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Abstract

Background: Hypertension and type 2 diabetes are associated with each other, and their coexistence is linked to
diabetes-related complications such as stroke, coronary artery disease, kidney disease, retinopathy and diabetic foot.
This study aimed to determine the prevalence, awareness and control of hypertension and factors associated with
hypertension among people with type 2 diabetes mellitus (T2DM) in Bangladesh.

Methods: A cross-sectional and retrospective study was conducted in 2017, and data from 1252 adults with T2DM
were collected from six hospitals that specialise in diabetes care. These hospitals provide primary, secondary and
tertiary healthcare and cover the rural and urban populations of Bangladesh. Cross-sectional data were collected
from patients via face-to-face interviews, and retrospective data were collected from patients’ past medical records
(medical passport), locally known as the patients’ guidebook or record book. The associations between hypertension
and its related factors were examined using the bootstrapping method with multiple logistic regression to adjust for
potential confounders.

Results: The mean age of participants was 55.14 (£ 12.51) years. Hypertension was found to be present among
67.2% of participants, and 95.8% were aware that they had it. Of these, 79.5% attained the blood pressure control.
The mean duration of diabetes was 10.86 (& 7.73) years. The variables that were found to be related to hypertension
include an age of above 60years, physical inactivity, being overweight or obese, a longer duration of diabetes and
chronic kidney disease.

Conclusion: The prevalence of hypertension as well as its awareness and control were very high among people with
known type 2 diabetes. As there is a strong relationship between hypertension and diabetes, patients with diabetes
should have their blood pressure regularly monitored to prevent major diabetes-related complications.
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Background
Hypertension is a major non-communicable disease and
is identified as a global disease burden that is ranked as
the third-largest cause of disability-adjusted life years
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develop cardiovascular disease, four times as likely to
develop congestive heart failure and seven times as likely
to develop cerebrovascular disease or stroke when com-
pared to non-hypertensive subjects [2].

Diabetes mellitus and hypertension are inter-related
diseases that strongly promote the spread of athero-
sclerotic cardiovascular disease within populations [3].
Hypertension prevalence is doubled in the presence
of diabetes and is associated with 35 to 75% of diabetic
cardiovascular and renal complications [4]. In addition,
it also contributes to diabetic retinopathy, which is the
primary cause of newly diagnosed blindness [3]. When
a patient has diabetes, there is an accelerated formation
of non-enzymatic advanced glycosylation products that
accumulate in the vessel wall proteins, causing vascular
rigidity and resistance, which ultimately leads to hyper-
tension. Additionally, in mild-to-moderate hyperglycae-
mia, there is increased retention of sodium, which leads
to an increase in the total exchangeable sodium and
blood pressure [5]. Another plausible explanation is that
the upregulation of the renin-angiotensin-aldosterone
system in diabetes has a direct effect on hypertension [6].
Thus, diabetes and hypertension have an epidemiological
and pathophysiological link, and knowledge of this link
will not only help with the development of early treat-
ment strategies but will also assist with prevention.

The population of Asian, especially South Asia, is fac-
ing an increasing burden from hypertension (ranging
from 50% in India [7] to 75% in Pakistan [8]) among
people with type 2 diabetes mellitus (T2DM). The bur-
den of hypertension among patients with T2DM is also
high in other regions (Korea (55%) [9], Nigeria (60%)
[10] and Saudi Arabia (54.2-78.1%) [11, 12]). As of
2013, of the five South Asian countries with the high-
est prevalence of T2DM, Bangladesh Ranked second
[13]. A report by the International Diabetes Federation
stated that 7,926,300 cases of diabetes were recorded in
Bangladesh [14]. A systematic review conducted in 2016
showed that the prevalence of T2DM in Bangladesh was
7.4% [15]. However, there has been a lack of studies in
Bangladesh related to hypertension among people with
T2DM. A study conducted in 1998 addressed hyperten-
sion among non-insulin-dependent subjects with diabe-
tes mellitus and impaired glucose tolerance. This study
reported that the proportion of people with systolic
and diastolic hypertension was 32.2 and 13.6%, respec-
tively [16]. According to the Bangladesh Demographic
Health Survey 2011, the prevalence of T2DM in Bangla-
desh was 9.2% and among them 38.7% had hypertension
[17]. Another study that was conducted in 2015, on the
general population in Bangladesh, showed that 57.4% of
patients with diabetes had hypertension compared to
that of 15.6% of non-diabetic participants [18]. The above
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data shows an increasing trend in hypertension among
T2DM patients in Bangladesh.

In recent years, along with the well-established patho-
physiological link between T2DM and hypertension,
the rapid epidemiological transition (rapid urbanisation,
increased life expectancy, unhealthy diet and lifestyle
changes) has led to an increase in hypertension among
people with T2DM in Bangladesh. Thus, it is essential
that patients and healthcare workers are aware of the
co-existence of hypertension and T2DM to ensure that
there is tight monitoring of blood pressure (BP) and
blood sugar levels. To ensure good regulation, it is quin-
tessential that an updated prevalence of hypertension, it’s
awareness and control, and the factors associated with
hypertension in patients with T2DM is available. Thus,
this study aimed to determine the prevalence of hyper-
tension and its associated factors among people with
T2DM in Bangladesh.

Methods

Study design and sampling

A cross-sectional and retrospective study was con-
ducted in 2017 in Bangladesh. Data were collected from
outpatient department of six selected hospitals across
the country that are under the umbrella of the Diabetic
Association of Bangladesh (BADAS). All hospitals under
BADAS are locally known as diabetes hospitals, as their
primary focus is to treat patients with diabetes and its
related complications. These hospitals are operated pri-
vately, but they provide healthcare services on a not-for-
profit basis (i.e. their charged fee is lower than that of
other private hospitals). These hospitals are located both
outside and inside metropolitan areas across the country.
The hospitals outside the metropolitan areas provide pri-
mary and secondary level healthcare services. However,
within the metropolitan areas, the selected hospitals are
the central hospitals that deliver primary, secondary and
tertiary healthcare. The selection of the specific hospitals
in this study made it possible to recruit a heterogene-
ous sample in terms of participants’ residential areas and
socio-economic status.

BADAS has created a sustainable model of health care
for people with diabetes and the general population.
Most of the diabetic patients in Bangladesh prefer to visit
hospitals under BADAS because of the availability of
endocrinologists and diabetes-centred care and because
the quality of facilities is higher than those in public hos-
pitals. Thus, despite the fact that the participants in our
study do not represent all people with T2DM in Bang-
ladesh, they represent the majority of them. Hospitals
under BADAS were purposively selected for data collec-
tion, as all patients are provided a record book or medical
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passport, which keeps patients’ records of laboratory test
results, medications, complications and comorbidities.

It was calculated that a sample size of 1252 partici-
pants would be required to ensure accurate results. The
primary outcome of this study was to determine haemo-
globin Alc (HbAlc) levels and diabetes control [19], and
the secondary outcome was to determine the prevalence
of hypertension and its control among T2DM. Hence, to
ensure that the accuracy in results was maintained for
the secondary outcome of hypertension, the sample size
was recalculated. This was done using a 5% significance
level, 3.5% margin of error, 57.4% prevalence of hyper-
tension among those with T2DM in Bangladesh and a
design effect of 1.5 [20]. This provided a required sam-
ple size of 1150 participants. Thus, using data from 1252
participants ensured a greater level of accuracy than was
required by the calculation.

During each day of data collection, around 10 patients
were recruited from each hospital’s general outpatient
department. The data collectors started the day by ran-
domly selecting a patient from the first K patients attend-
ing the hospital and invited them to participate. The
value of K was determined by dividing the total estimated
hospital outdoor attendance each day by 10. After that,
every Kth patient was approached. If this patient declined
to participate in the study or did not have T2DM, the
next patient was invited. The recruitment continued for
6months, from Saturday to Thursday each week. The
inclusion criteria were as follows: patients were over
18years of age, were registered with BADAS and had had
T2DM for over 1year. The study excluded people suffer-
ing from other types of diabetes.

Data collection

A structured questionnaire was developed based on
published literature and different standardised question-
naires [21-23]. The questionnaire was pretested using a
pilot study conducted in one of the selected tertiary hos-
pitals. After getting informed written consent, the pre-
tested questionnaire was used to interview each patient.
A PhD research student and two data collectors were
recruited and trained for data collection.

Data on sociodemographic characteristics, men-
tal health (anxiety and depression), diabetes-related
medical history and lifestyle behaviours were collected.
The Global Physical Activity Questionnaire (GPAQ)
was used to assess physical activity level [24]. The
Patient Health Questionnaire (PHQ-2) [21] and Gen-
eralised Anxiety Disorder (GAD-2) [25] scales were
used to evaluate depression and anxiety respectively.
Participants were measured with their shoes off and
in light clothes to determine their weight and height,
and waist and hip measurements were also obtained.
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Either a medical officer or a registered nurse measured
the blood pressure (BP) of each participant twice, at a
15-min interval, using mercury sphygmomanometer
and stethoscope with participants sitting in a relaxed
position and their left arm at rest on a table.

The following variables were extracted from medical
passports or clinical records: most recent HbAlc level,
lipid profiles, most recent estimated glomerular filtra-
tion rate (GFR), diagnosis of hypertension, medications
used, and history of macro-vascular (coronary artery
disease (CAD), stroke and diabetic foot) and micro-
vascular (nephropathy, retinopathy and neuropathy)
complications. For CAD and retinopathy, patients’ past
medical records, past documented diagnoses, medica-
tions or past procedures were used to extract the data.
Research Electronic Data Capture (REDCap) was used
to collect and manage the data [26].

Operational definition

Participants’ household income was categorised as fol-
lows: up to 20,000 Bangladeshi Taka (BDT), 21,000 to
60,000 BDT and over 60,000 BDT [19]. The monthly
income was converted to USD using the mid-year cur-
rency conversion for 2017, which was 1 USD =80 BDT
[19]. At least 150 min of moderate to vigorous physical
activity per week was considered as active [22]. Both
PHQ-2 and GAD-2 had Likert scale questions with
four options each [23, 25]. A patient with a total score
of three or more was identified as having depression
or anxiety. The body mass index (BMI) was catego-
rised as follows: <18.50kg/m? =underweight; 18.50
to 22.99 kg/m? = normal; 23.00 to 27.49 kg/m?* = over-
weight and >27.5=obese [27-29]. High waist-hip
ratio was defined as >0.90 for men and>0.85 for
woman [30]. Hypertension was defined by BP readings
(either systolic >140 mmHg or diastolic >90 mmHg)
or by using a documented diagnosis of hypertension
for T2DM patients taking antihypertension medica-
tions [31]. Based on HbAlc level, diabetes control
was categorised as a good control (HbAlc<7.0%) or
a poor control (HbAlc>7.0%). Renal impairment was
determined using the most recent estimated GFR of
below 60 ml/min/1.73m? and/or a documented diag-
nosis [32].

Ethical approval
This study has been approved by the Monash Univer-
sity Human Research Ethics Committee (ID: 1469), the
Ethical Review Committee of the Bangladesh Univer-
sity of Health Sciences and the Ethical Review Commit-
tee of BADAS.
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Data management and analysis

Stata/SE version 15.0 was used for the data analy-
sis. Data were summarised and presented as means
(£ standard deviation) for numerical data and rela-
tive percentages for categorical data. Chi-square tests
and univariate logistic regression analysis were used
to examine associations between hypertension and its
associated factors. Potential variables were then iden-
tified using a clinical assessment, literature review and
the variables with a p-value of less than 0.15 from the
univariate analysis [19]. Of these, three variables had
missing observations: BMI (8.6%, n =108), waist-hip
ratio (19.6%, n =245) and glycaemic control (HbAlc
20.1%, n =252).

Missing data were imputed five times using the
chained equation method, creating five imputed
samples [33, 34]. Then, the bootstrapping method
[20, 35] with replacement was carried out to select
the truly independent variables for hypertension.
In the bootstrapping method, 5000 random sam-
ples of the size of the original sample (n =1253)
were drawn from each of the five imputed samples.
This created 25,000 samples. A multiple logistic
regression analysis was then performed for each
of the 25,000 samples where all potential variables
were added into the model, and the variables that
appeared as significant were recorded. The per-
centage of the time that each variable was selected
as significant (out of 25,000 samples) was calcu-
lated and variables were ranked from the highest to
the lowest percentage. A multiple logistic regres-
sion model was then run using the variables that
were selected in at least 40% of the bootstrap sam-
ples, which adjusted the effect of each variable with
potential confounders.
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Results

A total of 1404 people with diabetes were approached,
but 89 of them had type 1 or gestational diabetes, and
63 of them declined to participate (Fig. 1). Among the
1252 participants, 64.91% were female. The mean age was
55.14 (£ 12.51) years, while the mean duration of diabe-
tes was 10.86 (£ 7.73) years.

Using BP cut point of 140/90 mmHg, as recommended
by most guidelines of hypertension treatment, 67.2%
(842/1252) of the participants in this study had hyperten-
sion. Of those with hypertension, 95.8% (807/842) were
aware that they had hypertension (informed either by
a doctor or nurse on previous occasions). The remain-
ing 4.2% (n =35/842) were unaware that they had it, but
upon measuring their blood pressure during this present
study it was found to be classified as being high. Further-
more, of those who were previously aware that they had
hypertension, 79.5% (n = 642/807) had controlled hyper-
tension, when measured for the present study. However,
using a more aggressive BP cut point of 130/80 mmHg,
as recommended for patients with diabetes, hyperten-
sion prevalence, awareness and control were 72.5%
(1 =909/1252), 88.8% (807/909), and 60.2% (n =486/807)
respectively (Fig. 2). There was no significant difference
of hypertension control between male and female (for BP
cut point of 140/90 mmHg: male 80% vs female 79.1%,
p-value=0.737; and for BP cut point of 130/80 mmHg:
male 57.9% vs female 62.9%, p-value=0.151). The prev-
alence of hypertension awareness for male and female
was 95.3 and 96.4% (p-value=0.435) respectively for
BP cut point of 140/90mmHg, and that was 88.1 and
89.6% (p-value =0.495) for BP cut point of 130/80 mmHg
respectively (Fig. 3).

The prevalence of hypertension was higher in those
over 60years (78%) as compared to patients 60years and

The number of people
approached to participate in
the study, n = 1404.

89 participants were excluded due
to having diabetes other than type

A\ 4

A

The number of participants that
were eligible to participate in
the studv. n=1315.

2.

63 participants were unable to

The total number of
participants in the study, n
=1252.

Fig. 1 Flow-chart of selected participants

participate due to their critical
health condition.
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Fig. 2 Hypertension awareness, prevalence and control among people with T2DM based on BP < 140/90 mmHg and < 130/80 mmHg. Note:
Hypertension awareness: among all participants with hypertension; Hypertension control: among participants receiving hypertension treatment

120.0

100.0

80.0

60

o

Percentages

40

o

20

o

Male  Female  Male
Aware

BP < 140/90 mm Hg

Female

Control

95.3 96.4
88.1 89.6
80.0 79.1
62.9
57.9
0.0 I I

Male  Female Male Female

Aware Control

BP < 130/80 mm Hg

Fig. 3 Hypertension awareness and control for male and female patients based on BP < 140/90 mmHg and < 130/80 mmHg. Note: Hypertension
awareness: among all participants with hypertension; Hypertension control: among participants receiving hypertension treatment

below (57.8%) (p-value <0.001). Hypertension prevalence
was similar between male and female (male: 63.1% vs
female: 64.9%, p-value=0.308). The prevalence of hyper-
tension was also significantly higher among people who
resided in urban areas, were physically inactive, were
obese or had a high waist-hip ratio (p-value <0.001). The
presence of hypertension was also significantly higher
among people who never smoked (66.1%) compared to

those who smoke presently (48.9%) and did in the past
(63.9%), with a p-value of 0.004 (Table 1).

According to the findings, people who have had dia-
betes for over 10years, used insulin either solely or in
combination with an oral hypoglycaemic agent (OHA)
or have a history of chronic kidney diseases showed an
increased prevalence of hypertension (p <0.001). Also,
the presence of hypertension was higher among people
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Table 1 Demographic, socioeconomic, anthropometric, and
clinical baseline characteristics according to hypertension

Variables Hypertension
No % (n) Yes % (n) P-value
35.6% (446) 64.4% (807)

Age:
<60years 42.1 (356) 57.9 (489) <0.001
>61vyears 22.1(90) 78.0(318)

Gender:
Female 34.1 (195) 64.9 (377) 0.308
Male 36.9 (251) 63.1 (430)

Area of residency:
Rural 45.8 (154) 54.2(182) <0.001
Urban 31.8(292) 68.2 (625)

Education:
llliterate/primary 31.7(127) 68.2 (273) 0.117
Secondary 37.6(207) 63.4 (359)
Graduate 390(112) 61.0(175)

Household income:
> 61,000 BDT 31.4(97) 68.6 (212) 0.167
21,000-60,000 BDT 36.0 (179) 64.0 (318)
<20,000 BDT 38.0(170) 62.0(277)

Physical activity:
Active 41.0(251) 59.0 (361) <0.001
Inactive 304 (195) 69.6 (446)

Smoking status:
Never smoked 33.9(315) 66.1 (614)
Smoked in the past 36.1(83) 63.9(147) 0.004
Current smoker 51.1 (48) 48.9 (46)

Body mass index:
Normal 46.5 (135) 53.4(155) <0.001
Overweight 38.5(209) 61.5(326)
Obese 249 (81) 75.1 (244)

Waist/hip ratio:
Normal 52.7 (88) 47.1 (49) <0.001
High 36.7 (331) 63.3(572)

Duration of diabetes:
<10years 424 (303) 576 (412) <0.001
>11years 26.6 (143) 734 (395)

Mode of treatment:
OHA 409 (174) 59.7 (258) 0.012
Combination 33.1(272) 69.9 (507)

Glycaemic control (HbAlc):
<7% 39.6 (22) 604 (110) 0.783
>7% 385(315) 61.5 (504)

Chronic kidney disease:
No 445 (367) 55.5 (457) <0.001
Yes 184 (79) 81.6 (350)

Depression:
No 40.1 (318) 59.5 (467) <0.001
Yes 27.3(128) 72.6 (340)
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Table 1 (continued)
Variables Hypertension
No % (n) Yes % (n) P-value
35.6% (446) 64.4% (807)
Anxiety:
No 35.8 (402) 64.2 (721) <0.001
Yes 33.8 (44) 66.1 (86)
Macrovascular-Microvascular complications:
No complications 55.5(254) 445 (204) <0.001
Microvascular complications  29.7 (77) 703 (182)
Macrovascular complications  33.9 (63) 66.1(123)
Both complications 14.9 (52) 85.1 (298)

BDT: Bangladeshi Taka; Body mass index: < 18.50 kg/m? = underweight; 18.50 to
22.99kg/m? =normal; > 23.00 to 27.49kg/m? = overweight and > 27.5 obese.
High waist-hip ratio > 0.90 for men and > 0.80 for women. Adequate physical
activity (Global Physical Activity Questionnaire): > 150 min of moderate to
vigorous activity per week. OHA: Oral hypoglycaemic agent; macro-vascular
complications: Coronary artery disease (CAD), stroke and diabetic foot;
microvascular complications: Nephropathy, retinopathy and neuropathy;
chronic kidney disease: estimated glomerular filtration rate < 60 ml/min/1.73m?
Depression/anxiety: The PHQ-2 and GAD-2 scales score >3

who had depression, anxiety or micro- and macro-vascu-
lar complications (p <0.001) (Table 1).

Bootstrap method was used to find the potential vari-
ables for multiple logistic regression analysis. Being over-
weight or obese along with having chronic kidney disease
and being older than 60years appeared as significant in
over 90% of bootstrap samples. However, a diabetes dura-
tion of over 10years and physical inactivity appeared as
significant in 41 and 49% of samples, respectively. While
waist—hip ratio and depression appeared in 33 and 30% of
the samples. The remaining variables appeared as signifi-
cant in less than 30% of the samples. The variables that
appeared in at least 40% of the bootstrap samples were
added to the multiple logistic regression to adjust for
potential confounders (Fig. 4).

The results from multiple logistic regression analyses
showed that being above 60years (OR: 1.7, 95% CI: 1.3,
2.4), overweight (OR: 1.8, 95% CI: 1.3, 2.5), obese (OR:
3.2,95% CI: 2.26, 4.8) or physically inactive (OR: 1.3, 95%
CI: 1.0, 1.7) increased the odds of hypertension. Further-
more, higher odds were observed among patients with
chronic kidney disease (OR: 3.1, 95% CI: 2.2, 4.3) and
who had diabetes for over 10years (OR: 1.4, 95% CI: 1.0,
1.8) (Table 2).

Discussion

This study was conducted to explore hypertension prev-
alence, awareness and control, and factors related to
hypertension among T2DM patients in diabetes hospi-
tals in Bangladesh. The study demonstrated that 67.2%
of the participants had hypertension. The prevalence of
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hypertension among patients with diabetes was higher in
the current study than previously reported in Bangladesh
(57.4%) [36] or other South Asian countries (Indian 50%
[7], Bhutan 54% [37] and Nepal 36.7% [38]) except for
Pakistan (75%) [8].

The prevalence of hypertension awareness among
hypertensive T2DM in this study was 95.8%, and among
them 79.5% had it controlled. The data on hyperten-
sion awareness and its control among T2DM patients is
scarce in the South Asian countries. However, a multi-
country study conducted from 2003 to 2009 on the
general population in India, Pakistan and Bangladesh
showed that 40.4% of the hypertensive patients were
aware of it and 12.9% had it controlled [39]. In compari-
son with other regions, the hypertension awareness and
control among T2DM in this current study was higher
than that reported in China (57.5%) [40] and in the
USA (53%) [41] and Malaysia (33.3%) [42] respectively.
The high awareness and control of hypertension in this
study might be because of the policy of the diabetes
hospitals that requires blood pressure to be measured
during each diabetes check-up visit and the regular
onsite and camp diagnosis undertaken under BADAS
to create awareness of hypertension among patients
with known diabetes. Also, the free investigation and
treatment the diabetes hospitals provide for the finan-
cially disadvantaged patients, making it more accessi-
ble and affordable [43]. The prevalence of hypertension
awareness and control among participants with known
T2DM in this study were in good levels as compared
to global standards. However, a further hypertension

control among hypertensive T2DM may be achieved by
strengthening counselling, educating and empowering
in self-monitoring. In addition, hypertension control
among hypertensive T2DM may be required a more
aggressive goal of BP <130/80 mmHg as recommend
for patients with diabetes mellitus.

The multivariable analysis in the current study
showed that older age, physical inactivity, being over-
weight or obese, longer duration of diabetes and
chronic kidney disease are related to hypertension
among people with T2DM. As previous evidence sug-
gests, our study demonstrated that being physically
inactive was associated with an increased prevalence of
hypertension [37, 44] and insufficient physical activity
was highly prevalent among T2DM in Bangladesh [45].
The findings of our study therefore amplify the need
to direct efforts and resources to increase the physical
activity levels of people with T2DM in Bangladesh. This
study’s results further show that being overweight or
obese might increase the odds of hypertension, which
is supported by previous studies [46, 47]. In recent
decades, obesity among adults has been on the rise
in Bangladesh and has reached a point where one in
five adults is now obese [48]. Therefore, maintaining a
healthy weight is essential for people with diabetes in
the country. As for the duration of diabetes, this cur-
rent study confirmed the previous finding that having
diabetes for a long time is significantly related to hyper-
tension [49]. The presence of chronic kidney disease
was also significantly associated with hypertension in
this study. Many scientific studies have clarified this
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Table 2 Simple and multiple logistic regression association of hypertension with demographic, lifestyle and clinical characteristics

Variables

Hypertension

Simple logistic regression

Multiple logistic regression

Odds ratio 95%Cl P-value Odds ratio 95% ClI P-value

Age (ref: <60years):

>61years 26 20,34 <0.001 1.74 13,24 <0.001
Gender (ref: male):

Female 1.1 09,15 0.30 1.00 08,13 0.980
Area of residency (ref: rural):

Urban 18 14,23 <0.001 - - -
Education (ref: illiterate/primary):

Secondary 0.8 06, 1.1 0.121 - - -

Graduate 0.8 05,09 0.049 - - -
Household Incomes (ref: >61,000 BDT):

21,000-60,000 BDT 0.1 06,1.1 0.179 - - -

<20,000 BDT 0.7 05,10 0.061 - - -
Physical activity (ref: active):

Inactive 15 14,23 <0.001 13 1.0,1.7 0.030
Smoking (ref: never smoked):

Smoked in the past 09 06,12 0.533 - - -

Current smoker 0.5 03,08 0.001 - - -
Body Mass Index (ref: normal):

Overweight 14 10,19 0.025 1.8 13,25 <0.001

Obese 26 19,37 <0.001 33 2.3,4.8 <0.001
Waist/hip (ref: normal): - - -

High 19 13,29 <0.001
DM duration (ref: < 10years):

> 11years 2.0 16,26 <0.001 14 10,18 0.024
Mode of treatment (ref: OHA):

Insulin 0.6 04,10 0.050 - - -

Combination 1.5 12,19 <0.001 - - -
Glycaemic control (HbAlc) (ref < 7%):

>7% 1.0 08,15 0.783 - - -
Chronic kidney disease (ref: normal):

Chronic kidney disease 36 27,47 <0.001 3.1 22,43 <0.001
Depression (ref: no depression):

Depression 1.8 14,23 <0.001 - - -
Anxiety (ref: no anxiety):

Anxiety 1.1 07,15 0.066 - - -
Macrovascular-Microvascular complications (ref: normal):

Microvascular complications 29 2.1,4.1 <0.001 - - -

Macrovascular complications 94 17,35 <0.001 - - -

Both complications 7.1 5.0,10.1 <0.001 - - -

BDT: Bangladeshi Taka; DM: Diabetes mellitus, OHA: Oral hypoglycaemic agent; the body mass index: < 18.50 kg/m? = underweight; 18.50 to 22.99 kg/m? =normal;

> 23.00 to 27.49 kg/m? = overweight and > 27.5 obese. High waist-hip ratio: >0.90 for men and > 0.80 for women; adequate physical activity (Global Physical

Activity Questionnaire): > 150 min of moderate to vigorous activity per week; macro-vascular complications: coronary artery disease (CAD), stroke and diabetic
foot; microvascular complications: nephropathy, retinopathy and neuropathy; chronic kidney disease: estimated glomerular filtration rate < 60 ml/min/1.73m? and
depression/anxiety: the PHQ-2 and GAD-2 scales score >3
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relationship [50] and have established their pathophysi-
ological link [51, 52]. However, it is important to note
that hypertension is a well-known risk factor for kidney
disease, as well as the other way around.

This study has strengths and limitations. First, it used a
relatively large sample that came from six diabetes hospi-
tals that provide primary, secondary and tertiary health-
care and cover rural and urban populations. Second, in
addition to a large sample size, this study used validated
questionnaires, which provides a valuable repository of
data that merits dissemination. Third, the investigation
of various demographic, behavioural and clinical factors
added strength to the study. A limitation of this study was
that it was cross-sectional and retrospective in its design,
which only allows for the implication of association,
rather than causation. The unavailability of data on the
treatment of hypertension among hypertensive T2DM
patients was another limitation. Finally, a major limitation
is that the findings of this study are not generalizable to
diabetes patients not receiving care at BADAS hospitals.

Conclusion

Considering the high proportion of hypertension among
patients with diabetes and the close pathophysiological
association between T2DM and hypertension, patients
with T2DM should have regular monitoring of blood pres-
sure to diagnose and control hypertension. The factors
related to hypertension among patients with T2DM are
the same as those found in other studies, and this study
highlights the need for lifestyle interventions to decrease
obesity levels and increase physical activity. The BADAS
hospitals’ policy of mandatory blood pressure monitor-
ing in each diabetes check-up visit and a full or partial fee
waiver for investigation and treatment for financially dis-
advantaged patients may be a key factor for high levels
of hypertension awareness and controls among T2DM
patients. This study suggests and highlights the success-
ful policy implementation of hypertension management
at hospitals in Bangladesh and other similarly positioned
countries in accordance with international guidelines [53].

Abbreviations

T2DM: Type 2 diabetes mellitus; BP: Blood pressure; BADAS: Diabetic Associa-
tion of Bangladesh; GPAQ: Global Physical Activity Questionnaire; PHQ-2:
Patient Health Questionnaire; GAD-2: Generalised Anxiety Disorder; HbA1c:
Haemoglobin Alc; GFR: Glomerular filtration rate; CAD: Coronary artery dis-
ease; REDCap: Research Electronic Data Capture; BDT: Bangladeshi Taka; USD:
Unites States Dollar; BMI: Body mass index; OHA: Oral hypoglycaemic agent;
OR: Odds ratio.

Acknowledgements
Not applicable.

Authors’ contributions
Concept and design (AA, BB), acquisition of data (AA, AK, SHH), data analysis
and interpretation of results (HA, MA, AA, AS), drafting the manuscript,

Page 9 of 10

critically review to improve the content and final approval of version to be
submitted has done by all authors.

Funding
This study did not receive any funding.

Availability of data and materials

The data sets generated during and/or analysed during the current study are
available from the corresponding author upon reasonable request. Prior per-
mission from the respective hospitals was obtained for collecting data such
as lipid profiles, HbA1c level, and diabetes related macro- and microvascular
complications from hospital records retrospectively.

Declarations

Ethics approval and consent to participate

Ethics approval was obtained from the Monash University Human Research
Ethics Committee, the Ethical Review Committee of the Bangladesh University
of Health Sciences and the Ethical Review Committee of Diabetic Association
of Bangladesh. Informed written consent was obtained from each participant
before the interview.

Consent for publication
The manuscript does not contain any individual person’s data in any form
(including any individual details, images or videos).

Competing interests
The authors declare no competing interests.

Author details

'Department of Epidemiology and Preventive Medicine, School of Public
Health and Preventive Medicine, Faculty of Medicine, Nursing and Health
Sciences, Monash University, 553 St. Kilda Rd.,, Level 4, Melbourne, VIC 3004,
Australia. Bangladesh Institute of Research and Rehabilitation in Diabetes,
Endocrine and Metabolic Disorders (BIRDEM), Dhaka, Bangladesh.

Received: 28 September 2020 Accepted: 4 January 2022
Published online: 29 January 2022

References

1. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J.
Global burden of hypertension: analysis of worldwide data. Lancet.
2005;365(9455):217-23.

2. Lawes CM, Vander Hoorn S, Law MR, Elliott P, MacMahon S, Rodgers A.
Blood pressure and the global burden of disease 2000. Part II: estimates
of attributable burden. J Hypertens. 2006;24(3):423-30.

3. Venugopal K, Mohammed M. Prevalence of hypertension in type-2
diabetes mellitus. CHRISMED J Health Res. 2014;1(4):223.

4. Borde-Perry WC, Campbell KL, Murtaugh KH, Gidding S, Falkner B. The
association between hypertension and other cardiovascular risk factors in
young adult African Americans. J Clin Hypertens. 2002;4(1):17-22.

5. Contreras F, Rivera M, Vasquez J, De la Parte MA, Velasco M. Diabetes
and hypertension physiopathology and therapeutics. J Hum Hypertens.
2000;14(Suppl 1):526-31.

6. Libianto R, Batu D, Maclsaac RJ, Cooper ME, Ekinci El. Pathophysi-
ological links between diabetes and blood pressure. Can J Cardiol.
2018;34(5):585-94.

7. Singh R, Beegom R, Rastogi V, Rastogi S, Madhu V. Clinical characteristics
and hypertension among known patients of non-insulin depend-
ent diabetes mellitus in north and south Indians. J Diabet Assoc India.
1996;36:45-50.

8. Maheshwary N, Naveed S, Ali Z, Ahmed SM, Yousuf AM. Prevalence of
hypertension in type 2 diabetics. Pak J Physiol. 2016;12(1):31-4.

9. LeeH,Lee S Hwang|, ParkY,Yoon S, Han K, et al. Prevalence, awareness,
treatment and control of hypertension in adults with diagnosed diabetes:
the fourth Korea National Health and nutrition examination survey
(KNHANES IV). J Hum Hypertens. 2013;27(6):381-7.



Alsaadon et al. BMC Public Health

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.
34.

(2022) 22:198

Unadike B, Eregie A, Ohwovoriole A. Prevalence of hypertension amongst
persons with diabetes mellitus in Benin City, Nigeria. Niger J Clin Pract.
2011;14(3):300-2.

. Al Harbi TJ, Tourkmani AM, Al-Khashan HlI, Mishriky AM, Al Qahtani H,

Bakhiet A. Adherence to the American Diabetes Association standards of
care among patients with type 2 diabetes in primary care in Saudi Arabia.
Saudi Med J. 2015;36(2):221.

Alaboud AF, Tourkmani AM, Alharbi TJ, Alobikan AH, Abdelhay O, Al

Batal SM, et al. Microvascular and macrovascular complications of type

2 diabetic mellitus in central, Kingdom of Saudi Arabia. Saudi Med J.
2016;37(12):1408.

Selim S, Pathan F, Saifuddin M, Latif Z, Karim N. The challenge of proper
glycaemic control among patients with type 2 diabetes in Bangladesh.
Sri Lanka J Diab Endocrinol Metab. 2016;6(2):16.

Cho N, et al. IDF diabetes atlas: global estimates of diabetes preva-

lence for 2017 and projections for 2045. Diabetes Res Clin Pract.
2018;138:271-81.

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

Sayeed MA, et al. Blood pressure and coronary heart disease in NIDDM
subjects at diagnosis: prevalence and risks in a Bangladeshi population.
Diabetes Res Clin Pract. 1998:;39(2):147-55.

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

Islam SMS, Rawal LB, Niessen LW. Prevalence of depression and its associ-
ated factors in patients with type 2 diabetes: a cross-sectional study in
Dhaka, Bangladesh. Asian J Psychiatr. 2015;17:36-41.

Afroz A, Alam K, Ali L, Karim A, Alramadan MJ, Habib SH, et al. Type 2
diabetes mellitus in Bangladesh: a prevalence based cost-of-iliness study.
BMC Health Serv Res. 2019;19(1):1-12.

Afroz A, Ali L, Karim MN, Alramadan MJ, Alam K, Magliano DJ, et al.
Glycaemic control for people with type 2 diabetes mellitus in Bangla-
desh-an urgent need for optimization of management plan. Sci Rep.
2019,9(1):1-10.

England CY, Thompson JL, Jago R, Cooper AR, Andrews RC. Development
of a brief, reliable and valid diet assessment tool for impaired glucose
tolerance and diabetes: the UK diabetes and diet questionnaire. Public
Health Nutr. 2017;20(2):191-9.

Armstrong T, Bull F. Development of the world health organization global
physical activity questionnaire (GPAQ). J Public Health. 2006;14(2):66-70.
Kroenke K, Spitzer RL, Williams JB. The patient health questionnaire-2:
validity of a two-item depression screener. Med Care. 2003;41:1284-92.
Bull FC, Maslin TS, Armstrong T. Global physical activity questionnaire
(GPAQ): nine country reliability and validity study. J Phys Act Health.
2009;6(6):790-804.

Skapinakis P. The 2-item generalized anxiety disorder scale had high
sensitivity and specificity for detecting GAD in primary care; 2007.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)—a metadata-driven methodology and
workflow process for providing translational research informatics sup-
port. J Biomed Inform. 2009;42(2):377-81.

Who J, Consultation FE. Diet, nutrition and the prevention of chronic
diseases. World Health Organ Tech Rep Ser. 2003 Feb 27,916(i-viii):1-49.
Consultation WE. Appropriate body-mass index for Asian populations
and its implications for policy and intervention strategies. Lancet (Lon-
don, England). 2004;363(9403):157-63.

Cho J, Juon H-S. Assessing overweight and obesity risk among Korean
Americans in California using World Health Organization body mass
index criteria for Asians; 2006.

Organization WH. Waist circumference and waist-hip ratio: report of a
WHO expert consultation, Geneva, 8-11 December 2008. 2011.
Association AD. Standards of medical care in diabetes—2017 abridged
for primary care providers. Clin Diab. 2017;35(1):5.

Levey AS, Stevens LA, Schmid CH, Zhang Y, Castro AF lll, Feldman HI, et al.
A new equation to estimate glomerular filtration rate. Ann Intern Med.
2009;150(9):604-12.

Royston P. Multiple imputation of missing values. Stata J. 2004;4(3):227-41.
Rubin DB. Multiple imputation for nonresponse in surveys. Wiley; 2004.
https://books.google.com.ph/books/about/Multiple_Imputation_for_
Nonresponse_in_S.html?id=bQBtw6rx_mUC&redir_esc=y

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 10 of 10

Billah B, Hug MM, Smith JA, Sufi F, Tran L, Shardey GC, et al. AusSCORE

Il'in predicting 30-day mortality after isolated coronary artery bypass
grafting in Australia and New Zealand. J Thorac Cardiovasc Surg.
2014,148(5):1850-5. 2.

Islam JY, Zaman MM, Haq SA, Ahmed S, Al-Quadir Z. Epidemiology of
hypertension among Bangladeshi adults using the 2017 ACC/AHA
hypertension clinical practice guidelines and joint National Committee 7
guidelines. J Hum Hypertens. 2018;32(10):668-80.

Giri BR, Sharma KP, Chapagai RN, Palzom D. Diabetes and hyperten-

sion in urban bhutanese men and women. Indian J Community Med.
2013;38(3):138.

Shrestha U, Singh D, Bhattarai M. The prevalence of hypertension and dia-
betes defined by fasting and 2-h plasma glucose criteria in urban Nepal.
Diabet Med. 2006;23(10):1130-5.

Gupta R, et al. Association of household wealth index, educational status,
and social capital with hypertension awareness, treatment, and control in
South Asia. Am J Hypertens. 2017,30(4):373-81.

Wang Z, Wang X, Chen Z, Zhang L, Zhu M. Prevalence, awareness,
treatment, and control of hypertension in patients with type 2 diabetes:
a cross-sectional survey among middle-aged people in China. Int J Non-
communicable Dis. 2016;1(1):30-6.

Chia YC, Buranakitjaroen P, Chen CH, Divinagracia R, Hoshide S,

Park S, et al. Current status of home blood pressure monitoring

in Asia: statement from the HOPE Asia network. J Clin Hypertens.
2017;19(11):1192-201.

Soo MJ, Chow ZY, Ching SM, Tan CH, Lee KW, Devaraj NK, et al. Prevalence,
awareness and control of hypertension in Malaysia from 1980-2018: a
systematic review and meta-analysis. World J MetaAnal. 2020;8(4):320-44.
Alam BB, Koziel A, Fraser-Hurt N, Shubber Z, Olabiran AF, Mamza JB.
Hypertension and Type-2 Diabetes in Bangladesh: Continuum of Care
Assessment and Opportunities for Action. The World Bank; 2019. https://
books.google.com.au/books/about/Hypertension_and_Type_2_Diabe
tes_in_Bang.html?id=_4eJzgEACAAJ&redir_esc=y

Arambewela MH, Somasundaram NP, Jayasekara HBPR, Kumbukage MP.
Prevalence of depression and associated factors among patients with
type 2 diabetes attending the diabetic clinic at a tertiary care hospital in
Sri Lanka: a descriptive study. Psychiatry J. 2019;2019:7468363.
Moniruzzaman M, Zaman MM, Islalm M, Ahasan H, Kabir H, Yasmin R.
Physical activity levels in Bangladeshi adults: results from STEPS survey
2010. Public Health. 2016;137:131-8.

Salman RA, Al-Rubeaan KA. Incidence and risk factors of hypertension
among Saudi type 2 diabetes adult patients: an 11-year prospective
randomized study. J Diabetes Complicat. 2009;23(2):95-101.

Janghorbani M, Amini M. Hypertension in type 2 diabetes mellitus in Isfahan,
Iran: incidence and risk factors. Diabetes Res Clin Pract. 2005;70(1):71-80.
University of Washington. Adult rates of overweight and obesity rise in
Bangladesh. USA: IHME. https://www.icddrb.org/dmdocuments/Bang|
adesh%200besity%20release.pdf

Berraho M, El Achhab Y, Benslimane A, Rhazi KE, Chikri M, Nejjari C. Hyper-
tension and type 2 diabetes: a cross-sectional study in Morocco (EPIDIAM
Study). Pan Afr Med J. 2012;11(1):52.

Hill NR, Fatoba ST, Oke JL, Hirst JA, O'Callaghan CA, Lasserson DS, et al.
Global prevalence of chronic kidney disease—a systematic review and
meta-analysis. PLoS One. 2016;11(7):e0158765.

Consortium CKDP. Association of estimated glomerular filtration

rate and albuminuria with all-cause and cardiovascular mortality in
general population cohorts: a collaborative meta-analysis. Lancet.
2010;375(9731):2073-81.

Rashidi A, Sehgal AR, Rahman M, O'Connor AS. The case for chronic
kidney disease, diabetes mellitus, and myocardial infarction being
equivalent risk factors for cardiovascular mortality in patients older than
65 years. Am J Cardiol. 2008;102(12):1668-73.

Working Party of the International Diabetes Federation (European
Region). Hypertension in people with type 2 diabetes: knowledge-based
diabetes-specific guidelines. Diabet Med. 2003;20(12):972-87. https://doi.
0rg/10.1046/j.1464-5491.2003.01021.x PMID: 14632698.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://books.google.com.ph/books/about/Multiple_Imputation_for_Nonresponse_in_S.html?id=bQBtw6rx_mUC&redir_esc=yx
https://books.google.com.ph/books/about/Multiple_Imputation_for_Nonresponse_in_S.html?id=bQBtw6rx_mUC&redir_esc=yx
https://books.google.com.au/books/about/Hypertension_and_Type_2_Diabetes_in_Bang.html?id=_4eJzgEACAAJ&redir_esc=y
https://books.google.com.au/books/about/Hypertension_and_Type_2_Diabetes_in_Bang.html?id=_4eJzgEACAAJ&redir_esc=y
https://books.google.com.au/books/about/Hypertension_and_Type_2_Diabetes_in_Bang.html?id=_4eJzgEACAAJ&redir_esc=y
https://www.icddrb.org/dmdocuments/Bangladesh%20obesity%20release.pdf
https://www.icddrb.org/dmdocuments/Bangladesh%20obesity%20release.pdf
https://doi.org/10.1046/j.1464-5491.2003.01021.x
https://doi.org/10.1046/j.1464-5491.2003.01021.x

	Hypertension and its related factors among patients with type 2 diabetes mellitus – a multi-hospital study in Bangladesh
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design and sampling
	Data collection
	Operational definition
	Ethical approval
	Data management and analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


