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ABSTRACT
Objectives  The study aimed to determine the association 
of overweight and obesity with hypertension, diabetes and 
comorbidity among the adults of Bangladesh.
Study design  This study used cross-sectional data from 
the nationally representative Bangladesh Demographic 
and Health Survey conducted in 2017–2018. The main 
outcome variables were hypertension, diabetes and 
comorbidity. Comorbidity was defined as the coexistence 
of hypertension and diabetes. Overweight and obesity, 
as measured by body mass index, were the main 
explanatory variables. The strength of the association 
was determined using the adjusted multiple logistic 
regression models.
Setting  Rural and urban areas in Bangladesh.
Participants  The study included a total of 11 881 adults 
(5241 men and 6640 women) aged 18 years or older.
Results  The prevalence of hypertension, diabetes and 
comorbidity among the sample population were 28.5%, 
9.9% and 4.5%, respectively. Among the respondents, 
20.1% were overweight and 4.1% were obese. The 
risk of hypertension was 2.47 times more likely in the 
overweight group (adjusted OR (AOR) 2.47; 95% CI 
2.22 to 2.75) and 2.65 times more likely in the obese 
group (AOR 2.65; 95% CI 2.16 to 3.26) compared with 
the normal or underweight group. Adults who were 
overweight and obese had 59% (AOR 1.59; 95% CI 1.37 
to 1.84) and 88% (AOR 1.88; 95% CI 1.46 to 2.42) higher 
odds of having diabetes, respectively, than normal or 
underweight adults. Moreover, the risk of comorbidity 
was 2.21 times higher in overweight adults (AOR 2.21; 
95% CI 1.81 to 2.71) and 2.86 times higher in obese 
adults (AOR 2.86; 95% CI 2.09 to 3.91) compared with 
normal or underweight adults.
Conclusions  Using large-scale nationally representative 
data, we found that overweight and obesity were 
significantly associated with hypertension, diabetes and 
comorbidity. So, nationally representative data can be used 
for programme planning to prevent and treat these chronic 
conditions.

INTRODUCTION
The prevalence of overweight and obesity is 
growing at an alarming rate and is a serious 
threat to public health worldwide.1–4 The 
global obesity prevalence almost doubled 
from 6.4% in 1980 to 12.0% in 2008, and the 
overweight prevalence rose from 24.6% to 
34.4% during the same period.5 According to 
an estimate of the WHO, more than 1.9 billion 
adults aged 18 years and older (39% of adults) 
were overweight in 2016, among whom more 
than 650 million (13% of adults) were obese.3 
Globally, the number of overweight and 
obese adults is projected to be 1.35 billion and 
573 million by 2030, respectively.6 Overweight 
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and obesity are major risk factors for developing various 
non-communicable diseases (NCDs), such as cardiovas-
cular diseases (CVDs), diabetes, hypertension, musculo-
skeletal disorders, cancer and dyslipidaemia.3 7–14 Global 
deaths and disability-adjusted life-years (DALYs) for both 
males and females have more than doubled between 1990 
and 2017, according to the global burden of disease due to 
high body mass index (BMI).15 In 2017, high BMI caused 
2.4 million deaths and 70.7 million DALYs in females, and 
2.3 million deaths and 77.0 million DALYs in males.15

The consequences of overweight and obesity increase 
the risk of NCDs, which are the leading cause of death 
globally. The illness burden of NCDs diseases is extremely 
high among low-income and middle-income countries 
(LMICs) and populations. In 2016, a total of 71% (41 
million) of the 57 million global deaths occurred due to 
NCDs, while 78% of all NCDs deaths and 85% of prema-
ture deaths occurred in LMICs.16 Diabetes is one of the 
four major NCDs responsible for an estimated 1.6 million 
deaths worldwide, accounting for 4% of all NCDs deaths 
and 3% of all global deaths in 2016.16 According to the 
International Diabetes Federation, 463 million adults 
worldwide had diabetes in 2019, with the figure projected 
to rise to 700 million by 2045.17 Diabetes cases in South-
east Asian countries are also projected to rise by 74% over 
the next two decades.18 Furthermore, high blood pres-
sure or hypertension is the leading risk factor of CVD, 
which is a major cause of premature deaths and DALYs 
worldwide.16 It increases the risk of coronary heart attack, 
stroke, kidney failure and visual deficiency.19 20 According 
to the WHO, the global prevalence of hypertension is 
22%, with a 25% prevalence in Southeast Asia.21 An esti-
mated 1.13 billion people had hypertension worldwide in 
2019, most of whom (two-thirds) living in LMICs,21 and 
the number is projected to rise to 1.6 billion by 2025.22 
Due to the nature of the NCDs, often diabetes and hyper-
tension coexist in the adult population, putting them at a 
higher risk of general disability and premature death.23 24 
Furthermore, diabetes itself is a risk factor for developing 
CVDs, while the coexistence of diabetes and hyperten-
sion enhances the risk of developing CVDs, and being 
overweight or obese increases the risk of developing both 
diabetes and hypertension.25–27

Bangladesh, an LMIC in South Asia, has experienced 
a substantial increase in overweight and obesity preva-
lence over the period.28–32 According to the Bangladesh 
Demographic and Health Survey (BDHS) 2011 report, 
the prevalence of overweight and obesity among ever-
married women aged 15–49 years was 13.6% and 2.9%, 
respectively, and 9.1% of men aged 35 years and older 
were overweight or obese. In addition, the prevalence 
of hypertension among women and men aged 35 years 
and older was 32% and 20%, respectively, and the preva-
lence of diabetes mellitus among women and men aged 
35 years and older was 11.2% and 11.7%, respectively.33 
Similarly, in BDHS 2017–2018 report, approximately 
18% of men aged 18 years and older were overweight 
or obese, and more than 32% ever-married women aged 

15–49 years were overweight or obese. Furthermore, the 
prevalence of hypertension among women and men aged 
18 years and older was 28.4% and 26.2%, respectively, 
and the prevalence of diabetes mellitus among women 
and men aged 18 years and older was 9.5% and 10.5%, 
respectively.32 The proportion of ever-married women of 
reproductive age (15–49 years) suffering from overweight 
and obesity increased from 3% in 1996–1997 and 12% 
in 2007 to 32% in 2017–2018.32 The increasing preva-
lence of overweight and obesity in both men and women 
clearly indicates that Bangladesh is now experiencing a 
double burden of malnutrition from both overnutrition 
and undernutrition,34–36 and a recent study found that 
the prevalence of overweight women of reproductive age 
has exceeded that of underweight women.37 In addition, 
several studies in Bangladesh found an increasing prev-
alence of hypertension, with more than 20% of adults 
suffering from this chronic condition.38–41 In 2019, there 
were 8.4 million adults in Bangladesh living with diabetes, 
with the number projected to nearly double (15.0 million) 
by 2045.18 The proportion of deaths in Bangladesh due to 
NCDs increased from 43.1% in 2000 to 70.2% in 2019, 
according to data from the Global Health Estimates 
2020.42

Previous studies in Bangladesh mainly focused on infec-
tious disease and undernutrition since these were tradi-
tionally the country’s major public health problems,43 44 
with little attention given to the increasing burden of 
overweight and obesity, as well as the chronic diseases and 
comorbidities that come with it.27 45 Given the rapid rise in 
overweight and obesity at the population level in Bangla-
desh, assessing the specific association of overweight and 
obesity with NCDs by considering and adjusting other 
mediating factors such as age, sex, urbanicity and socio-
economic status is very important for the successful impli-
cation of public health interventions among the targeted 
groups of the population. Earlier studies conducted in 
different geographical areas show that overweight and 
obesity are associated with various NCDs such as hyper-
tension, diabetes and comorbidity.7 46–48 However, in the 
context of Bangladesh, most of the studies in the literature 
identified overweight or obesity as an important significant 
factor, along with many other factors, in the development 
of common NCDs.8 38 45 49–54 There is no study, to the best 
of our knowledge, which specifically looked at the associa-
tion of overweight and obesity with hypertension, diabetes 
and comorbidity using large-scale nationally representa-
tive samples of the general adult population aged 18 years 
and older in Bangladesh. Therefore, the objectives of this 
study were to determine the prevalence of hypertension, 
diabetes and comorbidity across different subgroups of 
the study population, as well as to find out the specific 
association of overweight and obesity not only with hyper-
tension and diabetes, but also with comorbidity (the 
coexistence of hypertension and diabetes) by adjusting 
for other risk factors for hypertension and diabetes using 
data from a large-scale nationally representative sample 
of Bangladesh. Moreover, unlike the previous BDHS 2011 
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survey, where biomarker measurements were only avail-
able for adults aged 35 years and over, this study analysed 
BDHS 2017–2018 survey data, where we used a large-scale 
nationally representative sample of general adults aged 
18 years and over to investigate the specific association of 
overweight and obesity with hypertension, diabetes and 
comorbidity. The study findings can assist health policy-
makers in Bangladesh and elsewhere with similar settings 
in developing successful health policies and prioritising 
action among the targeted groups to address overweight 
and obesity-induced NCDs.

METHODS
Study population and data source
This study used secondary data from the most recent 
nationally representative BDHS 2017–2018. We obtained 
data from the MEASURE DHS Archive (https://dhspro-
gram.com/data/dataset/Bangladesh_Standard-DHS_​
2017.cfm?flag=1).55 The survey was conducted between 
October 2017 and March 2018 under the authority of the 
National Institute of Population Science and Training, 
Medical Education and Family Welfare Division, Ministry 
of Health and Family Welfare.32 The main objective of the 
survey was to analyse the health indicators and provide 
a comprehensive summary of population, maternal and 
child health problems, along with the status of several 
NCDs such as hypertension and diabetes among adults. 
This was the second nationally representative survey 
in Bangladesh that incorporated the measurement of 
biomarker information, including blood pressure and 
blood glucose levels. In this research, the study popula-
tion was adult men and women aged 18 years and over in 
Bangladesh.

Study design and sample size
The 2017–2018 BDHS used a two-stage stratified cluster 
sample of households.32 The survey is nationally repre-
sentative and includes the entire population of non-
institutional residents of Bangladesh. As a sampling 
frame, the survey had used a database of enumeration 
areas (EAs) from the Population and Housing Census 
of the People’s Republic of Bangladesh in 2011, issued 
by the Bangladesh Bureau of Statistics.56 The survey’s 
primary sampling unit was an EA, which contains an 
average of about 120 households. In the primary stage, 
675 EAs (250 in urban areas and 425 in rural areas) were 
chosen with a probability proportional to their number. 
In the second stage of sampling, a systematic sample 
of an average of 30 households per EA was chosen to 
provide statistically reliable estimates of key demo-
graphic and health variables for the country as a whole, 
urban and rural areas separately, and for every one of 
the eight divisions. The survey selected 20 250 residential 
households according this design. Of the selected house-
holds, 20 127 households were effectively interviewed.32 
To measure biomarker information, one-fourth of the 
20 250 eligible households was selected as a subsample. In 

this subsample, both women and men aged 18 years and 
older were entitled to participate in the biomarker test, 
which involved blood pressure tests and fasting blood 
glucose (FBG) testing. The subsample included a total 
of 14 704 (6691 men and 8013 women) individuals aged 
18 years and over who were eligible for the biomarker 
test. After excluding missing data and non-responses, the 
final analytic sample consists of a total of 11 881 individ-
uals, with 5241 men and 6640 women providing detailed 
information. The analytic sample selection procedure is 
presented in figure 1. The detailed survey method, data 
collection process, measurement procedures and ques-
tionnaires are available in the final report of the 2017–
2018 BDHS.32

Figure 1  Study flow chart of the respondents selected from 
the Bangladesh Demographic and Health Survey 2017–2018 
data. BMI, body mass index; BP, blood pressure; FBG, 
fasting blood glucose.

https://dhsprogram.com/data/dataset/Bangladesh_Standard-DHS_2017.cfm?flag=1
https://dhsprogram.com/data/dataset/Bangladesh_Standard-DHS_2017.cfm?flag=1
https://dhsprogram.com/data/dataset/Bangladesh_Standard-DHS_2017.cfm?flag=1
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Biomarker measurements
The 2017–2018 BDHS incorporated biomarkers, 
including blood pressure measurement and blood glucose 
testing. According to the BDHS 2017–2018 report, the 
LIFE SOURCE UA-767 Plus BP monitor model was used 
to measure blood pressure.32 This automated gadget had 
different cuffs for monitoring blood pressure in people 
with small, medium and large arm circumferences. Blood 
pressure was measured and reported during the survey by 
two qualified health technicians trained under the recom-
mended protocol. During the survey, three systolic and 
diastolic blood pressure (SBP/DBP) readings were taken 
at approximately 10 min intervals. The blood pressure 
levels of the respondents were recorded using the average 
of the second and third readings.32 For the measurement 
of blood glucose, the HemoCue 201 RT analyzer was 
used. After respondents had fasted overnight, capillary 
blood was obtained from the middle or ring finger. The 
first two drops were wiped away, and for measurement, 
the third drop was taken. Blood glucose was measured in 
millimoles per litre (mmol/L). In the final report of the 
2017–2018 BDHS, a complete description of biomarker 
measurements is available.32

Outcome variables
The outcome or dependent variables for this study were 
having hypertension, diabetes and comorbidity. An indi-
vidual was classified as having hypertension if they had 
average SBP ≥140 mm Hg (millimetres of mercury) and/
or DBP ≥90 mm Hg and/or currently taking antihyper-
tensive medication during the survey. Blood pressure 
measurements were classified using the Seventh Report 
of the United States National Institutes of Health’s Joint 
National Committee on Prevention, Detection, Evalua-
tion and Treatment of High Blood Pressure (JNC 7).57 An 
individual was considered as having raised blood glucose 
or diabetes if they had a FBG value greater than or equal 
to 7.0 mmol/L at the time of the survey, or currently 
taking prescribed medication due to diabetes.58 Comor-
bidity was defined as the coexistence of hypertension and 
diabetes.59

Explanatory variables
The explanatory variable of main interest was overweight 
and obesity measured by BMI, which was defined as weight 
in kilograms divided by height in metre square (kg/
m2). The 2017–2018 BDHS carries out anthropometric 
measurements such as height and weight for adults aged 
18 years and older (one-fourth of the total households) 
as an indicator of nutritional status. As per the WHO 
guidelines adults were classified as neither overweight 
nor obese if BMI was <25 kg/m2, overweight if BMI was 
25–29.9 kg/m2 and obese if BMI was  ≥30 kg/m2.3 Data 
were excluded from the study if women were currently 
pregnant and details of the height and/or weight of the 
respondents were not available.

Based on the risk factors associated with hyperten-
sion and diabetes, the following important variables 

were also included in this study as explanatory variables: 
respondent’s age, sex, marital status, education, working 
status, wealth index, place of residence and division of 
residence. Respondent’s age was categorised into three 
groups (18–34, 35–64 and 65 and above). Sex was classi-
fied as male and female. Marital status was classified into 
two groups as unmarried and ever married (currently 
married, widowed and divorced). Respondent’s educa-
tion level was categorised as ‘no education’, ‘primary 
education’, ‘secondary education’ and ‘higher educa-
tion’. No education refers to not experiencing any formal 
education, primary education was defined as completing 
grade 5, secondary education as completing grade 10, 
and higher education was defined as attaining more than 
grade 10 or had preuniversity/university-level education. 
The variable working status was classified as ‘yes’ and 
‘no’, ‘yes’ means the respondent currently working and 
‘no’ means not currently working. The household socio-
economic status was measured by the wealth index and 
the wealth index was calculated by the BDHS using the 
principal component analysis ranging from poorest to 
richest levels.32 Place of residence was divided into urban 
and rural categories. In addition, the region or division 
of residence was classified as the eight administrative divi-
sions of Bangladesh, namely Barisal, Chittagong, Dhaka, 
Khulna, Mymensingh, Rajshahi, Rangpur and Sylhet.

Statistical analysis
Data were analysed using statistical software Statistical 
Package for the Social Sciences (SPSS) V.20. At first, the 
descriptive characteristics of the selected variables were 
calculated and presented by frequency distribution. 
Then, cross-tabulations (ie, bivariate) were performed to 
compare hypertension, diabetes and comorbidity status 
across covariate categories. A χ2 test was conducted to 
measure the proportional differences in hypertension, 
diabetes and comorbidity status across all selected cate-
gorical variables. Both bivariate and multivariable logistic 
regression models were used to identify the significant risk 
factors for hypertension, diabetes and comorbidity. At the 
first stage, in order to determine significant risk factors, 
we selected potential predictor variables with higher 
correlations with the dependent variable (s) and then 
performed a bivariate logistic regression analysis. In the 
bivariate logistic regression analysis, an arbitrary p≤0.25 
was used as a selection criterion to include the variable 
in the multivariate logistic regression model to control 
for confounding effects of all selected variables, and the 
results were statistically significant at a p ‍≤ 0.01‍. All vari-
ables were checked for multicollinearity and no signifi-
cant multicollinearity between any variables was observed. 
The association of overweight and obesity with hyperten-
sion, diabetes and comorbidity was measured separately 
through multiple logistic regression analysis. In the 
multiple logistic regression analysis, we used the normal 
or underweight category (BMI <25.0 kg/m2) as the refer-
ence group of BMI status. The references for using the 
normal or underweight category (BMI  <25.0 kg/m2) as 
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the reference group in earlier studies can be found else-
where.60–62 The results of the multivariate logistic regres-
sion analysis were presented as crude ORs and adjusted 
ORs (AOR) for multifactorial effects in the model with 
corresponding 95% CIs. To ensure actual representation 
of the nationwide data, appropriate sampling weights 
provided by the 2017–2018 BDHS were used for analysis.

Patient involvement
No patient was involved in this study.

RESULTS
Background characteristics of the respondents
The frequency distribution of the basic characteristics 
of the study participants is presented in table  1. The 
study analysed data from 11 881 respondents including 
men and women aged 18 years and above. Among the 
11 881 respondents, 44.1% were male and 55.9% were 
female. The majority of the respondents (46.6%) were 
in the 35–64 years age group, followed by 18–34 years 
(43.7%) age group, and nearly 10% of the respondent’s 
age were 65 years and older. Among all participants, 
only 10.6% were unmarried, more than one-third (37%) 
were unemployed, and more than a quarter (25.5%) of 
the respondents had no formal education. Nearly two-
thirds (64.2%) of the respondents were from rural areas, 
and the highest proportion (approximately 14%) of the 
respondents came from the Khulna division and the 
lowest proportion (10.4%) of data came from the Barisal 
division. Regarding household wealth status, the majority 
of the respondents (22.2%) came from the richest wealth 
index households. According to the BMI measurement, 
approximately one-fourth of the respondents (24.2%) 
were overweight or obese, of whom more than 20% were 
overweight and more than 4% were obese (table 1).

Prevalence and distribution of hypertension, diabetes and 
comorbidity
Overall, the prevalence of hypertension, diabetes and 
comorbidity among adults was 28.5%, 9.9% and 4.7%, 
respectively (table  1). The prevalence of hypertension, 
diabetes and comorbidity across the explanatory variables 
and the results of the χ2 test of association are presented 
in table 2. The study found that hypertension, diabetes 
and comorbidity vary across covariates. The findings show 
that the prevalence of hypertension, diabetes and comor-
bidity increased with age, and that age was identified as 
a significant factor in all the three groups. Hypertension 
varies significantly between males and females (26.9% 
vs 29.8%), but sex-specific differences in diabetes and 
comorbidity were not significant. Moreover, the preva-
lence of hypertension was significantly higher among 
respondents with no education compared with those with 
primary, secondary or higher education, even though 
education was not found to be significantly associated 
with diabetes and comorbidity. Respondents who had 
ever married, were currently unemployed and belonged 

Table 1  Background characteristics of the study 
population aged 18 and older from BDHS 2017–2018 data 
(N=11 881)

Variables Frequency (%)

Age group (in years)

 � 18–34 5188 (43.7)

 � 35–64 5535 (46.6)

 � 65+ 1158 (9.7)

Sex

 � Male 5241 (44.1)

 � Female 6640 (55.9)

Marital status

 � Unmarried 1264 (10.6)

 � Ever married 10 617 (89.4)

Education

 � No education 3032 (25.5)

 � Primary education 3592 (30.2)

 � Secondary education 3392 (28.5)

 � Higher education 1865 (15.7)

Working status

 � No 4401 (37.0)

 � Yes 7480 (63.0)

Wealth index

 � Poorest 2314 (19.5)

 � Poorer 2250 (18.9)

 � Middle 2353 (19.8)

 � Richer 2325 (19.6)

 � Richest 2639 (22.2)

Place of residence

 � Urban 4248 (35.8)

 � Rural 7633 (64.2)

Division of residence

 � Barisal 1234 (10.4)

 � Chittagong 1602 (13.5)

 � Dhaka 1540 (13.0)

 � Khulna 1650 (13.9)

 � Mymensingh 1347 (11.3)

 � Rajshahi 1565 (13.2)

 � Rangpur 1539 (13.0)

 � Sylhet 1404 (11.8)

Body mass index

 � Normal or underweight 9005 (75.8)

 � Overweight 2386 (20.1)

 � Obesity 490 (4.1)

Hypertension status*

 � No 8489 (71.5)

 � Yes 3392 (28.5)

Continued
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to the richest wealth quintile had a higher prevalence of 
hypertension, diabetes and comorbidity. Respondents 
living in urban areas had significantly higher prevalence 
in all three groups, namely hypertension, diabetes and 
comorbidity, than those living in rural areas (hyperten-
sion: urban 30.0% vs rural 27.8%; diabetes: urban 12.2% 
vs rural 8.6%; comorbidity: urban 6.1% vs rural 3.9%). 
The highest and lowest prevalence of hypertension was 
found in the Barisal (32.6%) and Mymensingh (24.0%) 
divisions, respectively. Furthermore, the prevalence of 
diabetes was highest in the Dhaka division (15.3%) and 
lowest in the Rangpur division (6.2%), with similar results 
were found for comorbidity status. According to the BMI 
status of the participants, the prevalence of hypertension, 
diabetes and comorbidity was higher in the overweight 
group compared with the normal or underweight group, 
with the highest prevalence in all groups was among 
those who were obese (table 2). All the associated factors 
were statistically significant by the χ2 test of association at 
a significance level of p<0.01.

Association of overweight and obesity with hypertension, 
diabetes and comorbidity
The association of overweight and obesity with hyper-
tension, diabetes and comorbidity among the sample 
population was identified using the multivariate logistic 
regression technique, with normal or underweight consid-
ered as the reference group. In the final analysis, the 
model was adjusted by the respective significant explana-
tory variables of hypertension, diabetes and comorbidity 
in the bivariate analysis. The crude and aORs for hyper-
tension, diabetes and comorbidity are shown in table 3 
and table  4, respectively. In both crude and adjusted 
analyses, it was found that overweight and obesity were 
significantly associated with hypertension, diabetes and 
comorbidity. According to the adjusted model (table 4), 

overweight and obese adults were 2.47 (AOR 2.47; 95% CI 
2.22 to 2.75) and 2.65 (AOR 2.65; 95% CI 2.16 to 3.26) 
times more likely to develop hypertension than normal 
or underweight adults, respectively. Individuals who were 
overweight and obese had 59% (AOR 1.59; 95% CI 1.37 
to 1.84) and 88% (AOR 1.88; 95% CI 1.46 to 2.42) higher 
odds of having diabetes, respectively than those who were 
normal or underweight. The risk of comorbidity was 2.21 
times higher among the individuals who were overweight 
(AOR 2.21; 95% CI 1.81 to 2.71) and 2.86 times more 
likely among the individuals who were obese (AOR 2.86; 
95% CI 2.09 to 3.91) than the reference normal or under-
weight adults (table 4). All the associations in the crude 
and adjusted model were statistically significant at a level 
of p<0.001.

DISCUSSION
This study attempted to show the current prevalence of 
overweight, obesity, hypertension, diabetes mellitus and 
comorbidity among the adult population aged 18 years 
and over in Bangladesh, as well as the association of 
overweight and obesity with hypertension, diabetes and 
comorbidity, using the most recent nationally represen-
tative cross-sectional BDHS 2017–2018 survey data. The 
BDHS 2017–2018 is the second nationally representative 
survey that provides biomarker measurements of individ-
uals with high blood pressure and high FBG. Unlike the 
previous BDHS 2011 survey, which measured biomarkers 
in only a subset of adults aged 35 years and over, the BDHS 
2017–2018 survey measures biomarkers in all adults aged 
18 years and higher. To the best of our knowledge, this 
is the first study to examine the specific association of 
overweight and obesity with hypertension, diabetes and 
comorbidity using broad-scale nationally representative 
data from the general adult population aged 18 years and 
older. After analysing the data, this study found that the 
likelihood of having hypertension, diabetes and comor-
bidity significantly increased with the increased BMI of 
the respondents, which is consistent with other similar 
studies in different geographical areas.7 46–48 As compared 
with normal or underweight people, the risk of diabetes 
is nearly twofold in overweight and obese adults, and 
the risk of hypertension and comorbidity is more than 
twofold in overweight and obese adults, respectively.

In this study, the prevalence of overweight and obesity 
among adults aged 18 years and older in Bangladesh was 
20.1% and 4.1%, respectively, whereas in the BDHS 2011 
survey, the prevalence of overweight and obesity among 
ever-married women aged 15–49 years was 13.6% and 
2.9%, respectively, and 9.1% of men aged 35 years and 
older were overweight or obese.33 The increasing preva-
lence of overweight and obesity among adults in Bangla-
desh contributes to the alarming burden of NCDs such 
as hypertension, diabetes and comorbidity.27 28 49 63 This 
study also revealed that more than one in every four 
adults aged 18 years and older had high blood pressure 
or hypertension (28.5%). In comparison to this study, in 

Variables Frequency (%)

Diabetes status†

 � No 10 708 (90.1)

 � Yes 1173 (9.9)

Comorbidity‡

 � No 11 322 (95.3)

 � Yes 559 (4.7)

*An individual is classified as having hypertension if s/he has an 
average blood pressure level of ≥140 mm Hg SBP or ≥90 mm Hg 
DBP, or she/he is currently taking antihypertensive medication to 
lower blood pressure.
†An individual is classified as having diabetes if she/he reports 
taking medication for diabetes or has a fasting blood glucose 
of ≥7.0 mmol/L.
‡Comorbidity is defined as the presence of both hypertension and 
diabetes.
BDHS, Bangladesh Demographic and Health Survey; DBP, 
diastolic blood pressure; SBP, systolic blood pressure.

Table 1  Continued
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Table 2  Prevalence of hypertension, diabetes and comorbidity by the characteristics of the study participants, BDHS 2017–
2018 (N=11 881)

Characteristics

Hypertension (n=3392)
Diabetes
(n=1173)

Comorbidity
(n=559)

n (%) P value n (%) P value n (%) P value

Age group <0.001 <0.001 <0.001

 � 18–34 686 (13.2) 277 (5.3) 66 (1.3)

 � 35–64 2051 (37.1) 724 (13.1) 376 (6.8)

 � 65+ 655 (56.6) 172 (14.9) 117 (10.1)

Sex 0.001 0.95 0.061

 � Male 1411 (26.9) 516 (9.8) 225 (4.3)

 � Female 1981 (29.8) 657 (9.9) 334 (5.0)

Marital status <0.001 <0.001 <0.001

 � Unmarried 153 (12.1) 56 (4.4) 8 (0.6)

 � Ever married 3239 (30.5) 1117 (10.5) 551 (5.2)

Education <0.001 0.788 0.862

 � No education 1082 (35.7) 288 (9.5) 146 (4.8)

 � Primary education 1022 (28.5) 354 (9.9) 162 (4.5)

 � Secondary education 824 (24.3) 348 (10.3) 166 (4.9)

 � Higher education 464 (24.9) 183 (9.8) 85 (4.6)

Working status <0.001 <0.001 <0.001

 � No 1440 (32.7) 522 (11.9) 267 (6.1)

 � Yes 1952 (26.1) 651 (8.7) 292 (3.9)

Wealth index <0.001 <0.001 <0.001

 � Poorest 545 (23.6) 131 (5.7) 45 (1.9)

 � Poorer 575 (25.6) 134 (6.0) 48 (2.1)

 � Middle 654 (27.8) 189 (8.0) 87 (3.7)

 � Richer 697 (30.0) 252 (10.8) 119 (5.1)

 � Richest 921 (34.9) 467 (17.7) 260 (9.9)

Place of residence 0.011 <0.001 <0.001

 � Urban 1273 (30.0) 520 (12.2) 258 (6.1)

 � Rural 2119 (27.8) 653 (8.6) 301 (3.9)

Division of residence <0.001 <0.001 <0.001

 � Barisal 402 (32.6) 126 (10.2) 58 (4.7)

 � Chittagong 490 (30.6) 182 (11.4) 98 (6.1)

 � Dhaka 377 (24.5) 236 (15.3) 93 (6.0)

 � Khulna 507 (30.7) 149 (9.0) 87 (5.3)

 � Mymensingh 323 (24.0) 111 (8.2) 45 (3.3)

 � Rajshahi 436 (27.9) 135 (8.6) 62 (4.0)

 � Rangpur 487 (31.6) 95 (6.2) 50 (3.2)

 � Sylhet 370 (26.4) 139 (9.9) 66 (4.7)

Body mass index <0.001 <0.001 <0.001

 � Normal or underweight 2138 (23.7) 709 (7.9) 281 (3.1)

 � Overweight 1023 (42.9) 364 (15.3) 212 (8.9)

 � Obesity 231 (47.1) 100 (20.4) 66 (13.5)

χ2 test was applied to assess the proportional significant differences within groups. Statistical significance at p<0.01.
BDHS, Bangladesh Demographic and Health Survey.
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the BDHS 2011 survey, the prevalence of hypertension 
among women and men aged 35 years and older was 32% 
and 20%, respectively.33 According to this study, the prev-
alence of hypertension was higher among overweight and 
obese individuals (42.9% and 47.1%, respectively) than 
the normal or underweight individuals, which is consis-
tent with the previous studies in Bangladesh.27 50–52 64 The 
prevalence of hypertension was higher among adults 
from the older age group (65 years and over), who were 
female, ever married, had no educational attainment, not 
employed, those residing in urban areas and those in the 
richer to richest wealth index, which is consistent with 
the findings of previous studies in Bangladesh38 51 64 and 
reveals some similarities and differences with the studies 
from other developing countries.65–73 In our study, we 
found that nearly 10% (1 in every 10) of adults aged 18 
years and older had diabetes mellitus. Similar results were 
found in the BDHS 2011 survey, where the prevalence of 
diabetes mellitus among women and men aged 35 and 
older was 11.2% and 10.7%, respectively.33 The preva-
lence of diabetes was higher in urban areas, among adults 
who were not working and among adults who had ever 
married, and it increased sharply as an individual’s BMI, 
age and wealth index increased. These results are consis-
tent with previous researches undertaken in Bangla-
desh53 54 74 75 as well as researches from other LMICs.76–80

Although, to the best of our knowledge, this is 
the first study that explores the specific associa-
tion of overweight and obesity with common NCDs 
such as hypertension, diabetes and comorbidity in 
Bangladesh using a nationally representative sample 
of general adults aged 18 years and older, previous 

studies have identified overweight and obesity as 
significant correlates of hypertension and type 2 
diabetes mellitus.45 50 51 53 Moreover, this study found 
that approximately 5% of adults in Bangladesh had 
both hypertension and diabetes comorbidity, which is 
consistent with the results of previous studies in Bangla-
desh.27 45 A systematic review of the published paper 
on hypertension and diabetes in Southeast Asian and 
African regions, including Bangladesh, reported that 
diabetes and hypertension coexist in type 2 diabetic 
individuals.81 According to other studies, hyperten-
sion is a widespread comorbid condition in people 
with diabetes mellitus and vice versa, and there is 
significant evidence that diabetics persons have a 
higher prevalence of hypertension.59 82 83 We found, 
as in previous research, that the risk of having comor-
bidity (coexistence of hypertension and diabetes) 
was greatly increased in overweight and obese adults 
compared with normal or underweight adults.27 45

The findings in this study indicate an increasing prev-
alence of adult’s overweight and obesity, as well as the 
subsequent risk of NCDs, which is becoming a serious 
issue for Bangladesh’s inadequate public health system. 
Given the increasing prevalence of overweight and obesity 
in the country, as well as the associated disease burden, 
health policy-makers must establish effective recommen-
dations for healthy lifestyles and implement interventions 
among those who are already overweight and obese in 
order to tackle chronic diseases. In this regard, clinical 
diagnosis of NCD such as hypertension and diabetes 
is required, followed by research into the association 
between these diseases and overweight and obesity of the 

Table 3  Association (crude) of overweight and obesity with hypertension, diabetes and comorbidity among adults in 
Bangladesh, BDHS 2017–2018

BMI status

Hypertension Diabetes Comorbidity

COR (95% CI) COR (95% CI) COR (95% CI)

Normal/underweight (ref) 1 1 1

Overweight 2.41* (2.19 to 2.65) 2.11* (1.84 to 2.41) 3.02* (2.52 to 3.64)

Obesity 2.86* (2.38 to 3.44) 3.00* (2.38 to 3.79) 4.83* (3.63 to 6.43)

*P<0.05.
BDHS, Bangladesh Demographic and Health Survey; BMI, body mass index; COR, crude OR.

Table 4  Association (adjusted) of overweight and obesity with hypertension, diabetes and comorbidity among adults in 
Bangladesh, BDHS 2017–2018

BMI status

Hypertension Diabetes Comorbidity

AOR (95% CI) AOR (95% CI) AOR (95% CI)

Normal/underweight (ref) 1 1 1

Overweight 2.47* (2.22 to 2.75) 1.59* (1.37 to 1.84) 2.21* (1.81 to 2.71)

Obesity 2.65* (2.16 to 3.26) 1.86* (1.46 to 2.42) 2.86* (2.09 to 3.91)

Adjusted by respective significant explanatory variables in bivariate analysis.
*P<0.05.
AOR, adjusted OR; BDHS, Bangladesh Demographic and Health Survey; BMI, body mass index.
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adult population in Bangladesh. Furthermore, although 
several studies indicate an increasing prevalence of over-
weight and obesity in children and adolescents,84–87 more 
research is required to determine the association between 
childhood overweight and obesity and NCDs.

There are some significant strengths and shortcom-
ings of this study. The main strengths of the study 
are the use of large nationally representative sample 
data with detailed biomarker information on hyper-
tension and diabetes for adults aged 18 years and 
older. Unlike the previous study, which used partial 
data from women and men aged 35 years and older, 
this study uses full data from general adults aged 18 
years and older in Bangladesh for the first time, which 
provides more reliable estimates of the prevalence of 
hypertension, diabetes and comorbidity. Furthermore, 
respondents’ height, body weight, blood pressure and 
blood glucose levels were assessed using standard 
methods by qualified and experienced health techni-
cians. In comparison to other cross-sectional studies 
in Bangladesh, the BDHS used a validated question-
naire and calibrated measuring instruments, which 
reduces the risk of measurement error and bias. The 
main limitation of the study is that, due to the use 
of cross-sectional data, a causal relationship between 
the outcome and the predictor variable of interest 
cannot be determined. The survey data provide a 
cross-sectional measure of blood pressure and fasting 
plasma glucose, although it does not indicate a clin-
ical diagnosis of hypertension or diabetes. Moreover, 
some important factors of hypertension and diabetes, 
such as stress, family history, lifestyle, physical exer-
cise, dietary practice, smoking status, salt intake and 
impact of urbanisation were not included in the study 
due to the lack of availability in the BDHS data.

CONCLUSIONS
The findings of this study revealed that a large 
number of adults aged 18 years or over in Bangladesh 
are overweight and obese. Overweight and obesity 
is now a global public health issue that causes many 
health complications among people of all ages and, 
as a result, puts huge health and economic burden on 
a country. In Bangladesh, more than one out of every 
four individuals aged 18 years or older is hypertensive, 
and nearly 1 out of every 10 individuals haves diabetes. 
This study also finds a significant association between 
overweight and obesity with hypertension, diabetes 
and comorbidity. This study suggests that public 
health initiatives aiming to reduce overweight and 
obesity at the population level are urgently needed 
for effective prevention and control of the disease 
burden of hypertension, diabetes and comorbidity.

Author affiliations
1Department of Statistics, Begum Rokeya University, Rangpur, Bangladesh
2Institute of Statistical Research and Training, University of Dhaka, Dhaka, 
Bangladesh

3Department of Marketing, Begum Rokeya University, Rangpur, Bangladesh
4Department of Management Science and Statistics, The University of Texas, San 
Antonio, Texas, USA
5Department of Business Administration in Accounting and Information Systems, 
Faculty of Business Studies, Bangladesh University of Professionals, Dhaka, 
Bangladesh

Acknowledgements  The authors would like to thank the DHS program for 
providing the data, as well as the participants who agreed to take part in the survey.

Contributors  SukD is the principal investigator of the study. SukD, MD and SS 
conceptualised the study. SukD, MD and SunD designed the study and extract 
the analytic sample data. SukD, SunD and SS performed the data analysis and 
interpretation. SukD, MD, SunD, SS and ASR contributed to writing. SukD, MD 
and SS prepared the first draft. SukD, MD, SunD and ASR critically reviewed the 
final version. All authors approved the final version of the manuscript. SukD is the 
guarantor of the study. The corresponding author attests that all listed authors meet 
authorship criteria and that no others meeting the criteria have been omitted.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and was approved by 
the BDHS 2017–2018 received ethical approval from the Institutional Review 
Boards (IRBs) at ICF, Maryland, USA (Approval Number: ICF IRB FWA00000845; ICF 
Project Number: 132989.0.000.BD.DHS.02), and the National Ethics Committee 
of Bangladesh Medical Research Council (BMRC), Dhaka, Bangladesh (Approval 
Number: Ref: BMRC/NREC/2016-2019/324). Participants gave informed consent to 
participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available in a public, open access repository. 
The BDHS 2017–2018 data are publicly accessible on request from the DHS 
website at https://dhsprogram.com/data/available-datasets.cfm.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Sukanta Das http://orcid.org/0000-0002-0649-2814

REFERENCES
	 1	 Abelson P, Kennedy D. The obesity epidemic. Science 

2004;304:1413.
	 2	 Haslam DW, James WPT. Obesity. Lancet 2005;366:1197–209.
	 3	 World Health Organization (WHO). Obesity and overweight. Available: 

https://www.who.int/news-room/fact-sheets/detail/obesity-and-​
overweight [Accessed 17 Apr 2021].

	 4	 Hanson M, Gluckman P, Bustreo F. Obesity and the health of future 
generations. Lancet Diabetes Endocrinol 2016;4:966–7.

	 5	 Stevens GA, Singh GM, Lu Y, et al. National, regional, and global 
trends in adult overweight and obesity prevalences. Popul Health 
Metr 2012;10:22.

	 6	 Kelly T, Yang W, Chen C-S, et al. Global burden of obesity in 2005 
and projections to 2030. Int J Obes 2008;32:1431–7.

	 7	 Boffetta P, McLerran D, Chen Y, et al. Body mass index and diabetes 
in Asia: a cross-sectional pooled analysis of 900,000 individuals in 
the Asia cohort consortium. PLoS One 2011;6:e19930.

	 8	 Siddiquee T, Bhowmik B, Karmaker RK, et al. Association of 
general and central obesity with diabetes and prediabetes in rural 
Bangladeshi population. Diabetes Metab Syndr 2015;9:247–51.

	 9	 Lavie CJ, McAuley PA, Church TS, et al. Obesity and cardiovascular 
diseases: implications regarding fitness, fatness, and severity in the 
obesity paradox. J Am Coll Cardiol 2014;63:1345-54.

	10	 Scherer PE, Hill JA, Obesity HJA. Obesity, diabetes, and 
cardiovascular diseases. Circ Res 2016;118:1703–5.

https://dhsprogram.com/data/available-datasets.cfm
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-0649-2814
http://dx.doi.org/10.1126/science.304.5676.1413
http://dx.doi.org/10.1016/S0140-6736(05)67483-1
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://dx.doi.org/10.1016/S2213-8587(16)30098-5
http://dx.doi.org/10.1186/1478-7954-10-22
http://dx.doi.org/10.1186/1478-7954-10-22
http://dx.doi.org/10.1038/ijo.2008.102
http://dx.doi.org/10.1371/journal.pone.0019930
http://dx.doi.org/10.1016/j.dsx.2015.02.002
http://dx.doi.org/10.1016/j.jacc.2014.01.022
http://dx.doi.org/10.1161/CIRCRESAHA.116.308999


10 Das S, et al. BMJ Open 2022;12:e052822. doi:10.1136/bmjopen-2021-052822

Open access�

	11	 Jiang SZ, Lu W, Zong XF. Obesity and hypertension. Exp Ther Med 
2016.

	12	 Hossain P, Kawar B, El Nahas M. Obesity and diabetes in 
the developing world--a growing challenge. N Engl J Med 
2007;356:213–5.

	13	 Zammit C, Liddicoat H, Moonsie I. Obesity and respiratory diseases. 
Am J Clin Hypn 2011.

	14	 Seravalle G, Grassi G. Obesity and hypertension. Pharmacol Res 
2017;122:1–7.

	15	 Dai H, Alsalhe TA, Chalghaf N, et al. The global burden of disease 
attributable to high body mass index in 195 countries and territories, 
1990–2017: an analysis of the global burden of disease study. PLoS 
Med 2020;17:e1003198.

	16	 World Health Organization. Global health estimates 2016: deaths 
by cause, age, sex, by country and by region, 2000-2016. Geneva; 
2018.

	17	 Saeedi P, Petersohn I, Salpea P, et al. Global and regional diabetes 
prevalence estimates for 2019 and projections for 2030 and 2045: 
results from the International diabetes federation diabetes atlas, 9th 
edition. Diabetes Res Clin Pract 2019;157:107843.

	18	 International Diabetes Federation. Diabetes atlas. 9th edition, 2019. 
https://www.diabetesatlas.org/en/

	19	 He J, Whelton PK. Epidemiology and prevention of hypertension. 
Med Clin North Am 1997;81:1077–97.

	20	 Whelton PK. Epidemiology of hypertension. Lancet 1994;344:101–6.
	21	 World Health Organization (WHO). Hypertension. Available: https://

www.who.int/health-topics/hypertension/#tab=tab_1 [Accessed 17 
Apr 2021].

	22	 Mills KT, Bundy JD, Kelly TN, et al. Global disparities of hypertension 
prevalence and control. Circulation 2016;134:441–50.

	23	 Katte J-C, Dzudie A, Sobngwi E, et al. Coincidence of diabetes 
mellitus and hypertension in a semi-urban cameroonian population: a 
cross-sectional study. BMC Public Health 2014;14:696.

	24	 Tiptaradol S, Aekplakorn W, Prevalence AW. Prevalence, awareness, 
treatment and control of coexistence of diabetes and hypertension in 
thai population. Int J Hypertens 2012;2012:1–7.

	25	 Petrie JR, Guzik TJ, Touyz RM, Diabetes TRM. Diabetes, 
hypertension, and cardiovascular disease: clinical insights and 
vascular mechanisms. Can J Cardiol 2018;34:575–84.

	26	 Pandey AR, Karki KB, Mehata S. Prevalence and determinants of 
comorbid diabetes and hypertension in Nepal: evidence from non 
communicable disease risk factors steps survey Nepal 2013. J Nepal 
Health Res Counc 2015;13.

	27	 Biswas T, Townsend N, Islam MS, et al. Association between 
socioeconomic status and prevalence of non-communicable 
diseases risk factors and comorbidities in Bangladesh: findings from 
a nationwide cross-sectional survey. BMJ Open 2019;9:e025538.

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

	29	 Biswas T, Garnett SP, Pervin S, et al. The prevalence of underweight, 
overweight and obesity in Bangladeshi adults: data from a national 
survey. PLoS One 2017;12:e0177395.

	30	 Chowdhury MAB, Adnan MM, Hassan MZ, Trends HMZ. Trends, 
prevalence and risk factors of overweight and obesity among women 
of reproductive age in Bangladesh: a pooled analysis of five national 
cross-sectional surveys. BMJ Open 2018;8:e018468.

	31	 Biswas T, Uddin MJ, Mamun AA, Al MA, et al. Increasing prevalence 
of overweight and obesity in Bangladeshi women of reproductive 
age: findings from 2004 to 2014. PLoS One 2017;12:e0181080.

	32	 NIPORT NI of PR and T-, Welfare M of H and F, ICF. Bangladesh 
demographic and health survey 2017-18, 2020. Available: https://​
dhsprogram.com/publications/publication-FR344-DHS-Final-​
Reports.cfm [Accessed 28 Jan 2021].

	33	 DHS Bangladesh. Bangladesh demographic and health survey 
2011, 2011. Available: http://www.measuredhs.com/publications/​
publication-FR265-DHS-Final-Reports.cfm [Accessed 16 Jan 2021].

	34	 Tanwi TS, Chakrabarty S, Hasanuzzaman S. Double burden of 
malnutrition among ever-married women in Bangladesh: a pooled 
analysis. BMC Womens Health 2019;19:24.

	35	 Biswas RK, Rahman N, Khanam R, et al. Double burden of 
underweight and overweight among women of reproductive age in 
Bangladesh. Public Health Nutr 2019;22:3163–74.

	36	 Hoque ME, Hasan MT, Rahman M, et al. Double burden of 
underweight and overweight among Bangladeshi adults differs 
between men and women: evidence from a nationally representative 
survey. Public Health Nutr 2017;20:2183–91.

	37	 Hoque ME, Long KZ, Niessen LW, et al. Rapid shift toward 
overweight from double burden of underweight and overweight 
among Bangladeshi women: a systematic review and pooled 
analysis. Nutr Rev 2015;73:438–47.

	38	 Rahman M, Zaman MM, Islam JY, et al. Prevalence, treatment 
patterns, and risk factors of hypertension and pre-hypertension 
among Bangladeshi adults. J Hum Hypertens 2018;32:334–48.

	39	 Koly KN, Biswas T, Islam A. Increasing prevalence of hypertension in 
Bangladesh: a review. Cardiovasc J 2015;8:59–64.

	40	 Chowdhury MZI, Rahman M, Akter T, et al. Hypertension prevalence 
and its trend in Bangladesh: evidence from a systematic review and 
meta-analysis. Clin Hypertens 2020;26:10.

	41	 Rahman MM, Gilmour S, Akter S, et al. Prevalence and control of 
hypertension in Bangladesh: a multilevel analysis of a nationwide 
population-based survey. J Hypertens 2015;33:465-72; discussion 
472.

	42	 The World Bank. Cause of death, by non-communicable diseases (% 
of total) - Bangladesh | Data. Available: https://data.worldbank.org/​
indicator/SH.DTH.NCOM.ZS?end=2019&locations=BD&start=2000&​
view=chart [Accessed 22 Apr 2021].

	43	 Müller O, Krawinkel M. Malnutrition and health in developing 
countries. CMAJ 2005;173:279–86.

	44	 Snyder JD, Merson MH. The magnitude of the global problem of 
acute diarrhoeal disease: a review of active surveillance data. Bull 
World Health Organ 1982;60:605-13.

	45	 Ali N, Akram R, Sheikh N, et al. Sex-specific prevalence, inequality 
and associated predictors of hypertension, diabetes, and 
comorbidity among Bangladeshi adults: results from a nationwide 
cross-sectional demographic and health survey. BMJ Open 
2019;9:e029364.

	46	 Bays HE, Chapman RH, Grandy S, et al. The relationship of body 
mass index to diabetes mellitus, hypertension and dyslipidaemia: 
comparison of data from two national surveys. Int J Clin Pract 
2007;61:737–47.

	47	 Tesfaye F, Nawi NG, Van Minh H, et al. Association between body 
mass index and blood pressure across three populations in Africa 
and Asia. J Hum Hypertens 2007;21:28–37.

	48	 Patel SA, Ali MK, Alam D, et al. Obesity and its relation with diabetes 
and hypertension: a cross-sectional study across 4 geographical 
regions. Glob Heart 2016;11:71.

	49	 Zaman MM, Rahman MM, Rahman MR, et al. Prevalence of risk 
factors for non-communicable diseases in Bangladesh: results from 
steps survey 2010. Indian J Public Health 2016;60:17–25.

	50	 Bhowmik B, Afsana F, Ahmed T, et al. Obesity and associated type 2 
diabetes and hypertension in factory workers of Bangladesh. BMC 
Res Notes 2015;8:460.

	51	 Khanam MA, Lindeboom W, Razzaque A, et al. Prevalence and 
determinants of pre-hypertension and hypertension among the 
adults in rural Bangladesh: findings from a community-based study. 
BMC Public Health 2015;15:203.

	52	 Al KGM, Swasey K, Hasan MZ. Determinants of hypertension among 
adults in Bangladesh as per the joint National Committee 7 and 2017 
American college of cardiology/American hypertension association 
hypertension guidelines. J Am Soc Hypertens 2018;12.

	53	 Chowdhury MAB, Uddin MJ, Khan HMR, et al. Type 2 diabetes and 
its correlates among adults in Bangladesh: a population based study. 
BMC Public Health 2015;15:1070.

	54	 Alam DS, Talukder SH, Chowdhury MAH, et al. Overweight and 
abdominal obesity as determinants of undiagnosed diabetes and 
pre-diabetes in Bangladesh. BMC Obes 2016;3:19.

	55	 The DHS Program. Bangladesh: standard DHS, 2017-18 dataset. 
Available: Standard DHS, 2017-18 Dataset. https://dhsprogram.​
com/data/dataset/Bangladesh_Standard-DHS_2017.cfm?flag=1 
[Accessed 04 Dec 2021].

	56	 Bangladesh Bur Stat. Population & Housing Census-2011; 2014.
	57	 Chobanian AV, Bakris GL, Black HR, et al. The seventh report of 

the joint National Committee on prevention, detection, evaluation, 
and treatment of high blood pressure: the JNC 7 report. JAMA 
2003;289:2560.

	58	 World Health Org. World Health organization: definition and diagnosis 
of diabetes mellitus and intermediate hyperglycemia. Geneva WHO2; 
2006.

	59	 Okosun IS, Chandra KM, Choi S, et al. Hypertension and type 2 
diabetes comorbidity in adults in the United States: risk of overall 
and regional adiposity. Obes Res 2001;9:1–9.

	60	 Das Gupta R, Haider SS, Sutradhar I, et al. Association of frequency 
of television watching with overweight and obesity among women of 
reproductive age in India: evidence from a nationally representative 
study. PLoS One 2019;14:e0221758.

	61	 Sarma H, Saquib N, Hasan MM, et al. Determinants of overweight or 
obesity among ever-married adult women in Bangladesh. BMC Obes 
2016;3:13.

	62	 Ghose B, Ghose B. Frequency of TV viewing and prevalence of 
overweight and obesity among adult women in Bangladesh: a cross-
sectional study. BMJ Open 2017;7:e014399.

http://dx.doi.org/10.3892/etm.2016.3667
http://dx.doi.org/10.1056/NEJMp068177
http://dx.doi.org/10.2147/IJGM.S11926
http://dx.doi.org/10.1016/j.phrs.2017.05.013
http://dx.doi.org/10.1371/journal.pmed.1003198
http://dx.doi.org/10.1371/journal.pmed.1003198
http://dx.doi.org/10.1016/j.diabres.2019.107843
https://www.diabetesatlas.org/en/
http://dx.doi.org/10.1016/S0025-7125(05)70568-X
http://dx.doi.org/10.1016/S0140-6736(94)91285-8
https://www.who.int/health-topics/hypertension/#tab=tab_1
https://www.who.int/health-topics/hypertension/#tab=tab_1
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.018912
http://dx.doi.org/10.1186/1471-2458-14-696
http://dx.doi.org/10.1155/2012/386453
http://dx.doi.org/10.1016/j.cjca.2017.12.005
http://dx.doi.org/10.1136/bmjopen-2018-025538
http://dx.doi.org/10.1007/s13679-018-0323-x
http://dx.doi.org/10.1371/journal.pone.0177395
http://dx.doi.org/10.1136/bmjopen-2017-018468
http://dx.doi.org/10.1371/journal.pone.0181080
https://dhsprogram.com/publications/publication-FR344-DHS-Final-Reports.cfm
https://dhsprogram.com/publications/publication-FR344-DHS-Final-Reports.cfm
https://dhsprogram.com/publications/publication-FR344-DHS-Final-Reports.cfm
http://www.measuredhs.com/publications/publication-FR265-DHS-Final-Reports.cfm
http://www.measuredhs.com/publications/publication-FR265-DHS-Final-Reports.cfm
http://dx.doi.org/10.1186/s12905-019-0725-2
http://dx.doi.org/10.1017/S1368980019002611
http://dx.doi.org/10.1017/S1368980017000957
http://dx.doi.org/10.1093/nutrit/nuv003
http://dx.doi.org/10.1038/s41371-017-0018-x
http://dx.doi.org/10.3329/cardio.v8i1.24771
http://dx.doi.org/10.1186/s40885-020-00143-1
http://dx.doi.org/10.1097/HJH.0000000000000421
https://data.worldbank.org/indicator/SH.DTH.NCOM.ZS?end=2019&locations=BD&start=2000&view=chart
https://data.worldbank.org/indicator/SH.DTH.NCOM.ZS?end=2019&locations=BD&start=2000&view=chart
https://data.worldbank.org/indicator/SH.DTH.NCOM.ZS?end=2019&locations=BD&start=2000&view=chart
http://dx.doi.org/10.1503/cmaj.050342
http://www.ncbi.nlm.nih.gov/pubmed/6982783
http://www.ncbi.nlm.nih.gov/pubmed/6982783
http://dx.doi.org/10.1136/bmjopen-2019-029364
http://dx.doi.org/10.1111/j.1742-1241.2007.01336.x
http://dx.doi.org/10.1038/sj.jhh.1002104
http://dx.doi.org/10.1016/j.gheart.2016.01.003
http://dx.doi.org/10.4103/0019-557X.177290
http://dx.doi.org/10.1186/s13104-015-1377-4
http://dx.doi.org/10.1186/s13104-015-1377-4
http://dx.doi.org/10.1186/s12889-015-1520-0
http://dx.doi.org/10.1016/j.jash.2018.10.004
http://dx.doi.org/10.1186/s12889-015-2413-y
http://dx.doi.org/10.1186/s40608-016-0099-z
Standard%20DHS,%202017-18%20Dataset.%20https://dhsprogram.com/data/dataset/Bangladesh_Standard-DHS_2017.cfm?flag=1
Standard%20DHS,%202017-18%20Dataset.%20https://dhsprogram.com/data/dataset/Bangladesh_Standard-DHS_2017.cfm?flag=1
http://dx.doi.org/10.1001/jama.289.19.2560
http://dx.doi.org/10.1038/oby.2001.1
http://dx.doi.org/10.1371/journal.pone.0221758
http://dx.doi.org/10.1186/s40608-016-0093-5
http://dx.doi.org/10.1136/bmjopen-2016-014399


11Das S, et al. BMJ Open 2022;12:e052822. doi:10.1136/bmjopen-2021-052822

Open access

	63	 Shariful Islam SM, Lechner A, Ferrari U, et al. Healthcare use 
and expenditure for diabetes in Bangladesh. BMJ Glob Health 
2017;2:e000033.

	64	 Chowdhury MAB, Uddin MJ, Haque MR, et al. Hypertension among 
adults in Bangladesh: evidence from a national cross-sectional 
survey. BMC Cardiovasc Disord 2016;16:22.

	65	 Malekzadeh MM, Etemadi A, Kamangar F, et al. Prevalence, 
awareness and risk factors of hypertension in a large cohort of 
Iranian adult population. J Hypertens 2013;31:1364–71.

	66	 Tibazarwa KB, Damasceno AA. Hypertension in developing 
countries. Can J Cardiol 2014;30:527–33.

	67	 Mohsen Ibrahim M. Hypertension in developing countries: a major 
challenge for the future. Curr Hypertens Rep 2018;20:38.

	68	 Busingye D, Arabshahi S, Evans RG, et al. Knowledge of risk 
factors for hypertension in a rural Indian population. Heart Asia 
2019;11:e011136.

	69	 Mosha NR, Mahande M, Juma A, et al. Prevalence,awareness and 
factors associated with hypertension in North West Tanzania. Glob 
Health Action 2017;10:1321279.

	70	 Olack B, Wabwire-Mangen F, Smeeth L, et al. Risk factors of 
hypertension among adults aged 35-64 years living in an urban slum 
Nairobi, Kenya. BMC Public Health 2015;15:1251.

	71	 Loh KW, Rani F, Chan TC, et al. The association between risk factors 
and hypertension in Perak, Malaysia. Med J Malaysia 2013;68:291-6.

	72	 Gupta R, Kaur M, Islam S, et al. Association of household wealth 
index, educational status, and social capital with hypertension 
awareness, treatment, and control in South Asia. Am J Hypertens 
2017;30:hpw169.

	73	 Abdul-Razak S, Daher AM, Ramli AS, et al. Prevalence, awareness, 
treatment, control and socio demographic determinants of 
hypertension in Malaysian adults. BMC Public Health 2016;16:351.

	74	 Biswas T, Islam A, Rawal LB, et al. Increasing prevalence of diabetes 
in Bangladesh: a scoping review. Public Health 2016;138:4–11.

	75	 Akhtar S, Nasir JA, Sarwar A, et al. Prevalence of diabetes and pre-
diabetes in Bangladesh: a systematic review and meta-analysis. BMJ 
Open 2020;10:e036086.

	76	 Asamoah-Boaheng M, Sarfo-Kantanka O, Tuffour AB, et al. 
Prevalence and risk factors for diabetes mellitus among adults 

in Ghana: a systematic review and meta-analysis. Int Health 
2019;11:83–92.

	77	 Mohamed NA. Prevalence of risk factors for diabetes mellitus and 
hypertension among adult in tabuk - kingdom of saudi arabia. Open 
Access Maced J Med Sci 2019;7:831–7.

	78	 Hu D, Sun L, Fu P, et al. Prevalence and risk factors for type 2 
diabetes mellitus in the Chinese adult population: the InterASIA 
study. Diabetes Res Clin Pract 2009;84:288–95.

	79	 Tee E-S, Yap RWK. Type 2 diabetes mellitus in Malaysia: current 
trends and risk factors. Eur J Clin Nutr 2017;71:844–9.

	80	 Bahendeka S, Wesonga R, Mutungi G, et al. Prevalence and 
correlates of diabetes mellitus in Uganda: a population-based 
national survey. Trop Med Int Health 2016;21:405–16.

	81	 Mohan V, Seedat YK, Pradeepa R. The rising burden of diabetes 
and hypertension in Southeast Asian and African regions: need for 
effective strategies for prevention and control in primary health care 
settings. Int J Hypertens 2013;2013:1–14.

	82	 Berraho M, El Achhab Y, Benslimane A, et al. Hypertension and type 
2 diabetes: a cross-sectional study in Morocco (EPIDIAM study). Pan 
Afr Med J 2012;11:52.

	83	 Fan H, Wang J, Gu X. Association between social determinants and 
the presence of essential hypertension in type 2 diabetes mellitus 
patients. Aust J Prim Health 2019;25:146.

	84	 Rahman S, Islam MT, Alam DS. Obesity and overweight in 
Bangladeshi children and adolescents: a scoping review. BMC Public 
Health 2014;14:70.

	85	 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.

	86	 Bulbul T, Hoque M. Prevalence of childhood obesity and overweight 
in Bangladesh: findings from a countrywide epidemiological study. 
BMC Pediatr 2014;14:86.

	87	 Bhuiyan MU, Zaman S, Ahmed T. Risk factors associated with 
overweight and obesity among urban school children and 
adolescents in Bangladesh: a case-control study. BMC Pediatr 
2013;13:72.

http://dx.doi.org/10.1136/bmjgh-2016-000033
http://dx.doi.org/10.1186/s12872-016-0197-3
http://dx.doi.org/10.1097/HJH.0b013e3283613053
http://dx.doi.org/10.1016/j.cjca.2014.02.020
http://dx.doi.org/10.1007/s11906-018-0839-1
http://dx.doi.org/10.1136/heartasia-2018-011136
http://dx.doi.org/10.1080/16549716.2017.1321279
http://dx.doi.org/10.1080/16549716.2017.1321279
http://dx.doi.org/10.1186/s12889-015-2610-8
http://www.ncbi.nlm.nih.gov/pubmed/24145254
http://dx.doi.org/10.1093/ajh/hpw169
http://dx.doi.org/10.1186/s12889-016-3008-y
http://dx.doi.org/10.1016/j.puhe.2016.03.025
http://dx.doi.org/10.1136/bmjopen-2019-036086
http://dx.doi.org/10.1136/bmjopen-2019-036086
http://dx.doi.org/10.1093/inthealth/ihy067
http://dx.doi.org/10.3889/oamjms.2019.046
http://dx.doi.org/10.3889/oamjms.2019.046
http://dx.doi.org/10.1016/j.diabres.2009.02.021
http://dx.doi.org/10.1038/ejcn.2017.44
http://dx.doi.org/10.1111/tmi.12663
http://dx.doi.org/10.1155/2013/409083
http://dx.doi.org/10.11604/pamj.2012.11.52.1099
http://dx.doi.org/10.11604/pamj.2012.11.52.1099
http://dx.doi.org/10.1071/PY18091
http://dx.doi.org/10.1186/1471-2458-14-70
http://dx.doi.org/10.1186/1471-2458-14-70
http://dx.doi.org/10.1016/j.puhe.2016.10.010
http://dx.doi.org/10.1186/1471-2431-14-86
http://dx.doi.org/10.1186/1471-2431-13-72

	Association of overweight and obesity with hypertension, diabetes and comorbidity among adults in Bangladesh: evidence from nationwide Demographic and Health Survey 2017–2018 data
	Abstract
	Introduction﻿﻿
	Methods
	Study population and data source
	Study design and sample size
	Biomarker measurements
	Outcome variables
	Explanatory variables
	Statistical analysis
	Patient involvement

	Results
	Background characteristics of the respondents
	Prevalence and distribution of hypertension, diabetes and comorbidity
	Association of overweight and obesity with hypertension, diabetes and comorbidity

	Discussion
	Conclusions
	References


