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REVIEW

The intensity of child malnutrition in developing countries is severe, especially in South Asia.
Bangladesh and India, two developing countries of South Asia, suffers from high child
malnutrition. To reduce the high rate of child malnutrition, it is very important to calculate
the rates of malnutrition precisely. Although a number of studies in both Bangladesh and
India has been conducted separately to determine the prevalence of child malnutrition, no
systematic review and meta-analysis was performed. This study aims to estimate the
prevalence of stunting, wasting, and underweight for under-five years children of Bangladesh
and India through systematic review and meta-analysis. Our findings reveal that the pooled
estimates of stunting and underweight are above the WHO set threshold points, while the
pooled estimate of wasting is just below the threshold point for Bangladesh. On the other
hand, the pooled estimates of all of these indicators are above the cut-off points for India,
indicating the existence of “very high” prevalence of child malnutrition in the country.
Through meta-regression, several risk factors are also found significant which are responsible
for high prevalence rates of child malnutrition in these two countries.
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Introduction

Malnutrition in children is common globally and may result in both short and long term irreversible
negative health outcomes. Malnutrition may be defined as a pathological state resulting from
inadequate nutrition, including under-nutrition (protein-energy malnutrition) due to insufficient
intake of energy and other nutrients; over-nutrition (overweight and obesity) due to excessive
consumption of energy and other nutrients; deficiency diseases due to insufficient intake of one or
more specific nutrients such as vitamins or mineralsl. Nearly half of all deaths in children under 5
are attributable to under-nutrition; under-nutrition puts children at greater risk of dying from
common infections, increases the frequency and severity of such infections, and delays recovery.
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Malnutrition in the early stage of life has adverse impacts on the health and intellectual
development of children, which in turn affects productivity and health status in adulthood 2.

The burden of malnutrition is much higher in South Asia compared to that of Africa and other parts
of the world 3. Bangladesh and India are two countries in South Asia where the rate of child
malnutrition is very high. According to Deolalikar 4, child malnutrition is pervasive in Bangladesh,
where nearly one-half of children below the age of six years are underweight or stunted, and nearly
one-fifth are severely underweight or stunted. Das and Rahman5mentioned child malnutrition as an
underlying cause of child morbidity and mortality in Bangladesh. They determined the age of the
child, birth interval, mother’s education, maternal nutrition, household wealth status, child feeding
index, and incidence of fever, acute respiratory infection (ARI) and diarrhoea as significant
predictors of child malnutrition.

Chowdhury et al.6 conducted a multilevel analysis that included 7568 children less than 5 years of
age in Bangladesh. They found that the prevalence of stunting, wasting, and being underweight in
the nationally representative sample was 41.3%, 15.5%, and 36.2%, respectively. Rayhan and Khan
7 carried out a study that investigated the differential impact of some demographic, socioeconomic,
environmental and health related factors on nutrition status among under five years children in
Bangladesh using Bangladesh Demographic and Health Survey 1999-2000 data. The analysis
revealed that 45% of the children under five, were suffering from chronic malnutrition and 10.5%
were acutely malnourished and 48% had underweight problem. Previous birth interval, size at
birth, mother’s BMI and parent’s education were marked as main contributing factors.

Despite a fast-growing economy, India has severe child malnutrition. According to Mazumdar§,
about 48% of children under the age of five in India are stunted. Nearly 43% of the children are
found to be underweight, while about a fifth (20%) are wasted. Further, nearly a quarter of the
children are severely stunted and about 16% are severely underweight. Sarkar and Haldar9 used
descriptive analyses and regression analyses to explore the determinants of child malnutrition from
National Family Household Survey-III, 2005-06 data on around 38,000 children from all parts of
India. Descriptive results indicated that 48.0%, 42.5% and 20.89% of the sample children under five
were stunted, underweight and wasted, respectively. Regression analyses showed that the
significant determinants of malnutrition are age and birth history of the child, mother’s education,
mother’s underweight, wealth of the households, household size and presence of toilets in the
households. Pathak and Singh10 examined the trends and patterns of economic inequalities with
respect to child malnutrition by wealth status of the population across major regions and states of
India. They reported that the burden of malnutrition was disproportionately concentrated among
poor children. In addition, the average decline in malnutrition concealed large economic disparities
across space and time.

To reduce the high rate of malnutrition, it is very important to calculate the rates of malnutrition
precisely. Although a number of studies in both Bangladesh and India have been conducted
separately to determine the prevalence of child malnutrition, no systematic review and meta-
analysis was performed. This study aims to estimate the prevalence of stunting, wasting and being
underweight for under-five year children of Bangladesh and India through systematic review and
meta-analysis. A meta-analysis of malnutrition data may help public health researchers and
policymakers to re-think about or re-design their research pathways and policies to reduce
malnutrition.

Materials and methods
Meta-analysis
Meta-analysis may be broadly defined as the quantitative review and synthesis of the results of

related but independent studies. There are different legitimate objectives for a meta-analysis: to
improve statistical power to detect a treatment effect, to estimate a summary average effect, to

2/14



South East Asia Journal of Public Health
Volume 12, Issue 1; 2022

identify subsets of studies (sub-groups) associated with a beneficial effect, and to explore if there
are differences in the size or direction of the treatment effect associated with study-specific
variables 11.

In a meta-analysis, the effect size is a quantitative measure that reflects the magnitude of the
treatment effect or the strength of the relationship between two variables on a numeric scale. In
this analysis, prevalence will be used as the effect size. Prevalence is the proportion of persons in a
population having a particular disease or attribute which follows a binomial distribution. If we
denote the prevalence of i’th study by p; and the population size by N;, then the variance for p;is

Var(p; )=(p; (1-p))/N; .

One of our objectives in meta-analysis is to establish a pooled estimate of the effect size. A
weighted average of results from various studies obtains the pooled estimate. We use precision or
inverse variance as the study weight to give more weight to studies with large sample sizes. If the
pooled estimate is denoted by P, then the pooled estimate can be quantified as

P=(3i piWi/(Zi Wh),
where Wi is the weight for study i. The standard error of pooled estimate is
SE(P)=V(1/(C; W)

Clopper-Pearson interval will be used to estimate the confidence interval for all the proportions.

Transformation

When we are undergoing a meta-analysis of prevalence, we need to consider transforming the
effect sizes because of two reasons. Firstly, if the pooled prevalence is near 0 or 1, then the
confidence interval of the pooled estimate may have a confidence limit outside the range [0,1].
Secondly, to stabilize the variance. Generally, two procedures are used for transforming the
prevalence: i) Logit Transformation and ii) Freeman-Tukey Double Arcsine Transformation. The
logit transformation does not really stabilize the variance. It only stops the pooled CI from
exceeding [0,1]. The double arcsine transformation stabilizes the variance and stops the pooled CI
from exceeding [0,1]. Hence, we will prefer Freeman-Tukey double arcsine transformation over the
logit transformation.

Choice of Model

There are mainly two statistical models for meta-analysis, the fixed-effect model and the random-
effect model. Under the fixed-effect model, we assume that there is one true effect size that
underlies all the studies in the analysis and that all differences in observed effects are due to
sampling error. By contrast, under the random-effects model, we allow that the true effect could
vary from study to study. In the fixed-effect model, we make inference about the population that
has been sampled. On the other hand, in the random effect model, inferences are to be generalized
to a population in which the studies are permitted to have different effects and different
characteristics.

In the fixed effect model, the observed effect size p;is given by population mean plus the sampling
error in that study. That is, p;= T + ¢;. The weight assigned to each study in fixed-effect model
assumption is

Wi=1/(Var(p)),

where Var(p;) is the within-study variance in study i. The fixed-effect pooled estimate can be
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computed by

Privea =i Wi p)/ (2 W))

The variance of this pooled estimate is

Var(P)rixea =1/(3; Wi)

On the contrary, in the random effect model, the observed effect p; for any study is given by the
grand mean, the deviation of the study’s true effect from the grand mean, and the deviation of the
study’s observed effect from the study’s true effect. That is, p;=0+¢;+¢;. The weight assigned to
each study in the random-effect model

W,"=1/(Var" (p;)

where is the within-study variance for study i plus the between-studies variance, t. That is,Var*
(p)= Var(p; ) + . The random-effect pooled estimate can be computed by

Prandom =i Wi* pi)/(Z; Wi*)
The variance of this pooled estimate is given by
var(P)Random = 1/(21 Wi*)

The parameter T° is unknown. One way to estimate T2 is the method of moments (or the
DerSimonian and Laird method) as follows.

?=(Q-df)/C

Here,

(Q=S=1) Wi p*-(Sg=1) Wi p1 )/(S(i= 1) W;, C=SW-(SW*)/(SWi,

df=k-1, where k is the number of studies.

Heterogeneity

Heterogeneity in meta-analysis refers to the variation in study outcomes between studies. To find
out whether the fixed-effect assumption or the random-effect assumption is more accurate for our
analysis, we need to identify and measure if there is heterogeneity between the studies. One in any
study way to do this is to perform a Cochran’s Q test

Hy : o=m = o, = - - - = magainst

H;: At least one m;is different.

First we compute the test statistic,

Q=3=1)" Wi (pi-P_Fixed)”

An equivalent formula, useful for computations is,

Q=S ety Wi Doy W b )YCcn) Wi

Under H,, for large sample size, Q~X2(k-1)- If is greater than the 100(1 — «) percentile of the
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¥*1 distribution, then the hypothesis of equal effect size, H,, would be rejected and a random-effect
model would be chosen. If we cannot reject Hy, we would conclude that k studies share a common
effect size and assert that the amount of between-study variation is small. A fixed-effect model
would be preferable in such a scenario. I* statistic allows us to measure heterogeneity independent
of scale. Higgins et al.12proposed using the statistic, which gives a proportion of the observed
variance that reflects real differences in effect size. It is computed as

I*=((Q-df)/Q)x100%
It can also be written as
I?=( Variancey,, / Variance,y, )X 100%=(t"~2/(t~2+V P ))x100%

The scale of has a range of 0-100%, regardless of the scale used for the meta-analysis itself.
Higgins et al.12provide some tentative benchmarks for I°. They suggest that values on the order of
25%, 50%, and 75% might be considered as low, moderate and high, respectively. It is important to
understand the difference between the two statistics "% and I°. The statistic T *reflects the amount
of true heterogeneity (the variance or the standard deviation) while Ireflects the proportion of
observed dispersion that is due to this heterogeneity.

Subgroup Analysis

Meta-analysis can be used to compare the mean effect for different subgroups of studies. In
subgroup analysis, we compute the mean effect and variance for each subgroup and compare the
mean effect across subgroups either by a Z-test or by a Q-test based on the analysis of variance.
When there are only two subgroups, we can work directly with the mean difference in effect sizes.
Let A and B be to subgroups, m, and g be the true effect size of subgroup A and subgroup B,
respectively. Also, let P, and Pgbe the estimated effects with variances Var(P,) and Var(Pg),
respectively. We define

Diff= Pg— P,.

Then the test statistic can be written as
Zpigr=Diff/SEpjfr

where,

SEpi =V(Var(P, )+Var(Pg)

Under the null hypothesis, the true effect size mr is the same for both groups, H: my= mg. For a two-
tailed test, the p-value is given by p-value = 2[1 — (®(|Z]))], where ®(]|Z]) is the standard normal
cumulative distribution.

When we compare means in more than two groups, we use analysis of variance. In this method, we
partition the total variance into variance within groups and variance between groups. Analysis of
variance is also similar for meta-analysis except that the means are based on studies rather than
subjects. Let, Q;be the weighted sum of squares (SS) of all studies in subgroup J about the mean
effect size of subgroup J, Q,ininbe the weighted within SS, Qp.weenbe the weighted between SS, Q
be the weighted SS of all effects about the grand mean. If we have k subgroups, then

k
Quwithin =2(j=1) Qj: and Qpetween =Q-Quwithin

Each Q follows a y* distribution with degrees of freedom one less than the number of studies
considered in that sum of square. So, we can check the significance by comparing each Q with the
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100(1 a) percentile of the y* distribution. If the weighted within SS, Qpetween is Significant. We say at
least one subgroup has a significantly different effect size.

Meta-Regression

Meta-regression is a tool used in meta-analysis to examine the impact of moderator variables on
study effect size using regression-based techniques. The test of significance of any regression
coefficient 8 can be done using a Z-test.

Under the null hypothesis that the coefficient is zero, Z would follow the normal distribution. In
conventional regression, R? is a popular statistical measure to quantify the goodness of fit of a
regression model. As this measure is commonly used and many researchers know how to interpret
it, we can also calculate an R? analogous for meta-regression using the formula

R’= (T2 explained)/(T2 total)
Or, equivalently

R*=1- ( (Tzunexplained)/(T2 total)

Meta-regression may be performed under the fixed-effect or the random-effects model, but in most
cases, a random-effects model is appropriate.

Results and Discussion
Searching Strategies and Inclusion/Exclusion Criteria for Studies

The search process was started to find published articles regarding the prevalence of malnutrition
in children under the age of five in Bangladesh and India from 2001 to 2019 using databases
PubMed and Google Scholar. The keywords used to search articles were: child, malnutrition, India,
Bangladesh and all possible combinations. Boolean operators (and, or) were used to combine
words. Three levels of screening were performed. The first and second rounds of screening were
based on titles and abstracts only, while the third round consisted of a review of full text articles.

The inclusion criteria of a study to be reviewed were: i) study population must belong to
Bangladesh or India, ii) studies must be either cohort, case-control, or cross-sectional, iii) studies
must report information to compute effect sizes. On the contrary, the exclusion criteria were: i) lack
of reference to the prevalence of malnutrition, ii) articles that do not follow our age criteria, iii) lack
of access to the full text of articles, iv) non-relevance of subject matter and low quality of articles, v)
lack of knowledge of sample size, and vi) written in another language than English. Articles that
fulfill our criteria and do not have reason to be excluded were included in the meta-analysis.

A total of 174 articles were found by searching keywords in databases (PubMed and Google
Scholar). Additional 23 articles were included in reference list of the articles. After screening the
title and abstract, and also duplication and unavailability of studies, 176 studies were excluded. Six
more studies were excluded due to meeting one or more criteria of exclusion. Finally, Data were
extracted from a total of 15 articles 4-6,8,9,13-22. Figure lillustrates the inclusion and exclusion
criteria for the available studies. Information from 15 articles was used for a pooled estimate of the
prevalence of stunting, whereas for pooled estimates of the prevalence of wasting and underweight,
extracted data from 13 articles were used.
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174 articles were obtained as a
result of searching in databases.

23 articles were identified as the
- result of the search in the reference
list of the articles.

y

A total of 197 articles were
identified and screened.

176 articles were excluded based
o] on title and abstract evaluation,
dupliation or unavailability.

|
The full text of 21 articles were
reviewed.
d 6 articles were excluded for meeting
at least one exclusion criteria.
|4

Finally 15 articles with desirable
quality were used for meta analysis.
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Figure 1. Flowchart for the inclusion of articles in the meta-analysis
Data Extraction

The following data were extracted for all studies: first author’s name, year of publication, year of
study, study location, study design, overall sample size, number of children stunted, number of
children wasted, and number of underweight children. Equivalent data were also extracted for
every level of the risk factors gender, mother’s educational background, economic status, and place
of residence. For measuring overall prevalence, we considered anthropometric indices: i) Height-
for-age (HAZ), ii) Weight-for-height (WHZ), and iii) Weight-for-age (WAZ) Z-scores. Each of these
three indices provides different information about the growth and body composition that can be
used to assess nutritional status. Children were respectively classified as stunted, wasted, or
underweight if HAZ, WHZ and WAZ were below -2.00, according to World Health Organization
(WHO). The indices are expressed as the number of standard deviation (SD) units (Z-score) from
the median of the reference population for which the 2006 WHO Child Growth Standards were
calculated 23. Growth Standards are based on an international sample of ethnically, culturally, and
genetically diverse healthy children living under optimum conditions that are appropriate for
achieving a child’s growth potential.

Pooled Prevalence and Meta-Regression for Stunting, Wasting, and
Underweight

For an overall estimate of the prevalence of stunting, wasting, and being underweight for children
under 5 years, we considered two countries, Bangladesh and India, each as a subgroup. The forest
plots for pooled estimates of these three indicators of malnutrition are shown in Figure 2-4. From
the forest plot in Figure 2, we see that the pooled estimate of the prevalence of stunting for
Bangladesh is 0.40[0.38,0.42], and for India is 0.49[0.48,0.50]. That is, about 40% and 49% of
children under five years old are suffering from stunting in Bangladesh and India, respectively. For
the test of heterogeneity between the two subgroups Bangladesh and India, the value of the test
statistic is 58.78 with df=1 and p-value < 0.05. Therefore, the pooled estimates of the two
subgroups are significantly different.
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Figure 2. Forest plot for overall prevalence of stunting

The forest plot for the overall prevalence of wasting is shown in Figure 3. For wasting, the pooled
estimate of prevalence for Bangladesh is found to be 0.14[0.13,0.16], while it is 0.21[0.20,0.22] for
India. Hence, about 14% and 21% of children under five years old are suffering from wasting in
Bangladesh and India, respectively. The overall estimate of the prevalence of underweight for
children under 5 years is 0.40[0.35,0.45] for Bangladesh and 0.44[0.42,0.45] for India (see Figure
4). The test of heterogeneity between the two subgroups Bangladesh and India reveals that the
subgroups are significantly different (test statistic=47.96, df=1 and p-value < 0.05) for the
response variable wasting while it is not significant for the response variable underweight (test
statistic=2.17, df=1 and p-value-0.14).
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Figure 3. Forest plot for overall prevalence of wasting
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Figure 4. Forest plot for overall prevalence of underweight

We considered gender, place of residence, mother’s education and economic status as explanatory
variables for meta-regression. For each explanatory variable, a separate meta-regression was
conducted to control the effect of the country. The levels male, urban, no education and poorest
were the reference categories for the variables gender, place of residence, mother’s education and
economic status, respectively. Table 1 exhibits that the risk factors- a place of residence, mother’s
education and economic status are significant for the prevalence of stunting, wasting and being
underweight.
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Covariate | Model Stunting Wasting Underweight
Co effs P-value 95% CI Co effs P-value 95% CI Co effs P-value 95% CI
Gender Intercept | 0.405 <0.05 (0.392, 0.152 <0.05 (0.135, 0.385 <0.05 (0.340,
0.418) 0.169) 0.430)
Country | 0.067 <0.05 (0.052, 0.050 <0.05 (0.030, 0.031 0.403 (-0.042,
0.081) 0.070) 0.104)
Female 0.008 0.278 (-0.006, 0.001 0.923 (-0.019, 0.028 0.363 (-0.032,
0.023) 0.021) 0.088)
Place of | Intercept [ 0.350 <0.05 (0.323, 0.126 <0.05 (0.107, 0.326 <0.05 (0.277,
residence 0.377) 0.144) 0.376)
Country | 0.059 <0.05 (0.012, 0.048 <0.05 (0.027, 0.014 0.754 (-0.071,
0.106) 0.068) 0.098)
Rural 0.069 <0.05 (0.035, 0.035 <0.05 (0.014, 0.104 <0.05 (0.038,
0.104) 0.055) 0.169)
Mother’s | Intercept | 0.507 <0.05 (0.475, 0.180 <0.05 (0.160, 0.504 <0.05 (0.481,
Education 0.538) 0.200) 0.528)
Country | 0.046 <0.05 (0.000, 0.041 <0.05 (0.018, 0.015 0.297 (-0.013,
0.092) 0.064) 0.043)
Primary |-0.056 <0.05 (-0.099, -0.007 0.631 (-0.033, -0.073 <0.05 (-0.105,
-0.013) 0.020) -0.042)
Secondar | -0.187 <0.05 (-0.230, -0.061 <0.05 (-0.089, -0.257 <0.05 (-0.290,
y or -0.143) -0.033) -0.224)
higher
Economic | Intercept | 0.527 <0.05 (0.507, 0.211 <0.05 (0.193, 34.27 <0.05 (0.480,
Status 0.547) 0.228) 0.538)
Country | 0.062 <0.05 (0.043, 0.033 <0.05 (0.018, 0.046 <0.05 (0.020,
0.080) 0.049) 0.072)
Poor -0.055 <0.05 (-0.083, -0.027 <0.05 (-0.045, -0.068 <0.05 (-0.108,
-0.027) -0.009) -0.027)
Middle -0.121 <0.05 (-0.148, -0.051 <0.05 (-0.070, -0.154 <0.05 (-0.192,
income -0.094) -0.033) -0.116)
Rich -0.167 <0.05 (-0.195, -0.076 <0.05 (-0.095, -0.215 <0.05 (-0.256,
-0.138) -0.058) -0.175)
Richest -0.302 <0.05 (-0.330, -0.109 <0.05 (-0.129, -0.326 <0.05 (-0.367,
-0.273) -0.089) -0.285)

Table 1. Results of meta-regression for stunting, wasting and underweight.

Conclusion

In this study, we have attempted to estimate the prevalence of stunting, wasting and underweight
of under-five year children precisely by conducting a meta-analysis. We have calculated these
estimates for two subgroups Bangladesh and India. From the analysis, we have found that the
pooled estimates for the prevalence of stunting, wasting, and underweight with 95% CI for
Bangladesh to be 40% [38%, 42%], 14% [13%, 16%] and 40% [35%, 45%], respectively. For India,
the pooled estimates with 95% CI for the prevalence of stunting, wasting, and underweight are 49%
[48%, 50%], 21% [20%, 22%] and 44% [42%, 45%], respectively which are higher than Bangladesh
but, the difference is insignificant for the prevalence of underweight.

To assess the significance of the risk factors, we have also conducted a meta-regression. From the
results of meta-regression, we have found that the risk factors of place of residence, mother’s
education and economic status are significant for the prevalence of stunting, wasting, and being
underweight. The results show that the prevalence of stunting, wasting, and being underweight is
higher for children living in rural areas than for children living in urban areas. Mother’s education
is an important factor as the prevalence of malnutrition decreases with the increase in the
education level of the mother. Moreover, our findings suggest that the children who belong to a
family with high economic status suffer less, and the children who belong to the poorest family
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suffer most from malnutrition.

World Health Organization has set cut-off points for “very high” prevalence of stunting, wasting
and underweight to be 30%, 15% and 15% 24. Our findings reveal that the pooled estimates of
stunting and underweight are above the threshold point, while the pooled estimate of wasting is
just below the threshold point for Bangladesh. On the other hand, the pooled estimates of all of
these indicators are above the threshold point for India. Hence, child malnutrition is a matter of
great concern for both countries. High prevalence of stunting, wasting, and being underweight
have adverse effects for both the short term, through high child mortality and long-run effect,
through poorer school performance, decreased work capacity, and ultimately increased risk of
adult morbidity and early death. An appropriate strategy should be employed to educate people
about the importance of balanced, complementary food for infants over six months of age. Special
nutrition interventions should be undertaken in rural areas. The interventions for improving girls’
education should be strengthened since women’s education is a powerful weapon for reducing child
malnutrition. Better knowledge and skills enable women to improve the way they care for and feed
their infants. The government of both countries can set up a long-term program to educate people
about the appropriate standard height and weight of children to make the parents aware of the
nutritional status of their children.
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