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Abstract

Background and Aims: The coexistence of undernutrition and overnutrition creates

a double burden of malnutrition (DBM) among women in Bangladesh. This study

aimed to assess heterogeneous effects of sociodemographic factors on women's

nutritional status using quantile regression (QR) models and to investigate the

differences between the results of unconditional QR (UQR) and conditional QR

(CQR) models.

Methods: A sample of 17 285 nonpregnant women aged 15 to 49 years was

extracted from the latest Bangladesh Demographic and Health Survey, 2017-2018.

Women's nutritional status was determined using body mass index (BMI). The UQR

and CQR were used to estimate the heterogeneous effects of sociodemographic fac-

tors on women's BMI.

Results: Results show that the estimated effects of sociodemographic factors

varied across the BMI distribution. For the same quantile, the effects differed

between UQR and CQR. For instance, education was significantly positively

associated with BMI. In UQR, secondary educated women achieved an increase

of 0.996 and 1.720 in BMI at 10th and 90th quantiles, respectively, compared

to noneducated women, whereas conditional effects were 1.336 and 1.492 at

10th and 90th quantiles, respectively, in CQR. These results also indicate sec-

ondary education appeared to have a lesser (or higher) impact in the lower

(or upper) tail of BMI distribution, and unconditional and conditional effects for

the same quantile varied notably. Other factors such as women's age, occupa-

tion, household wealth, number of children ever born and household size, reli-

gion, and place of residence were significantly associated with BMI and showed

heterogeneous effects.

Conclusion: Overall, there is a need to focus on heterogeneous effects of factors on

women's nutritional status. Patterns of unconditional heterogeneous effects would

be more informative than conditional heterogeneous effects while studying factors'
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effects. These findings may aid in developing strategies targeting high-risk groups to

combat the double burden of malnutrition.

K E YWORD S

Bangladesh, double burden, malnutrition, quantile regression, reproductive age

1 | INTRODUCTION

The double burden of malnutrition (DBM) or coexistence of undernutri-

tion and overnutrition is a serious public health concern in many devel-

oping countries1 that triggers a shift in disease profile from infectious

diseases to a chronic degenerative pattern.2 This DBM could be owing

to their growing economy, rapid urbanization, demographic, and nutri-

tional transition.3-5 According to the World Health Organization (WHO)

estimates, in 2014, globally, about 462 million adults were underweight,

while 1.9 billion adults were overweight/obese.6 Assessing DBM among

reproductive-aged women is important due to their negative effects on

women and child health. Undernutrition among women can increase the

risk of unfavorable pregnancy outcomes such as low birth weight, pre-

term birth, and neonatal death.7-9 Besides, overnutrition can increase the

risks of maternal morbidity, fetal death, stillbirth, and infant mortality.9,10

Moreover, overnutrition is a major risk factor for noncommunicable dis-

eases such as heart disease and stroke, diabetes, musculoskeletal disor-

ders, and cancers (eg, endometrial, breast, ovarian, prostate, liver,

gallbladder, kidney, and colon).11 Maternal overnutrition also has inter-

generational effects; for example, the children of overnourished women

are at an increased risk of being overnourished.12 Understanding the dis-

tribution of DBM among women and their determinants in developing

countries is necessary to develop preventive strategies.

Bangladesh, a developing country of South Asia, is going through

a nutritional transition; therefore, the prevalence of overweight/

obesity is rapidly increasing (eg, from 3% in 1996-1997 to 32% in

2017-2018 among ever-married women aged 15-49 years), while the

prevalence of underweight is decreasing (eg, from 52% in 1996-1997

to 12% in 2017-2018).13 With the rapid rise in overnutrition alongside

improving, still significant undernutrition indicates a double burden of

malnutrition among women in Bangladesh, which is more likely to

pose serious health system challenges. In Bangladesh, however,

undernutrition has been prioritized in nutrition policies so far, com-

pared to overnutrition. Therefore, it is necessary to revisit the policies

and to focus on the DBM. It is also essential to comprehend the

determinants of DBM to formulate appropriate policies.

Previous evidence shows that different factors are associated

with body mass index (BMI) and underweight or overweight/obesity

among women in Bangladesh.14-18 Earlier research has categorized

the BMI and used categorical data models to measure associations

with different factors.14 However, categorizing a continuous variable

is linked to information loss and analytical complexities,19 and hence it

is more meaningful to measure BMI on a continuous scale. An earlier

study used a mean-based model to assess the association between

different factors and BMI,18 which may mask the complete picture of

the relationship and differential effects of factors on BMI. For exam-

ple, women's working status was significantly inversely associated

with BMI across all quantiles (except the lowest), and the magnitude

of effects also varied across quantiles, but mean-based model did not

capture these heterogeneous effects.20 This means that working sta-

tus may have different effects on undernutrition and overnutrition.

There is a paucity of research in Bangladesh using the quantile-based

model to estimate the heterogeneous effects of factors on women's

nutritional status.20,21

Earlier studies have used conditional quantile regression (CQR) to

estimate the heterogeneous effects of covariates on the conditional

distribution of BMI.20,21 However, CQR assessed a covariate's effect

on a quantile of the BMI conditional on other covariates' specific

values. Based on this CQR result, policymakers might select women

with a particular BMI threshold for policy design; however, this

threshold can fall into various quantiles depending on women's

observed characteristics. Under this circumstance, the effect of a unit

change of a covariate on the BMI distribution (keeping all other

covariates constant) leads to more meaningful interpretation, which

can be acquired using unconditional quantile regression (UQR).22 The

UQR enables us to assess the relationship between covariates and

BMI across the unconditional (marginal) BMI distribution.23 Moreover,

the results of CQR and UQR are not necessarily equivalent and may

differ substantially.

So far as we know, there is no research in Bangladesh to assess

the heterogeneous effects of sociodemographic factors on women's

unconditional BMI distribution and compare them with heteroge-

neous effects of factors on women's conditional BMI distribution.

Since sociodemographic factors and policy measures can have differ-

ent effects on women's nutrition at different points along the nutri-

tional spectrum, assessing unconditional effects over conditional

effects can inform policies about specific risk groups, which can assist

policymakers in combating this health burden. This study aimed to

(a) assess sociodemographic factors' heterogeneous effects on the

unconditional and conditional BMI distribution using QR models, and

(b) compare the results of UQR with the results of CQR.

2 | MATERIALS AND METHODS

2.1 | Study design

Study data were compiled from the latest Bangladesh Demographic and

Health Survey (BDHS) 2017-2018 that was conducted by the collabora-

tion between NIPORT, Mitra & Associates, and ICF International. This
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nationally representative cross-sectional survey aimed to provide qual-

ity data on different indicators (eg, sociodemographic, health, and nutri-

tion) to assist in evidence-based policymaking.13 This survey used a

stratified two-stage cluster sampling to draw a representative sample,

and the survey report describes the survey design and data collection

process.13 Ethical clearance to conduct the BDHS 2017-2018 was

obtained from the National Research Ethics Committee of the

Bangladesh Medical Research Council (Dhaka, Bangladesh) and ICF

Macro Institutional Review Board (USA). All individuals provided con-

sents before each survey interview and anthropometric measurements.

Confidentiality and anonymity were ensured at all stages in accordance

with international ethical standards. This present study used publicly

available secondary datasets of BDHS 2017-2018, which are available

on request at the DHS program website (http://dhsprogram.com/data/

available-datasets.cfm).

2.2 | Analytic sample preparation

The women's records file of BDHS 2017-2018 contained data of

20 127 women aged 15 to 49 years. The final analytic sample of the

present study included 17 285 women, excluding any women who

were not a usual resident of the household (n = 1636), who were

pregnant (n = 927), and who had missing values in BMI (n = 272) and

occupational status (n = 7).

2.3 | Outcome of interest

Women's BMI, an indicator of nutritional status, was the outcome var-

iable of interest. BMI is defined as weight in kilogram divided by

height in meters squared (or kg/m2).13 Women's anthropometric data

were measured by trained personnel using standardized techniques

during the survey interview.13

2.4 | Explanatory variables

The present study included a set of sociodemographic and community

variables; women's age (years), religious status (ie, Muslim, non-Muslim),

number of children ever born (CEB), education status of women (ie, no

education, primary, secondary, higher), women's occupation (ie, not

working, white-collar job, and blue-collar job), women's TV watching fre-

quency (ie, no or less than once week, at least once a week), household

size (ie, number of household members), household wealth index (ie,

poor, middle, rich), and place of residence (ie, urban/rural). During the

survey interview, each woman was asked if she works or has worked in

the past 12 months, and this information was used to define occupation

status. In this study, women's occupational status was classified into the

following classes: not working, white-collar job (ie, professional, technical,

managerial, clerical, sales and services), and blue-collar job (ie, agriculture

(employee), agriculture (self-employed), household and domestic, skilled

and unskilled manual laborers).24 The household wealth index was

constructed in this survey using household asset data through principal

component analysis, and the resulting score was classified into five clas-

ses (ie, poorest, poorer, middle, rich, and richest) based on quintiles.13

The poorest and poorer classes were merged into the poor class in this

study, while the richest and richer classes were merged into the rich

class.

2.5 | Analytical strategy

Descriptive analyses were performed to summarize the analytic sample.

To estimate the heterogeneous effects of factors on BMI distribution,

we used QRs at the 10th, 25th, 50th, 75th, and 90th quantiles. In the

QR framework, the CQR is the commonly used model for evaluating

the heterogeneous effects of a covariate on the dependent variable's

conditional distribution (eg, BMI). That means CQR assesses a covariate

effect on a quantile of dependent variable conditional on specific values

of other covariates considered in the model.23 The interpretation of the

effects is limited when the effects are different for different conditional

quantiles. Consequently, the estimates may result in a loss of generaliz-

ability or interpretability in the context of policy or population.23 A

sophisticated approach to overcome these limitations is UQR, where

estimated effects do not depend on the set of covariates in the

model.22 The UQR comprises running a regression of the re-entered

influence function (RIF), a robust estimation technique that regresses

the influence function of the unconditional quantile of the dependent

variable on the covariates.25 In UQR, RIF is defined as follows25:

RIF Y;qτ,FYð Þ¼ qτþ
τ� I Y ≤ qτ½ �

fy qτð Þ ,

where τ is a given quantile, qτ is the value of the dependent variable Y

(eg, BMI) at the τth quantile.25 fy qτð Þ is the density function of Y at qτ ,

and FY is the cumulative distribution function of Y.25 I is an indicator

variable, which takes the value 1 when the value of Y is less than the

corresponding τ.25 To obtain UQR estimates using ordinary least

squares, RIF is regressed on the explanatory variables X.25 Standard

errors of coefficients are calculated using bootstrap with 1000 replica-

tions. All statistical analyses were performed using the statistical soft-

ware R version 4.0.3.26

3 | RESULTS AND DISCUSSION

3.1 | Descriptive statistics

Table 1 presents descriptive statistics of the analytic sample.

Women's average BMI was 23.3 kg/m2, which was higher than Asian

women's normal BMI range of 18.5-23.0 kg/m227). Among them,

about 38.2% women were in normal-weight group, where 49.6% and

12.2% were overweight/obese (23.0-27.5/≥27.5 kg/m2) and under-

weight (<18.5 kg/m2), respectively. The average age was 32.6 years

(SD 9 years). The median number of CEB and household members
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was 2 and 5, respectively. Nearly half of the women had no formal

education or only primary education, and most (46.9%) had no work-

ing status. More than half of the women watched TV at least once a

week. The majority of the women were Muslim, reflecting the coun-

try's overall religious affiliation. In the sample, most women were from

affluent households and resided in rural areas.

3.2 | Comparison between unconditional and
conditional quantile regression models

Table 2 reports and compares the estimates of UQR and CQR for

five selected quantiles (10th, 25th, 50th, 75th, and 90th). Figures S1

and S2 depict the graphical representation of the findings of UQR

and CQR, respectively, demonstrating how sociodemographic fac-

tors' effects on women's BMI varied across quantiles. Our results

show that different sociodemographic factors considered in this

analysis were significantly related to BMI, but the relationships were

heterogeneous across BMI quantiles. Though both models provide

information about the heterogeneous effects of factors, CQR shows

conditional effects, whereas UQR shows unconditional effects. It is

worth noting that, unlike the conditional effect, the unconditional

effect can be viewed in terms of the population for which the esti-

mates are made.

In this study, age is an important driver of BMI among women in

Bangladesh. Results show that age had a significant positive associa-

tion with BMI, but effects varied across the unconditional and condi-

tional BMI distribution. These heterogeneous effects are in line with

an earlier study.20 Quantile models find that the coefficients were

larger in magnitude as we move from the 10th to the 90th quantiles.

The effect of women's age at 90th quantile was almost 2.5 times the

estimate at 10th quantile in the UQR, which was almost 2.1 times in

the CQR. Though unconditional effects represented the marginal

effects of age on BMI, conditional quantile effects represented age's

effects on BMI dependent on the other covariates' values. The results

also show that the unconditional and conditional effects for the same

TABLE 1 Characteristics of the analytic sample, categorical, and continuous variables

Descriptive statistics

Mean Median SD Min Max IQR

Women's BMI (kg/m2) 23.3 23.0 4.3 12.2 59.5 5.8

Women's age (years) 32.6 32.0 9.0 15 49 15

Number of CEB 2.5 2.0 1.6 0 13 2

Household size 5.1 5.0 2.4 1 30 2

n %

Women's BMI (kg/m2) groupa

<18.5 2101 12.2

18.5-23.0 6612 38.2

23.0-27.5 5815 33.6

≥27.5 2757 16.0

Women's education

No education 3010 17.4

Primary 5648 32.7

Secondary 6467 37.4

Higher 2160 12.5

Women's occupation

Blue collar 7789 45.1

Not working 8107 46.9

White collar 1389 8.0

Watching TV

No/less than once a week 7990 46.2

At least once a week 9295 53.8

Religious status

Muslim 15 530 89.8

Non-Muslim 1755 10.2

Household wealth status

Poor 6622 38.3

Middle 3360 19.4

Rich 7303 42.3

Place of residence

Urban 6324 36.6

Rural 10 961 63.4

Abbreviations: BMI, body mass index; CEB, children ever born; IQR, interquartile range; SD, standard deviation.
aAccording to the Asian populations cut-points.
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quantile could be different. According to our results, older age is a

protective factor for women's undernutrition but a risk factor for

overnutrition. The increased risk of overnutrition with age could be

attributed to fewer opportunities or reluctance for regular physical

activity due to numerous family responsibilities and daily work–

related stress.

Women's education, an important socioeconomic status (SES)

marker, had a significant and positive association with BMI in UQR

and CQR. These results align with a related study, which assessed

women's education and BMI relationship using CQR.20 In UQR, com-

pared to women with no formal education, women with higher educa-

tion had higher BMI, with effects rising from 1.083 (10th quantile) to

2.252 (50th quantile) and then steadily decreasing to 1.913 at 90th

quantile. The higher education status of women depicted a similar

pattern of association with BMI in CQR. However, unconditional and

conditional effects of education on women's BMI for the same qua-

ntile varied notably. For primary and secondary educated women, the

patterns of relationships across the quantiles were nearly similar to

what this study found for higher educated women. The positive rela-

tionship between any education and BMI (at lower tail of distribution)

could be explained by better knowledge of healthy foods, awareness

of the impacts of undernutrition, and greater access to resources

through empowerment. In contrast, higher sedentary occupations

with less physical activity, and higher consumption of caloric ready-

made or processed foods, could explain the positive relationship

between education and BMI (at upper tail of distribution). Education

is important for women's nutritional outcomes and would be a vital

component in designing and implementing interventions to combat

the DBM among women in Bangladesh.

This study also investigated the relationship between women's

occupation (a marker of SES) and BMI. Though women's occupation

had a significant association with BMI in both models, the results

were inconsistent. According to UQR and CQR, women who were not

working in the last 12 months were significantly positively related to

BMI at the 25th, 50th, 75th, and 90th quantiles, compared to women

with blue-collar jobs. These relationships could be attributed to

decreased physical activity. Conversely, women who were not work-

ing tended to have lower BMI at 10th quantile in UQR (not in CQR),

which could be attributed to a lack of income and food availability.

Compared to women engaged in blue-collar jobs, women with white-

collar jobs had a negative association with BMI at 10th, 25th, 50th,

and 75th quantiles in UQR. White-collar workers are more likely than

blue-collar workers to have a higher economic condition, resulting in

better nutritional status. However, negative associations between

white-collar jobs and BMI at low to mid-upper tail in this study could

be explained by other unmeasured factors. For instance, at the lower

BMI tail, these negative associations might result from time devoted

to work and intensity of work, while access to healthy food and better

dietary practice could explain negative associations in the mid-upper

BMI tail. In contrast, white-collar working status had a positive associ-

ation with BMI at 90th quantile in UQR, which could be owing to sed-

entary lifestyle and consumption of calorie-dense foods. White-collar

job status was not significantly related to women's BMI in CQR. TheseT
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findings are perplexing, given that only 8% of the women in this sam-

ple had white-collar jobs (as per descriptive analysis), and education

was found to positively affect women's nutritional status (as per

regression analysis). Further research is necessary to comprehend the

underlying mechanism of these results.

Furthermore, watching TV once a week was linked to a higher

BMI across all quantiles in UQR, with varying magnitudes across the

BMI distribution. The effect of watching TV once a week at the 90th

quantile (0.997) was almost 2.1 times the estimated effect at the 10th

quantile (0.479), compared to those with no or less exposure to

TV. Similar to the UQR, the CQR coefficients for women who

watched TV at least once a week were positive and significant across

all the quantiles; however, there was a notable difference in the effect

sizes for the same quantile between UQR and CQR. The heteroge-

neous positive effects of watching TV on BMI align with an earlier

study.28 Exposure to TV is likely to increase women's knowledge and

awareness about the consumption of healthy/nutritious foods and the

negative impact of malnutrition because different media campaigns

are likely to be designed to disseminate information about women's

nutrition and the necessity of increasing the consumption of healthy

foods while decreasing the consumption of calorie-dense foods.

Besides, positive relationships between TV watching and BMI at the

upper quantile (ie, overnourished women) may be explained by a

lower level of physical activity and an increased calorie consumption

due to advertising. This study did not look at TV viewing duration and

pattern, so more research would be needed to understand these rela-

tionships fully.

Another factor, the increased number of CEB was inversely

related to BMI across all quantiles (except 25th quantile) in UQR;

however, number of CEB variable was not significantly related to BMI

in CQR. An additional child was associated with a �0.004 and �0.070

decrease in BMI at 10th and 90th quantiles. The inverse relationship

between CEB and BMI is in line with an earlier study in the litera-

ture.14 Similarly, increased household size was found to be inversely

related to women's BMI across all quantiles in UQR, although this

association was not significant in CQR. Though the mechanisms

underlying this relationship remain unknown, having more children

and living in a larger family may influence a woman's nutritional status

through a complex pathway that includes biological, SES, food secu-

rity, diet quality, homemade food intake, and health-care access.

These findings, however, warrant further study since these two char-

acteristics are important for developing policies. Religion was also

found to be inversely related to women's BMI. Non-Muslim women

had a lesser BMI than Muslim women across all quantiles in UQR and

CQR, except for the 10th quantile in CQR. Religion had the greatest

impact on the upper tail of the unconditional BMI distribution (ie,

overnourished women) and the least impact on the lower tail (ie,

undernourished women), which could be explained by differences in

dietary habits and cultural influences. Given that most Bangladeshis

are Muslims, the role of religion may need to be taken into account

during policy development and implementation.

A key SES marker, household wealth, was significantly related to

BMI, with heterogeneous effects across BMI quantiles, in line with an

earlier study.20 Relative to women living in middle-class households,

women from wealthy households tended to have higher BMI, with

the least effect at 10th quantile (0.400) and the greatest effect at

90th quantile (1.660). Wealthy households, like UQR, showed positive

effects across the conditional BMI distribution in CQR; however,

effects for the same quantile differed significantly between UQR and

CQR. In the low-BMI group, wealthy household plays protective roles

against possible undernutrition, which could be due to higher food

security and greater access to healthy foods. In contrast, high-BMI

group women experienced a large effect of rich wealth status, which

could be attributed to a higher sedentary lifestyle and processed

foods consumption. Poor household wealth status showed a negative

association with BMI across all quantiles in both models. However,

stronger negative effects were noticed for women with lower BMI

(10-50th quantiles) in UQR, which was not evident from CQR. A pos-

sible reason for the stronger effects in the low-BMI group could be

the household food security and lesser access to nutritious foods. In a

nutshell, the highest burden of undernutrition and overnutrition

remains primarily within the poor and the wealthier households,

respectively; however, these effects are expected to be changed as

Bangladesh is experiencing a nutritional transition.29

Furthermore, significant urban–rural differences in women's

nutritional status were observed in this study. Women residing in

urban areas had significant and positive associations with BMI across

all quantiles in both models, compared to women living in rural areas.

Effects of residing in urban areas increased monotonically from the

bottom to the top of the unconditional and conditional BMI distribu-

tions; however, effect sizes were substantially different between two

models (eg, 0.127 in UQR vs 0.211 in CQR at 10th quantile; and

0.973 in UQR and 0.746 in CQR at 90th quantile). This study's results

could be attributable to urbanization and nutrition transition, for

example, rural to urban migration, the adaptation of urban lifestyle,

and changing food habits. Overall, variations in DBM between rural

and urban areas may be due to rising socioeconomic disparities, which

are important for policy formulation and intervention design.

Overall, this study contributes to the literature in several ways. This

study is among the few to consider the quantile models to assess varying

effects of sociodemographic factors on women's nutritional status in

Bangladesh. In particular, findings of unconditional model are promising

because they provide health policymakers with knowledge about the

heterogeneous effects of factors and enable them to target specific

groups of women for interventions, such as those with a BMI of 10% or

less and those with a BMI of 90% or more; however, these thresholds in

conditional models may fall within different BMI quantiles. This study

has other strengths aside from methodological advancement. Large-scale

nationally representative data aids in the generalization of study findings

among nonpregnant women in Bangladesh. The results are less prone to

outliers, more robust, and practically applicable.

Based on the findings of this study, the following policy recom-

mendations for dealing with DBM among Bangladeshi reproductive-

aged women could be proposed. For example, enhancing women's

overall SES (such as education, occupation, and wealth status) may

enhance access to income, purchasing power, and food affordability,

but this is not sufficient because the risk of overnutrition among

women increases as SES improves. As a result, more systematic
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educational and awareness campaigns promoting behavioral change

(eg, physical activity, dietary pattern) are essential. Besides, better

health literacy and nutritional education are important to comprehend

the necessity of improved nutritional status and change societal per-

ception. In parallel, it is essential to address the obesogenic urban

environment as Bangladesh is experiencing rapid urbanization. Fur-

thermore, increasing access to healthier foods, reducing calorie-dense

food intake, and reducing socioeconomic inequalities, especially

among the urban poor, are necessary.

4 | LIMITATIONS OF THE STUDY

Despite the unique strengths, there are some limitations to this study.

First of all, the study was limited to only nonpregnant women aged

15 to 49 years; thus, the results are not generalizable for women of all

age groups. Second, since this study used cross-sectional data, the find-

ings need to be interpreted with caution as it had no scope to assess

the causal relationship. Third, this study did not evaluate some factors

related to DBM, such as dietary habits, physical activity, sleeping nature,

disease profiles, family history, and residential area environmental fea-

tures (eg, density of fast-food shops, availability of parks) due to lack of

data. Furthermore, statistical models did not consider spatial contextual

autocorrelation, which may influence the estimated associations.

Acknowledging these limitations paves the way for future research.

5 | CONCLUSION

This study investigated the complex association between

sociodemographic factors and women's BMI in Bangladesh using large-

scale national-level data and quantile models. There was notable hetero-

geneity in the effects of sociodemographic factors across the conditional

and unconditional BMI distribution. Besides, unconditional and condi-

tional effects for the same quantile also varied. Compared to conditional

heterogeneous effects (CQR), unconditional heterogeneous effects of

factors based on UQR may have greater public health significance. These

UQR model results would aid in identifying sociodemographic risk fac-

tors and the most vulnerable women to intervene. Practical strategies

such as educational and awareness initiatives targeting low- and high-

BMI groups can help combat the DBM. Furthermore, assessing these

selected sociodemographic features is insufficient to understand DBM;

further studies are needed to evaluate the effects of some other poten-

tial risk factors (eg, dietary habits, physical activity, environmental fea-

tures) and the underlying mechanism.
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