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A B S T R A C T

Globally, complications of raised blood pressure are fundamental public health issues. There has been limited
research if prevalence and risk factors vary by sex in many countries, including Bangladesh. We stratified the
prevalence and associated factors of prehypertension and hypertension according to sex in Bangladesh.

This cross-sectional study analyzed the Bangladesh Demographic and Health Survey 2011 data. After esti-
mating prevalence according to sex, multilevel logistic regression was applied to obtain associated factors.

This study analyzed data of 3876 males and 3962 females aged �35 years. The prevalence of hypertension was
19.4% (95% confidence interval [CI]: 18.0–21.0) among males and 31.9% (95% CI: 30.1–33.6) among females.
Among both males and females, prevalence and odds of hypertension increased with age, overweight/obesity,
diabetes, upper wealth status, and residence in some divisions. Education level was a significant positive correlate
of hypertension for males only.

Males and females had similar prevalence of prehypertension, 27.2% (95% CI: 25.6–28.8) and 27.6% (95% CI:
26.0–29.2), respectively. Characteristics such as older age, overweight/obesity, and diabetes were associated with
higher prevalence and odds of prehypertension among females; prehypertension among males was associated
with advancing age, overweight/obesity, education level, wealth status, and division of residence.

In Bangladesh, almost half of the males and females could have increased risks of complications resulting from
hypertension and prehypertension. Addressing the characteristics associated with higher prevalence or odds of
these conditions is crucial. Several common risk factors indicate that a common prevention and control strategy
could work for both sexes.
1. Introduction

Hypertension is a leading risk factor for cardiovascular diseases, and
responsible for a large number of deaths and disabilities each year [1,2].
It develops faster among individuals with prehypertension or among
people who already have higher than normal blood pressure [1]. Pre-
hypertensive people are also at a greater risk of developing cardiovas-
cular diseases than normotensive people. Moreover, if prehypertensive
persons could maintain a normal pressure level by early diagnosis and
modify their lifestyles accordingly, progression to hypertension may be
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countries, there is a lack of recent data from many LMICs, including
Bangladesh [4,9,10].

The Bangladesh Demographic and Health Survey (BDHS) 2011 is the
last nationally representative survey that obtained the prevalence of high
blood pressure in the country. The survey estimated the overall preva-
lence of hypertension as 25.7% among adults aged �35 years in the
country [10]. The prevalence of hypertension in BDHS 2011 was 31.9%
in females and 19.4% in males. Prehypertension prevalence was roughly
equal among both males and females, about 27% [10,11]. Additionally,
studies from other countries have demonstrated that prevalence and risk
factors of hypertension differ according to sex [12–14]. Both behavioral
and biological characteristics contribute to the sex differences in the
prevalence and likelihood of these conditions[15,16]. Sex and
socio-demographic conditions simultaneously play a significant role in
developing hypertension and prehypertension. As such, identification
and stratification of these factors by sex are important for the develop-
ment of strategies to prevent hypertension and prehypertension in the
country. Furthermore, strategies to prevent or manage hypertension
could differ due to different distributions of risk factors among males and
females [12–14]. A study from Bangladesh found that awareness and
control of hypertension may also differ according to sex [17]. Although
earlier studies investigated the risk factors for hypertension in
Bangladesh [18–22], none have stratified and examined these factors for
prehypertension and hypertension among males and females. This study
aims to address these existing gaps in the literature by investigating the
prevalence and associated factors of prehypertension and hypertension
by sex amongst people in Bangladesh.

2. Methods

2.1. Data source

This study analyzed the BDHS 2011 data. Mitra and Associates
implemented this cross-sectional survey from July 2011 to January 2012.
One of its specific objectives was to obtain nationally representative
measures of blood pressure and blood glucose levels for all non-
institutionalized males and females aged 35 years or older. Details of
the BDHS 2011 including survey design, methodologies, sample size,
questionnaires, and findings have been reported elsewhere [10].

Briefly, the BDHS 2011 used a two-stage cluster sampling design to
select respondents from households. Using the Bangladesh Population
and Housing Census 2011, a list of enumeration areas (EA) was created.
The EA was the primary sampling unit. To obtain 600 EAs with a prob-
ability proportion of the size of an EA, 207 and 393 clusters were ob-
tained from urban and rural areas, respectively. Then, the households
were listed; each EA had an average of 30 households. All males and
females above 35 years of age living in one-third of these enlisted
households were eligible for blood pressure measurements. From these
households, 4311 females and 4524 males were eligible to participate.
Among eligible participants, blood pressure was measured for 92% of
females and 86% of males [10].

2.2. Measures

To measure blood pressure, the World Health Organization (WHO)
recommended ‘LIFE SOURCE® UA-767 Plus Blood Pressure Monitor’
model was used. With the appropriate cuff size (i.e., small, medium, or
large), blood pressure was measured three times at an interval of 10 min
between each measurement. During that interval, other data were
collected from the participant. To report the final pressure, the mean of
the second and third measurements was used [10]. The quality of the
data was ensured by four quality control teams. The Seventh Joint Na-
tional Committee guideline's cut-off points for systolic/diastolic blood
pressure measurements were used to categorize blood pressure levels
[23]. This paper adapted the same guideline to classify prehypertension
and hypertension (Supplemental Table 1). Furthermore, the same cutoffs
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to define hypertension were also recommended by other guidelines,
including the WHO-International Society of Hypertension(24), the Eu-
ropean [25], Canadian [26], and Australian [27] hypertension
guidelines.

2.3. Outcome variables

A person was considered hypertensive if the systolic blood pressure
was�140mmHg or the diastolic blood pressure was�90mmHg, or if the
person was taking any blood pressure lowering medications. A person
without hypertension, but who had systolic and diastolic blood pressures
within 120–139 and 80–89 mmHg, respectively was categorized as
prehypertensive [23]. Participants reported if they were taking pre-
scribed blood pressure lowering drugs [10].

2.4. Explanatory variables

Potential determinants were selected based on literature searches and
the structure of the BDHS 2011 dataset [10]. The body mass index (BMI)
was obtained by dividing weight (in kg) by the square of individual's
height (in m2). A BMI �25 kg/m2 was used to categorize a person as
overweight/obese [28]. An individual with fasting plasma glucose levels
�7.0 mmol/L was considered to have diabetes [29]. Participants re-
ported their age, sex (i.e., male or female), education level, place (i.e.,
rural or urban), and division of residence. Education levels were cate-
gorized as no formal education, primary (i.e., at least five completed
school years), and secondary or above (i.e., at least ten or more
completed school years). Bangladesh had seven administrative divisions
in 2011. Principal component analysis of household construction mate-
rials and ownership of assets was used to obtain wealth status of
households; the wealth status was stratified into quintiles [10].

2.5. Ethical approval

Secondary and anonymized BDHS 2011 data was available for sci-
entific and academic use upon approval from the ICF International,
Maryland, USA; the permission for using the data was obtained in March
2017 [10]. The survey protocol was approved by the Institutional Review
Boards of the ICF International and Bangladesh Medical Research
Council, Dhaka, Bangladesh. All participants provided verbal informed
consent.

2.6. Statistical analyses

The weighted percentage was used to report the background char-
acteristics and prevalence of hypertension and prehypertension in the
studied population. Categorical variables were reported with numbers
and percentages while continuous variables were reported with median
and interquartile ranges (IQR). Then, we conducted multilevel logistic
regression to obtain the odds ratios (ORs) of both prehypertension and
hypertension separately for both sexes. For both elevated pressure levels,
normal pressure level was the reference category. Variables with a pre-
determined significance level (0.20) in crude analyses were included in
the multivariable adjustment [30]. ORs with 95% confidence intervals
(CIs) and significance levels were reported separately for males and fe-
males. To check multi-collinearity among variables before adjusting for
other confounders, variance inflation factors (VIFs) were assessed. Stata
14.0 (Stata Corp, College Station, TX) was used to analyze the data of this
study [31]; the ‘svy’ command allowed adjustments of the cluster sam-
pling design in the survey and calculation of the weighted frequency for
selected variables(10).

3. Results

Table 1 describes the study participants. This analysis included 3876
males and 3963 females. The median age of males and females was 50



Table 1
Characteristics of the survey participants with blood pressure measurements, BDHS 2011 (N ¼ 7839)a.

Characteristics Male (n ¼ 3876) Female (n ¼ 3963) Both

Overall Prehypertension
(n ¼ 1053)

Hypertension
(n ¼ 753)

Overall Prehypertension
(n ¼ 1092)

Hypertension
(n ¼ 1263)

SBP, Median (IQR), mmHg 114
(104–125)

121 (116–127) 141 (127–154) 117
(106–133)

122 (116–127) 141 (127–157) 115
(105–129)

DBP, Median (IQR), mmHg 76 (69–84) 82 (80–85) 91 (83–97) 79 (72–87) 82 (80–85) 91 (69–84) 78 (70–85)
Blood pressure categories
Normal Pressure 2070 (53.4) NA NA 1608 (40.6) NA NA 3678 (46.9)
Prehypertension 1053 (27.2) NA NA 1092 (27.6) NA NA 2145 (27.4)
Controlled on
medication

126 (3.2) NA NA 250 (6.3) NA NA 376 (4.8)

Stage 1 hypertension 430 (11.1) NA NA 624 (15.8) NA NA 1054 (13.4)
Stage 2 hypertension 197 (5.1) NA NA 388 (9.8) NA NA 586 (7.5)

Age (in years)
Median (IQR) 50 (41–60) 48 (40–59) 54 (46–65) 48 (40–59) 47 (40–58) 48 (44–65) 49 (41–60)
35–44 1317 (33.6) 369 (35.0) 157 (20.8) 1565 (39.1) 447 (40.9) 330 (26.1) 2882 (36.3)
45–54 1216 (31.0) 327 (31.1) 226 (29.9) 1070 (26.7) 288 (26.4) 341 (27.0) 2286 (28.8)
55–64 644 (16.4) 170 (16.1) 146 (19.4) 711 (17.7) 194 (17.8) 256 (20.3) 1355 (17.1)
�65 748 (19.0) 187 (17.8) 225 (29.8) 662 (16.5) 163 (14.9) 336 (26.6) 1409 (17.8)

Overweight/obesity
No 3428 (90.8) 883 (87.1) 606 (83.8) 3143 (82.3) 868 (82.5) 874 (72.9) 6571 (86.6)
Yes 346 (9.2) 130 (12.9) 117 (16.2) 675 (17.7) 184 (17.5) 324 (27.1) 1021 (13.4)

Diabetes mellitus
No 3313 (89.3) 907 (89.5) 611 (84.2) 3388 (88.8) 940 (89.5) 1015 (83.1) 6702 (89.0)
Yes 397 (10.7) 106 (10.5) 114 (15.8) 429 (11.2) 111 (10.5) 206 (16.9) 826 (11.0)

Education level
No Education 1479 (37.7) 354 (33.6) 238 (31.6) 3511 (87.6) 969 (88.7) 1051 (83.2) 4990 (62.9)
Primary 1098 (28.0) 296 (28.1) 182 (24.2) 362 (9.0) 97 (8.8) 143 (11.3) 1460 (18.4)
Secondary or above 1348 (34.3) 403 (38.3) 334 (44.3) 133 (3.3) 26 (2.4) 69 (5.5) 1481 (18.7)

Wealth quintile
Poorest 770 (19.6) 165 (15.6) 99 (13.1) 759 (18.9) 218 (20.0) 188 (14.9) 1529 (19.3)
Poorer 764 (19.5) 174 (16.5) 120 (15.9) 749 (18.7) 195 (17.9) 206 (16.3) 1513 (19.1)
Middle 766 (19.5) 206 (19.6) 126 (16.7) 801 (20.0) 224 (20.5) 220 (17.4) 1567 (19.8)
Richer 795 (20.3) 236 (22.4) 165 (21.9) 836 (20.9) 231 (21.2) 282 (22.3) 1631 (20.6)
Richest 831 (21.2) 272 (25.8) 244 (32.3) 862 (21.5) 224 (20.5) 367 (29.1) 1693 (21.3)

Place of residence
Urban 956 (24.3) 306 (29.1) 232 (30.8) 936 (23.4) 248 (22.7) 365 (28.9) 1892 (23.8)
Rural 2969 (75.7) 747 (70.9) 521 (69.2) 3071 (76.6) 845 (77.3) 898 (71.1) 6040 (76.2)

Division of residence
Barisal 230 (5.9) 57 (5.4) 41 (5.5) 239 (6.0) 61 (5.6) 74 (5.8) 469 (5.9)
Chittagong 618 (15.7) 157 (14.9) 104 (13.8) 721 (18.0) 186 (17.1) 189 (15.0) 1339 (16.9)
Dhaka 1268 (32.3) 344 (32.7) 247 (32.8) 1295 (32.3) 379 (34.7) 433 (34.3) 2563 (32.3)
Khulna 515 (13.1) 157 (14.9) 121 (16.0) 509 (12.7) 143 (13.1) 187 (14.8) 1024 (12.9)
Rajshahi 584 (14.9) 142 (13.5) 97 (12.9) 570 (14.2) 139 (12.7) 172 (13.6) 1155 (14.6)
Rangpur 488 (12.4) 147 (14.0) 110 (14.6) 437 (10.9) 123 (11.2) 150 (11.9) 926 (11.7)
Sylhet 221 (5.6) 49 (4.6) 34 (4.5) 235 (5.9) 62 (5.7) 58 (4.6) 456 (5.8)

BDHS: Bangladesh Demographic & Health Survey; IQR: Interquartile range; NA: Not applicable; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.
a Numbers and column percentage unless otherwise specified.
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(IQR: 41–60) and 48 (IQR: 40–59) years, respectively. The median sys-
tolic and diastolic blood pressures of females were higher than their male
counterparts. The proportion of overweight/obese people was 13.4% (n
¼ 1021). A greater proportion of females were obese/overweight
compared to males, 17.7% (n ¼ 675) and 9.2% (n ¼ 346), respectively.
About 11.0% (n ¼ 826) respondents had diabetes; hypertensive partici-
pants had a higher proportion of diabetes than the normotensive or
prehypertensive people among both sexes. About two-thirds of the par-
ticipants had no formal education, 62.9% (n ¼ 4990); both elevated
blood pressure levels had a greater proportion of people with any formal
education among females and males. About 24.3% (n ¼ 956) of males
and 23.4% (n ¼ 936) of females were from urban areas. Among both
males and females, prehypertensive or hypertensive people have a
greater proportion of people from urban regions. About one-third of the
respondents were from Dhaka (32.3%, n ¼ 2563), followed by Chitta-
gong (16.9%, n ¼ 1339), Rajshahi (14.6%, n ¼ 1155), Khulna (12.9%, n
¼ 1024), Rangpur (11.7%, n ¼ 926), Barisal (5.9%, n ¼ 469), and Sylhet
(5.8%, n ¼ 456).

Table 2 presents the prevalence of prehypertension and hypertension
according to background characteristics among males and females. The
overall prevalence of hypertension was 19.4% (95% CI: 18.0–21.0)
3

among males. An additional 27.2% (95% CI: 25.6–28.8) of males had
prehypertension. Among females, the overall prevalence of pre-
hypertension and hypertension was 27.6% (95% CI: 26.0–29.2) and
31.9% (95% CI: 30.1–33.6), respectively. Prevalence of prehypertension
was similar according to many background characteristics while the
prevalence of hypertension varied across all investigated characteristics.
In all categories and sub-categories, the prevalence of hypertension was
higher among females compared to their male counterparts. Hyperten-
sion also increased with age among both males and females. The prev-
alence of hypertension was highest among males who were �65 years of
age followed by males in the 55–64, 45–54, and 35–44 years age groups
with prevalence of 30.4% (95% CI: 26.6–34.5), 23.1% (95% CI:
19.7–26.9), 18.7% (95% CI: 16.4–21.2), and 12.1% (95% CI: 10.2–14.2),
respectively. Similarly, females with �65 years age had 51.5% preva-
lence (95% CI: 46.9–56.1); females with 55–64, 45–54, and 35–44 years
age groups had the prevalence of 36.6% (95% CI: 32.6–40.9), 32.1%
(95% CI: 28.6–35.8), and 21.3% (95% CI: 19.1–23.7), respectively. Males
and females with diabetes, overweight/obesity, and urban residence had
higher prevalence of hypertension. Although education level did not
show any ordinal pattern with respect to prevalence of prehypertension
among females, it showed an ordinal pattern with hypertension among



Table 2
Prevalence (with 95% CI) of prehypertension & hypertension according to background characteristics among males & females, BDHS 2011.

Traits Male Female

Prehypertension Hypertension Prehypertension Hypertension

Age (in years)
35–44 28.4% (25.7, 31.3) 12.1% (10.2, 14.2) 28.8% (26.1, 31.6) 21.3% (19.1, 23.7)
45–54 27.1% (24.4, 30.0) 18.7% (16.4, 21.2) 27.2% (24.2, 30.3) 32.1% (28.6, 35.8)
55–64 26.9% (23.2, 30.9) 23.1% (19.7, 26.9) 27.7% (24.0, 31.8) 36.6% (32.6, 40.9)
�65 25.3% (22.0, 28.9) 30.4% (26.6, 34.5) 25.1% (21.2, 29.3) 51.5% (46.9, 56.1)

Overweight/obesity
No 25.8% (24.1, 27.5) 17.7% (16.2, 19.3) 27.6% (25.8, 29.5) 27.8% (26.0, 29.8)
Yes 37.7% (32.3, 43.5) 33.9% (28.8, 39.3) 27.3% (23.4, 31.6) 48.1% (43.8, 52.5)

Diabetes
No 27.4% (25.6, 29.2) 18.4% (16.9, 20.1) 27.7% (26.0, 29.6) 30.0% (28.2, 31.8)
Yes 26.8% (22.1, 32.1) 28.7% (23.9, 34.1) 25.8% (21.6, 30.6) 48.1% (42.7, 53.5)

Education level
No Education 24.1% (21.7, 26.6) 16.2% (14.0, 18.7) 27.9% (26.2, 29.6) 30.2% (28.4, 32.1)
Primary 27.2% (24.2, 30.5) 16.7% (14.4, 19.4) 27.2% (22.1, 33.1) 40.2% (34.8, 45.9)
Secondary or above 30.5% (27.9, 33.3) 25.3% (22.7, 28.0) 20.2% (13.7, 28.8) 53.1% (43.5, 62.5)

Wealth quintile
Poorest 21.5% (18.0, 25.4) 12.9% (10.4, 15.9) 28.8% (25.2, 32.7) 24.8% (21.4, 28.5)
Poorer 22.9% (19.5, 26.6) 15.8% (13.1, 18.9) 26.1% (22.5, 30.0) 27.6% (24.3, 31.1)
Middle 27.3% (23.8, 31.0) 16.7% (13.8, 19.9) 28.2% (24.8, 31.9) 27.7% (24.1, 31.5)
Richer 29.9% (26.2, 33.8) 20.9% (17.8, 24.3) 27.9% (24.5, 31.5) 34.0% (30.4, 37.8)
Richest 33.9% (30.5, 37.6) 30.4% (27.3, 33.6) 26.8% (23.2, 30.7) 43.9% (39.8, 48.0)

Place of residence
Urban 33.2% (30.0, 36.5) 25.2% (22.8, 27.6) 27.3% (24.2, 30.7) 40.2% (36.6, 43.9)
Rural 25.3% (23.5, 27.2) 17.6% (15.9, 19.6) 27.6% (25.8, 29.5) 29.4% (27.4, 31.4)

Division
Barisal 24.9% (21.0, 29.3) 18.1% (14.8, 22.0) 25.6% (21.5, 30.2) 31.0% (26.8, 35.4)
Chittagong 25.6% (21.9, 29.7) 16.9% (13.5, 20.9) 25.9% (22.6, 29.5) 26.3% (22.8, 30.2)
Dhaka 27.8% (24.6, 31.2) 19.9% (16.9, 23.3) 29.8% (26.3, 33.5) 34.0% (30.3, 38.0)
Khulna 30.6% (26.9, 34.4) 23.5% (19.4, 28.1) 28.2% (24.6, 32.1) 37.0% (32.5, 41.7)
Rajshahi 24.7% (21.1, 28.7) 16.9% (13.8, 20.6) 24.7% (20.9, 28.8) 30.5% (26.9, 34.4)
Rangpur 30.1% (25.8, 34.7) 22.5% (18.8, 26.6) 28.3% (24.6, 32.2) 34.5% (29.7, 39.7)
Sylhet 22.5% (18.6, 26.9) 15.4% (11.6, 20.3) 26.7% (22.6, 31.2) 25.2% (20.5, 30.4)

Overall 27.2% (25.6, 28.8) 19.4% (18.0, 21.0) 27.6% (26.0, 29.2) 31.9% (30.1, 33.6)

BDHS: Bangladesh Demographic & Health Survey, CI: Confidence interval.
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females, and prehypertension and hypertension among males. Among
divisions, Khulna had the highest prevalence of hypertension for both
males and females; 23.5% (95% CI: 19.4–28.1) and 37.0% (95% CI:
32.5–41.7), respectively. Fig. 1 summarizes the comparison of preva-
lence of these blood pressure stages among males and females.

Table 3 reports the results of multivariable multilevel logistic
regression analysis. We also reported the crude ORs with the Supple-
mental Table 2. Although the determinants of prehypertension were
different among males and females, the determinants of hypertension
were similar. Among males, the following characteristics had
Fig. 1. Prevalence of Blood Pressure Stages by Sex, B
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significantly greater odds of prehypertension: age group �65 years
(adjusted [AOR]: 1.6; 95% CI: 1.3–2.1), overweight/obesity (AOR: 2.3;
95% CI: 1.7–3.1), middle (AOR: 1.4; 95% CI: 1.1–1.8), richer (AOR: 1.7;
95% CI: 1.3–2.2), and richest (AOR: 2.1; 95% CI 1.5–2.9) wealth quin-
tiles, and living in Rangpur division (AOR: 1.7; 95% CI: 1.2–2.4). Females
with the following factors had significantly greater odds of pre-
hypertension: 55–64 (AOR: 1.5; 95% CI: 1.1–1.9) and �65 (AOR: 2.3;
95% CI: 1.7–3.0) years age groups, overweight/obesity (AOR: 1.7; 95%
CI: 1.3–2.2), and diabetes (AOR: 1.5; 95% CI: 1.1–2.0). Age groups
demonstrated dose-response relationships in their association with
angladesh Demographic and Health Survey 2011.



Table 3
Factors associated with prehypertension and hypertension stratified by sex, BDHS 2011.

Traits Male Female

Prehypertension vs Normal Pressure Hypertension vs Normal Pressure Prehypertension vs Normal Pressure Hypertension vs Normal Pressure

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

Age (in years)
35–44 Ref. Ref. Ref. Ref.
45–54 1.2 (1.0,1.4) 2.0*** (1.6,2.6) 1.2 (1.0,1.5) 2.1*** (1.7,2.6)
55–64 1.2 (0.9,1.5) 3.0*** (2.2,4.0) 1.5** (1.1,1.9) 3.0*** (2.3,3.9)
�65 1.6*** (1.3,2.1) 6.1*** (4.6,8.3) 2.3*** (1.7,3.0) 7.7*** (5.7,10.3)

Overweight/Obesity
No Ref. Ref. Ref. Ref.
Yes 2.3*** (1.7,3.1) 3.2*** (2.3,4.5) 1.7*** (1.3,2.2) 3.0*** (2.4,3.9)

Diabetes
No NA Ref. Ref. Ref.
Yes NA 1.4* (1.1,1.9) 1.5** (1.1,2.0) 1.9*** (1.5,2.6)

Education level
No Education Ref. Ref. NA Ref.
Primary 1.0 (0.8,1.3) 1.0 (0.8,1.3) NA 0.9 (0.7,1.3)
Secondary or above 1.4* (1.1,1.8) 1.5** (1.2,2.0) NA 1.0 (0.6,1.7)

Wealth quintile
Poorest Ref. Ref. Ref. Ref.
Poorer 1.1 (0.8,1.4) 1.2 (0.8,1.7) 0.8 (0.6,1.1) 1.3 (1.0,1.8)
Middle 1.4* (1.1,1.8) 1.5* (1.1,2.2) 1.0 (0.8,1.4) 1.2 (0.9,1.7)
Richer 1.7*** (1.3,2.2) 1.9*** (1.3,2.7) 1.1 (0.8,1.4) 1.5* (1.1,2.0)
Richest 2.1*** (1.5,2.9) 3.1*** (2.1,4.6) 1.3 (1.0,1.8) 2.4*** (1.7,3.3)

Place of Residence
Urban Ref. Ref. Ref. Ref.
Rural 0.8 (0.7,1.0) 0.8 (0.6,1.0) 1.0 (0.8,1.3) 0.9 (0.7,1.2)

Division
Barisal Ref. Ref. Ref. Ref.
Chittagong 0.8 (0.6,1.2) 0.7 (0.5,1.2) 0.8 (0.6,1.1) 0.7 (0.5,1.0)
Dhaka 1.1(0.8,1.5) 1.2 (0.8,1.9) 1.2 (0.8,1.7) 1.2 (0.8,1.7)
Khulna 1.3 (0.9,1.9) 1.6* (1.1,2.5) 1.2 (0.9,1.7) 1.3 (0.9,1.9)
Rajshahi 0.9 (0.7,1.3) 1.2 (0.7,1.8) 0.9 (0.6,1.3) 1.1 (0.7,1.6)
Rangpur 1.7** (1.2,2.4) 2.4*** (1.5,3.7) 1.4 (1.0,2.0) 1.7** (1.2,2.6)
Sylhet 0.7(0.5,1.1) 0.8 (0.5,1.3) 0.8 (0.5,1.1) 0.7 (0.5,1.0)

AOR: Adjusted odds ratio; BDHS: Bangladesh Demographic and Health Survey; CI: Confidence interval; *: p < 0.05, **: p < 0.01, ***: p < 0.001.
NA: Not applicable; these variables were not investigated into multivariable models as the significance level was >0.2 in crude analysis.
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hypertension with the greater odds among males (AOR: 6.1; 95% CI:
4.6–8.3) and females (AOR: 7.7; 95% CI: 5.7–10.3) of �65 years. Dia-
betes and overweight/obesity also had significantly greater odds of hy-
pertension among both sexes. Although secondary or above education
level was a correlate of hypertension among males, education level had
no significant association with hypertension among females (p > 0.05).
Wealth status also had increased adjusted odds in both sexes. Living in
Rangpur division had positive association with hypertension among both
males (AOR: 2.4; 95% CI: 1.5–3.7) and females (AOR:1.7; 95% CI:
1.2–2.6). Khulna division had a significant relationship with hyperten-
sion only among males (AOR: 1.6; 95% CI: 1.1–2.5).

4. Discussion

After stratifying the prevalence and determinants of prehypertension
and hypertension according to sex in Bangladesh, we found association of
several factors with increased prevalence and odds of hypertension
among both sexes. The common associated factors for hypertension were
older age, overweight/obesity, diabetes, and division of residence; edu-
cation level was a significant factor for males only. There was no
consistent pattern in prevalence or odds of prehypertension across sexes.
The differences in distributions (i.e., prevalence) of risk factors could
contribute to the overall difference in prevalence of hypertension be-
tween males and females. To our knowledge, this is the first population-
based study that has stratified prevalence and associated factors of these
conditions by sex in Bangladesh.

Considering the total study population, the proportion of people with
at least ‘above-normal’ level of blood pressure (i.e., prehypertension plus
hypertension) was nearly 47%, 60%, and 54% for males, females, and
both sexes, respectively. This higher proportion indicates that more than
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half of people above 35 years of age are at a higher risk of complications
of raised blood pressure and may need to receive more public health
awareness of this health issue to avert negative consequences associated
with these conditions. The prevalence is also similar compared to other
reports from South Asian countries [12,32–35]. The prevalence of hy-
pertension was higher among females compared to males across all
background characteristics, which is due to differences in distributions of
these characteristics (Table 1). These differences in prevalence indicate
that females need more awareness to control hypertension or prevent its
complications.

The difference in the association between education level and pre-
hypertension/hypertension observed in this study was not found by the
studies that investigated the determinants of these conditions without
stratification [18–20]. Harshfield et al. found an association of education
level with the co-existence of hypertension and hyperglycemia after
stratifying by sex [36]. Education was also found to be associated with
awareness and control related to hypertension and other
non-communicable diseases [17,21,33]. Furthermore, education level is
related to wealth status, which may explain its mechanism of association
with elevated blood pressure among males [37,38]. More research is
needed to explain this association.

There were significant relationships between respondents’ wealth
status and blood pressure levels among both sexes. Wealth status was
associated with prehypertension among males only. This finding is
consistent with other studies that investigated prevalence and risk factors
of hypertension in Bangladesh [18–20] as well as other developing
countries [12,33,35]. However, this is contrary to the findings from
high-income countries, where people with lower socioeconomic condi-
tions have an increased likelihood of hypertension [5,39,40]. People
with higher socioeconomic status in LMICs follow more sedentary
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lifestyles. Additionally, people from a higher socioeconomic status may
be able to purchase more consumable resources than people from a lower
socioeconomic status[18,20,41]. As a result, higher income individuals
tend to consume more food, which ultimately leads to diabetes and
overweight, and puts them at an increased risk of hypertension [18].
Increasing awareness and adoption of a healthier lifestyle are essential
for this high-risk group.

Males and females in the older age groups had significantly greater
prevalence and odds of prehypertension and hypertension. Older adults
have increased risks of diabetes, dyslipidemia, overweight, and other co-
existing diseases [36,41,42]. Due to the ongoing demographic transition
in Bangladesh, the proportion of people with advancing age are more
likely to increase [10]. Age is not a modifiable risk factor; however, early
diagnosis, management, and control may minimize future complications
[24]. Regular screening could be recommended for older people of both
sexes for early diagnosis.

Overweight/obese individuals of both sexes were more likely to be
prehypertensive and hypertensive. Males and females with diabetes also
had increased odds of hypertension. Earlier studies that investigated the
risk factors for diabetes, hypertension, and overweight/obesity in
Bangladesh found similar associated factors including wealth status,
education level, and older age [36,41,43]. Awareness and control pro-
grams addressing hypertension, diabetes, and overweight/obesity in
Bangladesh together would be more beneficial than a separate program
addressing each disease.

Like earlier reports, several divisions were associated with increased
prevalence and likelihood of hypertension among both sexes [19,36,41].
Rangpur had the highest prevalence of hypertension compared to the
other divisions among males and females. Although division of residence
was not a significant correlate for prehypertension among females, it had
a significant association among males living in Rangpur. Along with
Rangpur, Khulna was associated with increased hypertension among
males. Socioeconomic inequality among divisions could be the main
contributing factor for these differences [18,19,41]; however, this
finding illustrates the need for further investigation to identify reasons
for the higher prevalence of hypertension in these divisions. Addition-
ally, it is important to prioritize the higher prevalence regions with
preventive programs.

Consistent with previous studies that investigated risk factors without
stratification by sex, this study did not observe any relationship between
rural-urban place of residence and hypertension or prehypertension,
though the prevalence of hypertension was higher in urban areas than
the rural areas among both males and females [36,41]. This might be
because education level, wealth status, diabetes, and overweight/obesity
are main contributing factors instead of a person's place of residence;
individuals with these conditions are more concentrated in urban areas in
Bangladesh in contrast to rural regions. Only Chowdhury and colleagues
found a weak association between hypertension status and the place of
residence [41], though other studies which analyzed BDHS 2011 did not
observe this association(18–20,36).

As previously explained, it was essential to learn if these factors
differentially affect males and females. Although significance levels for
the characteristics varied across males and females for prehypertension,
the associated factors were similar for hypertension across both sexes.
The significant relationship between hypertension and many shared
factors between males and females suggests that a common prevention
and control strategy could be helpful for both sexes. Considering the
negative impacts of hypertension, implementing a national awareness
and control program is essential. Due to resource limitation and other
health priorities, implementing such a program could be challenging for
countries like Bangladesh [44].

Covering rural and urban areas of all divisions made the sample na-
tionally representative. Large sample size, high response rate, and stan-
dardized validated methods were other major strengths that helped to
estimate prevalence and risk factors precisely [10]. The limitations of this
6

article also warrant discussions. Blood pressure was measured in a single
day; longitudinal measurement is recommended to confirm the diagnosis
of prehypertension and hypertension[3,23,45]. The BDHS 2011 was a
cross-sectional dataset; the associations may not be causal due to lack of
temporal evidence [10]. As several variables were not collected in this
survey, studied variables were not adjusted for several confounders or
known risk factors for elevated blood pressure levels including genetic
factors, smoking, lifestyle, and dietary habits (e.g., salt intake) [3,27].
Although this survey was the most recent one to date, it was conducted
nearly seven years before the analysis, and the reported prevalence or
associated factors may have changed over time [10]. In addition, the
BDHS 2011 only included participants aged 35 years or older, that may
overestimate the overall results. However, these limitations highlight the
importance of further investigation of unexamined risk factors associated
with development of prehypertension and hypertension in Bangladesh.

5. Conclusion

This study showed that several characteristics have higher prevalence
and likelihood of hypertension among both males and females including
older age, diabetes, overweight/obesity, wealth status, and division of
residence in Bangladesh. Although education level was significant only
among males, and risk factors for prehypertension had no consistent
pattern across sexes, our results indicate that males and females with
some common characteristics are at a greater risk of complications
resulting from elevated blood pressure levels. Due to commonality of the
risk factors for hypertension, a common prevention and control strategy
may be helpful; however, implementing such a strategy would be chal-
lenging. Males and females with these characteristics should adopt
healthier lifestyles to minimize complications of hypertension, as well as
modification of programmatic and system-level efforts are needed to
account for high-risk populations. Health, economic, and social systems
must also support individuals to have healthier lifestyles. Early diagnosis,
prevention and treatment of hypertension are crucial. Furthermore, more
surveys are required to better understand the current prevalence and
associated factors of hypertension in Bangladesh.
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