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ABSTRACT

We examine the nutritional status of children in Matlab, Bangladesh using data from the 1996
Matlab Health and Socioeconomic Survey and find sharp declinesin severe wasting, and a near
disappearance of previously reported sex disparities. Remaining disparities appear to be based
primarily on available household resources and competition for those resources. Declinesin
moderately and severely wasted children are observed with increases in household income and
for children whose mother has some education. Further, maternal contribution to incomeis
found to decrease severe wasting. Birth order effects demonstrate that the presence of older
siblings increases the chance of wasting, but for severe wasting the effect declines sharply by age
of the child. Other family composition variables that in the past have predicted greater wasting
are no longer significant; the only remaining significant effect is protective—girls aged 5-9 are

less wasted if they have at |east one older sister.



DISAPPEARING SEX-BIASIN CHILD HEALTH IN BANGLADESH

The health and survival of children often is viewed as a mirror on the health of their
society and on that society’ s ability to protect and promote the wellbeing of its vulnerable
members. In most countries, females are advantaged over malesin survival. Inthose
populationsin which male life expectancy exceeds that of females; the differential usually is
attributed to discrimination against girls and women and to the low social standing of mothers
and their lack of power within the household (DeRose, Das, and Millman 2000; Kahn 2002;
Winikoff 1988). The female disadvantage in Bangladesh starts in childhood and was
documented in the late 1970' s and early 1980’ s in the higher proportion malnourished of girls
aged 1-4 compared to boys (Chen et al. 1981; Bairagi 1986) and in the higher mortality risks of
girls (Shaikh et al. 1985). Das Gupta (1987) suggested that not all girlsin South Asiaare at
higher risks. She established, for the Punjab, that only girls with older sisters experienced higher
mortality. Muhuri and Preston (1991) and Muhuri and Menken (1997) found a similar, but more
complex pattern associated with family composition and the arrival of the next child. Yet,
improvements in child survival have occurred in Bangladesh, dramatically so for children aged
1-4 (Table 1). Mortality for boysin this age group dropped from 22/1000 to 7/1000 children.
The rate declined even more for girls, from 37/1000 to 7/1000. Children aged 5-9 followed a
similar pattern, but from amuch lower base, while there was little change for children 10-14.
The gap in life expectancy at birth also has diminished, with males retaining only a small
advantage (Mostafa et a. 1998).

It therefore is appropriate to examine whether the differentials found earlier for children

persist or have shifted over time. In this paper, we study nutritional status rather than mortality



for severa reasons. Mortality has declined so much that extremely large samples of children
would be needed to detect differentials. Second, understanding differentialsin nutritional status
and therefore health short of mortality may lead to intervention programs to promote child
health. Third, appropriate data are available from the 1996 Matlab Health and Socioeconomic
Survey (MHSS), which collected information on nutritional status of nearly 5000 children aged
1-14, along with data on family composition and socioeconomic status of the household.

Concern for child health was one of the motivations for this survey.

Background

Additional research in South Asia has found that girls with older sisters had significantly
higher mortality than those with only surviving older brothers or no older siblings (Amin 1990)
and higher age-specific death rates than others at every age interval from 0-34 (Arnold et al.
1998). Other factors such aslow income, lack of maternal education, inadequate health care use,
and large family size were also associated with higher mortality risks (Muhuri and Preston 1991;
Das Gupta 1987; D’ Souza and Chen 1980). But girls' excess mortality risks transcended
socioeconomic status (Muhuri and Preston 1991; Das Gupta 1987). More recent studies continue
to find selective neglect of girls based on certain sex and birth-order combinations. Pande (2003)
recently found that both boys and girlsin Indiawith two or more surviving siblings of the same
sex were worse off in terms of severe stunting and incomplete immunization. By contrast,
Madise, Matthews and Margetts (1999) found evidence that girls were better nourished than boys
in six African countries. A United Nations (1998) report offered evidence from 52 countriesto
support the conclusion that while * systematic neglect of girlsin terms of diet and domestic care

isuncommon,” girls are most severely disadvantaged in South-central Asia. Thisreport also



points out that femal e disadvantage based on behavioral factors often is masked by biological
factors that favor girls.

Some family structure characteristics that have been found to correlate positively with
the health of children include currently married status of the mother in Africa (Desai 1992) and
education and economic empowerment of mothers (Kahn 2002). Hill and Upchurch (1995),
using Demographic and Health Survey datain 35 countries, found “ a pervasive pattern of girl
disadvantage” that is associated with the low social status of women.

In order to address the relationship of sex, socioeconomic status of parents and
household, and family composition on the nutritional status of children, we consider the
following questions:

Does sex biasin nutrition persist despite improvementsin child mortality?

We analyze the nutritional status of all children aged 1-14, subdivided into the usual age
categories 1-4, 5-9, and 10-14. Nutritional status is defined using weight-for-age (wasting). We
consider both severe and moderate wasting since moderate malnutrition is found to compromise
the immune system and increase the rate of infection (Moore et. a. 1999; Martorell and Ho
1984) and lead to higher mortality (Pelletier, Frongillo & Habicht 1993).

Does maternal empowerment mitigate sex-biasin the nutritional status of children?

In this study we consider maternal education as a measure not only of knowledge, but of
empowerment. The powerful positive effects of maternal education on child health in
developing countries are well documented (Muhuri 1995; Bicego and Boerma 1993; Mosley &
Chen 1984; Ware 1984). LeVineet a. (1991) explored the mechanisms in education that
improve child health, and found that “women’s attendance at school initiates a cumulative

process over the generations that contributes to the demographic transition.” Ware (1984)



suggested exploring intervening variables between maternal education and child health such as
use of medical facilities, infant feeding practices, mothers' economic activities and cultural sex
preference. Sandiford, Cassel, Montenegro and Sanchez (1995) found that education plays a
positive role in child health and survival, independent of other social and economic advantages,
including physical access to medical care.

We also examine father’ s education as a measure of socioeconomic status and for contrast
with the relationship of maternal education to child health.

Does access to health care mitigate sex differencesin nutritional status of children?

Aswill be described below, ICDDR,B: The International Centre for Health and
Population Research, has for many years provided a Maternal and Child Health and Family
Planning Program (M CH-FP) in approximately half of the areain which the MHSS was fiel ded.
Fertility dropped more quickly in the MCH-FP area than in the remaining, or comparison, area,
so family sizes are smaller (van Ginneken et al 1998). Furthermore, mortality declines among
children are more pronounced in the MCH-FP program area than in other parts of Matlab,
declines that can be attributed in part to the effects of prolonged birth spacing and health care
access (Muhuri and Menken 1997), disease treatment (van Ginneken et a. 1998), and reduced
fertility (Legrand et a. 1996).

Pelletier (1998) reviewed studies in Bangladesh and reported that most find a weaker
association between nutritional status and mortality of males compared to females, strongly
suggesting males receive better health care. The presence of the MCH-FP program means more
equal accessto health care for boys and girls that does not rely on parentsto bring their children
for treatment, instead providing home visits. Thusif sex differences depend on access to care,

they should be lower in the MCH-FP area.



Arelevels and sex differentials in malnutrition related to economic status of the
household?

Many studies have documented the role of economic status in the provision of adequate
food and health care of children. In this study we include, in addition to household income, a
measure of the economic contribution of the mother. This latter measure may be considered an
empowerment measure as well, since women who contribution more to the economic welfare of
the household may have more decision-making power and may allocate resources to children
differently than they would--or could--otherwise.

Does family structure contribute to sex-biasin nutrition?

Data from Indonesia, another Muslim country in South Asia, suggest that older malesin a
household may be protected from famine at the expense of younger siblings in the household
(Thomas, Frankenberg, Beegle and Teruel 1999), making the presence of older male siblingsin
the household an important consideration. However, Foster (1995) finds no sex effect for
mal nutrition in the famine following severe flooding in Bangladesh in 1988. Yet sex biasesin
food and other resource allocation may remain. We consider the same measures of composition
of the sibling set used by Muhuri and Preston (1991) and Muhuri and Menken (1997) as well as

birth order and the number of younger siblings who may be competing for resources.

Setting, Data, and Methods

Setting

The population under study comes from rural Bangladesh, a society where environmental
hazards are high and community health and educational infrastructure is poorly developed. The

overwhelming majority of older individuals live with adult children (mostly sons) and alternative



sources of support--financial and otherwise--outside the family are scarce. Per capitaincomeis
$370/year. The predominant occupation for rural malesis agriculture, with labor force
participation rates remaining very high even for older males. Women largely are restricted by
convention to activities within the home with relatively little opportunity to venture outside the
homestead. Given the high level of poverty and the scarcity of health providers (4071
persons/physician, 17446 persons/registered nurse), contact with the formal health care systemis
thought to be relatively infrequent.

The Matlab Health and Socioeconomic Survey (MHSS) is alarge-scale survey of adult health
that was conducted in arural area of Bangladesh in 1996. It isamultistage, multisample
household survey. The bari sample that we use collected information from over 11,000
individuals aged 15 and over and nearly 5000 children aged 1-14 in 4,538 households. .

While designed for comparability to similar nationally representative family life surveys
such as the Indonesian and Malaysian Family Life Surveys (IFLS, MFLS), the MHSS eschewed
anationally representative samplein favor of a sample based entirely in Matlab, where the
ICDDR,B has operated the Demographic Surveillance System (DSS) since 1966 (Rahman,
Menken, Foster, Peterson et al, 1999). Matlab DSS data have been used extensively in the
demographic literature and the DSS is considered to be one of the few high quality (i.e.,
complete, accurate and up-to-date) demographic data sources in the developing world (Fauveau
1994). In particular, age reporting is considered to be highly accurate, a feature not found in
other South Asian data sources (Menken and Phillips, 1990).

Sampling
The multi-stage MHSS sampling was conducted as follows (Rahman, Menken, Foster, Peterson

et al, 1999). The Matlab surveillance area consists of 8640 baris or residential compounds, of



which roughly one third (31.1%) or 2687 baris were randomly sampled. The bari is the basic unit
of social organization in rural Bangladesh and in Matlab in particular (Aziz, 1979; Makhlisur
Rahman, 1986). Baris usually consist of a cluster of households linked in many instancesin a
kin network; note, however, that about 16% of baris consist only of a single household and even
in multi-household baris, kin networks may exist only for sub-clusters of households. Sampling
baris rather than households provides a better representation of family networks, a magjor focus of
the MHSS survey. Within each bari, up to two households were selected for detailed interviews.
Within each selected household, two children were selected at random for further data collection.

For baris with two or fewer households, all households were chosen. For baris with more
than two households, the first household was chosen at random,; the second household was
selected from the bari in order of preference as follows: (i) the household of the father and/or
mother of the head of the first sampled household; (ii) a household containing a son of the head
of the first sampled household (chosen at random if there are multiple sonsin separate
households in the bari); (iii) a household containing a brother of the head of the first sampled
household (chosen at random if there are multiple brothers in separate households in the bari)
and (iv) a second randomly selected household.

Probability weights are available for each individual included in the bari sample.
Variables
Weight and height (or length of the very young) were measured for a subsample of al childrenin
the MHSS. Malnutrition is used to measure a child’ s nutritional status and as a proxy for poor
health, short of death. Numerous studies have established the relationship between malnutrition
and death in Matlab (Bhuiya 1989). Although poor nutrition is aleading cause of increased

overall mortality (Fauveau and Briend in Fauveau 1994), studies suggest that the most significant



cause of differentialsin mortality ratesis access to health care (Chen, Hug, & D’ Souza 1981),
which is controlled by parents.

Therefore, the nutrition of children in Matlab will be examined to determine which
children (if any) are selectively discriminated against. The World Health Organization (WHO
1997) has endorsed a nutritional standard for devel oping countries that classifies achild as
wasted if weight-for-age is more than two standard deviations below the mean in the comparison
standards. We use an earlier standard, which is derived from the same data on US children used
in the WHO standard. A child with weight-for age less than 60% of the median in the standard is
classified as severely wasted, while one with weight-for-age less than 80% of the median is
considered moderatel y wasted (see Table 2). We use the earlier standard for several reasons.
First, we wish to compare the nutritional status of Bangladeshi children today with those studied
by Chen et a. (1981) and Bairagi (1986), who used the older standard. Second, the weight-for
age data for Bangladeshi children is severely negatively skewed. In this situation, a standard
based on the mean fails to provide adequate nutritional distinction; over one-third of the children
under study would be considered severely wasted under this standard. Finaly, the standardized
weights are based on children in the United States, where over-nutrition might be expected to
positively skew weight and height data. This situation creates fall-off from the standard that
likely is the result not of poor nutrition in Bangladesh, but rather of an improper standard of
comparison. Fall-off is particularly acute in adolescence, and children over theage of 10in
devel oping countries may be misclassified as wasted based on this standard. Many scholars have
called for an international standard appropriate for comparison in developing countries, and this
paper provides additional support for the need for an appropriate nutritional standard for children

in developing countries.
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Table 3 provides information on the distribution of some predictor variables. Maternal
and paternal education are included as categorical variablesin which the higher category was
some, as opposed, to no schooling. Maternal ageis used to test whether nutritional status of
children varied according to whether the mother was older or younger--such variation could
result from the differential status of the mother with age, cohort changesin childrearing
practices, or biological effects of maternal age at the birth of the child. Residence in the areain
which the MCH-FP program operated also isindicated by a dummy variable. Differencesin
treatment that might persist despite the availability of services are considered using interaction
effectsfor girlsinthe MCH-FP area. A measure of household income for the year prior to the
MHSS was prepared by Randall Kuhn and Nizam Khan (2004) to account for income from a
variety of sources considered in the MHSS; it is reported in 1000 taka units (1000 taka ~$16).
Maternal income contribution is considered high if the mother contributed more than 1000 taka
in that period, medium, if she contributed over 300 but less than 1000 taka, low if she made a
contribution but it was less than 300 taka, or no contribution. Household size simply is the total
number of persons resident in the household. Family composition variables considered include
the total number of children and the number of male children in the household, birth order, the
presence of older siblings in various combinations, and the number of younger siblings.
Following Muhuri and Menken (1997), we considered combinations of 0, 1, and 2+ older
brothersand 0, 1, and 2+ older sisters. While we modeled the effects of all of possible
combinations with sex of the index child, only those identified by Muhuri and Menken (1997) as
factors contributing to high mortality risk--boys with two older brothers, girls with an older
sister, or second children with an older brother--remain in the final models in order to be ableto

fairly compare results to the previous work. The distributions of these variables for children
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aged 1-4 is shown in Table 4 along with the comparable distributions given by Muhuri and
Menken (1997). None of the variables that were considered but not included in the final model
significantly affected the outcome.

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
wasting. Further, multinomial regression is used to determine whether the relationships of these
factors differ for moderate as compared to severe wasting. Although ordered logististic
regression was considered, we found that the effects of many key variables on different
categories of the dependent variable differed, so that ordered logit models are not appropriate.
(Long 1997). In al analyses, probability weights were specified and children of the same mother

were treated as a cluster.

Findings

Weight-for-age is available for 4,280 children aged 0-14 years of age. Obviously
erroneous measures (e.g., a 70 kg 3-year old) led to exclusion of afew children. Table 2
provides descriptive statistics of wasting of children in the MHSS and, for comparison, of
childrenin Matlab in 1978 (Chen et al. 1981). Children aged 0-9 in 1996 are far less likely to be
considered severely wasted than are those aged 10-14. Moderate wasting is more prevalent
among children aged 5-9 than among the youngest children, making children aged 0-4 overall

the least likely to experience wasting. The large proportion of wasted children over age 10 is
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thought not to be a cohort effect; if this were the case high levels would likely reflect high levels
of chronic deprivation (Waterlow 1972) in this cohort. Instead, this phenomenon is thought to
result from “fall-out” from the U.S. median used in the comparison, since U.S. adol escents over
the age of 10 are most likely to be obese (Cole, Bellizzi, Flegal, and Dietz 2000).

We limit our logit analysis to severe wasting. Thisisthe population in poorest health and
isthe group considered by Bairagi (1986), who referred to this level of malnutrition as “third-
degree wasting.” Further, we limit our analysis to wasting because |ow weight-for-age reflects
both malnutrition that resultsin shortness and low weight-for-height. Future work will scrutinize
stunting to determine if shorter children experience increased ill health, or if they are merely
being compared to an inappropriate U.S. standard, similar to children aged 10-14.

Model 1 of Table 5 shows that severe wasting increases with age, which is consistent
with past research (children aged 0-4 are the reference group). Model 2 adds age/sex interaction
to ask if girlsare at higher risk of severe wasting in each age category and whether that risk
differsby age. Only girls aged 10-14 appear to have an added risk of severe wasting. Model 3
adds maternal and paternal education; only mother’ s education mattersin any of our models.
Children of mothers with some education are less likely to be severely wasted. Paterna
education is therefore not included in the later models shown. In thisand all subsequent models,
after anew factor was added, additional models tested whether age, sex, or age/sex interactions
with that factor were significant. 1n model 4, maternal age is added, but has no significant
relationship to severe wasting. Model 5 examines the effects of residence in the MCH-FP
treatment area, which are not significant. Model 6 adds overall household income, and model 7
includes mother’ s economic contribution to the household. Although none of the individual

mother’ s contribution categories are significant, the three cannot be dropped from the
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specification. However, thefit of the model that includes only the highest maternal contribution
isnot significantly different from that of Model 7. Thelikelihood of wasting decreases as
household income increases and decreases sharply if the mother contributes more than 1000 taka
to the household.

Birth order was added first alone and then as age and age/sex interactions. In this case,
asin no previous one, the interaction with ageis significant and isincluded in Model 8. For
children under ten, the higher the birth order, the more likely they are to be severely wasted, but
the effect declineswith age. By age 10-14, thereis no significant effect of birth order. Further
models added the household or family composition factors, first as total household size, then all
categories of sibling composition, and then only those representing children found to be at high
risk in earlier work: those with of two or more older brothers (boys), an older sister (girls), or
occupying second place in the birth order with an older brother (both sexes), and, lastly, number
of younger siblings. None, alone or in combination, were significant.

Results of thislogistic regression analysis confirm that severe wasting increases with age.
However, our suspicions that the U.S. standards are inappropriate for 10-14 year olds are
heightened by the odds ratio of wasting compared to 1-4 year olds; while exponentiating the
logistic regression coefficientsin Model 1 yields over 2 times greater odds of wasting among 5-9
year olds, similar odds of wasting for 10-14 year olds are more than 15 times greater when
compared to 1-4 year olds. We believe this unreasonably large jump in wasting for those aged
10-14 suggests the standard is inappropriate for South Asian children rather than a true cohort or
age effect that significantly raises severe wasting.

Overall, the protective factors related to a significant reduction in a child’s chances of

severe wasting may be considered as measures of resources available to the child: higher overall
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household income, maternal education, and maternal contribution to household income al serve
to increase these resources. Birth order isarisk factor, although its effect declines with age of
the child. The only sex differenceisfor girls age 10-14 and, as described above, we question
whether thisisrea or an artifact of an inappropriate standard. However, it is possible that
lingering sex bias can be found by examining moderate wasting among girls. Weturnto
multinomial regression to ask whether sex-based nutritional disadvantages exist, but with less

severity, in which case we would expect to find more moderate wasting among girls than boys

Multinomial Analysis: M oder ate and severe wasting

Theresults are displayed in Table 6. Moderately and severely wasted children each are
compared with those mildly wasted/normal to search for nuance in the existence of sex-biasin
Matlab.

Model building proceeded in the same order as before, when only severe wasting was
considered. Interestingly, residence in the MCH-FP area was a significant predictor of severe
wasting until birth order was added. When the family composition variables were added (Model
9), only one--indicating the child was a girl with at |east one older sister--was significant. We
again asked whether the effects differed by age of the child. In fact, only for girls aged 5-9 was
the effect of having an older sister significant. Unlikein earlier work, in this case the presence of
an older sister appearsto be protective--both moderate and severe wasting are less likely.
Finally, we found that the risks of both moderate and severe wasting increase with the number of
younger siblings.

We limit our description of the results again to the final model, Model 11in Table 6. In

the multinomial models, for the most part, the factors that predicted severe wasted a so predicted
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moderate wasting, and, in general, the coefficients were larger for severe wasting. For example,
for age 5-9, the coefficient for moderate wasting is 1.0 and for severeitis2.2. Similarly, the
coefficient of household income is-.004 for moderate and -.007 for severe wasting. High
maternal economic contribution was significant only as protection against severe wasting.

This more discriminating analysis uncovers two sex differences. Girls aged 5-9 with at
least one older sister are protected--they are less likely than others to suffer either moderate or
severewasting. And girls age 1-4 have higher risk of moderate wasting than boys their age.

Interestingly, the increased risk for girls 10-14 found in Table 5 disappears when
moderate wasting is no longer lumped with none or mild wasting. This change appears to result
from the fact that girls 10-14 have more younger siblings than do boys their age--a perhaps
subtle piece of evidence that some sex preference remains, so that parents are likely to have more
children after the birth of agirl than of aboy. The effect appears to come from the competition

due to more young children rather than from differential treatment of children.

Discussion

The results presented here document that severe wasting has declined over the two
decades prior to the MHSS for children aged 1-4 and the strong gender disparity has nearly
disappeared. This changeis consistent with the declinesin mortality by gender observed in
Matlab over the same period.

Y et disparities do remain. They appear, however, to be based primarily on the resources
available in the household and competition for those resources. On the resource side, the
probability of being wasted, whether severely or moderately, declines with household income

and for children whose mother has some education. Severe wasting is less likely among
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approximately one-third of children whose mothers contribute more than 1000 takato the
household income. These findings suggest that children are better off the greater the household
resources and the more their mothers contribute to those resources. Both the maternal education
and maternal income effects may be interpreted as working through increased status and
decision-making by mothers, who perhaps may direct more of household resources in ways that
benefit their children.

On the competition side, the birth order effects indicate that the more older siblings a
child has, the greater that child’ s risk of being wasted, but, for severe wasting, the effect declines
sharply by age of the child. For moderate wasting, the effect of birth order increases with age,
but both the size of the effect and the change with age are much smaller. Thelargeincreasein
probabilities of moderate and severe wasting seen as the number of younger siblingsincreasesis
likely due to the effects of competition for resources within the household.

Even the single remaining sex differentia in the effects of family composition--the
positive effect of having at |east one older sister for agirl aged 5-9--may be interpreted as an
older sister protecting the younger sister in resource allocation.

Two other findings are worthy of repetition here. In the final model, girls aged 1-4 are
more likely than boys of the same age and other characteristics to be moderately wasted. The
effect is of nearly the same magnitude for severe wasting but is not significant. A question
therefore remains of gender discrimination among the smallest children we are considering.

The Maternal and Child Health and Family Planning Program is associated with
significantly reduced risks of severe wasting. However, the effect becomes non-significant as
soon as birth order of the child isintroduced into the model. Thisfinding indicates that the

Program exerted its effect by enabling parents to reduce the number of children they had.
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Consequently, children in the MCH-FP area are more likely to be of low birth order than those in
the comparison area. Since the effect of the Program seems to work completely through birth
order, it isunlikely that it significantly affected child health by increasing access to health care.

Finally, we note the dramatic increase in the two decades prior to the MHSS in the
proportion of children who were in lower risk categories. Referring back to Table 4, the
proportion of girls aged 1-4 in the low risk category under the Muhuri and Menken (1997)
scheme rose from 32.5 in 1982-83 to 58 percent in 1996. Even more dramatic is the fact that the
proportion of children whose mothers had some education rose from 31.5 to 55 percent over the
same period. We considered the effect smply of this change in materna education, taking
second born boys aged 5-9 whose mothers made no economic contribution and whose household
income was at the mean (39.7). For this group, the predicted percent with severe wasting from
Table 5, Moddl 8is11.6% for achild whose mother has no education and 6.3% for those with
some education--a reduction of 46% in severe wasting. If, further, the educated mother’s
economic contribution was high, the predicted percent drops to 4.5%--a 63% reduction over the
son of the mother with no education and little or no economic contribution.

These results also lead to other questions that we will addressin further research. The
relationship of maternal education and income to child health suggests that maternal
empowerment and participation in decision-making may affect child health. The MHSS
collected information that currently is being used to develop better indicators of women's
empowerment that will be then tested for relationship to child health.

The fall-off with age of children from the standard will be investigated further through
consideration of other health measuresin the MHSS. We will be asking whether the relationship

of wasting to other aspects of poor health changes with age. For example, if children aged 10-14
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who are classified as severely wasted are much less likely to have severe chronic disease than
severely wasted 1-4 year olds, we would take this as further evidence that the standard for
wasting is problematic.

Seasonal differencesin the availability of food, found to significantly affect rates of
malnutrition (Engberg, Sabry, and Beckerson 1987), should be examined in order to perhaps
target aid during the periods of greatest need. Asthe UN points out (1998), sex-based
differencesin health are not universal in the developing world. To date, evidence suggests that
the problem is most acute in South Asiaand the Middle East crescent. Macro-level work to
identify problem areas and micro-level work to identify mitigating household variables can help
to pinpoint areas in which children are most at risk of poor health.

Finally, we have found here that health of children isrelated to resources and
competition. A next step will be to ask whether the same factors are similarly related to other
aspects of human capital formation such as schooling.

In conclusion, this paper offers strong support for good news. Malnutrition has declined
in rural Bangladesh and, with it, strong disparities by gender have been reduced. Female
education has increased dramatically and, with it, children have greater chances of good health.
The family planning program has been effective in reducing high order births, thereby
contributing to increasing children’s chances of being in alow risk group for poor health. This
study complements the growing body of literature documenting the long-term effects of the
MCH-FP in Bangladesh, and confirms the importance of the intervention on the health of
children, largely due to family planning. Sex-biasin nutrition documented in the past is greatly
reduced, and differences largely are the product of educated mothers, higher household

resources, and mothers who contribute to household finances. Whileit is not possible to entirely
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answer each of the questions we pose at the outset, many new facts are known. We demonstrate
that sex-bias, while not eliminated in Matlab, is decreasing along with child mortality in the
region. The health of children in Matlab reflects an accel erating demographic transition in
Bangladesh, characterized by declining fertility and higher rates of child survival. Education of
girls and women is on the rise, and women demonstrate increasing autonomy in the home.
Degspite these positive devel opments, however, many children remain at serious risk of

malnutrition, and targeted efforts to improve treatment and education are sorely needed.

20



References

Amin, S. 1990. “The Effect of Women's Status on Sex Differentialsin Infant and Child
Mortality in South Asia.” Genus 46(3-4):55-69.

Arnold, Fred, MinjaKim Choe & T.K. Roy. 1998. “ Son Preference, the Family-Building Process
and Child Mortality in India.” Population Studies 52(3): 301-315.

Aziz, K. M. Ashraful. 1979. "Kinship in Bangladesh.” Dacca: International Centre forDiarrhoeal
Disease Research.

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

Bhuiya, A. and K. Streatfield. 1991. “Mother’ s education and survival of female childrenina
rural area of Bangladesh.” Population Sudies. 45:253.

----- , B. Wohtyniak, and R. Karim. “Mother’ s education and survival of female childrenin a
rural area of Bangledesh.” Population and Devel opment Review. 7(1):55-70.

Bicego, George T. and J.Ties Boerma. 1993. “Maternal education and child survival: A
comparative study of survey datafrom 17 countries.” Social Science and Medicine 36(9):
1207-1227.

Chen, Lincoln C., E. Hug, and Stan D’ Souza. 1981. “Sex biasin the family allocation of food
and health carein rural Bangladesh.” Population and Development Review. 7:55.

Cole, Tim. J., Mary C. Bellizzi, Katherine M. Flegal, and William H. Dietz. 2000. “Establishing
a Standard Definition for Child Overweight and Obesity Worldwide.” British Medical
Journal 320:1-6.

D’ Souza Stan and Lincoln C. Chen. 1980. “Sex differentials in mortality in rural Bangladesh.”
Population and Development Review 6(2):257-270.

Das Gupta, Monica. 1987. “ Selective discrimination against female children in rural Punjab,
India.” Population and Development Review 13(1): 77-100.

DeRose, Laurie F., Maitreyi Das and Sara R. Millman. 2000 “Does Female Disadvantage Mean
Lower Access to Food?” Population and Development Review 26(3): 517-547.

Desai, Sonalde. 1992. “Children at Risk: The Role of Family Structure in Latin America and
West Africa.” Population and Devel opment Review 18(4): 689:717.

21



Engberg, LilaE., Jean H. Sabry, and Susan A. Beckerson. 1987. “Production Activities, Food
Supply and Nutritional Statusin Malawi.” Journal of Modern African Studies 25(1):139-
147.

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

Foster, Andrew D. 1995. “Prices, Credit Markets and Child Growth in Low-Income Rurd
Areas.” The Economic Journal. 105:551.

Hill, Kenneth and Dawn M. Upchurch. 1995. “Gender Differencesin Child Health: Evidence
from the Demographic and Health Surveys.” Population and Development Review
21(1):127-151.

Kahn, Nizam.. 2002. Health care and family support for the eldelry in aging developing
countries: An international review and a case study of health care allocation in rural
Bangladesh. Unpublished dissertation.

Legrand, T and J. Phillips. 1996. “The effect of fertility reduction on infant and child mortality:
Evidence from Matlab in rural Bangladesh.” Population Studies. 50:51.

LeVine, Robert A., Sarah E. LeVine, Amy Richman; F. Merdardo Tapia Uribe, Clara Sunderland
Correa, and Patrice M. Miller. 1991. “Women'’s Schooling and Child Carein a
Demographic Transition: A Mexican Case Study.” Population and Development Review
17(3):459-496.

Long, J. Scott. 1997. Regression Models for Categorical and Limited Dependent Variables.
Thousand Oaks, CA: Sage.

Madise, Nyovani J., Zoe Matthews, and Barrie Margetts. 1999. Population Sudies 53(3):331-
343.

Martorell, Reynaldo and Teresa J. Ho. 1984. “Malnutrition, Morbidity, and Mortality.”
Population and Devel opment Review 10(S): 49-68.

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

Moore, Sophie E., Timothy J. Cole, Andrew C. Collinson, Elizabeth ME Poskitt, lan A.
McGregor, and Andrew M. Prentice. 1999. “Prenatal or early postnatal events predict
infectious deaths in young adulthood in rural Africa.” International Journal of
Epidemiology 28: 1088-1095.

Mosley, W. Henrey and Lincoln C. Chen. 1984. “An Analytical Framework for the Study of

Child Survival in Developing Countries.” Population and Development Review 10 (S) 25-
45,

22



Mostafa, Golam, M.A. Kashem Shaikh, Jeroen K. van Ginneken and A. M. Sardar. 1998.
“Demographic Surveillance System—M atlab. Scientific Report No. 82.” ICDDR,B:
Dhaka, Bangledesh.

Muhuri, Pradip. 1995. “Health Programs, Maternal Education, and Differential Child Mortality
in Matlab, Bangladesh.” Population and Development Review. 21(4): 813-834.

Muhuri, Pradip and Jane Menken. 1997. “ Adverse effects of next birth, gender, and family
composition on child survival in rural Bangladesh.” Population Studies. 51:279.

Muhuri, Pradip and Samuel H. Preston. 1991. “ Effects of family composition on mortality
differentials by sex among children in Matlab, Bangladesh.” Population and Devel opment
Review 17(3): 415-434.

Pande, Rohini P. 2003. “ Selective Gender Differences in Childhood Nutrition and Immunization
in Rural india: The Role of Siblings.” Demography 40(3): 395-418.

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

Pelletier, D.L., E.A. Frongillo Jr., J. Habicht. 1993. “Epidemiologic Evidence for a Potentiating
Effect of Malnutrition on Child Mortality.” American Journal of Public Health
83(8):1130-1133.

Rahman, Makhlisur. 1986. "Tradition, Development and the Individual. A Study of Conflicts and
Supportsto Family Planning in Rural Bangladesh". Eds. Penny Kane and Lado Ruzicka.
Asian Population Change Series No. 1. Department of Demography, Australian National
University, Canberra.

Rahman, M.O., J. Menken, A. Foster, C. Peterson, M.N. Khan, R. Kuhn, and P. Gertler. 1999.
The Matlab Health and Socioeconomic Survey: Overview and User’s Guide, DRU-2018/1,
RAND, Santa Monica.

Sandiford, P. J. Cassel, M. Montenegro, and G. Sanchez. 1995. “The Impact of Women's
Literacy on Child Health and its Interaction with Access to Health Services.” Population
Studies 49(1)5-17.

Shaikh, Kashem, G. Mostafa, Abbas Bhuiya, A. M. Sardar, Ibrahim Molla, and Bogdan
Wojtyniak. 1985. “Demographic Surveillance System—Matlab. Scientific Report No.
64.” ICDDR,B: Dhaka, Bangledesh.

Thomas, Duncan, Elizabeth Frankenberg, Kathleen Beegle, and Graciela 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

23



van Ginneken, J., Radhashyam Bairagi, A. Francisco, A Sarder, and P. Vaughan. 1998. Health
and Demographic Surveillance in Matlab: Past, Present and Future. Dhaka: ICDDR. 72.

Ware, Helen. 1984. “Effects of Maternal Education, Women’s Roles, and Child Care on Child
Mortality.” Population and Development Review 10(S):191-214.

Waterlow, J.C. 1972. “Classification and definition of protein-calorie malnutrition.” British
Medical Journal. 3: 566.

Winikoff, Beverly. 1988. “Women’s Health: An Alternative Perspective for Choosing
Interventions.” Sudiesin Family Planning 19(4):197-214.

World Health Organization. 1997. “Who Global Database on Child Growth and Malnutrition.”
Document WHO/NUT/97.4.

24



Table 1. Death Rates of Children in Matlab, by age and sex: 1983 and 1996
(per 1000 population)

Boys Girls Both sexes
Age 1983 1996 1983 1996 1983 1996
1-4 years 21.9 6.7 37.0 7.4 20.1 7.1
5-9 years 3.2 11 4.8 1.5 3.9 1.3
10-14 years 1.3 1.1 1.4 1.5 1.3 1.3

Source: Mostafa et al. 1998 and Shaikh et al. 1985



Table 2: Proportion of Wasted Children, by age in 1996 and for age 1-4 in 1978

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 24.3 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 33 3.2 10.8 9.4 10.0 29.2 40.9 35.2
N=4280

Sources; 1996 MHSS and Chen et al. 1981
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Table 3: Definitions and distributions of predictor variables

Proportion

Age cateqgories 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 355 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
Maternal age

Mother less than 28 years old 22.9 22.7 23.2

Mother between 29 and 34 years old 32.0 32.4 315

Mother between 35 and 39 years old 211 215 20.7

Mother older than 40 years 24.0 235 24.6
Treatment area residence

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

No maternal contribution (O taka contributed to household income) 16.1 16.7 15.4

Low maternal contribution (1-300 taka contributed to household income) 22.9 219 24.0

Medium maternal contribution (300-1000 taka contributed to household income) 30.9 32.2 29.5

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
Younger Siblings

Mean 1.0 0.9 1.0

Standard deviation 11 11 11

Percent with no younger siblings 44.4 46.2 42.4

N=4788

27



Table 4: Percentage of children aged 1-4 in high risk subgroups defined by family
composition and mother’s eductation: 1982 vs. 1996

Percentage of aged 1-4 children in subgroups defined by family composition and mother's education: 1982 vs. 1996

Family composition
Boys with 2+ brothers
Girl with older sister(s)
Second-born children with 1 brother
Other (low risk)

Children of mothers with some schooling

N

Family composition
Boys with 2+ brothers
Girl with older sister(s)
Second-born children with 1 brother
Other (low risk)

Children of mothers with some schooling

N

Boys
MCH-FP area Comparison area Both
1982 1996 1982 1996 1982 1996
26.0 23.1 344 26.8 30.5 25.0
11.8 16.8 10.6 12.5 11.2 14.6
62.2 60.1 55.0 60.6 58.3 60.4
32.7 57.0 30.9 58.3 31.7 57.7
2943 316 3434 343 6377 659
Girls
MCH-FP area Comparison area Both
1982 1996 1982 1996 1982 1996
54.1 26.52 59.9 27.3 57.2 26.9
11.2 17.92 9.4 12.7 10.2 15.1
34.7 55.6 30.7 60.0 325 58.0
33.0 54.8 29.2 51.8 311 53.2
2176 279 3173 330 5889 609

Sources: 1996 MHSS and Muhuri and Menken (1997)
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Table 5: Binomial Logit Coefficients Describing the Effects of Various

Characteristics on the Log Odds of a Child Being Severely Wasted
(Standard errors in italics under coefficients)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
Ages 5-9 1.207 ** 1.297 ** 1.259 ** 1.235 ** 1.243 ** 1.260 ** 1.277 ** 1.784 *
0.275 0.396 0.400 0.401 0.402 0.400 0.400 0.696
Ages 10-14 2.791 ** 2.528 ** 2.537 ** 2.493 ** 2.518 ** 2.555 ** 2.592 ** 3.729 **
0.242 0.341 0.343 0.355 0.343 0.344 0.344 0.620
Girls aged 1-4 0.027 0.017 0.022 -0.001 0.021 0.032 0.152
0.461 0.461 0.461 0.460 0.461 0.460 0.474
Girls aged 5-9 -0.154 -0.160 -0.158 -0.157 -0.157 -0.145 -0.172
0.276 0.280 0.281 0.282 0.281 0.278 0.281
Girls aged 10-14 0.517 ** 0.501 ** 0.498 ** 0.515 ** 0.505 ** 0.523 ** 0.516 **
0.144 0.146 0.145 0.144 0.145 0.145 0.146
Mother has some education -0.680 ** -0.724 ** -0.728 ** -0.686 ** -0.677 ** -0.673 **
0.156 0.145 0.145 0.142 0.141 0.144
Father has some education -0.115
0.147
Mother's age 0.032
0.068
MCH-FP area residence -0.203
0.137
Household income (1000 taka units) -0.004 * -0.004 * -0.004 *
0.002 0.002 0.002
Low maternal income contribution -0.231
0.262
Medium maternal income contribution -0.113
0.264
High maternal income contribution -0.465 -0.351 *
0.258 0.137
Birth order * ages 1-4 0.222 *
0.113
Birth order * ages 5-9 0.111 *
0.056
Birth order * ages 10-14 -0.057
0.030
Constant -3.399 ** -3.412 ** -3.049 ** -3.149 ** -2.980 ** -2.957 ** -2.782 ** -3.829 **
Log likelihood -1766.96 -1753.84 -1717.88 -1718.37 -1715.81 -1708.75 -1701.25 -1689.70
DF 5 7 7 7 7 10 11
Pseudo R squared 0.1357 0.1421 0.1597 0.1594 0.1607 0.1633 0.1670 0.1727

*Significant at.05
**Significant at .01

n=4249
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Table 6: Multinomial Logit Coefficients Describing the Effects of Various
Characteristics on the Log Odds of Moderate Child Wasting (Compared to Mildly

wasted/Normal)

(Standard errors in italics under coefficients)

Moderately wasted

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11
Ages 5-9 0.960 ** 1.237 ** 1.246 ** 1.199 ** 1.243 ** 1.232 ** 1.250 ** 1.185 ** 1.160 ** 1.169 ** 1.003 **
0.110 0.164 0.165 0.168 0.166 0.165 0.164 0.226 0.226 0.255 0.244
Ages 10-14 1.834 * 2.066 ** 2.118 ** 2.011 ** 2.113 ** 2.135 ** 2.152 ** 2.067 ** 2.061 ** 2.096 ** 1.726 *
0.149 0.201 0.201 0.208 0.201 0.202 0.201 0.299 0.299 0.324 0.339
Girls aged 1-4 0.472 * 0.475 ** 0.491 ** 0.462 * 0.448 * 0.441 * 0.474 * 0.723 ** 0.599 ** 0.470 *
0.185 0.184 0.185 0.185 0.187 0.187 0.185 0.198 0.220 0.185
Girls aged 5-9 -0.101 -0.110 -0.107 -0.112 -0.099 -0.100 -0.093 0.159 0.241 0.101
0.151 0.151 0.150 0.151 0.151 0.151 0.150 0.165 0.186 0.167
Girls aged 10-14 -0.019 -0.028 -0.029 -0.013 0.000 -0.004 -0.010 0.262 0.341 -0.034
0.243 0.244 0.245 0.245 0.246 0.247 0.246 0.261 0.302 0.247
Mother has some education -0.422 ** -0.401 ** -0.427 ** -0.482 ** -0.460 ** -0.445 ** -0.447 ** -0.448 ** -0.412 **
0.130 0.131 0.129 0.113 0.113 0.115 0.116 0.117 0.114
Father has some education -0.262 * -0.275 * -0.254
0.133 0.134 0.133
Mother's age 0.099
0.057
MCH-FP area residence -0.178 -0.186 -0.180
0.110 0111 0.110
Household income (1000 taka units) -0.004 ** -0.004 ** -0.004 ** -0.004 ** -0.004 ** -0.004 **
0.001 0.001 0.001 0.001 0.001 0.001
Low maternal income contribution 0.333
0.180
Medium maternal income contribution 0.151
0.168
High maternal income contribution 0.016 -0.176 -0.171 -0.171 -0.174
0.168 0.122 0.124 0.123 0.122
Birth order * ages 1-4 0.030 0.010 0.039 0.037
0.043 0.044 0.050 0.043
Birth order * ages 5-9 0.047 0.030 0.028 0.077 *
0.034 0.036 0.039 0.037
Birth order * ages 10-14 0.053 0.030 -0.016 0.092
0.047 0.052 0.057 0.052
Girl with older sisters(s) -0.544 **
0.169
Boy with two older brothers 0.246
0.174
Second child with an older brother -0.124
0.165
Girls aged 1-4 with older sister(s) -0.432
0.313
Girls aged 5-9 with older sister(s) -0.744 ** -0.729 **
0.229 0.230
Girls aged 10-17 with older sister(s) -0.306
0.413
Boy aged 1-4 with 2+ older brothers -0.078
0.325
Boy aged 5-9 with 2+ older brothers 0.276
0.260
Boy aged 10-14 with 2+ older brothers 0.815 *
0.412
Second child aged 1-4 with an older brother -0.061
0.268
Second child aged 5-9 with an older brother -0.155
0.254
Second child aged 10-14 with an older brother -0.263
0.387
Number of younger siblings in the household 0.169 *
0.078
Constant -0.031 -0.254 * 0.117 -0.073 0.213 0.238 0.083 0.056 0.071 0.059 -0.026
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Table 6 (continued): Multinomial Logit Coefficients Describing the Effects of
Various Characteristics on the Log Odds of Severe Child Wasting (Compared to

Mildly wasted/Normal)

(Standard errors in italics under coefficients)

Severely wasted

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11
Ages 5-9 1.792 ** 2.023 ** 2.022 ** 1.969 ** 2.014 ** 2.006 ** 2.039 ** 2.482 ** 2.484 ** 2.489 ** 2.207 **
0.283 0.405 0.411 0.414 0.414 0.415 0.416 0.720 0.720 0.676 0.746
Ages 10-14 4.068 ** 3.917 ** 4.008 ** 3.887 ** 3.997 ** 4.036 ** 4.089 ** 5.123 ** 5.127 ** 5.296 ** 4.585 **
0.266 0.370 0.376 0.390 0.376 0.378 0.379 0.665 0.661 0.663 0.692
Girls aged 1-4 0.260 0.264 0.284 0.237 0.232 0.24 0.405 0.644 -0.117 0.4
0.469 0.470 0.470 0.469 0.470 0.469 0.487 0.497 0.545 0.486
Girls aged 5-9 -0.226 -0.242 -0.239 -0.243 -0.229 -0.217 -0.24 -0.022 -0.115 -0.056
0.290 0.298 0.298 0.300 0.302 0.300 0.300 0.342 0.416 0.322
Girls aged 10-14 0.500 * 0.476 0.475 0.506 * 0.521 * 0.537 * 0.506 * 0.764 ** 0.923 ** 0.472
0.253 0.258 0.258 0.256 0.256 0.257 0.258 0.282 0.319 0.260
Mother has some education -1.020 ** -0.997 ** -1.022 ** -1.075 ** -1.049 ** -1.034 * -1.041 ** -1.044 ** -0.993 **
0.196 0.197 0.196 0.178 0.178 0.182 0.181 0.180 0.182
Father has some education -0.330 -0.341 -0.324
0.189 0.190 0.189
Mother's age 0.112
0.084
MCH-FP area residence -0.349 * -0.347 * -0.346 *
0.169 0.169 0.168
Household income (1000 taka units) -0.007 ** -0.007 ** -0.007 ** -0.007 ** -0.007 ** -0.007 **
0.002 0.002 0.002 0.002 0.002 0.002
Low maternal income contribution 0.036
0.309
Medium maternal income contribution 0.002
0.308
High maternal income contribution -0.463 -0.496 ** -0.496 ** -0.485 ** -0.484 **
0.301 0.176 0.178 0.176 0.178
Birth order * ages 1-4 0.238 * 0.233 * 0.343 ** 0.248 *
0.117 0.118 0.127 0.117
Birth order * ages 5-9 0.146 * 0.144 * 0.184 ** 0.186 **
0.061 0.061 0.068 0.066
Birth order * ages 10-14 -0.01 -0.016 -0.079 0.051
0.052 0.059 0.062 0.057
Girl with older sisters(s) -0.506 *
0.234
Boy with two older brothers 0.201
0.253
Second child with an older brother 0.287
0.321
Girls aged 1-4 with older sister(s) 0.452
0.720
Girls aged 5-9 with older sister(s) -0.608 -0.73
0.445 0.413
Girls aged 10-17 with older sister(s) -0.378
0.431
Boy aged 1-4 with 2+ older brothers -0.919
0.761
Boy aged 5-9 with 2+ older brothers -0.082
0.486
Boy aged 10-14 with 2+ older brothers 0.923 *
0.444
Second child aged 1-4 with an older brother 0.763
0.759
Second child aged 5-9 with an older brother 0.817
0.675
Second child aged 10-14 with an older brother -0.089
0.399
Number of younger siblings in the household 0.253 **
0.098
Constant -2.722 ** -2.838 ** -2.203 ** -2.419 ** -2.02 ** -1.917 * -1.86 ** -3.011 ** -3.097 ** -3.206 ** -3.132 **
Log likelihood -3712.37 -3692.801 -3629.571 -3626.5 -3624.231 -3604.768 -3591.98 -3586.516 -3570.693 -3559.149 -3568.133
DF 4 10 14 16 16 16 22 22 28 40 26
Pseudo R squared 0.1051 0.1098 0.1251 0.1258 0.1264 0.1299 0.133 0.1343 0.1381 0.1409 0.1387

**Significant at .01, *Significant at.05
n=4249
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