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Abstract

Background
Chronic non-communicable diseases, owing to their increasing prevalence, are the greatest constraint to disease
burden reduction in Bangladesh. As a result, we concentrated on determining the prevalence and risk factors for
major chronic non-communicable diseases (NCDs) among adult Bangladeshis.

Methods
Data from Bangladesh Demographic and Health Survey (BDHS) 2017-18 were analyzed. If a participant had
diabetes or hypertension, it was classi�ed as NCD. Whereas comorbidity is de�ned as a subject having both
diabetes and hypertension. Both the unadjusted and adjusted log-binomial regression models considering the
survey weights were employed to identify the factors associated with NCDs and comorbidity.

Results
The overall prevalence (age-adjusted) of NCDs (40.43% (95% CI: 40.29-40.56) diabetes and hypertension was
11.55% (95% CI: 11.46-11.64) and 35.04% (95% CI: 34.91-35.17), respectively, while 6.16% (95% CI: 6.09-6.23) of
participants had comorbidity. The adjusted regression model shows that being aged >34 years, and overweight or
obese were signi�cant risk factors of all NCDs, where being involved in work and from rich households were found
as risk factors of diabetes and comorbidity. Smoker participants and females were more likely to have
hypertension compared to their counterparts. Contrary, being underweight was a protective factor of having NCDs,
similarly, engage in work was found as protective factors of diabetes and co-morbidity.

Conclusion
A growing prevalence of diabetes, hypertension, and comorbidity was discovered in this study. To reduce the
burden of these NCDs, it is necessary to take the necessary steps.

Background
The major threat to public health in this twenty-�rst century worldwide remained non-communicable diseases
(NCDs), leading to ill health, death and disability, economic loss, life loss, declining living standards, and poor
social development in both high-income to low-income countries (LMICs). NCDs are predicted to kill 41 million
people each year, accounting for 71% of all deaths worldwide, with 77% of those deaths occurring in LMICs
including Bangladesh [1]. In Bangladesh various infectious diseases are still prevalent and they have long been
the most prominent contributors to disease burden, but the burden of NCDs is also escalating [2, 3] which is an
ultimate threat to ful�l the country's attainment of Sustainable Development Goal (SDG) 3.4, which calls for 30%
deterioration in NCD-related mortality in the Global Action Plan for the Prevention and Control of NCDs through
“prevention and treatment and promote mental health and well-being” [4, 5].
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Bangladesh is undergoing a demographic and epidemiological transition, and it is currently dealing with a double
burden of diseases [6]. In recent decades, life expectancy has risen signi�cantly and fertility rate declined due to
socioeconomic well-being, resulting in a signi�cant burden of NCDs [7, 8]. In Bangladesh, 67% of annual deaths
are attributable to NCDs which has been projected to be augmented further in coming decades [9]. Several recent
population-based studies in Bangladesh have revealed an unprecedented upsurge in the prevalence of NCDs,
compared to prior population-based research [3, 10, 11]. Recent Bangladesh Demographic and Health Survey
(BDHS 2017-18) also portrays same increment of different NCDs diseases such as hypertension, diabetes and
obesity [12–15]. Long-term care and treatment programmes for NCDs frequently demand a substantial �nancial
investment, and poor individuals have limited access to such treatments, even when they are accessible [7].
Although, Bangladesh has already outperformed in achieving Millennium Development Goals (MDGs) particularly
in child and maternal health issues but to combat against NCDs burden government needs to pay high priority
devotion.

Multiple causes are associated with developing NCDs, including nutritional transition, rapid urbanization,
changing lifestyle and behavioural factors (i.e., use of tobacco & alcohol, high intake of rich foods, extra screen
timing with mobile, laptop, internet, low intake of vegetables, and fruits, physical inactivity) along with some
metabolic factors (such as for overweight, obesity, blood sugar, blood pressure, and high cholesterol level) and
limited access to proper health care facilities [16–19]. Prevention efforts inside the healthcare system must adopt
a wider public health strategy to encourage individuals to change their unhealthy lifestyles, which contribute to the
development of NCDs. Data on the prevalence and distribution of NCD risk factors among adults can aid in
predicting the future burden of NCDs and developing evidence-based measures to prevent the emergence of new
NCDs. However, the lack of established vital statistics systems and trustworthy population-level data in
Bangladesh limits our understanding of the epidemiology of NCDs and its recent upsurge.

In line with UN and WHO recognition for the growing challenges posed by the NCDs, health systems need to be
equipped to deal with changing disease burden patterns; however, Bangladesh does not have the suitable
arrangements to assist achieve its goals, in alignment with the NCD policy indicators outlined in the action plan.
Recognizing these aspects, we carried out a cross-sectional study using the recent round population-based survey
data to estimate the prevalence and factors associated with non-communicable diseases among Bangladeshi
adult population which will aid relevant stakeholders in developing appropriate prevention strategies for the
certain population affected by NCDs.

Methods

Data sources
The most recent 2017-18 BDHS dataset was used in the research. The National Institute of Population Research
and Training, Medical Education and Family Welfare Division, and the Ministry of Health and Family Welfare
conducted the survey from October 2017 to March 2018. The main goal of the survey was to evaluate health
indicators and offer an overview of population, maternal and child health, and the status of numerous NCDs as
hypertension and diabetes.

Study population and survey design
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The sampling frame used for the 2017-18 BDHS is the complete list of enumeration areas (EAs) covering the
entire population of Bangladesh. The survey used a list of enumeration areas (EAs) provided by the Bangladesh
Bureau of Statistics of the 2011 Population and Housing Census of the People’s Republic of Bangladesh. The
survey’s primary sampling unit (PSU) is an EA covering on average 120 households in 2017-18. The 2017-18
BDHS was a multistage strati�ed cluster sample of households’ survey, carried out in two and three stages in rural
and urban settings. In the �rst sampling stage, rural wards were selected, following PSUs, and then households
were selected from PSUs. In urban areas, wards were selected through the PSUs technique, and one EA was
selected from each PSU. Then, the households were chosen from the selected EAs sample. A detailed description
of the survey design, methodologies, sample size, questionnaires, and �ndings are available in the �nal summary
report of 2017-18 BDHS. Anthropometry and BP were also systematically measured from the selected subsample
of 2017-18 BDHS[12]. A total of 12, 152 unweighted sample was found in the original dataset, which, after giving
weight increased to 12,975. However, we had to exclude 8,82 cases due to missing values in some of the variables
we considered in our analysis, making the weighted number of observations 12,093 for our analysis.

Dependent variable
Participants with the fasting blood glucose (FBG) value ≥7.0 mmol/l (126 mg/dl) and those who were taking
medications to lower their elevated blood glucose levels were classi�ed as diabetic[20]. For hypertension, the
ACC/AHA 2017 guideline has been used. Brie�y, a participant with systolic blood pressure (SBP) of ≥ 130 mmHg
and/or diastolic blood pressure (DBP) of ≥ 80 mmHg or who were taking any prescribed antihypertensive drugs to
control blood pressure (BP) was categorized as hypertensive [2]. The dependent variable for this study was
hypertension. Trained health technicians measured BP three times using LIFE SOURCE® UA-767 Plus BP monitor
at about ten minutes interval[12]. Then, the average of second and third measurements was used to report
respondents’ �nal BP[12].

While according to the ACC/AHA 2017 guideline, individuals with a SBP of ≥130mmHg and/or a DBP of
≥80mmHg or who were taking any prescribed antihypertensive drugs to control BP were categorized as
hypertensive[21]. The category of prehypertension was transformed into elevated blood pressure in the 2017
ACC/AHA guideline[21]. This study also investigated the NCD and comorbidity status of the participants. If a
participant suffered from either diabetes or hypertension, then it was recorded as NCD. Whereas, if a participant
had both diabetes and hypertension, then it is considered as comorbidity.

Explanatory variables
The explanatory variables included in the study were selected based on previous literature reporting the risk of
hypertension in LMICs setting [17, 22–27]. The household factors included administrative divisions (Barisal,
Chittagong, Dhaka, Khulna, Rajshahi, Rangpur, Sylhet, Mymensingh); place of residence (urban, rural); and wealth
status (poorest, poorer, middle, richer, richest), whereas the socioeconomic and individual factors included: age of
the participants (18-24, 25-34, 35-44, 45-54, 55-64, ≥65); sex of the participants (male, female); education level (no
education, primary, secondary, higher); and occupational status (not working, working). Behavioral characteristics
included smoking habit (no, yes) and body mass index (BMI) level. We have used global cut-off points for BMI
classi�cation: underweight (<18.5kg/m2), normal (18.5–25.0kg/m2), overweight (25.1–29.9kg/m2), and obese
(≥30.0 kg/m2)[28].

Statistical analysis
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Considering the complex survey of BDHS, we prepared the data using the survey weights before the analysis. Next,
the normality assumption of continuous variables was investigated from their distribution, and it was reported in
the paper with medians and interquartile ranges (IQRs). Then, we estimated the prevalence of hypertension and
reported the differences between the two guidelines. We reported the prevalence of hypertension by background
characteristics accounting for complex survey design/survey weight. It is notable to mention that survey weights
only account for the sampling scheme. Therefore, we standardized the prevalence of hypertension for the same
standard population to remove or minimize the impact of differences in participant’s age and sex distribution. On
the next step, we �tted the selected explanatory variables in unadjusted log-binomial regression model. Thereafter,
we executed a log-binomial regression model considering survey weights including the explanatory variables
having p-values (<0.05) in the unadjusted analysis to identify the factors associated with hypertension, describing
results with prevalence ratios (PRs) and their 95% con�dence intervals (CIs) and p-values. We used Statistical
Package for Social Science (SPSS) version 26 and SAS® OnDemand for Academics for data analysis.

Results
Sociodemographic characteristics of study participants are presented in Table 1. Of a total of 12093 respondents,
more than half (57.2%) of them were female. Two-thirds of the respondents (64.9%) were aged between 18 to 44
years old with a median age of 21.9 years. Approximately, eighteen percent of the participants were underweighted
and a quarter of them (24.1%) were either overweight or obese. More than one-third (39.1%) of the respondents'
wealth status was poor, and majority of them (60.9%) were involved in any type of work for their livelihood.
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Table 1
Background characteristics of the study participants (N=12,093)

Background

Characteristics

Total

(N=12,093)

NCD

(n=3,986)

Diabetes

(n=1,201)

Hypertension

(n=3,338)

Comorbidity

(n=553)

Geographic Location, n (%)          

  Barisal 666 (5.5) 254 (6.3) 64 (5.4) 216 (6.5) 28 (5.1)

  Chittagong 2082 (17.2) 734 (18.4) 232 (19.4) 628 (18.8) 126 (22.8)

  Dhaka 2791 (23.1) 906 (22.7) 399 (33.2) 664 (19.9) 157 (28.4)

  Khulna 1511 (12.5) 505 (12.7) 125 (10.4) 454 (13.6) 74 (13.3)

  Mymensingh 988 (8.2) 275 (6.9) 78 (6.5) 230 (6.9) 33 (5.9)

  Rajshahi 1751 (14.5) 563 (14.1) 141 (11.7) 482 (14.4) 60 (10.9)

  Rangpur 1515 (12.5) 504 (12.7) 85 (7.0) 461 (13.8) 41 (7.5)

  Sylhet 789 (6.5) 245 (6.2) 77 (6.4) 203 (6.1) 34 (6.2)

Place of Residence, n (%)          

  Urban 3208 (26.5) 1151 (28.9) 424 (35.3) 921 (27.6) 194 (35.2)

  Rural 8885 (73.5) 2835 (71.1) 777 (64.7) 2417 (72.4) 359 (64.8)

Participant’s Sex, n (%)          

  Male 5178 (42.8) 1680 (42.1) 544 (45.3) 1367 (41.0) 231 (41.9)

  Female 6915 (57.2) 2306 (57.9) 657 (54.7) 1971 (59.0) 322 (58.1)

Participant’s Age (Years), n
(%)

         

  Median (IQR) 36 (26-50) 47 (35-60) 46 (35-59) 48 (36-60) 52 (40-62)

  18-34 5413 (44.8) 905 (22.7) 284 (23.7) 680 (20.4) 60 (10.9)

  35-44 2429 (20.1) 862 (21.6) 271 (22.6) 701 (21.0) 110 (19.9)

  45-54 1685 (13.9) 766 (19.2) 250 (20.8) 653 (19.6) 136 (24.6)

  55-64 1362 (11.3) 725 (18.2) 215 (17.9) 640 (19.2) 130 (23.5)

  >=65 1204 (10.0) 728 (18.3) 181 (15.1) 664 (19.9) 117 (21.1)

BMI Level�, n (%)          

  Median (IQR) 21.9 (19.4-
24.9)

23.4 (20.4-
26.3)

23.8 (20.8-
26.9)

23.6 (20.6-
26.4)

25.0 (22.2-
27.5)

  Underweight (<18.5
kg/m2)

2067 (17.3) 461 (11.8) 128 (10.9) 365 (11.2) 32 (5.9)

  Normal (18.5-24.9
kg/m2)

7014 (58.7) 2045 (52.2) 606 (51.2) 1683 (51.5) 244 (45.4)
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Background

Characteristics

Total

(N=12,093)

NCD

(n=3,986)

Diabetes

(n=1,201)

Hypertension

(n=3,338)

Comorbidity

(n=553)

  Overweight (25.0-29.9
kg/m2)

2389 (20.0) 1159 (29.6) 353 (29.9) 1004 (30.7) 199 (37.1)

  Obesity (≥30.0 kg/m2) 489 (4.1) 251 (6.4) 96 (8.0) 219 (6.7) 63 (11.6)

Education Level, n (%)          

  No Education 3114 (25.8) 1290 (32.4) 307 (25.5) 1140 (34.1) 156 (28.2)

  Primary 3618 (29.9) 1175 (29.5) 370 (30.9) 958 (28.7) 153 (27.8)

  Secondary 3562 (29.5) 1012 (25.4) 345 (28.7) 830 (24.9) 163 (29.4)

  Higher 1799 (14.9) 509 (12.8) 179 (14.9) 410 (12.3) 81 (14.6)

Occupational Status, n (%)          

  Not Working 4732 (39.1) 1754 (44.0) 560 (46.6) 1476 (44.2) 282 (50.9)

  Working 7361 (60.9) 2232 (56.0) 641 (53.4) 1862 (55.8) 271 (49.1)

Wealth Status, n (%)          

  Poor 4729 (39.1) 1338 (33.6) 277 (23.1) 1161 (34.8) 100 (18.0)

  Middle 2494 (20.6) 780 (19.6) 199 (16.5) 672 (20.1) 90 (16.3)

  Rich 4870 (40.3) 1868 (46.9) 725 (60.4) 1505 (45.1) 363 (65.6)

Smoking Status*, n (%)          

  No 10380 (85.9) 3340 (83.9) 1019 (85.0) 2792 (83.7) 470 (85.1)

  Yes 1709 (14.1) 643 (16.1) 180 (15.0) 546 (16.3) 83 (14.9)

Source of Drinking Water, n
(%)

         

  Improved 11886 (98.3) 3929 (98.6) 1190 (99.1) 3287 (98.5) 547 (99.0)

  Unimproved 207 (1.7) 57 (1.4) 11 (0.9) 51 (1.5) 6 (1.0)

Sanitation Facility, n (%)          

  Improved 8017 (66.3) 2805 (70.4) 887 (73.9) 2350 (70.4) 432 (78.1)

  Unimproved 3901 (32.3) 1124 (28.2) 302 (25.2) 937 (28.1) 115 (20.9)

  Open defecation¶ 175 (1.4) 57 (1.4) 11 (0.9) 51 (1.5) 6 (1.0)
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Background

Characteristics

Total

(N=12,093)

NCD

(n=3,986)

Diabetes

(n=1,201)

Hypertension

(n=3,338)

Comorbidity

(n=553)

� BMI level had 134, 70, 18, 67, and 15 observations missing for total, NCD, diabetic, hypertensive, and
comorbid participants, respectively.

*Smoking status had 4, 3, and 2 missing observations for total, NCD, and diabetic participants, respectively.

¶Indicates no sanitation facility or open-air defecation.

NCD: Non-communicable disease; IQR: Inter-quartile range; BMI: Body mass index.

Prevalence of non-communicable diseases (NCDs)

The age-adjusted prevalence of NCD was 40.4% (95% CI: 40.29-40.56) among Bangladeshi adults. Speci�cally, the
age-adjusted prevalence of DM and HT was 11.55% (95% CI: 11.46-11.64) and 35.04% (95% CI: 34.91-35.17),
respectively among the study participants. About 6.16% (95% CI: 6.09-6.23) of the study participants showed co-
morbidity (co-existence of DM and HT) (Table 2).
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Table 2
Age-standardized prevalence of non-communicable diseases with 95% CI (N=12,093)

Independent

Variables

NCD

Prevalence (95%
CI)

Diabetes

Prevalence
(95% CI)

Hypertension

Prevalence
(95% CI)

Comorbidity

Prevalence
(95% CI)

Overall Prevalence 40.43(40.29-
40.56)

11.55(11.46-
11.64)

35.04(34.91-
35.17)

6.16(6.09-6.23)

Geographic Location        

  Barisal 45.93 (45.50-
46.35)

11.73 (11.46-
12.01)

40.35 (39.93-
40.77)

6.15 (5.95-6.36)

  Chittagong 43.03 (42.65-
43.42)

13.84 (13.58-
14.11)

37.09 (36.72-
37.46)

7.90 (7.69-8.11)

  Dhaka 40.16 (39.77-
40.55)

17.20 (16.90-
17.51)

30.58 (30.22-
30.95)

7.62 (7.42-7.84)

  Khulna 41.42 (41.05-
41.78)

11.06 (10.83-
11.30)

37.43 (37.07-
37.79)

7.08 (6.89-7.27)

  Mymensingh 34.86 (34.47-
35.25)

8.97 (8.74-9.21) 29.82 (29.44-
30.19)

3.93 (3.77-4.09)

  Rajshahi 39.42 (39.04-
39.80)

10.53 (10.30-
10.77)

34.40 (34.03-
34.77)

5.51 (5.34-5.69)

  Rangpur 39.77 (39.39-
40.15)

7.29 (7.09-7.49) 36.75 (36.38-
37.13)

4.28 (4.12-4.44)

  Sylhet 38.85 (38.45-
39.26)

11.83 (11.57-
12.11)

33.62 (33.23-
34.02)

6.61 (6.40-6.82)

Place of Residence        

  Urban 43.45 (43.21-
43.68)

14.66 (14.49-
14.83)

37.10 (36.87-
37.33)

8.31 (8.18-8.44)

  Rural 38.83 (38.66-
39.00)

9.90 (9.80-
10.01)

33.96 (33.79-
34.12)

5.03 (4.95-5.11)

Participant’s Sex        

  Male 38.56 (38.35-
38.76)

11.52 (11.39-
11.66)

32.68 (32.49-
32.88)

5.65 (5.55-5.75)

  Female 41.96 (41.78-
42.15)

11.56 (11.44-
11.69)

36.98 (36.80-
37.16)

6.58 (6.49-6.68)

Participant’s Age (Years)        

  18-34 17.87(17.67,18.08) 5.52 (5.40-5.64) 13.75 (13.57-
13.93)

1.40 (1.34-1.46)

  35-44 35.88(35.57,36.18) 10.93 (10.73-
11.13)

29.56 (29.27-
29.85)

4.61 (4.47-4.74)

  45-54 45.8(45.47,46.14) 14.43 (14.20-
14.67)

39.36 (39.03-
39.70)

7.99 (7.81-8.18)
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Independent

Variables

NCD

Prevalence (95%
CI)

Diabetes

Prevalence
(95% CI)

Hypertension

Prevalence
(95% CI)

Comorbidity

Prevalence
(95% CI)

  55-64 54.53(54.19,54.87) 15.86 (15.61-
16.11)

48.45 (48.11-
48.79)

9.78 (9.58-9.98)

  >=65 62.14(61.83,62.46) 14.89 (14.66-
15.13)

57.41 (57.09-
57.74)

10.16 (9.97-
10.36)

BMI Level        

  Underweight (<18.5
kg/m2)

29.21 (28.90-
29.51)

6.29 (6.13-6.45) 24.86 (24.58-
25.15)

1.94 (1.86-2.04)

  Normal (18.5-24.9
kg/m2)

37.74 (37.56-
37.92)

10.37 (10.26-
10.48)

32.47 (32.30-
32.65)

5.10 (5.02-5.18)

  Overweight (25.0-29.9
kg/m2)

54.76 (54.45-
55.08)

17.43 (17.19-
17.67)

48.39 (48.08-
48.71)

11.06 (10.86-
11.26)

  Obesity (≥30.0 kg/m2) 58.76 (58.08-
59.44)

22.98 (22.40-
23.56)

51.90 (51.21-
52.59)

16.11 (15.61-
16.63)

Education Level        

  No Education 45.88 (45.64-
46.13)

10.27 (10.12-
10.42)

41.42 (41.18-
41.66)

5.80 (5.69-5.92)

  Primary 39.26 (39.01-
39.51)

11.40 (11.24-
11.56)

33.38 (33.14-
33.62)

5.52 (5.40-5.64)

  Secondary 36.23 (35.96-
36.50)

12.48 (12.29-
12.67)

30.63 (30.37-
30.89)

6.88 (6.73-7.02)

  Higher 37.32 (36.95-
37.70)

13.35 (13.09-
13.61)

31.18 (30.82-
31.55)

7.21 (7.01-7.41)

Occupational Status        

  Not Working 48.10 (47.88-
48.32)

14.03 (13.87-
14.18)

42.41 (42.19-
42.63)

8.34 (8.22-8.46)

  Working 35.24 (35.07-
35.42)

9.87 (9.76-9.98) 30.06 (29.90-
30.23)

4.69 (4.62-4.77)

Wealth Status        

  Poor 34.39 (34.17-
34.60)

6.49 (6.38-6.61) 30.59 (30.39-
30.80)

2.70 (2.63-2.77)

  Middle 38.99 (38.68-
39.29)

9.32 (9.14-9.51) 34.25 (33.95-
34.55)

4.59 (4.46-4.72)

  Rich 46.83 (46.62-
47.05)

17.40 (17.23-
17.56)

39.63 (39.42-
39.85)

10.20 (10.07-
10.33)

Smoking Status        

  No 39.78 (39.62-
39.93)

11.59 (11.49-
11.69)

34.37 (34.22-
34.52)

6.18 (6.11-6.26)
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Independent

Variables

NCD

Prevalence (95%
CI)

Diabetes

Prevalence
(95% CI)

Hypertension

Prevalence
(95% CI)

Comorbidity

Prevalence
(95% CI)

  Yes 43.33 (43.00-
43.65)

11.37 (11.16-
11.58)

38.03 (37.72-
38.35)

6.07 (5.92-6.23)

Source of Drinking Water        

  Improved 40.51 (40.37-
40.65)

11.67 (11.57-
11.76)

35.06 (34.93-
35.20)

6.22 (6.15-6.29)

  Unimproved 36.09 (35.13-
37.05)

5.61 (5.17-6.09) 33.88 (32.94-
34.84)

3.41 (3.07-3.79)

Sanitation Facility        

  Improved 43.11 (42.94-
43.28)

13.07 (12.96-
13.19)

37.31 (37.15-
37.48)

7.27(7.19,7.36)

  Unimproved 35.04 (34.80-
35.27)

8.54 (8.41-8.68) 30.45 (30.22-
30.68)

3.96(3.86,4.06)

  Open defecation¶ 35.82 (34.66-
36.99)

7.38 (6.77-8.04) 31.97 (30.85-
33.12)

3.54(3.11,4.01)

¶Indicates no sanitation facility or open-air defecation.

NCD: Non-communicable disease; CI: Con�dence interval; BMI: Body mass index.

Factors associated with non-communicable diseases (NCDs)

Chi-square analysis demonstrated that geographic location, place of residence, participants’ age, BMI level,
occupational status, wealth status and sanitary facility were signi�cantly (p < 0.05) associated with NCD, diabetes,
HT and co-morbidity (Table 3).
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Table 3
Chi-square and eta-square test of association for independent variables (N= 12,093)

Independent

Variables

NCD (n=3,986) Diabetes (n=1,201) Hypertension
(n=3,338)

Comorbidity
(n=553)

Chi-
square

(p-value)

Eta-
square

Chi-
square

(p-value)

Eta-
square

Chi-
square

(p-value)

Eta-
square

Chi-
square

(p-value)

Eta-
square

  Geographic
Location

33.89
(<0.0001)

- 84.28
(<0.0001)

- 56.43
(<0.0001)

- 29.13
(<0.0001)

-

  Place of
Residence

17.44
(<0.0001)

- 43.49
(<0.0001)

- 7.26
(0.007)

- 32.44
(<0.0001)

-

  Participant’s
Sex

2.60
(0.1066)

- 0.07
(0.7843)

- 6.64
(0.009)

- 2.27
(0.1318)

-

  Participant’s
Age � (Years)

1517.70
(<0.0001)

0.37 269.33
(<0.0001)

0.17 1521.70
(<0.0001)

0.37 353.26
(<0.0001)

0.19

  BMI Level� 492.35
(<0.0001)

0.23 189.74
(<0.0001)

0.14 457.25
(<0.0001)

0.21 240.66
(<0.0001)

0.16

  Education
Level

133.08
(<0.0001)

- 0.56
(0.9062)

- 165.36
(<0.0001)

- 3.18
(0.3654)

-

  Occupational
Status

72.48
(<0.0001)

- 31.89
(<0.0001)

- 63.79
(<0.0001)

- 35.56
(<0.0001)

-

  Wealth
Status

134.22
(<0.0001)

- 219.44
(<0.0001)

- 75.88
(<0.0001)

- 181.23
(<0.0001)

-

  Smoking
Status

22.74
(<0.0001)

- 1.61
(0.205)

- 21.81
(<0.0001)

- 1.20
(0.2734)

-

  Source of
Drinking
Water

1.936
(0.1641)

- 5.56
(0.1836)

- 0.37
(0.5421)

- 2.28
(0.1311)

-

  Sanitation
Facility

62.74
(<0.0001)

- 43.51
(<0.0001)

- 46.95
(<0.0001)

- 37.69
(<0.0001)

-

� Both chi-square and eta-square test statistic were calculated for participant’s age and BMI level. In chi-square
test, participant’s age (18-24, 25-34, 35-44, 45-54, 55-64, >=65) and BMI level (underweight: <18.5 kg/m2,
normal: 18.5-24.9 kg/m2, overweight: 25.0-29.9 kg/m2, and obesity: ≥30.0 kg/m2) were categorical. Whereas,
both variables were in continuous scale for eta-square test of association. NCD: Non-communicable disease;
p-value: Probability value; BMI: Body mass index.

The adjusted estimated effect of factors associated with NCD are shown in Table 4. Respondents from Barishal
[adjusted Prevalence Ratio, (APR) = 1.10; 95% CI: 1.02-1.18] and Rangpur division (APR = 1.07; 95% CI: 1.00-1.14)
were more likely to be associated with NCD compared to those from Dhaka division. Respondents whose age
above 34 years old were more likely to be associated with NCD, DM, HT, and co-morbidity with the increment of
ages as compared to their counterparts. NCD, DM, HT and co-morbidity were found to be lower among
underweight participants and higher among overweight participants than in normal weight individuals.
Participants who involved in work as an occupation were low risk for suffering from CND (APR = 0.93; 95% CI:
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0.89-0.96), DM (APR = 0.85 95% CI: 0.76-0.95) and co-morbidity (APR = 0.80; 95% CI: 0.68-0.95) compared to their
counterparts. Respondents from rich wealth status were at higher-risk of NCD (APR = 1.09; 95% CI: 1.04-1.15), DM
(APR = 1.97; 95% CI: 1.70-2.29) and comorbidity (APR = 2.43; 95% CI: 1.92-3.10) compared to those who from poor
wealth condition. Similarly, smoker participants had higher prevalence of NCD (APR = 1.94; 95% CI: 1.89-1.98) and
HT (APR = 1.91; 95% CI: 1.86-1.97) than non-smoker participants. Females were more tend to be hypertensive
(APR = 1.10; 95% CI: 1.05-1.16) compared to their male counterparts (Table 4).
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Table 4
Estimation of adjusted prevalence ratio for risk factors associated with non-communicable disease (N=12,093)
Variables NCD (n=3,986) Diabetes (n=1,201) Hypertension

(n=3,338)
Co-morbidity
(n=553)

APR
(95%
CI)

p-value APR
(95%
CI)

p-value APR
(95%
CI)

p-value APR
(95%
CI)

p-value

Geographic Location                

  Dhaka (Ref.) 1 - 1 - 1 - 1 -

  Barisal 1.10
(1.02-
1.18)

0.0119 0.80
(0.62-
1.02)

0.0764 1.19
(1.09-
1.29)

<0.0001 0.87
(0.58-
1.26)

0.4966

  Chittagong 1.05
(0.99-
1.11)

0.0862 0.82
(0.71-
0.95)

0.0083 1.13
(1.06-
1.21)

0.0003 1.03
(0.83-
1.29)

0.7686

  Khulna 1.00
(0.93-
1.06)

0.8758 0.60
(0.49-
0.72)

<0.0001 1.10
(1.02-
1.18)

0.0177 0.82
(0.62-
1.07)

0.1499

  Mymensingh 0.96
(0.89-
1.05)

0.3684 0.71
(0.56-
0.89)

0.0031 1.02
(0.92-
1.12)

0.8007 0.78
(0.53-
1.11)

0.1961

  Rajshahi 1.03
(0.97-
1.10)

0.3497 0.69
(0.57-
0.82)

<0.0001 1.11
(1.03-
1.19)

0.0068 0.76
(0.56-
1.01)

0.0633

  Rangpur 1.07
(1.00-
1.14)

0.0360 0.53
(0.42-
0.67)

<0.0001 1.20
(1.11-
1.30)

<0.0001 0.70
(0.49-
0.97)

0.0370

  Sylhet 1.04
(0.96-
1.13)

0.3732 0.79
(0.62-
0.99)

0.0441 1.12
(1.01-
1.23)

0.0254 0.94
(0.64-
1.33)

0.7361

Place of Residence                

  Urban 1.04
(0.99-
1.08)

0.0962 1.04
(0.93-
1.17)

0.4875 NA - 0.99
(0.82-
1.18)

0.8686

  Rural (Ref.) 1 - 1 - NA - 1 -

Participant’s Sex                

  Male (Ref.) NA - NA - 1 - NA -

  Female NA   NA - 1.10
(1.05-
1.16)

0.0003 NA -

Participant’s Age
(Years)

               

  18-34 (Ref.) 1 - 1 - 1 - 1 -
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Variables NCD (n=3,986) Diabetes (n=1,201) Hypertension
(n=3,338)

Co-morbidity
(n=553)

APR
(95%
CI)

p-value APR
(95%
CI)

p-value APR
(95%
CI)

p-value APR
(95%
CI)

p-value

  35-44 1.50
(1.41-
1.59)

<0.0001 2.17
(1.85-
2.54)

<0.0001 1.60
(1.49-
1.72)

<0.0001 3.93
(2.89-
5.39)

<0.0001

  45-54 1.82
(1.71-
1.93)

<0.0001 2.94
(2.50-
3.44)

<0.0001 2.03
(1.88-
2.18)

<0.0001 7.20
(5.37-
9.77)

<0.0001

  55-64 2.10
(1.98-
2.23)

<0.0001 3.25
(2.75-
3.83)

<0.0001 2.46
(2.28-
2.64)

<0.0001 9.22
(6.89-
12.50)

<0.0001

  >=65 2.28
(2.15-
2.42)

<0.0001 3.46
(2.65-
3.78)

<0.0001 2.80
(2.60-
3.02)

<0.0001 9.76
(7.21-
13.35)

<0.0001

BMI Level                

  Underweight
(<18.5 kg/m2)

0.82
(0.77-
0.87)

<0.0001 0.75
(0.63-
0.91)

0.0025 0.77
(0.72-
0.83)

<0.0001 0.44
(0.30-
0.63)

<0.0001

  Normal (18.5-
24.9 kg/m2)
(Ref.)

1 - 1 - 1 - 1 -

  Overweight (25.0-
29.9 kg/m2)

1.33
(1.27-
1.39)

<0.0001 1.40
(1.24-
1.58)

<0.0001 1.41
(1.34-
1.48)

<0.0001 1.96
(1.63-
2.35)

<0.0001

  Obesity (≥30.0
kg/m2)

1.35
(1.26-
1.44)

<0.0001 1.63
(1.34-
1.97)

<0.0001 1.43
(1.33-
1.55)

<0.0001 2.51
(1.92-
3.22)

<0.0001

Education Level                

  No Education
(Ref.)

1 - NA - 1 - NA 1

  Primary 1.02
(0.97-
1.07)

0.4557 NA - 0.99
(0.94-
1.05)

0.8661 NA -

  Secondary 1.03
(0.97-
1.08)

0.3415 NA - 1.03
(0.97-
1.10)

0.3461 NA -

  Higher 1.00
(0.94-
1.08)

0.8151 NA - 1.01
(0.94-
1.11)

0.6522 NA -

Occupational Status                

  Not Working
(Ref.)

1 - 1 - 1 - 1 -
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Variables NCD (n=3,986) Diabetes (n=1,201) Hypertension
(n=3,338)

Co-morbidity
(n=553)

APR
(95%
CI)

p-value APR
(95%
CI)

p-value APR
(95%
CI)

p-value APR
(95%
CI)

p-value

  Working 0.93
(0.89-
0.96)

0.0002 0.85
(0.76-
0.95)

0.0034 0.96
(0.91-
1.01)

0.1181 0.80
(0.68-
0.95)

0.0105

Wealth Status                

  Poor (Ref.) 1 - 1 - 1 - 1 -

  Middle 1.03
(0.97-
1.09)

0.3430 1.24
(1.04-
1.48)

0.0192 1.02
(0.96-
1.09)

0.4873 1.49
(1.12-
1.97)

0.0063

  Rich 1.09
(1.04-
1.15)

0.0007 1.97
(1.70-
2.29)

<0.0001 1.05
(1.00-
1.12)

0.0528 2.43
(1.92-
3.10)

<0.0001

Smoking Status                

  No (Ref.) 1 - NA - 1 - NA -

  Yes 1.94
(1.89-
1.98)

0.0088 NA   1.91
(1.86-
1.97)

0.0022 NA -

NA stands for not applicable. Insigni�cant variables (i.e., p-value <0.05) in unadjusted regression models were
not included in the adjusted models; therefore, they were replaced with NA in the Table. NCD: Non-
communicable disease; APR: adjusted Prevalence Ratio; CI: Con�dence Interval; p-value: Probability value; Ref.:
Reference category; BMI: Body mass index.

Discussion
NCDs have become a major public health challenge in Bangladesh with a higher prevalence of double burden [29].
This study focused on the estimation of age-standardized prevalence and factors associated with the of DM, HT
and comorbidity (both DM and HT) among adult population in Bangladesh. Similar to the previous studies [15,
29–33], we found that females, aged over 35 years and higher, having overweight or obesity, being from
households with rich wealth status were the signi�cant risk factors associated with any of the NCDs studied.
While participants’ current working status were associated with the lower odds of having NCDs. The �ndings of
this study revealed that the overall age-adjusted prevalence of DM and HT was 11.55% and 35.04%, respectively,
and 6.16% had comorbidity which are higher than the prevalence of DM (11.0%), HT (29.7%), and comorbidity
(4.5%) among Bangladeshi adult population found in 2011[29]. Though the DM prevalence is almost consistent,
the prevalence of HT was higher than the overall prevalence (age-adjusted) of South-Asian countries (20.1%) and
other low-middle-income countries (31.5%)[34]. These increasing pattern and higher prevalence of NCDs indicate
that Bangladesh is in a great challenge in controlling as well as to reduce the burden of chronic diseases. This
rising burden could be due to the epidemiological transition of Bangladesh like life expectancy at birth [32],
increasing number of ageing population, rapid urbanization, lifestyle changes and physical inactivity [34]. In order
to curve the burden of these NCDs, the government of Bangladesh should focus on implementing the awareness,
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prevention and control programs, since such type of programs in Bangladesh are insu�cient reported by previous
study [35].

This study observed that females were more prone to be hypertensive compared to their male counterparts. This
�nding aligns with other similar studies conducted in Bangladesh [29–33]. Various biological and environmental
factors could be responsible for this higher prevalence among females [36]. In addition, several studies have
shown that stress is often linked to high blood pressure, and middle-aged women may be more susceptible to
have higher stress especially during menopause [37, 38]. Again, prevalence of overweight and obesity were found
to be higher among females than males previously [39], and an increased BMI might also be associated with the
elevated blood pressure [29]. Previous literatures have also shown that differences in physiological and behavioral
characteristics between males and females may contribute to these differences [40, 41].

We found a positive relationship between age and prevalence of NCDs where the risk of NCDs were increased with
the increase of age. Age is sometimes considered as an irreversible risk factors of different NCDs [42–44].
Presently, Bangladesh is undergoing a demographic change which may result in a large proportion of the elderly in
this country [12]. Evidence shows that older people are at greater risk of having different chronic conditions like
diabetes, hypertension, overweight/obesity, etc.,[24, 42, 44, 45]. These diseases affect each other's outcomes, and
also they have many common risk factors that can lead to more serious complications [24, 42]. The higher
tendency of these NCDs among older adults could be due to various health problems happen among older people
and their lifestyle like poor nutritional condition, stiffness, sodium intake, physical inactivity, and lower immunity
[42, 43, 46].

Participants with BMI higher than normal were at higher risk of suffering chronic diseases; such positive link
between higher BMI and NCDs are well-established and can be justi�ed by the previous evidence [15, 30, 32, 33].
Bangladesh is undergoing a greater challenge in controlling the NCDs while the prevalence of overweight and
obesity is uprising [47, 48]. Along with the nutritional changes in Bangladesh, the steady rise in BMI has serious
consequences related to premature NCD-related illness and death. Various metabolic and genetic factors might be
responsible for such positive association [49–51]. Thus, controlling and preventing the NCDs along with
overweight/obesity would be fruitful since prevention and controlling measures of overweight/obesity and other
chronic conditions are almost similar [15]. Thus, simultaneously controlling these conditions will have a
signi�cant positive impact on the health system in Bangladesh [52, 53].

As found in the previous literatures [29, 54], present study found that people involved in any type of work were at
reduced risk of diabetes and comorbidity. Involving in work increases the physical activity and several studies
found a negative association between moderate/higher levels of physical activities and chronic diseases [55, 56].
Physical activity increases the use of oxygen throughout the body and maintains blood glucose levels [57]. In
addition, physical activity also reduces the adverse consequences of many chronic diseases like diabetes [58];
hence, promoting physical activity is crucial in controlling diabetes and other chronic diseases [59, 60].

Compatible with earlier studies [15, 29], we observed that individual with higher economic status were at increased
risk of having DM and comorbidity (coexistence of both DM and HT) compared to those belong to poor
households. Another Bangladeshi study identi�ed that the odds of having DM and comorbidity were higher among
people from rich families [61] which is similar to what we found in this study. A plausible reason for this �nding
might be due to some factors including lower physical activity, sedentary lifestyle, and higher overweight/obesity
among people from richest quintile [29, 61]. Besides, people with relatively low socio-economic status in
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Bangladesh are employed in more laborious work that may keep them away from sedentary lifestyle and they are
also supposed to eat foods with less amount of calories [62, 63].

Similar to previous studies [64, 65], we also found that smoking is positively associated with NCD and HT. It is
well-established by previous several global studies [64, 65] that unhealthy lifestyle like smoking is associated with
increased risk of chronic diseases. Though available evidence from prospective studies already identi�ed smoking
as a con�rmed risk factor for hypertension[66] and other NCDs [67], the relationship between chronic smoking and
raised blood pressure is still controversial [68]. Furthermore, smoking can have a greater detrimental effect on
central blood pressure by affecting arterial stiffness and wave re�ection that may explain the causal relationship
between smoking and developing hypertension[69].

This study's strengths and limitations have been acknowledged. The generalizability of the �ndings for
Bangladesh is a strength of this study, as this survey included nationally representative data from all divisions. In
addition, appropriate statistical procedures were used to assess the sample's weighted prevalence of
hypertension. The study's limitations are stated in a fair manner. No causality could be established due to the
cross-sectional design, and the participants' blood pressure was taken three times in one day.

Conclusions
Adults in Bangladesh suffer from an unprecedentedly high prevalence of hypertension, diabetes, and comorbidity,
pushing policymakers and public health practitioners to design population-speci�c drug and lifestyle treatment
strategies. Thus, the �ndings of this study suggest that immediate policy measures should be made to target this
age group for the prevention, early detection, and treatment of NCDs. The evidence obtained in this study may be
extremely useful in developing a community-based study to better understand modi�able factors (such as food
habits, physical activity, salt intake, and stress).
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