
-
I

r I

Relationships Between C;hild
Anthropometry antj

Mortality in Developing
Countries:

Implications for Policy, Programs,
and Future Resear(~h

David L Pelletier

•1
CORNELL FOOD AND NUTRITION POLICY PROGRAM

MONOGRAPH 12 • SEPTEMBER 199][

~..... ,..'

- \. . I, I
I - -



The Comell Food and Nutr~ion Policy Program (CFNPP) was created
in 1988 w~hin the Division of Nutritional Sciences, College of Human
Ecology, Comell University, to undertake research, training, and
technical assistance in food and nutr~ion policy w~h emphasis on
developing countries.

CFNPP is funded by several donors including the Agency for
International Development, the World Bank, UNICEF, the Pew
Memorial Trust, the Rockefeller and Ford Foundations, the Carnegie
Corporation, The Thrasher Research Fund, and individual country
govemments.

CFNPP is served by an advisory comm~ee of faculty from the Division
of Nutritional Sciences, the departments of Agricultural Economics,
City and Regional Planning, Rural Sociology, and Government, and
by the Program of International Agriculture. Sev~ral faculty members
and graduate students collaborate w~h CFNPP on spec~ic projects.
The CFNPP professional staff includes economists, nutritionists, and
anthropologists.



Relationships Between Child
Anthropometry and

Mortality in Developing
Countries:

Implications for Policy, Programs,
and Future Research

David L. Pelletier

CORNEll FOOD AND NUTRITION POlICY PROGRAM

MONOGRAPH 12 • SEPTEMBER 1991



The authorwould like to thank Ed FrongiUo,Jere Haas,Jean-Pierre Habicht,
Per Pinstrup-Andersen, Kathy Rasmussen, Jay Ross, Adwoa Steel, and Olivia
Yambi for their many constructive comments on an earlier draft of this mono
graph.

Cl 1991 Cornell Food and Nutrition Policy Program

ISBN 1·564,01·012·0

r



Table of Contents

List of Tables v

List of Figures vii

Abbreviations Ix

Preface xi

Executive Summary xiii

1. Introduction

2. Conceptual and Methodological
Considerations 5

3. Results 11

ANTHROPOMETRY-MORTALITY RELATIONSHIPS
AND POPULATION ATTRIBUTABLE RISK 11

EFFECT MODIFICATION AND CONFOUNDING 24
Age Effects 24
Gender Effects 36
Morbidity 38
Breast-feeding 42
Seasonality 43
Socioeconomic Factors 45
LENGTH OF FOLLOW-UP 47
COMPARING THE PREDICTIVE ABILITY OF
ANTHROPOMETRIC INDICATORS 48
ATTAINED WEIGHT VERSUS WEIGHT CHANGE IN
RELATION TO MORTALITY 55



• Iv

4. Implications 59

IMPLICATIONS FOR POLICY 59

IMPLICATIONS FOR PROGRAMS 61

IMPLICATIONS FOR RESEARCH 62

•
References 67



j
i-.

v
List of Tables

Table 1 Description of Population-Based Studies Included
in this Review 6

Table 2 Estimates of Population Attributable Risk for
Sevrre and Mild-to-Moderate PEM in Relation
to Child Mortality 16

Table 3 Estimates of Population Attributable RisK for
Severe and Mild-to-Moderate PEM in Relation
to Child Mortality 18

Table 4 Interaction Between Child's Age and Weight-for-
Age in Relation to Subsequent Mortality,
Punjab, India (Study 7) 27

Table 5 Interaction Between Child's Age and Arm
Circumference-for-Height in Relation to Subsequent
Mortality, Matlab, Bangladesh (Study 2a) 30

Table 6 Interaction Between Child's Age and Anthropometric
Indicators in Relation to Subsequent Mortality,
West Java, Indonesia (Study 8) 32

Table 7 Mortality Rates, Relative Risks, and Population
Attributable Risks for Weight-for-Helght and
Height-for-Age, Stratified by Age of the Child,
West Java, Indonesia (Study 8) 34

Table 8 Normalized Distance Statistic and Ranks for
Seven Indicators in Bangladeshi Males,
Females, and Combined Sexes (Study 1d) 38

Table 9 Mortality in Relation to Anthropometric
Indicators and Breast-feeding, Bangladesh
(Studies 6a and 3b) 44

Table 10 - Relationship Between Child Anthropometry
and Mortality In Bangladesh, Stratified by
Socioeconomic Indicators, Bangladesh
(Studies 1a and 1c) 46

Table 11 - Mortality Rates and Relative Risks of Mortality
tor Severely Malnourished Children as Defined
by Anthropometric Indicators Over Two
Follow-up Periods, Bangladesh 50



vi

Table 12

Table 13

Comparison of Height-for-Age, Weight.for-Age,
and Weight-for-Height Indicators in Relation to
Mortality

Comparison of Arm Circumference-Based
Indicators in Relation to Mortality

51

53

Table 14 - Comparison of Height-for-Age, Weight-for-Age,
and Arm Circumference-Based Indicators In
Relation to Mortality 54



List of Figures

Figure -;

Figure 2

Figure 3

Figure 4

Figure 5

Relationship Between Child Mortality and
Weight-for-Age (WA) as a Percentage of
International Median

Relationship Batween Child Mortality and
Mid-Upper Arm Circumference (MUAC)

Ralat!onship Between Child Mortality and
Height-for-Age (HA) as a Percentage of
International Median

Relationship Between Log Odds Mortality and
Weight-for·Age (WA)

Conceptual Relationships Among Nutritional
Status, Mortality, and Potential Confounders
or Effect Modifiers

12

13

14

23

25

Figure 6 - Punjab, India: Relative Risk of Mortality Within
12 Months According to Child's Age and
Weight-for-Age (WA) 26

Figure 7 - Mat/ab, Bangladesh: Relative Risk of Mortality
Within 18 Months According to Child's Age
and Arm Circumference-for.Height (ACHT) 29

Figure 8 - Indonesia: Relative Risk 01 Mortality Within 18
Months According to Child's Age, Helght-for·Age
(HA), and Weight-for-Helght (WH) 31

Figure 9 - Punjab, India: Twelve-Month Mortality for Three
Age Groups of Children According to Interval
Between Measurement and Death 40

Figure 10 - Mat/ab, Bangladesh: Sensitivity-Specificity
Curves fN Predicting Mortality from Arm
Circumference According to the Length of
Follow-up Period 49



AC

ACA

ACHT

HA

HT

MSS

MUAC

ORS

PAR

PEM

ROC

Se/Sp

SES

USAID

WA

WH

WHO

VII ,

Abbreviations

Arm Circumference

Arm Circumference-for-Age

Arm Circumference-for-Height

Height-for-Age

Height

Maximum Sum of Sensitivity and Specificity

Mid-Upper Arm Circumference

Oral Rehydration Solution

Population Attributable Risk

Protein-Energy Malnutrition

Receiver Operating Characteristic

Sensitivity/Specificity

Socioeconomic Status

United States Agency for International Development

Weight-far-Age

Weight-far-Height

World Health Organization



Preface

CFNPP conducts research to g;:nerate information about the impact of
government action on poverty, food security, and human nutrition. Information
to assist governments, communities, and households in aUeviating malnutrition
andenhance growth among preschool children is a high priority. This is because
preschool children are especially vulnerable to malnutrition, and the conse
quences of malnutrition may be particularly severe in that population group.
One consequence - inadequate growth - is associated with higher morbidity
and mortality risks, stunted adults, higher costs and lower efficiency in health
and education programs, and possibly lower labor productivity of the mother
and of the preschool child when grown up.

While the strength ofsome ofthese associations is difficult to test empirically,
there is no doubt that severe malnutrition leading to growth faltering results in
a higher risk of death. Therefore, government action that successfuUy reduces
the prevalence of severe malnutrition among preschool children also reduces
the mortality risk. Whether this would be the case for the much more wide
spread mild and moderate malnutrition has been a topic of debate. Although
the risk of death is only one of several relevant outcome indicators of the
nutritional status, for obvious reasons, child survival tends to be given a higher
priority than otiter indicators of child nutrition among decision makers in
government. Therefore, it is important to explore the strength ofthe association
between mild and moderate malnutrition and the mortality risk. If the associa
tion is stronger and causation can be implied, the reason for government action
to alleviate not only severe but also mild and moderate malnutrition is greatly
enhanced, particularly ifchild survival is the overriding goal.

In this monograph, David Pelletier reports results from research on this
association. On the basis ofdata and published research from several countries,
he fmds a strong association between mild-ta-moderate malnutrition in pre
school children and their risk of death. His ongoing research on a sample of
preschool children from rural households in northern Malawi is probing further
into this question and the implications for government, community, and house-
hold action. .
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Executiv~ Summary

The prevention of child mortality is a commonly stated health goal in
developing countries and the target of much international assistance from the
health sector. Over the past decade, the primary strategy for reducing child
mortality has been the dissemination of simple, low-cost technologies, chiefly
immunization and oral rehydration therapy (Huffman and Steel forthcoming).
A considerable body of evidence, however, supports the existence of an inter
action between disease and malnutrition in causing child mortality. For
instance, Puffer and Serrano (1973) estimated that malnutrition, particular1v
protein-energy malnutrition (PEM) was the underlyingor contributingcause of
death for 35 percent ofall children who died between one and four years ofage
in several Latin American countries. Apart from this earlystudy, however,little
effort has been made to quantify the contribution of PEM to child mortality in
other regions oftheworld in ways that are meaningful to policy. This monograph
reviews the results of 15 community-based, prospective studies in nine Asian
and sub-Saharan African countries that examined the relationship between
anthropometric indicators of PEM and child mortality. The purpose is to
estimate the contribution of PEM to child mortality, to distinguish the effects of
severe PEM from those ofmild-to-moderatePEM, and to examinesome related
issues that are relevant to policy, programs, and research in this area.

The accumulated results have consistently shown that the risk of mortality is
inversely related to anthropometric indicators ofnutritional status and that even
mild-ta-moderate PEM is associated with elevated risk. The latter result con
tradicts the flDdings from Chen et at's (1980) earlier, landmark study. Chen et
al. suggested that mild-ta-moderate PEM was not associated with an increased
risk of mortality. The present results indicate that between 20 percent and 75
percent of child deaths are statistically attributable to anthropometric deficits.
Most estimates place the percentage between 25 and 50 percent. Furthermore,
an examination ofall nutrition-related deaths in a population wiD reveal that 33
to 80 percent ofthese deaths are associated with mild-ta-moderate PEM, rather
than severe PEM. Outside of South Asia the range of estimates is 50 to 80
percent. Thus policies and programs that focus primarily or exclusively on the
severelymalnourished, a bias that does exist in many programs in practice, ifnot
by design, would miss a substantial proportion of nutrition-related deaths.

Another important result is the demonstration that the relationship between
weight-for-age and mortality is linear when mortality rates are expressed as a
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logistic transformation. This effect is seen in aU six studies for which data are
available and indicates that the effect of malnutrition on mortality depends on
baseline levels of mortality in the population (and by inference baseline levels
of mortality and health care). Thus, malnutrition has its biggest effect on
mortality in those populations with already high levels ofmortality. This poten
tiating effect of malnutrition is consistent with evidence from the
nutritional-biomedical literature suggesting a synergism between nutrition and
infection. The effect of this synergism on child mortality has not been previously
documented in population-based studies. One policy implication is that signif
icant reductions in mortality can be expected by improving either nutritional
status or health status, and that asynergistic effect can be expected by improving
both simultaneously.

One limitation of the available studies is that few have attempted to control
for the possible confounding that can resultwhen mortality and malnutrition are
independently determined by the same set of behavioral and socioeconomic
factors (e.g., caretaker knowledge and practices and access to health care). The
few studies that have attempted to control for confounding (through proxy
socioeconomicvariables) suggest that the anthropometry-mortality relationship
is not due to such confounding. However, this has only been applied to severe
cases ofmalnutrition, where the link to mortality is strongest, and it is not clear
whether similar results would hold among mild-to-moderate cases.

The results further suggest that, for a given anthropometric deficit, child
mortality in South Asian children is lower than in children from other regions. .
This fmding is consistent with those from earlier cross-national comparisons
(Haaga et aI. 1985). It may relate to small maternal stature in these populations,
which contributes to the exceptionally high rate oflow birth weight (31 percent)
and relatively benign carry-over effects on the size of preschool children. It is
hypothesized that child anthropometric deficits arising in this fashion may not
have the same functional consequences as deficits arising from poor maternal
health and nutrition during pregnancy or from similar conditions in early
childhood. This area requires further research.

On the basisofa prioriexpectations, aswell as the results from the fewstudies
examining these issues, the review concludes that the child anthropometry-mor
tality relationship is likely to be modified by a number ofother factors including
the child's age and sex, length oftime between measurement and foUow-up visit,
seasonality, and breast-feeding. This conclusion carries important implications
for policies and programs. The importance for policy is well-illustrated by the
breast-feeding results, which indicate that the absence of breast-feeding in
creases thealreadyelevated risk ofdeath amongseverelymalnourishedchildren



xv

(older than 12monthsofage) byfour-fold. The importance for programs relates
to issues such as the optimal interval between measurements for screening
purposes, the most efficient anthropometric indicator, and the priority to be
given to children ofdifferent ages when using a single screening indicator. Most
studies have been limited in their ability to examine these issues due to small
sample sizes, variation in analytical methodologies, and failure to collect and/or
use ancillary data in the analysis. However, in the future, researchers should
consider these issues, and their studies may benefit from pooling the data from
previous studies.

Finally, it is suggested that observlltional (i.e., nonintervention) studies ofthe
type reviewed here,... y be inherently limited in their ability to answer a central
policy question: to what extent are reductions in child mortality through health
sector interventions compromised by persistently high rates ofmalnutrition? A
stronger approach would be through careful evaluation of ongoing, large-scale
intervention programs, especially those that have successfullycontrolled severe
malnutrition and are shifting attention to mild-to-moderate foons (e.g., Iringa
and Tamil Nadu).



1. Introduction

The prevention ofchild mortality is perhaps the most commonly stated goal
of national health policies in developmg countries and is a major focus of
international and bilateralaid in the healthsector. The health plansofindividual
countries and the increased attention in recent years to the promotion and
dissemination of simple, low-cost technologies for child survival (Grant 1983)
reflect this concern. Huffman and Steel (forthcoming) have recently reviewed
the impact of these technologies on child survival and questioned whether
nutrition has been given appropriate attention in the overall strategies. They
note that some life-saving technologies were originally designed to simulta
neously reduce child mortality and improve nutrition but, when implemented,
the latter objective was typically overlooked in favor of the more easily imple
mented components of the strategies, such as immunization and oral
rehydration therapy. They note that not only were opportunities missed to
improve nutrition, but the effectiveness of the technologies on saving lives may
have been limited because ofthe importance ofmalnutrition as a contributor to
infant and child mortality. .

The issues raised by Huffman and Steel are important flJr deciding the
appropriate mix ofstrategies to promote child survival at a national and inter
nationaileveI. Despite the argument that governments and external agencies
should strive to improve simultaneously both nutrition and child survival, re
source constraintsalways require thatadecisionbe madeconcerningthe relative
weight to be given to nutritional improvement versus technological interven
tions. HuffmanandSteel note, for instance, thatexpenditures on direct nutrition
activities represented only 13 percent of the amount spent on other United
Nations health activities in 1987 and only 15 percent ofUSAID's child survival
funds in 1988. In order to evaluate the appropriateness of this resource alloca
tion at an intemationallevel or within a given country, the first step is to assess
the quantitative contribution ofmalnutrition to mortality.
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PufferandSerrano (1973), in their report ofthe Inter-American Investigation
of Mortality in Childhood, made the fust systematic attempt to estimate the
contribution ofmalnutrition to childmortality. Theysuggested that malnutrition
was an underlying cause of35 percent ofan deaths to children under 5years of
age in 13 Latin American countries. The corresponding estimate for children
aged 12 to 23 months was 60 percent, and for 2 to 4 year-olds was 54 percent

Shortly after the Inter-American investigation, three studies confirmed the
nutrition-mortality link in India (Kielmann and McCord 1978) and Bangladesh
(Sommer and Lowenstein 1975; Chen et a!. 1980). These authors conducted
these population-based studies over months or even years. Earlier studies
(puffer and Serrano 1973; Gomezet aI. 1956; McLaren et aI. 1969; Garrow and
Pike 1967) were either retrospective, involved short fonow-up periods, were
based upon hospital admissions, or involved some combination of these three
factors. These population-based studies also revealed a connection between
relatively simple anthropometric indicators of nutritional status and the risk of
future mortality. At a policy level this link has confrrmed the potential impor
tance of malnutrition for designing child survival strategies, and at a
programmatic level it provides one rationale for using growth monitoring in
health programs to assist in identifying high-risk children.

Although the studies cited above have provided important documentation
that anthropometric indicators of malnutrition are related to mortality risk, a
number of important questions remain. The purpose of this paper is to can
attention to these issues and to draw upon the existing literature to address them
to the extent possible. Specificany, this paper reviews the results ofprospective,
population-based studie:.:: to examine the fonowing questions:

• What fraction ofchild .mortality is attributable to malnutrition as measured
by anthropometric deficits?

• What is the contribution of mild-lo-moderate malnutrition versus severe
malnutrition to this fraction?

• Does the relationship between anthropometric indicators and mortality
differ according to the age or sex ofthe child?

• Do these relationships differ across populations?

• To what extent do other factors, such as household socioeconomic status,
concurrent morbidity, and feeding practices, confound or modify these
relationships?

• How does the length of time between initial measurement of the child and
foUow-up visit affect these relationships?
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• Which anthropometric indicators are most closely related to mortality and
how do static (one-time) measures compare with repealed measures ofthe
same child (velocities)?

III the final section the implications for policy, programs, and future research
are discussed.

:



2. Conceptual and
Methodological
Considerations

In conducting this review it became obvious that the available studies differ
in a number of respects that have an important bearing on their interpretation
and comparability. The studies themselves, and some of these"important fea
tures, are described in Table 1and elaborated upon below.

Before describing the studies, a distinction must be made between nutritional
status and anthropometric indicators of nutritional status. Although the terms
are sometimes used interchangeably, the distinction is important in the present
review. Nutritional status refers to the internal state ofthe individual as it relates
to the availability and utilization of energy and nutrients at the ceUular level.
Protein-energy nutritional status, therefore, refers to the state of the individual
in relation to these two "nutrients." Since this state cannot be directly observed,
one relies on measurable indicators of this state. Anthropometric measure
ments provide relatively simple and convenient indicators of protein-energy
status, but they are not synonymous with it. For instance, a weU-fed child may
have a moderately low weight-for-age because of recent diarrheal dehydration,
stunting from previous nutritional insults, recent improper feeding practices
(even if he or she is free of disease), or some combination of these conditions.
Each of these scenarios has different implications for the child's cwrent nutri
tional status (vis-a-vis nutrient availability and utilization at ceUular level) and
for the probability of mortality in the coming month, six months, or twelve
months. These scenarios also mean that, in various circumstances, the use of
anthropometric indicators may lead to underestimates or overestimates of the
effects ofnutritional status on mC'rtality. Thus, the present review is concerned
withanthropometry-mortality relationships in the first instance, and onlythrough
cautious inference does it discuss nutrition-mortality relationships.



Table 1- Description of Population-Based Studies Included In this Review 101

Age Effective Effective No. of GrossStuc;ty Length of No. of
No.- Population Range FOUOW-Upb Deathsc Children M.A.· Citation

Months

1a Matlab, Bangladesh 12·23 24 112/48 2,019 27.7 Chen at aL 1980

1b Matlab, Bangladesh 12·23 24 112/48 2,019 27.7 Bairagl1981

1c Matlab, Bangladesh 12·23 24 112/48 2,019 27.7 Chowdhury 1988

1d Matlab, Bangladesh 12·23 24 98/39 1,ggsd 27.7 Cogill1982

2a Matlab, Bangladesh 12·59 18 154/35 3,757 27.3 Sommer and Lowenstein 1975

2b MatIab, Bangladesh 12-59 18 154/35 3,757 27.3 Trowbrldre and Sommer 1981

2c Matlab, Bangladesh 12-59 6 49 ~ -!I Briand 8jld Zimlckl1986

3a Matlab, Bangladesh 6-36 1 52/29 4,~ 21.1 Brlend at aI. 1987

3b MatIab, Batlgladesh 12-36 1 49/28 4,61~ 21.1 Brlend at aI. 1988

4 Matlab, Bangladesh 12-59 12 23/4 961 14.3 Bairagl at aI. 1985

5 Teknaf, Bangladesh 12-59 6 60/16 2,625d 5.1 AJam at al. 1989

6a C-M Hwy, Bangladesh' 12-36 1 69/47 1,08? 31.7 Briand and Barl1989a

6b CoM Hwy, Bangladesh' 0-36 1 66/47 1,011d 32.6 Brlend and Barl 1989b

7 Punjab, India 12-36 12 148/26 2,808 52.7 Kielmann and McCord 1978

8 W. Java, Indonesia 0-59 18 151/20 3,461 43.6 Katz at a!. 1989

9 Papua New Guinea 6-30 18 47/4 1,147 27.3 Heywood 1982



10 Kasongo, zaire 6-59 3 105 7,092 4.2 Kasongo Project Team 1983

11 Kasongo, zaire 6-59 3 52 4,27~ 3.5 Kasongo ProJectTaam 1986

12 lrings, Tanzania 6-30 12 8817 2,452 35.9 Yambi 1988

13 Guinea-Bissau 6-59 12 109/17 2,22ff 48.9 Smedman at aI. 1987

14 Senegal 6-59 6 301 3,1~ 47.8 Briand at aI. 1989

15 ChingaJe, Malawi 0-59 12 84/18 1,17lf 28.5 Undskog at aJ. 1988

• Studies in a series (e.g.• 1a-1d) represent analysis of the same data set.
b Refers to maximum possible length of follow-up used in the main analysis. Some studies using child-months as the dE.":ominator in the

analysis often did so because the actual length of follow-up varied among children. with children only measured once at the beginning
of the period (studies 5. 13.15); others measured children regularly and examinedmortality in the following month orperiod (studies
3a, 3b. Sa. Bb. 71).

C Refers to numberactually used in the main anal}'sis and the number in the ·severe· category of the anthropometric indicator (when
Eiltailable); studies 1d. 2c. 3b, sa, and 6b reportedly excluded accidental deaths.

d These studies use child-months (or child-semesters) as the unit of analysis, which in all cases is higher than the number of children
shown here.

• Effective numberofdeaths dMded by effective number ofchildren. expressedper 1,000peryear, note that the effective follow-up
period often differed from the period over which these deaths occurred. in which case the rate Is standardized relative to the laner. The
rate is intendedhere as a crude measure ofcompleteness of death reporting.

f Chandpur-Comilla Highway, study area 70 kms from Dhaka. Studies Sa and 6b refer to the same basic data set, but the two papers
disagree on the age range. and one excludes 3 drowning deaths and 73 other (unspecified) children.

g These represent incomplete samples from previously archived data (study 2a) and thus a mortality rate cannot be calculated.

....
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As shown in Table I, 22 studies are available in the journal literature and in
two dissertations. These studies were identified through computer-based
searches (Medline and Agricola) from January 1983 through October 1989,
through two recent theses completed at Cornell University, and through sec
ondary citations given in all of these papers. This is thought to be a complete
list ofprospective, population-based studies comparing one or more anthropo
metric indicators ofthe risk ofsubsequent mortality.

As shown in the table, some studies are included in the list more than once,
when re-analysis of the same data provided additional information bearing on
the objectives of this paper. Thus, the 22 reports actually refer to 15 separate
studies of 10 distinct world populations. The bias in the literature clearly favors
Bangladesh, for which 13 reports exist based on 6 different studies. Six reports
are from Africa, representing studies in five countries. (No reports from Latin
America are included in Table 1.)

The studies differ in the range of children's ages. Some were restricted to
children between one and two years, and others covered children through five
years old. Variation in age may affect study results because of the well-known
changes in anthropometric indicators, feeding practices, disease exposure, and
health care, which take place between birth and five years (Martorell and
Habicht 1986; Leslie and Gupta 1989). The most widely cited and debated study
in the literature (that of Chen et aI. 1980), which has undoubtedly had a
significant impact on policies and programs, is also 1Il10ng those with the most
restricted age range (12 to 23 months). The few studies available for explicitly
examining this issue are reviewed in a later section.

Length of follow-up also varies widely across the sludies, ranging from 1
month to 24 months. This mayalso have a significant influence on the predictive
abilityofvarious indicators, since those renecting wasting (measured by weight
for-height, various arm circumference indicators and, at younger ages,
weight-for-age) indicate an acute condition. Wasting may predispose a child to
death in a short foUow-up interval, but such indicators typically resume normal
values within weeks or months and should have few or no carry-over effects on
mortality in the longer term. Other indicators (e.g., height-for-age) reflect a
lifetime of chronic poor health and nutrient intake, with little relevance to the
child'scurrent nutritional status, andwould not beexpected tocontributedirect,y
to mortality in older children. They may nonetheless have good predictive value
if they identify children and households with chronically poor environmental
and behavioral characteristics, which are themselves responsible for greater
mortality. Thus, variation across studies should be expect.ed in the ranking of
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indicators from best to worst as a result ofthe length offollow-up employed and
the ages ofstudy children.

Another important factor in many of these studies is the relatively small
number ofdeaths available for analysis. The relatively low prevalence ofsevere
PEM (2-20 percent in moststudies) results in few deaths (with6 ofthe 15 distinct
studies having fewer than 20 deaths in this category). These numbers suggest
that the estimates of mortality rates within categories of nutritional status have
a fairly wide confidence i.:lterval and that conclusions regarding the existence,
or lack thereof, ofthreshold effects, population differences, etc. should be made
and interpreted with caution.

In addition, as indicated in Table I, a calculation of approximate mortality
rates based on the data provided in each report identifies several studies with
unusually low mortality estimates and a high probability of incomplete death
registration. In most cases this results in misclassification of the unreported
deaths as survivors (since the default in most studies was probably to assume
they survived), and a significant loss of power to distinguish the deceased and
the survivors on the basis of anthropometry.

Another feature of the mortality data that varies among studies is the way in
which accidental deaths are treated in the analysis. Several studies (noted in
Table 1) excluded these from analysis, whereas others included them. As
reflected by the discussion over this point in connection with Chen's study
(Morley 1973;Chen et aI.1981), thesevariances can significantlyaffect estimates
of sensitivity, specificity, and (to a lesser extent) attributable risk. For instance,
in the study by Chen et aI. (1980) the sensitivity ofweight-for-age is 25 percent
when accidental deaths are included and 56 percent when they are excluded, at
a specificityof95 to 96 percent. Attributable risk shows asmaller increase, from
38 percent to 44 percent. Unfortunately, the original reports of many studies
fail to mention whether accidental deaths were included or excluded, and those
that mention their exclusion often do not state how many cases were thereby
affected. (The reports excluding accidental deaths, as indicated in Table I,
represent only those in which explicit mention was made.) This factor must be
considered in interpreting the results of anyone study and in making compari
sons across studies.

Finally, the table shows that the studies differ in how they express andanalyze
mortality. Most reports provide sufficient information to permit the calculation
ofmortality rates (deaths per 1,000 children peryear) according to various levels
of anthropometric indicators. Others quantified mortality as the number of
deaths per 1,000 child-months, which was necessitated by the design ofthe study
(variation in length offollow-upamongchildren in thestudy). The latter method
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results in rates that are numerically lower than standard mortality rates. The
two rates cannot be readily converted or compared. However, the estimates of
anthropometry-mortality relationships and attributable risk derived from this
second method wiD be very similar to those from the standard method, if there
is no serious bias in the number ofmonths before foDow-up ofthe malnourished
survivors versus the well-nourished survivors. (If the malnourished are less
represented in the total child-months before follow-up, this bias would lead to
an overestimate of attributable risk.) Due to the uncertain comparability of
studiesemploying these two methods, theyare distinguished where appropriate
in the presentation of results.

---._--------------------- ---
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Results

ANTHROPOMETRY-MORTAUTY RELATIONSHIPS
AND POPULATION ATIRIBUTABLE RISK

Figures 1-3 illustrate the relationship between mortality and three indicators
of nutritional status: weight-for-age (WA), simple mid-upper arm circumfer
ence (MUAC), and height-for-age (HA), respectively. These indicators appear
to have the closest statistical relationshipwith mortality (seesubsequentsection)
and are each represented by several studies. These rates were either taken
directly from the literature or calculated from data provided in the original
reports and, in a few cases, estimated from figures in these reports. In Lindskog
et ill. (1988) cutoffs expressed in Z-scores were converted into percentage-of
median equivalents using regression equations obtained from raw data from a
large study conducted by PeUetier et al. (1991) in the same country.

Figure 1shows a consistent increase in child mortality with decreasing WA
in all nine studies for which such rates could be calculated. In those studies for
which standard mortality rates could be calculated (upper pane!), mortality
shows a basicaUy linear increase as WA declines from greater than 80 percent
of the median to 60 to 69 percent of median, and a marked increase as WA
declines from 60 to 69 percent to less than 60 percent of the median. Similar
results are seen in the studies expressing mortality relative to child-months
(lower pane!), although the cutoffpoints differ from the fIrst set.

The one notable exception is from Matlab, Bangladesh, where no consistent
relationship is found between mortality and WA at levels greater than 60-69
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Figure 1-Relati>nshp Between Chiki Mortality and Weight-tor-Age (WA)
as a Percentage of Intemati>nal Median
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Figure 2 - Relationshp Between Child MortaJ~y and Mld-Upper Ann
Cira.llnference (MUAC)
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Figure 3 - Relationship Between Chid Morta6ty and Height-far-Age (HA)
as a Percentage of International Median
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percent.1 Among the frrst to appear in the literature on this subject, this study
suggested the existence of a threshold of WA (6S percent of median in the
original report), above which mortality risk was not elevated. Figure 1 (and
Table 2 described below) show that this result has not been conflJ'med by
subsequent results in the same study area (Bairagi et a1. 1985), elsewhere in
Bangladesh (Alam et a1.1989), India (Kielmann and McCord 1978), Papua New
Guinea (Heywood 1982), Guinea-Bissau (Smedman et al. 1987), Tanzania
(Yambi 1988), nor Malawi (Lindskog et aI. 1988). Although the gradient in
mortality risk is greatest below 60 percent WA, these other studies demonstrate
a consistent gradient even at levels above this point.

Given the far higher prevalence of mild-ta-moderate PEM (60-80 percent
WA) than that ofsevere PEM, this result has important policy implications, as
emphasized by the estimates of population attributable risk (PAR) provided in
Tables 2and 3.2 The PAR associated with total PEM (dermed as WA less than
80 percent of median WA) ranges from a low of 10.2 percent in Guinea-Bissau
to a high of73.S percent in one Bangladesh study,3 with most otherstudies falling
between 23 percent and 48 percent. The tables further show that mild-ta-mod
erate PEM (60 percent to 80 percent WA) represents 33 percent to 80 percent
of the total PAR across studies. This represents a range of estimates of the
percentage of mortality that would be missed by nutrition programs ifexclusive

The Guinea·Bissau studysuffered from the confoundingeffect ofa measles epidemic during
the follow.up period, which affected thesample in urban areaswhere nutritional status is beller than
in the rural population samples (90 percent versus 84 percent WA). Thus, the risk allributable to
WA is likely tobean underestimate. The Bangladeshstudywith PARof73.5 percent had afollow-up
period ofonly 6 months, compared to 12·24 months for all other studies. Similarly, the study with
the next highest PAR (63.0 percent, based only on severe PEM, also from Bangladesh), had a
follow-up period ofonly1 month. Since most deaths to malnourished children occur in the first few
months after measurement, a longer follow-up period would probably have resulted in a narrower
range of PARestimates.

1 The rates shown here by four categories ofWA are based on data provided in Cogill (1982),
which excludes accidental deaths. It differs from Chen et al. (1980), which used the Gomez
c1assilication and included all deaths. The form of the relationship is the same in the two vcrsions,
but the analysis ofdata in Cogill enhances cross-study comparability in this and subsequent results.

2 EJcceptforthereportofCogill(1982),noneoftheWAreportsshowninTables2and3mention
excludingaccidental deaths. The re-analysisof Chen's data from that provided in Cogill (1982) was
by necessity based on nonaccidental deaths. However, at acutorfpoint of WA less than 70 percent,
this only raises the PAR from 38 percent with accidelllS to only 44 percent without accidents.

3



Table 2- Estimates of Population Attributable Risk for Severe and Mild-te-Moderate PEM in Relation to Child Mortality I;
SeverePEM& Mild-to·Moderate PEM& Normal TotalStudy

PopUlation PARNo. MR Prevo PAR MR Prevo PAR MR Prevo

Weight.for.AgEf

7 India 36.7 4.2 26.4 4.8 61.2 22.0 2.8 34.6 48.4

5 Bangladesh 31.6 5.1 25.3 5.8 70.2 48.2 1.6 24.7 73.5

ld Bangladesh 100.8 19.4 22.8 35.5 69.0 O.Cf 43.1 11.6 22.8

9 Papua New Guinea 148.1 1:6 5.1 44.2 35.5 25.3 14.8 62.9 30.4

12 Tanzania 212.1 1.3 7.0 51.8 35.4 28.4 23.2 63.3 35.4

Arm Circumferenced

5 Bangladesh 36.7 6.1 33.2 6.9 76.4 9.8 3.5 17.5 43.0

ld Bangladesh 209.5 5.3 19.0 52.6 43.9 19.4 30.6 50.8 38.4

2c Bangladesh 113.3 4.0 33.1 16.2 29.5 24.1 5.6 66.5 57.1

Height.for.Agee

la Bangladesh 113.2 -- 33.5 38.7 67.8 7.0 33.0 9.0 40.5

5 Bangladesh 30.7 15.2 29.3 10.4 42.8 11.3 7.2 42.0 40.6

8 Indonesia 38.6 10.0 4.2 49.7 54.1 15.8 20.5 35.9 19.9

9 Papua New Guinea 72.7 4.8 6.6 41.3 73.9 20.0 16.4 21.3 26.6

12 Tanzania 56.8 3.6 2.8 37.2 72.3 25.7 28.7 24.1 28.5



• MR =mot1al~ rate (per 1,000 children peryear) associatedwith each grade ofPEM.
Prevo = percentofchildren In each grade ofPEM.
PAR = populallon alIributable risk ofmortal~associated with each grade ofPEM.

(MR - MR )xN /1.000
PAR = m D

t
m , where MRmIs the mot1ality rate ~ong the malnourished, MRn Is the moltal~ rate among the

normals, Nm Is the numberofmalnourished, and Dt Is the total numberofdeaths In ayear.
b Severe, <60% welght·for-age; mlld-tc>moderate, 60-80% welght-for-age; normal, >80% welght-for-age.
C The PAR Is setat0 because the MR for this grade Is lower than the reference grade ofPEM; total PAR Is assumed to equal PAR for

severePEM.
d Severe, <110 mm; mlld-to-moderate, 110-129 mm; normal, ~130 mm (studies 1d, 2c).

Severe, <121 mm; mlld-to-moderate, 121-131 mm; normal, >130mm (study 5).
• Severe, <85% helght.for-age; mlJd-to-moderate, 85-94% helght-for-age; normal, ~ 95% helght-for-age (exceptstudy 5 where

mlld-to-moderate Is 85-89%; and, normal ~ 90%.

.......



Table 3- Estimates of POpUation Attributable Risk for Severe and Mild-to-Moderate PEM in Relation to Chid Mortality
1=

Study SeverePE~ Mild-to-Moderate PEMa Normal Total
No. Population PARMR Prevo PAR MR Prevo PAR MR Prevo

Weight.for-Ageb

6a Bangladesh 22.6 13.9 63.0 - - - 1.7 86.1

13 Guinea-Bissau 8.0 12.4 5.0 7.5 30.3 5.2 5.4 57.3 10.2

15 Malawi 15.7 6.3 16.8 4.2 56.5 9.8 3.4 37.2 26.6

Arm Circumferencec

3a Bangladesh 16.6 5.9 54.4 1.1 53.8 21.7 0.4 40.3 76.1

Helght.for-Aged

13 Guinea-Bissau 4.7 12.3 0.0 8.2 31.1 12.7 5.6 56.6 12.7

15 Malawi 5.5 20.6 2.7 4.0 55.1 0.0 4.9 24.3 2.7

a Definitions ofMR, Prev., andPAR as In Table 2, except MR Is based on child-months ofobservation.
b Study6a: severe, <60% welght-for-age; normal, c: 60% welght-for-age.

Study 13: severe, <75% welght-for-age; mild-to-moderate, 7&84% weight-for-age; normal, ~ 85% weight-for-age.
Study 15: severe, <68% weight-for-age; mild-to-moderate, 68-89% weight-for-age; normal, ~ 90% weight-for-age (converted from
Z-scoresprovided in published report).

cSevere, <11O%mm;mild-to-moderate, 11G-129;normal, ~ 130mm.
d Study 13: severe, <90% height-for-age; mild-to-moderate, 90-94% helght-for-age; normal, c: 95% height-for-age.

Study 15: severe, <88% height-for-age; miid-to-moderate, S8-96% height-for-age; normal, ~ 96% height-for-age (converted from
Z·scores providedin published report).
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or primary attention were to be given to severe cases. This point is especially
important in most studies from outside of South Asia (Papua New Guinea,
Guinea-Bissau, and Tanzania), where severe PEM is not nearly as prevalent
and, thus, mild-to-moderate PEM accounts for 50 percent to 80 percent oftotal
PAR.4

A notable exception in the literature concerning mortality and anthropomet
ric indicators is the study from Kasongo, Zaire (Kasongo Project Team 1983),
which found no relationship bctween the two. This has led to some discussion
concerning the possible population-specific nature of this relationship (Bairagi
1981; Chen et al.1981). However, from additional studies in Africa since thenS

(includingneighboringTanzania), methodological problems in the studyappear
to be a more likely explanation. For instance, the data, manpower, and tech
niques used in theoriginalstudyare typical ofwhat mightbeexpected ina normal
healthclinic, asemphasizedbythe investigatingteam. In addition, Table 1shows
that the 105 deaths analyzed in thestudy probably represcnt, at most, 20 percent
of total deaths occurring in the sample during this period, since the gross
mortality rate calculated from the report is only 4.2 per 1,000 per year. Thus,
the weight ofevidence from aU of the studies available to date does not support
the suggestion that the fundamental relationship between anthropometry and
mortality differs among sub-Saharan African populations.6

Although the same fundamental relationship between anthropometry and
mortality is seen in aU populations studied, the results in Figure 1 give the
appearance ofpossible population differences in mortality risk, especiallyat low
WA. Thus, in the upper panel, Tanzania and Papua New Guinea have higher
mortality rates than the four South Asian populations at any given WA, espe
cially below 60 percent. A similar discrepancy is also suggested in the lower

4 Note that PAR is used here simply to assess the numbers of malnutrition-relate" deaths
involving different grades of malnutritior,. It is not avalid statistic for comparing across indicators
because its magnitude is greatly inOuenccd by the prevalence and, thus, the location of the cutoff
point. More valid methods ofchoosing amongseveral indicators are described in a later section.

S In addition to the studies represented in figure 1and Tables 2 and 3, one study from Nral
Senegal (Briend et al. 1989) found significant relationships between anthropomet1)' and mortality,
although the data provided in the report (logistic regression and sensitivity-spccificityanalysis) docs
not permit it to be depicted in the above figure and tables.

6 Becauseofthevirtual absence ofanystatisticallysignificant relationships in the Kasongostudy,
its methodological problems and, most importantly, the noncomparable method of presentation in
theoriginal reports (internal standardsand no cell.specificsamplesizes), thisstudy is not considered
further in this section.
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pane~ although the use of different cutoff points makes comparison more
difficult in this case. The discrepancy does not appear to be consistently
accounted for by the different lengths of foUow-up or by age ranges, which are
both intennediate between those of various South Asian studies (Table 1). In
light of the small numbers of deaths in the severe PEM categories of the
non-South Asian studies (Table 1), any fum conclusions from these results as
they pertain to severe PEM would be unwarranted. However, the observation
that, over the entire range of weight-for-age, mortality in the three African
studies appears to be elevated relative to the South Asian rates is consistent with
the clear trend observed along these lines in cross-national comparisons ofdata
from 22 countries (Haaga et al. 1985).

Figure 2andTables2and 3 present information on the relationship between
simple arm circumference (Ae) and subsequent mortality. In this case aU
available studies are derived from Bangladesh, with five of the six coming from
the MatIab Research Station. As with WA, mortality shows an exponential
increase with declining AC, with a smaU but detectable elevation in risk at
intermediate levels ofAC (110 to 129 millimeters) and a marked elevation at the
extreme levels (less than 100 millimeters). Since all these studies come from
Bangladesh it is no surprise that far less interstudy variation is found than with
WA. However, since the length of foUow-up varies from 6 to 24 months across
studies, two studies excluded accidental deaths and two did not, and the
measurements were taken under different conditions by different field teams,
thesimilarityofresults across these studies can be taken as an indirect indication
of the robustness of the overaU relationship.

The estimates ofPAR for ann circumference (Tables 2 and 3) vary from 38
percent to57 percent for the three studies, with mortality expressed as rates per
1,000 children per year, and 76 percent for the one study using child-months in
the denominator. This is within the range ofestimates based on weight-for-age.
In contrast to weight-far-age, only 23 percent to 50 percent of the total risk
attributable to AC is due to mild-to-moderate AC deficits (defmed here as 110
to 129 millimeters), with the majority of the risk being derived from severe
deficits (less than 110millimeters) in most studies. These percentages, ofcourse,
are highlysensitive to the choice ofcutoffpoints delimiting these categories and
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largely reflect the cutoffpoints employed in the original reports. The single best
cutoff point (for screening) in the data of Chen et aI. (1980), based on the
maximumsum ofsensitivityand specificityas calculatedbyCogill (1982), is 11.75
millimeters. At this point, which is toward:> the middle ofthe mild-ta-moderate
category in Table 2, the PAR of AC is 27.7 percent, the sensitivity is .394, and
the specificity is .850.'

Figure 3 shows the relationship between mortality and height-for-age in the
seven studies for which adequate information was available for analysis. In the
two Bangladesh studies and Papua New Guinea the relationship is similar to
that seen for weight-for-age (Figure 1), with modest rises in mortality risk in
children in the mild-ta-moderate range, and a steep increase in risk in those
below 85 percent HA.s However, Indonesia and three African studies (Tanza
nia, Malawi, and Guinea-Bissau) all depart from this pattern in one way or
another. As noted earlier, the Guinea-Bissau study is confounded by the
measles epidemic, which affected the better-nourished urban portion of the .
sample. The studyalso had only 10deaths in the lowest height-for-age category.
The Malawi study reported a significant association between HA and mortality
(with the relative risk gradually rising to 4.99 in the most extreme HA category),
but only after statistically adiusting for child's age and study period (a mixed
cohort study over two years). The Indonesia study likewise found asignificant
association between HA and mortality, but only after controlling for weight-for
height, a step that was not necessary in the Bangladesh and Papua New Guinea
studies. In the Tanzanian study, the aberrant results at the extremes of the HA
distribution appear to be because of small sample sizes at the lower end of the
distribution (only 5 deaths among 88 children who were less than 85 percent
HA) and confounding by age at the higher end (Yambi 1988).10 Despite these

7 ThebestcutolTpoint forscrccningpurposcs, however, results in an underestimate ofthe PAR
for that indicator. The size of the underestimate will val)' across indicators and populations,
depending upon the shape of the mortality·indicator curve and the prevalence of severe versus
mild-te-moderate malnutrition.

Many of the children who died with heights-for-age greater than 9S percent were younger
than 18 months, when stunting is not yet prevalent. Furthermore, they were ill and wasting when
they died.

8 The lower mortality at all levels of HA found in A1am et al. (1989) renects likely
under·registration of deaths (or at least underlinkage ofdeath records with anthropometl)' survey
records. See last column oCTable 1).

9 Since only the relative risks were reported, the adjusted rates could not be calculated and
presented in Figure 3.

10
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aberrationsat the extremes ofHA in Tanzania, the association between mortal
ity and HA over the middle portion of the distribution (85 to 94 percent of
median), whichapplies to most children (72 percent) and in which the most died
(75 percent), is significant. The difference in mean HA between all survivors
and all deceased (Yambi 1988) is also significant (p = .003).

Thus, although the relationship between HA and mortality portrayed in
Figure 3 might seem inconsistent, each of the studies with aberrant results
contain plausible explanations or include additional analyses that support the
existence ofa significant relationship. Also, the three studies with the weakest
HA-mortality relationship, Guinea-Bissau, Malawi, and Indonesia, coverawide
range (0/6 to59 months), and the latter two report asignificant relationship after
age or weight-for-height are controUed. This (and the explanations advanced
in the Tanzanian case) reinforce the probability of some age-specificity in the
relationship between mortality and anthropometric indicators, a subject exam
ined in a later section.

As shown inTables2and 3, the PAR estimates for HA range from 20 percent
to 41 percent for studies employing mortality rates, and only 3 to 13 percent for
those based on child-months of observation (Malawi and Guinea-Bissau).
Mild-to-moderate stunting accounts for 10 to 28 percent ofthe total PAR in the
two Bangladesh studies, compared to 75 percent or more among most of the
other populations (except Malawi). This discrepancy reflects a stronger mor
tality-HA relationship, and the extreme stunting which is relatively more
prevalent in Bangladesh, than in other populations, where the ratio of mild-to
moderate stunting to severe stunting is far higher.

As reflected in Table 2, there is a wide range of PAR estimates relating
anthropometry to child deaths across the countries studied. lhese range from
23 percent to 73 percent in the case of WA, from 38 percent to 57 percent for
AC, and from 20 percent to41 percent for HA. Thisvariation in PAR estimates,
even within a single indicator such as WA and using identical cutoff points,
suggests that attempts to estimate a global PAR estimate for malnutrition may
be misleading. The absolute size ofthe increase in mortality at severely low WA
levels, less than 60 percent WA, is positively related to the baseline levels of
mortality at more normal WA values, greater than 80 percent WA (Figure 1).
This latter point is revealed more clearly in Figure 4, which uses the logistic
transformation of mortality and adjusts for the small number of deaths in some
of the data points (FrongiUo 1991). This ragure confirms the appearance of
population differences in absolute mortality suggested in Figure 1, but it also
indicates that the response of mortality to malnutrition is indeed a function of
baseline levels ofmortality (i.e., because of the linear and parallel nature ofthe
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Flgul8 4 - Relationshp Between Log Odds Mortalityand Weight-for-Age
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lines). This is the fIrSt confirmation from epidemiologic data that malnutrition
acts as apotentiaJorofchild mortality insynergismwith whatever levels and types
of morbidity exist in the population (Pelletier et aI. 1991). It further suggests
that PAR estimates may be valid for use within a population, but cannot be
applied across populations unless theyshare the same patterns ofmorbidityand
malnutrition.

EFFECT MODIFICATION AND CONFOUNDING
The early studies on this subject did not adequately address the extent to

which the observedanthropometry-mortalityrelationships eithervaryaccording
to other factors (effect modification) or are actually accounted for by other
factors (confounding). A simplified model for describing these relationships is
shown in Figure 5. One important policy implication is that the PAR estimates
provided above may be grossly inflated if the co-occurrence of anthropometric
deficits and mortality in the same children is not due to a causal connection
between the two, but rather to associated factors such as morbidity, inappropri
ate feeding during and after illness, underutilization of health services, or some
other factor. If, in fact, co-occurrence is caused by any of these factors, then
reduction in child mortality may not be as predicated upon nutritional improve
ment (with all the implied muitisectoraJ complexities) as the above PAR
estimates would suggest. From a programmatic perspective, whether and how
the anthropometry-mortality relationship varies by child's age, sex, or other
characteristics is important, insofar as this knowledge would further assi5t in
targeting (or screening).

Age Effects
In most studies that considered the effects of age in the analysis, age was

conceptualized as a potentially confounding main effect, rather than as an
interaction, or effect-modifier. Thus, in ten of the studies, age was entered into
a logistic regression equation prior to examination of the effects of anthropo
metric indicators. This statisticallyaccounts for the tendency for mortality rates
to be lower among older children (where WA and HA are often lower as well),
but does not allow for an examination of the extent to which the effect of the
indicator itselfvanes with the age ofthe child. Three studies provided sufficient
information to permit an examination of relative risks and PARs by age group,
and two others provided graphic evidence bearing on age effects. These are
reviewed below.

Figure 6 and Table 4show the relative risk of one-year mortality in Punjab,
India, according to the degree ofdeficit in WAand initialageofthe child (where
80 percent or higher WA is the reference group). The relative risk ofmortality
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Flgul8 5 - Conceptual Relalbnships Among Nutritional Status, Morta6ty
and Potential Confounders or Effect Modifiers
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FIgure 6 - Punjab, India: Relative Risk of Mort~ Within 12 Months
Accordng to Child's Age and Weigtt-tor-Age (WA)
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Table 4 -Interaction Between Child's Age and Weight-far-Age In Relation
to Subsequent Mortality, Punjab, India (Study 7)

Weight-for-Age
Child's Age In Months

1-5 6-11 12-36

<60% Rate- 145.8 1n.4 36.7

Nb (7/48) (11/62) (8/218)

RR (age)C 3.97 4.83 1.00

RRrNA)d 5.93 18.87 13.11

60-69% Rate 91.7 80.2 7.8

N (10/109) (17/212) (8/1,025)

RR (age) 11.76 10.28 1.00

RRrNA) 3.73 8.53 2.79

7Q.79% Rate 96.9 34.3 3.3

N (25/250) (15/437) (7/2,126)

RR (age) 29.36 10.39 1.00
I RR rNA) 3.94 3.65 1.18

2:80% Rate 24.6 9.4 2.8

N (28/1,138) (7/748) (5/1,n6)

RR (age) 8.79 3.36 1.00

RRrNA) 1.00 1.00 1.00

PAR rNA)- 45.4 72.6 48.6
(percent)

Source: Calculated (rom Kielmann and McCord (1978).

- Mortality rate per 1,000 children.
b Number o(deaths divided by number o( children.
CRelative risk (or age, where the reference group is 12-36 month-olds.
d Relative risk (or weight-for-age, where the reference group is > 80%

weight·(or-age.
- PopUlation attributable risk (orweight·(or-age, where normal is 2: 80%

weight·(or-age.

---------_._----------_.- -----.-- -----. - ---- - -_._-_ .. ----- --_. -_.-._---- -------------.-------.
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peaks in children between 6 and 12 months of age in the two most underweight
groups (less than 60 percent WA and 60 to 69 percent WA), but the relative risk
for mildly underweight children (70 to 79 percent WA) is the same during this
period as the precedingone. During this interval, severelyunderweight children
are nearly twenty times more likely to die within one year than the reference
group. In aU three underweight groups, the relative risk is much lower in
children between 12 and 36 months than in those between 6 and 12 months.
Thus, forWAthis studysuggests particuJarvulnerabiJityduring the6to 12month
period, when WA primarily reflects wasting; however, the restricted age range
limits inferences beyond 36 months of age.

Figure 7 and Table 5 show relative risk for IS-month mortality in Matlab,
Bangladesh, according to arm circumference-for-height (ACHT) as a measure
ofwasting in 12 to59-month-olds. Mortalityamong moderatelywasted children
(76 to83 percent ofmedian) is 50 to 100 percent higher than among the reference
group (S3 percent or higher of median), with very little variation by age of the
child. B~' contrast, mortality is at least four times higher among severely wasted
children (less than 75 percent of median), reaching a peak relative risk of 7.0
among 36 to 47-month-olds. These statistics suggest little or no effect modifi
cation by age in the case of moderate wasting, and the possibility of gr~ter
mortality risk for severe wasting at older ages. However, the lack of data on
infants (0 to 12 months) in this study precludes any attempt to confmn the peak
mortality in the 6 to 12-month period seen in Figure 6.

Figure 8 and Table 6 from Indonesia (Katz et aI. 1989) present the results of
the most systematic attempt to date to examine age-related changes in the
relationship between child anthropometry and 18-month mortality.ll In terms
of relative risk, severe and moderate stunting is seen to be more closely related
to mortality in children younger than 24 months, whereas severe wasting clearly
carries a higher relative risk in children older than 24 months. Similar patterns
are seen in the original report when the relative risk (or odds ratio) of each
indicator is adjusted for the other indicator using multiple logistic regression.

11 In the original report the data on stunting were presented in four groups: greater than 9S
percent. 90 to 9S percent. 8S to 89 percent. and less than 8S percent. The laller two have been
combined in Figure 8because of the small sample sizes in the last categotyand in order to preserve
statistical comparability between the two indicators (i.e., one standard deviation conesponds to
roughlySpercentage points from the median HA and 10percentage points from the median WH).
Although the extreme WH categotyshown in the ligure suffers from small sample sizes as well. it is
included here because of the fundamental difference in interpretation it suggests.
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Figure7- Matlab, Bangladesh: Relative Riskof Morta6tyWrthin 18Months
According to Child's Age and Arm Circumference-far-Height (ACHT)
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Table 5 -Interaction Between Child's Age and Arm Circumference-for-
Height in Relation to Subsequent Mortality, Matlab, Bangladesh (Study 2a)

Arm Circumference- Child's Age In Months
for-Height 12-23 24-35 36-47 48-59

<75% RateB 118.6 136.4 177.4 60.6

Nb 7/59 9/66 11/62 4/66
RR (age)C 1.96 2.25 2.93 1.00

RR(ACH1t 3.89 3.64 7.04 4.24

76-83% Rate 44.1 59.7 49.3 18.7

N 18/408 26/435 20/406 6/321

RR (age) 2.36 3.19 2.64 1.00

RR (ACH1) 1.45 1.59 1.96 1.31

C!:83% Rate 30.5 37.5 25.2 14.3

N 15/492 19/507 13/515 6/420
RR (age) 2.13 2.62 1.76 1.00

RR (ACHl) 1.00 1.00 1.00 1.00

PAR" 26.7 30.0 43.7 27.9
(percent)

Source: Calculated from SommerandLowenstein (1975).
B Mortality rate per 1,000 children.
b Number ofdeaths dMded by numberofchildren.
C Relative risk for age, where the reference group Is 48-59 month-aIds.
d Relative risk for ACHT, where the reference group is C!: 83% ACHT.
• Population attributable risk forACHT, where normal Is C!: 83% ACHr.
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Figura 8-lndonesia: Relative RiskofMorta6tyWithin 18Months According
to Child's A:Je, Heght-for-Age (HA), and Weght·for·Helght (WH)
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Table 6-Interaction Between Chnd's Age and Anthropometric Indicators In
Relation to Subsequent Mortality, West Java, Indonesia (Study 8)

Indicator
Child's Age in Months

0-12 12-23 24-35 36-59

Height-for-Age

<90% Rate· 173.9 149.7 85.1 18.8

Nb 4/23 28/187 20/235 13/693

RR (age)C 9.25 7.96 4.53 1.00

RR (HA)d 6.06 11.01 7.15 1.55

90-94% Rate 84.8 46.8 2t9 9.1

N 14/110 20/285 8/244 6/440

RR (age) 9.32 5.14 2.41 tOO

RR (HA) 2.95 3.44 1.84 0.75

~95% Rate 28.7 13.6 11.9 12.1

N 26/605 4/196 3/168 5/275

RR (age) 2.37 1.12 0.98 tOO

RR (HA) 1.00 1.00 1.00 1.00

PAR (HA)- (percent) 21.6 67.1 63.2 19.2
Welght-for-Helght

<90% Rate 118.5 108.8 78.2 23.3

N 16/135 26/239 14/179 5/215

RR (age) 5.09 4.67 3.36 tOO

RR (WH)' 3.82 2.69 3.23 2.20

~90% Rate 31.0 40.4 24.2 10.6

N 28/603 26/429 14/179 5/215

RR (age) 2.92 3.81 2.28 1.00

RR (WH) too 1.00 1.00 1.00

PAR (WH)9(percent) 26.8 31.4 31.2 11.3

Soutee: Calculated from Katz eta/. (1989).
• Mortality rate per 1,000 children.
b Number ofdeaths dMdedby number ofchildren.
C Relative risk for age, where the reference group Is 36-59 month aIds.
dRelative risk for HA, where the reference group is C!:95% helght-for-age.
• Population attributable risk for HA, where norma/Is C!:95% helght-for-age.
, Relative risk for WH, where the reference group Is ~ 90% weight-for-helght.
9 PopUlation attributable risk for WH, where normal is C!: 90% weight-for-height.
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The higher relative risk ofwasting ofolder children was also seen in the Matlab
study (FJgUre 7).

Because of the very small sample sizes in the severe wasting category, these
cases have been regrouped with the moderate wasting cases and also shown in
Figure 8. In this case, the relative risk of WH is seen to be unrelated to age,
remaining between 2.2 and 3.8 throughout the ag~ range. The relative risk of
moderate stunting is at similar levels in children younger than 24 months and
declines towards 1.0 thereafter, whereas the risk from severe stunting shows a
sharp peak inchildren between 12and 24 months, remains high in those between
24 and 36 months, and declines towards 1.0 in children between 36 and 59
months. Thus, in children 24 months or younger, the relative risk of moderate
to-severe wasting is as high as that of moderate stunting in the same age group.
Children up to 48 months, by contrast, are at a far higher relative risk ofsevere
stunting.

Thus, in some respects the interpretation of the Indonesian results is greatly
influenced by the regrouping of data to eliminate small sample sizes. Clearly,
however, the mortality risk associated with either moderate or severe stunting
declines in children older than 24 months ofage and approaches paritywith the
referencegroup (greater than 95 percent HA) by their fifth year. Regardless of
the grouping, the relative risk of moderate wasting is clearly similar to or lower
than that ofmoderate stunting in children throughout the age range. The major
unresolved issue is whether the older children are truly at as high a relative risk
from extreme wasting as is suggested in Figure 8.

An important point, well-illustrated by the Indonesian results, is that the
behavior of these indicators vis-a-vis relative risk is not a reliable indicator of
policy relevance. As shown in Table 7, the low prevalence ofsevere wasting in
Indonesia makes the i"'iue of how to group the wasting data (Figure 8) less
important than it may seem. Severe wasting (with an overall prevalence ofonly
2 percent in the f.ample) has a PAR of only 7.7 percent among 3 to S-year olds
and 4.2 percent across aU ages. By contrast, severe stunting (with a comparable
statistical defmition and an overall prevalence of33 percent) has a PAR of2O.1
percent across all ages. Even moderate plus severe wasting combined have a
PAR ofonly 15.5 percent across all ages. Thus, the proportion ofthe population
falling belowvarious cutoffpoints must be taken into account when interpreting
the policy relevance of indicators with a high relative risk.

Another factor that obscures the effect ofage on the anthropometry-mortal
ity relationship is that all three studies reviewed above had fIXed cutoff points
for the indicator and, thus, covered a limited range of the sensitivity-specificity
(SelSp) distn'bution. Aselaborated in Habicht et aI. (1982), comparisons across



Table7- Mortality Rates. Relative Risks, and Population Attributable Risks for Weight-far-Height and Height.for-Age. Stratified
.i:

by Age of the Chid. West Java. Indonesia (Study 8)

Welght.for-Height Height·for-Age

Age Nutritional Nb Ratee RRd PAR" N Rate RR PAR(Mos.) Statulf

<12 Normal 28/603 31.0 1.0 - 26/605 28.7 1.0
Moderate 14/116 80.5 2.8 12.9 14/110 84.8 3.2 14.0
Severe 2/19 70.2 2.4 1.6 4/23 173.9 6.1 7.6
Total 14.5 21.6

12-23 Normal 26/429 40.4 1.0 - 4/196 13.6 1.0
Moderate 23/212 72.3 1.9 13.0 20/285 46.8 3.6 18.2
Severe 3/27 74.1 1.9 1.7 28/187 149.7 11.0 48.9
Total 14.7 67.1

24-35 Normal 17/468 24.2 1.0 - 3/168 11.9 1.0
Moderate 10/164 40.7 1.7 8.7 8/244 21.9 1.9 7.9
Severe 4/15 1n.8 9.6 7.4 20/235 85.1 7.2 55.5
Total 16.2 63.4

$59 Normal 19/1,193 10.6 1.0 - 5/Zl5 12.1 1.0
Moderate 2/201 6.6 0.6 0.0 6/440 9.1 0.7 0.0
Severe 3/14 142.9 16.9 7.7 13/693 18.8 1.6 19.3
Total 7.7 19.3



0-59 Normal
Moderate
Severe
Total

90/2,693
49/693
12f15

22.4
47.1

106.7

1.0
2.2
5.5

11.3
4.2

15.5

38/1,244
48/1,079
65/1,138

20.4
29.7
38.1

1.0
1.5
1.9

6.6
20.1
26.7

SoUleS: Calculated from Katz etaI. (1989).
• Normal (Z > -1): WH>9O%, HA>95%.

Moderate (-1 > Z > -2): WH 80-89%, HA ~94%.
Severe (Z < -2): WH<80%, HA<90%.

b Number ofdeaths divided by number ofchildren.
C Deaths per 1,000 children peryear.
d Relative risk.

• Population attributable risk.
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indicators or across age groups for a single indicator can yield different conclu
sions, depending upon the region oftheSe/Sp distribution beingexamined. This
is illustrated by Briend and Zimicki (1986) in Matlab, who found that arm
circumference hasaslightlylligllersensitivityfor older children (36 to 59 months)
than for younger children (12 to 23 or 24 to 35 months), but only at extremely
high levels ofspecificity (greater than 95 percent). At lower levels ofspecificity
the older children have a lower level ofsensitivity. To the extent that the cutoff
point for WH in the Indonesian study corresponds to the very high region ofthe
specificityspectrum (which seems likely), theyare consistent with the resultsjust
described from Matlab, suggesting that measures of extreme wasting may have
greater mortality-discriminating power among older than younger children.

In the fmal study, which comes from Guinea-Bissau, Smedman et al. (1987)
provide some information on effect modification by age. In this case visual
inspection ofsurvival curves based on synthetic cohorts ofchildren suggests that
all of the difference in cumulative probability of survival between wasted and
nonwasted children arises in the frrst 6 months oflife, whereas for stunting these
differences become greater through at least 36 months of age. Although this
observation apparently conflicts with the results described above for wasting in
Indonesia and Matlab, Bangladesh, the latter are based on a single cutoffpoint
(90 percent of median) and, thus, not strictly comparable. The results with
respect to stunting (based on a 95 percent of median cutoff) are in better
agreement with the Indonesian study, in demonstrating discriminatory power
amongyounger children only (less than 36 months). The extent of the influence
of the previously mentioned measles epidemic in the better-nourished urban
portion of the sample on these results is unclear.

Gender Effects
Despite the disproportionate number of studies from South Asia (Table 1)

and the evidence for sex differences in dietary intake, nutritional status, health
care, and mortality in this region (Chen et aI. 1931; AbduUah and Wheeler 1985;
Das Gupta 1987; Kielmann et aJ. 1978), only one study has explicitly searched
for effect modification by sex of the child (Cogill 1982). Several studies ap
peared, from verbal descriptions in the text, to have tested or controlled for main
effects ofsex (most rmding no impact on the results). However, no interaction
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analysis was undertaken, which is unfortunate in light of the markedly different
results that Cogill (1982) obtained for males and females, in a re-analysis of the
data by Chen et al. (1980), as described below.

The analysis by Cogill compared the performance ofseven anthropometric
indicators in predicting mortality within two years of measurement. Table 8
shows these indicators, their normalized distance statistics (da),12 and their
ranks for males, females, and sexes combined. The results shown here are very
similar to those found with other criteria of indicator performance in Cogill's
work. Except for WH-based indicators, which are low in both sexes, the
mortality discrimination of all other indicators is greater among females than
males, especially in the case of WA and HA. The results for combined sexes
tend tobe intermediate or to resemble those for females. The effect on the ranks
is such that mortality is best discriminated by HA, AC, and WA among females,
and by ACHT, ACA, and AC in males. The two best discriminators among
females, HA and WA, are ranked fourth and fIfth among males.

According to Cogil~ these sex differences can be explained by the much
higher mortality rate among females in the sample, which is twice that of males,
and their significantly lower levels ofnutritional status, as reflected in anthropo
metric indicators. The latter is consistent with evidence of male preference in
food allocation (in terms ofquality and quantity) in this population (Chen et al.
1981). Yet these observations alone do not explain why the relationship between
these indicators and mortality is stronger within the female subsample than
among males. Part of the answer may be that, despite similar morbidity attack
rates, female childrenare brought to free health facilities only60 percentas often
as males (Chen et aI. 1981). Thus, greater utilization of curative health services
by males maypartiallyuncouple the link between nutritional status and mortality
as compared to females. This hypothesis, if correct, provides some indirect
evidence that curative health care may significantly weaken the link between
anthropometric indicators and mortality, a suggestion with important policy
implications.

CogiU (1982) further notes that Sommer and Lowenstein (1975), in their
earlierBangladeshstudy, found nosexdifferences in the relative risk ofmortality
in relation to ACHT. Cogill explains this rmding by the signifIcantly lower

12 d. is calculated for each indicatoras the difference between the means ofdead and surviving.
children divided by the square root of the average variance of the indicator in dead and surviving
children (Brownie et al. 1986).
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Table 8-Normalized DistanceStatisticand Ranks forSeven Anthropometric
Indicators In Bangladeshi Males, Females, and Combined Sexes (Study 1d)

Normalized Distance Ranks
Indicator Com· Com-Males Females blned Males Females bined

Height-for-age 0.2790 0.7306 0.5797 5 1 1

Welght-for-age 0.3644 0.6628 0.5793 4 2 3

Arm circum.-for-age 0.4438 0.6156 0.5623 1 3 4

Arm circumference 0.4180 0.5970 0.5886 3 4 2

Arm circum.-for-height 0.4196 0.5320 0.5440 2 5 5

Welghf/heighr 0.2657 0.2037 0.2936 6 6 6

Weight-for height 0.1942 0.0540 0.1198 7 7 7

statistical efficiency of relative risk as a mortality discriminator, compared to
other criteria of indicator performance.

Morbidity
The synergistic relationship between malnutrition and infectious disease has

been widely recognized for several decades (Scrimshaw et aJ. 1968). In the case
of PEM the relationship is such that recurrent morbidity has a negative effect
on nutritional status; poor nutritional status may, depending upon the disease,
increase either the incidence, severity, and/or duration of morbidity; and the
combination ofpoor nutritional status and morbidity increases the risk ofdeath.
The classic model of this interaction is with measles (Morley 1973), but the
evidence relating malnutrition to immunocompetence suggests similar interac
tions with a variety ofdiseases (Martorell and Ho 1983; Chandra 1991).

Given these interactions, it is not meaningful in any practical sense toattempt
toseparate the effects ofnutritional status from those ofmorbidityas they relate
to rifk of mortality. Given the ubiquity of disease in developing countries only
a very minor fraction ofchild deaths results directly and exclusively from PEM.
Most deaths result from disease aggravated by PEM. However, a number of
investigators have raised the possibility that children with low weight-far-age,
for instance, may appear to have an elevated risk of mortality simply because
the disease that killed them resulted in acute weight loss during the weeks
immediately preceding death. Thus, their low weight-for-age may be only

•
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secondary to the real cause ofdeath and the entire association between WAand
mortality may be due to statistical artefact.I3 The four studies bearing on these
possibilities a. reviewed below.

In their one-year follow-up of children from Punjab, India, Kielmann and
McCord (1978) recognized that the effect of low weight-for-age on subsequent
mortality may be overestimated, because concurrent infection is likely to de
crease weight-for-age in the few weeks preceding death. Since children in that
study had been weighed monthly, the investigators were able to minimize this
effect by trying to confum their overall results on asubsample. Specifically, they
analyzed mortality in relation to the weight-for-age of each child as measured
two months prior to death rather than the month immediately preceding death.
This eliminated 37 of the children (34 percent) from the analysis, representing
those who died in the rust month of the study or did not have a weight
measurement two months before death and could not be assigned to a weight
for-age category.

Figure 9shows that in each of the three age groups the relationship between
weight-for-age and mortality is the same in the two samples, although the
absolute mortalityestimate is higher (as expected) when all deaths are included.
Thus, the authors concluded that the effect ofconcurrent illness on weight-for
age is unlikely to account for the association between the latter and mortality.
Acute morbidity might affect weight-for-age for more than one month prior to
death, thereby invalidating this approach for "controlling" these effects. How
ever, the close correspondence between the controlled and uncontrolled curves
in Figure 9suggests that confounding ofweight-for-age by intercurrent morbid
ityis unlikely toaccount for the association in its entirety. Moreover, ifmorbidity
persists for more than one month it is likely to have significant effects on
nutritionalstatus itself, not simply the weight-for-age proxyfor nutritional status.

In a study from rural Bangladesh, Briend and Bari (1989b) used multivariate
logistic regression to control for concurrent morbidity while examining the
association between severe weight-for-age and mortality of0 to 36-month·olds.
Children were classified as being above or below 60 percent WA and whether
or not they were aftlicted with diarrhea, respiratory infections, measles, and/or
edema. The mortality odds ratio for the WA variable was reduced from 14.7
(unadjusted) to 9.7 by adjusting for the presence/absence o£respiratory infec-

13 A parallel situation Cllisls in studies of adult mortality, in which elevated mortality among
lean subjects is due to chronic weight loss from cancer rather than from an effect of body size or
composition perse.
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tions, measles, or edema (with a 95 percent confidence interval of5.7 to 16.6 for
the adjusted ratio). Since there was no association belween mortality and
diarrhea in this sample (which the authors attribute to an intensive oral rehydra
tion program in the area), the association between mortality and WA is
unaffected by diarrhea. This study therefore suggests that the incidence of
concurrent morbidity does not account for all of the association between
severely low WA and mortality. This may be because the study only controUed
for the presence or absence of morbidity (not duration), which does not fully
account for the possible weight-depressing effects of morbidity.

Although theauthors did not conceptualize it as such, another form ofcontrol
over the confoundingeffects ofmorbidity was exercised in the studies byBriend
and Bari (1989b) and Yambi (1988). These analyses were designed to compare
indicators of weight change over one or more months to indicators of attained
weight in the same mortality-prediction model. This comparison was made to
identify the best indicator for screening purposes. However, it can also be
conceptualized as an effort to distinguish the immediateweight-reducingeffects
of a current illness (as reflected in the weight change variable) from functional
impairments arising from low WA (e.g., possible depressed immune function
which affects the severity of disease).

In both studies the multivariate logistic regression results show that severely
low weight-for-age (less than 60 percent WA) retains a highly significant rela
tionship with mortality even after weight change in the preceding one or two
months is accounted for in the model. Although the effectiveness of this
approach to controlling for acute weight loss is limited by the compounded
measurement error in the weight change variable, the size of tI•.: weight-for-age
effect (i.e., an odds ratio of9.7 with a standard error of2.2S in Briend and Bari
1989b) is such that a relationship is likely to persist even if measurement error
were greatly reduced (de Klerk et aI. 1989).

Thus, within the limits of their respective methodologies, these four studies
do not support the hypothesis that the association between WA and mortality
is an artefact of morbidity-induced weight loss immediately prior to death.
Rather, the accumulated evidence lends support to the existence ofadirect link
between anthropometric indicators and mortality, possibly mediated through
the severity and duration of illness (MartoreU and Ho 1983). It is important to
note, however, that the available studiesdid not examine whethersimilar results
are found in mild-ta-moderate, as opposed to severe, PEM.

Breast-feeding
Briend and Bari (1989a) and Briend et aI. (1988) have documented that

breast-feedingisassociated with reduced risk ofmortality in the month following
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measuremt:nt in different areas of rural Bangladesh. In both cases this effect
was obselVed only among severely malnourished children (less than 60 percent
WA, respectively) or ann circumference less than 110 millimeters (Briend et al.
1988). Briend and Bari (1989a) showed this association to be independent of
child's age in a multivariate logistic regression. Briend et al. (1988) did not
control for age; however, the direction of the difference in mean age between
weaned (29 months) and nonweaned (22 months) children suggests that the
estimated effect of breast-feeding would probably be greater if age were con
troUed.

Although both of the above reports emphasized the positive effects of
breast-feeding among severely malnourished children, they also provide evi
dence that breast-feeding acts as an effect modifier of the relationship between
anthropometric indicators and mortality. As shown in Table 9, the mortality
rate is 8 to 10 per 1,000 child-months among breast-fed children in the most
extreme category of malnutrition, as compared to 34 to 41 per 100 for weaned
children. These differences are even greater when the mortality rate in the
extreme category is examined in relation to that of the highest nutritional
category (i.e., relative risks as shown in Table 9). Thus, although mortality is
associated with anthropometric indicators in aU cases, the effect is significantly
attenuated in the presence ofbreast-feeding. This is reminiscent of the findings
of Butz et al. (1984) that the effects of environmental factors (e.g., type of
sanitation and water supply) on infant mortality are significantly affected by the
presence or absence of breast-feeding.

In both of the above studies the positive effect of breast-feeding on surviva~

which is seen when all nutritional categories are combined, is not explained by
better nutritional status of breast-fed children. This obselVation, together with
the evidence in Briend et al. (1988) that the effect is not accowlted for by
cessation ofbreast-feedingdue to intercurrent illness, is the reason for juxtapos
ing breast-feeding with health care in Figure 4, rather than with child feeding.
Among children 12 months or older, the primary benefit of breast-feeding
appears to lie in its immunologic, rather than nutritional, properties. An
alternative hypothesis is that the breast-feedingmothers in this samplealso differ
in their use of ht.:alth services, and the latter accounts for the lower mortality.

Seasonality
. Among the most pervasive aspects of life in developing countries is the

seasonal variation in access to food at the household level, daily activity sched
ules (with implications for quality of child care), child nutritional status,
morbidity, and mortality. The seasons with highest mortality are also those with
highest morbidity,least access to health care, and highest levels ofmalnutrition.
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Table 9 - Mortality In Relation to Anthropometric Indicators and Breast-
feeding, Bangladesh (Studies 6a and 3b)

Breast·fed Weaned

Indicator Deaths Child· Rate! Deaths Child· Rate!
Level Months 1,000 Months 1,000

Chandpur-Comllla Highway, Bangladesh

WA<60% 12 1,230 9.76 35 851 41.1

WAi:!:60% 14 7,940 1.76 8 4,898 1.6

Relative risk 5.55 25.7

Matlab, Bangladesh

AC:s 110 mm 8 984 8.13 20 592 33.8

AC 111-125 mm 13 6,511 2.00 1 2,098 0.4

AC> 125mm 6 12,537 0.48 1 4,953 0.2

Relative risJ<8 16.94 169.0

Sources: Calculated from Briendand Bari (19898); Briend atal. (1988).
a Rate for severe category divided by rate for normal category.

Thissuggests thestrongpossibilitythat, depending upon the timingofthe survey,
the association between child mortality and anthropometric indicators may be
at least partially confounded by season of measurement, with morbidity and
child health care acting as proximate mechanisms for the confounding (see
Figure 4). ,.~

Despite the pervasiveness ofthe seasonal variation, the effects ofseasonality U
have not been systematically accounted for in the literature. Of the 22 reports
reviewed here, onlythatofKielmann and McCord (1978) in Narangwal describe
the effect ofseasonality on the relationship between anthropometry and mor-
tality. They report that "malnourished children (less than 60 percedt or 60 to 69
percent of Harvard standard) during the first 6 months of the year (January-
June) ran the highest risk of dying within 6 months. The risk of death was
considerably lower if they were malnourished during the second halfof the year
(July-December). The risk ofdeath within 6 months appears to be independent
oftheseasonofthesurvey for thoseat or above80 percent ofthe Harvard weight
median" (Kielmann and McCord 1978, 1249).
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Thus, this account clearly indicates that the effect ofseasonality on mortality
depends upon the level ofweight-for-age. However, the lack ofquantitative data
in the report precludes drawing inferences concerning the extent to which the
anthropometJy-mortalityrelationship is itselfastatistical artefact ofseasonality.
Thus, seasonality appears to be an effect modifier in the anthropometry
mortality relationship, but the limited evidence does not directly point to
seasonality as a confounder of this relationship.

Socioeconomic Factors
As with seasonality, socioeconomic status (SES) may represent a major

confounding factor between child anthropometry and mortality. It can be seen
in F'JgUre 4thatSES mayinfluence anthropometryand mortalitysimultaneousiy,
through child feeding, morbidity, and healthcare, and therebyaccount for much,
ifnot all, of the association between anthropometry and mortality.

Of the various studies in the literature, this possibility was directly examined
in only two. In Matlab, Bangladesh, Chen et al. (1980) included consideration
ofSES in their analysis, and Cogill (1982) and Chowdhury(1988), using thesame
data set, further analyzed these relationships. The other study is that from the
Iringa region in Tanzania (Yambi 1988).

AmongBangladeshi children, the relationship between anthropometric def
icitsand mortalityis remarkablystable, beingfound ineachofthesocioeconomic
strata examined in two studies of this data set (Table 10). The relative risk of
mortality caused by poor nutritional status varies between 2.16 and 4.13 across
these strata.

The interrelationships among anthropometric indicators, mortality, and
socioeconomicindicatorswere examined ingreater detail byCogill (1982) using
multivariate discriminate analysis. In a model that potentially includes age of
the mother and child, parity, religion, education of mother and factor, number
ofcows, amount ofOoor area, mother's height and weight, and all anthropomet
ric indicators, the results show that each child anthropometric indicator is
statistically significant, except for weight-for-age.14 The magnitude of the stan
dardized coefficients suggests that the discriminatory power of the

14 The indicators tested include WA. HA, WH, WH
Z
, AC, ACHf, and ACA. The lack or

significance ror WA is probably because or multicollinearity with the other anthropometric
indicators.
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Table 10- Relationship Between Child Anthropometry and Mortality in
Bangladesh, Stratified by Socioeconomic Indicators. Bangladesh (Studies
1a and 1c)

Mortality Rates

SESGroup
Poor

NutrnlonaJ
Status

Better
Nutmlonal

Status

Relative
Risk

Chen et al. (1980)a

Floor Space In Living Quarters

< 242 sq. ft.

~ 242 sq. ft.

Matemal Height

< 147.5cms.

~ 147.5cms.

Per 1,000 Children per Year

123.6 53.9 2.29

99.5 23.5 4.23

130.9 37.9 3.45

82.4 38.2 2.16

Chowdhury (1988)b

MatemaJ Age and Education

< 25 and no education

< 25 and some education

~ 25 and no education

~ 25 and some education

114.0

125.0

119.0

94.0

43.0

30.0

48.0

23.0

2.65

4.17

2.48

4.09

Sources: Chen et aI. (1980); Chowdhury (1988).
• Nutritional status defined as above or below 85% ofmedian height-for-age. The

text of the report states that the sarne relationships ware found with the other
anthropometric Indicators; however, results were notpresented (studt 1a).

b Nutritional status defined as above or below 60% ofmedian weight-for-age
(studt 1c).
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anthropometric indicators is 23 times (in the case of HA) to 23 times (in the
case ofAC) greater than any of the SES indicators.

In theTanzanian study, SES variables were controUed in multivariate logistic
regression models that included age and weight-for-age. The results show that
WA retains its statistical significance in relation to mortality even after control
ling for maternal age (model 1), maternal education (model 2), household size
and number of roOIT.S (model 3), and household agricultural variables (model
4).15 Thus, the ref.ults from Bangladesh and Tanzania are in agreement that
differences in SES (as measured by a variety of indicators) do not account for
the significant association between anthropometric indicators and mortality.

LENGTH OF FOllOW-UP
A question with important programmatic implications,is the extent to which

the lengthofthe foUow-up period reduces the predictive ability ofanthropomet
ric indicators or, put another way, the extent to which nutrition-related deaths
are concentrated in the period immediately after measurement. Although most
growth monitoring programs strive for monthly measurements, usuaUy this
frequency can only be attained at the mothers' expense in tenos of time and
travel costs, at thestaffworkers' expense in terms oftime in health facilities, and
perhaps in the face of the mothers' and workers' waning motivation levels in
community-based programs. Depending upon the strength of the length of
foUow-up effect and a variety of local considerations, it may therefore be
appropriate to consider trade-offs among screening efficiency, frequency of
measurement, and choice of indicators.

In order to examine this question systematicaUy, it would be necessary to
undertake a comparison of the sensitivity-specificity distributions of various
indicators, across many cutoff points and over varying foUow-up periods un
confounded by maturation and seasonal effects. Although several studies have
provided data relatedto length offoUow-up ingeneral (Chenetal.1980;Sommer
and Lowenstein 1975; Briend and Zimicki 1986; Alam et al. 1989; Briend and
Bari 1989b; Kielmann and McCord 1978; and Yambi 1988), none provides the
type ofsystematic analysis described above. Nonetheless, most of these studies
show that mortality is inversely related to length of foUow-up. The notable
exception is the study by Chen et al. (1980), which found that the relative risk of

15 The agricultuml variables include rann size and the size or the maize and bean haM:Sts the
yearorthe study and the p~edingyear,
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mortality for severelymalnourished children was greater during thesecondyear
of follow-up than in the first year. 'This enigma is even more striking in that it
was true for indicators of acute PEM (WA and WH) but not for chronic PEM
(HA).

Figure 10 (taken from Briend and Zimicki 1986) illustrates the effect of the
length of the follow-up period on the sensitivity and specificity of simple arm
circumference over a range ofcutoff points. Prediction is clearlygreatest in the
month immediate after measurement and continues to decline beyond thr~e

months. Sommer and Lowenstein (1975), using ACHT as the indicator, ob
served that the relative risk declines rapidly from 19.8 in the first month, to 12.2
bythe third month, and to 45 by thesixth month, levelingoffat about3.0 through
the eighteenth month. The interpretation ofboth reports is seriously hampered,
however, because all children in this study were measured in one month
(December 1970, as noted in Sommer et aI. 1975), immediately after severe
flooding. Thus, secular changes in mortality and nutritional status may have
resulted from the usual seasonal effects, the disaster, and the maturation of this
cohort of children (1 to 4-year-olds).

Table 11 (from A1am et al. 1989) shows that the mortality rate of children
who are severely malnourished at baseline is higher in the three months after
measurement than in the subsequent three months. Similarly, the relative risk
of mortality for these children is higher in the first interval. 'This result is seen
with all six indicators. However, the data provided do not allow an estimation
of the loss in predictive power vis-A-vis sensitivity and specificity (at various
cutoffpoints), which is incurred by the longer follow-up period. Nor is it possible
to single out the loss in predictive power involved with a three-month follow-up
for aU children, as opposed to a one-month period typically sought in most
growth monitoring programs. Similar problems exist in the other studies men
tioned above, and thus concrete guidance c3!1"0t now be provided concerning
the implications ofchangingthe measurement frequency in mortalityprevention
programs that use growth monitoring to screen high risk children. Although the
conservative strategy would be to continue to strive for monthly measurements,
this frequency would be at the expense of mothers' time, clinic logistics, etc., as
mentioned above, which vary in importance from one setting to another.

COMPARING THE PREDICTIVE ABIUTY OF
ANTHROPOMETRIC INDICATORS

Most literature on anthropometry-mortality relationships compared indica
tors in order to identify the best single indicator of mortality. Of the 22 studies
reviewed here, 15provided data that implicitlyor explicitlycompared indicators

I
•
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Figure 10 - Matlab, Bangladesh: Sensitivity-Specificity Curves for
Predicting Mortality from Ann Circumference According to the Length of
FoDow-up Period
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Source: BrI8ndandZknlckJ (1986).
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Table 11 - Mortality Rates and Relative Risks of Mortality for Severely
Malnourished Children as Defined by Anthropometric Indicators Over Two
Follow-up Perlcx:ls, Bangladesh

Follow-up Follow-up
Months 1-3 Months4~

Indicator/Cutoff Point Rate· Relative Rate· Relative
Ris\(' Rls\('

WA<6O% 19.7 24.6 11.8 14.8

HA< 85% 9.4 7.8 6.0 2.5

WH< 80% 13.6 5.4 1.4 0.5

AC < 121 23.4 16.7 13.4 7.9

ACA<75% 17.9 10.5 11.0 6.5

ACHT<8O% 15.2 10.1 8.4 5.6

• Deaths per 1,000 children per three-month period.

b In 8/1 cases, the relative risk Is defined in relation to the group above the cutoff
point specified for each indicator.

in this respect. However, only six employed appropriate criteria and methods
for comparic;on. Only these studies are reviewed below.16 Because ofthe many
poSSIble contrasts among indicators, the results are presented in three stages:
first, the results bearing on HA, WA, and WH, then comparisons among the
armcircumference-based indicators, and finally, comparisons amongHA, WA,
and arm circumference indicators.

Table 12shows the results that relate to HA, WA, and WH ofthe sixstudies
that employed appropriate criteria. In all cases the follow-up period varies
between 6 and 24 months. Therefore, large distortions are not introduced by

16 Brownieet aI. (1986)critiqued indetail the methods for comparing indicators up to then and
prOYided empiricalsupport for the useofthe alternativecomparativecriteriaadopted in thisseetion.
Their results suggest that the single best comparative criterion is the normalized distance statistic
(d.), foUOO1Ied by the maximum sum of sensitivity and specificity (MSS). The use of "receiver
operatingcharacteristic" (ROC) CUIVCS is also highlyrecommended. The least satisfactol)'basis for
comparison, and the one most commonly employed up to that time, is relative risk.



I ....

Table 12- Comparison of Helght-for-Age, Welght-for-Age, and Weight-for-Helght Indicators In Relation to Mortality

Age ROC Curves
Range Follow-up

Study In Months Period High Sp Low Sp MSS d.

" ,

1~

4

5

14

12
1d

12-23 24 mos. WA>HA»>WH WA>HA»>WH WA>HA»>WH

12-23 6 mos. WA=WH>HA HA>WA>WH WA=WH>HA

12-59 12 mos. - - HA>WA>WH HA>WA>WH

12-59 6 mos. WA>HA=WH HA>WA>WH

6-59 6 mos. WA>WH»>HA - WA>WH»HA WA>WH»HA

6-30 12 mos. WA>HA=WH WA>HA=WH WA~HA~WH WA>WH>HA

12-23 24 mos. Males WA>HA>WH WA>HA>WH WA>HA>WH

12-23 24 mos. Females HA>WA»>WH HA>WA»>WH HA>WA»>WH

12-23 24 mos. Combined HA>WA»>WH HA>WA»>WH HA>WA»>WH

Sources: Bairagl (1985); BairagletaI. (1981);Alam etaI. (1989); Brlend et aI. (1989); Yambl (1988); CoglIl (1982).
• Studies 1b and 1dare basedon the same basic data set (from Chen etaI. 1980); however, the results differbecause ofdifferent

methods ofanalysis. The Indicator ranks shown here forstudy 1b are estimated from Figure 1 of the publishedreport; however, the
ROC curves forAC, WA, and HA intersect throughout the range ofspecificity analyzed. Study 1d reported quantitative estimates ofthe
totalarea undereach Indicator's ROC curve, which forms a betterbasis for comparison In this case.

Note: ROC = receiver operating characteristics; Sp =specificity; MSS = maximum sum ofsensitivity and specificity; d. = normalized
distance coefficient

III-
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very short follow-up intervals (e.g., 1 to 3 months). However, the age range
covered in various studies does differ substantially and, in light of the potential
for age-specific effects of indicators described earlier, this factor must be
considered in comparing across studies.

In comparing across studies and across the various comparative criteria, the
most consistent observation is that WH is the weakest predictor of mortality.
Althoughonemigbt hypothesize that thisweakness is becauseWH reflects acute
malnutrition and may therefore predict onJyshort-term mortality (i.e., less than
six months offollow-up), the favorable performance of the AC-based indicator
(which also reflects wasting at low cutoff points) in relation to HA and WA
suggests this is not the case (Table 13). Perhaps WH has more measurement
error than AC in these studies because of compounding the independent
measurement errors in weight and height and the greater susceptibility ofWH
to variation in levels of hydration, stomach contents, posture during measure
ment, etc.

Apart from the relatively poor performance ofWH, when the variation in the
strengths of each study is taken into account, Table 12 suggests that WA is
superior to HA according to aU performance criteria. The two notable excep
tions are thestudy by Bairagi et aI. (1985), which is the most difficult to interpret
because of small sample sizes and confounding by seasonality, and the study of
females in the Bangladesh data by Chen et aI. (1980). The latter rmding does
not appear to be an artefact of study design and suggests that under certain
circumstances the performance of indicators may be affected by child's sex as
well as age. The results for sexes combined in that study resemble those for
females because ofthe disproportionate number offemale deaths in this sample.

Table 13 compares three AC-based indicators according to these same
performance criteria. As with WH, standardizingAC with HT does not appear
to improve the predictive ability of AC. Thus, ACHT is ranked consistently
poorly in the comparisons shown in this table, with the notable exception of
males from the study by Chen et aI. (1980), as re-analyzed by Cogill (1982). In
addition, the table suggests that simple arm circumference (AC) is superior to
AC corrected for age, except among females in the data from Chen et aI. (1980).
The latter result may partially rellect age confounding, however, since AC
increases sharply with age through 12 months and more gradually thereafter
(Jelliffee 1966; Frisancho 1990), exactly opposite to the trend in mortality with
age.

Table 14 draws upon these earlier results and compares the AC-based
indicators with HA and WA. For ROC curves, the criterion common to aU
studies, simple AC is apparently superior to HA and WA at high specificities.



Table 13- Comparison ofAnn Circumference-Based Indicators In Relation to Mortality

Age ROCCulVes

Study
Range Follow-up

In Months Period HighSp LcmSp MSS d.

1~ 12-23 24 mos. AC»>ACHT AC»>ACHT AC>ACHT
12-23 6mos. AC»>ACHT AC»>ACHT AC>ACHT

5 12-59 6 mos. AC>ACHT AC>ACHT
14 6-59 6 mos. - - AC>ACA AC>ACA
1d 12-23 24 mos. Males ACHT>AC>ACA ACA>AC>ACHT ACA>ACHT>AC

12-23 24 mos. Females ACA>AC>ACHT ACA=AC>ACHT ACA>AC>ACHT
12-23 24 mos. Combined AC>ACA>ACHT ACA~AC>ACHT AC>ACA>ACHT

SoulCe.: Bairagl (1981);AJam etaJ. (1989); Briand at aJ. (1989); Cogill (1982); Chan at aJ. (1980).
• Studies 1b and 1dare based on the same basic data sat (from Chan ataJ. 1980). Sae footnote a to Table 12.
Note: Abbreviations as dafined In Table 12.
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en
w



I I
I

ill II II

Table 14- Comparison of Height-for-Age, Weight-for-Age, and Arm Circumference-Based Indicators in Relation to Mortality Ii!

Age ROC Curves
Range Follow-up

Study in Months Period High Sp Low Sp MSS d.

1tf 12-23 24 mos. AC>WA>HA WA>HA>AC

12-23 6 mos. AC>WA>HA HA>AC>WA

5 12-59 6 mos. AC>HA>WA AC=WA>HA

14 6-59 6 mos. AC>WA>HA - AC>WA>HA AC>WA>HA

1d 12-23 24 mos. Males ACHT>AC>ACA>WA>HA ACA=WA>AC>HA ACA>AC>WA>HA

12-23 24 mos. Females HA>WA>ACA>AC HA>WA>AC=ACA HA>WA>ACA>AC

12-23 24 mos. Combined HA>AC>WA>ACA HA>WA>AC~ACA HA>AC>WA>ACA

Soutees: Bairagi (1981); AJam etaI. (1989); Briend etaI. (1989); CogiJl (1982); Chen etaI. (1980).
• Studies 1b and 1dare based on the same basic data set (from Chen etal. 1980). See footnote a to Table 12.
Note: Abbreviations as defined in Table 12.
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The exceptions are the females and the sexes combined in the study by Chen et
al. (1980) as re-analyzed by Cogill (1982). In contrast, AC is not superior to HA
or WA at low specificity, as shown in Bairagi (1981) and Alam et al. (1989).
Similar conclusions are reached based on the MSS and da criteria, although not
all studies used these performance criteria.

Thus, on the basis of the few studies for which a valid basis for comparison
exists, simple arm circumference may be superior to HA or WA in predicting
mortality within the subsequent 6 to 24 months at extremely low cutoff points.
More important than this conclu:;;on, however, is that the ranking of indicators
with respect to these technical criteria often obscures the overall similarity in
their performance. In addition, these ranks may be subject to modification by
such factors as the child's sex and socioeconomic status (Cogill 1982), child's
age (Katz et al. 1989), and probably seasonality and other factors. Thus, the
ultimate choice of indicators should take into consideration operational char
acteristics of the local programs, such as the expense and logistics of performing
various measurements, the accuracy of these measurements that can be taken
in the local context, and the resources available for interventions (Haas and
Habicht 1990). Finally, mortality prediction (screening) is only one objective
for taking anthropometric measurements in health programs, and AC is not
necessarily the indicator best-suited to other applications such as nutrition
education.

ATTAINED WEIGHT VERSUS WEIGHT CHANGE IN RELATION TO
MORYALITY

In recent years, primary health care programs have increasingly stressed
weight change to complement or supplant attained weight as indicators of
mortality risk. In theory, weight change can provide early detection of growth
faltering even among children whose attained weight is above conventional
cutoff points for defining risk. In addition, the act of monitoring the change in
weight, rather than absolute position of the child's weight on the growth chart,
is an explicit acknowledgment that some children may never approximate a
normal position on the chart (often due to stunting in earlier years) and that
attention should instead be directed towards maintaining a growth trajectory
that is parallel to the normal trajectory.

Despite these theoretical advantages, the use ofweight change asan indicator
raises a number of operational and conceptual questions. First, since weight
change is subject to measurement errors twice (at a given visit and at a subse
quent visit), weight change has a larger proportion of false positives and
negatives ilian a static indicator would, and this misclassification is a matter of
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some concern. False positives imply targeting scarce intervention resources to
the less needy, and false negatives imply a failure to intervene for a child at high
risk of dying. Second, the use ofweight change as an indicator may be concep
tually flawed depending upon 1) how weight change is combined (or not
combined) with static indicators; 2) the types ofinterventions actually available;
and 3) the explicit decision-making algorithm for linking indicators to interven
tions. For instance, a child with a WA above 80 percent but whose growth is
faltering may not be at a similar risk of death as a child at 60 percent WA who
is growing parallel to the normal trajectory. Directing health education to the
former may be reasonable, and education plus curative attention to the latter
may be more appropriate. However, appropriate treatment for the variety of
possibilities between these two extremes is not clear, and health workers with
rudimentary training may not be able to effectively distinguish between these
different types of risk.

Although some of these issues must be resolved through operational re
search, two important questions must be asked in relation to mortality
prediction: 1) Do weight change indicators bear any relation at all to mortality
risk? and 2) Do they provide significant improvement over indicators based on
attained size? Four reports in the literature address these questions to some
extent.

Of these four studies, three demonstrated that the weight gain of survivors
was significantly greater than that of children dying during the succeeding
interval (Bairagi et aI. 1985). The one negative study employed three different
intervals for estimatingweight change (two, four, and six months) and examined
theweight changes in relation to mortality in the foUowing 12 months. However,
in no case was a significant association found. One problem may be that this
study is limited by small sample sizes (15 to 23 deaths in various analyses) nnd
is confounded by seasonality.

The Zaire study (Kasongo Project Team 1986) attempted to relate weight
changes in 2- to 4-month periods to mortality in the succeeding 100 days. They
found a weak association among 6-24 month-olds and a significant association
among 25-59 month-olds. This association was only evident when large devia
tions in weight were considered (greater than 5 WA Z-scores for older children
and greater than 1 WA Z-scores for younger children). In no case was the
association significant in the case of the cutoff point usually employed in actual
programs (i.e., presence or absence ofany weight loss). The authors concluded
that, since the earlier report from this study found no association between
mortality and attained weight (Kasongo Project Team 1983), then the weight
change indicator is superior. However, the two analyses were performed on
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different subsamples (105 denths for attained weight and 52 deaths for weight
changes), thereby precluding direct comparison. Moreover, the coverage of
deaths in the study as a whole appears to be very low (see Table 1).

Briendand Bari (1989b) and Yambi (1988) reported a sign1icant association
between mortality and weight change in the preceding interval, independent of
attained weight in multivariate logistic regression models. Yambi (1988) also
inCluded initial weight in the model in order to control for the correlation
between weight change and initial weight (a portion of which is induced by
measurement error). However, Yambi did not include a comparison of the
performance oftheweight change indicator in relation to attained weight (using
ROC curves, MSS, and da, for instance) and, L1US, it is not possible to evaluate
its predictive ability against these standard criteria.

Briend and Bari (1989b), in Bangladesh, conducted the only study that
provided a complete analysis of the performance of weight change versus
attained weight. According to aU three criteria of performance (da, MSS, and
ROC curves), attained weight-for-age is far superior to weight change as a
predictor of mortality. The performance ofweight change over a three-month
period (which decreases the influence ofmeasurement error as a proportion of
the absolute change in weight) is intermediate between weight-for-age and
one-month changes according to all three criteria. Thus, in terms of choosing a
single best indicator among these three possibilities, attained weight-for-age is
clearly the indicator of choice. Because of the compounding of measurement
errors in calculating weight change, this result is even more likely to hold under
actual program conditions in which measurement error is greater than in this
study.

Briendand Bari (1989b) alsoexamined the implications ofcombiningweight
for-age and weight changes for screening purposes. In multivariate logistic
regression models, lowweight-for-age (less than 60 percent) and weight lost (or
maintained) in one month are both found to be significant, although the odds
ratio of the former is 9.7 compared with 3.7 for the latter. Both variables retain
their significance even when morbidity symptoms (measles and respiratory
infections) are included in the modr.IsP Even more telling, however, is the
finding that, at anylevel ofspecificity,simpleweight-for-age has highersensitivity

17 Although diarrhea is associated with weight loss, it is not associated with higher mortality in
thisS&mple and thererore does not affect these results. Theauthorsattributed the lackorassociation
betweendiarrheaand mortality to the presenceoran intensiveoral rehydration program and access
to one or the study's physicians ror intensive care.
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than either one-month weight loss alone or the two combined. Thus, the
improved prediction of mortality (sensitivity) in logistic regression analysis is
achieved at the expense ofspecificity. In an operational sense this impUes that
more deaths could be prevented by monitoring botl: indicators simultancouc;ly.
However, the greater number of false positives would either increD~ the costs
to the program, or, ifprogram resources are fIXed, preventfewerdenths because
of leakage of resources to the less needy. In any case, this study suggests that
better results could be achieved by simply raising the cutoffpoint ofWA rather
than adding weight loss to the screening protocol.



4. Implications

An important observation from this review is that the published literature
reflects a much stronger concern for programmatic issues arising from the
anthropometry-mortality relationship (chieflyscreening) than for policy-related
issues. One indication ofthis is the fact that the PAR estimates presented in this
paper, which are of central policy importance, had to be calculated from data
culled from the original reports and this was possible with only a fraction of the
studies. Another indication is thegeneral lackofattention to possible confound
ing and effect modification, which are likewise of central importance for some
policy ?urposes but less so for screening purposes. FmaUy, even the analyses
directed at screening issues (e.g., those comparing the performance ofvarious
anthropometric indicators) seldom employed valid or consistent performance
criteria. Although these criteria were only recently applied to this area of
research (Cogill1982; Brownie et al. 1986), this failure nonetheless represents
a weakness in many studies. Despite these overall weaknesses in the literature,
a number of conclusions of immediate policy and programmatic relevance can
be identified. These are noted in the next sections, followed by suggestions for
future research.

IMPUCATIONSFORPOUCY
The first important observation is that the fundamental relationship between

anthropometric indicators and mortality is found in all studies except one
(Kasongo). Secondly, the threshold effect reported by Chen et al. in 1980 has
not been found in any subsequent studies, not even from the same geographic
area (Matlab) or other areas of Bangladesh, Asia, or Africa. Thus, while
mortality risk does increase exponentiaUywith decreasing levels ofweight-for
age, for instance, risk ofmortality is nonetheless somewhat elevated, even in the
mild-ta-moderate region ofanthropometric indicators. This finding is counter
to the notion that growth deficits in the mild-ta-moderate range may represent

-----_._-_ ...•._ __ _.
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physiologicai adaptations to a poor environment and do not carryany functional
consequences of policy importance (Lipton 1983). The policy importance of
the accumulated results is revealed by the estimates of population attributable
risk, which indicate that asubstantial proportion (e.g.,33 to80 percent according
to weight-for-age) of the nutrition-related deaths (some 22 to 48 percent of aU
child deaths in the population) are found in those whose anthropometric
measurements are in the mild-ta-moderate range. The range of estimates for
these proportions is rather wide. Nonetheless, policies designed to address the
problem ofsevere malnutrition can prevent only a proportion of the nutrition
related deaths or total child deaths in the population. The implications are
especially important in countries outside of South Asia, which have a much
higher ratio of mild/moderate to severe PEM.

A related policy implication is that the cost-effectiveness of preventing
nutrition-related deaths will be initially much lower, and the absolute cost much
higher, for policies and programs directed at the mild-ta-moderate category.
This apparent contradiction is because ofthe much larger size ofthe population
to be covered and the lower risk ofdeath in this segment of the population (i.e.,
lowersensitivity), comparedwith the severelymalnourished segment. However,
the failure to address this substantial number of nutrition-related deaths in the
mild-ta-moderate categories may limit the reductions in child mortality for the
population as a whole. It also leaves a large "reservoir" of mild-ta-moderate
cases from which severe cases are derived and thereby subjected to an even
higher risk ofdeath.

The absence of a threshold effect between malnutrition and mortality is
further revealed in the analysis involving logistic transformation of mortality
rates that reveals a clear linear relationship between weight-for-age and the log
odds ofmortality in aU populations (Figure 4). The strength and consistency of
this relationship is striking and suggests that the impact ofmalnutrition on child
mortality is greater in those populations with high baseline levels of child
mortality. The high baseline levels of mortality probably reflect morbidity
patterns (types of disease and incidence) or coverage and quality of health
services. The potentiating effect of malnutrition is probably explained by its
impact on the incidence and severity of the disease, which has been well-docu
mented in the nutritional-biomedical literature (Chandra 1991), but not
previouslydemonstrated epidemiologically. Themajor policy implication is that
substantial reductions in child mortality cau be achieved through improving
either nutritional status or health status, and a synergistic effect would be
expected by improving both at the same time.

~--- ------_._._------ .-.....
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An important caveat to this discussion is, of course, that the number of
"anthropometry-related" deaths in these studies that are truly "nutrition-re
lated" is still unclear. The anthropometry-related deaths may be simply a
function ofother socioeconomic and behavioral factors that are proxied by low
anthropometric status. The literature is fairly convincing in suggesting that such
confounding does not account for the association between severe PEM and
mortality, but no studies have attempted to test the strength of the association
in the mild·to-moderate cases after controlling for possible confounders.

Another result ofimmediate policy relevance is the observation that theeffect
ofsevere PEM on mortality is greatlyexacerbated by the absence ofbreast-feed
ing (Table 9). This result, which does not appear to be confounded by child's
age, was found in both of the studies examining this issue. Though it requires
more extensive documentation, the apparent magnitude of the effect warrants
immediate attention. Not only should current breast-feeding efforts be main
tained andstrengthened, butspecial effortsshould be made to ensure prolonged
breast-feedingofchildrenwho are alreadyseverelymalnourished orat high-risk
for becoming so.

IMPUCATIONS FOR PROGRAMS
The key programmatic issues arising from this literature relate to the choice

of anthropometric indicators for screening, the frequency of measurement
required for effective screening, and appropriate age/sex target groups. A
positive finding of the review is that, when uniform performance criteria are
applied to anthropometric indicators, a consensus is reached concerning the
best predictors of mortality. Specifically, it appears that, with qualifications,
simple arm circumference and weight-for-age are superior to other inwcators.
Moreover, Briend and Bari (1989b) and Yambi (1988) explicitly compared the
predictive ability of attained weight versus weight change, and they found that
attained weight was the better predictor and was not significantly improved by
simultaneous consideration ofweight change.

The important qualifications to the above conclusions are that 1) arm
circumference outperforms WA and HA only at high specificities (i.e., extreme
cutoffpoints); 2) the evidence is suggestive ofsome sexspecificity (and possibly
age specificity) in the ranking of indicators; and 3) although this result arises
from a number of studies that vary in age range and length of follow-up, no
systematic examination ofthese relationships over a range of follow-up periods
and a range ofages has been attempted. To systematically examine these issues
in a single study will require much larger sample sizes than previously available
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(to accommodate sex- and age-specific analyses), a wide age range, and the
ability to distinguish among several follow-up intervals.

Despite the limitations in the above evidence, the choice of indicators and
frequency of measurement depends more upon local considerations (logistics
and the specific objectives of the program) than on the technical criteria of
screening efficiency (Haas and Habicht 1990). Programs designed to avert
deaths in individual children, as in famines or clinic screening for acute cases,
obviously require an indicator and a measurement frequency that renect imme
diate risk and can be measured with reasonable ease and accuracy. The present
results suggest that formortalityprediction AC with a low cutoff point is techni
cally superior to WA (and both are superior to WH). This conclusion carries
two caveats, however. First, simple AC may be strongly confounded with age if
the program screens younger (under 12 months) as well as older children.
Secondly, the studies giving rise to these results all employed a follow-up period
of 6 to 24 months and, therefore, do not truly renect the risk of death in the
immediate future. This issue should be examined using a much shorter follow
up period and accepted methods for comparing indicators. Moreover, the
marginal improvements in prediction using AC need to be weighed against any
logistic considerations (e.g., switching from WA to AC in clinics), which vary
according to local circumstances.

Programs with longer-term child survival or nutritional improvement objec
tives (e.g., those deliveringhealthand nutrition education) clearlydo not require
thesame measurement frequency or indicatorsofimmediate risk. An important
consideration here is the sensitivity of the indicator to recent health and nutri
tional conditions (to identify faltering growth early in the process rather than to
prevent death per se), in which case change in WA would likely be superior to
simple AC or change in AC. Unfortunately much of the literature designed to
identify thesingle best indicator has overlooked these contextual (and logistical)
considerations (Habicht and Pelletier 1990).

IMPUCATIONS FOR RESEARCH
Thestudies included in this review had three interrelated characteristics that

make it difficult to draw firm conclusions on several policy and programmatic
issues: small sample sizes, variation in analytical methods, and the failure to
collect and/or use ancillary information in the analysis. This problem was often
compounded by the tendency to focus on questions with programmatic rele
vance (i.e., identification ofthe bestanthropometricindicator) rather than policy
relevance, even though the same data might be applied to both purposes. This

I
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section highlights the key issues requiring further research, some ofwhich might
be undertaken with existing data.

The rlJ'st set ofissues relates to the possibility ofeffect modification, i.e., that
the relationship between anthropometric indicators and mortality may differ
according to child's age orsex, length of follow-up, season ofmeasurement, and
a host ofother factors. Based on a limited number ofstudies the reviewsupports
the existence ofsuch effect modifiers and the significant implications they carry
for policies and programs. For example, the child's age and sex influence the
relative predictive ability of different anthropometric indicators; the length of
fonow-up is likely to affect some inclicators more than others, and mortality
prediction appears toattenuate under longer follow-up; season ofmeasurement
modifies the rist< of death in malnourishr,d children; and breast-feeding dimin
ishes the risk of death among mahlOurished children, compared with
nonbreast-fed children. Unfortunately, the evidence concerning these effect
modifiers is quite patchy across the studies, partly because of the three factors
noted above.

Greater resolution on these issues could be obtained by re-analyzing appro
priate data sets already available. Effect modification by age and sex, and
possibly by length of follow-up in some stuclies, can at least be examined. Given
the limited sample sizes, one option would be to pool the data from several
studies (notablythe manystudies from Bangladesh, but not limited to those) and
performan integrated analysis. An advantage ofre-analysis, even if the data are
not pooled, would be to adopt a standard set of criteria for comparing the
performance ofanthropometric indicators as described byBrownie etal. (1986).

Another issue requiring further attention is the strength of the association
between mild-ta-moderate malnutrition and mortality. In particular, it is im
portant to determine whether the mortality among mild-to-moderately
malnourished children is simply due to the poor environmental and behavioral
characteristics of these households. The available analyses suggest that such
characteristicsdo not affect the mortality risk ofseverelymalnourished children,
but these studies have not singled out the mild-to-moderate cases for similar
analysis. Moreover, variation in age,length of follow-up, and type ofanthropo
metric indicator in these analysesshould be considered for the reasons outlined
above. Given that most children classified as malnourished by anthropometric
criteria are in the mild-to-moderate category, and that these appear to a<;count
for a significant proportion of the nutrition-related deaths in a population, this
issue has important policy implications.

The observation that a given deficit in weight-for-age among South Asian
children is associated with lower mortality risk than the same deficit among
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children from other regions (Figure 1) is worth further investigation. This
association is consistentwith earlier cross-national observations that the weight
for-age of South Asian populations is higher than expected, given their child
death rates and other indicators of overaU quality of life, such as access to safe
water, national food (calorie) availability, female literacy, and infant mortality
(Haaga et al. 1985).

A plausible hypothesis for these observations relates to the unusually high
rate of low birth weight babies in South Asian populations and the effects of a
low birth weight on postnatal growth. According to WHO, 31 percent of the
infants from middJeSouth Asia (includingIndia and Bangladesh) had a lowbirth
weight (less than 2,500 grams), compared to 20 percent for the rest ofAsia and
13 to 17 percent for various regions in Africa (WHO 1980). Given the smaU
stature of adult South Asian women (Eveleth and Tanner 1976), a significant
proportion of these low birth weight babies is probablynot attributable to poor
maternal health and nutrition during pregnancy. Similarly, asignificant propor
tion of the young children with low weights-for-age may not reflect
protein-energy malnutrition during this period. Rather, to some degree the
smallness at birth and in early childhood may reflect relatively benign constitu
tional constraints to prenatal and postnatal growth (Gam and Keating 1980;
Ounsted et aI. 1988), which would not be expected to carry the same functional
consequences in infancyand earlychildhood (Rasmussen et aI. 1985). Research
to test this hypothesis would require examination of possible interactions be
tween birth weight and maternal characteristics (e.g., stature) as they relate to
infant and child mortality.

Finally, only limited policy inferences can be drawn from prospective, com
munity-based mortality studies of the type reviewed here. In particular the
demonstration that anthropometry predicts future mortality, even if un
collf~unded, is no assurance that child growth and nutrition must be improved
in or"" . ;0 reduce mortality. For instance, it may be possible to improve health
conditio. ';; and health care to the point where the incidence ofdisease is sharply
reduced and the remaining morbidity is treated through competent health care.
Thus, the only way to realisticaUy estimate the role ofnutrition in reducing child
mortality is through intervention programs that manipulate nutritional and
health conditions in real world settings.

According to a careful examination of ten intervention trials conducted ten
years ago, the evidence is stiU inadequate for makingsoundjudgmentsconcern
ing the interacting roles ofnutrition interventions and health care, for instance,
in accounting for the observed mortality reductions (Gwatkin et aI. 1980). The
study with the strongest design for answering this question came from

-------~--_._--_. __ ._------._. __ .. - -----1
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NarangwaJ, IncJja (Kielmann et aI. 1978). However, even this studyprovides only
Wt;lak evidence concerning effects on child mortality (as opposed to neonatal
and infant mortality) because of small sample sizes.I8 This suggests, fast, that
the prospective studies reviewed here deserve careful attention since the avail
able evidence from intervention trials is still inadequate. In particular, the
evidence for a potentiatingeffect ofmalnutrition detected here represents a key
piece of information on this issue. Secondly, it suggests that further efforts
should be made to include a strong evaluation component in existing programs
to take advantage of the greater resolution available through intervention
designs. In light ofquestions raisedabove concerningthe functional significance
ofmild-ta-moderate malnutrition, an especiallyopportune time to do so is when
programswith demonstrated success in reducingsevere PEM (e.g.,Tamil Nadu
and Iringa) begin to shift attention to the mild-ta-moderate forms. Such a shift
may provide opportunities for experimentation in program design, which are
not feasible for ethical reasons in the case of severe PEM, but which provide
information on the effects ofmalnutrition on mortality under real world condi
tions.

18 Over a three-year period 66 children died (ranging in age from 1 to 3years). Their deaths
were divided across four cells of the experimental design and two majorcastcs whose proportional
representation differsamong these four cells and has asignificant association with mortality. Thus,
although a significant difference was demonstrated between thc control villages and all olhcl'S
almbincd, thc cffccts ofnutrition versus health care aluld not be assessed.
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