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Abstract
  

Background: Bangladesh has been struggling to reduce the prevalence of childhood undernutrition, which impedes physical and
mental capability and accelerates morbidity and mortality. Objectives: The objective of the paper is to examine the changes over
time in the association between potential covariates and nutritional status of Bangladeshi children. Methods: The study combined
and analyzed data from six waves of Demographic and Health Surveys between 1997 and 2014. Multivariable binary logistic
regression models have been fitted to data from individual waves. Overall association has been investigated using forest plots, and
meta-regression has been utilized to assess the pace of change in the association over time. Results: Parental education and
place of residence showed a consistent association with nutritional status of children. Children from parents with no little education
were more likely to be undernourished than those from parents with secondary or higher level of education (odds ratio [OR] in 1997
= 3.34, 95% confidence interval [CI] = 2.65–4.22, OR in 2004 = 1.93, 95% CI = 1.58–2.37). On the other hand, gaps in the
association of wealth and childhood nutrition have been widening consistently so that in 2014 children from households from the
lowest 40% wealth category were 2.66 times (OR = 2.66, 95% CI = 2.13–3.33) as likely as to be undernourished than those from
upper 20%. Conclusions: The findings have policy implications in terms of developing programs directed to mothers with a
relatively poor socioeconomic background. A specific example would be providing nutritional education in relation to importance of
childhood nutrition or cheaper nutritious food. 
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Full Text

  
 
 

 Introduction
 
 
Undernourished children are more likely to suffer from diseases, die at a young age, or achieve lower mental capability throughout
their lives. In 2011, one-third of 6.9 million preschooler deaths worldwide were due to malnutrition-related illnesses.[1] Poor
nutritional status results in cognitive deficits linked to structural abnormalities of different parts of the brain,[2],[3] and consequently,
such children perform worse in school.[4],[5] Despite advances in child health, undernutrition-related morbidity and mortality still
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remain a major public health challenge in developing countries.[6],[7]
  

Bangladesh has already achieved or is close to achieving the millennium development goals (MDG) in terms of under-five
mortality, child immunization, school enrollment, and use of improved water and sanitation. However, with its very low reduction
rate (1.27%/year) in childhood malnutrition, the country has been struggling to achieve the target for nutritional level of children set
in the MDG.[8]

  
In developing countries, the socioeconomic background of parents has been found to influence the nutritional status of children
significantly. Higher rates of stunting were reported among rural children in Nigeria and Iran;[9],[10] however, such differences were
not obvious in Bangladesh or Nepal.[11] Importantly, rapid urbanization has been shown to cause increased urban poverty resulting
in growing childhood undernutrition in the urban areas of Bangladesh.[12],[13] Children from richer families receive better food,
care, and access to health facilities, leading to relatively better nutrition than those from poorer families.[13] Studies in the South
Asian context documented increased risk for undernutrition for higher ordered births.[14] Nutrition status of Bangladeshi mothers
as measured by body mass index (BMI) has shown significant positive association on the nutritional status of their children.[15],[16]

  
Parental educational attainment is strongly associated with nutrition status of their children and this association may be even more
effective if nutrition-sensitive programs are introduced into school curricula.[17],[18] Well-planned campaigns through mass media
can produce awareness regarding positive health-related behavioral changes across populations.[19] In Bangladesh and
Indonesia, a mother's membership of micro-credit organization has shown significant association on health and nutrition of their
children.[20],[21]

  
Characteristics of children also determine their nutritional status. Compared to infants, higher malnutrition rates have been
observed in older children.[22],[23] Gender discrepancy in childhood malnutrition is also not uncommon in South Asia and sub-
Saharan Africa.[24],[25] Although the incidence of morbidity showed consistent association with the prevalence of undernutrition of
children, the relationship works in both directions.[22],[23] Bangladesh has been achieving significant economic growth resulting in
a doubling of her per capita gross domestic product as well as a reduction in the proportion of the population below the poverty line
by 17.5% in the recent decades.[26] Rapid development of social capital in contemporary Bangladesh has resulted in wider access
to hygienic sanitation and safe drinking water. These positive changes are expected to reduce the overall prevalence of childhood
undernutrition in the country. Furthermore, the abovementioned positive changes would minimize the gaps in the prevalence of
childhood undernutrition among various socioeconomic subgroups. Studying and comparing information from multiple surveys (in
the same country) over years, rather than a single survey, would help investigating the changes in such gaps over time.

  
In this research, children below − 2 standard deviations (SDs) of the reference population mean height-for-age are categorized as
undernourished. This paper aims to examine the change over time in the association between socioeconomic background and
nutritional status of children in Bangladesh. To achieve the aim, three objectives were set as follows: (1) to investigate the overall
prevalence of undernutrition in Bangladeshi children below the age of 5 years at various time points, (2) to investigate the
association of household, parent, and child characteristics with childhood undernutrition, and (3) to investigate changes over time
in the direction and magnitude in the association. This study will have implications in deciding upon whether the changes in the
predictor variables (happening over time) have been associated with a significant reduction in childhood undernutrition, and
whether special intervention is required for specific subgroups.

  

 Materials and Methods
 
 
The data

  
The study utilized cross-sectional and nationally representative Bangladesh Demographic and Health Survey datasets. The
surveys adopted multistage cluster sampling techniques to achieve nationally representative samples of ever-married women.
Details of the sampling technique can be accessed in reports on respective surveys (http://dhsprogram.com/pubs/). For the
sampled women, anthropometric information was recorded for living children aged below 5 years at the time of the surveys:
between 4.9% and 9.2% of the children ever born to the sampled women had died before the age of five. The height and weight
were measured except for those children who were not at home at the time of survey. Between 5.1% and 12.1% of children ever
born were not at home at the time of the survey. Using height and weight, the height-for-age and weight-for-height Z-scores were
calculated. Any implausibly low or high score was not reported in the published dataset, which accounts for another 1.9% to 5.9%
of children ever born. The first-wave survey (1993–1994) was excluded from the analysis due to unavailability of anthropometric
measurements of children. Finally, the analysis was conducted using complete and plausible (as described above) information from
36,252 children (4787 from 1997; 5419 from 2000; 5977 from 2004; 5217 from 2007; 7689 from 2011; and 7162 from 2014).

  
Dependent variable

  
Taking age and sex into consideration, the height and weight were converted into Z-scores based on the National Centre for Health
Statistics reference population recommended by the World Health Organization. As described in the Introduction, children below –
2SDs of the reference population mean for height-for-age were considered as undernourished. Considering the fact that stunting is
less affected than wasting by seasonal variations,[27] the current study defined childhood undernutrition on the basis of stunting.
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Predictors (independent variables)

  
Variables related to the background of children, their parents, and the households they belong to were considered as possible
predictors. Children were categorized as aged 0–11 months, 12–23 months, and 24–59 months, and as male or female. Finally, the
children were categorized as those suffering or not suffering from at least one of three disease episodes in the last two weeks
(short-rapid breath, diarrhea, and associated symptoms). The variable parental education was categorized as those with “no-little”
(at best only one parent has completed primary), “primary” (both completed primary or one incomplete primary and other
secondary or higher), and “secondary” (otherwise) education. Mother's exposure to media (radio, television, or newspaper) was
considered as a dichotomous variable with the levels of “having” or “not having” access to any of these media. Due to unavailability
of information regarding respondents' engagement with social media, the variable, exposure to media, did not take this specific
media exposure into consideration. Membership status of women with any microcredit organizations (yes or no) was also recorded.
Mothers were categorized as malnourished (BMI <18.5) and nourished (BMI >=18.5) to assess the association of a mother's
nutrition status on the nutritional status of their children. Birth order of the children was considered in the study with two categories
(1–2 and 3+). Based on scores obtained from principal component analysis, the study categorized households into lowest (lowest
40%), middle (next 40%), and upper (upper 20%) wealth groups (see other applications of this scoring [28],[29]).

  
Bivariate analysis

  
The dependent variable (stunting) considered in the study is dichotomous with levels nourished and undernourished. The predictor
variables are also categorical. Bivariate Chi-square analyses were therefore carried out to investigate and compare the prevalence
of undernutrition among the levels of predictors one at a time.

  
Multivariable logistic regression

  
Multivariable logistic regression models were fitted to assess the association of selected predictors with childhood nutrition.
Separate models were fitted to the data from individual surveys, maintaining the same set of predictor variables each time.

  
Meta-analysis

  
A meta-analysis [30] was utilized to combine the effects from individual surveys. Using meta-analysis, the odds ratios (ORs) of
undernutrition from individual studies were combined through a weighted average. The effects from individual studies along with
the combined effect are represented by forest plots and the QE test of heterogeneity with associated P value. A small P value in
the QE test (P < 0.05) indicates significant heterogeneity in the study effects. In such situations, meta-regression [31] can be used
to explain heterogeneity in the effect sizes and confidence intervals (CIs) in terms of study characteristics, such as year.
Considering the heterogeneity in the study effects, meta-regression is conducted to examine any changes in the association over
time due to a particular predictor. The statistical analysis on the data was carried out using version 20.0 of SPSS software (IBM
Corp, Armonk, NY, USA)[32] and the Rmeta package [33] of the open source statistical software R (R Foundation for Statistical
Computing, Vienna, Austria).[34]

  

 Results
 
 
In this section, we discuss the results of the bivariate analysis of each variable against the outcome at each time point, the multiple
logistic regression analyses and forest plots at each time point, and the meta-regression combining results from all time points.

  
Bivariate analysis

  
Consistent reduction in undernutrition has been observed over time (from 54.6% in 1997 to 29.1% in 2014). Except for gender of
child and membership status of mother of micro-credit organizations, all other variables considered in the study showed consistent
and significant association on childhood undernutrition [Table 1]. For children aged between 0 and 11 months, the percentage
dropped from 22.7 in 1997 to 10.6 in 2014; whereas, for children aged between 24 and 49 months, the percentages were 63.5 and
33.0, respectively. In 1997, the percentages of undernourished children from three educational levels of parents (no-little, primary,
and secondary educations) were 60.6, 41.0, and 26.3, respectively; those reduced to 38.6, 27.1, and 14.6, respectively, in 2014.
The difference in the percentages of undernourished children from households with lowest and upper wealth groups became 22.8
in 2014 from 10.7 in 1997. Higher percentages of undernourished children were also reported in rural areas (56.2% in 1997–30.4%
in 2014) than in urban areas (39.3% in 1997–25.0% in 2014).{Table 1}

  
Multivariable logistic regression

  
Children in the age groups of 12–23 months and 24–59 months possessed significantly higher adjusted odds of undernutrition with
respect to those from the reference category (aged 0–11 months) [Table 2]. The odds of undernutrition for children from parents
with no-little education with respect to those from parents with secondary education dropped significantly during 1997–2004 and
then increased till the latest survey in 2014. With respect to children from secondary educated parents, those from parents with
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primary education were significantly more likely to be undernourished and the association was consistent over time. Nutritional
status of a mother and her children were positively associated; children from undernourished mothers were 1.15 (95% CI = 1.03–
1.30) to 1.42 (95% CI = 1.27–1.59) times as likely to be undernourished as those from nourished mothers. The hypothesis that
membership of mothers of micro-credit organizations helps improve the nutritional status of their children was not supported by the
study. In 1997, children living in rural areas were more likely (OR = 1.21; 95% CI = 0.95–1.53) to be undernourished than those
residing at urban areas; however, the relationship reversed from 2004. Children from households with lowest wealth were more (in
1997, OR = 1.21; 95% CI = 1.01–1.46) likely to be undernourished than those from households in the higher wealth categories (OR
= 2.66; 95% CI = 2.13–3.33 in 2014).{Table 2}

  
Meta-analysis using forest plots

  
The forest plots representing the ORs for educational attainment of parents, place of residence, and wealth status of households
are presented in [Figure 1]. According to the combined association, children from the parents with no-little education were more
likely (OR = 2.19; 95% CI = 1.99–2.64) to be undernourished than those from parents with secondary education. Children from
households with lowest wealth category were more likely (OR = 1.87; 95% CI = 1.52–2.31) to be undernourished than those from
households with upper wealth category. Children from rural settings were less likely (OR = 0.93; 95% CI = 0.83–1.03) to be
undernourished than those from urban settings. However, the QE test indicated significant heterogeneity in the study effects, and
hence, the combined effects do not provide a representation of individual ORs.{Figure 1}

  
Meta-regression

  
Three separate meta-regressions are reported that investigate the effect of time (year) on the OR of undernutrition relating to
children from (i) parents with no-little versus secondary or higher educational status, (ii) urban versus rural residence, and (iii)
lowest versus upper wealth category [right panels of [Figure 1]. The result indicates that the gaps in the odds of undernutrition
among children from parents with no-little versus secondary or higher educational status are reducing over time; however, the pace
of change is not statistically significant ([INSDE:1]). A negative and statistically significant change in ORs for undernutrition over
time was observed for children from rural areas compared to those residing in urban areas ([INSDE:2]). Finally, a significant
positive change in the odds of undernutrition for children from households with lowest wealth category compared to those from
households with upper wealth category was evident from the meta-regression analysis ([INSDE:3]).

  

 Discussion
 
 
Older children possessed significantly higher risk of undernutrition than the younger. The result is supported by findings [22],[23]
which showed that due to improper feeding practices, prevalence of undernutrition was higher in older children. Children from
these older age categories need special attention, as they consistently possess higher risk of being undernourished with no
improvements over time. Although the incidence of morbidity consistently showed significant association with the prevalence of
childhood undernutrition, the association has been seen to work in both directions.[23] Female children were more likely to suffer
from undernutrition than males and sex discrimination in childhood undernutrition was increasing in more recent waves of surveys.

  
By using household resources efficiently and providing better health care, educated parents contribute positively to maintaining
better nutrition to their children. This result mirrors other research showing that children from parents with no-little education were
significantly more undernourished than the children whose parents have secondary or higher level of education.[17] In the recent
years, the odds of undernutrition for children whose parents have no-little education have diminished. These findings suggest that
parents with low level of education are being better informed, leading to increase of their awareness about nutritional issues
affecting their children. However, children with parents having primary level of education did not experience any reduction in
nutritional level. The policy implications emerging from these findings would be to include nutritional aspects into the school
curricula toward making nutritionally conscious parents. One study [11] found no difference in child nutrition in urban and rural
areas of Bangladesh and Nepal. However, the current study showed that, from 2004, the urban children were more likely to be
undernourished than those from rural areas. The fact is supported by others,[13] who concluded that rapid urbanization may
increase urban poverty which leads to extremely poor quality of life in urban slums, resulting in increased child undernutrition in
urban areas.

  
This research hypothesized that with decreasing percentages of people below the poverty line in contemporary Bangladesh, the
gaps in childhood undernutrition among the wealth categories should reduce over time. In fact, this hypothesis has not been
supported in terms of reduction of child undernutrition over time. This suggests that the observed decrease in the percentage of the
Bangladeshi population below the poverty line has not changed the size of the differences in proportion of malnourished children
between the lowest and upper wealth categories. The reasons for this state of affairs are unknown, which should be subject to
further research.

  
Media has been found to play a critical role in enhancing social awareness among parents about nutritional information.[19]
However, the association between exposure to media of a mother and nutritional status of her children was not found to be
consistent over time. Undernourished mothers (BMI <18.5) are more likely to suffer from noncommunicable diseases and may fail
to provide sufficient feeding and care to their children.[35] The result is supported by the current study where children of



6/27/2018 Dynamics in child undernutrition in Bangladesh: Evidence from nationally representative surveys between 1997 and 2014 :Md Masu…

http://www.ijph.in/printarticle.asp?issn=0019-557X;year=2018;volume=62;issue=2;spage=82;epage=88;aulast=Hasan 5/6

undernourished mother were more likely to suffer from undernutrition, and this association was increasing in the recent years.[16]
  

 Conclusions
 
 
This study was based on well-recognized, population-based, large-scale repeated surveys in Bangladesh. This study compared the
association of predictors with undernutrition over regularly spaced multiple surveys to achieve a rich picture. Stunting was used as
the main vehicle to characterize undernutrition.

  
The widening gaps in child nutrition among the children from households in various wealth categories indicate that the pace of
improvement in nutritional level for children in the lowest wealth category was slower than the pace of improvement in nutritional
level for those from upper wealth category. There should be specific plans to address this challenging and strategically important
issue of national significance. More specifically, intensive collaborative programs initiated and implemented under the Bangladesh
Government's public–private partnership program could help reduce this gap in nutritional achievements in contemporary
Bangladesh.

  
The direction in the association of urban–rural residence on child undernutrition has reversed, and since 2004, rural children are
performing better than their urban counterparts. This may be due to rapid urbanization which resulted in an urban population
increase from 9.4% in 1997 to 22.1% in 2011. This population increase resulted from expansion of urban regions, as well as
migration from rural areas. Appropriate programs aimed at increasing the nutrition level of children should be introduced in the
newly developed urban areas and existing urban slums. Finally, programs need to be developed to ensure nutritional levels of
mothers, who are instrumental in developing healthy children who would enter the workforce as able-bodied persons. These
programs may be helpful to break the intergenerational cycle of malnutrition.

  
Limitations and future research

  
There are a couple of limitations of this research that will be noted here. The study was based on cross-sectional surveys and as
such no direct trend analysis is possible, only the examination of changes over time was conducted here. Furthermore, any
seasonal variation in the prevalence of undernutrition was not captured. In addition, some possible important predictors, such as
food security and income of the household members, are missing in the analysis because the 1997 dataset does not have any
provision for the above variables.

  
Future research can consider the possible seasonal variations in the pervasiveness of malnutrition toward overcoming
uncertainties in nutritional estimates in Bangladeshi children. Furthermore, the percentage of missing data in the surveys varies
from year to year. Future research can impute missing data or otherwise account for missing observations to test for the sensitivity
of these results to missing observations.
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