Open access

Original research

BM)J Open

To cite: Ali N, Akram R,

Sheikh N, et al. Sex-specific
prevalence, inequality and
associated predictors of
hypertension, diabetes, and
comorbidity among Bangladeshi
adults: results from a nationwide
cross-sectional demographic
and health survey. BMJ Open
2019;9:6029364. doi:10.1136/
bmjopen-2019-029364

» Prepublication history for
this paper is available online.
To view these files please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2017-
016527).

Received 24 January 2019
Revised 09 August 2019
Accepted 19 August 2019

| '.) Check for updates

© Author(s) (or their
employer(s)) 2019. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Marufa Sultana;
marufa@icddrb.org

Sex-specific prevalence, inequality and
associated predictors of hypertension,
diabetes, and comorbidity among
Bangladeshi adults: results from a
nationwide cross-sectional demographic

and health survey

Nausad Ali," Raisul Akram,? Nurnabi Sheikh,® Abdur Razzaque Sarker," 2

Marufa Sultana” +°

ABSTRACT

Objectives To determine the sex-specific prevalence,
inequality and factors associated with healthcare
utilisation for diabetes mellitus (DM), hypertension
and comorbidity among the adult population of
Bangladesh.

Study design This study analysed cross-sectional
nationwide Bangladesh Demographic and Health Survey
data from 2011. Comorbidity was defined as the coexistence
of both DM and hypertension. Several socioeconomic

and demographic factors such as age, sex, education,
geographic location, administrative division, employment
status, education and wealth index were considered as
major explanatory variables. Inequality in prevalence and

healthcare utilisation was measured using the ‘Lorenz curve’.

Adjusted multiple logistic regression models were performed
to observe the effects of different factors and reported as
adjusted ORs (AORs) with 95% Cls. A p value of <0.05 was
adopted as the level of statistical significance.

Setting The study was conducted in Bangladesh.
Participants A total of 7521 adult participants with
availability of biomarkers information were included.
Results The mean age of the study participants was
51.4 years (SD +13.0). The prevalence of hypertension,
diabetes and comorbidity were 29.7%, 11.0% and
4.5% respectively. Socioeconomic inequality was
observed in the utilisation of healthcare services. A
higher prevalence of hypertension and comorbidity
was significantly associated with individuals aged >70
years (AOR 7.0, 95% ClI 5.0 t0 9.9; AOR 6.7, 95% ClI
3.0 to 14.9). The risk of having hypertension, diabetes
and comorbidity were significantly higher among more
educated, unemployed as well as among individuals
from Khulna division.

Conclusions The study revealed a rising prevalence of
hypertension, diabetes and comorbidity with inequality in
service utilisation. A joint effort involving public, private
and non-governmental organisations is necessary to
ensure improved accessibility in service utilisation and to
reduce the disease burden.

Strengths and limitations of this study

» This paper determines sex-specific prevalence of
most common non-communicable diseases (NCDs)
including comorbidity using nationally representa-
tive survey data.

» The study identifies factors that significantly drive
the prevalence of having NCDs including different
sociodemographic and socioeconomic factors in-
cluding rural-urban and administrative divisions for
the whole country.

» The study also measures the inequality among so-
cioeconomic groups and wealth quintiles in using
available health services.

» While the large sample with biomarkers information
allows us to draw the prevalence and determine
associated factors, causal association could not be
measured due to cross-sectional nature of the data.

» We were unable to draw associations with some
other confounders such as family history, lifestyle,
physical exercise, dietary practice, smoking be-
haviour and medication history due to the unavail-
ability of data for those specific factors.

BACKGROUND

In recent years, the global burden of
non-communicable diseases (NCDs) has
rapidly emerged." * In 2015, 70% of all deaths
worldwide were caused by NCDs, particularly
cardiovascular diseases (CVDs) and diabetes
mellitus (DM), while over 75% of deaths
took place in low/middle-income countries
(LMICs).” The estimated global prevalence
of DM among adults was approximately 8%
in 2013, with nearly 382 million people living
with diabetes,"” and over 8 million people die
each year from diabetes and its related compli-
cations.® A projected estimation revealed that
the global prevalence of DM among all age
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groups will be approximately 592 million by 2035.” Addi-
tionally, hypertension is another widely prevalent NCD
and the strongest risk factor for CVD, ranking as the third
highest cause of disability-adjusted life years (DALYs).”™
Globally, hypertension is responsible for approximately
9.4 million annual deaths, with 80% of those deaths
occurring in LMICs.'” ' The prevalence of hypertension
is projected to increase from 26% in 2000 to 29% in 2025,
with LMICs such as Bangladesh suffering most."?

Over the last few decades, NCDs appeared as a crucial
public health problem in Bangladesh. Various chronic
conditions such as heart disease, stroke, cancer, chronic
respiratory diseases and diabetes are increasing and
contributed to approximately half (54%) of the total
annual deaths.” Bangladesh is among the top 10 coun-
tries with the highest rates of projected age-standardised
mortality among selected LMICs due to chronic diseases,
particularly for CVDs and diabetes.'"* In Bangladesh,
about one-third of hospital admissions were due to major
NCDs among individuals over 30 years of age,'” and there
is an increasing trend of demand for healthcare util-
isation for diabetes and heart diseases.'® It is projected
that the number of people with DM in Bangladesh will
increase from 1.5 million in 2000 to 4 million in 2025."
Moreover, DM itself is a risk factor for developing CVDs
while the risk of developing CVDs also increases with the
presence of hypertension.'® The coexistence of diabetes
and hypertension accounts for greater risk of general
disability and premature mortality.'” Although the disease
pattern has been shifted from communicable diseases to
NCDs, the health system of Bangladesh remains focused
on addressing communicable diseases and maternal and
child health needs.”” NCDs are associated with high out
of pocket (OOP) expenditure in LMICs,”" and partic-
ular policy attention is required to mitigate NCD-re-
lated health and economic burdens. With the absence of
social health protection, this issue is particularly crucial
for Bangladesh, since 67% of total healthcare expendi-
ture is borne by OOP payments. The latest estimation
observed that approximately 0.7 million people fell into
financial impoverishment due to high spending on NCDs
in 2010.* In addition, an earlier study reported approx-
imately US$218 million of inpatient care spending for
diabetic patients, which indicates substantial economic
burden for the healthcare system of Bangladesh.” As a
result, these two NCDs (CVD and DM) contribute to an
enormous economic burden for individuals, households
and the national healthcare system especially for the
low-income families and poor resource settings."

Available reports and publications have largely exam-
ined and investigated hypertension and diabetes sepa-
rately but provided little focus on sex-specific prevalence
and factors associated with these NCDs. Since these two
conditions (diabetes and hypertension) often coexist, it
is also important to document the prevalence and asso-
ciated comorbidity factors in the context of LMICs like
Bangladesh so that policy-makers can adopt various needs
and community-based prevention programme informed

by the specific findings. Various factors such as rapid
urbanisation, unhealthy diet, increased life expectancy,
changing lifestyle, lack of physical exercise, lack of suit-
able places for walking or exercising, older age, high
body mass index (BMI) and socioeconomic status of the
people have led to an increase in the rate of NCDs in
many LMICs such as Bangladesh.”?*" The present study
had the scope to conduct these analyses using Bangladesh
Demographic and Health Survey (BDHS) 2011 data since
the data setincluded biomarker components to detect the
risk of NCDs for the adult male and female population in
Bangladesh. Furthermore, inequalities in prevalence and
healthcare utilisation among socioeconomic groups for
these conditions have not been reported in Bangladesh
using nationwide survey data. As such, the objectives of
this study were to determine the sex-specific prevalence
of DM, hypertension and comorbidities, to assess the
factors associated with these NCDs and to evaluate the
inequalities of health service utilisation related to NCDs
among the adult population in Bangladesh.

METHODS

Study population and data source

We used the nationally representative BDHS 2011 data
set for this study. The survey was executed by the National
Institute of Population Research and Training of the
Ministry of Health and Family Welfare.*® This was the
first national survey in Bangladesh that incorporated the
measurement of biomarker information, including blood
pressure and blood glucose levels. In the present study,
eligible men and women aged 35 years or more were the
study population.

Sampling method and sample size

The 2011 BDHS used a two-stage stratified cluster
sampling frame to select households. The complete list
of enumeration areas (EA) prepared by the Bangladesh
Bureau of Statistics (BBS) was the sampling frame.* The
list of EAs covered the entire national population and 120
households from each EA were considered the primary
sampling unit. In the first stage, a total of 600 EAs were
selected, including urban and rural areas with the same
proportional probability to EA size. In the second stage,
30 households were systematically sampled from each EA
by considering reliable urban and rural demographics
and health variables separately, for each of the seven
administrative divisions, and for the country as a whole.*
As such, the survey selected 18 000 residential households
of which 17 141 ever-married women were interviewed.
To measure biomarker information, one-third of the 17
141 households were systematically selected (every third
household). In this subsample, women and men aged 35
years and above were eligible to participate in a biomarker
test that included the measurement of blood pressure,
blood glucose and haemoglobin. The detailed sampling
method, data collection processes, measurement proce-
dures and questionnaires have been previously described
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18,000 residential households were
selected for survey from 600
enumeration areas (EAs)

17,141 households were
interviewed successfully

One third of the households were
selected randomly for biomarker
measurement

7.839 individuals were
eligible for biomarker test
(age 35 years or above)

Excluded from the study
36 not occupied
—{ 184 technical problem
86 refused

12 other

7,521 detail information were
available

|
l l

l Male (n=3,707) " Female (n=3,814) |
SBP >=140 (n=277)

DBP >=90 (n=216)
SBP >=140 and DBP >=90 (n=243)
Currently taking medication (n=102)

Hypertension (n=838) Hypertension (n=1,392)

SBP >=140 (n=529)

DBP >=90 (n=335)

SBP >=140 and DBP >=90 (n=331)
Currently taking medication (n=197)

Diabetes (n=396)
Fasting blood glucose >7.0 mmol/L (n=354)
Currently taking medication (n=42)

Diabetes (n=429)
Fasting blood glucose 7.0 mmol/L (n=367)
Currently taking medication (n=62)

| Comorbidity (n=120) || Comorbidity (n=219) ]

I Total comorbidity (n=339) |

Figure 1 Study flow chart of the participants selection (aged
35 years or over) from Bangladesh Demographic and Health
Survey 2011 survey data. DBP, diastolic blood pressure; SBP,
systolic blood pressure.

elsewhere.”® A total of 7839 individuals aged 35 years and
older were eligible for the biomarker test. However, 318
individuals were excluded due to missing information.
Therefore, a final total of 7521 data were analysed, with
3707 men and 3814 women (figure 1).

Measurement of biomarker component

In this survey, hypertension was detected using the WHO
recommended LIFE SOURCE UA-767 Plus Blood Pressure
Monitor model. The device was automatic and included
separate cuffs for small, medium and large arm circum-
ferences to measure the blood pressure of respondents.
With the assistance of health technicians, trained inter-
viewers took three measurements of both systolic (SBP)
and diastolic blood pressure (DBP) during the survey at
approximately 10 min intervals between measurements.
Haemoglobin, anthropometry and blood glucose testing
were performed by the trained interviewers according to
the recommended protocol. Before collecting a blood
sample, the respondents were asked if they had eaten or
drunk anything (except water) from the time they woke

in the morning. If the subject was found to be fasting
at the time of interview, a capillary blood sample was
obtained from the middle or ring finger of the respon-
dent. Blood glucose was measured using the HemoCue
201+blood glucose analyser. Consent was taken from each
participant prior to conducting the tests.”

Outcome variables

The primary outcome variables were having ‘hyperten-
sion’, ‘diabetes’ and ‘comorbidity’. The 2011 BDHS used
the guideline of the American Heart Association (AHA)
and WHO to determine the cut-off points for blood pres-
sure and fasting plasma glucose measurements.”® An indi-
vidual was classified as hypertensive if SBP was 2140 mm
of mercury (mm Hg) and/or DBP 290 mm Hg and/or
currently taking antihypertensive medication during the
survey.”’ An individual was considered to have a diabetes
if fasting plasma glucose value was greater than or equal
to 7.0 mmol/L or currently taking medication due to
diabetes.” Comorbidity was defined as the coexistence of
hypertension and diabetes.” BMI was defined as weight
in kilograms divided by height in metres squared (kg/
m2). According to the 2011 BDHS report, BMI less than
18.5 was used to define underweight or acute undernutri-
tion, 25 to 30 indicated overweight status and 30 or above
was defined as obesity for both men and women.*®

Major explanatory variables

The major explanatory variables included in this study
were based on the risk factors associated with hyperten-
sion and diabetes in earlier studies.'® **** Participant age
was categorised into seven groups (35-39, 40-44, 45-49,
50-64, 55-59, 60-64, 65—69 and 70 and above). Self-re-
ported educational attainment of the study participant
was used and categorised as ‘no formal education’, ‘up
to primary’, ‘secondary’ and ‘higher’. No formal educa-
tion refers to ‘not attaining any formal education’, up to
primary is defined as ‘completing grade 5’, secondary as
‘completing grade 10’ and higher was defined as ‘attaining
more than grade 10°. Moreover, the occupational status
of the study participants was classified as ‘unemployed’
for not currently working, ‘farmer’ for land owners,
poultry/cattle raising and home-based manufacturing,
fishermen, ‘self-employed’ for rickshaw drivers, brick
breakers, homemakers, carpenters, masons, any type of
business, and ‘others’ included retired, housewives, reli-
gious leaders and beggars. Household socioeconomic
status was measured by calculating wealth index using
principal component analysis (PCA) to ascribe the ad hoc
weights of the indicators. PCA is a combined measure of
the cumulative living standard and is calculated by using
selected household assets and generating a factor score as
a weight. This technique includes calculating factor coef-
ficient scores and standardising indicator variables. Indi-
cator values were then multiplied by the factor loadings
to generate the index value per household.” Finally, the
socioeconomic status of households having diabetes or/
and hypertension of household members was measured
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by calculating the wealth index as per the DHS guideline,
resulting in categorisation into the ‘poorest’, ‘poorer’,
‘middle’, ‘richer’ and ‘richest’ quintiles.

Measurement of inequality

Inequality measurement was performed using the Lorenz
curve. The Lorenz curve was initially developed by Max O.
Lorenz to represent the inequality of wealth distribution.
In this graphical representation, the X-axis represents the
proportion of the population ranked from the lowest to
the highest wealth, while the Y-axis represents the cumula-
tive distribution of total wealth. Consequently, it has been
used in the public health context for risk prediction while
health (the X-axis) represents the cumulative proportion
of individuals in the population at risk, ranked accord-
ingly from lowest to highest risk. In our study, inequality
was measured based on socioeconomic status and wealth
quintile using the Lorenz curve and represents the cumu-
lative proportion of overall household wealth against the
cumulative proportion of prevalence of hypertension,
diabetes, comorbidity and healthcare utilisation (ie, the
inequalities in prevalence or healthcare utilisation).
Wealth index was calculated through PCA using BDHS
survey data.”

This illustrates the concentration of risk in popula-
tions where ‘concentration’ denotes a deliberation of
the highest risks of disease in the specific population.™
In this analysis, concentration was measured using the
Gini coefficient, which is the ratio of the area between
the perfect equality and perfect inequality lines. The 45°
line of the Lorenz curve indicates no disparity in the risk
of disease and healthcare utilisation for DM, hyperten-
sion and comorbidity.37 Higher Gini coefficient values
represent higher inequality among groups.” A Gini coef-
ficient of zero (Gini=0) expresses perfect equality, while
a Gini coefficient equal to one (Gini=1) denotes perfect
inequality of prevalence and healthcare utilisation for the
respective diseases. A Gini coefficient value of less than
0.20 represented low inequality, while values between
0.20 and 0.30 denoted moderate inequality, between 0.30
and 0.40 indicated high inequality, and a value of higher
than 0.40 was considered extreme inequality for the prev-
alence and healthcare utilisation in this study.™*'

Statistical analysis

Data were analysed using STATA V.13.0 (Stata Corp
LP) for descriptive analysis and multivariable logistic
regression. Microsoft Excel V.13.0 was used to measure
inequality by generating the Lorenz curve. Cross-tabula-
tions (ie, bivariate) were performed to compare hyper-
tension, diabetes and comorbidity status across covariate
categories. A x* test was applied to assess the propor-
tional differences in hypertension, diabetes and comor-
bidity across selected categorical variables (ie, age of the
respondent, healthcare utilisation, education and wealth
quintile). Both adjusted and unadjusted logistic regres-
sion models were used to examine the significant risk
factors. At the first stage, we selected potential predictor

variables, which were with a higher correlation with the
dependent variable(s), and then performed bivariate
logistic regression analysis (ie, the unadjusted regression
model) to evaluate significant risk factors. To select the
best performing statistically significant adjusted regres-
sion model, we performed stepwise multivariable logistic
regression analysis by incorporating variables that were
identified as statistically significant in bivariate analysis
and to control confounding effects of all selected vari-
ables. Significant associations were determined at the 5%
alpha level (p<0.05). In the multivariable logistic regres-
sion models, we presented adjusted ORs (AORs) with
95% CIs for multifactorial effects in the model. Since
BDHS survey was based on the two-stage stratified cluster
sampling technique, recommended sample weights
provided by the 2011 BDHS were used for the analysis.*®
The explanatory variables included age, sex (male/
female), place of residence (urban/rural), educational
attainment, working status, mass media (access to a radio
or television or not), currently used drug (s) (caffeine/
smoke), wealth index (poorest to richest), administrative
divisions and BMI (normal, underweight, overweight or
obese).

Patient and public involvement

No patient was involved in developing the research ques-
tion, outcome measurement and design of the study. We
are unable to disseminate the findings of the research
directly to the study participants.

RESULTS

Sociodemographic characteristics of the study participants
The sociodemographic characteristics of the study partic-
ipants are presented in table 1. The mean age of the
study participants was 51.4 years (SD +13.0) while the
highest percentage (19%) belonged to 35-39-year-old
age group. The male:female ratio was almost similar and
77% were from rural areas. The prevalence of hyperten-
sion, diabetes and comorbidity were 29.7%, 11.0% and
4.5%, respectively, with a higher prevalence observed
among women for all respective diseases. During illness,
approximately 37% used healthcare due to hypertension
compared with 34% for diabetes, with utilisation being
higher among women. The majority of the participants
had no formal education (63%) and about half of them
(52%) were employed. Among all participants, 53% had
accessibility to mass media. Regarding BMI, approxi-
mately 58% of the study population had a BMI within the
normal range, while 31% were underweight and approx-
imately 10% were overweight or obese. The prevalence
of underweight status and obesity were higher for the
female group (table 1).

Prevalence of diabetes, hypertension and comorbidity

The sex-specific prevalence of hypertension, diabetes
and comorbidity are presented in table 2 and figure 2.
Opverall, the prevalence of hypertension was 22.6% and
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Overall Male Female
Characteristics N (%) N (%) N (%)

35-39 1402 (18.6) 617 (16.7) 785 (20.6)

45-49 1199 (16.0) 595 (16.1) 604 (15.8)

55-59 666 (8.9) 297 (8.0) 370 (09.7)

70 and above 900 (12.0) 478 (12.9) 422 (11.1)

Place of residence

Rural 5767 (76.7) 2825 (76.2) 2942 (77.1)

Yes 2230 (29.7) 838 (22.6) 1392 (36.5)

Diabetest

No 6696 (89.0) 3311 (89.3) 3385 (88.8)

Yes 339 (4.5) 120 (3.2) 219 (5.7)

Healthcare utilisation
(% of exposure)

Diabetes 283 (34.3) 127 (32.0) 156 (36.4)

Education

Up to primary 1390 (18.5) 1045 (28.2) 345 (9.0)

Higher 458 (6.1) 437 (11.8) 22 (0.6)

Unemployed 4263 (56.7) 539 (14.6) 3723 (97.6)

Self-employed 1004 (13.4) 945 (25.5) 59 (1.6)

Others 63 (0.8) 53 (1.4) 10 (0.3)

Not exposed 3954 (52.6) 1960 (52.9) 1994 (52.3)

Current drug use (7515)

Not exposed 5540 (73.7) 2732 (73.7) 2808 (73.7)

Continued

(3]
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Table 1 Continued

Overall Male Female
Characteristics N (%) N (%) N (%)
Wealth index
Poorest 1469 (19.5) 739 (20.0) 729 (19.1)
Poorer 1431 (19.0) 718 (19.4) 714 (18.7)
Middle 1488 (19.8) 719 (19.4) 769 (20.2)
Richer 1560 (20.7) 759 (20.5) 800 (21.0)
Richest 1573 (20.9) 772 (20.8) 801 (21.0)
Administrative division
Barisal 425 (5.7) 206 (5.5) 220 (5.8)
Chittagong 1251 (16.6) 576 (15.5) 675 (17.7)
Dhaka 2451 (32.6) 1208 (32.6) 1243 (32.6)
Khulna 991 (13.2) 499 (13.5) 492 (12.9)
Rajshahi 1079 (14.4) 540 (14.6) 539 (14.1)
Rangpur 899 (12.0) 473 (12.8) 425 (11.1)
Sylhet 425 (5.7) 204 (5.5) 221 (5.8)
Body mass index (n=5213)
Normal (18.50-25) 3037 (58.3) 2229 (61.8) 808 (50.4)
Underweight (<18.50) 1634 (31.3) 1051 (29.1) 582 (36.3)
Overweight or obese (>25) 542 (10.4) 328 (9.1) 214 (13.3)

*An individual is classified as having hypertension if s/he has blood pressure levels >=140 mm Hg SBP or >=90 mm Hg DBP, or s/he is
currently taking antihypertensive medication to lower their blood pressure.
TAn individual is classified as having diabetes if s/he reports taking medication for diabetes or has fasting blood glucose >7.0 mmol/L.

FComorbidity is defined as the presence of both hypertension and DM.

36.5% for men and women, respectively. The prevalence
of hypertension was highest among those of 70+ years
of age (p<0.001) compared with the other age catego-
ries for both men and women. Hypertension was highly
prevalent among urban residents (men vs women: 28.2
vs 43.7; p<0.001) and higher educated individuals (men
vs women: 34.8 vs 89.3; p<0.001). All respective diseases
were highly prevalent among richest wealth quintiles
compared with the poorest, and women suffered signifi-
cantly more than men (table 2 and figure 3). We also
observed that overweight or obese individuals were more
likely to have hypertension compared with others who
had normal BMI.

The overall prevalence of diabetes was 10.7% and
11.2% for men and women, respectively. A higher
percentage diabetes prevalence was observed among
55-59-year-old individuals (men vs women: 19.3 vs 15.3;
p<0.001) (figure 2). The prevalence of diabetes among
urban residents (men vs women: 15.0 vs 17.2; p<0.001)
was twofold compared with rural areas. The prevalence of
diabetes was significantly higher (45.1%) among higher
educated females than their male counterparts (21.4).
In addition, diabetes prevalence was significantly higher
among individuals who belonged to the richest house-
holds (p<0.001). Considering administrative divisions,
Chittagong has had the highest prevalence of diabetes

(14%) for either sex. Similar to hypertension, diabetes
prevalence was also higher among overweight or obese
individuals irrespective of sex.

In this study, the coexistence of diabetes and hyperten-
sion was 3.2% and 5.7% for men and women, respectively
(figure 2). Notably, a higher percentage of comorbidity
was observed among 55-59-year-old aged individuals. The
urban residents (men vs women: 5.9% vs 10.3%; p<0.001),
higher educated individuals (men vs women: 8.6% vs
43.1%; p<0.001), those with mass media exposure (men
vs women: 4.9% vs 8.2%; p<0.001), members of wealthiest
households (men vs women: 8.5% vs 12.7%; p<0.001) and
those who lived in Chittagong division (men vs women:
6.3% vs 7.2%; p<0.001) exhibited a significantly higher
prevalence of comorbidity (table 2).

Inequality in the prevalence of DM, hypertension and
comorbidity as well as healthcare utilisation

Figure 3 presents the inequality of the prevalence and
healthcare service utilisation for DM, hypertension and
comorbidity using concentration curves and the Gini coef-
ficient. The Gini coefficient values were 0.13,—-0.003 and
0.272 for hypertension, diabetes and comorbidity, respec-
tively, which indicated that very low levels of inequality
existed for the prevalence of hypertension and DM (Gini
coefficient <0.20), while moderate inequality existed for
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Figure 2 Prevalence of hypertension, diabetes and co-morbidity across sex for participants aged 35 years and above

(n=7521).

comorbidity (Gini coefficient <0.30) among different
socioeconomic groups. However, for healthcare utilisa-
tion, higher socioeconomic inequality (Gini coefficient
>0.40) was observed for DM and comorbidity (figure 1).

Factors associated with hypertension, diabetes and
comorbidity

Table 3 shows the risk factors associated with the NCDs
in three individual multiple logistic regression models
based on the socioeconomic and demographic char-
acteristics of participants. We observed a positive rela-
tionship between increased age and NCDs. The risk of
hypertension was 7.0 (CI 5.0 to 9.9; p<0.001) and diabetes
(CI 2.0 to 4.6; p<0.001) was 3.1 times more likely among
individuals aged 70+ and 55-59 years than the reference
group (<40 years). The risk for comorbidity was 6.7 (CI
3.0 to 14.9; p<0.001) times higher among 70+ years age
group followed by individuals aged 55 to 59 years (AOR
6.0; CI 2.8 to 13.0; p<0.001). Women were significantly
more likely to have hypertension (AOR 2.0; CI 1.6 to
2.5; p<0.001) and comorbidity (AOR 1.8; CI 1.2 to 2.8;
p<0.01) compared with men. The risk for hypertension
(AOR 1.5; CI 1.1 to 2.0; p<0.001), diabetes (AOR 2.1; CI
1.5 to0 2.9; p<0.001) and comorbidity (AOR 3.0; CI 1.8 to
5.1; p<0.001) was significantly higher for higher educated
individuals. The risk of hypertension and diabetes was
significantly higher among individuals who were not

Healthcare utilization

—=—Line of equality f/
—e—Hypertenson: Gini caef. 0.169 /
coef. 0.451 / |
< Co-morbidity: Gini coef. 0.554 /7

—4— Diabetes:

Cumulative % of wealth

e &
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C ive % of and

Figure 3 Concentration curves for prevalence and
healthcare utilisation of hypertension, diabetes and
comorbidity.

employed (table 3). The likelihood of hypertension was
2.2 (CI 1.6 to 2.9; p<0.001) times higher among indi-
viduals belonging to highest wealth quintiles compared
with the poorest. Among the divisions, the risk of having
hypertension was significantly higher among individuals
who lived in Khulna (AOR 1.7; p<0.001), Rajshahi (AOR
1.4; p<0.05) and Rangpur (AOR 1.9; p<0.001) divisions.
We observed a significant positive association between
BMI and NCDs. Furthermore, the obese or overweight
individuals were 2.0 times (CI 1.57 to 2.51; p<0.001) more
likely to develop hypertension. A similar pattern was also
observed for diabetes and comorbidity (table 3).

DISCUSSION
NCDs are becoming one of the major health challenges
in Bangladesh. The latest report published by the WHO
indicated that nearly all Bangladeshi adults are affected by
at least one NCD risk factor (eg, smoking, alcohol intake,
low physical activity, obesity, hypertension and DM) while
a large proportion is affected by at least two hyperten-
sion and DM risk factors.”” This leads to a double burden
for the population of Bangladesh because of its existing
burden of infectious diseases alongside the rising prev-
alence of NCDs. Additionally, the real health burden of
NCDs remains unknown, since 83% of Bangladeshi adults
have never had a blood glucose measurement and only
3.9% respondents reported that they were diagnosed with
DM while approximately 33% have never had a blood
pressure measurement (reported prevalence of 12%).*
Thus, most NCDs such as hypertension and DM remain
undiagnosed and untreated. This study attempted to
mitigate this gap by investigating the prevalence and
risk factors using survey data including biomarker tests
to determine prevalence associated with hypertension,
diabetes and comorbidity which is nationally representa-
tive. The difference in prevalence between earlier reports
and the current study findings can be explained by the
use of biomarkers examining the actual prevalence rather
than assessing history of participants.

Our study observed that the prevalence of hypertension
is higher than DM, while female have a higher prevalence
than their male counterparts for both hypertension and
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||

Model | Model Il Model IlI
Hypertension Diabetes Comorbidity
Characteristic AOR (95% CI) AOR (95% CI) AOR (95% CI)

35-39 (ref) 1.00 1.00 1.00

45-49 2.3** (1.6 10 3.2) 1.9** (1.3 to 3.0) 2(0.9t0 4.8)

55-59 3.3 (2.3 to 4.6) 3.1 (2.0 to 4.6) 6.0"* (2.8 to 13.0)

70+ 7.0 (5.0 t0 9.9) 2.2 (1.4 t0 3.5) 6.7 (3.0 to 14.9)

Male (ref) 1.00 1.00 1.00

Palace of residence

-
o
o
-
o
o
-
o
o

Rural

No formal education (ref) 1.00 1.00 1.00

Secondary 1.1 (0.9t0 1.3) 1.2 (0.9t0 1.6) 1.8 (1.2 10 2.8)

Working status

Farmer 0.6"* (0.5 t0 0.8) 0.6 (0.5 t0 0.9) 0.5" (0.3 to 1)

Business 1.0 (0.7 to 1.3) 0.8 (0.5 to 1.1) 1.1 (0.6 t0 1.8)

Mass media

Exposure (ref) 1.00 1.00 1.00

Poorest (ref) 1.00 1.00 1.00

Middle 1.2(1.0t0 1.6) 0.7* (0.5 to 0.9) 0.7 (0.4 to 1.3)

Richest 2.2 (1.6 10 2.9) 1.5(1.0t02.2) 1.9(1.0t03.7)

Barisal 1.3(0.9t01.9) 1(0.6t01.7) 1.4 (0.6 to 3.3)

Dhaka 1.3(0.9t0 1.7) 0.8 (0.5 to 1.1) 1.1 (0.5t0 2.1)

Rajshahi 1.4*(1.0t0 2) 0.9 (0.6 to 1.4) 1.4 (0.7 t0 2.9)

Sylhet (ref) 1.00 1.00 1.00

Continued

-
o
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Table 3 Continued

Model |

Model Il Model Ill

Hypertension

Diabetes Comorbidity

Characteristic AOR (95% CI)

AOR (95% Cl) AOR (95% ClI)

Body mass index
Normal (18.50-25) (ref) 1.00
Underweight (<18.50) 0.5 (0.5 to 0.6)
Overweight or obese (>25) 2.0 (1.6 to 2.4)

Constant 0.064*** (0.04 to 0.11)
N 7521

LR »* (29) 835.52

Log likelihood —2748.39

Prob > %2 <0.001

Mean VIF 2.42

Pseudo R? 0.13

1.00 1.00
0.7 (0.5 to 0.9) 0.3* (0.2 to 0.5)
1.8 (1.4 to 2.4) 2.4 (1.7 to 3.3)
0.105*** (0.05 to 0.20) 0.007*** (0.00 to 0.02)
7521 7521

291.99 349.26

~1691.7765 ~800.7656

<0.001 <0.001

2.42 2.44

0.08 0.18

*P<0.05, *p<0.01, **p<0.001.
AOR, adjusted OR; VIF, variance inflation factors.

diabetes. Notably, older age, sex, educational attainment,
occupational status, wealth status, BMI and geographic
location were significantly associated with NCDs in the
present study which is consistent with the findings of
other developing countries.”” ™" Like earlier studies, we
also found that the risk factors of having comorbidity
were significantly associated with older age, sex, higher
educational level, regional variation, higher BMI (eg,
overweight, obese) and the working status of individ-
uals.” °' ® This may be a result of older people often
suffering from various health issues such as reduced
physical activities, poor nutritional status and poor immu-
nity.”® Furthermore, we observed that women were more
likely to have hypertension and comorbidity. This higher
prevalence among women can be explained by various
biological and environmental factors.”* In addition, a
number of studies observed that mental stress is often
associated with high blood pressure, and middle-aged
women may be more exposed to stress particularly during
menopause.” *® Moreover, BMI scores were found higher
among women than men, which is in line with our study.”’
However, this is not always observed in other settings. For
example, a study conducted in India indicated that men
had a higher likelihood of having hypertension.”® Addi-
tionally, a review study including sub-Saharan African
regions found that the prevalence of diabetes is higher
among men.””

Regarding the level of education, the present study
observed that NCDs are more common among individ-
uals that are more educated. Likewise, a study in Nepal
documented that the coexistence of diabetes and hyper-
tension was approximately eight times higher among
more educated individuals.'® This might be explained by
the fact that higher educated people often have better
opportunities to make their life more comfortable with

better a working environment, in addition to higher
income and expenditure (eg, food, transport) which
limits their physical activity and thus increases the risk of
developing NCDs.” ' However, such findings were not
always observed.'” Many studies observed that moderate
or high levels of physical activities were negatively asso-
ciated with hypertension and diabetes.”” ®* The present
study found similar findings, as people who were involved
in any type of work were at lower risk for diabetes and
hypertension. According to the report of the American
Diabetes Association (ADA), physical activity increases
oxygen consumption throughout the body and main-
tains blood glucose levels to preserve the central nervous
system.” Congruent with earlier studies, we observed
that wealth status and NCDs were positively associated,
while individuals from the highest wealth quintile were
more prone to developing hypertension than those of
the lowest wealth quintile.”” The reasons behind this
trend might include less physical labour, sedentary life-
styles, being overweight or obese and stress, all of which
increase the risk of developing hypertension. The risk of
having diabetes as well as comorbidity was higher among
the wealthiest households compared with the poorest and
indicated borderline significance among them. Another
study determined that the risk of having diabetes and the
coexistence of diabetes and hypertension were 1.8 times
and 2.2 times more likely, respectively, among individuals
from the richest quintile where the level of significance
was almost similar to what we observed in the present
study.”

In the current study, the highest risk of hypertension
was observed in the northwestern and southern portions
(Rangpur, Rajshahi and Khulna divisions) of the country,
whereas the southern (Khulna division) portion of the
country had a lower risk of diabetes and Chittagong
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division had a significantly higher risk of comorbidity.
Notably, the similar risk factors were found for hyperten-
sion'” '? and diabetes® among earlier studies conducted
in Bangladesh. This geographical variation for hyperten-
sion can be explained by a higher intake of raw salt in
the coastal areas, variation in dietary habits and lower
awareness regarding hypertension .*” The lower risk
for diabetes in Khulna division could be due to greater
accessibility to healthcare services, sociodemographic
conditions as well as awareness, all of which contribute
to control DM.”® However, the reasons for the signifi-
cantly higher risk of comorbidity in the Chittagong divi-
sion remains unknown and needs to be investigated in
different demographic regions of Bangladesh. Both over-
weight and obese conditions were significantly associated
with the prevalence of hypertension, diabetes and comor-
bidity as potential risk factors.” The reasons behind these
factors might be explained by the fact that excess body
fat leads to increased insulin resistance’ thereby acting
as a predisposing factor for developing NCDs.”" "' Similar
to our findings, overweight or obese condition were also
noted as identified risk factors in other investigations.” "
The existence of socioeconomic inequalities was
observed in our study. The inequalities of healthcare
services among the richest to poorest might be due to high
treatment cost, lack of financial resources, affordability
and the absence of financial health protection schemes
in Bangladesh as well as the insensibility of appropriate
healthcare, which results in a higher probability of expe-
riencing catastrophic health expenditure and impover-
ishment particularly for the poorest households.”* The
results of this study were also consistent with other studies
that revealed NCDs in lower socioeconomic conditions
increasing the risk of households facing catastrophic
health expenditure and impoverishment, which nega-
tively influenced the rate of healthcare utilisation.”"”

Strengths and limitations

The study has several limitations. First, this study was
based on cross-sectional data that failed to establish a
causal relationship. Second, due to the unavailability of
data on potential confounders for developing diabetes
such as family history of DM and hypertension, lifestyle,
physical exercise, dietary practice, smoking behaviour and
medication history, these variables were not included in
this analysis. Despite these limitations, the main strength
of this study includes national representation of sex-spe-
cific prevalence, associated factors and socioeconomic
inequalities related to NCDs in Bangladesh spanning
both urban and rural areas and conducted using robust
methodologies.

CONCLUSIONS

Our study findings revealed that the prevalence of hyper-
tension, diabetes and comorbidity were comparatively
higher among women, urban residents, higher educated
individuals and individuals from wealthier quintiles.

Elderly people also had a higher risk of developing hyper-
tension. Therefore, various community-based health
promotion interventions should target the older popula-
tion to tackle the burden of NCDs. The findings of the
present study suggest that policy-makers should give high
priorities for tackling NCDs by reforming healthcare
systems to ensure the accessibility as well as the afford-
ability of treatment while considering low-income groups
to ensure equity in defeating illnesses and reducing finan-
cial burden. A joint effort involving public, private and
non-governmental organisations is necessary to ensure
better accessibility and to reduce the mortality and
morbidity burden due to NCDs.
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