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ABSTRACT

During the past few decades, Bangladeshi children under age 10 have experienced
significant improvements in nutrition, and sex differences in child nutrition have declined
significantly regardless of family structure, amajor change from previous observations in
Matlab. However, our attempts to understand child nutrition in developing countries are
hindered by problems with the measures used to evaluate health. The anthropometric proxies
commonly used to judge nutrition (BMI, weight-for-age and height-for-age) often fail to capture
the true health status of children in undernourished populations. Further, the standard of
comparison based on U.S. children misclassifies alarge number of children in Bangladesh as
malnourished, particularly in the adolescent years. We explore nutrition in Matlab, Bangladesh,
using measures of acute and chronic morbidity to assess whether and how anthropometric

indicators of nutrition accurately reflect the health of children in this population.



ASSESSING CHILD NUTRITION: PROBLEMSWITH ANTHROPOMETRIC MEASURES
AS A PROXY FOR CHILD HEALTH IN MALNOURISHED POPULATIONS

Assessing the health of children in developing countries is an imperative goal of nationa
and international organizations, both because of the need to appropriately structure interventions
(Becker and Black 1996; United Nations 1998), and because the health of childrenisamirror on
the health, social standing, and economic resources of their parents (DeRose, Das and Millman
2000; Kahn 2002; Winikoff 1988). Studies have established the relationship between
malnutrition and death in Matlab (Bhuiya et al. 1989), and poor nutrition in the past was a
leading cause of increased overall mortality (Fauveau and Briend in Fauveau 1994). However,
declines in child mortality in the region mean that measures of morbidity are more appropriate to
understand the health of the population. As morbidity declined, differentials in health were
documented and attributed to differential treatment of children in the home and selective access
to health care, which are controlled by parents (Amin 1990, Chen, Hug, & D’ Souza 1981, Coale
& Banister 1994, Hill & Upchurch 1995, Johansson & Nygren 1991, Muhuri & Menken 1997,
Muhuri and Preston 1991). While health disadvantage for girls has been documented based on
gender preferences for sons and low maternal autonomy in the home, the results of recent studies
are mixed as to whether selective neglect remains problematic, or whether sex bias favoring boys
largely is fading. (Madise, Matthews and Margetts 1999, Pande 2003, Trapp et al. 2004, United
Nations 1998); bias seems most persistent in Asiaand Africa (Menken and Trapp 2004).

Given the apparent shiftsin nutritional patterns, assessment as a goal is more important
than ever. However, using longitudinal data from Matlab, Bangladesh, we discover that afull
understanding of the nutritional status of children is confounded by anthropometric proxies for

health that fail to fully capture child morbidity, and a comparison standard that fails to provide



sufficient distinction between children who are merely small and those who are truly sick asa
result of malnutrition. Studying the differential treatment of children by sex is acomplex and
expensive process; data concerning household allocation of resources that illustrate intra-
household access to nutrition, education, health care, and other resources are time- and labor-
intensive to collect. However, problems exist when employing proxy measures for the health of
children. The World Health Organization (WHO) endorses standards that classify child health as
problematic if achild’ sweight-, height-, or BMI-for-age are more than two standard deviations
below the median in the reference population from the United States (1997); WHO recognizes
that the standards are appropriate only for children under 11, and are most valid for children
under five years of age. Increasingly, researchers recognize that a standard based on U.S.
children may be inappropriate in developing world contexts, particularly given the problem of
obesity in American children (Cole et al. 2000). Further, the biologically different rates at which
children of both sexes develop confound our understanding of their treatment in the home.

Thus, our understanding of the health status of children is compromised by difficulties
posed by the health proxies. We use reports of morbidity from the mothers of more than 5,000
children in Matlab to examine the relationship between illness and mal nourishment, wasting, and
stunting to answer two key questions:
Do proxy measures of health using anthropometry predict poor health in children in Matlab?

Proxy measures such as weight- and height-for-age and weight-for-height (body mass
index or BMI) often are used to measure child nutrition absent direct observation. These
measures are found to be areliable judge of adult health, in that both BMI and height were
significant predictors of mortality in a 20-year follow-up of adult women in Matlab (Menken et
al. 2003) and BMI was a significant predictor of mortality in a 6-year follow-up of both men and

women in Matlab (Kuhn et al. 2004). Because assessing child health is confounded by growth



It isimportant to note that, at each stage, interactions with sex of the child were added to
the models to detect whether effects of any of these factors depended on child sex. In addition,
age interactions or age/sex interactions were included to test whether the impact of each factor
differed according to the age or age/sex of the child.

Logistic regression is used to determine the importance of these factors for severe child
malnutrition. In all analyses, probability weights were specified and children of the same mother

were treated as a cluster.

FINDINGS

Mal nourishment—| ow-wei ght-for-age—based on the current WHO standard is more
prevalent in this population than stunting—Ilow-height-for-age. The proportion of children who
are stunted increases with age, and most stunted children also are malnourished (see Table 3).
Girls and boys aged 1-4 experience good nutrition (normal on both height- and weight-for-age)
in roughly equal proportions, confirming earlier work documenting disappearing sex-biasin
nutrition (Trapp et. al 2004). At older ages, somewhat fewer girls are in the normal range and
dlightly higher proportions of girls have low weight-for-age.

(Table 3 about here)

Whereas young children experience the highest rates of acute sickness, chronic sickness
increases with age, at least for boys (see Table 4). Table 4 gives the proportion of children with
acute and chronic sickness by nutritional status. The rates of illness are quite high. Interestingly,
children who are stunted (either low height-for-age only or both low height- and weight-for age)
have lower rates of acuteillness.

(Tables 4 & 5 about here)



Malnutrition does not correspond with reported illness as expected (see Table 5). In fact,
children who are stunted, whether or not they also have low weight-for-age, actually have lower
rates of acute sickness than those who have normal weight-for-age. It ispossible that this
finding is related to parental education or economic status differencesin reporting; it is, however,
more likely that it is an effect of age, in that older children have much higher rates of stunting
and also lower rates of acute illness (as seen in Tables 3 and 4). In children below ten years old,
low weight-for-age and height-for-age are related only to chronic illness, a relationship that does
not hold for older children. Further, no relationship isfound between ilIness of any type and low

BMI.

Acute Sickness

BMI proves a poor measure of health in this population, which is undernourished by
United States standards. Table 6 demonstrates that, because such a high proportion of children
have both low weight- and height-for-age (68%), only just over a one third of these children are
identified as having low BMI-for-age. Therefore, children with “normal” BMI-for-age may be
thought of as composed of two subgroups: those with both normal height-for-age and weight-for-
age and those who are low on both in away that balances out, so that their BMI is not unusually
low.

(Table 6 about here)

None of the three measures predicted acute illness in any significant manner. Because
the results are similar for BMI, weight-for-age, and height-for-age, we show only those for BMI
in Table 7. Model 1 has controls for age and sex, and age operates in the expected direction with
a coefficient of -0.08, which trandlates into an odds ratio of .917, indicating that the odds of acute

ilIness decline 8% for each year of age. We next add the number of children in the household to



the model, followed by parental education, household income, and MCH-FP program area
residence. None of these controlsimproved the predictive power of the anthropometric
measures, however age and MCH-FP area residence operate in the expected direction in relation
to acute illness, providing some confirmation of the validity of the morbidity measures.
However, in the final model, the odds of acute iliness for those with low BMI differs from those
without low BMI by only 13% (based on a coefficient of -135.) If BMI truly were an accurate
predictor of poor health, we might expect an odds ratio of 60% or higher. (Note: Identical
models were run using low weight-, height-for-age as a dependent variable, with identical
relationships to those displayed for BMI). In addition to the models shown, we tested various
family structure characteristics listed in Table 5, none of which were significant.
(Table 7 about here)

Chronic Illness

Similar analyses attempted to predict chronic illness from the three proxy health
measures. Interestingly, only low weight-for-age predicts chronic illness, rather than low height-
or BMI-for-age as expected (these models are not shown, but demonstrate no significant
relationships). Contrary to expectations, underweight appears to predict chronic illnessesin this
population, arelationship that persists with controls for age, sex, parental education, income, and
MCH-FP program area residence, none of which are significant (see Table 8). However,
because of the strong increase in low weight, height, and BMI with age, we did not end the
investigation with these models.

(Table 8 about here)

We next tested the relationship between health proxies and health separately for children

over and under the age of 10. When children under age 10 are considered separate from

adolescents, both low height-for-age and low weight-for-age are significant predictors of
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increased chronic illness (see Table 9). BMI still is not a predictor of chronic illness for young
children. Nor are any of the three measures predictive for children 10-14.
(Table 9 about here)

Because the results shown in Table 9 indicate that weight- or height-for-age are
predictors of chronic illness in younger children while BMI was not, we examined the
relationship further. As mentioned earlier, BMI can be in the normal range in two ways:. both
weight and height are in the normal range for age or both weight and height are low for age but,
balancing one another, lead to normal BMI for age. Thisisborne out in Table 10, which shows
that, of the children in this study who have normal BMI (<2SD below the median-for-age), over
40% are both stunted and wasted, as compared to 48% of the children who are assessed as
having low BMI.

(Table 10 about here)

Table 11 shows models in which first height-for-age or weight-for-age was included,
along with age and sex for controls (Models 1 and 3). Then an indicator of whether a child was
both low weight and low height was added (Models 2 and 4). In each model, only the latter
variable was significant predictor. Finaly, Model 5 shows that the model in which only “both”
is entered fits as well as the models with either low height or low weight added.

(Table 11 about here)

DISCUSSION AND CONCLUSIONS
This analysis contributes to our understanding of child health in developing countriesin
three significant ways. First, we demonstrate that in undernourished populations, BMI is not

necessarily areliable measure of poor health in children. Under those circumstances, children
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whose BMI isin the normal range may be both stunted and malnourished as measured by low
weight-for age. In the current study, BMI predicts neither acute nor chronic illnessin children
under 15. For children under 10, it appears that those who are both low weight- and low height-
for age have the highest rates of chronic illness. These are the very measures that go into BMI,
but combining them as aratio removes their predictive power. Thus, whereas we find support
for the work of Pande (2003) and others who find waning sex-bias in children’ s health based on
anthropometry, we remain concerned that in Bangladesh these “objective” measuresfail to
capture a child’ s underlying nutritional status. Further, caution must be used because these
proxiesfail to correspond with poor health in some cases, they also fail to predict the expected
relationship in terms of current or past morbidity.

Second, this analysis demonstrates clearly the need for better health measuresin
adolescents, for whom puberty and biological differencesin growth by sex confound easy
assessment. We note that as children age in this generally malnourished population, they diverge
from the reference population to such a degree that the usual cutoff for ill effects failsto provide
sufficient distinction between children who suffer the effects of malnutrition, and those who
merely are small and light.

The implications of these findings speak to how health is measured in undernourished
populations such as that of Matlab. First, anthropometric measures that are used as a proxy for
health may be an unreliable yardstick for child wellness. While collecting actual data on food
intake and alocation in the household can be difficult and expensive, and retrospective reports of
morbidity can be unreliable, such measures may be necessary to more accurately gauge the
health of populations of children, particularly in settings like Bangladesh where common

measures of poor health (such as BMI) may not produce expected results. Biomarkers or other
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objective measures of health may be essential. The problem is complicated for adol escents,
whose growth rates are known to diverge more widely than younger children, and for whom
biological differencesin growth rates by sex may confound any health proxy.

Third, the reference population may provide a poor comparison by failing to provide
adequate distinction between ill children and those who merely are small. It ispossible that a
better threshold would allow more accurate identification of children at risk using proxy
measures, however, until a better reference is found and tested, proxies appear to be an unreliable
tool. Given the link between malnourishment and death cited earlier (Bhuiya et al. 1989;
Fauveau and Briend in Fauveau 1994), it is crucia to find a means of accurately separating
children who are at risk of health problems from those who are small but otherwise healthy.

M easurement problems continue to confound our understanding of child morbidity in
developing countries, particularly those older than nine years. Future research is needed to test
the effectiveness of anthropometric proxiesin measuring health in devel oping countries and
develop better measures of adolescent health. Additionally, longitudinal datain this and other
populations should be examined to understand the relationship between health and
anthropometric proxies, as well asto provide insight into the causal direction of observed

relationships.

13



REFERENCES

Amin, S. 1990. “The Effect of Women's Status on Sex Differentialsin Infant and Child
Mortality in South Asia.” Genus 46:55-69.

Aziz, K. 1979. "Kinship in Bangladesh." Dacca: International Centre for Diarrhoeal Disease
Research.

Bairagi, R. 1986. “Food Crisis, Nutrition, and Female Children in Rural Bangladesh.”
Population and Development Review. 12:307.

Becker, S. & R. Black. 1996. “A Model of Child Morbidity, Mortality, and Health
Interventions.” Population and Development Review. 22: 431.

Behrman, J., A. Foster, M. Rosenzweig & P. Vashishtha. 1996. “Women's Schooling, Home
Teaching, and Economic Growth.” The Journal of Political Economy 107: 682.

Bhuiya, A., B. Wohtyniak, & R. Karim. 1989, “Mother’s Education and Survival of Female
Childrenin aRural Area of Bangladesh.” Population and Devel opment Review. 7:55-70.

Chen, L., E. Hug, & S. D’ Souza. 1981. “Sex Biasin the Family Allocation of Food and Health
Care in Rural Bangladesh.” Population and Devel opment Review. 7:55.

Cole, T., M. Bdllizzi, K. Flegal, & W. Dietz. 2000. “Establishing a Standard Definition for Child
Overweight and Obesity Worldwide.” British Medical Journal 320:1-6.

D’Souza S. & L. Chen. 1980. “Sex Differentialsin Mortality in Rural Bangladesh.” Population
and Devel opment Review 6:257-270.

DeRoseg, L., M. Das & S. Millman. 2000 “ Does Femal e Disadvantage Mean Lower Access to
Food?’ Population and Development Review 26: 517-547.

Desal, S. 1992. “Children at Risk: The Role of Family Structure in Latin Americaand West

Africa.” Population and Development Review 18: 689:717.

14



Fauveau, V. 1994. Matlab: Women, Children and Health. ICDDR Special Publication. July. 35.

Hill, K. & D. Upchurch. 1995. “Gender Differencesin Child Health: Evidence from the
Demographic and Health Surveys.” Population and Development Review 21:127-151.

Kahn, N. 2002. Health Care and Family Support for the Elderly in Aging Developing Countries:
An International Review and a Case Study of Health Care Allocation in Rural
Bangladesh. Unpublished dissertation.

Kuhn, R., O. Rahman, & J. Menken. 2004. “Relating Self-Reported and Objective Health
Indicators to Adult Mortality in Bangladesh.” Population Aging Center Working Paper
2004-0004. University of Colorado Institute of Behavioral Science.

Legrand, T. & J. Phillips. 1996. “The Effect of Fertility Reduction on Infant and Child Mortality:
Evidence from Matlab in Rural Bangladesh.” Population Studies. 50:51.

Madise, N., Z. Matthews, & B. Margetts. 1999. “Heterogeneity of Child Nutritional Status
Between Households: A Comparison of Six Sub-Saharan African Countries.” Population
Sudies 53:331-343.

Menken, J., & J. Phillips. 1990. “Population Change in a Rural Area of Bangladesh, 1967-87".
Annals of the American Academy of Poalitical and Social Science 510: 87-101.

Menken, J.,, L. Duffy, & R. Kuhn. 2003. “Childbearing and Women's Surviva in rural
Bangladesh.” Population and Development Review 29: 405-426.

Menken, J. & E. Trapp. 2004.” Differential Treatment of Children by Sex.” (forthcoming) In
Encyclopedia of Sociology. George Ritzer (ed.)

Mosley, W. & L. Chen. 1984. “An Analytical Framework for the Study of Child Survival in

Developing Countries.” Population and Devel opment Review 10S: 25-45.

15



Mostafa, G., M.A.K. Shaikh, J. van Ginneken & A. M. Sardar. 1998. “Demographic Surveillance
System—Matlab. Scientific Report No. 82.” ICDDR,B: Dhaka, Bangladesh.

Muhuri, P. 1995. “Health Programs, Maternal Education, and Differential Child Mortality in
Matlab, Bangladesh.” Population and Development Review. 21: 813-834.

Muhuri, P. & J. Menken. 1997. “ Adverse Effects of Next Birth, Gender, and Family
Composition on Child Survival in Rural Bangladesh.” Population Sudies. 51:279.

Muhuri, P. & S. Preston. 1991. “Effects of Family Composition on Mortality Differentials by
Sex Among Children in Matlab, Bangladesh.” Population and Development Review 17:
415-434.

Pande, R. 2003. “ Selective Gender Differencesin Childhood Nutrition and Immunization in
Rural India: The Role of Siblings.” Demography 40: 395-418.

Pelletier, D. 1998. “Malnutrition, Morbidity and Child Mortality in Developing Countries.” in
Too Young to Die: Genes or Gender? New Y ork: United Nations.

Pelletier, D, E. Frongillo Jr., J. Habicht. 1993. “Epidemiol ogic Evidence for a Potentiating Effect
of Malnutrition on Child Mortality.” American Journal of Public Health 83:1130-1133.

Rahman, M.O., J. Menken, A. Foster, C. Peterson, M.N. Khan, R. Kuhn, & P. Gertler. 1999.

The Matlab Health and Socioeconomic Survey: Overview and User’s Guide, DRU-2018/1.
Santa Monica: RAND.

Shaikh, K., G. Mostafa, A. Bhuiya, A. M. Sardar, |. Molla, & B. Wojtyniak. 1985.

“Demographic Surveillance System—M atlab. Scientific Report No. 64.” ICDDR,B:

Dhaka, Bangladesh.

16



Thomas, D., E. Frankenberg, K. Beegle, & G. Teruel. 1999. Household budgets, household
consumption and the crisisin Indonesia: Evidence from longitudinal household survey
data. Los Angeles, CA: RAND.

United Nations. 1998. Too Young to Die: Genes or Gender? New Y ork: United Nations

van Ginneken, J., R. Bairagi, A. Francisco, A Sarder, & P. Vaughan. 1998. Health and
Demographic Surveillance in Matlab: Past, Present and Future. Dhaka: ICDDR.

Waterlow, J.C. 1972. “Classification and Definition of Protein-Calorie Malnutrition.” British
Medical Journal. 3: 566.

Winikoff, B. 1988. “Women’' s Health: An Alternative Perspective for Choosing Interventions.”
Sudiesin Family Planning 19:197-214.

World Health Organization. 1997. “Who Global Database on Child Growth and Malnutrition.”

Document WHO/NUT/97.4.

17



Table 1. Proportion of wasted and stunted children by age in 1978 and 1996 (Using Previous

Standard)
1978 1996 1996 1996
Ages 1-4 Ages 1-4 Ages 5-9 Ages 10-14
Level of Wasting Boys Girls Boys Girls Total Boys Girls Total Boys Girls Total
Mild/normal 40.1 26.0 54.5 43.1 49.1 243 26.5 255 9.9 8.5 9.1
Moderate 54.8 59.6 42.3 53.6 47.6 64.9 64.1 64.5 60.8 50.6 55.6
Severe 5.1 14.4 3.2 3.3 3.2 10.8 9.4 10.0 29.2 40.9 35.2

Matlab 1996 N=4280

Source: Bairagi 1986 and 1996 MHSS
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Table 2: Definitions and distributions of risk factors

Definitions and distributions of risk factors

Proportion

Age categories Total Boys Girls

Ages 1-4: Child between age 1 and 4 at start of child-year observation 26.5 27.0 25.9

Ages 5-9: Child between age 5 and 9 at start of child-year observation 35.5 34.8 36.2

Ages 10-14: Child between age 10 and 14 at start of child-year observation 38.0 38.2 37.8
Parental education

Mother has some education 49.0 47.7 50.2

Father has some education 60.6 61.4 59.7
Residence in MCH-FP Program Area*

Child resides in treatment area 48.4 47.9 48.8
Maternal contribution to monthly household income

No maternal contribution (0 taka contributed to household income) 16.1 16.7 154

Low maternal contribution (1-300 taka contributed to household income) 229 219 24.0

Medium maternal contribution (300-1000 taka contributed to household income) 30.9 32.2 295

High maternal contribution (More than 1000 taka contributed to household income) 30.1 29.2 31.0
Household income

Mean 39.7 40.6 38.9

Standard deviation 50.1 55.0 44.4
Number of children in household

One 12.6 12.1 12.4

Two 35.2 31.6 335

Three 28.5 30.3 29.3

Four 17.0 17.6 17.3

Five or more 6.6 8.4 7.4

* Program area served by ICDDR,B Maternal and Child Health and Family Planning Program
N=4788
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Table 3. Nutritional Status of Children by Age and Sex

Age 1-4 Age 5-9 Age 10-14
Nutritional Status Girls Boys Total Girls Boys Total Girls Boys Total
Normal 54.8 545 54.2 26.1 30 28 18.6 22.8 20.7
Low height-for age only 3.3 35 34 4.8 4.8 4.8 5.2 3.4 4.3
Low weight-for age only 22.4 275 25 20.4 24.9 22.6 14.7 15.7 22.6
Both low height- and weight-for age 20.4 14.3 17.2 48.5 40.1 44.4 61.3 57.9 44.4

Note: "Low" denotes a z-score less than 2 standard deviations below the standard median for each measure.
n=4549

Source: 1996 MHSS
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Table 4: Proportion of Children with Maternally Reported Acute and Chronic Sickness by Age

and Sex
Age 1-4 Age 5-9 Age 10-14
Acute sickness 63.8 66.0 65.0 41 45.7 449 426 441 433
Chronic sickness 98 95 9.7 111 111 111 9.8 13.0 114

n=4549

Source: 1996 MHSS
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Table 5: Proportion of Children with Maternally Reported Chronic and Acute IlIness by Height-

and Weight-for-Age

Normal Weight{ Low-height-for-] Low-weight-for Both low Low-BMl-for-
and Height-for- age only age only height- and age
Age weight-for-age
Acute Sickness 52.8 43.8 52.9 45.8 443
Chronic lliness 9.1 7.3 10.7 12.4 12.4

n=4549

Note: "Low" denotes a z-score less than 2 standard deviations below the standard median for each measure.

Source: 1996 MHSS
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Table 6. Proportion of Children with Low Height-, Weight, or BMI-For-Age and Proportion
Low on One Measure Who are Low on Another

Proportion of Low Height-, Weight-, and BMI-for-Age

Children both

Children also | Children also| Children also | low weight-
low height-for- | low weight-for] low-BMI-for- |and height-for
All children age age age age
Low height-for-age 47.5 100.0 90.9 35.2 100.0
Low weight-for-age 63.7 67.9 100.0 34.1 100.0
Low BMI-for-age 31.8 52.5 68.1 100.0 35.0

n=4549

Source: 1996 MHSS

23




Table 7: Logit Coefficients Predicting Acute IlIness from Low BMI-for-Age

(Standard errorsin italics under coefficients)

Model 1 Model 2 Model 3 Model 4 Model 5
Low BMlI-for-age (<2SD) -0.135 -0.136 -0.138 -0.131 -0.135
0.099 0.099 0.098 0.099 0.098
Age -0.086 ** -0.087 ** -0.085 ** -0.088 ** -0.086 **
0.011 0.011 0.011 0.011 0.011
Girl -0.084 -0.079 -0.078 -0.072 -0.075
0.079 0.079 0.079 0.079 0.079
Number of kids in hh -0.083 * -0.081 * -0.084 * -0.097 *
0.041 0.041 0.041 0.041
Mother some schooling 0.127
0.106
Father some schooling -0.169
0.106
Household income (1000 taka units) 0.000
0.001
Residence in MCH-FP Program Area -0.226 *
0.092
Constant 0.720 0.979 1.002 1.000 1.133
Log likelihood -3218.33 -3212.10 -3208.62 -3202.64 -3205.00
DF 3 4 6 5 5
Pseudo R squared 0.025 0.027 0.028 0.027 0.029

*Significant at.05
**Significant at .01

Note: "Low BMI-for-age" denotes a z-score less than 2 standard deviations below the standard

median BMI-for-age.
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Table 8: Logit Coefficients Predicting Chronic IlIness from Low Weight-for-Age
(Standard errorsin italics under coefficients)

Model 1 Model 2 Model 3 Model 4 Model 5
Low weight-for-age (<2SD) 0.302 * 0.303 * 0.327 * 0.309 * 0.303 *
0.145 0.145 0.145 0.145 0.146
Age 0.009 0.009 0.01 0.008 0.009
0.018 0.018 0.018 0.018 0.018
Girl -0.122 -0.121 -0.116 -0.121 -0.121
0.133 0.135 0.135 0.135 0.134
Number of kids in hh -0.012 -0.01 -0.016 -0.013
0.087 0.088 0.086 0.087
Mother some schooling 0.252
0.155
Father some schooling -0.09
0.153
Household income (1000 taka units) 0.001
0.001
Residence in MCH-FP Program Area -0.017
0.133
Constant -2.313 -2.275 -2.38 -2.285 -2.264
Log likelihood -1629.65 -1629.59 -1626.70 -1628.27 -1629.58
DF 3 4 6 5 5
Pseudo R squared 0.004 0.004 0.006 0.004 0.004

*Significant at.05
**Significant at .01

Note: "Low BMI-for-age" denotes a z-score less than 2 standard deviations below the standard
median BMI-for-age.
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Table 9: Logit Coefficients Predicting Chronic IlIness from Anthropometric Measures for

Y ounger and Older Children
(Standard errorsin italics under coefficients)

Under Age 10 Age 10-14
AL N
- ™
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Low weight-for-age (<2SD) 0.4720 ** 0.0010
0.1700 0.2370
Low height-for-age (<2SD) 0.5420 ** -0.2720
0.1810 0.2180
Low BMI-for-age (<2SD) 0.2432 0.1565
0.1923 0.2156
Age -0.0010 -0.0120 0.0210 0.0530 0.0660 0.0416
0.0310 0.0320 0.0298 0.0780 0.0790 0.0748
Girl 0.0050 -0.0250 0.0286 -0.3160 -0.3020 -0.3103
0.1680 0.1660 0.1704 0.2180 0.2190 0.2145
Constant -2.4250 -2.2960 -2.3237 -2.5350 -2.5300 -2.4743
Log likelihood -985.045 -983.017 -989.995 -640.822 -639.247 -640.288
DF 3 3 3 3 3 3
Pseudo R squared 0.007 0.009 0.002 0.004 0.007 0.005

*Significant at.05
**Significant at .01
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Table 10. Proportion with Low Height- and Weight-For-Age, and Both Low Height- and
Weight-For-Age by Low BMI

Low-BMlI-for-age Low-height-for-| Low-weight-for Both low
age only age only height- and
weight-for-age
No 45 62 41
Yes 52 68 48

Note: "Low" denotes a z-score less than 2 standard deviations below the standard median for each measure.
n=4549
Source: 1996 MHSS
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Table 11. Logit Coefficients Predicting Chronic Illness from Anthropometric Measures for
Y ounger Children
(Standard errorsinitalics under coefficients)

Model 1 Model 2 Model 3 Model 4 Model 5
Low weight-for-age 0.4717 0.1816
(>2SD below median)  0.1695** 0.2037
Low height-for-age 0.5419** -0.1182
(>2SD below median) 0.1807 0.3895
Both low weight- and 0.5172* 0.7351 0.6257**
low height-for-age 0.2190 0.3973 0.1845
Age -0.0012 -0.1960 -0.0121 -0.0158 -0.0166
.0307 0.0323 0.0322 0.0323 0.0320
Girl 0.0046 -0.0297 -0.0246 -0.0321 -0.0326
0.1681 0.1663 -0.1659 0.1660 0.1661
Constant -2.4254 -2.23363 -2.2956 -2.2768 -2.2803
Log likelihood -985.04 -979.83 -979.84 980.37 -980.43
DF 3 4 3 4 3
Pseudo R squared .0072 .0124 .0092 .0119 0.0118

*Significant at .05
**Significant at .01
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