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range of malnutrition. This latter result contradicts the findings from an earlier, landmark study which suggested that mild-to-moderate malnutrition was not associated with an increased risk of mortality (Chen et al. 1980). The present results indicate that some where between 20% and 75% of child deaths are sta tistically attributable to anthropomÃ©triedeficits, with most estimates falling in the range 25-50%. When taking account of the relative proportions of severe versus mild-to-moderate malnutrition in the popula tion, the results show further than 16-80% of all nu trition-related deaths are associated with mild-tomoderate malnutrition rather than severe malnutri tion. In most studies 46-80% of all nutrition-related deaths are in the mild-to-moderate category. This rep resents the proportion of nutrition-related deaths that would be missed by policies and programs focusing primarily or exclusively on the severely malnourished, a bias that does exist in many public health programs in practice if not by design. Another important result is the confirmation that malnutrition has a potentiating (multiplicative) effect on mortality within populations, as predicted from the theory of synergism. This means that malnutrition has its biggest impacts in populations with already high mortality levels and that morbidity has its biggest impacts in the most malnourished populations. This finding has far-reaching implications for child survival policy and programs, suggesting that greater attention should be paid to nutritional improvement than at present. A potential limitation of the above conclusion is the possibility that the relationship between mortality 1 Published as a supplement
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The prevention of child mortality is a commonly stated health goal in developing countries and the tar get of much international assistance in the health sec tor. Over the past decade the primary strategy for ac celerating the reduction in child mortality has been the dissemination of simple, low-cost technologies, such as immunization, oral rehydration therapy and antibiotics, that target specific diseases (Huffmann and Steel 1994). This is done despite the knowledge that malnutrition and disease have a synergistic relation ship (Scrimshaw et al. 1968) and that the optimal strategy may involve a combination of health and nu trition interventions. In the 1970s, for instance, it was estimated that malnutrition (notably protein-energy malnutritionâ€”PEM) was the underlying or contrib uting cause of death for roughly half of all deaths to children aged 1-4 years in several Latin American countries (Puffer and Serrano 1973). Apart from this early study, however, there has been little effort to quantify the contribution of malnutrition to child mortality in other regions of the world in ways which are meaningful to policy. This paper reviews the re sults of 28 community-based, prospective studies, in 12 Asian and Sub-Saharan African countries, which examined the relationship between anthropomÃ©trie indicators of malnutrition and child mortality. One purpose is to estimate the contribution of malnutrition to child mortalityâ€”distinguishing the effects of severe malnutrition from mild-to-moderate malnutritionâ€” and to examine a number of related issues relevant to policy, programs and research in this area. The accumulated results are consistent in showing that the risk of mortality is inversely related to an thropomÃ©trieindicators of nutritional status and that there is elevated risk even in the mild-to-moderate
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malnutrition. A stronger approach would be through careful evaluation of on-going, large-scale intervention programs, especially those that have successfully con trolled severe malnutrition and are shifting attention to mild-to-moderate forms.



INTRODUCTION The prevention of child mortality is perhaps the most commonly stated goal of national health policy in developing countries and is a major focus of inter national and bilateral aid in the health sector. This is reflected in the health plans of individual countries and by the increased attention in recent years to the promotion and/or dissemination of simple, low-cost technologies for child survival (Grant 1983, USAID/ CDC 1992). Huff mann and Steel (1994) have reviewed the impact of these technologies on child survival and questioned whether nutrition has been given appro priate attention in the overall strategies. They note that some of the life-saving technologies have the po tential to simultaneously improve nutrition and were originally designed to do so, but in the implementation process this objective was typically overlooked in favor of the more easily implemented components of the strategies. They note that this not only represents a missed opportunity to improve nutrition, but may also limit the effectiveness of the technologies on saving lives because of the importance of malnutrition as a contributor to infant and child mortality. The issues raised by Huffmann and Steel are im portant for deciding the appropriate mix of strategies to promote child survival at a national and interna tional level. While the argument might be made that governments and external agencies should strive to improve nutrition simultaneous with efforts to im prove child survival, the reality of resource constraints means that decisions must always be made concerning the relative weight to be given to nutritional improve ment versus technological interventions. UNICEF notes that expenditures on direct nutrition activities represented only 13% of the amount spent on other health activities in 1990 (Parker and Jesperson 1994). In order to evaluate the appropriateness of this re source allocation at an international level or within a given country the first step is to assess the quantitative contribution of malnutrition to mortality. The report of the Inter-American Investigation of Mortality in Childhood (Puffer and Serrano 1973) was the first systematic attempt to estimate the contribu tion of malnutrition to child mortality in one region of the world. It suggested that 35% of all deaths to children 
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and malnutrition may be confounded by behavioral and socioeconomic factors (e.g., caretaker knowledge and practices and access to health care). Several studies have addressed this question by controlling for confounders (through proxy socioeconomic variables), and these studies reveal that the anthropometry-mortality relationship is not due to such confounding. Usually this has been applied to severe cases of malnutrition, where the link to mortality is strongest, but one study indicated similar results among mild-to-moderate cases. The results further suggest the possibility that, for a given anthropomÃ©trie deficit, child mortality in South Asian children is lower than in children from other regions. This result is consistent with the find ings from earlier cross-national comparisons (Haaga et al. 1985). It may relate to small maternal stature in these populations, which contributes to the excep tionally high rate of low birth weight (31%) and rel atively benign carry-over effects on the size of pre school children. It is hypothesized that child anthro pomÃ©triedeficits arising in this fashion may not have the same functional consequences as deficits arising from poor maternal health and nutrition during preg nancy or from similar conditions in early childhood, an area requiring further research. On the basis of a priori expectations as well as the results from the few studies examining these issues, the review concludes that the child anthropometrymortality relationship is likely to be modified by a number of other factors, a result with important im plications for policy and programs. Some of these fac tors include the age of the child, possibly sex of the child in some settings, length of follow-up after mea surement, seasonality and breastfeeding. The policy importance is well illustrated by the breastfeeding re sults, which indicate that the elevated risk of death among severely malnourished children (>12 mo) is made even worse (four times worse) by the absence of breastfeeding. The programmatic importance of effect modifiers relates to such issues as deciding the optimal interval between measurements for screening pur poses, choosing the most efficient anthropomÃ©triein dicator and deciding the priority to be given to children of different ages when using a single screening indi cator. 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. How ever, future research should include consideration of these issues and may benefit from pooling the data from previous studies. Finally, it is suggested that observational (i.e., non intervention) studies of the type reviewed here may be inherently limited in their ability to answer a central policy question, namely the extent to which reductions in child mortality through health sector interventions may be compromised by persistently high rates of
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CONCEPTUAL AND METHODOLOGICAL CONSIDERATIONS The available studies differ in a number of respects which have an important bearing on their interpre
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tation and comparability. The studies and some of these important features are described in Table 1 and elaborated upon below. Before describing the studies it is important to note the distinction be tween nutritional status and anthropomÃ©trie indi cators 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 of the individual as it re lates to the availability and utilization of energy and nutrients at the cellular level. Protein-energy nutritional status, therefore, refers to the state of the individual in relation to these two "nutrients." Because this state cannot be directly observed, one relies on measurable indicators of this state. An thropometries provide relatively simple and con venient indicators of protein-energy status, but they are not synonymous with it. For instance, a child may have a moderately low weight-for-age because of recent diarrheal dehydration (though being well fed), because he is stunted from nutritional insults some years ago (though currently well nourished) or because of improper feeding practices in recent months (though presently free of disease). Alterna tively, the child may have some combination of these conditions. Each of these scenarios has different im plications for the child's current nutritional status (viz. nutrient availability and utilization at cellular level) and for the probability of mortality in the coming 1 month, 6 months or 12 months. These scenarios also mean that, in various circumstances, the use of anthropomÃ©trie indicators may lead to underestimates or overestimates of the effects of nutritional status on mortality. Thus, the present review is concerned with anthropometry-mortality relationships in the first instance and only through cautious inference does it discuss nutrition-mortality relationships. A more direct approach to estimating nutrition-mortality relationships, and the one most meaningful when estimating the nutritionally pre ventable fraction, is through intervention trials. Al though fewer in number, these studies have been re viewed elsewhere (Rose and Martorell 1992). As shown in Table 1 there are 28 reports available in the journal literature (in two cases supplemented with dissertations). These studies were identified through computer-based searches (Mediine and Agricola) from January, 1983 through December, 1992 and through secondary citations given in all of these pa pers. This list is thought to be complete with respect to prospective, population-based studies comparing one or more anthropomÃ©trieindicators to risk of sub sequent mortality. It excludes hospital or clinic-based studies. As shown in the table, some studies are included in the list more than once, when reanalysis of the same data provided additional information bearing on the objectives of this paper. Thus, the 28 reports actually
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Shortly after the Inter-American Investigation, the nutrition-mortality linkage received important con firmation in a small number of studies in India (Kielmann and McCord 1978) and Bangladesh (Chen et al. 1980; Sommer and Lowenstein 1975). These studies were conducted prospectively over a long period of time (months to years) and were population based, in contrast to earlier studies that were either retrospec tive, employed short follow-up periods and/or were based on hospital admissions (Garrow and Pike 1967; Gomez et al. 1956; McLaren et al. 1969; Puffer and Serrano 1973). These studies also found that relatively simple anthropomÃ©trieindicators of nutritional status are related to the risk of future mortality. At a policy level this has confirmed the potential importance of malnutrition for designing child survival strategies and at a programmatic level it provides one of the ratio nales for using growth monitoring in health programs to assist in identifying high-risk children. Although the studies cited above have provided im portant documentation that anthropomÃ©trieindicators of malnutrition are related to mortality risk, a number of important questions remain. The purpose of this paper is to draw on the existing literature to address these issues to the extent possible. Specifically, this paper reviews the results of prospective, populationbased studies to examine the following questions: â€¢Are there any differences in the relationship be tween anthropometry and mortality across pop ulations? â€¢What fraction of child mortality is attributable to malnutrition as measured by anthropomÃ©trie deficits? â€¢What is the contribution of mild-to-moderate malnutrition versus severe malnutrition to this fraction? â€¢Does the relationship between anthropomÃ©trie indicators and mortality differ according to the age or sex of the child? â€¢ To what extent are these relationships con founded or modified by other factors such as household socioeconomic status, concurrent morbidity and feeding practices? â€¢How are these relationships affected by the length of follow-up of the child after measurement? â€¢ Which anthropomÃ©trieindicators are most closely related to mortality and how do static (one-time) measures compare with repeated measures on the same child (velocities)? The paper concludes by identifying the implications for policy, programs and future research.
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Study No.'PopulationAge



of population-based



studies included



of of follow-up2Effectiveno. deaths3No. rangeEffectivelength



in this review



of children4Gross5mortality rateCitation



1980Bairagi et al. 1981Chowdhury 1988Cogill 1982Sommer 1975Trowbridge and Lowenstein 1981Briend and Sommer 1986Briendet and Zimicki 1987Briendal. 1988Bairagi et al. 1985Alametal. et al. 1989Briend 1989aBriend and Bari 1989bKielmann and Bari 1978Katzetal. and McCord 19898Heywood
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laIbleId2a2b2c3a3b456a6b789101112131415161718192021Matlab, BangladeshMatlab, BangladeshMatlab, BangladeshMatlab, BangladeshMatlab, BangladeshMatlab, BangladeshMatlab, BangladeshMatlab, BangladeshMatlab, BangladeshMatlab, BangladeshTeknaf, BangladeshC-M Bangladesh7C-M Hwy, BangladeshPunjab, Hwy, IndiaW. IndonesiaPapua Java, GuineaKasongo, New ZaireKasongo, ZaireIringa, TanzaniaGuinea-BissauSenegalS.



1982Kasongo 1983Kasongo Project Team 1986YambiProject Team 1988Smedmanet 1987Briendet al. 1989Lindskoget al. MalawiN. 1988Pelletieretal. MalawiSW 1994Velia al. UgandaNW 1994Velia et al UgandaYemenMatlabZaire12-2312-2312-2312-2312-5912-5912-596-3612-3612-5912-5912-360-3612-360-596-306-596-596-306-596-590-596-590-590-590-846-3 1992Bagenholm et al. 1989Fauveau and Nasher 1990Van et al. Den Broeck et al. 1993



1Studies in a series (e.g., la-Id) represent analysis of the same data set. 2 Refers to maximum possible length of follow-up used in the main analysis. Some studies using child-months as the denominator 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 and 15; others measured children regularly and examined mortality in the following month or period: studies 3a, 3b, 6a, 6b, 11 and 14. 3 Refers to number actually used in the main analysis and the number in the "severe" category of the anthropomÃ©trie indicator (when available]. 'Studies that reported exclusion of accidental deaths. 4 * Asterisk refers to studies in which child-months (or child-semesters) are used as the unit of analysis, which in all cases is higher than the number of children shown here. 5 Defined as effective no. deaths/effective from the period over which these deaths crude measure of completeness of death 6 These represent incomplete samples 7 Chandpur-Comilla Highway, study



no. children, expressed per 1,000 per year; note that the effective follow-up period often differed



occurred, in which case the rate is standardized relative to the latter. The rate is intended here as a reporting. from previously archived data (study 2a) and thus a mortality rate cannot be calculated. area 70 km from Dhaka. Studies 6a 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. 8 This source provides results on weight-for-height and height-for-age; results on weight-for-age munication



were obtained through personal com



with this research group for the purpose of this paper.



refer to 21 separate studies, representing 12 distinct world populations. There is a clear bias in the literature in favor of Bangladesh, for which 14 reports exist based on 7 different studies. There are 10 reports from Af rica, representing studies in 6 countries, and no reports from Latin America. The studies differ in the range of children's ages, with some having fairly restricted ranges and others covering the entire underfives period. Variation in



age may have an important effect on study results because of the well-known changes in anthropo mÃ©trieindicators, feeding practices, disease expo sure and health care that take place during the period from birth through 5 years (Leslie and Gupta 1989; Martorell and Habicht 1986). It is relevant to note, for instance, that the study that has been most widely cited and debated in the literature (Chen et al. 1980) and has undoubtedly had a significant impact on
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ity and (to a lesser extent) attributable risk. The re ports excluding accidental deaths as indicated in Ta ble 1 represent only those in which explicit mention was made. Table 1 shows that the studies differ in how they express and analyze mortality. Most reports provide sufficient information to permit the calculation of mortality rates (deaths per 1,000 children per year) according to various levels of anthropomÃ©trie indi cators. Others quantified mortality as the number of deaths per 1,000 child-month of observation, which was necessitated by the design of the study (variation in length of follow-up among children in the study). The latter method results in rates that are numerically lower than standard mortality rates and cannot be readily converted or compared to such rates. However, the estimates of anthropometry-mortality relation ships and differences in prediction across indicators should be very similar for these two methods. The present report emphasizes studies with a fixed followup period, but the results for the other studies are broadly similar and have been described elsewhere (Pelletier 1991). Finally, it is important to recognize that the pro spective studies included in this analysis cannot, by themselves, provide evidence of causality between malnutrition and child mortality. Strictly speaking, they can only provide evidence of association. It is possible, and indeed likely, that child malnutrition and mortality may cluster in the same households as a result of socioeconomic and behavioral factors that cause malnutrition and mortality. When such confounding is operating, the observed, bivariate association between malnutrition and mortality would tend to overestimate the strength of the actual relationship between the two. A substantial portion of this review is devoted to examining these poten tial confounding effects. The results of these anal yses should be considered in light of evidence from other sources (community interventions clinical studies, and knowledge of biological mechanisms) to draw causal inferences. Thus, it is important to note that terms like "nutrition-related deaths," "population attributable risk," "the effects of mal nutrition" and others used in this report are subject to these qualifications concerning causality versus association.



RESULTS



Anthropometry-mortality relationships and population attributable risk Figures 1-4 illustrate the relationship between mortality and four indicators of nutritional status:
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policies and programs is also the one with the most restricted age range (12-23 months). The few studies available for explicitly examining this issue are re viewed in a later section. Length of follow-up also varies widely across the studies, ranging from 1 to 30 months. This may also have a significant influence on the predictive ability of various indicators, because those reflecting wasting (e.g., weight-for-height, various arm circumference indicators and, at younger ages, weight-for-age) are indicative of an acute condition. This may predispose to death in a short follow-up interval but such indi cators typically resume normal values within weeks or mo and should have little or no carry-over effects on mortality in the longer term. Other indicators (e.g., height-for-age) reflect a lifetime of chronically poor health and nutrient intake, with little relevance to the child's current nutritional status and would not be ex pected to contribute directly to mortality in older children. They may nonetheless have good predictive value if they identify children and households with chronically poor environmental and behavioral char acteristics, which are themselves responsible for greater mortality. Thus, variation across studies should be expected in the ranking of indicators from best-to-worse as a result of the length of follow-up employed and ages of study children. Another important factor in many of these studies is the relatively small numbers of deaths available for analysis. The relatively low prevalence of severe (
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FIGURE 1 Relationship between child mortality and weight-for-age as a percentage of international median. Adapted from Yambi (1988), Heywood (1982), Pelletier et al. (1994a), Alam et al. (1989), CogÃ¼l(1982), Bairagi et al. (1985), Kielmann and McCord (1978) and Katz et al. (1989). Study descriptions are provided in Table 1. PNG = Papua New Guinea.



weight-for-age (WA)2,simple arm circumference (AC), weight-for-height (WH) and height-for-age (HA). These rates were either taken directly from the liter ature or calculated from data provided in the original reports and, in a few cases, estimated from figures in these reports.3 Figure 1 shows a consistent increase in child mor tality with decreasing WA in all eight studies for which standard rates could be calculated. Mortality shows a basically linear increase as WA declines from 80% of median to 60% of median and a marked increase as WA declines below 60% of median. Similar results are seen in the studies expressing mortality relative to child-mo (Pelletier 1991). The one notable exception is from Matlab, Bangla desh (study Id), in which there is no consistent rela tionship between mortality and WA at levels >6069%.4 This study, which was one of the first to appear in the literature on this subject, suggested the existence of a threshold of WA (65% of median in the original report) above which there was no elevation in mor tality risk. It is apparent from Figure 1 that this result has not been confirmed by subsequent results in the same study area (Bairagi et al. 1985), elsewhere in Bangladesh (Alam et al. 1989) nor in other populations



2 Abbreviations used: AC, arm circumference; ACA, arm circumference-for-age; AC/HT, arm circumference/height; ACHT, arm circumference-for-height; AC/A, arm circumference/age; ARI, AJDS-related illness; d., normalized distance statistics; HA = heightfor-age; MMM, mild-to-moderate malnutrition; MSS, maximum sum of sensitivity and specificity; ORS, oral rehydration solution; PAR, population attributable risk; PEM, protein-energy malnutri tion; RR, relative risk; RRm, relative risk due to malnutrition; ROC, receiver operating characteristic; SES, socioeconomic status; WA, weight-for-age; WH, weight-for-height; W/H, weight/height; W/ H2, weight/height2. 3 These figures and many of the results that follow employ the "percent of median" classification system for anthropometry, rather than the Z-score system, because this review is based on the data as reported in the published papers. 4 Note that the rates shown here by four categories of WA are based on data provided by Cogill (1982), which exclude accidental deaths. It differs from the original report (Chen et al., 1980), which used the Gomez classification and included all deaths. The form of the relationship is the same in the two versions, but the analysis of data in Cogill enhances cross-study comparability and is used in this and subsequent results. 5 Note that with the exception of Cogill (1982) none of the WA reports shown in Tables 2 and 3 mention excluding accidental deaths. The re-analysis of Chen's data from that provided in Cogill (1982) was by necessity based on nonaccidental deaths; however, at a cutoff point of WA < 70% this only raises the PAR from 38% (with ac cidents) to 44% (without accidents). 6 The Guinea-Bissau study suffered from the confounding effect of a measles epidemic during the follow-up period, which affected the urban portion of the sample where nutritional status is better than in the rural samples (90% versus 84% WA). Thus, the risk attributable to WA is likely to be an underestimate. The Bangladesh study with PAR = 73.5% had a follow-up period of only 6 mo, compared with 12-24 mos for all other studies. Similarly, the study with the next highest PAR [63.0%, based only on severe proteinenergy malnutrition (PEM) also from Bangladesh), had a follow-up period of only 1 mo. Because most deaths to malnourished children occur in the first few mo after measurement, a longer follow-up period would probably have resulted in a narrower range of PAR estimates.
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< 60



8



such as India (Kielmann and McCord 1978), Indonesia (Katz et al., personal communication), Papua New Guinea (Heywood 1982), Guinea-Bissau (Smedman et al. 1987), Tanzania (Yambi 1988) and Malawi (Pelletier et al. 1994a). Although the gradient in mortality risk is greatest below 60% WA, these other studies dem onstrate a consistent gradient even at levels above this point. Given the far higher prevalence of mild-to-mod erate malnutrition (60-80% WA) as compared to se vere, this result has important policy implications as emphasized by the estimates of population at tributable risk (PAR) provided in Table 2.5The PAR associated with total malnutrition (defined as WA < 80% of median) ranges from a low of 19% in N. Ma lawi to a high of 73% in one Bangladesh study,6 with most other studies falling in the range 21-48%. Ta ble 2 also reveals that mild-to-moderate malnutrition (60-80% WA) represents 46% to 93% of the total PAR across studies (except the Chen study). This represents a range of estimates of the percent of nu trition-related mortality that would be missed by
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TABLE 2 Estimates



of population



PEMPopulation studyWeight-for-age3India and



attributable



risk for severe and mild-to-moderate in relation to child mortality1*



protein-energy



malnutrition



(PEMl



Severe



percent PAR48.673.723.845.935.219.043. MMM46.265.816.58 rev.4.25.119.41.61.32.61.46.15.34.01.22.524.47.42.01.63.84.23.83.07.723.215.210.04.83.613.0PAR26.125.219.97.86.97.33



(7)Bangladesh (5|Bangladesh (Id)Papua (9)Tanzania New Guinea (12)N.Malawi (16)Indonesia (8)Arm circumference"Bangladesh



19.133.16.716.77.611.75.87.57.65.99.68.512.733.529.44.87.22.816.4Mild-to-ModerateMR4.811.623.144.251.8



(Id)Bangladesh (5)Indonesia (8)PNG (9)Tanzania (12)N.Malawi (16)S.W. (17)N.W.Uganda Uganda (18)Yemen (19)Heightage6Bangladesh for (la)Bangladesh (5)Indonesia (8)Papua (9)Tanzania New Guinea



(12)N. Malawi (16)MR36.763.250.4148.1212.1105.361.073.4104.7113.3181.8187.529.830.071.1148.197.86184.5125.036.456.630.738.672.756.852.9P 1Adapted from Kielmann and McCordf 1978), Alam et al. (1989), Cogill (1982), Heywood (1982), Yambi (1988), Pelletieretal.



(1994a),



Katz et al. (1989), Briend and Zimicki (1986), Velia et al. (1994), Velia et al. (1992), Bagenholm and Nasher (1989) and Chen et al. (1980). Study descriptions are provided in Table I. 2 MR = mortality rate per 1,000 children per year associated with each grade of PEMÂ¡PAR = population attributable risk of mortality associated with each grade of PEM; Prev. = percent of children in each grade of PEM; MMM = mild-to-moderate malnutrition,- PAR = |PÂ¡(RRÂ¡ - l))/(|Pi(RRi - 1)1 + 1), where PÂ¡is the prevalence of malnutrition in a given grade and RRÂ¡is the relative risk of mortality in the grade compared to those in the "normal" grade. 3 Severe, 80% weight-for-age. " The PAR is set at 0 because the MR for this grade is lower than the reference grade of PEM; total PAR is assumed to equal PAR for severe PEM. 4 Severe, 130 mm (study 5, 16, 17). 5 Severe, 95% height-for-age (except study 5 where mild-tomoderate is 85-89%; and, normal ;> 90%.



nutrition programs if exclusive or primary attention were to be given to severe cases.7 Two notable exceptions exist in the literature con cerning mortality and anthropomÃ©trieindicators, both from Zaire. One is a study from Kasongo, Zaire (Kasongo Project Team 1983), which found no relation ship between the two. This study generated some dis cussion concerning the possible population-specific



nature of this relationship (Bairagi 1981, Chen et al. 1981). However, with the benefit of additional studies 7 Note that PAR is used here simply to assess the extent to which malnutrition-related deaths are to be found in different grades of malnutrition. It is not a valid statistic for comparing across indicators because its magnitude is greatly influenced by the prevalence and, thus, the location of the cutoff point. More valid methods to choose among several indictors are described in a later section.



Downloaded from jn.nutrition.org by on February 18, 2009



(5)Bangladesh (Id)Bangladesh (2c)N.Malawi (16)S.W. (17)WeightUganda for-height5Bangladesh



2054S



SUPPLEMENT Deaths per 1000 per year 400



350



300



Study -â€” SW Uganda



250



17



â€”Iâ€” Malawi lÃ² 200



-*-



Matlab 2c



-B-



Matlab Id Matlab 2b



150



Tslcnai 5 100



50



90



100



110



120



130



Arm Circumference



140



150



160



(cms)



FIGURE 2 Relationship between child mortality and mid-to-upper arm circumference. Adapted from Velia et al. (1994), Pelletier et al. (1993), Briend and Zimicki (1986), Cogill (1982), Trowbridge and Sommer (1981) and Alam et al. (1989). Study descriptions are provided in Table 1.



Figure 2 shows the relationship between simple arm circumference and subsequent mortality. As with WA, mortality shows an exponential increase with declin ing AC, with a small but detectable elevation in risk at intermediate levels of AC (110-129 mm) and a marked elevation at the extreme levels (
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from Africa since that time,8 it appears that method ological problems in the study may be a more likely explanation. For instance, the original study empha sized that the data, manpower and techniques used in the study are typical of what might be expected in a normal health clinic in Zaire. In addition, Table 1 shows that the 105 deaths analyzed in the study prob ably represent at most 20% of total deaths occurring in the sample during this period, because the gross mortality rate calculated from the report is only 4.2/ 1,000/year. Thus, this study by itself does not support the suggestion that the fundamental relationship be tween anthropometry and mortality differs in Sub-Saharan African populations.9 The second exception comes from Bwamanda, Zaire (Van Den Broeck et al. 1993). This study found no association between anthropomÃ©trieindicators of nutritional status and mortality when extreme mal nutrition cases are excluded (defined as kwashiorkor or extreme marasmus based on clinical diagnosis). This study does not appear to suffer from the meth odological problems found in the Kasongo study. However, the authors note that the study area has been the target of an intensive integrated develop ment project for the past 20 years, such that the pop ulation experiences less diarrheal burden, has high immunization rates and has access to effective cura tive health care. Under such circumstances, relatively rare in the developing world, it appears that the as sociation between mild-to-moderate malnutrition and mortality may be attenuated. The authors further suggest that endemic malaria and severe anemia may have comparable case fatality rates across different grades of nutritional status. Because these are the dominant causes of mortality in this population, this would further attenuate the association between mild-to-moderate malnutrition and mortality. Although the same fundamental relationship be tween anthropometry and mortality is seen in all pop ulations studied, the results in Figure 1 give the ap pearance of possible population differences in the ef fects of malnutrition on mortality. Thus, Tanzania Papua New Guinea and N. Malawi have higher mor tality rates than the four South Asian populations and Indonesia at any given WA, but especially for WA < 60%. This does not appear to be consistently ac counted for by differential length of follow-up or age ranges, which are both intermediate between those of various South Asian studies (Table 1).The observation that (over the entire range of weight-for-age) mortality in the three African studies appears to be elevated rel ative to the South Asian rates is consistent with the clear trend observed along these lines in cross-national comparisons of data from 22 countries (Haaga et al. 1985). The differential response (slope) of mortality on malnutrition suggested here is taken up in a later section.
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FIGURE 3 Relationship between child mortality and weight-for-height as a percentage of international median. Adapted from Heywood( 1982), Velia et al. (1992), Yambi (1988), Velia et al. (1994), Katzetal. (1989), Pelletieretal. (1993), Bagenholm and Nasher (1989), Coghill (1982), Bairagi et al. (1985) and Alam et al. (1989). Study descriptions are provided in Table 1. PNG = Papua New Guinea.



tributable to mild-to-moderate AC deficits (as defined here, 110-129 mm) is 42-63%. These percentages, of course, are highly sensitive to the choice of cutoff points delimiting these categories and largely reflect the cutoff points employed in the original reports. Figure 3 shows the relationship between mortality and weight-for-height in the 10 studies with compa rable methods. Most studies show the same basic pat tern seen in the other anthropomÃ©trieindicators, with a modest elevation in mortality among the mild-tomoderately malnourished and a more marked eleva tion among the severely malnourished. The only ex ception is Tanzania, which shows a linear increase across the entire range. This may reflect the effect of the Iringa Nutrition Program operating in the study area, which has been shown to reduce the prevalence of severe malnutrition and, by inference, mortality among the severely malnourished (GOT 1988). Table 2 shows that the total PAR for WH ranges from 10% to 29%. Mild-to-moderate malnutrition accounts for a small proportion of the total PAR in the two Ban gladesh studies (0-20%), compared with the propor tion seen in the other countries (39-75%). To a large extent this is due to the fact that the ratio of mild-tomoderate malnutrition (MMM) to severe malnutrition is far higher in the samples outside of Bangladesh. Figure 4 shows the relationship between mortality and height-for-age in the eight studies for which ad equate information was available for analysis. In four of the studies (top panel) the relationship is broadly



similar to that seen for weight-for-age (Fig. 1), with modest rises in mortality risk in the mild-to-moderate range and a steep increase in risk below 85% HA.10 However, four studies depart from this pattern (bot tom panel), as do S. Malawi (Lindskog et al. 1988) and Guinea-Bissau (Smedman et al. 1987), which are based on child-month as the unit of observation and there fore not shown here (cf. Pelletier 1991). The reasons for these deviant results for HA in many studies are discussed below. The Guinea-Bissau study was confounded by a measles epidemic that affected the urban (better-nour ished) portion of the sample, thereby artificially ele vating mortality among those with high values of HA. The southern Malawi study reported a significant as sociation between HA and mortality (with the relative risk gradually rising to 4.99 in the most extreme HA category), but only after statistically adjusting for child's age and study period (a mixed cohort study over 2 years). The Indonesia study likewise found a signif icant association between HA and mortality; however, this is only found after controlling for weight-forheight, a step that was not necessary in the other stud ies shown in Figure 4. In the Tanzanian study the rea son for the aberrant results at the extremes of the HA 10Note that lower mortality at all levels of HA found in Alam et al. |1989) reflects likely under-registration of deaths (or at least under-iinkage of death records with anthropometry survey records); see last column of Tahle 1.
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FIGURE 4 Relationship between child mortality and height-for-age as a percentage of international median. Adapted from Heywood (1982), Coghill (1982), Velia et al. (1994), Alam et al. (1989), Yambi (1988), Katz et al. (1989), Pelletier et al. (1993) and Velia et al. (1992). Study descrip tions are provided in Table l. PNG = Papua New Guinea.



18 mos, when stunting is not yet prevalent and were accompanied by illness and vomiting.
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distribution appears to be small sample sizes at the lower end of the distribution (only 5 deaths among 88 children below HA < 85%) and confounding by age at the higher end (Yambi 1988).11 Despite these ab errations at the extremes of HA in Tanzania, there is a significant difference (P = 0.003) in mean HA be tween all survivors and all deceased (Yambi et al. 1991). As discussed by Yambi et al. (1991) the irregular, often U-shaped, response of mortality to HA has been found in a number of studies and may be due to con founding by age. This suggestion is supported by a reanalysis of results from northwest Uganda (Velia et al. 1992) as shown in Table 3. When all ages are com bined, mortality shows a U-shaped response to HA, with the highest rate (41/1,000) actually being found
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in the least-stunted group. However, when the results are stratified by age, the expected negative association between mortality and HA is observed among those aged 0-11 months and 12-23 months. A U-shaped pattern persists among those older than 23 months. Inspection of the cell-specific sample sizes reveals that infants comprise 32% of the nonstunted children, 15% of the moderately stunted children, and only 7% of the severely stunted children. By comparison, the 2359 month olds comprise 49%, 59% and 69% of these three HA categories, respectively. If the three cate gories of HA had identical age structure, the U-shaped pattern would be replaced by a curvilinear pattern as reflected in the age-adjusted rates in the table. Thus, although the relationship between HA and mortality is less consistent across studies, each of the studies with aberrant results contain plausible expla nations and/or have conducted additional analyses that support the existence of a significant relationship. It is noteworthy that the four studies with the weakest HA-mortality relationship (Guinea-Bissau, S. Malawi, N. W. Uganda and Indonesia) cover a wide age range (0/6 to 59 mo) and that the latter three report a sig nificant relationship after age and/or weight-for-height are controlled. This reinforces the notion that there is likely to be some age-specificity as well as age con founding in the relationship between mortality and anthropomÃ©trieindicators. As shown in Table 2, the PAR estimates for HA range from 20% to 56%. Mild-to-moderate stunting accounts for 17-28% of the total PAR in the two Bangladesh studies, compared with 47-90% among the other populations. This reflects the fact that
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in Bangladesh thÃ¨ mortality-HA relationship is stronger and extreme stunting relatively prevalent, whereas in the other populations the ratio of mild-to-moderate stunting to severe stunting is far higher.
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FIGURE 6 Relationship between log of mortality and weight-for-height as a percentage of international median. Adapted from Heywood (1982), Velia et al. (1992), Yambi (1988), Velia et al. (1994), Katz et al. (1989), Pelletier et al. (1994a), Bagenholm and Nasher (1989), Cogill (1982), Bairagi et al. (1985) and Alam et al. (1989). Study descriptions are provided in Table 1. PNG = Papua New Guinea.
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FIGURE 5 Relationship between log of mortality and weight-for-age. Adapted from Yambi (1988), Heywood (1982), Pelletier et al. (1994a), Alam et al. (1989), Cogill (1982), Bairagi et al. (1985) and Katz et al. (1989). Study descriptions are provided in Table 1. PNG = Papua New Guinea.
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Matlab study 20: visible wasting (approximately AC < 110 mm); SW Uganda Study 17: WA < -2.5 Z; WH < -1.5 Z; AC < 12.5 mm; HA, -3 Z. WA = weight-for-age; AC = arm circumference; HA = height-for-age; ARI = AIDS-related illness. 2 Adapted from Chen et al. (1980). 3 Adapted from Fauveau et al. (1990). This study defined mal nutrition based on the presence/absence of visible wasting just before death and/or recent weight loss. It differs from the others, therefore, which used prospectively measured anthropometry to define mal nutrition. 4 Adapted from Velia et al. (1994).



wasting or recent weight loss just before death and confirmed in a separate analysis that this roughly cor responds to an arm circumference < 110 mm. With these caveats, the results reveal that malnutrition po tentiates the risk of death due to diarrhea, measles, fever, AIDS-related illnesses (ARI) and other infec tions. In the Uganda study, with the most detailed cause of death categories, the estimated RRm is weak est for ARI. The category "other infections" in the two Matlab studies probably includes ARI and febrile illness, among others, because these causes are not mentioned separately. Table 4 reveals several sources of variability in RRm estimates. These include cause of death, study and an thropomÃ©trieindicator (the latter seen in the Uganda study). It is likely that child's age, anthropomÃ©trie cutoff point and patterns of health care availability and utilization (specific to each symptom) also con tribute to variation in RRm within and between pop ulations. The evidence shown in Table 4 is not suffi cient to quantify these effects. In particular, because of small sample sizes and variability in cause of death ascertainment, it does not provide a firm basis for testing whether the cause-specific RRm estimates are uniform and, therefore, applicable across populations with varying morbidity patterns. Unfortunately, the Zaire study by Van Den Broeck et al. (1993) did not provide results that would allow the RRm to be cal-
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tality on malnutrition in a given population is posi tively related to the "baseline" levels of mortality as observed among the well nourished. This is illustrated with WA and WH in Figures 5 and 6, respectively, which use a log transformation of the mortality rates. As described in detail elsewhere (Pelletier et al. 1993), this finding confirms that malnutrition has a poten tiating (i.e., multiplicative) effect on mortality in a population, rather than an additive effect. Specifically, populations with high levels of baseline mortality ex perience a quantitatively larger increase in mortality for a given prevalence of malnutrition than do popu lations with low baseline levels of mortality. Put an other way, if these associations are causal, an increase or decrease in the prevalence of malnutrition will have a bigger impact on mortality in populations with al ready high mortality levels than in those populations with low mortality levels. Efforts to lower child mor tality would therefore be most effective if attention is given to improving health and nutritional status si multaneously and if such efforts are targeted towards populations with the highest mortality levels. Another implication of this multiplicative effect of malnutrition is that epidemiologie parameters such as sensitivity, specificity and attributable risk are not constants to be applied across populations; the quan titative impact of malnutrition on mortality (as de scribed by these parameters) will vary according to the prevailing burden of morbidity, and the impact of morbidity (as a whole or for specific diseases) will vary according to the prevalence of malnutrition. However, if the PAR estimates are interpreted in multiplicative (potentiating) terms rather than additive terms, it is possible to use the PAR estimates as an input into pol icy and planning decisions (Pelletier et al. 1994b). One of the questions raised by these findings is the extent to which the relative risk of mortality due to malnutrition (RRm) varies according to the type of morbidity present in a given population. In other words, does malnutrition interact more or less equally with all common forms of morbidity, or is its effect stronger for some types of morbidity than others? Biological considerations would lead to the prediction that malnutrition has differential effects across dif ferent forms of morbidity, and one of the Zaire stud ies provides evidence to this effect (Van Den Broeck et al. 1993). If RRm does vary significantly by cause of death, then estimation of the PAR due to malnu trition would need to take account of the prevailing morbidity patterns and their response to malnutri tion. Three studies in the literature provide some di rect information relevant to this issue, as summarized in Table 4. As shown, the studies vary somewhat in the cate gories used for cause of death and in their definitions of malnutrition, which limits interpretation some what. Moreover, one of the Matlab studies (Fauveau et al. 1990) defined malnutrition based on visible
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Effect modification and confounding One of the questions that the early studies on this subject did not adequately address is the extent to which the observed anthropometry-mortality rela tionships either vary according to other factors (effect modification) or are actually accounted for by other factors (confounding). A simplified model for describ ing the causal relationships is shown in Figure 7. Of particular importance to the present discussion is the observation that child age, sex, socioeconomic status (SES) and seasonality may all affect child mortality through one or more of the following pathways: 1) energy/nutrient availability as affected by intake and body reserves; 2) disease exposure,- 3) immune status and 4) treatment of illness. All of these pathways are expected to affect child anthropometry and mortality to some extent. It is theoretically possible, therefore, that some or all of the association between child an thropometry and mortality may be due to confounding by the distal factors (age/sex, SES and seasonality), which may create anthropomÃ©triedeficits through one pathway (e.g., energy/nutrient availability) and mor tality through other pathways (e.g., low immunization rates or inappropriate treatment and management of
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these eight studies. This is a rather surprising finding but one that is compelling on empirical grounds.



culated by cause of death. Such an analysis would per mit a test of their hypothesis that the malnutritionmortality association is attenuated in the case of ma laria and severe anemia. In contrast to the variability in results shown in Table 4, one of the implications of the results shown in Figures 5 and 6 is that RRm is, in fact, surprisingly uniform across studies. Analysis of the data in Figure 1 suggests a 5.9% compounded rate of increase in mortality for each percent decline in WA, with a stan dard error of 0.8% (Pelletier et al. 1994b). This con stancy in RRm is rather surprising in light of the marked variation in environmental conditions and types of morbidity across these studies. For instance, the Papua New Guinea study took place in the high lands, where the author noted that ARI is the major cause of death (Heywood 1982); by contrast, ARI would be expected to assume lower relative impor tance in the three African populations (Tanzania, Uganda and Malawi) because of the importance of malaria and diarrhea in these environments (Feachem and Jamison 1991). In light of the larger sample sizes underlying Figure 5 and the more convincing evidence they provide concerning the constancy across the eight studies, the analysis related to Figures 5 and 6 repre sents rather firm empirical evidence that RRm is more or less constant across populations, at least over the range of environmental conditions represented in
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FIGURE 8 Punjab, India (study 7): relative risk of mor tality according to child's age and weight-for-age. Data from Kielmann and McCord (1978). WA = weight-for-age.



derweight children (70-79% WA) has no such peak. Between 6 and 12 months, severely underweight chil dren are nearly twenty times more likely to die within 1 year than the reference group (>80% WA), a relative risk not equalled in any other study. In all three un derweight groups, the relative risk is much lower in the 12-36-month interval than in the 6-12-month in terval. Thus, for WA the Punjab study suggests par ticular vulnerability during the 6-12-month period, when WA primarily reflects wasting, however, the re stricted age range limits inferences beyond 36 months of age. The only other study with the potential to confirm this finding for WA is from Uganda (Figure 9 and Ta ble 6). This study employed less extreme cutoff points (
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illness). This may be less relevant when the interest is in anthropometry as a screening tool, but one of the important policy implications is that the PAR esti mates provided above may be grossly inflated by con founding. If this is the case, then reduction in child mortality may not be as dependent upon nutritional improvement (with all the implied multisectoral com plexities) as the above PAR estimates would suggest. In addition to its relevance for potential confound ing, the causal framework shown in Figure 7 suggests the mechanisms that might underlie effect modifica tion. Effect modification in this case would express itself as a stronger association between child anthro pometry and mortality in some population groups than others (e.g., younger vs. older children or high SESvs. low SES).If effect modification is observed, it may in dicate that one of the four proximal pathways is par ticularly strong in some subgroups (e.g., neonatal tet anus) or that multiple pathways are acting simulta neously in that group (e.g., weaning-aged children). Knowledge of effect modification is important for policy planning in order to identify the most vulner able population groups and in order to design inter ventions that address the dominant proximal factors responsible for mortality in those groups. This infor mation is also important from a programmatic per spective because it affects the efficiency of anthropo mÃ©triescreening. Age effects. Most of the studies that considered the effects of age in the analysis conceptualized it as a potentially confounding main effect rather than as an interaction or effect-modifier. Thus, in 10 of the studies, age was entered into a logistic regression equation before examination of the effects of an thropomÃ©trie indicators. This statistically accounts for the tendency for mortality rates to be lower among older children (among whom WA and HA are often lower as well), but does not allow for an ex amination of the extent to which the effect of the indicator itself varies with the age of the child. As suggested in Figure 7, all of the determinants of child anthropometry and mortality are known to vary with child's age, though not in a uniform fashion, thereby creating the possibility that various anthropomÃ©trie indicators may have a stronger relationship to mor tality at certain ages. Four studies provide sufficient information to permit an examination of relative risks and PARs by age group, and two others pro vided graphic evidence bearing on age effects. These are reviewed below. Figure 8 shows the relative risk (RR)of 1-yearmor tality in Punjab, India according to the degree of deficit in WA and initial age of the child (where WA > 80% is the reference group). The supporting statistics and related calculations are shown in Table 5. The relative risk of mortality peaks in the interval 6-12 months in the two most underweight groups (
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In light of these results, one would expect indicators based on arm circumference (AC) to perform similar Interaction between child's age and weight-for-age in to WH, in showing associations with mortality at all relation to subsequent mortality, Punjab, India (study 7/14 ages. Figure 11 (and Table 9), based on AC-for-height, which provides some standardization for age, shows Child's age in months that this is indeed the case. Children with severe def 12-36 icits have strong elevations in mortality at all ages, 1-5 6-11 Weight-for-age and those with moderate deficits have modest eleva >60%RateNRR(age)RR(WA)60-69%RateNRR(age)RR(WA)70-79%RateNRR(age)RR(WA|a tions at all ages. There is the suggestion of stronger effects with severe deficits above 36 months. In the Uganda study (Figure 9 and Table 10), which used simple AC with no standardization for age, mortality is elevated at all ages and the trend is most marked above 23 months. Part of the explanation for these findings is that arm circumference does increase with age through about 18 months of age in a normal pop ulation (Jelliffe 1968), such that the low values of arm circumference in this study are concentrated among the younger children who have higher mortality for many reasons. This is shown in Table 10 in that the mortality of infants aged 1-5 months is three times 80%RateNRR(age)RR(WA)PAR(WA)145.87/483.975.9391.710/10911.763.7396.925/25029.363.9424.628/11388.791.0045.4%177.411/624.834.8380.217/21210.288.5334. higher than those above 24 months, even among those in the highest AC category. Although this age con founding may account for the exaggerated age trends in the performance of AC in Figure 9, AC corrected for age (or height) is nonetheless associated with mor 1Calculated from Kielmann and McCord (1978). tality at all ages, as shown in Figure 11 and other stud 2 Rate = mortality rate per 1,000 children; N = number of deaths/ ies employing logistic regression analysis (Alam et al. number of children; RR(age) = relative risk for age, where the ref 1989;Briendetal. 1987). erence group is 12-36 months old; RR(WA) = relative risk for An important point, well-illustrated by the Indone weight-for-age, where the reference group is 2:80% weight-for-age; sian results, is that the behavior of these indicators PAR(WA) = population attributable risk for weight-for-age, where vis-a-vis relative risk is not a reliable guide concerning normal is ^80% weight-for-age. which of them has the greatest policy relevance. As shown in Table 11 severe wasting (with an overall whereas low HA may be only associated at younger prevalence of only 2% in the sample) has a PAR of only 7.7% at its maximum (among 3-5-year-olds) and ages. Two studies, one from Indonesia (Figure 10 and Table 7) and another from Uganda (Figure9 and Table 4.2% over all ages. By contrast, severe stunting (with 8), permit this expectation to be tested. The Indonesian a comparable statistical definition and an overall prev results provided the clearest support for this predic alence of 33%) has a PAR of 20.1% over all ages. Even tion, in that moderate HA deficits are associated with moderate plus severe wasting combined have a PAR elevated mortality only below 23 months, and severe of only 15.5% over all ages. Thus, the proportion of HA deficits have elevated mortality below 35 months. the population falling below various cutoff points Neither category of HA deficits have elevated mor must be taken into account when interpreting the pol tality above 35 months. By contrast, children with se icy relevance of indicators with a high relative risk. Tables 5-10 provide corresponding estimates for the vere WH deficits have modest elevations in mortality below 23 months and marked elevations above 23 other studies for which data are available, as well as months, with some of the highest relative risks re the relevant sample sizes required to calculate PARs ported in the literature (RR = 9.6 and 16.9 for mod for a variety of cutoff points and age groups with which erate and severe wasting in the older ages, respec one may be concerned. tively).12 When moderate WH deficits (80-89% of Another factor that makes it difficult to evaluate the effect of age on the anthropometry-mortality re median) are considered, the elevation in mortality is surprisingly modest (RR < 2.0) after 12 mo of age. lationship is that all four studies reviewed above are There is no excess mortality associated with moderate based on fixed cutoff points for the indicator and, thus, WH deficits in the 36-60-months age group. The re sults from Uganda (again considering the less extreme 11Part of the explanation for the pronounced effects at older ages cutoff points) are broadly similar, showing strong ef may be that 80% WA represents a more extreme cutoff point (when fects of HA at younger ages and strong effects of WH compared to Z-scores) at older than younger ages, due to the increase at all ages. in variance with age. TABLE S
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FIGURE 9 SW Uganda (study 17): relative risk of mortality according to child's age and four anthropomÃ©trie indicators. WA = weight-for-age; HA = height-for-age; RR = relative risk; AC = arm circumference; WH = weight-for-height. Data from Velia et al. 1994.



cover a limited range of the sensitivity-specificity (Se/ Sp) distribution. As elaborated elsewhere (Habicht et al. 1982), comparisons across indicators, or in this case across age groups for a single indicator, can lead to different conclusions depending on the region of the



Se/Sp distribution being examined. This is illustrated in one of the Matlab studies (Briend and Zimicki 1986), which found that arm circumference has a slightly higher sensitivity for older children (36-59 months) than for younger children (12-23 or 24-35
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FIGURE 10 Indonesia (study 8): relative risk of mortality according to child's age and two anthropomÃ©trie indicators. Adapted with permission from Katz et al. (1989). RR = rel ative risk; HA = height-for-age; WH = weight-for-height.



months), but only at extremely high levels of specific ity (>95%). At lower levels of specificity the older children have a lower level of sensitivity. To the extent that the cutoff point for WH in the Indonesian study corresponds to the very high region of the specificity



spectrum (which seems likely), they are consistent with the results just described from Matlab, suggesting that measures of extreme wasting may have more mortality discriminating power among older than younger children. The final study that provides some information on effect modification by age comes from Guinea-Bissau (Smedman et al. 1987). In this case visual inspection of survival curves based on synthetic cohorts of chil dren suggests that all of the difference in cumulative probability of survival between wasted and nonwasted children arises in the first 6 months of life, whereas for stunting these differences become greater through >36 months of age. Although this would appear to be contrary to the results described above for wasting in Indonesia and Matlab, they are based on a single cutoff point (90% of median) and thus not strictly compa rable. The results with respect to stunting (based on a 95% of median cutoff) are in better agreement with the Indonesian study, in demonstrating that discrim inatory power exists only among younger children (
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between child's age and anthropomÃ©trie indicators in relation to subsequent mortality, Indonesia 8?*Child's (study monthsIndicators 36-59Height-for-age



0-11



12-23



24-35



173.9 4/23 9.25 6.06



149.7 28/187 7.96 11.01



85.1 20/235 4.53 7.15



18.8 13/693 1.00 1.55



84.8 14/110 9.32 2.95



46.8 20/285 5.14 3.44



21.9 8/244 2.41 1.84



9.1 6/440 1.00 .75



28.7 26/605 2.37 1.00 21.6%



13.76 4/196 1.12 1.00 67.1%



11.9 3/168 .98 1.00 63.2%



12.1 5/275 1.00 1.00 19.2%



118.5 16/135 5.09 3.82



108.8 26/239 4.67 2.69



78.2 14/179 3.36 3.23



23.3 5/2158 1.00 2.20



31.0 28/603 2.92 1.00 26.8%



40.4 26/429 3.81 1.00 31.4%



24.2 14/179 2.28 1.00 31.2%



10.6 5/215 1.00 1.00



Calculated from Katz et al. (1989). ' 2 Rate = mortality rate per 1,000 children; N = number of deaths divided by number of children; RR(age| = 'relative risk for age, where the reference group is 36-59 months old; RR(HA) = relative risk for height-for-age where the reference group is 295% height-for age; PAR(HA) = population attributable risk for height-for-age where normal is 295% height-for-age; RR(WH) = relative risk for weightfor-height where the reference group is >90% weight-for-height; PAR(WH) = population attributable risk for weight-for-height where normal is 2:90% weight-for-height.pretation



is made difficult by the use of different in dicators, cutoff points and age ranges in various stud ies, some general conclusions are suggested by these data. The major caution is that the conclusions should be restricted to within-study comparison of relative risks, rather than between-study comparisons. The ta ble shows that mild deficits of WA are not associated with elevated mortality among older children, though they are associated in younger children. Moderate and severe deficits have elevated risks in all age groups. This is consistent with the knowledge that much of the weight deficit in older children is due to height deficits that accumulated earlier and may not pose any current danger to the child. The resultsfor
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between child's age and anthropomÃ©trie indicators in relation to subsequent mortality, SW Uganda 17^Child's Â¡study monthsIndicators 24+Height-for-age (Z-Scores]



 -2.0 Rate N RR(age) RR(HA) PAR(HA) Weight-for-height  -1.0 Rate N RR(age) RR|WH| 26%1 PAR(WH)



age in 0-5



6-11



12-23



300.0 3/10 7.96 6.26



74.1 2/27 1.97 2.09



41.7 5/120 1.11 3.04



37.7 13/345 1.00 2.31



142.9 4/28 10.28 2.98



40.5 3/74 2.91 1.15



21.4 4/187 1.57 1.56



13.9 6/432 1.00 .85



47.9 15/313 2.94 1.00 24%



35.4 11/311 2.17 1.00 9%



13.7 7/511 .84 1.00 30%



16.3 23/1410 1.00 1.00 15%



166.7 3/18 2.19 3.06



86.2 5/58 1.13 3.02



42.4 5/118 .56 2.64



76.0 12/158 1.00 5.47



95.2 2/21 5.44 1.75



76.9 3/39 4.39 2.69



13.0 1/77 .74 .81



17.5 4/228 1.00 1.26



54.5 17/312 3.92 1.00 13%



28.6 9/315 2.06 1.00 31%



16.1 10/623 1.16 1.00 18%



13.9 25/1801 1.00 1.00



Calculated from Velia et al. (1994). 2 Rate = mortality rate per 1000 children; N = number of deaths divided by number of children; RR(age) = relative risk for age, where the reference group is 36-59 months old; RR(HA) = relative risk for height-for-age where the reference group is 2:95% height-for age; PAR(HA) = population attributable risk for height-for-age where normal is 295% height-for-age; RR|WH) = relative risk for weightfor-height where the reference group is 290% weight-for-height; PAR(WH) = population attributable risk for weight-for-height where normal is 2:90% weight-for-height.
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WH reveal that moderate and severe deficits are associated with modest elevations in mortality risk through 23 months of age, as do moderate deficits among older children (>23 months). However, in both studies, there is a marked elevation in risk among older children when the deficit is severe. The relative risks among older children (>12 months) are similar in magnitude to those found for AC/HT in Bangladesh, which represents an alternative indicator of wasting and also corrects for child's sug-TABLE height. These results
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FIGURE 11 Matlab, Bangladesh (study 2a): relative risk of mortality according to child's age and AC/HT. Data from Sommer and Lowenstein (1975). AC/HT = arm circumfer ence/height; RR = relative risk.



gest that wasting (when defined with a common per cent of median cutoff across all ages) is more strongly associated with mortality among older children than among younger children. Some of this may be due to the increase in variance with age, but the present anal yses do not permit this to be quantified. Finally, these results reveal that mortality is elevated among those with moderate height deficits before 24 months of age, but much less so beyond that age, and that severe height deficits are associated with elevated mortality at all ages. The findings pertaining to HA at older ages confirm the interpretation related to WA, that mod erate stunting poses no immediate threat to survival when it occurs among older children. Gender effects. Considering the disproportionate number of studies coming from South Asia (Table 1) and the evidence for sex differences in dietary intake, nutritional status, health care and mortality in this part of the world (Abdullah and Wheeler 1985; Chen et al. 1981; Das Gupta 1987; Kielmann et al. 1978), it is surprising to find that only two studies have un dertaken an explicit analysis of effect modification due to sex of the child (Cogill 1982). Several studies ap peared from verbal descriptions in the text to have tested or controlled for main effects due to sex (all finding that gender does not account for the anthro-
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age6-1190.94/44.453.6056.85/881.182.2525.3 months12-2371.43/42.365.1332.



age24-35136.49/662.253.6459.726/4353.191.5937.519/5072.621.0030.0%Ul 1-5cm13.5RateNRR circumference months36-47177.411/622.937.0449.320/4062.641.9625.213/5151.761.0043.7%48-5960.64/661.004.2418.76/3211.001.3114.36/4201.001.0027.9%TABLE circumferencefor-height


1Calculated from Sommer et al. (1975). 2 Rate = mortality rate per 1000 children; N = number of deaths divided by number of children; RR(age) = relative risk for age, where the reference group is 48-59 months old; RR(ACHT| = relative risk for arm circumference-for-height (ACHT) where the reference group is ;>83% ACHT; PAR(ACHT) = population attributable risk for ACHT where normal is >83% ACHT.



' Calculated from Velia et al. (1994). 2 Rate = mortality rate per 1000 children,- N= number of deaths divided by number of children; RR(age)= relative risk for age, where the reference group is 48-59 months old; RR(AC) = relative risk for arm circumference where the reference group is a 13.5 cms ACHT; PAR(AC) = population attributable risk for AC where nor mal is >13.5 cms AC. AC = arm circumference.
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Mortality rates, relative risks, and population attribute risks for weight-for-height stratiÃŸed by age of the child, Indonesia (Study Sf-1



AgeNutritional RRPARmo



status3Weight-for-heightN



RateRR



PAR



and height-for-age,



NHeight-for-ageRate






pometry effect); however, they did not appear to have undertaken interaction analysis. This is unfortunate in light of the markedly different results which Cogill (1982) and Fauveau et al. (1992) obtained for males and females as described below. The analysis by Cogill (1982) compared the perfor mance of seven anthropomÃ©trieindicators in predict ing mortality within 2 years of measurement. Table 13 shows these indicators, their normalized distance statistics (da)13and their ranks for males, females and sexes combined. The results shown here are very sim ilar to those found with other criteria of indicator per formance in Cogill's work. With the exception of WHbased 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 to be intermediate or to resemble those for fe males. The effect on the ranks is such that mortality is best discriminated by HA, AC and WA among fe males, and by arm circumference-for-height (ACHT), arm circumference-for-age (ACA) and AC in males. The two best discriminators among females (HA and WA) are ranked fourth and fifth among males.



The overall results by Cogill have since been con firmed by a study in the same area of Bangladesh (Fau veau et al. 1990). This study, which determined mal nutrition based on visible wasting and recent weight loss just before death, found that the RR of death for girls is 1.8 times that for boys. The corresponding RR is 2.1 for deaths "due to wasting" and 2.6 for deaths due to wasting in combination with persistent diar rhea. Both sexes experienced an increase in mortality during the preharvest season, but this was especially marked for girls (i.e., the number of deaths per month increased from 2.3 to 4.4 for boys, and from 3.3 to 10.5 for girls). In attempting to explain the gender differences in the anthropometry-mortality relationship, Cogill notes that females in the sample have a mortality rate that is twice that of males and significantly lower levels of nutritional status as reflected in anthropomÃ©triein dicators. The latter is consistent with evidence of male preference in food allocation (in terms of quality and 13d. is calculated for each indicator as the difference between the means of dead 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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1Calculated from Katz et al. (1989). 1 N = number of deaths divided by number of children; Rate = deaths per 1000 children per year; RR = relative; risk; PAR = population attributable risk. 3 Normal (Z > -1): weight-for-height (WH) > 90%; height-for-age (HA) > 95%; moderate (-1 > Z > -2): WH 80-89%; HA 90-94%; severe: (Z < -2); WH < 80%; HA < 90%.
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TABLE 12 Summary of age-speciÃŸc relative risks of mortality



by indicator1 Age'



Indicator



Study Punjab2(study



Severity



0-11



12-23



â€”(14)1.24.7(22)



(
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-1.22.813.1



Normal (>80%)Mild (70-79)Moderate (60-69)Severe



7|SW



12-36



Z)Mild-Mod Normal |>- 1.5 -2.5)Mod-Sev(-1.5 to |90%)Moderate Normal (80-89)Severe



8)SW (-1.0)AC/HT



(>83%)Moderate Normal (76-83)Severe



2a)Indonesia4(Study (


(>95%)Moderate Normal (90-99)Severe



8)SW (
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17)Bangladesh5(Study



Normal |>-1Z)Moderate -1.0)Severe (-1.5 to



(>-2)Moderate Normal -3)Severe (-2 to |


' WA = weight-for-age; WH = weight-for-height; AC/HT = arm circumference/height; 2 Adapted from Kielmann and McCord (1978). 3 Adapted from Velia et al. (1994). 4 Adapted from Katz et al. |1989). 5 Adapted from Sommer and Lowenstein 1975. * Figures in parentheses are the mortality rates for the reference groups.



quantity) in this population (Chen et al. 1981). Yet, these observations alone are insufficient to explain why the relationship between these indicators and mortal ity is stronger within the female subsample as com pared to males. Part of the answer may lie with the fact that, despite similar morbidity attack rates, female children are brought to free health facilities only 60% as often as males (Chen et al. 1981). Thus, greater uti lization of curative health services by males may par tially uncouple the linkage between nutritional status and mortality as compared to females. This is sup ported by more recent analysis of data from the same area of Bangladesh (Fauveau et al. 1991) and in South Asia in general (Basu 1989). Morbidity. The existence of a synergistic rela tionship between malnutrition and infectious disease has been widely recognized for several decades (Scrimshaw et al. 1968). In the case of PEM the rela tionship is such that recurrent morbidity has a negative effect on nutritional status; poor nutritional status



HA = height-for-age.



may, depending on the disease, increase either the in cidence, severity and/or duration of morbidity; and the combination of poor nutritional status and mor bidity increases the risk of death. The classic model of this interaction is with measles (Morley 1973), but the evidence relating malnutrition to immunocompetence suggests similar interactions with a variety of diseases (Chandra 1991; Martorell and Ho 1984). Given these interactions it is not meaningful in any practical sense to attempt to separate the effects of nutritional status from those of morbidity as they re late to risk of mortality. This was discussed earlier with reference to Figure 5. Given the ubiquity of dis ease in developing countries only a very minor fraction of child deaths result directly and exclusively from malnutrition. Most deaths result from disease made worse by malnutrition. As distinct from the above question, a number of investigators have raised the possibility that children with low weight-for-age (for instance) may appear to
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Normalized distance statistic and ranks for seven anthropomÃ©trie indicators in Bangladeshi males, females and combined sexes {study Idf distanceIndicatorsHeight-for-ageWeight-for-ageArm



Normalized



Circumference-for-ageArm



CircumferenceArm



Circumference-for-heightWeight/height2Weight-for-heightMales0.27900.36440.44380.41800.41960.26570.1942Females0.73060.66280.61560.59700.53200.20370.0540Comb



1Adapted with permission



from Cogill (1982).



In a study from rural Bangladesh, Briend and Bari (1989b) used multivariate logistic regression to control for concurrent morbidity, while examining the asso ciation between severe weight-for-age and mortality of 0-36-month-olds. Children were classified as being above or below 60% WA and according to the presence or absence of diarrhea, respiratory infections, measles and edema. The mortality odds ratio for the WA vari able was reduced from 14.7 (unadjusted) to 9.7 after adjusting for the presence/absence of these illnesses (with a 95% confidence interval of 5.7 to 16.6 for the adjusted ratio). Because there was no association be tween mortality and diarrhea in this sample [which the authors attribute to an intensive oral rehydration solution (ORS) 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 controlled for the presence/absence of morbidity in the preceding mo, which does not fully account for the possible weightdepressing effects of morbidity. Although the authors did not conceptualize it as such, another form of control over the confounding effects of morbidity was exercised in the studies by Briend and Bari (1989b) and Yambi (1988). These analyses were designed to compare indicators of weight change over the course of a:l mo to indicators of attained weight in the same mortality-prediction model, for the purpose of identifying the best indicator for screening purposes. However, this can also be con ceptualized as an effort to distinguish the immediate weight-reducing effects of a current illness (as reflected in the weight change variable) from functional im pairments arising from low WA (e.g., possible de14A parallel situation exists in studies of adult mortality, in which elevated mortality among lean subjects is due to chronic weight loss from cancer or other illnesses rather from an effect of body size or composition per se.
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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 secondary to the real cause of death and the entire association between WA and mortality may be due to statistical artefact.14 The four studies bearing on these possibilities are re viewed below. In their 1-year follow-up of children from Punjab, India, Kielmann and McCord (1978) recognized that the effect of low weight-for-age on subsequent mor tality may be overestimated because concurrent in fection is likely to decrease weight-for-age in the few weeks preceding death. Because children in that study had been weighed monthly, the investigators were able to minimize this effect by trying to confirm their over all results on a subsample. Specifically, they analyzed mortality in relation to the weight-for-age of each child as measured 2 months before death rather than the 1 month immediately preceding death. This eliminated 37 of the children (34%) from the analysis, represent ing those who died in the first month of the study and could not be assigned to a weight-for-age category. The analysis by Kielmann and McCord shows that in each of the three age groups the relationship be tween weight-for-age and mortality is the same in the two samples. Thus, the authors concluded that the ef fect of concurrent illness on weight-for-age is unlikely to account for the association between the latter and mortality. It is possible that acute morbidity may affect weight-for-age for more than 1 month before death, thereby invalidating this approach for "controlling" these effects. However, the close correspondence be tween the controlled and uncontrolled results suggests that confounding of weight-for-age by intercurrent morbidity is unlikely to account for the association in its entirety. Moreover, if morbidity persists for more than 1 month, it is likely to have significant effects on nutritional status itself, not simply the weight-for-age proxy for nutritional status.
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estimated effect of breastfeeding would probably be greater if age were controlled. Although both of the above reports emphasized the positive effects of breastfeeding among severely mal nourished children, they also provide evidence that breastfeeding acts as an effect modifier of the relation between anthropomÃ©trieindicators and mortality. As shown in Table 14 the mortality rate is 8-10/1,000 child-months among breastfed children in the most extreme category of malnutrition, as compared with 34-41/100 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 14). Thus, although mortality is associated with anthropomÃ©trieindicators in all cases, the effect is sig nificantly attenuated in the presence of breastfeeding. 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 breastfeeding. In both of the above studies the positive effect of breastfeeding on survival, which is seen when all nu tritional categories are combined, is not accounted for by better nutritional status of breastfed children. This observation, together with the evidence in one study (Briend et al. 1988) that the effect is not accounted for by cessation of breastfeeding due to intercurrent ill ness, is the reason for juxtaposing breastfeeding with immune status in Figure 7, rather than with nutrient intake. One interpretation is that, among these older children at least (>12 months), the primary benefit of breastfeeding may lie in its immunologie rather than nutritional properties. An alternative hypothesis is that the breastfeeding mothers in this sample also dif fer in their use of health services, and it is the latter which accounts for the lower mortality.
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pressed immune function that affects the severity of disease). In both studies the multivariate logistic regression results show that severely low weight-for-age retains a highly significant relationship with mortality even after weight change in the preceding 1-2 months is accounted for in the model. Although the effectiveness of this approach for controlling for acute weight loss is limited by the compounded measurement error in the weight change variable, the size of the weight-for age effect [i.e., an odds ratio of 9.7 with a standard error of 2.25 in Briend and Bari (1989b)] is such that a relationship is likely to persist even if measurement error were greatly reduced (de Klerk et al. 1989). Thus, within the limits of their respective meth odologies these four studies do not support the hy pothesis that the association between WA and mor tality is an artefact of morbidity-induced weight loss immediately before death. Rather, the accumulated evidence lends support to the existence of a direct link between anthropomÃ©trie indicators and mortality, possibly mediated through the severity and duration of illness (Martorell and Ho 1984). It is important to note, however, that the available studies did not ex amine whether similar results are found in mild-tomoderate, as opposed to severe, malnutrition. Breastfeeding. Two reports in the literature, from different areas of rural Bangladesh, have documented that breastfeeding is associated with reduced risk of mortality in the month after measurement. In both cases this effect was observed only among severely malnourished children, as defined by WA < 60% (Briend and Bari 1989b) or arm circumference < 110 mm (Briend et al. 1988). In the former study this as sociation was shown to be independent of child's age in a multivariate logistic regression. The latter study did not control for age; however, the direction of the difference in mean age between weaned (29 months) and breastfed (22 months) children suggests that the
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TABLE 14 Mortality



in relation



levelChandpur-Comilla Indicator BangladeshWA 60%WA < 60%Relative a riskMatlab, BangladeshAC



to anthropomÃ©trie indicators



and breastfeeding,



Bangladesh



(studies 6a and ibi1'1



10009.761.765.558.132.000.4816.94Deaths358â€”2011â€”WeanedChil 100041.11.625.733



Highway,



mmAC ^ 110 mmAC 111-125 mmRelative > 125



riskDeaths1214â€”8136â€”BreastfedChild-months1,2307,940â€”9846,51112,537â€”Rate/ 1Adapted from Briend and Bari (1989a) and Briend et al. (1988). 1 WA = weight-for-age; AC = arm circumference; relative risk = rate for severe category divided by rate for normal catetory.
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and two reports from the same data set have since an alyzed these relationships in further detail (Chowdhury 1988, Cogill 1982). The other studies are from Iringa Region, Tanzania (Yambi 1988) and Uganda (Velia et al. 1994). Table 15 shows that among Bangladeshi children the relationship between anthropomÃ©triedeficits and mortality is remarkably stable, being found in each of the socioeconomic strata examined in two studies of this data set. The relative risk of mortality due to poor nutritional status varies between 2.16 and 4.23 across these strata. Surprisingly, both of the studies shown in this table suggest that the relative risk of mortality due to anthropomÃ©triedeficits is actually greater in the higher economic strata (those with bigger houses and more maternal education), contrary to theoretical expectations. The interrelationships of anthropomÃ©trie indica tors, mortality and socioeconomic indicators were ex amined in greater detail by Cogill (1982) using multivariate discriminant analysis. In a model which po tentially includes age of the mother and child, parity, religion, education of mother and father, number of cows, floor area, mother's height and weight and all of the anthropomÃ©trieindicators, the results show that each of the child anthropomÃ©trieindicators is statis-



TABLE 15



Relationship between child anthropometry and mortality in Bangladesh, stratiÃŸed by socioeconomic indicators, Bangladesh Â¡studiesla and IL Mortality rates (per 1000/year)



SES group



Poor nutritional status



Better nutritional status



Relative risk



Matlab, Bangladesh2 (Study la) Floor space in living quarters 242sq. h. Maternal height < 147.5 cms. >147.5cms. Matlab, Bangladesh3 (Study le) Maternal age and education 25 and no education 2:25 and some education 1Adapted from Chen et al. 2 Nutritional status defined height-for-age. The text of the ships were found with the other results were not presented. 3 Nutritional status defined weight-for-age.
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(1980) and Chowdhury (1988). as above or below 85% of median report states that the same relation anthropomÃ©trie indicators; however, as above or below 60% of median
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Seasonality. One of the most pervasive aspects of life in developing countries is the existence of seasonal variation in access to food at the household level, daily activity schedules (with implications for quality of child care), child nutritional status, morbidity and mortality. These patterns are such that the seasons with highest mortality are also those with highest morbidity, least access to health care and highest levels of malnutrition. This suggests the strong possibility that, depending upon the timing of the survey, the association between child mortality and anthropo mÃ©trieindicators may be at least partially confounded by season of measurement, with morbidity and child/ health care acting as proximate mechanisms for the confounding (see Fig. 7). Given the pervasiveness of this situation, it is strik ing that the effects of seasonality have not been sys tematically accounted for in the literature. Of the 28 reports reviewed here, only the one from Narangwal describes (in the text) the effect of seasonality on the relationship between anthropometry and mortality (Kielmann and McCord 1978). The study reports that "malnourished children (
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groupsHighMediumLowAll



groupsMortality1058583914630HO4965140429410795164117(RR|(6.18)(4.47)(2.59)(4.42)(2.42)(1.20)(2.90)(2.05)(3.09)(6.36)(1.08)(2.72)(7.13)



WA (Z)HA (Z) WH (Z) AC (cm)Severe





1Calculated from Velia et al. (1994). 2 WA = weight-for-ageÂ¡ HA = height-for-age;



WH = weight-for-height;



tically significant except for weight-for-age.15 The magnitude of the standardized coefficients suggest that the discriminatory power of the anthropomÃ©triein dicators is 2.3 times (in the case of HA) to 23 times (in the case of AC) greater than any of the SES indi cators. In the Tanzanian study (Yambi 1988), SESvariables were controlled in multivariate logistic regression models that included weight-for-age and child's age. The results show that WA retains its statistical sig nificance in relation to mortality even after controlling for maternal age (model 1), maternal education (model 2), household size and number of rooms (model 3) and household agricultural variables (model 4). Table 16, from Uganda (Velia et al. 1994), shows the mortality rates and relative risks for four anthro pomÃ©trieindicators stratified by a combined index of socioeconomic status formed from 19 individual vari ables. As in the other studies, the association between severe deficits and mortality is apparent even within SESgroups and is not significantly diminished in mag



to -1.51 -3.0 to -2.01 -1.5 to -1.01 12.5 to 13.4Normal>1.5



>2.0 >-1.0 >13.5



AC = arm circumference.



nitude. The significance of this study is the opportu nity it affords for examining whether a relationship persists between moderate deficits and mortality, after stratifying by SES,in contrast to the other studies that restricted their attention to the case of severe deficits. The results show, in general, that the relative risk for individual SES groups varies fairly widely compared with that observed for all SESgroups combined. In the case of HA, WH and (especially) AC, the relative risks are higher in the high or medium SESgroups than in the lowest SESgroup, reminiscent of the findings from Bangladesh in Table 15. The statistical significance of this variation in relative risks is uncertain, although the original paper (Velia et al. 1994) reports that there are no significant interactions between SES and an thropomÃ©trievariables when tested by logistic regres15The indicators tested include WA, HA weight/height (W/H), weight/height2, AC, arm circumference/height (AC/HT) and arm circumference/age (AC/A). The lack of significance for WA is prob ably due to multicollinearity with the other anthropomÃ©trie indi cators.
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FIGURE 12 Matlab, Bangladesh (study 2c): sensitivityspecificity curves predicting mortality from arm circumfer ence. Adapted with permission from Briend and Zimicki (1986).



sion and when considering the entire distribution of anthropomÃ©triedeficits. Thus, it appears that SESmay not be a confounder of the anthropometry-mortality relationships as much as it is an effect modifier. Moreover, the accumulated evidence suggests that malnutrition, as reflected in anthropometry, may be more strongly related to mor tality among the higher SES groups than among the lower SESgroups. This result is contrary to theoretical expectations and requires further investigation. Ad ditional analysis of these relationships is provided in Pelletier et al. (1994a) in this supplement. Length of follow-up A question with important programmatic implica tions is the extent to which the predictive ability of anthropomÃ©trieindicators is attenuated as the length of follow-up is extended or, put another way, the ex tent to which nutrition-related deaths are concentrated in the period immediately after measurement. Al though most growth monitoring programs strive for monthly measurements, usually this can only be at tained in the face of, or at the expense of, constraints on mothers' time and travel costs, staff time in health facilities, and perhaps sustained motivation levels in community-based programs. Depending on the strength of the length of follow-up effect and a variety of local considerations, it may therefore be appropriate
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to consider trade-offs between screening efficiency, frequency of measurement and choice of indicators. In order to examine this question systematically it would be necessary to compare the sensitivity-speci ficity distributions of various indicators, across many cutoff points and over varying follow-up periods unconfounded by maturation and seasonal effects. Al though several studies have provided data related to length of follow-up in general (Table 1, studies la, 2a, 2c, 5, 6b, 7 and 12), none of them provides the type of systematic analysis described above. Nonetheless, most of these studies agree in showing that mortality prediction is inversely related to length of follow-up. The notable exception is the study by Chen et al. (1980), which found that the relative risk of mortality for severely malnourished children was greater during the second year of follow-up than in the year imme diately after measurement. This enigma is even more striking in that it was true for indicators of acute mal nutrition (WA and WH) but not for chronic malnu trition (HA). Similar findings are evident in a study from Northern Malawi (Pelletier et al. 1994a). Figure 12 (taken from Briend and Zimicki 1986) illustrates the effect of follow-up length on the sen sitivity and specificity of simple arm circumference over a range of cutoff points. Prediction is clearly greatest in the mo immediately after measurement and continues to decline beyond 3 months of follow-up. In the original report of this study (study 2a, which used AC/HT as the indicator) it was observed that the relative risk declines rapidly from 19.8 in the first month to 12.2 in months 1-3 and 4.5 by months 46, leveling off at about 3.0 from that point through 18 months follow-up. The interpretation of both reports is seriously hampered, however, by the fact that all children in this study were measured in 1 month [De-



TABLE 17



Mortality and relative risks of mortality for severely malnourished children as defined by anthropomÃ©trie indicators over two follow-up periods, Bangladesh Â¡studySJ1* months



Follow-up months 1-3Indicator/



cutoff pointWA



4-6Mortality



risk14.82.50.57.96 rate19.79.413.623.417.915.2Relative risk24.67.85.416.710.510.1Follow-up rate11.86.01.413.411.08.4Relati



60%HA < 85%WH < 80%AC < 121ACA < 75%ACHT < < 80%Mortality 1Data from Alam et al. |1989|. 1Mortality rate = deaths per 1000 children per 3-mo period; Relative risk = defined in relation to the group above the cutoff point specified for each indicator.
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Comparing the predictive ability of anthropomÃ©trieindicators Much of the literature on anthropometry-mortality relationships has been directed towards comparing in



Comparison



of height-for-age,



weight-for-age,



16Brownie et al. (1986| have provided a detailed critique of the methods for comparing indicators up to that point in time and have provided empirical support for the use of the alternative comparative criteria adopted in this section. Their results suggest that the single best comparative criterion is the normalized distance statistic (da), followed by the maximum sum of sensitivity and specificity (MSS). The use of "receiver operating characteristic" (ROC| curves is also highly recommended.



TABLE 18 and arm circumference-based



range curvesHigh in period24 months12-2312-2312-596-596-5912-2312-2312-23Follow-up SpAC Sp StudyIb51417IdAge mo6 mo6 mo6 mo12 mo24 Males24 mo Females24 mo mo CombinedROC



dicators in order to identify the single indicator which is the best predictor of mortality. Of the 28 studies reviewed here, 15 of them provided data which im plicitly or explicitly compared indicators in this re spect. However, of these only eight employed appro priate criteria and methods for comparison, and only these studies are reviewed below.16Because of the large number of possible contrasts among indicators the re sults are considered in three stages. First, the results bearing on HA, WA and WH are described, followed by comparisons among the arm circumference-based indicators, and finally, comparisons among HA, WA and arm circumference indicators. Table 18 shows the final results of the eight studies that used appropriate methods of comparison. It should be noted that in all cases the follow-up period varies between 6 and 24 months, thereby ensuring that large distortions are not introduced by studies with very short follow-up intervals (e.g., 1-3 months). However, the age range covered does vary substan tially across studies and, in light of the potential for age-specific effects of indicators described earlier, is a factor that must be considered in comparing across studies. In comparing across studies and across the various comparative criteria, the most consistent observation



The least satisfactory



indicators



in relation



basis for comparison,



to mortality1*



Low



ACAC > WA > HA WA > HA > WAAC > WA > HA HA > AC > HAAC > HA > WA AC = WA > HAAC > WA > HAâ€”ACA > WA > HAâ€”ACA > WA > HAACHT > WA > HA WA > AC > HAHA= WA > AC > HAHA > AC > ACA > WA > HAHA> AC > WA > ACAHA > WA > AC = ACHA > WA > ACA > ACAHA > WA > ACACA > AC > WA > ACAMSSâ€”â€”AC > WA > AC A ACAd.â€”â€”AC > AC > WA >>



1Adapted from Bairagi (1981), Alam et al. 11989), Briend et al. (1989), Velia et al. (1994) and Cogill (1982). Study descriptions are provided in Table 1. 'Studies Ib and Id are based on the same basic data set; however, the results differ because of different methods of analysis. The indicator ranks shown here for study Ib are estimated from Figure 1 of the published report; however, the ROC curves for AC, WA, and HA intersect throughout the range of specificity analyzed. Study Id reported quantitative estimates of the total area under each indicator's ROC curve, which forms a better basis for comparison in this case. Note: WH not shown because of its poor performance across all studies (Pelletier (199la)). 1 ROC = receiver operating characteristic; High SP = High specificity; Low Sp = Low specificity; MSS = maximum sum of sensitivity and specificity; da = normalized distance statistics; AC = arm circumference; WA = weight-for height; HA = height-for-age; ACHT = arm circumference-for-height; ACA = arm circumference-for age.
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cember 1970, as noted in Sommer and Lowenstein (1975)], which was the month after severe flooding. Thus, secular changes in mortality and nutritional sta tus may have occurred due to the usual seasonal ef fects, the disaster and maturation of this cohort of children (1-4-year-olds). Table 17 [from Alam et al. (1989)] shows that the mortality rate of children severely malnourished at baseline is higher in the 3 months after measurement than in the subsequent 3 months. Similarly, the rela tive risk of mortality for these children is higher in the first interval. This result is seen with each of the six indicators. However, it is not possible with the data provided to estimate the loss in predictive power, viz. sensitivity and specificity (at various cutoff points), which is incurred due to the longer follow-up period. Nor is it possible to single out the loss in power involved with a 3-month follow-up for all children as opposed to a 1-month period typically sought in most growth-monitoring programs. Similar problems exist in the other studies mentioned above, and thus it is not possible at this time to provide concrete guidance concerning the implications of changing the measure ment frequency in mortality prevention programs that use growth monitoring to screen high-risk children. Although the conservative strategy would be to con tinue to strive for monthly measurements, this may be done at the expense of mothers' time and clinic logistics, as mentioned above, which vary in impor tance from one setting to another.
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and the one most commonly risk.



employed up to that time, is relative



bined in the study by Chen et al. (1980) as reanalyzed by Cogill (1982). This is not true in the range of low specificity, however, for those studies providing data in those ranges. Similar conclusions are reached based on the MSS and da criteria, although not all studies used these performance criteria. The possibility that the superior performance of simple AC may be due to age confounding has been directly examined by Yip and Pelletier (1994) using data from Northern Malawi. Their analysis, based on ROC analysis, confirms that simple AC outperforms WA, whereas use of age-adjusted AC produces results comparable to WA. Thus, on the basis of the few studies for which a valid basis for comparison exists, it appears that, at extremely low cutoff points (i.e., high specificity), simple arm circumference may be superior to HA or WA in predicting mortality within the subsequent 624 months. It is likely that this reflects age confound ing, however. The indicator results are mixed at lower specificity values (less extreme cutoff points). More important than this conclusion, however, is the fact that the ranking of indicators with respect to these technical criteria often obscures the overall similarity that exists in their performance. Few studies employed statistical tests to determine whether the observed dif ferences in prediction are statistically significant (Brownie et al. 1986). In addition, there are suggestions that the indicator rankings may be subject to modifi cation by such factors as the child's sex and socioeconomic status (Cogill 1982), child's age (Katzetal. 1989; Pelletier et al. 1994a) and probably seasonality and other factors. Thus, the ultimate choice of indicators should take into consideration operational character istics of the local programs, such as the expense and logistics of performing various measurements, the va lidity with which these measurements can be taken in the local context and the resources available for inter ventions (Haas and Habicht 1990). It should also be noted that mortality prediction (screening) is only one of the objectives for taking anthropomÃ©triemeasure ments in health programs, and that AC is not neces sarily the indicator best suited to other applications such as nutrition education (Ruel 1994).



Attained weight versus weight change in relation to mortality In recent years it has become increasingly common for primary health care programs to stress indicators of weight change to complement or supplant measures of attained weight. Weight change has the theoretical advantage that it may provide early detection of growth faltering even among children whose attained weight is above conventional cutoff points for defining risk. In addition, by monitoring the change in weight rather than absolute position of the child's weight on the growth chart, it is explicitly acknowledged that
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is that WH is the least effective predictor of mortality (and is therefore omitted from Table 18). Although one might hypothesize that this is because WH reflects acute malnutrition and may therefore predict only short-term mortality (i.e., 


CHILD ANTHROPOMETRY AND MORTALITY



association among 25-59-month-olds. This associa tion was only evident when large deviations in weight were considered (>0.5 WAZ-scores for older children and >1 WA Z-score for younger children). In no case was the association significant in the case of the cutoff point usually employed in actual programs (i.e., pres ence or absence of any weight loss). The authors con clude that, because 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 anal yses were performed on different subsamples (105 deaths 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). Both of the remaining studies (Briend and Bari 1989b, Yambi 1988) reported a significant associa tion between mortality and weight change in the preceding interval, and both found that this effect is independent of attained weight in multivariate logistic regression models. The latter study also in cluded 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 measure ment error). However, that study did not include a comparison of the performance of the weight change indicator in relation to attained weight (using ROC curves, MSS and da for instance) and, thus, it is not possible to evaluate its predictive ability against these standard criteria. The Briend and Bari (1989b) study from Bangla desh is the only one to provide a complete analysis of the performance of weight change versus attained weight. According to all three criteria of perfor mance (da, MSS and ROC curves) attained weightfor-age is found to be far superior to weight change as a predictor of mortality. Weight change over a 3month period (which decreases the influence of measurement error as a proportion of the true change in weight) has a performance intermediate between weight-for-age and 1-month changes according to all three criteria. Thus, in terms of choosing a single best indicator among these three possibilities, it is clear that attained weight-for-age is 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 con ditions in which measurement error is greater than in this study. In recognition of the fact that programs may be designed to combine weight-for-age and weight changes for screening purposes, this study also ex amined the implications of this strategy. In multi variate logistic regression models, low weight-for age (
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some children may never approximate a normal po sition 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 of weight change indicators raises a number of opera tional and conceptual questions. First, because weight change indicators are subject to measurement errors twice (i.e., at a given visit and at a subsequent visit), the indicator has a larger proportion of false positives and negatives than a static indicator. Given that false positives imply targeting scarce interven tion resources to the less needy and that false neg atives imply a failure to intervene upon a child at high risk of dying, this is obviously a matter of some concern. Second, the use of weight change indicators may also be conceptually flawed depending on 1) the way in which weight change indicators are used (e.g., whether and how they are combined with static in dicators), 1} the types of interventions actually available and 3) the explicit decision-making algo rithm for linking indicators to interventions. For in stance, it is not at all clear from the available studies that a child who is above 80% WA and shows growth faltering has a similar risk of death to a child at 60% WA who is growing parallel to the normal trajectory. It may well be reasonable to direct health education to the former, and education plus curative attention to the latter. However, it is not clear what should be done with the variety of possibilities between these two extremes. Nor is it clear whether health workers with rudimentary training can effectively distinguish between these different types of risk. Although some of these issues must be resolved through operations research, there are two fundamen tal questions in relation to mortality prediction: 1) Do weight change indicators bear any relation at all to mortality risk; and 1} Do they provide significant im provement over indicators based on attained size. There are four reports in the literature that address these questions to some extent. Of the four studies, three were able to demonstrate that the weight gain of survivors is significantly greater than that of children dying during the succeeding in terval (Bairagi et al. 1985). The one negative study em ployed three different intervals for estimating weight change (2, 4 and 6 months) and examined this in re lation to mortality in the following 12 months. How ever, in no case was a significant association found. Part of the problem may be that this study is limited by small sample sizes (15-23 deaths in various anal yses) and is confounded by seasonality. The three studies producing positive results are reviewed below. The Zaire study (Kasongo Project Team 1986) at tempted to relate 2-4-months weight changes to mor tality in the succeeding 100 days and found a weak association among 6-24-month-olds and a significant
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IMPLICATIONS FOR POLICY, PROGRAMS AND RESEARCH An important observation from this review is that the published literature reflects a much stronger con cern for programmatic issues arising from the anthro pometry-mortality relationship (chiefly screening) than for policy-related issues. One indication of this 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 re ports, and this was possible with only a fraction of the studies. It is also reflected in the general lack of atten tion to possible confounding and effect modification, which are likewise of central importance for some policy purposes and, to some extent, for screening purposes as well. Finally, it was noted that even the analyses directed at screening issues (e.g., those com paring the performance of various anthropomÃ©triein dicators) often did not employ valid or consistent per formance criteria. Although these criteria were only recently developed (Brownie et al. 1986, Cogill 1982), this nonetheless represents a weakness in many stud ies. Despite these overall weaknesses in the literature, it is possible to identify a number of conclusions of immediate policy and programmatic relevance. These are noted below, followed by suggestions for future research.



tors and mortality is found in all studies except one (Kasongo). Second, the threshold effect reported by Chen et al. (1980) has not been found in most studies conducted since that time, including studies from the same geographic area (Matlab) and other areas of Ban gladesh, Asia and Africa. An exception is the recent report from Zaire (Van Den Broeck et al. 1993) that may reflect the highly intervened communities in that study. Thus, although mortality risk does increase in an exponential fashion with decreasing levels of an thropomÃ©triestatus, there is nonetheless some ele vated risk of mortality even in the mild-to-moderate region of most anthropomÃ©trieindicators (WA, WH, and AC). This finding is counter to the notion that growth deficits in the mild-to-moderate range may represent physiological adaptations to a poor environ ment and do not carry any functional consequences of policy importance (Lipton 1983, Seckler 1982). The policy importance of this latter finding is re vealed by the estimates of population attributable risk, which indicate that a substantial proportion (e.g., 4693% according to weight-for-age) of the "nutritionrelated" deaths are found in the mild-to-moderate range of anthropomÃ©trie indicators. Although the range of estimates for these proportions is rather wide, it is sufficient to indicate that policies designed to ad dress the problem of severe malnutrition can aspire to prevent only a proportion of the nutrition-related deaths or total child deaths in the population. This appears to be especially important in countries outside of South Asia which have a much higher ratio of mildto-moderate to severe malnutrition. A related policy implication is that the cost-effec tiveness of preventing nutrition-related deaths will be initially much lower and the absolute cost much higher, for policies and programs directed at the mildto-moderate category. This is because of the much larger size of the population to be covered and the lower risk of death in this segment of the population (i.e., lower sensitivity) as compared with the severely malnourished segment. However, the failure to ad dress this substantial number of nutrition-related deaths in the mild-to-moderate categories may limit the size of the reduction in child mortality rates for the population as a whole. It also leaves a large "res ervoir" of mild-to-moderate cases from which severe cases are derived and thereby subjected to an even higher risk of death. It is likely that broader social and economic policy changes may be required to reduce mild-to-moderate malnutrition, in part because indi vidual screening and intervention is so inefficient 17Although diarrhea is associated with lower weight changes, it



Implications



for policy



The first important observation is that the funda mental relationship between anthropomÃ©trieindica



is not associated with higher mortality in this sample and therefore does not affect these results. The authors attribute the lack of as sociation between diarrhea and mortality to the presence of an in tensive ORS program and access to one of the study's physicians for intensive care.
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compared with 3.7 for the latter. Both variables re tain their significance even when morbidity symp toms are included in the models (measles and respi ratory infections).17 Even more telling, however, is the fact that, at any level of specificity, simple weight-for-age has higher sensitivity than 1-month weight loss alone or weight loss in combination with weight-for-age. Thus, the improved prediction of mortality (sensitivity) that is seen in logistic regres sion analysis is achieved at the expense of specificity. In an operational sense this implies that more deaths could be prevented by applying both indicators si multaneously; however, this would be accomplished at a higher cost to the program due to the greater number of false positives. Alternatively, if program resources are fixed, then the use of two indicators rather than simply weight-for-age may prevent fewer deaths, due to leakage of limited intervention re sources to the less needy. In any case, this study sug gests that better results could be achieved by simply raising the cutoff point of WA rather than adding weight loss to the screening protocol.
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basis remains one of the most difficult, but high-prior ity issues for attention. Another result of immediate policy relevance is the observation that the effect of severe malnutrition on mortality is made substantially worse (four times worse) by the absence of breastfeeding (Table 14). In light of the already strong impact of severe malnutri tion on mortality, the observation that it is quadrupled in the absence of breastfeeding is quite striking. 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 docu mentation, the apparent magnitude of the effect war rants immediate attention. It suggests not only that current breastfeeding programs should be maintained and strengthened, but also that special efforts should be made to ensure prolonged breastfeeding in children already severely malnourished or at high-risk for be coming so. Implications for programs The key programmatic issues arising from this lit erature relate to the choice of anthropomÃ©trieindi cators 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 a uniform set of performance criteria are applied to anthropomÃ©trie indicators, an emerging consensus is suggested concerning the best predictors of mortality. Specifically, it appears that, with quali fications, simple arm circumference and weight-for age are superior to other indicators. Moreover, the two studies that explicitly compared the predictive ability of attained weight versus weight change found that attained weight was the better predictor and was not significantly improved by simultaneous consideration of weight change. The important qualifications to the above conclu sions are as follows: 1) Arm circumference outper forms the others (WA and HA) only at high specificities (i.e., extreme cutoff points) and is probably con founded by age; 2) There is suggestive evidence of some sex specificity (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, there have been no systematic attempts to examine these relationships over a range of follow-up periods and a range of ages. To study these issues systematically in a single study will re quire much larger sample sizes than previously avail able (to accommodate sex- and age-specific analyses), a wide age range and the ability to distinguish several follow-up intervals. Despite the limitations in the above evidence it is relevant to note that the choice of indicators and fre quency of measurement depends in large part on local considerations (logistics and the specific objectives of
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when dealing with relatively low risks distributed across a large proportion of the population. An important caveat to this discussion is, of course, that it is still not clear to what extent the "anthropom etry-related" deaths in these studies are truly "nutri tion-related." To some extent they may be simply a function of other socioeconomic and behavioral fac tors being proxied by low anthropomÃ©triestatus. The literature is fairly convincing in suggesting that such confounding does not account for the association be tween severe malnutrition and mortality. The one study examining this issue in mild-to-moderate mal nutrition found that the effects persists (and, indeed, is even stronger) within some socioeconomic strata. This latter finding requires confirmation in other pop ulations because of the impact which variation in morbidity patterns and health care utilization may have on this result. The paper by Pelletier et al. (1994a) in this supplement addresses this issue in greater detail based on a study in Northern Malawi. One of the provocative findings emerging from this synthesis is the observation that malnutrition acts as a potentiator of mortality (i.e., a multiplicative effect), rather than simply as another additive cause of mor tality (Figures 5 and 6 and Pelletier et al. 1993). This result is fully consistent with the knowledge of a physiologic synergism between malnutrition and morbidity (Chandra 1991, Scrimshaw et al. 1968), but it has not been previously shown epidemiologically. Earlier intervention studies in Narangwal (Kielmann et al. 1978), Guatemala (Ascoli et al. 1967) and else where (Gwatkin et al. 1980) have either suffered from inadequate sample sizes to demonstrate this effect or were not designed to do so. The implications for policy are as follows: 1) health interventions will have the biggest impact on mortality in the most malnourished populations; 2) nutritional changes (positive and neg ative) will have their biggest impact in populations with already high mortality levels and 3) the biggest impacts on mortality can be achieved by simulta neously improving health status and nutritional status and by targeting populations with the highest mor tality rates. These policy conclusions are not novel, but they are often undervalued, unheeded or otherwise unreflected in the policies of international agencies and govern ments. The present results provide added empirical support for increasing the level of the resources and attention to nutritional considerations in efforts to lower child mortality. This applies to direct interven tions, as typically implemented through the health sector; however, in light of the evidence that the syn ergism operates over the mild-to-moderate range of malnutritionâ€”and not just the severe rangeâ€”it also reinforces the importance of explicitly considering the nutritional implications of policies and programmes in other sectors as well. The institutional mechanisms for undertaking effective policy review on an on-going
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Implications



for research



The studies included in this review have three in terrelated 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. In many cases this was compounded by the tendency to focus on questions with programmatic relevance (i.e., identification of the best anthropomÃ©trieindicator) rather than policy rel evance, even though the same data might be applied to both types of questions. This section highlights the key issues requiring further research, some of which might be undertaken with existing data. The first set of issues relates to the possibility of effect modification, i.e., that the relationship between anthropomÃ©trie indicators and mortality may differ according to child's age or sex, length of follow-up, season of measurement and a host of other factors. On the basis of a limited number of studies, the re



view supports the notion that such effect modifiers do exist and that they have significant implications for policies and programs. This is seen in the case of child's age and sex, which influence the relative pre dictive ability of different anthropomÃ©trieindicators; in length of follow-up, in which mortality prediction appears to attenuate under longer follow-up and is likely to affect some indicators more than others,- in season of measurement, which modifies the risk of death in malnourished children and in breastfeeding, which diminishes the risk of death among malnour ished children compared with nonbreastfed children. Unfortunately, the evidence concerning these effect modifiers is quite patchy across the studies, in part due to the three factors noted above. Greater resolution on these issues could be obtained by reanalyzing appropriate data sets already available. At a minimum it should be possible to examine effect modification by age and sex and possibly by length of follow-up in some studies. In light of the small sample sizes, one option would be to pool the data from sev eral studies (notably the many studies from Bangla desh, but not limited to those) and perform an inte grated analysis. An advantage of reanalysis, even if pooling is not performed, would be to adopt a standard set of criteria for comparing the performance of an thropomÃ©trieindicators as described by Brownie et al. (1986). Another issue requiring further attention is the strength of the association between mild-to-moderate malnutrition and mortality. In particular, it is impor tant to examine whether the elevated mortality risk in this segment of the population is simply because households with malnourished children have poor en vironmental and behavioral characteristics, which are the same characteristics giving rise to higher mortality. The analyses to date have suggested that this is not the case with severely malnourished children, but only one study has singled out the mild-to-moderate cases for similar analysis. Moreover, there is a need to con sider variation in age, length of follow-up and type of anthropomÃ©trieindicator in these analyses for the rea sons outlined above. Given that most of the children classified as malnourished by anthropomÃ©triecriteria are of the mild-to-moderate type and that these appear to account for a significant proportion of the nutritionrelated deaths in a population, this issue has important policy implications. Related to this is the need to better understand the quantitative impact of malnutrition on mortality due to different types of morbidity and the biological basis for that impact. Such knowledge would help decide the most appropriate mix of nutri tion- and health-related interventions at national and subnational levels, by combining information on the morbidity profile and malnutrition prevalences to es timate locally relevant population attributable risks. The observation that a given deficit in weight-for age among South Asian children is associated with
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the program) and only in part on the technical criteria of screening efficiency (Haas and Habicht 1990). Pro grams designed to avert deaths in individual children, as in famines or clinic screening for acute cases, ob viously require an indicator and a measurement fre quency that reflect immediate risk and can be mea sured with reasonable ease and accuracy. The present results suggest that /or mortality prediction AC with a low cutoff point is technically superior to WA (and both are superior to WH). This conclusion carries with it two caveats, however. First, simple AC is likely to be confounded with age if the program screens young children (


CHILD ANTHROPOMETRY



ACKNOWLEDGMENTS I thank Edward Frongillo, Jr., Jere Haas, Jean-Pierre Habicht, Per Pinstrup-Andersen, Jay Ross and Kathy



2079S



Rasmussen for their many constructive comments on an earlier version of this paper. I also thank Joanne Katz and her colleagues at John Hopkins University for providing unpublished results from Indonesia. LITERATURE CITED Abdullah, M. & Wheeler, E. F. (1985) Seasonal variation and the intra-household distribution of food in a Bangladeshi village. Am JClinNutr41: 1305-1313. Alam N., Wojtyniak, B. &. Rahaman, M. M. (1989) Anthropo mÃ©trieindicators and risk of death. Am J Clin Nutr 49: 884888. Ascoli W., Guzman, M. A., Scrimshaw, N. S. & Gordon, J. E. (1967) Nutrition and infection field study in Guatemalan villages, 19591964. IV Death of infants and preschool children. Arch Environ Health 15: 439-449. Bagenholm, G. C. & Nasher, A. A. A. (1989) Mortality among children in rural areas of the People's Democratic Republic of Yemen. Ann Trop Paediatr 9: 75-81. Bairagi, R. (1981) On validity of some anthropomÃ©trie indicators as predictors of mortality. Am J Clin Nutr 34: 2592-2594. Bairagi, R., Chowdhury, M. K., Kim, Y. J. & Curlin, G. T. (1985) Alternative anthropomÃ©trie indicators of mortality. Am J Clin Nutr 42: 296-306. Basu, A. M. (1989) Is discrimination in food really necessary for explaining sex differentials in childhood mortality? Popul Stud 43: 193-210. Briend, A. &. Bari, A. (1989a) Breastfeeding improves survival, but not nutritional status, of 12-35 months old children in rural Bangladesh. Eur J Clin Nutr 43: 603-608. Briend, A. & Bari, A. (1989b) Critical assessment of the use of growth monitoring for identifying high risk children in primary health care programmes. Br J Med 298: 1607-1611. Briend, A., Garenne, M., Maire, B., Fontaine, O. & Dieng, K. (1989) Nutritional status and survival: the muscle mass hypothesis. Eur J Clin Nutr 43: 715-726. Briend, A., Wojtyniak, B. & Rowland, M. G. M. (1987) Arm cir cumference and other factors in children at high risk of death in rural Bangladesh. Lancet (Sept. 26) 725-728. Briend, A. &.Zimicki, S. (1986) Validation of arm circumference as an indicator of risk of death in one to four year old children. Nutr Res 6: 249-261. Brownie, C., Habicht, J.-P. & Cogill, B. (1986) Comparing indi cators of health and nutritional status. Am J Epidemiol 124: 1031-1044. Butz, W. P., Habicht, J.-P. & DaVanzo, J. (1984) Environmental factors in the relationship between breastfeeding and infant mortality: the role of sanitation and water in Malaysia. Am J Epidemiol 119:516-525. Chandra, R. K. (1991) Nutrition and immunity: Lessons from the past and new insights into the future. Am J Clin Nutr 53: 10871101. Chen, L. C., Chowdhury, A. & Huffman, S. L. (1980) Anthro pomÃ©trieassessment of energy-protein malnutrition and sub sequent risk of mortality among preschool aged children. Am J Clin Nutr 33: 1836-1845. Chen, L. C., Huq, E. & Huffman, S. L. (1981) Sex bias in the family: Allocation of food and health care in rural Bangladesh. Popul Devel Rev 7: 55-70. Chowdhury, A. K. M. A. (1988) Child mortality in Bangladesh: food versus health care. Food & Nutr Bull 10: 3-8. Cogill, B. (1982) Ranking AnthropomÃ©trie Indicators Using Mor tality in Rural Bangladeshi Children. M.Sc. Thesis, Cornell Uni versity, Ithaca, NY. Das Gupta, M. (1987) Selective discrimination against female children in rural Punjab, India. Popul & Devel Rev 7: 55-70.



Downloaded from jn.nutrition.org by on February 18, 2009



lower mortality risk than in children from other re gions is worthy of further investigation. It is consistent with 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 overall 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 birthweight in South Asian populations and its effects on postnatal growth. According to the World Health Organization (W.H.O.) 31% of births from middle South Asia (including India and Bangladesh) result in low birthweight (
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