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Background: The objective of the current study was to estimate the prevalence and associated factors of over-
weight/obesity among Bangladeshi adolescents aged 15-19 y and to identify whether wealth-related inequality
exists for overweight/obesity among Bangladeshi older adolescents.

Methods: We analyzed publicly available national representative secondary data from the 2019-2020
Bangladesh Adolescent Health and Wellbeing Survey. This cross-sectional survey was carried out among
18 249 adolescents aged 15-19 y regardless of their marital status using a two-stage stratified sampling tech-
nique (the data of 9128 eligible adolescents were included in this analysis). The WHO reference population for
body mass index-for-age (1+Z score) was considered as overweight/obesity.

Results: We found that girls had significantly (p<0.05) higher prevalence of overweight/obesity (11.63%) than
boys (8.25%); however, their biological sex as well their age were not significantly associated with higher odds
of overweight/obesity. Those who were in their higher grade (grade 11 and higher) in the school and had been
exposed to media were more likely (1.67 and 1.39 times, respectively) to be overweight/obesity compared with
primary grade (0-5) and those who experienced no media exposure, respectively. Inequality analysis revealed
that adolescents belonging to wealthy households had significantly higher rates of overweight/obesity than
those in poorer households (concentration index=0.093).

Conclusions: The study exhibited the multifaceted nature of overweight/obesity among Bangladeshi older
teenagers, revealing that their school grade, exposure to media content and wealth-related inequality emerged
as significant contributing factors. The findings underscore the urgent need for targeted interventions and public
health strategies to address the escalating burden of overweight and obesity in this age group.

Keywords: BMI, inequality, nutrition, school, South Asia.

Introduction is linked to more deaths than underweight.? In parallel with
the increase in adult obesity, a worrisome obesity rate is no-
table among children and adolescents. According to the WHO,
the global proportion of adolescents with obesity has increased

Overweight/obesity is defined as an unusual or unhealthy accu-
mulation of fat that could be harmful to health.! Worldwide, it
has become one of the most challenging health concerns and
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significantly from just 4% in 1975 to >18% in 2016.) Among
South Asian countries, the prevalence of adolescent overweight
ranged from 11% (in Sri Lanka) to 19% (in India).?

Adolescence is a transitional period from childhood to adult-
hood, during which an individual acquires new behaviors and
practices. The dietary practices, food preferences, hygiene rou-
tines and lifestyles that contribute to obesity are formed at this
age and may persist throughout life.* It has been documented
that being overweight or obese in childhood or adolescence is
linked to a wide range of medical and psychosocial complications
with both immediate and long-term effects.> Among the medi-
cal complications, obesity is associated with a higher chance of
experiencing breathing difficulties, an increased risk of fractures,
hypertension, early markers of cardiovascular disease, insulin re-
sistance and certain types of cancers that may lead to premature
death and disability in adulthood.® From the psychosocial point
of view, evidence shows associations of weight status with lower
self-esteem, poor social relationships and negative experiences
in school, including both poor academic achievement and peer
problems and disrupted psychological well-being.”

Previously, obesity was considered to be a concern for high-
income countries only. However, the prevalence of obesity is
rapidly increasing in low- and middle-income countries (LMICs),
particularly in urban settings.® A systematic review study re-
ported that, from 1998 to 2015, Bangladesh experienced an
increased rate of obesity that varied from 1% to 23% among
children and from 1.7% to 25.6% among adolescents.’ As an
LMIC, the primary reasons behind this increased rate of obesity
are identified as nutritional, demographic, epidemiological and
socioeconomic transitions occurring in this country.'® Addition-
ally, youngsters in developing nations like Bangladesh are more
likely to consume sugar, salt with a high-fat content, high-calorie
meals and micronutrient-poor foods that are less expensive and
of less nutritional quality.!* These dietary habits, together with
a lack of physical exercise, changing modes of transportation,
a sedentary lifestyle and behaviors such as watching television
and playing video games, low parental education/awareness and
family history of obesity, contribute to a significant increase in
overweight and obesity.?

To the best of our knowledge, the context of obesity and over-
weight especially among older adolescents remains underex-
plored in Bangladesh. The aim of this study was to determine
the prevalence, wealth-related inequality of overweight/obesity
among adolescents in Bangladesh and to identify associated fac-
tors of overweight/obesity among adolescents in Bangladesh.
Understanding the magnitude of the obesity and overweight
problem in Bangladesh and the risk factors associated with such
a burden may help in incorporating and/or addressing those risk
factors into the existing public health programs, which may even-
tually contribute to mitigating the escalating prevalence of obe-
sity and overweight in Bangladesh.

Methods

Data source

Our present study is based on secondary analysis of publicly avail-
able (authorization is required) Bangladesh Adolescent Health
and Wellbeing Survey (BAHWS) 2019-2020 data.'®* The actual

survey was a nationally representative cross-sectional survey,
and data were collected from ever-married female, unmarried
female and unmarried male adolescents aged 15-19 y resid-
ing in non-institutional dwelling units. The BAHWS 2019-2020
was conducted by the National Institute of Population, Research
and Training (NIPROT) and Ministry of Health and Family Wel-
fare (MOHFW) in collaboration with the International Centre for
Diarrhoeal Disease Research, Bangladesh (icddr, b) and MEA-
SURE Evaluation/Data for Impact (D41). This survey was based
on a two-stage stratified sample of households, which involved
the sampling of primary sampling units (PSUs) (first stage) and
households (second stage). Once the list of PSUs was prepared,
PSUs, households and adolescents were selected from each
stratum. Detailed protocols of the sampling process, data col-
lection procedure and survey questionnaires are available in
the final report of the survey.’® A total of 18 249 adolescents
were successfully interviewed (response rate 91.7%), of whom
9128 were eligible for anthropometric measurement (height
and weight).

Outcome variable

The outcome variable for this study was ‘overweight/obesity’, cal-
culated based on the body mass index (BMI)-for-age of the sur-
vey participants. BMI was calculated as weight/height?, where
weight was measured in kg and height was initially measured
in cm then converted to m. Adolescents whose BMI-for-age was
>+1 Z-score of the WHO reference population were considered to
be overweight/obese.* The Z-score for age-specific BMI was pre-
calculated in the dataset. Finally, a binary variable was generated
coded as O=not overweight/obese and 1=overweight/obese.

Independent variable

The demographic and socioeconomic status of the adolescents
and their respective households were considered as independent
variables for this study. For a two-level multilevel analysis, study
variables were grouped as individual- and community-level vari-
ables.

Individual-level variables included an adolescent’s (i) age (15-
17/18-19 y), (ii) sex (female/male), (iii) marital status (ever mar-
ried/never married), (iv) educational grades (0-5, 6-10 and >11),
(v) currently going to school (no/yes), (vi) currently working
(no/yes), (vii) media exposure (no/yes) and (viii) household wealth
index quintile (lowest, second, middle, fourth and highest).

Community-level variables included (i) area of residence (ur-
ban, semi-urban and rural) and (ii) geographical administrative
divisions (Barisal, Chittagong, Dhaka, Khulna, Rajshahi, Rangpur,
Sylhet and Mymensingh).

Statistical analysis

Individual datasets were merged and cleaned (i.e. coding, re-
coding of variables and case-wise deletion of missing cases)
before formal data analysis. To calculate the prevalence of over-
weight/obesity, descriptive statistics (frequency and percentage)
were performed. Pearson’s x? test statistics were performed to
distribute the prevalence of overweight/obesity across differ-
ent independent variables. To identify the factors associated
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with overweight/obesity, multilevel multivariable regression
models were fitted. Because BAHWS data are hierarchical in
nature (a two-stage stratified sampling method was followed),
multilevel modeling (MLM) was more appropriate over a tra-
ditional logistic regression model.'> Four separate regression
models were fitted for the MLM: Model I was fitted without any
independent variables to assess the variance in the outcome
variable between clusters (this model is also known as the null
model); Model II included individual-level variables only; Model
[T included community-level variables; and Model 1V included
both independent- and community-level variables. To measure
community variation in the outcome we calculated the intraclass
correlation coefficient (ICC), median odd ratio (MOR) and propor-
tional change in variance (PCV).'® The ICC value of the null model
was >0, which was considered adequate to perform MLM.'®
Variables that showed p<0.25 in the bivariate analysis were
included in the multivariable model, and effects were reported
using OR with 95% CI. Akaike’s information criterion (AIC) was
used to assess the goodness of fit of each model and identify the
better fit model. Multicollinearity between independent variables
was checked using the variance inflation factor (VIF), and we
did not find any multicollinearity in our analysis (VIF<10). To
identify wealth-related inequality in overweight/obesity, the con-
centration index (CI) and concentration curve (CC) approaches
were followed, which is a frequently used method in health
inequality assessment.!” The value of CI ranges between +1
to —1, where a positive value indicates pro-rich inequalities (CC
below the 45-degree reference line), a negative value indicates
pro-poor inequalities (CC above the 45-degree reference line)
and zero indicates no inequalities (45-degree reference line).!®
Because the outcome variable was binary in nature, Erreygers’s
correction method was followed to bound the CI value between
+1 to —1,'° which was also followed in previous research.’
All statistical analyses were performed using Stata SE v. 14.2
(StataCorp, College Station, TX, USA) and p<0.05 was considered
a significant result. Survey estimates were weighted to ensure
the results at the national level.

Results

The characteristics of our study population are shown in Table 1.
Of the total of 9128 adolescents, >63% were aged 15-17 vy,
70% were female, about 73% were never married, the majority
(78.9%) were in the 6-10 schooling grades and only 16.5% were
employed. More than three-quarters (76%) of the sample expe-
rienced media exposure and nearly 60% of respondents were
from the disadvantaged group (lowest, second and middle quin-
tile combined). The majority (72.1%) were from rural areas and
almost one-quarter of the total sample were from the Dhaka di-
vision (23.9%).

Further, bivariate relationships between explanatory variables
and overweight/obesity among adolescents are reported in Ta-
ble 1. All the individual-level characteristics (except whether the
adolescents are currently going to school or not) and community-
level characteristics included in the bivariate analysis were found
to be significantly associated with overweight/obesity (p<0.05
for all).

The fixed effects (measure of association) and the random
intercepts for overweight/obesity are demonstrated in Table 2.
Model I (the null model) showed that clustering exists in deter-
mining overweight/obesity. The ICC of the null model implies
about 8.6% of the total variance in the overweight/obesity are
attributed to differences between clusters. Table 2 also shows
the presence of unexplained cluster heterogenicity, considering
the values of the MOR and PCV. For example, the unexplained
cluster variation in overweight/obesity was reduced to an MOR of
1.41 in Model IV (when all variables added to the Model I). Fur-
thermore, as portrayed by the PCV, 46.6% of the variance in over-
weight/obesity across clusters was explained by the individual-
level factors in Model II, and 38.8% of the variance in the out-
come of interest was attributable to the community-level factors
in Model III. Multilevel analysis (Model 1V) also revealed that
adolescents in higher (>11) grades were 1.67 times (95% CI 1.12
to 2.47) more likely to be overweight/obese compared with their
counterparts. Media exposure was found to be significantly (OR
1.39, 95% CI 1.13 to 1.71) associated with overweight/obesity
compared with those who did not experience any media expo-
sure. Adolescents with a middle-high household index wealth
quintile were more likely to be overweight/obese compared
with those with a lowest/second-lower household index wealth
quintile.

Figure 1 displays the concentration curve of over-
weight/obesity, indicating that adolescents (aged 15-19 vy)
in Bangladesh who live in households with a higher index wealth
quintile do experience higher rates of overweight/obesity than
those who live in households with a lower index wealth quintile.
The overall CI of overweight/obesity in Bangladeshi adolescents
was 0.093 (p<0.001).

Discussion

We investigated the burden of overweight/obesity among
Bangladeshi older adolescents and found that >10% of ado-
lescent girls have overweight/obesity, whereas slightly <10%
of boys had overweight/obesity. Such an increased prevalence
of overweight/obesity may negatively impact not just physi-
cal health, but also mental health.?® The prevalence of over-
weight/obesity among adolescents found in this study was lower
than in previous statistics in Bangladesh.?!-?* A nationwide survey
might be helpful to better estimate the prevalence. Globally, re-
cent overweight/obesity trends are causing serious public health
concern as the number of children and adolescents (aged 5-19
y) with obesity has increased 10-fold in the last four decades.?*
Several studies have reported the associations between obesity
and an increased likelihood of premature onset of chronic illness
in later life.?> A positive energy balance with higher fat intake, lack
of outdoor activities, sedentary activities and fat food culture is
associated with the increasing prevalence of overweight/obesity
among adolescents.?®

Our findings have shown that adolescents who are cur-
rently studying in higher grades (=11) are more likely to be
overweight/obese than those adolescents who are currently
in lower grades (6-7). We are not exactly certain of the over-
weight/obesity of older adolescents due to their school grade
(=11), as age did not predict their overweight/obesity. One of
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Table 1. Background characteristics of study participants and the distribution of prevalence of overweight/obesity (x2 test statistics)

Overweight/obese, p-value
Characteristics Categories N (%) % (95% CI) p-value
Individual-level characteristics
Age (y) 15-17 5831 (63.88) 10.04 (9.12-11.04) 0.035
18-19 3297 (36.12) 11.62 (10.35-13.03)
Sex Female 6391 (70.01) 11.63 (10.66-12.67) <0.001
Male 2737 (29.99) 8.25(7.03-9.65)
Marital status Ever married 2442 (26.75) 15.45 (13.78-17.29) <0.001
Never married 6686 (73.25) 8.84 (7.96-9.82)
Educational grades 0-5 1208 (13.37) 7.39 (5.98-9.10) <0.001
6-10 7126 (78.89) 10.71 (9.83-11.67)
11 and higher 698 (7.73) 14.86 (12.22-17.97)
Currently going to school No 3370 (37.30) 11.29 (10.05-12.65) 0.145
Yes 5665 (62.70) 10.17 (9.21-11.23)
Currently working No 7622 (83.50) 11.25 (10.40-12.16) <0.001
Yes 1506 (16.50) 7.38 (5.84-9.29)
Media exposure No 2159 (23.65) 7.58 (6.42-8.92) <0.001
Yes 6969 (76.35) 11.55(10.61-12.57)
Household wealth index quintile Lowest 1454 (15.93) 5.41 (4.24-6.88) <0.001
Second 1962 (21.49) 7.36 (6.10-8.86)
Middle 1990 (21.81) 9.19 (7.92-10.65)
Fourth 1924 (21.08) 12.65 (10.77-14.80)
Highest 1797 (19.69) 17.77 (15.73-20.00)
Community-level characteristics
Area of residence Urban 2028 (22.22) 15.66 (13.86-17.64) <0.001
Semi-urban 517 (5.67) 8.69 (6.63-11.31)
Rural 6582 (72.11) 9.21 (8.27-10.24)
Division of residence Barisal 523 (5.73) 9.43 (7.41-11.94) <0.001
Chittagong 1745 (19.12) 11.26 (9.50-13.30)
Dhaka 2183 (23.91) 13.87 (11.55-16.56)
Khulna 875 (9.58) 10.86 (9.18-12.82)
Rajshahi 1195 (13.09) 10.76 (9.29-12.44)
Rangpur 1113 (12.20) 8.01 (4.75-8.50)
Sylhet 680 (7.45) 6.37 (4.75-8.50)
Mymensingh 814 (8.92) 7.87 (6.13-10.04)
Total 9128 (100.00) 10.61 (9.79-11.49)

the potential reasons could be consumption of the oral contra-
ception pill among adolescent girls in Bangladesh because they
get married at a later age of adolescence.?” We assumed that
such a relationship may exist because our study population was
female dominant (70.01%) and we found that the prevalence
of overweight among those who were ever married (15.45%)
was double that of the never-married population (8.84%). One
study reported that the oral contraceptive pill, such as the
progesterone-only pill, contributed to the hormonal change
in the body that results in overweight/obesity.?® Regardless,
it is clear that there are gaps in knowledge and awareness
regarding healthy dietary practice. Although a rapid increase in
late-childhood and adolescent obesity has been found in the
USA, China and Brazil,?® young-age obesity is not yet considered
a major public health problem in Bangladesh.*® One research
study carried out in Ethiopia reported that early adolescents are

2.45 times more likely to develop obesity than late adolescents.?
On the contrary, the likelihood of persistent obesity, as well as
the severity of obesity, has been found to increase with age in
China, which is consistent with our findings.?

In addition to these findings, we found that media exposure
predicted adolescents’ overweight/obesity. The relationship be-
tween screen media exposure and obesity has been widely re-
searched, and many epidemiological studies revealed positive as-
sociations between screen time and obesity. A laboratory-based
experimental study revealed that screen media exposure can
lead to incremental energy consumption without increased feel-
ings of hunger.?* In the context of Bangladesh, it is likely that
adolescents are attracted by the fancy junk food advertisements
on various media platforms and prefer to consume more energy-
dense snacks, drinks and fast food, which makes them prone
towards consuming fewer vegetables and fruits.?* We further
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Table 2. Factors associated with overweight/obesity (multilevel modeling)

Model: Model: IT Model: ITT Model: IV

Characteristics OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Individual-level characteristics
Age (y)

15-17 Ref. Ref.

18-19 0.91 (0.77-1.09) 0.91 (0.76-1.08)
Sex

Female Ref.

Male 0.98 (0.79-1.21) 0.99 (0.80-1.22)

Marital status
Ever married
Never married
Educational grades
0-5
6-10
11 and higher
Currently going to school
No
Yes
Currently working
No
Yes
Media exposure
No
Yes
Household wealth index quintile
Lowest
Second
Middle
Fourth
Highest

Community-level characteristics
Area of residence
Urban
Semi-urban
Rural
Division of residence
Barisal
Chittagong
Dhaka
Khulna
Rajshahi
Rangpur
Sylhet
Mymensingh
Measure of variation
Variance (SE)
ICC (%)
PCV (%)
MOR
Model fit statistics
AIC

0.309 (0.056)
8.60
Ref.
1.69

6095.32

Ref.
0.44 (0.34-0.56)*

Ref.
1.20 (0.91-1.58)
1.62 (1.10-2.39)*

Ref.
1.04 (0.84-1.30)

Ref.
0.78 (0.59-1.03)

Ref.
1.44 (1.17-1.77)*

Ref.
1.26 (0.91-1.75)
1.55(1.12-2.15)*
2.13(1.53-2.97)*
3.20 (2.28-4.50)*

0.165 (0.044)
4.79
46.60
1.47

5799.63

Ref.
0.49 (0.34-0.70)*
0.54 (0.45-0.65)*

Ref.
0.96 (0.70-1.33)
1.40 (0.99-1.97)
1.17 (0.84-1.62)
1.13 (0.82-1.56)
0.86 (0.57-1.30)
0.63 (0.42-0.94)*
0.84 (0.57-1.23)

0.189 (0.049)
5.43
38.83
1.51

6046.75

Ref.
0.44 (0.34-0.57)*

Ref.
1.25 (0.94-1.65)
1.67 (1.12-2.47)*

Ref.
1.05 (0.83-1.31)

Ref.
0.76 (0.57-1.01)

Ref.
1.39 (1.13-1.71)*

Ref.
1.23 (0.88-1.71)
1.47 (1.05-2.06)*
1.92 (1.35-2.73)*
2.74 (1.88-3.98)*

Ref.
0.53 (0.36-0.76)*
0.66 (0.55-0.80)*

Ref.
0.89 (0.66-1.20)
1.10 (0.80-1.51)
0.99 (0.74-1.33)
0.95(0.71-1.27)
0.89 (0.60-1.30)
0.68 (0.46-1.00)
0.85 (0.58-1.23)

0.133 (0.043)
3.90
56.95
1.41

5789.21

Abbreviations: AIC, Akaike’s Information Criterion; ICC, intraclass correlation; MOR, median OR; PCV, proportional change in variance; Ref., ref-
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erence category; SE, standard error.

Model I (null model) was fitted without determinant variables.

Model IT was adjusted for individual-level variables only.

Model IIT was adjusted for community-level variables only.

Model IV (final model) was adjusted for both individual- and community-level variables.
*Significant p-value (<0.05)
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Figure 1. Concentration curve for overweight/obesity. The red line shows
the line of equality and ‘CI’ denotes confidence interval. (Concentration
Index (SE)=0.093 (0.007), p<0.001).

noted that adolescents living in urban areas had a significantly
higher prevalence of overweight/obesity compared with those
living in rural Bangladesh. Urban residence offers more various
social amenities than rural areas, such as access to satellite-
connected TV, faster internet that enables access to social me-
dia, electricity/power connection and better affordability of junk
foods observed via various social media platforms. Our results in-
dicated that those adolescents living in semi-urban or rural ar-
eas were less likely to be overweight/obesity than those living in
urban areas.

Furthermore, adolescents who are from middle- to high-
income households are more likely to be overweight/obese
than adolescents from poorer households. There is mixed ev-
idence about the relationship between household wealth and
obesity. Although low parental socioeconomic status and over-
weight/obesity in children is less prominent,?> recent evidence
from high-income countries has reported an association with
overweight/obesity being more prevalent among socioeconom-
ically disadvantaged families.*® Similar to our findings, one study
revealed that the status of adolescents’ household wealth was
significantly associated with obesity, with adolescents in wealthy
households 7.03 times more likely to be obese than those in
the poorer household wealth quintiles.?? Other studies that pre-
sented similar findings also discussed the reason, which was
the consumption of more energy-dense and protein-rich food by
adolescents from high-income households.>’ It is generally as-
sumed that higher purchasing power may lead to affortability
to food that may reduce the undernutrion burden; however, we
see that high affortability may also lead to access to unhealthy
food. It is likely that older adolescents have their own purchasing
power, which may be due to either their different marital status

or higher academic grades, where parents are relaxed regarding
their outside home food choices.

Not just in Bangladesh, overweight/obesity among children
and adolescents remains a global health issue and the litera-
ture suggests an increasing prevalence of obesity in LMICs.?®
Bangladesh is no exception to this recent trend, as in our re-
search we found a high prevalence of obesity among higher sec-
ondary students who were from wealthy households and expe-
rienced lengthy media exposure. A public health campaign and
school-based health promotion strategies are necessary to raise
awareness among adolescents about the different risk factors
of obesity, and the provision of effective and targeted interven-
tion to the adolescent’s family could lessen the burden of disease
caused by obesity.

We acknowledge several limitations to our study findings. Due
to the cross-sectional nature of the data analyzed in this study,
a temporal relationship cannot be explained with such data. We
suggest caution when interpreting these results. Another limita-
tionis that we were unable to consider all possible factors (behav-
ioral, genetic, etc.) in our analysis because of the unavailability of
data. However, considering the sampling process, a larger sample
size and appropriate analysis approach, the study’s findings can
be generalized to adolescents aged 15-19 y in Bangladesh. Fu-
ture research on adolescent overweight/obesity should consider
the use of contraceptives and/or dietary practices.

Conclusion

More than 10% of Bangladeshi adolescent girls have over-
weight/obesity, while boys account for <10%. Older adolescents
who are in =11 higher grade at school and those who experience
media exposure predicted their escalating overweight/obesity
prevalence. Our study further noted that wealth-related inequal-
ity exists in Bangladesh; teenagers belonging to more wealthy
households experienced more overweight/obesity than those
from poorer households. Proper nutritional education focusing on
healthy dietary behavior may help to reduce the burden of over-
weight/obesity in Bangladesh. The findings of this study can be a
useful resource for policymakers to establish a referral system in
the existing healthcare delivery system for adolescents identified
at risk, connecting them to nutritionists, counselors and other rel-
evant healthcare professionals.

Authors’ contributions: MSA: conceptualized the study, planned and
performed data analysis, as well as writing and editing. SK and MI: carried
out the literature review, as well as writing and editing. MII: interpretation
of the results and editing. MMH and BK: writing and editing. FMY: concep-
tualized the study, as well as writing and editing.

Acknowledgements: The authors acknowledge the National Institute of
Population Research and Training (NIPORT), Bangladesh, International
Centre for Diarrhoeal Disease Research, Bangladesh (icddr, b) and Data
for Impact, University of North Carolina, Chapel Hill, USA.

Funding: The authors did not receive any funding for this study.

Competing interests: Nothing to declare.

675

20z Joquiadaq 90 Uo 1senb Aq GZ/96G//0.9/9/91/2191HE/y)eay U/ Wod dno-oiwapeoe)/:Sdjy Woly papEojumod



M. S. Ahmed et al.

Ethical approval: Because this study retrieved data from a secondary
source, no ethical approval was sought. The principal investigator received
authorization to download and analyze the data for research purposes.

Data availability: Data used in this study are freely available from the

UNC

Dataverse (https://dataverse.unc.edu/).

References

10.

11.

12.

13.

14.

15.

16.

17.

. World Health Organisation. Obesity and Overweight. 2021.

Lin X, Li H. Obesity: Epidemiology, pathophysiology, and therapeutics.
Front Endocrinol. 2021;12.

Jayawardena R, Byrne NM, Soares MJ, et al. Prevalence, trends and
associated socio-economic factors of obesity in South Asia. Obes
Facts. 2013;6:405-14.

Peltzer K, Pengpid S, Samuels T, et al. Prevalence of over-
weight/obesity and its associated factors among university students
from 22 countries. Int J Environ Res Public Health. 2014;11:7425-41.

Baur LA, O’Connor J. Special considerations in childhood and adoles-
cent obesity. Clin Dermatol. 2004;22:338-44.

Reilly JJ. Descriptive epidemiology and health consequences of child-
hood obesity. Best Pract Res Clin Endocrinol Metab. 2005;19:327-41.

Falkner NH, Neumark-Sztainer D, Story M, et al. Social, educational,
and psychological correlates of weight status in adolescents. Obes
Res. 2001;9:32-42.

Misra A, Khurana L. Obesity and the metabolic syndrome in develop-
ing countries. J Clin Endocrinol Metab. 2008;93:59-30.

Biswas T, Islam A, Islam MS, et al. Overweight and obesity among
children and adolescents in Bangladesh: A systematic review and
meta-analysis. Public Health. 2017;142:94-101.

Popkin BM. An overview on the nutrition transition and its health im-
plications: The Bellagio meeting. Public Health Nutr. 2002;5:93-103.

Gupta N, Shah P, Nayyar S, et al. Childhood obesity and the metabolic
syndrome in developing countries. Indian J Pediatr. 2013;80:28-37.

Gebrie A, Alebel A, Zegeye A, et al. Prevalence and associated factors
of overweight/obesity among children and adolescents in Ethiopia: A
systematic review and meta-analysis. BMC Obes. 2018;5:19.

National Institute of Population Research and Training (NIPORT),
International Centre for Diarrhoeal Disease Research, B. (icddr, b)
and D for 1. Bangladesh Adolescent Health and Wellbeing Survey
2019-20: Final Report. Dhaka, Bangladesh, and Chapel Hill. USA, NC,
2021.

Onis Md, Onyango AW, Borghi E, et al. Development of a WHO
growth reference for school-aged children and adolescents. Bull
World Health Organ. 2007;85:660-7.

Ahmed MS, Islam M, Jahan I, et al. Multilevel analysis to identify
the factors associated with caesarean section in Bangladesh: Evi-
dence from a nationally representative survey. Int Health. 2023;15:
30-6.

Merlo J. A brief conceptual tutorial of multilevel analysis in social epi-
demiology: Using measures of clustering in multilevel logistic regres-
sion to investigate contextual phenomena. J Epidemiol Community
Heal. 2006;60:290-7.

Islam MI, Ormsby GM, Kabir E, et al. Estimating income-related and
area-based inequalities in mental health among nationally represen-
tative adolescents in Australia: The concentration index approach.
PLoS One. 2021;16:0257573.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

Van Doorslaer E, O’Donnell O. Measurement and explanation of in-
equality in health and health care in low-income settings. Health In-
equality and Development. Springer, 2011, 20-44.

Erreygers G. Correcting the concentration index. J Health Econ.
2009;28:504-15.

Kokka I, Mourikis I, Bacopoulou F. Psychiatric disorders and obesity in
childhood and adolescence—A systematic review of cross-sectional
studies. Children. 2023;10:285.

Shuvo SD, Biswas BK. The degree of association between overweight
and obesity with the use of electronic media among Bangladeshi
adolescents. PLoS One. 2023;18:e0280544.

Banik S, Rahman M. Prevalence of overweight and obesity in
Bangladesh: A systematic review of the literature. Curr Obes Rep.
2018;7:247-53.

Khan MMA, Karim M, Islam AZ, et al. Prevalence of overweight
and obesity among adolescents in Bangladesh: Do eating habits
and physical activity have a gender differential effect? J Biosoc Sci.
2019;51:843-56.

Abarca-Gémez L, Abdeen ZA, Hamid ZA, et al. Worldwide trends in
body-mass index, underweight, overweight, and obesity from 1975
to 2016: A pooled analysis of 2416 population-based measurement
studies in 128:9 million children, adolescents, and adults. Lancet.
2017;390:2627-42.

Weiss R, Caprio S. The metabolic consequences of childhood obesity.
Best Pract Res Clin Endocrinol Metab. 2005;19:405-19.

Hossain M, Luies S, Biswas T. Prevalence and factors associated with
overweight and obesity among primary school children (9-14 years)
in a selected area of Dhaka, Bangladesh: A cross-sectional study. In-
dian J Community Med. 2020;45:429.

Shahabuddin ASM, Nostlinger C, Delvaux T, et al. What influences
adolescent girls’ Decision-making regarding contraceptive methods
use and childbearing? A qualitative exploratory study in Rangpur Dis-
trict, Bangladesh. PLoS One. 2016;11:e0157664.

Mayeda ER, Torgal AH, Westhoff CL. Weight and body composition
changes during oral contraceptive use in obese and normal Weight
women. J Women’s Heal. 2014;23:38-43.

Wang Y, Monteiro C, Popkin BM. Trends of obesity and underweight
in older children and adolescents in the United States, Brazil, China,
and Russia. Am J Clin Nutr. 2002;75:971-7.

Rahman S, Islam MT, Alam DS. Obesity and overweight in
Bangladeshi children and adolescents: A scoping review. BMC Pub-
lic Health. 2014;14:70.

Hunegnaw WA, Ferede AG, Tekalign T, et al. Obesity and associ-
ated factors among high school adolescent students in Bahir Dar
town, North West Ethiopia: A cross-sectional study. SAGE Open Med.
2022;10:205031212211467.

Huang C-Y, Chen D-R. Association of weight change patterns in late
adolescence with young adult wage differentials: A multilevel longi-
tudinal study. PLoS One. 2019;14:e0219123.

Chaput J-P, Visby T, Nyby S, et al. Video game playing increases food
intake in adolescents: A randomized crossover study. Am J Clin Nutr.
2011;93:1196-203.

Ford C, Ward D, White M. Television viewing associated with adverse
dietary outcomes in children ages 2-6. Obes Rev. 2012;13:1139-47.

White PA, Awad YA, Gauvin L, et al. Household income and
maternal education in early childhood and risk of overweight
and obesity in late childhood: Findings from seven birth co-
hort studies in six high-income countries. Int J Obes. 2022;46:
1703-11.

676

202 4oquiaoaq 90 Uo 1sanB Aq GZ/96G./029/9/9 L /9101e/y)[ESY)UI/WOS"dNO"DIWSPED.//:SANY WO} PAPEOJUMOQ


https://dataverse.unc.edu/

International Health

36. Shrewsbury V, Wardle J. Socioeconomic Status and adiposity in child- factors in Jimma Town, Ethiopia. J Pediatr Nurs. 2017;35:98-
hood: A Systematic Review of cross-sectional Studies 1990-2005. 104.
Obes. 2008;16:275-84. 38. Jebeile H, Kelly AS, O’Malley G, et al. Obesity in children and adoles-
37. Gali N, Tamiru D, Tamrat M. The emerging nutritional prob- cents: Epidemiology, causes, assessment, and management. Lancet
lems of school adolescents: Overweight/obesity and associated Diabetes Endocrinol. 2022;10:351-65.

© The Author(s) 2024. Published by Oxford University Press on behalf of Royal Society of Tropical Medicine and Hygiene. This is an Open Access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

677

202 4oquiaoaq 90 Uo 1sanB Aq GZ/96G./029/9/9 L /9101e/y)[ESY)UI/WOS"dNO"DIWSPED.//:SANY WO} PAPEOJUMOQ


https://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods
	Data source
	Outcome variable
	Independent variable
	Statistical analysis

	Results
	Discussion
	Conclusion

	References

