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ABSTRACT
Objective  This study examines the risk factors associated 
with non-communicable diseases (NCDs), specifically 
diabetes mellitus (DM) and hypertension (HTN), among 
adults in Bangladesh, a lower-middle-income country. 
Given the rising prevalence of DM and HTN and their 
significant public health burden, this research aims to 
identify key socioeconomic, demographic and lifestyle-
related determinants to inform targeted interventions.
Design  The study used nationally representative 
cross-sectional data extracted from the Bangladesh 
Demographic and Health Survey conducted in 2017–2018.
Setting  Bangladesh.
Participants  The study included 8013 women and 
6691 men aged 18 and older who were eligible for blood 
pressure and blood glucose measurements.
Primary outcomes  Type 2 DM, HTN.
Results  HTN was significantly associated with higher 
odds of diabetes (adjusted OR (AOR)=1.28, 95% CI: 1.14 to 
1.43), while diabetes was associated with increased odds 
of HTN (AOR=1.24, 95% CI: 1.11 to 1.39). Individuals aged 
40 years and older had 74.8% higher odds of diabetes 
(AOR=1.748, 95% CI: 1.58 to 1.993) and were 3.21 times 
more likely to have HTN (AOR=4.208, 95% CI: 3.781 to 
4.685). Overweight individuals had 2.15 times higher 
odds of HTN compared with those with normal weight 
(AOR=2.154, 95% CI: 1.98 to 2.34). Wealthier individuals 
also showed significantly higher odds of both DM and HTN.
Conclusions  This study highlights the strong association 
between DM and HTN and identifies age, overweight 
status and higher socioeconomic class as key risk 
factors. These findings underscore the need for integrated 
public health strategies targeting NCD prevention and 
management in Bangladesh. Further research should 
explore longitudinal trends and the impact of targeted 
interventions on reducing the burden of NCDs.

BACKGROUND
World situation of diabetes mellitus and 
hypertension
Non-communicable diseases (NCDs) are 
responsible for 71% of all deaths worldwide, 
killing 41 million people each year—more 

than all other causes combined.1 In 2019, 
NCDs accounted for 74% of all global deaths 
and comprised 7 of the top 10 leading causes 
of mortality.2 Alarmingly, 15 million people 
aged 30–69 years die prematurely from NCDs 
annually, with 85% of these deaths occurring 
in low-income and middle-income countries 
(LMICs).1

NCDs affect individuals across all stages of 
life, from infancy to old age and pose a signifi-
cant threat to public health, economic stability 
and social development.3 Recent publications 
from the Lancet Taskforce on NCDs and 
Economics highlight the strong link between 
economic development and NCD manage-
ment, emphasising how poverty exacerbates 
the burden of NCDs.4–8 The financial strain 
of NCDs on healthcare systems and national 
welfare is substantial and is expected to grow 
in the coming years.9

By 2030, NCD-related deaths are projected 
to rise from 41 million to 52 million, threat-
ening the achievement of Sustainable Devel-
opment Goal (SDG) target 3.4, which aims 
to reduce premature NCD mortality by 
one-third through prevention and treat-
ment.10–12 While developed countries have 
made progress in addressing NCDs, LMICs 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Utilisation of a comprehensive nationwide survey.
	⇒ First to implement a mixed-effects model for this 
dataset in Bangladesh.

	⇒ Unique findings regarding geographical and educa-
tional disparities with hypertension.

	⇒ Findings highlight the role of lifestyle and socioeco-
nomic factors in driving non-communicable disease 
prevalence.

	⇒ Exclusion of variables (genetics, family history and 
lifestyle factors) due to data unavailability.
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continue to face significant challenges due to under-
lying risk factors.

The WHO identifies four major global risk factors for 
NCDs: tobacco use, physical inactivity, harmful alcohol 
use and unhealthy diets.13 These factors contribute to 
four key metabolic changes: elevated blood pressure 
(hypertension, HTN), obesity, elevated blood glucose 
(hyperglycaemia) and elevated blood lipids (hyperlipi-
daemia).1 14

Diabetes mellitus (DM) is a leading contributor to 
NCD-related mortality, claiming one life every 5 s.15 In 
2017, an estimated 451 million adults aged 18–99 lived 
with diabetes, a number projected to rise to 693 million 
by 2045.16 Alarmingly, 49.7% of diabetic patients remain 
undiagnosed.17 LMICs bear 80% of the global diabetes 
burden, with most cases undiagnosed for years.18 In 2019, 
diabetes directly caused 1.5 million deaths, ranking as the 
ninth leading cause of mortality worldwide.19 By 2030, 
diabetes prevalence in South Asia is expected to increase 
by over 150%, posing a major public health challenge.20

HTN, often termed a ‘silent killer’, is another leading 
cause of premature deaths worldwide.21 It is respon-
sible for 9.4 million deaths annually, comparable to the 
mortality burden of infectious diseases.22 By 2025, the 
global prevalence of HTN is projected to increase by 
60%, affecting 1.56 billion people.23 Contrary to popular 
belief, two-thirds of the global HTN burden are borne by 
LMICs.21 24 South Asian countries, including those in the 
SAARC (South Asian Association for Regional Coopera-
tion) region, have HTN prevalence rates exceeding the 
global average.25

The development of NCDs is influenced by a complex 
interplay of socioeconomic, sociodemographic and 
lifestyle-related factors.26–29 Rising body mass index (BMI) 
levels, linked to increased diabetes risk, are a significant 
concern in both urban and rural populations.30–32 Inter-
estingly, recent evidence suggests an inverted U-shaped 
relationship between socioeconomic status (SES) and the 
prevalence of DM and HTN.33 Smoking, another critical 
risk factor, increases the likelihood of type 2 DM (T2DM), 
with heavy smokers facing the highest risk. The elevated 
risk persists for up to 10 years after smoking cessation, 
declining more rapidly for lighter smokers.34–36 While 
gender has long been considered a relevant covariate, 
media exposure appears to have minimal influence on 
NCD prevalence.37

Situation in Bangladesh
As an LMIC, Bangladesh faces a significant NCD burden, 
with NCDs accounting for 59% of total deaths—approx-
imately 886 000 deaths annually.38 39 A systematic review 
and meta-analysis estimated the national diabetes preva-
lence at 7.8% (95% CI: 6.4% to 9.3%).40 According to the 
WHO, diabetes affects 12.88 million people (8% of the 
population) in Bangladesh and is responsible for 3% of 
all deaths.41 HTN is also a growing concern, with recent 
studies reporting a prevalence of 20% in Bangladesh.21 42

In Bangladesh, the prevalence of T2DM is increasing in 
both urban and rural areas.43 While alcohol consumption 
is limited due to religious restrictions, other risk factors 
such as tobacco use, physical inactivity and unhealthy 
diets are on the rise.14 44 Geographical studies have iden-
tified age, education level and SES as key determinants 
of HTN and T2DM, with notable regional disparities.45 46 
Existing research has identified several covariates associ-
ated with the high prevalence of DM and HTN in Bangla-
desh, including gender, older age, higher education, 
greater wealth, elevated BMI, unemployment, urban resi-
dence and smoking.47–50

Focus of the research
The growing prevalence of DM, HTN and other NCDs 
has prompted urgent calls for action to improve health-
care and well-being.20 51–54 In response to the growing 
NCD burden, the WHO has supported the Bangladeshi 
government in developing a multisectoral action plan 
for NCD prevention and control (2018–2025), involving 
approximately 30 ministries and organisations. Identi-
fying potential risk factors for DM and HTN is critical 
for implementing targeted public health interventions 
and allocating resources effectively.55 The 2011 Bangla-
desh Demographic and Health Survey (BDHS) was the 
first nationwide study to measure fasting blood glucose 
(FBG) and blood pressure, establishing a direct relation-
ship between these factors and NCDs.56 However, the data 
are now outdated, and Bangladesh lacks a comprehensive 
study using the recent data sources, such as the BDHS 
2017–2018.

This study aims to determine the sociodemographic, 
socioeconomic and lifestyle-related factors influencing 
the prevalence of DM and HTN in Bangladesh. By lever-
aging the nationally representative survey data, we hope 
to provide evidence-based insights to policy-makers, 
enabling them to prioritise actions and mitigate the finan-
cial and social strain of NCDs, ultimately contributing to 
the achievement of SDG targets.

Methods 

Data source
The research used secondary data obtained from the 
2017–2018 BDHS, which is a survey conducted on a 
nationally representative sample.57 The 2017–2018 BDHS 
was carried out by the National Institute of Population 
Research and Training under the auspices of the Ministry 
of Health and Family Welfare of Bangladesh, as a compo-
nent of the broader Demographic and Health Survey 
(DHS) programme. The 2017–2018 BDHS employed a 
two-stage stratified cluster sampling design, and sampling 
weights were computed by considering the sampling 
probabilities at each stage and for every cluster. The 
survey’s primary sampling unit (PSU) consists of enumer-
ation areas (EAs) that typically encompass an average of 
approximately 120 homes. In the initial phase, a total 
of 675 PSUs were chosen from a list of 293 579 PSUs 
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generated by the Bangladesh Bureau of Statistics (BBS). 
The selection of these PSUs was based on a probability 
proportionate to the size of the EAs. During the second 
stage of sampling, a systematic sampling method was 
employed to choose a total of 30 families from each of 
the chosen PSUs.

This study uses data from the biomarker question-
naire, which is one of the five types of questionnaires 
employed in the BDHS conducted in 2017–2018. The 
2017–2018 BDHS is the second iteration of the survey 
that includes the collection of blood pressure and FBG 
biomarker readings. During the 2017–2018 Behavioural 
Risk Factor Surveillance System, data pertaining to 
biomarkers and pertinent demographic information 
were gathered from a representative sample of indi-
viduals aged 18 and above, residing in one-quarter of 
the homes chosen for the survey. The collection of 
biomarkers was undertaken to get appropriate national 
data regarding the prevalence of HTN (ie, raised blood 
pressure) and diabetes (ie, raised blood glucose). Data 
regarding the management of HTN and diabetes were 
also gathered. The International Classification of Func-
tioning, Disability and Health (ICF), in collaboration 
with local experts, provided support in the formulation 
of the biomarker testing procedure.

Sample
In the BDHS 2017–2018, data concerning biomarkers 
and relevant demographic information were gathered 
from a representative sample of individuals aged 18 and 
above, residing in one-quarter of the household chosen 
for participation in the survey. A total of 8013 females and 
6691 males, all aged 18 years and above, met the criteria 
for inclusion for the assessment of blood pressure and 
blood glucose levels. Within the surveyed population, it 
was found that 93% of women and 85% of men under-
went blood pressure assessment, whereas 87% of women 
and 79% of men underwent blood glucose testing. 2438 
and 1575 missing values for FBG and both systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) 
measurement respectively were discarded due to unavail-
ability of information.

Outcome variable
This study encompasses two primary dependent vari-
ables: the presence or absence of diabetes and the pres-
ence or absence of HTN. Individuals were classified as 
having elevated blood glucose or diabetes if their FBG 
exceeded a threshold of 6 mmol/L.1 2 Otherwise, they 
were regarded as being in a normal health status or non-
diabetic. Participants were categorised as having HTN if, 
during the survey, their mean SBP exceeded 140 mm Hg 
or their mean DBP exceeded 90 mm Hg. The categorisa-
tion process involved adhering to the recommendations 
provided by the WHO and conducting a comprehensive 
evaluation of relevant literature.

Explanatory variables
The selection of explanatory variables is informed by a 
comprehensive evaluation of relevant literature. These 
variables are further categorised into demographic, 
biomedical and behavioural aspects.

The demographic factors considered in this study 
include age (categorised as ≤40 years and >40 years), 
gender (classified as female and male), division of resi-
dence (Barisal, Chittagong, Dhaka, Khulna, Mymensingh, 
Rajshahi, Rangpur and Sylhet), type of residence (catego-
rised as rural and urban), education level (ranging from 
no education to primary, secondary and higher educa-
tion) and wealth index (categorised as poorest, poorer, 
middle, richer and richest).

Biomedical variables encompass BMI categories, 
including thin (BMI<18.5 kg/m2), normal (BMI 18.5–
24.9 kg/m2) and overweight (BMI>24.9 kg/m2), as well as 
the presence of HTN and diabetes. Diabetes is recognised 
as a contributing factor to the development of HTN, while 
HTN is similarly acknowledged as a contributing factor to 
the development of diabetes.

The behavioural characteristics under consideration 
include smoking status (yes/no), engagement in physical 
activity or employment (yes/no) and exposure to media 
(yes/no). An individual is considered to have media 
exposure if they engage in activities such as reading news-
papers or magazines, listening to the radio, or watching 
television at least once a week.

Patient and public involvement
This study did not directly involve patients or the public 
in its design or conduct. The analysis used secondary data 
from the 2017–2018 BDHS, which are publicly available 
and based on the MEASURE DHS model questionnaires. 
This nationally representative survey was conducted 
across all eight administrative divisions of Bangladesh, 
primarily focusing on women of reproductive age.

Why use mixed model
Figure 1 shows how the survey has been designed, and it 
led us to the fact that the objective is not only limited to 
showing the factors of DM and HTN but also to accommo-
date the clustering effect. A mixed model is required for 
incorporating the repercussions of the clustering under 
consideration. To satisfy the intention to encapsulate 
the clustering effect, in this investigation, a mixed-effect 
logistic regression model was employed as a method-
ological approach to effectively account for the intricate 
cluster effects pertaining to the phenomenon of DM and 
HTN. Through the assessment of intracluster correlation 
(ICC) coefficients, we have ascertained the presence or 
absence of cluster variation within the dataset employed 
in the present study.

Statistical analysis
In the context of univariate analysis, the frequency distri-
bution of each category within the selected variables is 
presented to illustrate the data patterns across several 
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components. Frequency distributions are used to provide 
a descriptive analysis of the attributes or traits exhibited 
by the participants or respondents.

In order to investigate the association between several 
factors and the presence of diabetes and HTN, a bivar-
iate analysis was undertaken, accompanied by the util-
isation of the χ2 test. Contingency tables have been 
used to investigate the distribution of diabetes and 
HTN among individuals, as well as their relationship 
with explanatory variables. The χ2 test is conducted to 
determine the presence of a connection between the 
presence of diabetes and HTN while considering unad-
justed possible confounders. This analysis is performed 
on contingency tables where all expected cell frequen-
cies are more than 5.

To explicitly characterise a diverse range of cluster fluc-
tuations, the authors employed generalised linear mixed 
models (GLMMs). The adjusted ORs (AORs) of the 
covariates were obtained from the mixed-effect logistic 
regression model. Let, ‍ylP ‍ be ‍p

th
‍ individual/household 

from ‍lth‍ cluster where ‍l = 1, 2, . . . , q ‍ and ‍p = 1, 2, . . . , nl

‍; let, ‍xlP ‍ be a vector of covariates for ‍p
th

‍ household from ‍lth‍ 
cluster related with fixed effect parameter ‍β‍. ‍u ‍ represents 
a ‍
(
q × 1

)
‍ vector of random effects corresponding to ‍q ‍ 

clusters and ‍zlP ‍ is a special vector of size ‍
(
q × 1

)
‍ which 

contains all zeros but a 1 at the ‍lth‍ position;‍l = 1, 2, . . . , q

‍. Here, ‍µlp = E
(
Ylp|µl

)
‍, where ‍‍ be the random effect of 

cluster ‍l ‍. Under GLMM, the linear predictor takes the 

form, ‍g
(
µlp

)
= x

′
lpβ + z

′
lpu ‍. Using the logit link function 

in GLMM,58

	﻿‍
g
(
µlp

)
= ln

[
µlp

1−µlp

]
= x

′
lpβ + z

′
lpu

‍�

In this study, only random intercepts have been consid-
ered, ‍z

′
lpu = ul ‍, where, ‍ul ∼ N

(
0,σ2

u
)
‍. Therefore, the 

general conditional probability of ‍p
th

‍ household from ‍lth‍ 
cluster given the value of the explanatory variable of that 
observation and the random effect of that cluster is,

	﻿‍ µlp = E
(
Ylp|xlp,µl

)
= Pr

(
Ylp = 1|xlp,µl

)
= exlβ+ul

1+exlβ+ ul ‍�

The likelihood function for the individuals corre-
sponding to ‍lth‍ cluster is,

	﻿‍
LML

[(
β,σ2

u
)

|xlp,µl
]

= f
(
ylp|xlp,µl

)
=

nl∏
p=1

f
(
ylp|xlp,µl

)
‍�

The estimates are obtained by maximising the following 
marginal likelihood function,

	﻿‍
L
[(

β,σ2
u

)
|xlp

]
=
ˆ ∞

−∞

[ q∏
l=1

LML

[(
β,σ2

u

)
|µl

]
g
(
ul
)

dul

]

‍�

The formula of ICC coefficient is 
‍
ρ = σ2

u

σ2
u+ π2

3 ‍
.59

Figure 1  Survey structure.
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RESULTS
Univariate analysis
We started our analysis by tabulating the frequencies of 
the variables of interest as shown in table  1. The study 
population comprised 54.5% males and 44.5% females. 
Approximately 60% of participants were aged 40 years 
or younger, while the remaining 40% were older than 40 
years. In terms of BMI, 58.2% of respondents fell within 

the normal range, whereas 17.1% were classified as thin 
and 24.7% as overweight. Regarding educational attain-
ment, 25.3% of participants had no formal education, 
while 29.5%, 28.5% and 16.7% had completed primary, 
secondary and higher education, respectively. A majority 
of respondents (62.5%) resided in rural areas. Geograph-
ically, participants were distributed across divisions as 
follows: Dhaka (14.7%), Barisal (10.5%), Chittagong 

Table 1  Background characteristics of the study population

Category Count Percent

Response variables

 � Diabetes Non-diabetic 9565 78.0

Diabetic 2703 22.0

 � Hypertension Non-hypertensive 10 170 77.5

Hypertensive 2961 22.5

Explanatory variables

 � Sex Female 8015 54.5

Male 6691 44.5

 � Age ≤40 years 8824 60.0

>40 years 5882 40.0

 � BMI Thin 2203 17.1

Normal 7519 58.2

Overweight 3196 24.7

 � Division Dhaka 2155 14.7

Barisal 1541 10.5

Chattogram 2072 14.1

Khulna 1950 13.3

Mymensingh 1644 11.2

Rajshahi 1837 12.5

Rangpur 1740 11.8

Sylhet 1767 12.0

 � Residence Rural 9195 62.5

Urban 5511 37.5

 � Education No education 3711 25.3

Primary 4328 29.5

Secondary 4193 28.5

College or higher 2460 16.7

 � Wealth index Poorest 2777 18.9

Poorer 2664 18.1

Middle 2800 19.0

Richer 2830 19.2

Richest 3635 24.7

 � Media exposure No 3030 20.6

Yes 11 676 79.4

 � Working status No 5909 40.2

Yes 8780 59.8

 � Smoking status No 11 068 84.3

Yes 2062 15.7
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(14.1%), Khulna (13.3%), Rajshahi (11.2%), Rangpur 
(12.5%) and Sylhet (12.0%). Media exposure was 
reported by nearly 80% of respondents, and 60% were 
currently employed. Smoking status was reported as ‘yes’ 
by 15.7% of participants. Wealth index distribution was 
relatively even, with approximately 20% of respondents 
in each category. The prevalence of diabetes and HTN 
among participants was 22% and 22.5%, respectively.

Bivariate analysis
Diabetes
The χ2 test is performed to see the association between 
having diabetes and its covariates shown in table 2. Age, 
BMI, HTN, division, residence, wealth index, media 
exposure and working status have significant associations 
with having diabetes at a 1% level of significance. People 
are more likely to have diabetes in the age group greater 
than 40 years (27.1%) than in the age group 40 or less 
(18.6%). Diabetes is more prone as BMI increases, as 
most of the individuals (30.8%) in the overweight BMI 
category have diabetes. People having HTN are more 
likely to have diabetes (28.4%) than non-hypertensive 
patients (20.2%). Dhaka division has the most individ-
uals with diabetes (36.5%) while Rangpur division has 
the least diabetic patients (14.8%). Urban people are a 
little bit more prone to have diabetes (23.1%) than rural 
people (22.2%). Rich people are more likely to have 
diabetes than poor people according to the percentage 
of diabetic individuals among the different wealth cate-
gories. Media-exposed people are more likely to have 
diabetes (23.3%) than people not exposed to media 
(17.5%), while currently working people are less prone 
to diabetes (20.4%) than not working people (24.5%). 
Sex, education and smoking status of the individuals were 
found to have an insignificant association with having 
diabetes.

Hypertension
The distribution of background characteristics by the 
levels of HTN is given in table 2.

Age, BMI, HTN, division, education, wealth index, 
media exposure, working status and smoking status 
have a significant association with having diabetes at 
a 1% level of significance. Like diabetes, people are 
more likely to have diabetes in the age group greater 
than 40 years (37.3%) than in the age group 40 or 
less (12.6%). HTN is more prone as BMI increases, 
as most of the individuals (32.9%) in the overweight 
BMI category have HTN. People having diabetes are 
more likely to have HTN (29.3%) than non-diabetic 
patients (20.9%). Unlike diabetes, the Dhaka division 
has the least individuals with HTN (18.6%) while the 
Rangpur division has the most hypertensive patients 
(26.6%). Exactly like in the case of diabetes, urban 
people are a little bit more prone to have HTN (23.1%) 
than rural people (22.2%). Education is negatively 
associated with, HTN as no educated people have the 
most hypertensive patients (29.5%) and it reduces as 

the level of education increases. Rich people are more 
likely to have HTN than poor people, as the percentage 
of hypertensive individuals increases with an increase 
in the wealth index. Media-exposed people are less 
likely to have HTN (21.5%) than people not exposed 
to media (26.3%). Also, currently working people are 
less prone to HTN (20.6%) than not-working people 
(25.4%). Smoking status has a positive association with, 
HTN as individuals who smoke are more likely to have 
HTN (26.9%) than individuals with no smoking habit 
(21.9%). Sex and residence were found to have an 
insignificant association with HTN.

Multivariate analysis
Diabetes
The variables that were found to have significant asso-
ciation with complications in bivariate analysis were 
further examined in a regression analysis for estimating 
the adjusted effects of these covariates. To determine 
the potential factors associated with the occurrence of 
diabetes, aORs obtained from the mixed-effect logistic 
regression model are given in table 3.

Individuals with HTN have 28.7% higher odds of having 
diabetes compared with those without HTN, as indicated 
by an AOR of 1.287 (95% CI: 1.149 to 1.442), which is 
statistically significant. Age is also a significant predictor, 
with individuals over 40 years having 74.8% higher odds 
of diabetes (AOR=1.748, 95% CI: 1.58 to 1.993) compared 
with those aged 40 or younger.

BMI plays a critical role, as overweight individuals have 
45.5% higher odds of diabetes (AOR=1.455, 95% CI: 
1.302 to 1.626) compared with those with normal weight. 
Conversely, individuals in the thin BMI category have 
17.5% lower odds of diabetes (AOR=0.825, 95% CI: 0.717 
to 0.95) relative to those with normal weight.

Geographical disparities are evident, with residents 
of Barisal, Chattogram, Khulna, Mymensingh, Rajshahi, 
Rangpur and Sylhet divisions having 35.9%, 45.6%, 
64.4%, 52.5%, 63.2%, 68.5%, and 53.1% lower odds of 
diabetes, respectively, compared with those in the Dhaka 
division.

SES also influences diabetes risk. Individuals in the 
richer and richest wealth categories have 28.9% and 
77.8% higher odds of diabetes, respectively, compared 
with those in the middle wealth category, with both find-
ings significant at the 1% level.

Hypertension
aORs obtained by performing mixed-effect logistic regres-
sion have been shown in table 4 to find the risk factors 
associated with the occurrence of HTN.

Diabetic individuals have 24.4% higher odds of having 
HTN compared with non-diabetic individuals, as indi-
cated by an AOR of 1.244 (95% CI: 1.112 to 1.391). 
Age is a significant predictor of HTN, with individuals 
over 40 years being 3.21 times more likely to have HTN 
(AOR=4.208, 95% CI: 3.781 to 4.685) than those aged 40 
or younger.
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Table 2  The distribution of diabetes and hypertension by sociodemographic variables

Variables

Diabetes Hypertension

Non-diabetic Diabetic

P value

Non-hypertensive Hypertensive

P valuen (%) n (%) n (%) n (%)

Sex

 � Female 5448 (78.0) 1541 (22.0) 0.961 5727 (77.1) 1700 (22.9) 0.288

 � Male 4117 (78.0) 1162 (22.0) 4443 (77.9) 1261 (22.1)

Age

 � ≤40 years 5975 (81.4) 1369 (18.6) 0.000*** 6848 (87.4) 983 (12.6) 0.000***

 � >40 years 3590 (72.9) 1334 (27.1) 3322 (62.7) 1978 (37.3)

BMI

 � Thin 1733 (83.6) 341 (16.4) 0.000*** 1853 (84.3) 345 (15.7) 0.000***

 � Normal 5627 (80.1) 1399 (19.9) 6024 (80.3) 1477 (19.7)

 � Overweight 2044 (69.2) 909 (30.8) 2137 (67.1) 1050 (32.9)

Hypertension

 � Non-hypertensive 7564 (79.8) 1910 (20.2) 0.000*** 7564 (79.1) 1955 (20.9)

 � Hypertensive 1995 (71.6) 792 (28.4) 1910 (71.7) 792 (29.3)

Division

 � Dhaka 1012 (63.5) 581 (36.5) 1460 (81.2) 337 (18.8)

 � Barisal 953 (74.6) 325 (25.4) 1024 (74.4) 352 (25.6)

 � Chattogram 1255 (75.4) 409 (24.6) 1391 (77.5) 403 (22.5)

 � Khulna 1386 (81.6) 313 (18.4) 1348 (75.3) 443 (24.7)

 � Mymensingh 1124 (80.6) 270 (19.4) 0.000*** 1223 (81.5) 278 (18.5) 0.000***

 � Rajshahi 1339 (83.2) 271 (16.8) 1278 (75.7) 411 (24.3)

 � Rangpur 1347 (85.2) 234 (14.8) 1192 (73.4) 433 (26.6)

 � Sylhet 1149 (79.3) 300 (20.7) 1254 (80.5) 304 (19.5)

Residence

 � Rural 6314 (80.1) 1570 (19.9) 0.000*** 6498 (77.8) 1857 (22.2) 0.241

 � Urban 3251 (74.2) 1133 (25.8) 3672 (76.9) 1104 (23.1)

Education

 � No education 2428 (77.8) 691 (22.2) 2358 (70.5) 989 (29.5) 0.000***

 � Primary 2903 (78.5) 796 (21.5) 3059 (77.6) 881 (22.4)

 � Secondary 2749 (77.8) 785 (22.2) 0.826 3052 (81.2) 708 (18.8)

 � College or higher 1485 (77.5) 431 (22.5) 1701 (81.6) 383 (18.4)

Wealth index

 � Poorest 1997 (83.6) 391 (16.4) 2034 (80.8) 483 (19.2) 0.000***

 � Poorer 1966 (84.4) 363 (15.6) 1965 (79.3) 514 (20.7)

 � Middle 1988 (81.8) 442 (18.2) 0.000*** 1982 (77.6) 573 (22.4)

 � Richer 1826 (75.8) 584 (24.2) 1965 (76.7) 598 (23.3)

 � Richest 1788 (66.0) 923 (36.1) 2224 (73.7) 793 (26.3)

Media exposure

 � No 2200 (82.5) 468 (17.5) 0.000*** 2081 (73.7) 742 (26.3) 0.000***

 � Yes 7365 (76.7) 2235 (23.3) 8089 (78.5) 2219 (21.5)

Working status

 � No 3659 (75.5) 185 (24.5) 0.000*** 3901 (74.6) 1330 (25.4) 0.000***

 � Yes 5906 (79.6) 1518 (20.4) 6269 (79.4) 1631 (20.6)

Smoking status

 � No 8122 (78.1) 2278 (21.9) 0.415 8641 (78.1) 2425 (21.9)

Continued
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Weight status also plays a critical role, as overweight indi-
viduals have 2.15 times higher odds of HTN (AOR=2.154) 
compared with those with normal weight. In contrast, 
individuals in the thin BMI category have 34.4% lower 
odds of HTN relative to those with normal weight.

Geographical disparities are evident, with residents 
of Barisal, Chattogram, Khulna, Rajshahi and Rangpur 
divisions having 61.7%, 27.7%, 38.1%, 57.2% and 92.7% 
higher odds of HTN, respectively, compared with those in 
the Dhaka division.

Educational attainment and SES also influence HTN 
risk. Moving from no education to secondary and higher 
education reduces the odds of HTN by 15.7% and 25.1%, 
respectively. Similarly, individuals in the poorer and 
poorest wealth categories have 15.8% and 22.4% lower 
odds of HTN, respectively, compared with those in the 
middle wealth category.

Media exposure is associated with an 18.9% reduction 
in the odds of HTN (AOR=0.811, 95% CI: 0.713 to 0.923), 
while working individuals are 17.8% less likely to have 
HTN compared with those who are not working.

Model selection
Both fixed and mixed-effect logistic regression models 
were applied to analyse the data. The Akaike informa-
tion criterion values for the mixed-effect model were 
lower than those for the fixed effect model, with values 
of 11 760.5 (mixed) vs 11 968.43 (fixed) for diabetes and 
11 382.79 (mixed) vs 11 409.46 (fixed) for HTN. The esti-
mates of the variance component of the random effects 
were 0.38 and 0.126 for diabetes and HTN, respectively. 
The ICC coefficients derived from these estimates were 
0.104 and 0.037, for the mixed-effect logistic models of 
diabetes and HTN, respectively, further supporting the 
use of a GLMM, as they highlight the presence of substan-
tial variability across clusters. These results demonstrate 
that the mixed-effect logistic regression model provides a 
better fit to this type of clustered data compared with the 
traditional logistic model. Additionally, multicollinearity 
was assessed, and no significant multicollinearity was 
detected, as the variance inflation factor for all covariates 
was below the threshold of 5. All analyses were conducted 
using STATA V.15.

DISCUSSION
This study identified key risk factors for DM and HTN 
among Bangladeshi adults using a mixed-effect modelling 
approach—the first of its kind in Bangladesh to account 
for cluster-level variability in nationally representative 
data. Our findings reveal critical insights into the rela-
tionship of demographic, biomedical and socioeconomic 
determinants of these NCDs. Below, we contextualise the 
results, compare them with existing literature and outline 
their implications.

Key findings and contextualisation
The mixed-effect logistic regression models demon-
strated a bidirectional relationship between DM and 
HTN, with hypertensive individuals having 28.7% higher 
odds of DM (AOR=1.287) and diabetic individuals having 
24.4% higher odds of HTN (AOR=1.244). This aligns with 
global evidence that DM and HTN share common path-
ways. Our findings underscore the need for integrated 
screening and management programmes in Bangladesh, 
where co-occurrence of these conditions intensifies 
morbidity and mortality.60 61

Age emerged as a dominant predictor, with indi-
viduals over 40 years having 74.8% higher odds of DM 
(AOR=1.748) and 3.21 times higher odds of HTN 
(AOR=4.208). These results corroborate studies high-
lighting the rising incidence of NCDs among ageing 
populations, since cumulative exposure to risk factors 
and reduced metabolic resilience drive disease progres-
sion.62 For instance, a systematic review of South Asian 
cohorts emphasised that ageing populations face esca-
lating burdens of HTN and T2DM due to sedentary life-
styles and dietary shifts.25

BMI played a pivotal role, with overweight individuals 
exhibiting 45.5% higher odds of DM and 1.15 times 
higher odds of HTN. This mirrors findings from Bangla-
desh, where a BMI≥22.5 kg/m² significantly increased 
the risk of both conditions.63–65 Conversely, underweight 
individuals had lower odds, though this may reflect 
malnutrition-related complexities requiring further 
investigation.

Socioeconomic disparities revealed a dual burden. 
Wealthier individuals had 77.8% higher odds of DM 
(AOR=1.778), consistent with studies linking afflu-
ence to calorie-dense diets and sedentary habits.66 
Conversely, poorer SES was significantly associated with 
HTN prevalence, likely due to stress, limited healthcare 

Variables

Diabetes Hypertension

Non-diabetic Diabetic

P value

Non-hypertensive Hypertensive

P valuen (%) n (%) n (%) n (%)

 � Yes 1436 (77.2) 423 (22.8) 1526 (74.0) 535 (26.0) 0.000***

***p value from χ2 test <0.001.
BMI, body mass index.

Table 2  Continued
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access and nutrient-poor diets.67 Notably, higher educa-
tion reduced HTN odds by 25.1%, likely mediated by 
improved health literacy—a finding diverging from 
some regional studies but aligning with global evidence 
on education’s protective effects.

Geographical disparities were striking. Residents 
of Dhaka division faced the highest DM prevalence 
(36.5%), potentially linked to urbanisation and 
processed food consumption, while Rangpur division 

had the highest HTN burden (26.6%), the underlying 
drivers may include limited access to healthcare, socio-
economic stressors or regional dietary patterns. Notably, 
employment status and media exposure were associated 
with significantly reduced odds of HTN, with working 
individuals showing 17.8% lower odds (AOR=0.822) 
and media-exposed participants having 18.9% lower 
odds (AOR = 0.811). These findings align with prior 
research highlighting the protective role of occupational 

Table 3  Adjusted OR (AOR), 95% CI and p value from mixed logistic regression model for diabetes

Variables AOR 95% CI P value

Age

 � ≤40 years 1 Reference –

 � >40 years 1.748 1.58 to 1.933 0.000***

BMI

 � Thin 0.825 0.717 to 0.95 0.008**

 � Normal 1 Reference –

 � Overweight 1.455 1.302 to 1.626 0.000***

Hypertension

 � Non-hypertensive 1 Reference –

 � Hypertensive 1.287 1.149 to 1.442 0.000***

Division

 � Dhaka 1 Reference –

 � Barisal 0.641 0.491 to 0.835 0.000***

 � Chattogram 0.544 0.426 to 0.694 0.000***

 � Khulna 0.356 0.276 to 0.459 0.000***

 � Mymensingh 0.475 0.364 to 0.620 0.000***

 � Rajshahi 0.368 0.284 to 0.476 0.000***

 � Rangpur 0.315 0.241 to 0.411 0.000***

 � Sylhet 0.469 0.36 to 0.611 0.000***

Residence

 � Rural 1 Reference –

 � Urban 1.018 0.876 to 1.183 0.813

Wealth index

 � Poorest 0.969 0.809 to 1.159 0.727

 � Poorer 0.878 0.740 to 1.041 0.133

 � Middle 1 Reference –

 � Richer 1.289 1.149 to 1.536 0.002**

 � Richest 1.778 1.658 to 2.217 0.000***

Media exposure

 � No 1 Reference –

 � Yes 1.075 0.936 to 1.234 0.306

Working status

 � No 1 Reference –

 � Yes 1.015 0.919 to 1.121 0.767

Variance component 0.38

**p<0.01, ***p<0.001.
BMI, body mass index.
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Table 4  Adjusted OR (AOR), 95% CI and p value from mixed logistic regression model for hypertension

Variables AOR 95% CI P value

Age

 � ≤40 years 1 Reference –

 � >40 years 4.208 3.781 to 4.685 0.000***

BMI

 � Thin 0.656 0.568 to 0.756 0.000***

 � Normal 1 Reference –

 � Overweight 2.154 1.929 to 2.405 0.000***

Diabetes

 � Non-diabetic 1 Reference –

 � Diabetic 1.244 1.112 to 1.391 0.000***

Division

 � Dhaka 1 Reference –

 � Barisal 1.617 1.284 to 2.036 0.000***

 � Chattogram 1.277 1.031 to 1.582 0.025*

 � Khulna 1.381 1.116 to 1.711 0.003**

 � Mymensingh 1.099 0.871 to 1.387 0.426

 � Rajshahi 1.572 1.266 to 1.952 0.000***

 � Rangpur 1.927 1.548 to 2.398 0.000***

 � Sylhet 1.179 0.938 to 1.481 0.157

Education

 � No education 1 Reference –

 � Primary 0.931 0.821 to 1.058 0.277

 � Secondary 0.843 0.729 to 0.974 0.021*

 � Higher 0.749 0.625 to 0.899 0.002**

Wealth index

 � Poorest 0.776 0.656-.917 0.003**

 � Poorer 0.842 0.719 to 0.985 0.032*

 � Middle 1 Reference –

 � Richer 1.081 0.929 to 1.259 0.31

 � Richest 1.126 0.958 to 1.321 0.148

Media exposure

 � No 1 Reference –

 � Yes 0.811 0.713 to 0.923 0.001**

Working status

 � No 1 Reference –

 � Yes 0.822 0.744 to 0.908 0.000***

Smoking status

 � No 1 Reference –

 � Yes 0.902 0.792 to 1.027 0.121

Variance component 0.126

*p<0.05, **p<0.01, ***p<0.001.
BMI, body mass index.
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engagement and health information dissemination in 
mitigating HTN risk.68

Strengths and limitations
This study has several notable strengths. First, it uses 
nationally representative data from the 2017–2018 
BDHS, ensuring that the findings are generalisable to the 
adult population of Bangladesh and other LMICs with 
similar socioeconomic and health profiles. Second, the 
diagnosis of diabetes and HTN was based on biomarker 
measurements (FBG and blood pressure), adhering to 
WHO guidelines, which minimises self-reporting bias and 
enhances the accuracy of disease classification. Third, the 
use of mixed-effect logistic regression models accounted 
for the hierarchical structure of the data, addressing 
cluster-level variability and reducing the risk of effect-size 
overestimation that can occur with conventional logistic 
regression. Additionally, the models were adjusted for a 
wide range of covariates, including demographic, socio-
economic and behavioural factors, providing a compre-
hensive assessment of risk factors.

However, this study is not without limitations. The cross-
sectional design precludes the establishment of causal 
relationships, as the temporal sequence of exposure and 
outcome cannot be determined. While biomarker-based 
measurements reduce reporting bias, some covariates 
(eg, smoking status, media exposure) were self-reported, 
which may introduce recall or social desirability bias. 
Furthermore, the study could not be able to account 
for certain potential confounders, due to unavailability, 
such as race/ethnicity, dietary habits, genetic predispo-
sition or family history of NCDs, which could influence 
the observed associations. Finally, the BDHS data do not 
include information on alcohol consumption or physical 
activity levels, limiting the scope of behavioural risk factor 
analysis.

To address these limitations, future research should 
employ longitudinal or cohort studies to establish 
causality and explore temporal trends in NCD risk factors. 
Qualitative studies could provide deeper insights into the 
behavioural and cultural drivers of diabetes and HTN in 
Bangladesh. Additionally, incorporating more granular 
data on diet, physical activity and genetic factors would 
enhance the robustness of risk factor analyses.

CONCLUSIONS
This study used leveraging nationally representative data 
and advanced mixed-effect modelling to identify critical 
risk factors for these conditions, offering evidence-based 
insights to guide interventions NCDs, particularly DM 
and HTN.

Findings reveal a bidirectional relationship between 
DM and HTN, with hypertensive individuals having 
28.7% higher odds of DM and diabetic individuals having 
24.4% higher odds of HTN. Age emerged as a dominant 
predictor, with individuals over 40 years facing signifi-
cantly elevated risks.

Socioeconomic and geographical disparities further 
complicate the NCD landscape. Wealthier individuals 
exhibited higher odds of DM, likely due to sedentary life-
styles and calorie-dense diets, while poorer populations 
faced a disproportionate burden of HTN, driven by stress 
and limited healthcare access. Geographical variations 
were also evident, with higher odds of HTN in Rangpur 
and elevated odds of DM in Dhaka.

The study also underscores the protective role of educa-
tion, employment and media exposure in reducing HTN 
risk. Furthermore, the persistence of high BMI as a major 
risk factor for both NCDs through dietary and lifestyle 
interventions.

Addressing the dual burden of DM and HTN in Bangla-
desh requires urgent, evidence-based action to achieve 
SDG 3.4. The time to act is now—failure to do so will only 
deepen the crisis, with profound implications for public 
health and economic stability.

Policy recommendations
To combat the rising tide of NCDs, Bangladesh must 
adopt a multisectoral approach that integrates health-
care, education and community engagement, including:
1.	 Early screening and detection: Lower the age thresh-

old for NCD screening to 35+ years, particularly for 
women, to enable timely diagnosis and treatment, un-
derscoring the need for targeted screening and pre-
ventive care. Notably, reducing the age threshold for 
screening from 40+ to 35+ years could enhance early 
detection and intervention, particularly for women, 
who are often underrepresented in NCD care.69

2.	 Targeted interventions: Develop region-specific pro-
grammes and interventions to address geographical 
disparities, such as salt-reduction campaigns in high-
HTN areas and urban wellness initiatives in Dhaka.

3.	 Health literacy and awareness: Leverage media and ed-
ucational institutions to promote healthy lifestyles and 
preventive behaviours. Health literacy programmes 
and awareness campaigns could be powerful tools for 
NCD prevention.

4.	 Promote healthy dietary habits: Increasing access to 
healthier food choices, ample supply of fresh foods, ef-
fective interpersonal communication on healthy diets, 
etc can be useful in resisting high BMI as a major risk 
factor for both diabetes and HTN.

5.	 Integrated care models: Establish dual-screening and 
management programmes for DM and HTN in prima-
ry healthcare settings to address their interconnected 
nature.
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