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Abstract
Objective: Bangladesh, like many emerging economies of South-East Asia, has
started to experience a double burden of continuing high rates of undernutrition
and increasing rates of overweight and obesity. A lack of assessment of the nutri-
tional shift leaves a gap in current policies: the growing overweight and obesity is
yet to be addressed. The present paper investigates the change in nutritional status,
particularly the shift in BMI, of Bangladeshi women of reproductive age (15–49
years) and characterizes the vulnerable households for both underweight and
overweight status during a period of 10 years (2004–2014).
Design: Generalized linear mixed-effect models were fitted for both urban and
rural residents to assess underweight and overweight status.
Setting: Bangladesh Demographic and Health Surveys.
Participants: Women aged 15–49 years (n 53 077).
Results: The proportion of overweight increased during 2004–2014 from 10·7
to 25·1 % and the proportion of underweight decreased from 32·6 to 18·2 %.
Prevalence of underweight status remained high in rural areas and prevalence
of overweight increased rapidly in both rural and urban areas, creating a double
burden. The significant contributors to this double burden were the change in
women’s level of education, increased household wealth, divisional location
and rapid urbanization.
Conclusions: The findings indicate that specific cohort- or area-based intervention
policy studies in line with the UN Decade of Action on Nutrition are required to
address the nutritional double burden in Bangladesh.
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In the last 30 years, average BMI has increased annually by
about 0·4 kg/m2 worldwide(1); the increase has occurred
primarily in developing countries along with an alarming
rate of increase in overweight and obesity rates(2–4).
Asian countries are now part of this global trend, where
the continuing burden of undernutrition and the emerging
problem of overnutrition have created a double burden of
malnutrition(5–7). Bangladesh, like many emerging econo-
mies of South-East Asia, has started to experience a double
burden of continuing high rates of undernutrition and
increasing rates of overweight and obesity(8,9).

Bangladesh has been fighting both poverty and under-
nourishment for a long time and has progressed towards
being a low middle-income nation with decreased rates

of undernutrition(10–14). The country has recently shown
remarkable improvement in the public health sector, includ-
ing the achievement of both Millennium Development
Goal 4 and Millennium Development Goal 5 ahead of
time(15,16) and striving to achieve the Sustainable Develop-
ment Goals(17–19). This was facilitated by a consistent,
more than 6·0 % annual rate of growth in gross domestic
product along with the reduction of poverty by one-third
in the last decade(20,21). The policies regarding nutritional
status of women, particularly of mothers, are focused on
undernutrition and underweight(22–24). However, a lack of
assessment of the nutritional shift leaves a gap in current
policies: the growing overweight and obesity is yet to be
addressed(25–27).
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Low BMI has a significant association with preterm birth
and other adverse birth outcomes. Women in developing
countries generally face problems of underweight and under-
nourishment, to which poverty, food scarcity and illiteracy
directly contribute(28–31). Underweight (BMI< 18·50 kg/m2)
during the reproductive age of women is associated with
increased risk of low birth weight, preterm birth and intra-
uterine growth restriction, as well as neonatal morbidity,
mortality and growth failure(32–35). However, an improvement
in the nutritional status and a decreasing trendof underweight
are evident in sub-Saharan Africa and South Asia(36,37).
Microfinance programmes, growth in gross domestic prod-
uct, better diet, accessibility to health care and increased
female education have contributed to the positive nutritional
shift in Bangladesh, which decreased rates of underweight
status(31,38).

Bangladesh is experiencing a new health problem of
overweight and obesity, which are major risk factors for
non-communicable diseases, especially diabetes and
CVD, and are estimated to cause 3·8 % of the disability-
adjusted life-years worldwide(39–42). Rapid urbanization,
decreased physical activity, change in lifestyle and
change in dietary intake are the major contributors to this
shift in low- and middle-income countries such as
Bangladesh(43–46). A policy-based discussion was initiated
by Khan and Talukder in 2013(8) regarding the double
burden of malnutrition in Bangladesh, where they identi-
fied the insufficient investment to address overweight
and obesity in Bangladesh along with the lack of appropri-
ate health policies.

The present paper investigates the change in nutritional
status, particularly the shift in BMI, of Bangladeshi women
of reproductive age (15–49 years). With the current policies
focusing on undernutrition in rural areas, Bangladesh may
have overlooked overweight and obesity, which is
expected to be more prominent in urban affluent areas.
Therefore the paper further assesses the gap between rural
and urban nutritional status to characterize the vulnerable
households for both underweight and overweight status for
women in Bangladesh. The trend of BMI over a period of
10 years (2004–2014) was analysed using the last four
rounds of Bangladesh Demographic and Health Surveys
(BDHS) data. These should contribute to reassess the
existing nutritional health policies in the region.

Materials and methods

Data description
The Demographic and Health Surveys (DHS) collect data
from more than ninety low- and middle-income countries
on the demographic and health characteristics of popula-
tions approximately at 5-year intervals(47). The BDHS have
been conducted among ever-married women of reproduc-
tive age (15–49 years) since 1993(15). These nationally
representative cross-sectional surveys are conducted in

collaboration with the National Institute of Population
Research and Training, Bangladesh, ICF International,
USA, and Mitra and Associates, Bangladesh.

Two-stage stratified cluster sampling techniques were
adapted for sampling purposes in these surveys(15). The
sampling frame for the survey was a complete list of enu-
meration areas from the most recent census, which were
either a village (mouza in rural area and mohalla in urban
area) or a part of a village or a group of villages. In the first
stage of the sampling, the enumeration areas (clusters)
were selected using the probability-proportional-to-size
sampling method, where 600 clusters were selected in all
the BDHS. In the second stage, an equal-probability sys-
tematic sampling method was applied to draw an average
of thirty households from each selected cluster. The data for
the current study were extracted from the BDHS conducted
in 2004, 2007, 2011 and 2014. Only the data of the female
respondents were considered; temporary residents (de jure
v. de facto) and pregnant women were excluded from the
analytic data set. Over 10 000 women were considered as
the final sample size for each survey and they were merged
together for the current study, constituting an overall sam-
ple of size 53 077.

Outcome variable
The present study applied the typical BMI categories con-
structed by theWHO:<18·50 kg/m2= underweight, 18·50–
24·99 kg/m2= normal, ≥25·00–29·99 kg/m2= overweight
and ≥30·00 kg/m2= obese(48). Continuous scaling of BMI at
conservative formwas used here to ensure all weight/height2

were captured. As the number of obese women was about
0·1 %, those obese were combined with the overweight
category of BMI. While analysing the underweight level, a
dichotomous variable of underweight v. others (normal/
overweight/obese) was created. A similar process was
followed for assessing overweight (BMI≥ 25·00 kg/m2) v.
others (normal/underweight).

The present paper discusses the disproportional burden
of nutrition in two residencies: urban and rural. Although
the variable ‘residency’ was taken from the BDHS, it should
be noted that DHS surveys never define the urban–rural in
a surveyed country, rather they use the country-specific
administrative definition. According to the Bangladesh
Bureau of Statistics, urban areas are comprised of ‘a central
placehaving 5000 populationwith such amenities asmetaled
roads, improved communication, electricity, gas, water sup-
ply, sewerage, sanitation and also having comparatively
higher density of population with majority population in
non-agriculture occupations’(49). These includes cities, towns,
Paurasavas (municipalities) and Cantonments.

Statistical analysis
BDHS provides a range of household-level socio-
demographic factors. Four surveys from 2004 to 2014, each
in an interval of 3 years, were used in the present study.
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An overview of the variables was conducted through fre-
quency distribution (Table 1), where changes in socio-
demographic factors over the years are displayed as well
as the categories of BMI. Bivariate analysis between the
BMI categories and sociodemographic factors was con-
ducted. Their primary association was evaluated using
the χ2 test, which was adjusted for the complex survey
design (survey weights and cluster-wise variation) using
second-order Rao–Scott corrections(50). To assess the trend
of the nutritional burden, generalized linear mixed-effect
models(51) were applied, for both the underweight and
the overweight variable. The time variable ‘year’ was con-
sidered as a covariate for assessing the trend.

The generalized linear mixed-effect models were fitted
separately for urban and rural areas with year as their cova-
riate (Tables 3 and 4). Each model was adjusted for age,
parity, education, wealth index, division and marital status.
The final model included urban and rural areas as a cova-
riate. The sociodemographic factors were selected based
on the previous studies that focused on the BMI of
Bangladeshi women, particularly using the BDHS(52–55).

Age was a continuous variable, whereas parity (0, 1, 2, 3,
≥4), education (none, primary, secondary, higher), wealth
index (poorest, poorer, middle, richer, richest), division
(Barisal, Chittagong, Dhaka, Khulna, Rajshahi, Sylhet),
marital status (married, not married (i.e. divorced, wid-
owed, separated, not living together)) and residence
(urban, rural) were categorical variables. Rajshahi division
was separated into two divisions (Rangpur and Rajshahi)
in 2010. Hence, seven divisions were listed in BDHS
2011 and 2014. However, we merged these two into one
division (Rajshahi) in the combined data set to be consis-
tent with BDHS 2004 and 2007. The DHS created a house-
hold wealth index with five groups corresponding to
poorest, poorer, middle, richer and richest from the
reported households’ asset variables using principal com-
ponent analysis(56).

Ethical approval
The present paper does not contain any studies with
human participants performed by any of the authors. The

Table 1 Frequency distribution of household sociodemographic characteristics andBMI of women of reproductive age
(15–49 years, n 53 077), Bangladesh Demographic and Health Surveys (BDHS), 2004–2014

Sociodemographic factor

BDHS 2004 BDHS 2007 BDHS 2011 BDHS 2014

n % n % n % n %

Age† (years), mean 30·45 – 31·08 – 31·25 – 31·45 –
Parity
0 1034 9·9 902 9·1 1439 8·9 1462 8·8
1 1761 16·9 1865 18·8 3136 19·4 3481 21·0
2 2151 20·6 2258 22·7 4124 25·5 4451 26·9
3 1798 17·2 1713 17·2 3159 19·6 3213 19·4
≥4 3688 35·4 3208 32·3 4288 26·6 3646 23·8

Education
No education 4180 40·1 3305 33·2 4379 27·1 4059 24·5
Primary 3105 29·8 3002 30·2 4911 30·4 4909 29·7
Secondary 2564 24·6 2880 29·0 5633 34·9 6083 36·7
Higher 583 5·6 759 7·6 1223 7·6 1502 9·1

Wealth index
Poorest 1924 18·4 1657 16·7 2875 17·8 3055 18·5
Poorer 1921 18·4 1810 18·2 3025 18·7 3103 18·7
Middle 1952 18·7 1887 19·0 3088 19·1 3340 20·2
Richer 2027 19·4 1973 19·8 3395 21·0 3496 21·1
Richest 2608 25·0 2619 26·3 3763 23·3 3559 21·5

Division
Barisal 1220 11·7 1297 13·0 1797 11·1 1961 11·8
Chittagong 1836 17·6 1732 17·4 2575 15·9 2617 15·8
Dhaka 2380 22·8 2119 21·3 2791 17·3 2875 17·4
Khulna 1601 15·3 1566 15·7 2418 15·0 2423 14·6
Rajshahi 2359 22·6 1890 19·0 4668 28·9 4691 28·3
Sylhet 1036 9·9 1342 13·5 1897 11·7 1986 12·0

Marital status
Married 9603 92·1 9170 92·2 15 099 93·5 15 580 94·1
Not married 829 7·9 776 7·8 1047 6·5 973 5·9

Residence
Rural 6864 65·8 6168 62·0 10 510 65·1 10 824 65·4
Urban 3568 34·2 3778 38·0 5636 34·9 5729 34·6

BMI category
Underweight 3405 32·6 2758 27·7 3967 22·9 3006 18·2
Normal 5910 56·7 5766 58·0 9490 58·8 9393 56·7
Overweight and obese 1117 10·7 1422 14·3 2959 18·9 414 25·1

†Continuous variable.
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Bangladesh Medical Research Council and the Institutional
Review Boards of ICF International approved the BDHS
protocols, questionnaires and verbal consent forms for the
respective years. All respondents were de-identified before
publishing the data. The secondary data sets analysedduring
the current study are freely available upon request from
the DHS website (https://dhsprogram.com/data/available-
datasets.cfm).

Results

Over the 10-year study period, the proportion of over-
weight women increased and the proportion of under-
weight women decreased (Fig. 1). The percentage of
overweight increased during 2004–2014 from 10·7 to
25·1 % (Table 1). In that period, the underweight percent-
age decreased almost by half, from 32·6 to 18·2 %.

The average age of women in the last four surveys were
similar, about 31 years (Table 1). Households with one or
two children increased, whereas those with four or more
children decreased. The proportion of ‘not married’ women
in the four samples was 6–8% and the major portion of
each sample (approximately 60%) was from rural areas.
The percentage of uneducated women decreased from
40·1 % (2004) to 24·5 % (2014). As the wealth index was
a simulated variable that classified household possessions
into five levels, its values were proportionally equal for
each survey.

The proportion of underweight women was much
lower and the proportion of overweight womenwas nearly
six times higher for the richest households (38·1 %) than
the poorest households (5·9 %; Table 2). Only about 9 %

of highly educated women were underweight compared
with 32·3 % of uneducated women. In contrast, only about
11 % of the women with no education were overweight,
whereas 38·8 % of the highly educated women were over-
weight in the combined sample. The highest percentages of
overweight women were in Dhaka and Khulna divisions
and the highest proportion of underweight women was
from Sylhet division. Only 12·5 % of residents in the rural
areas were overweight compared with 28·8 % in the urban
areas. All of the categorical variables showed a significant
association with underweight and overweight categories in
the bivariate analysis χ2 test (Table 2).

The generalized linear mixed-effect model fitted to the
underweight category compared with the other BMI cat-
egories in both urban and rural areas showed a significant
(P< 0·01) trend over the years. In comparison to 2004,
women living in urban areas of Bangladesh had 54 % less
chance of being underweight in 2014, when adjusted for
other covariates (Table 3). In the combined model, where
both urban and rural residents were studied, we reached a
similar conclusion with women becoming less prone to
underweight as the years have gone by. Age, education,
wealth index, division and marital status showed a signifi-
cant association with women’s underweight status. Highly
educated women were half as likely to be underweight
compared with the illiterate, and women belonging to
the richest class had 75 % less chance of being underweight
comparedwith those in the poorest households. Compared
with Barisal division, women in Sylhet were 1·4 times more
likely to be underweight in both urban and rural areas. As
per Table 3, therewas hardly any difference between urban
and rural areas in the magnitude of trend in their under-
weight status. However, the combined model found that
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Fig. 1 (colour online) The proportion of underweight ( ), normal ( ) and overweight ( ), by urban–rural residence and year, among
women of reproductive age (15–49 years, n 53 077), Bangladesh Demographic and Health Surveys, 2004–2014
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the urban women were 17 % less likely to be underweight
than the rural residents.

The trend in the overweight category was different for
urban and rural areas (Table 4). In the urban model, the
urban residents were over 2·4 times more likely to be over-
weight in 2014 compared with 2004. However, the magni-
tude of change in odds was higher in rural areas, as the
women living there were over 3·9 times more likely to
be overweight in 2014 compared with 2004 (rural model,
Table 4). This indicates that the extent of nutritional shift
was greater for rural residents. Age, parity, education,
wealth index and marital status played a significant role
in these models. The highly educated women were 2·35
(urban) and 1·75 times (rural) more likely to be overweight
in 2014 compared with 2004. Similarly, the wealthier the
household, the more likely (OR= 7·25 for urban and

OR = 5·66 for rural) that a woman from that household
would be overweight comparedwith those from the poorer
quintiles. The non-married (e.g. divorced, widowed or sep-
arated) women were less likely to be overweight in refer-
ence to the married women. Although the volume of shift
was higher for the rural women, the urban residents still
showed 50 %more chance of being overweight, compared
with the rural women, in 2014 v. 2004 (combined model,
Table 4).

Discussion

The current study demonstrates that there has been a sub-
stantial change in the BMI status of reproductive-age
women in Bangladesh. Between 2004 and 2014, there

Table 2 Bivariate analysis of BMI category by household sociodemographic characteristics of women of reproductive
age (15–49 years, n 53 077) in four combined Bangladesh Demographic and Health Surveys, 2004–2014

Sociodemographic factor

BMI category

P value†

Underweight
(<18·50 kg/m2)

Normal
(18·50–24·99 kg/m2)

Overweight
and obese

(≥25·00 kg/m2)

n % n % n %

Age‡ (years), mean 30·45 – 31·08 – 31·25 – <0·001
Parity
0 1222 25·2 3015 62·3 600 12·4 <0·001
1 2567 25·1 5922 57·8 1754 17·2
2 2501 19·3 7548 58·1 2935 22·6
3 2122 21·5 5695 57·6 2065 20·1
≥4 4454 29·4 8378 55·4 2298 15·2

Year
2004 3405 32·6 5910 56·7 1117 10·7 <0·001
2007 2758 27·7 5766 58·0 1422 14·3
2011 3697 22·9 9490 58·8 2959 18·1
2014 3006 18·2 9393 56·7 4144 25·1

Education
No education 5145 32·3 9081 57·0 1697 10·6 <0·001
Primary 4124 25·9 9378 58·9 2425 15·2
Secondary 3240 18·9 9967 58·1 3953 23·0
Higher 357 8·8 2133 52·4 1577 38·8

Wealth index
Poorest 3677 38·7 5268 55·4 563 5·9 <0·001
Poorer 3044 30·9 6022 61·1 796 8·1
Middle 2664 25·9 6317 61·5 1286 12·1
Richer 2199 20·2 6549 60·1 2143 19·7
Richest 1282 10·2 6403 51·0 4864 38·1

Division
Barisal 1658 26·4 3649 58·2 968 15·1 <0·001
Chittagong 1934 22·1 5093 58·1 1733 19·8
Dhaka 2354 23·2 5741 56·5 2070 20·4
Khulna 1566 19·6 4745 59·3 1697 21·2
Rajshahi 3267 24·0 8062 59·2 2279 16·8
Sylhet 2087 33·3 3269 52·2 905 14·2

Marital status
Married 11 644 23·5 28 671 58·0 9137 18·4 <0·001
Not married 1222 33·7 1888 52·1 515 14·1

Residence
Rural 9689 28·2 20 414 59·4 4263 12·5 <0·001
Urban 3177 17·0 10 145 54·2 5389 28·8

†P value of the χ2 test between BMI and sociodemographic factors after adjusting the complex survey design (survey weights and cluster-wise
variation) using second-order Rao–Scott corrections.
‡Continuous variable.
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was a 15 % increase in the prevalence of overweight status
and a similar decrease in underweight status. The reduction
in underweight status was of similar magnitude in both
urban and rural areas; whereas there was a greater relative
change in overweight status in the rural areas, which is con-
gruent with recent review findings(57). The underweight
prevalence in rural areas remained relatively high, as did
the overweight prevalence in the urban residents. These
findings of the shift of nutritional burden are an extension
of previous findings depicting consistency with literature
from Bangladesh(52,58,59). Apart from the year-wise change
and variation by urban–rural residence, the current study
also finds that education, family income level, marital status
of the women and geographic divisional locations played
significant roles in the double burden emergence in
Bangladesh.

Women’s level of education was a significant predictor
of nutritional shift. The higher rate of overweight in women
with higher education is presumably because these women
are more likely to be in sedentary jobs with less physically
intensive activities such as construction works(52).
Occupational sitting time is high for educated persons,
who prefer desk jobs, which in turn increases the risk of
overweight and obesity(60). On the other hand, the eco-
nomic activities of illiterate women, who generally do
not have adequate technical skills, are mostly confined to
labour-intensive work(61,62). However, the BDHS provides
neither the daily physical activity counts of the respondents
nor sitting times. Another possible explanation could be
that the educated women have less time to prepare
home-cooked meals and tend to use the more convenient
options (processed foods) that could lead to increased

Table 3 Binary generalized linear mixed-effect models for the association of underweight (v. normal/overweight/
obese; reference) with household sociodemographic characteristics, according to urban–rural residence and
overall, among women of reproductive age (15–49 years, n 53 077), Bangladesh Demographic and Health
Surveys, 2004–2014

Sociodemographic factor

Urban residents Rural residents Combined

OR 95% CI OR 95% CI OR 95% CI

Random effect (cluster) variance 1·09 – 1·09 – 1·09 –
Age (scaled)† 0·24 0·19, 0·30* 0·64 0·55, 0·73* 0·48 0·42, 0·54*
Parity
0 1·00 Ref. 1·00 Ref. 1·00 Ref.
1 0·95 1·05, 0·87 1·20 1·09, 1·33* 1·11 1·02, 1·21*
2 0·70 0·60, 0·82* 0·89 0·80, 0·99* 0·81 0·75, 0·89*
3 0·79 0·66, 0·94* 0·94 0·84, 1·05 0·88 0·80, 0·97*
≥4 1·25 1·04, 1·51* 1·20 1·06, 1·34* 1·19 1·08, 1·32*

Year
2004 1·00 Ref. 1·00 Ref. 1·00 Ref.
2007 0·83 0·72, 0·95* 0·81 0·74, 0·89* 0·81 0·75, 0·88*
2011 0·59 0·52, 0·68* 0·64 0·59, 0·70* 0·63 0·59, 0·68*
2014 0·46 0·40, 0·53* 0·46 0·42, 0·50* 0·46 0·43, 0·50*

Education
No education 1·00 Ref. 1·00 Ref. 1·00 Ref.
Primary 0·80 0·72, 0·90* 0·86 0·81, 0·91* 0·84 0·80, 0·89*
Secondary 0·61 0·54, 0·69* 0·80 0·74, 0·87* 0·73 0·69, 0·78*
Higher 0·37 0·30, 0·45* 0·63 0·53, 0·75* 0·49 0·43, 0·56*

Wealth index
Poorest 1·00 Ref. 1·00 Ref. 1·00 Ref.
Poorer 0·75 0·63, 0·88* 0·74 0·69, 0·79* 0·75 0·70, 0·80*
Middle 0·55 0·47, 0·65* 0·63 0·58, 0·67* 0·62 0·58, 0·66*
Richer 0·50 0·43, 0·58* 0·46 0·42, 0·50* 0·49 0·45, 0·52*
Richest 0·24 0·21, 0·29* 0·26 0·23, 0·30* 0·25 0·23, 0·27*

Division
Barisal 1·00 Ref. 1·00 Ref. 1·00 Ref.
Chittagong 0·95 0·79, 1·15 0·81 0·72, 0·90* 0·85 0·77, 0·93*
Dhaka 0·97 0·81, 1·16 0·93 0·83, 1·03* 0·93 0·85, 1·02
Khulna 0·99 0·82, 1·20 0·68 0·60, 0·76* 0·76 0·69, 0·84*
Rajshahi 1·02 0·86, 1·22 0·84 0·76, 0·92* 0·88 0·81, 0·96*
Sylhet 1·42 1·16, 1·74* 1·45 1·29, 1·63* 1·40 1·30, 1·59*

Marital status
Married 1·00 Ref. 1·00 Ref. 1·00 Ref.
Not married 1·56 1·35, 1·80* 1·60 1·45, 1·77* 1·60 1·47, 1·73*

Residence
Rural 1·00 Ref.
Urban 0·83 0·79, 0·89*

Ref., reference category.
*OR and 95% CI significant at 1%.
†Age (15–49 years) was scaled (min= 0, mean= 0·5, max= 1) in the model convergence.
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weight(63,64). In the study period (2004–2014), the findings
suggest that the secondary or higher educated women
were over 1·5 times more likely to be overweight, whereas
only 10·5 % of the illiterate women were overweight
(Table 4).

Economic solvency affected the shift of BMI scales from
underweight to overweight in Bangladesh as purchasing
capacity of the general mass increased. The poor unedu-
cated were mostly undernourished, while the rich edu-
cated were overweight. This leads to the assumption that
women living in well-off families had access to surplus
income and consequently increased their intake of nutri-
tious (and/or processed) foods, whereas poor families
could not afford them and remained underweight and
undernourished(65). Another possibility in the urban setting
could be the overconsumption of fast (or junk) foods,
which are more accessible to the wealthier sections of

society, that brings a change in the traditional dietary intake
that elevates weight in general(66,67). Thus, from the surveys
between 2004 and 2014, it can be observed that 73 % of the
overweight women were from above middle wealth
quintiles.

From the divisional variation, it is eminent that under-
weight status increased significantly only in Sylhet com-
pared with Barisal, and in other divisions the overall BMI
increased with a significant decrease in underweight status.
These divisions also experienced an increase in overweight
status compared with Barisal division. This could be
explained by the educational status and income of house-
holds, as Sylhet division lags behind in education and
Barisal in economy(68–70). Marital status in all models
showed that women, who were not living with their part-
ners and were divorced, seemed to be leaning towards
underweight compared with currently married women.

Table 4 Binary generalized linear mixed-effect models for the association of overweight/obesity (v. normal/
underweight; reference) with household sociodemographic characteristics, according to urban/rural residence and
overall, among women of reproductive age (15–49 years, n 53 077), Bangladesh Demographic and Health
Surveys, 2004–2014

Sociodemographic factors

Urban residents Rural residents Combined

OR 95% CI OR 95% CI OR 95% CI

Random effect(cluster) variance 1·09 – 1·09 – 1·09 –
Age (scaled)† 8·08 6·65, 9·83* 5·30 4·37, 6·43* 6·70 5·85, 7·69*
Parity
0 1·00 Ref. 1·00 Ref. 1·00 Ref.
1 1·26 1·08, 1·46* 1·17 0·99, 1·37 1·22 1·09, 1·36*
2 1·51 1·30, 1·75* 1·37 1·17, 1·61* 1·46 1·31, 1·63*
3 1·41 1·20, 1·67* 1·21 1·02, 1·43 1·33 1·18, 1·50*
≥4 1·16 0·97, 1·39 0·92 0·77, 1·10 1·04 0·91, 1·18

Year
2004 1·00 Ref. 1·00 Ref. 1·00 Ref.
2007 1·18 1·02, 1·37 1·45 1·24, 1·69* 1·31 1·18, 1·46*
2011 1·55 1·36, 1·78* 2·30 2·01, 2·64* 1·89 1·71, 2·08*
2014 2·47 2·16, 2·83* 3·91 3·42, 4·47* 3·11 2·83, 3·43*

Education
No education 1·00 Ref. 1·00 Ref. 1·00 Ref.
Primary 1·46 1·30, 1·64* 1·34 1·22, 1·48* 1·40 1·30, 1·51*
Secondary 2·00 1·78, 2·25* 1·59 1·42, 1·77* 1·82 1·68, 1·97*
Higher 2·35 2·05, 2·71* 1·75 1·47, 2·07* 2·13 1·92, 2·37*

Wealth index
Poorest 1·00 Ref. 1·00 Ref. 1·00 Ref.
Poorer 1·41 1·07, 1·85 1·26 1·10, 1·43* 1·27 1·13, 1·42*
Middle 2·18 1·71, 2·78* 1·87 1·65, 2·12* 1·88 1·68, 2·10*
Richer 2·98 2·38, 3·75* 3·14 2·76, 3·56* 2·86 2·57, 3·19*
Richest 7·25 5·78, 9·09* 5·66 4·90, 6·53* 6·14 5·48, 6·88*

Division
Barisal 1·00 Ref. 1·00 Ref. 1·00 Ref.
Chittagong 1·02 0·86, 1·22 1·42 1·22, 1·66* 1·24 1·10, 1·39*
Dhaka 0·93 0·79, 1·09 1·26 1·08, 1·48* 1·11 0·99, 1·25
Khulna 1·06 0·89, 1·26 1·52 1·30, 1·77* 1·31 1·16, 1·47*
Rajshahi 1·03 0·87, 1·21 1·16 1·00, 1·34 1·11 0·99, 1·24
Sylhet 0·81 0·67, 0·99 0·88 0·74, 1·05 0·86 0·75, 0·98

Marital status
Married 1·00 Ref. 1·00 Ref. 1·00 Ref.
Not married 0·64 0·55, 0·74* 0·75 0·64, 0·88* 0·68 0·61, 0·76*

Residence
Rural 1·00 Ref.
Urban 1·52 1·43, 1·63*

Ref., reference category.
*OR and 95% CI significant at 1%.
†Age (15–49 years) was scaled (min= 0, mean= 0·5, max= 1) in the model convergence.
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This could be because childbirth leads to gain of weight
(parity in Tables 3 and 4) andmarriedwomen are less likely
to care about their weight increase(71–73). One other pos-
sibility could be that single women are relatively more eco-
nomically disadvantaged than married ones where the
husband contributes to income.

Urbanization creates a fast-paced economic paradigm
where population density increases and food consumption
follows the global trend, which currently refers to proc-
essed foods or ‘western’ diets more often filled with fats
and refined carbohydrates(63,74,75). In the current context
of Bangladesh, various restaurants, food parks and super-
markets are gaining popularity in the urban areas, serving
as places for recreational family activities, further fuelled by
media publicity(76,77). This changes the everyday food
intake of the urban residents. Moreover, with continuous
urbanmigration towards already crammed cities, increased
housing and infrastructures have dried up the open spaces,
which eventually results in an opportunity cost for the
residents’ physical activities(78–80). Thus, outdoor activity-
based recreations are replaced by home-based entertain-
ments (e.g. televisions, computers, board games), which
ultimately lead to increased sitting time(81). These could
explain why the current study finds that, compared with
rural residents, more than twice the proportion of over-
weight women were urban residents in Bangladesh.

Bangladesh has recently been classified as a lowmiddle-
income country following strong growth rate in gross
domestic product in recent times, and it aims to become
a middle-income country by 2021(82,83). In the process of
economic development, Bangladesh has shown com-
mendable success in the public health sector, including
rapid reduction of undernutrition(84,85). Bangladesh’s
Integrated Nutrition Program 1995–2004 and the sub-
sequent National Nutritional Program had debatable, lim-
ited impact on existing nutritional status(86–89). However,
foreign investment paired with the efforts of local non-
governmental organizations has improved maternal health
care, which has reduced the underweight and undernutri-
tion scenario in distant corners of Bangladesh, decentraliz-
ing the health benefits(85,90,91). The findings of the present
study support that the proportion of underweight women
of reproductive age has declined over the last decade, even
in the rural areas, to which growth in household economic
status and increased female education have contributed.

This observed growth in gross domestic product was
found to be associated with the double burden of malnu-
trition in recent literature, both in Asia and worldwide(92,93).
Economic growth has reached the rural areas with much
developed road infrastructure and that brought application
of commercial products for agriculture and day-to-day
household tasks(57). This has led to a decreased need for
manual labour and with the additional availability of proc-
essed carbohydrates all over the country, to higher energy
intake(94,95). Although our discussion is focused on urban
and rural differences, previous studies on nutrition in

Bangladesh have found differences between adult men
andwomen(59). It has already been observed that such dou-
ble burden is affecting children (e.g. stunting) in low- and
middle-income countries(96). Thus, economic development
demands a revisit to the existing nutritional policies to
address the double burden of malnutrition.

While the current health policies focusing on nutrition
generally emphasize the cases of undernutrition and
underweight, multifaceted national policies from evi-
dence-based experimental interventions are required to
address the double nutritional burden(85,97). Similarly, the
UN Decade of Action on Nutrition has already addressed
the double burden as an emerging problem worldwide
and called for cross-cutting and coherent policies and pro-
grammes(98). Such intervention strategies are tricky given
that both ends of the nutritional spectrum are affected by
the same covariates with a varied range. For example,
the wealth index was found to be a significant factor for
both nutrition statuses; however, the richest households
are more likely to be overweight and poor households
tend to be underweight. As a part of the UN Decade of
Action on Nutrition, in 2016 the WHO suggested six areas
of policy action including promoting sustainable diets by
encouraging local production, setting up social protection
programmes with awareness campaigns, and applying
national cross-government, multisectoral, multi-stakeholder
mechanisms to incorporate international guidelines on
healthy diets in local communities(99). However, all these
would require intervention pilot studies in the context of
Bangladesh prior to national policy implementation.

There were some limitations to the present study. First,
there is no particular set of BMI levels for women in
Bangladesh, which undermines the proper weight/height
quantification as BMI tends to vary with a number of fac-
tors: racial group, ethnicity, geographic location, gender,
age, hormone levels and other socio-economic mea-
sures(100–102). More importantly, the typical threshold for
overweight (≥25·00 kg/m2) might underestimate the cur-
rent problemof overnutrition in Bangladesh(103). This could
be one of the reasons why we found only 0·1 % of obese
women in the study period. Second, the study was limited
to females in their reproductive age. Hence, generalization
of the results and interpretation of the findings must be cau-
tiously done. Third, respondents’ food intake, physical con-
dition and sitting time, as well as national-level factors such
as food prices and quality of nutrition are important com-
ponents while analysing nutritional status, which were not
available in BDHS data sets. Fourth, the sample size varied
across the data sets over the years, which might compro-
mise the interpretation across surveys; however, consistent
methodologies were followed in all the surveys. Finally, the
trend analysis would be more substantial with longitudinal
data, particularly if the same respondents could be fol-
lowed from rural–urban migration to assess their changes.
Future studies could consider these issues and adjust the
models for further precise findings.
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Conclusions

Bangladesh is transitioning from a low-income to a middle-
income country, and its sociodemographic changes are influ-
encing thepublic health sector. Generally, inBangladesh, the
primary concern for maternal health has been undernourish-
ment and underweight. However, the current study argues
that the nutrition scale is shifting; overall, the prevalence of
underweight status is decreasing and there has been a con-
sequent increase of overweight status. Prevalence of under-
weight status has remained high in the rural areas and the
prevalence of overweight is increasing rapidly in both rural
and urban areas. The significant contributors to this double
burden were the change in women’s level of education,
increased household wealth, divisional location and rapid
urbanization. Women with higher education from well-off
families living inurbanareas seem tobeoverweight,whereas
uneducated women from poor households residing in the
rural areas are underweight. To characterize these changes
in the context of Bangladesh, health policies focusing only
on undernutrition need to be revised and consider the
new double burden. Revised policies, however, would
require application of multiple area-based intervention
studies in line with the UN Decade of Action on Nutrition
to address the double nutritional burden in Bangladesh.
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