housing
quality, holding the child’s height-for—age constant. Arnong malmourished
children, those with malnourished mothers were significantiy more likely
te die, Maternal nutritional status made no difference for normal
children, however. Floor space was negatively related to nortality when a
child®s height—for-age was held coustant,

Proposed Analyses

Althovgh previcas snolyses of the data that will be uscd in this
project have examined several aspects of the relationships between the
risk of dying =nd social, ecconomic, and cnvironmental variables and
morbidity and malnutrition, none cxemines these rclationships in s
comprehensive mannexr. In the process of carrying ont such s comprehensive
study, we will cxpand on previoms anslyses in scveral ways. First, we
will investigate the joint and scparate effects of both merbidity and
nutritional status on the risk of iufapt and child dcath, in a
multivariate fremework, for both the INCAP and Narangwal populations.
Rather then examining the association between nutritional statas and
rortelity ie isolation (as Kiclwann and McCord [1978] and lLcchtig, ct sl.,
[1978] did), we will, for example, compare the cffects of nutritionel
status on the risk of dying, in the presence and absence of illness,

Sccend, we will attecpt to determine how socinl, economic, and
demographic frctors (some of which Kiclmann, Uberoi and Bhatis, undated,
Lechtig, et a}., 1978, znd Cheq. et al,, 1980 showed to be related to
mortality) are related to the risk of dying, in one unificd anslysis. The
guestion yet to be enswered is whether these factors affecct child
mortality only through measursble natritiorul status gnd morbidity or
whether thexre are otber mechanisms that need to be explored. )

Third, we will examine the impact of changes over time im = child's
nutritional states (usicg all three data s=2ts) and morbidity history
(Narangwal =nd INCAP only) on the risk of dyicg and thus fxlly cipleit the
longitudinal aspect of these dats, Kiclian and Mclordl?s analysis did
extctly this with nutritional statos but did rot include other pertinent
variebles (espccially rorbidity) becsuse of mcthodologicel difficulties.

Fourth, we will cxpand the aralysis of the INC.P data to inclade the
risk of mertality for childreo of ell zges included in the study (0 ro 7
years) rather than focusing only om infent mortality, as have previous
analyses, '
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A final but important contributjor will te to compare, in .
standardized framevork, annlyses unsing data from these three projects.
Detailed comparisons between standardized analyses of dats such &5 thes
have never before been performed. Theseo comparisons will help to sort out
apparently universal biological associetions with mortelity from result,
which are intervention and culture specific.,

The additional informatjon provided about the child mortality proces:
by further analyses of these data will result pertly from e somewhat
different analytic perspective (discussed next), bat primarily from 1
newly developed statistical technique (described later in this section,
that eliminates seversl of the methodological problems faced in previom
analyses of these data,

VARIABLES

The proposed analysis will be guided by =a theoretical model of
determinants of infant and child nortality adepted from the version:
proposed by Mosley (1980), and Chen (1981). A simplified form of this ia
presented in Fignre 1, The proximate determinants of a child’'s risk of
dying sre morbidity, acute (or carrent) and chromic (or long term)
nutritional status, Physiological characteristics of a child’s mothex
prior to and during pregnancy, and genetic cendowment. The magonitude of
the relationship betwcen morbidity and mortality is determined partly by
the characteristics of the disease itself (type and severity) and partly
by the treatment received by & child who is il1. In this. model,
nutritionral status affects the child's risk of dying from disease,
principally by inscrecasing the severity of the illness, although net
necessarily incressing sesceptibility to infection., Acute malnutritiog
may result from a2 bout of infcction, while a history of discase may
contribate to chronic malnutrition,

Selected physiologieal charescteristics of a child’s mother may also
alter & child’s risk of death through . their effect on the reproductive
process both during gestation and at the time of Wbirth. There is
considerable evidence that the children born to mothers at the extremes of
the reprodaoctive tges znd both first and greater than fourth parity
children are more likely to die (for = review, see Nortman, 1974).
Chronic malnutrition stunts =» voman's own growth, which nay botlh increase
the frequency of birth injuries and decrease the overall cfficiency of the
reproductive process.  Acute waternsl malnutrition may incresse the risk
of dying becanse fewer naotrients are available to the gprowing fetus.

Resistance refers to a child’s immunological defenses, while
rosceptibility refers to more general conditjons such as nmalnutrition,
-repested illncss or extreme fatigoe that way incrense the risk of
‘developing am infection if the child is cxposed to the infectious

organism,
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Similarly, closely spaced children and maternal infection duxidng pregnancy
may deplete the resources svailable to the fetus during gestation,

A child’s genetic endowment — which we cannot measure —- is also
tikxely to affoct his or her risk of death, Much of this effect may
operate by Increasing a thild’s susccptibility to disease, Severe genctic
errors may to lead to death, more directiy.

Although not indicated in Figure 1, the impact of maternal
characteristics and genetic errors on the risk of dying is likely to be
concentrated in the nzonatal period where most desths result from causes
rclated to the reprodactive process, By contrast, the cffects of
nutritionel status and wmorbidity and the indirect effects of genetic
cadownment Influence a child’s risk of dying throughout early childhood.

Socisl and economic status, ‘by vwhich we refer principally to income
and education, and c¢ultural differences are believed to affect the procesl
at several points, which we will describe only briefly.

Both 2 child’s nutritional status snd maternal nutiitional status
during pregnency are likely to be affected by the ability of a family to
produce or purchase food. The quality of food received by mothers and
children msy depend in part on edncation, particunlarly of the mother. The
physical environment in which a child 1lives is ealso likely to be
infloenced by his family‘s finenciel resounrces, Maternazl education may
alter a child’s living conditions penerally by increasing his mother's’
nbility to control that environment, end in practical weys, such as
ificreasing her knowledge of modern sanitary practices. Access to medical
services soch as immunization snd the trestment of illness may depeund 'both
on & family's sbility to pay and om their willingness to scek medical
help, which may increase with education. FEducation may alter child
spacing, the likelihood that & child is of higher parity, and the age at
which a woman has her first and last child, by influvencing fertility
preferences, Cultural practices mey nffect both the type of trcatment
sick child reccives at home (and whether the type of trcatment depends oa
{he child’s sex) whether or .not medical attcntiom is sought, sanitary
conditions, house construction, and child care practices, a <child’'s
natritional statans (particularly through ©breastfeeding and  weaning
customs), and maternal characteristics, snch ag child spacing and parity.

Despite the richness of the date sets to be cmployed in this
analysis, we obv:ously can measure only a portion of the variables and
exzmine only some of the associations in the theoretical model. The mainm
focus of the snalysis as described in the next section will be to exexine
the direct effects snd interactions of morbidity and nutritional status on
the risk of child desth, controlling for potentially confounding maternal
churscteristics when necessary. The impact of sociceconomic status on
these proximate determinants will then be explored. By compering rxesnlts
scross the three data scts we may be able to sort out purt of the cffects
of cultural practices on the proximate determinants os well,
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Nutritionsl stitus will géncrally bé mcasvred with anthropometxy
rather than dictary surveys and supplcmentation quantities becavse the
letter were takem muck less frequently and are subjcct 1o cubstantial
measurcment exror. Following Watcrlow's (1972) suvggestion that height-
for-age compared with s standard schbdnle is @ betler mcasure of stunting
or chronie melbutrition, while welght-for-height mecasures wasting or acute
malnutrition, we will rel§y -injtially om these two mecasuores, although
others will nlso bé cxamined. Matctnal nutritijonsl statas will be
mensured by height (s measure of nutritionnl history), uvsilable for at
Jeast the majority of the sample in ull three studies.

Conmparcd with nutritional status there axe¢ reiastively fcw standard
indices of morbidity useful in the type of analysis proposed. For this
reason, carly in the study, we plan to develop and test scveral messures
of the frequency and scverity of illnesses of diffcrent types to be used
in the analyses of the INCAP and Narangwal date. Tnitielly, we will work |
with thrce discase catcgories -~ 1) gastrointestinal, 2) sespiratory and
systeoic, znd 3) sll other types (including tctenus nconatorum and other
birth injuries). DPossible indicators of recent morbidity cxperience, for
cxample, sre: whether or not a child has expericnced am episode -of
greater them three days duration of one of these illnecsses in the past
month, the number of episodes of a certain minimum duration occorring in
the past siz months, or the proportion of days speat i1l during the past
{bree months. Because of the frequent monitoring of discase im the
Narangwal and INCAP studies, information on f{regquency of cach iliness
ought to be relatively well reported. Assesiment of severity, on the
other hand, is rather subjective, and may best be mezsured by durution of
the cpisode of illncss. Another approach that avoids the difficulty of
¢lassifying an cpliscde of disease js to look at the incidence and
frequency of particular sysptoms such as diarrhes or high fever, a3
Kiclmann, et al. (1978) did.

Treatment of discsse is likely to affcct its ontcome at lcest in part
by reducing (spnd sometimes, iz the case of traditionel purgatives,
incressing) its severity. In this scnse measurcs of the severity of the
discase partly rcflect treatment. Howcver, medically treated cozes may
actuslly be more severe than others because & child’s parcnts do not scek
treatment unless the cemse becomes severe. For thesc xecasoms, we will
czamine the essociation of scverity of iliness snd ‘trcaimcnt by medical
practitioners in ocus rreliminary sralysis. %e will then test Dboth
morbidity varlables incorporating inforzation on truvatment (such es number
of treates and nunber of unirvaled cazses of dinrrhea in the rast six
months) rnd scparste merbidity and treatment varizbles,

Other researchers (including Chen, et #l.. 1980), however, have argned
that weight-for-age is 2 more censitive end specific indicator of the
risk of dylng for usc in =& notrition surveillance,
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There are few ncasuremcnt problems with wmaternal age and parity.
Limited information is available concerning infectiom during pregnancy
from any of these studies, Child spscing can Le wmeasurcd in 2 number of
ways for the INCAP and Narangwal semples, for which complete maternity
histories are available, inclnding duration since first birth, average
birth interval length, and durstion of the interval preceding the birth of
the child in question. While varisbles reflecting both maternal and
paternal education will be used inm the preliminary nnalysis, our focus
will be on the child's mother's cducatiion,

Measuremeat of hecuscheold income is especially complex in rural areas
becsuse A substantial part of income is nmon-monectary. Although INCAP
conducted two cxtremcly detailed surveys of wealth and income ir 1974 =2nd
1875 in the EI Progreso villages and Petapa, there is no comparable
information from the other dats scts, ¥hile we will cxplore the
constroction of houschold income measures for the INCAP dats (preliminary
work has been donme by Stein snd Kasala (1978), at the Rend Corporationm),
most of the analysis will include only proxry variables such sas housing
guality {for which & messure is avzilable for each dsta set), ownership of
durable goods, and the availability of sanitary facilities. In fact,
these proxy variables are indicators of the physical ¢nvircnment in which
the child lives. The effect of not dirccetly mcasuring income is probably
to attenuste the relationship tetween the variables representing income
end nutritional statuz, while strengthening their relationship with

morkidity.

Caltural fictors included will vary according to the settiang. For
exuople, Kielmenm, et al. {1978} found that caste w.s au important
determinant of mortality im Nerangwal, Tndia, while D’'Scuza and . Chen
(1980} and Chen, et .al. (1981) found that sex was important in Bangladesh,
because of the differecnt treatment of sons snd daughters.

PROVPORTIONAL ILAZARDS

The principal statistical teol to be used in the proposed research
will be proportional hazards models, also knewn as coveriate life tobles,
The proportional hnzarxds model wes first proposed by Cox. (1972) and has
been furtber develored by Bresiow (1974), Uolford (1976}, sid Ealbfleisch
nnd Prentice (1980}, and used in duemographic spplications by Menkena et ai.
{1981}, Trussell cnd FPresten (1981), und Schirm ct al. (1981), =among

others,

As in & standard life trble, the assomption on which the propr:tional
hezurds model 1s based dis thel there is 8 certnin risk {or hezscrd) of
dying (or more penerally, of the ontcome of interest occurring) at each
duration. Im a preporticnal Perards model, unlike o life tsble, this risk
is nssumed to depend on e set of independent varishbles, The hazard
function, p, a8t & given doration &, for individoal § is )



pebley, Anne R.; Muffman, Sandrs L. 153-46-4667 (ARP)
081-38-5143 (SLB)

A(d) 'z,
e

Pi(d) = @

where A(d) is the underlying risk of dying at duration d, 2, is » vector
of independent variable values for indjvidual i, and B is a vector of
estimated parcmeters. Thus, in thismlar)’del. the risk of dying for am
individual consists of two parts, o© , the underlying hszurd rate
which is dependent only on durstion d4; and cxp(f’z,) a proportionality
factor which is dcpgndent only on the individual's values of the
independent variadbles. A more thorough descriptiom of the proportional
hazards mode]l and an example of its use are given in the psper by Trussell
and Hammerslough (1982} In Appendix 3 to this proposal.

Although it is not & panacea, the proportional hazards mcthod has
several distinct advantages for our apalysis. First, 1like & life table,
it permits inclusion of the cxperience of all individoals regardless of °
the brevity of the period during whick they were in the study popnlation,
It thus climinates the problem of censoring (that is, the insbility to
cbserve cvery individual during the entire period in question) and the
problem created by the fact that children who die are likely to 'be
observed for shorter periods of time them others. Movement of individoals
sn and ont of observation is especizally frequent in longitudinal studics
soch as these. Suvch losses and gains occur for a pumber of reasons
incloding death, inmigration or outmigration of children from the study
ares, or the beginning of the stady after a child’s birth or cnding of the
stody before the child completes the sages under study. If some or all of
the children for whom complete records zre unaveilable were cxcluded from
the anulysis, the relatively small sample size wonld be furtber reduced
snd the sample would be biased toward children who are less likely to

migrate and more likely to suxvive.

Ap elternative approach to this analysis might be to calculate life
tables by each category of each indcpendent variable. There sare at least
two drawbacks to such a procedure. First, the semple size in cach
indcpendrant variable catcgory or at cach duration quickly becomes too
small to c¢alculate 1ife table rates, particalarly if two or more
independent varisbies arc exsmined simoltancounsly. Second, because of the
sample size problem, most analyses of this type world be limited to
cxamining the cffect of each indepcndent variszble . scpacntely, thus
eliminating the opportuonity to examine the incremental impact of one
variable holding others constemt, or the interactions between variables.

The first st.p in using a propertional hezards model is to test the
assumption of proportionality by looking for am interactiom between
time and the hazard funetion. There is suvbstantial evidence, both from
demographic strvdies of mortality using proportional bazards models and
“from putritional studies relating anthroponelry to the risk of
death, that the proportiomality sssumption will be =ppropriate for this

analysis.
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By contrast, proportional hazards tochniqunes, which were developed for
small samples, can be used to estimate a model including soveral
independent variables simunltancously, permitting interactions to bo
examined directly. As with other multivariste techniques (such ag
regression), proportional thazards consexves data by sizultancously
estimating the magnitude of the associations of the dcpendent and
independent variables, under a set of assumptions about these
relationships.

Another major advantage of the proportional hazards procedure (using
cetegorical independent varisbles and discrete time units) is that we can
estimate models that inclade independent variables that chenge over the
period of observation. This feature is particularly important inm studying
the effects of nutritiona] status apd morbidity. For example, during the
period of observation, a child's weight~for-height may fluctuate between
normal end a level indicating mild malputrition. In 4 proportional
hazards model, this child would contribute ecxperience in easch specified
time period to the category in which his recorded weight~for-height fell

at that time,

DATA CLEANING AND ORGANIZATION

The first task in the proposed project will be cleaning and
organizing the data from esch study. All three data sets reside on
magunetic tepe and portions have received preliminery clesning and
checking., We will check, clean, and evaluoate the quality of each dats
sct, Oor evaluation will include examination of distributjons of
notritional status, morbidity and socicecomomic measures, seasonal and
other variability im infamt ond child mortality, the reliability of
reported death and birth dates, the internal consistency in nmeasures of
socioeconomic status, netritional status, and morbidity, A file organized
so that there is one record per child containing sll pertinent information
for thst individoal will be extricted from cach data set, Certain new
verisbles may be added that recode date in comparable form for all three
data sets, To facilitate comparisons, the variables inm cach data set muast
be standardized to some degree. The standerdization, however, will be
limited in order to fnlly coploy the richness and diversity of the
information collccted im each project, While the data cleening and
checking will be performed because they are essential to 'the rest of the
study, the resolts of this effort --— clecaned and organized computer files
for cach data set — will also be uscful for other resesrchers working
with these data. We will provide INCAP, ICDDR,B, &and the Narangwal
working group at Yohns Hopkins with the new versions of the computer tapes
anéd cdited codebooks that we develop for their particular dats sets.,
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THE ANALYSIS

The first part of the analysis will be descriptive and cxploratory in
nature, and will closely follow the evalnation of dats quelity. First, we
will compare the variation in netritional statns, the {Incidecnce of
different categories of -disemse, infant and child mortality retes,
indicatoxs of socioeconomic status, and informatiom on environmental
conditions smong study populations among trestment groups (im the
Narangwal and INCAP stodies) and among individual children within each
study or treatwent group, Next, Ilife tsbles of the probability of dying
from birth to the Yatest age of observation for children in each study
will be calculated for different subgroups of the population. Part of
this 1ife table sasnalysis will be a preliminary cvaluation of the
relationship between different messures of acute and chrondec malnutrition
end gorbidity and the risk of dying. The duration varisble in these life,
tables will usually be the age of the child, In pencral, single decrement
tables — the decrement being death —— will be used.

The second type of analysis will involve estimation of multivariste
wmodels using the proportional hazards technigue. The duration variable
will egain be the age of the child, At least two types of models will be
estimated, The first type will include only mcasures of nutritional
status, worbidity, and maternal factors that are discussed above. The
second type will also incorporate meesures of socioeconomic statas and
environmental and cultural varisbles (also described above). Comparison
of the results from the two types of models will indicate whether all ‘of
the varistion im mortality associated with this additional group of
variables operates through nutritional statms and morbidity, es we would
Lhypothesize, This portion of the =znalysis will alse permit us to estimate
the maln and interaction effects of cach variable on the risk of dying.
Additionelly, by including different combinations of nutritional status
and norbidity measures (chosenm, in part, wvsing results from the life table
analysis), we will ecvaluate the éfficacy of each measure and combination
of mcasures in predicting the likelihood of chiid death.

A third type of snalysis will explore the rclationship - between
rmorbidity and malnotrition in grester detsil using hazard models. In this
cese, the unit of analysis will be switched from the child to episodes of
e perticular type of disemse, such as diarrheal infection., A particuolar
child mey, therefore, contribute information to the annlysis as many times
as he has episodes of disease., The duratior variasble will be the time
since the onset of the cpisode and the decrement will be death. This
approach is aralogous to the studies of costraceptive cfficacy, im which
time scgements of use of a particalar method are the unit of anelysis.
Tae central gquestion to be answered inm this scction is: how do
nutritional status, trestment, and other factors, such ®3s sociocconcoomig
stetus, affect the probability of dying from = particular type of disecase,
once a child has the disense.

—
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To determine how factors affoecting the risk of death vary at
different stages of o child’s life, .portions of the second and third types
of analysis will be repented for children in different age groups. For
cxanple, sepaxate models may be estimated for neonatsl infants (birth to .
onc month) end post-nconatal infants (less than one year but not including
the first month of life), one to two years olds, and so forth, The age
groups that can be used will vary among studles, because they cnch
recorded information up until different ages, The groups chosen will also
depend on the distribution of the ssmple size at ecach age and the zverage
age at weaning. T :

Finally, to the degree permitted by the data, we will explore the
relationship between mortality and socioeconomic factors, particulacly
maternal edacatiom, which consistently has been found to be negatively
associsted with infant and child mortality. The yield from this part of
the analysis may be somewhat more limited than that from other sections
because of the somrces of dats., Although other aspects of sociceconomie
status — such as housing quality and social class — vary substantially
in the stody arees, women's cducation varies considerably less, cspecially
in Matlab Thanz in Bangladesh and in Narangwal in India. Nevertheless,
given the strength of the relationship between maternal education and
infant and child mortality,  there is a good chance of producing results
from this anslysis that will thelp to «clarify this association,
particularly using data collected by INCAP in the semi-urban towns in
cembination with information from the rural villages.

At each step of the analys‘is. comparisons will be made as much as

" possible among results for three intervention studies, The working™
Lypothesis will be that if nutritional status, morbidity, snd maternal

factors are adequately and conmparebly measured, there will be 1ittle

difference im the size of their effects on mortality betweem the study

“popilations “since bDasic biological Trelationships will be measured.
However, in reality, we do ecxpect €o find some diffexences in the results,

and accounting for these differences is likely to further increase our

understanding of the determinants of mor'tality. We also capect to find

major differences im the esspcijations between morbidity, aand natritional

status, and socioecconomic status, becavse of the major culiural,

environmental, and social diffexences between the three étud; populations,

It shopld be noted that most of the analysis will bec performed on the
entire sample from each stady, rather than disaggregaticg the sample into
cxperimental groops that were part of the INCAP and Narangwsal studies,
The experimental designs in these two interventions sexrve in this analysis
to increase the variation in notritional states and morbidity wmmong
individual children, bat will usually npot be cxplicitly incorporated inte
the analysis. We rccognize, however, that differences in mortality may
persist between cxperimental tréatment groups even when nutritional status
end morbidity are held constant, and we will test..for these remaining
differences at several points in the snalysis. '
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E, _COLLABORATIVE ARRANGEMENIS

The division of 1labor erd responsibility for this project are
described in the budget justification. The arrangements for collaboration
between Princeton University, Johns HNopkins University, and ICDDR,B
(detsiled in this section, the budget justification, and the budget) are
the resolt of detailed discussions between the collaborators from these
three institotions. If this rescarch is funded, collaborators and
spplicant organizations are prepared to establish in writing the reguired
inter—institautional agrecments,

The INCAP date that were collected under & grant fzom NIH are now
publizally sveilable throvgh NIH. Nevertheless, we rcquested and have
reccived approval for this analysis from Drs. Robert Klein and Hernln
Dclgado at the Division of MNuman Development, INCAP, Beczuse Dr.,
Chowdhury of ICDDR,B was involved in the collection of the Matlab dats znd
will participate in oor analysis, we bave verbal permission to use these
data., As participants im this project, the Narangwal group at Johas
HBopkins University has agreed to the use of dats from the Narangwal
Notrition Project for purposes of this analysis.

PUBLICATIONS

At lesst two types of publications of the results of this project are
plenned, The first is = series of papexs describing the rescerch on eech
of the data sets, comparinmg the results between the three studies. Ve
hope to poblish the first type of results bLoth in professional journals in
the countries or regions where the data were collected and in American or
Esropesn journals., Because of the broad intercst.in this topic in several
disciplines, we plam to publish “the second type of article in public
health, nutrition, and dcmographic (or population policy) periodicals.
Both preliminary amd final results will also be presented gt profcssional
conferences. )
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F. _DUDGET JUSTIFICATION

Dr. Annce Pebley will assume¢ -primary responsibility for the cendunct
¢nd coordination of the research, She will supervise the cleaning and the
statistical apalyses of the data, and will be responsible particularly for
the demograpbic, sociocconomic, and mecthodological aspects of the
enalysis. For this reason, we have budgeted half of her time for the
duratfon of the projeect. Dr, Sandra Huffman will provide the nutritional
expertise required to cvaloate the quality of the biological data, to
specify the models to be tested, and to choose and categorize measures of
nutritional status and morbidity to be used in the enalysis. Drs, Pebley
and Huffmwan will work im close collaboration omn a1l espects of the
enulysis and will be jointly responsible for the interpretation and
writing and publishing of the results.

The collaborators will make crucial contributions to the execution of
this project. Drs. Robert Parker and Mark Wolff, at Johns Bopkins, will
crganize the Narangwal data (which must be culled from approximately 200
copputer tapes and coherently organized) in year one, In the second year,
Dr. Parker will undertake preliminary analyses of these data using
crosstabulations and 1ife tables, at Johns Hopkins. He will also
perticipate in the comparison of results from the three standies, and with
the principal investigators, write up the Narangwal results, Dr. Alsuddin
Chowdhury spent the last academic year (9/81 to 5?82) at the Office of
Population Resecarch, for the purpose of snalyzing birth interval dynamics
using data collected in Matleb. This analysis, conducted in collaboratios
with Drs. Jane Menken, Fames Trussell, and Dr. Pebley, involves the use of
proportional hazards models to 1look at factors affecting. natural
fertility. ©PBecause of this experience with hazard models during the
naturel fertility project and his knowledge of the Matlab data, Dr,
Chowdhury will contribute substantially to the spalysis and interpretation
of - the - results, He will- also participate, with the principsl
investigators, in writing up results from the Miflab study. Preliminary
discussion of the analysis began before Dr. Chowdhury rctorned to
Rangl adesk, Dr. Chowdbury - will subsequently travel to Princeton
University at the end of the first year of study to work with Drs. Pebley
and Buffman. Funds for this purpose are .included in the badget.

Because of his cxpertise in the use of huzard moedels,, and statistical
demography in  pgeneral, Dr. Jemes Trossell will provide valvable
methodological advice thronghout the project period., Five percent of his
time is included in’ the budget since he will be consulted at all stsges of
the analysis.

¥Fith the exception of the data cxtraction and some dats cleaning and
prelininery analysis that will be performed onm the Norangwal data
{supcrvised by Dr. Parker es described ebove) and initial tabuletions on
the Matlab data (by Dr. Nuffwan) at Johns Nopkins, all data clemning,
orgenization and analysis will be performed at Prinmceton University on the
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University computer., A large part of Dr. ¥olff's time and computer costs
jz the Johns Mopkins subcontract will be incurred doring the first year,
since this Is when the data extraction and preliminary cleaning will take
place. Similarly, = larger portion of the Princeton computer charges will
be incurred during the first year VDecsuse of data cleaning and
organization of three complex data sets. Progranwmer time at Princeton,
however, is not reduced 4im the second year, because this is the time
period in which the proportional hazards models {requiring substantial
progranming effort) will be estimated, and other types of analysis
completed, .

Domestic travel inclonded In the budget is of two types. First, therze
are ten roondtrips (ples per dicm) between Princeton and Baltimore to be
used by the principsl investigators. VWith a project of this magnitude,
frequent trips will be required for consultations and working meetings
betweca Drs, Pebley and Fuffman and Parker. Secont, there are foor trips.
{travel and per dlem) to professional conferences included. Participation
in professiomal meetings will provide the principal investigators s means
of discuossing. the projeet and preliminary findings in year one with
colleagues in demography, nutrition, snd public health, and will serve as
one of several avenues for dissemination of results in year two.

Funds for a total of five days of consolting are included inm the
budget. These funds arc specifically earmarked for hiring an economic
demograpber, Dr. Carol Clark, who spend the ecademic year 1980-81 at the
Rund Corporation working with the INCAP longitodinal data, De. Clark is
intimately acquainted with this Jdatas set im its current form, and we
anticipate seceking advice from ber at several points in the clecaning,
organization, and aznalysis of the INCAP dats set., The consnlting will be
divided into two trips to Princcton by Dr, Clark, a three-day trip in year
one and & two~day trip in year two. Funds are included for consoltant's
fee, per diem, and travel, We have received =2nd attached written
confirnaticn from Dr. Clark that she is willing to serve as a consultant,
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