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Abstract

Background and Aims: The objective of this study was to assess current condition
of three noncommunicable diseases (NCDs)-diabetes, hypertension, and hyper-
cholesterolemia and vulnerable cohorts among adults in Bangladesh.

Methods: The STEPwise Approach to the NCD Risk Factor Surveillance survey of
2018 was analyzed to evaluate the association between NCDs and sociodemo-
graphic factors, levels of physical activity, and behavioral measurements. Complex
survey weight-adjusted logistic models were fitted.

Results: From 6875 samples, prevalence of diabetes, hypertension and hyper-
cholesterolemia were 27.3%, 9.8%, and 30.2%, respectively. The prevalence of the
three NCDs were higher among older respondents. Low occupational activity
with obese-BMI status people was more prone to NCDs. Lower prevalence of
hypercholesterolemia was observed in Rangpur, Rajshahi, and Mymensingh, whereas
lesser diabetes in Khulna region. Likelihood of NCDs were higher among highly
educated, urban residents with low physical activity. Lesser physical activity, and
lack of weight maintenance were found to be key factors in higher rates of NCDs in
Bangladesh.

Conclusion: Greater education and less strenuous profession led to a higher chance
of NCDs. Overall, physical activity and maintenance of weight seem to be factors
driving higher rates of NCDs in Bangladesh. As a preventive measure against NCDs,

an active lifestyle is to be encouraged, particularly to the most vulnerable cohort.
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1 | INTRODUCTION

As prevention and treatment for communicable diseases increased
worldwide in recent years, noncommunicable diseases (NCD) have
spread steadily across the globe. Cardiovascular diseases, cancers,
chronic respiratory diseases, and diabetes comprise the bulk of
NCDs.! Unlike communicable disease (CD) that are inheritable and
generally occurred through pathogens, NCDs can be hereditary and
spread across generations, and considered the leading cause of death
and disability.2 Comprehensive research on NCDs is needed to meet
the Sustainable Development goals for of a 33% reduction in NCD-
related early deaths by 2030.*

A systematic analysis conducted in 2019 reveals that 74.4%
of all deaths and 63.8% of disability-adjusted life years (DALYs)
were caused by NCDs globally® NCDs are expected to account
for 80% of the global disease burden in 2020* and comprise 7 of
the top 10 causes of death globally.® Around 17.9, 9.0, 7.6, 3.9,
and 1.6 million deaths occur annually due to cardiovascular
disease, cancers, respiratory disease, hypertension, and diabetes,
respectively, reported in 2018.) Among them, over 85% of
premature deaths occur in low and middle-income countries
(LMICs),* which shows an increasing trend. For example, NCDs
are responsible for nearly 62% of all deaths in South East Asia as
of 2020.

Physical activity (PA) directly contributes to healthcare, particu-
larly for prevention of NCDs. There are substantial literature
confirming that regular PA is associated with a lower risk of coronary
heart disease, hypertension, stroke, diabetes, can improve mental
health and quality of life.” Low level physical activity leads to various
disease inceptions. Studies showed that 27% of diabetes patients and
20% of heart disease patients were habituated to low PA which acts
as a determinant of cardiac mortality.®2 Physical inactivity leads to
around 1.6 million deaths related to NCDs.! In response to the rise in
NCDs, the World Health Assembly set a goal to eliminate 15% of the
global prevalence of physical inactivity among adults and adolescents
by 2030 (SDG Goals). Translating such calls for physical activity
requires analyzing the latest available data from different regions,
more so in LMICs such as Bangladesh where sedentary jobs are
gradually replacing manual laboring.’

NCDs are identified as a significant cause of morbidity and
mortality, which account for 59% of all deaths in Bangladesh
estimated in 2015.2° Cardiovascular diseases, diabetes, cancers, and
chronic respiratory diseases account for 67% of all deaths estimated
in 2019, most of which are premature.11 Individuals, households, and
communities suffer from financial and social burdens due to
premature deaths and disability caused by NCDs.!* A systematic
review on Bangladesh has shown that the weighted pooled
prevalence of hypertension is 20.0% among 305,432 subjects.'?
The prevalence of diabetes has increased from 28.97% in 2008 to
36.63% in 2018.%° The prevalence of hypercholesterolemia is around
20%-25% among urban adults and 10%-12% in rural areas of
Bangladesh reported in 2016.1* As the prevalence of these diseases

are on the rise in Bangladesh, an even greater burden of NCDs is
expected, which requires an early intervention.

In the Southeast Asian region, urban development and
modernization have led to a rapid shift in lifestyle related NCDs
risk factors including unhealthy diet and physical inactivity. The
prevalence of risk factors of NCDs which resulted from physical
inactivity varied between 10% and 38% among different Southeast
Asian countries. A systematic review conducted among adults aged
40 years or older found that adults from South Asian who were
inactive or less involved had a 31% higher risk of hypertension.
Inactive adults have 1.34 times higher risk of cardiometabolic
outcomes. In both males and females, complete and leisure-time PA
had a protective effect on osteoporosis.!> Another study found that
PA is accounted for 6% of the global burden of Coronary Heart
disease (CHD) disease, with 3.2% in Southeast Asia.'® The problems
of chronic NCDs in Southeast Asia results from environmental
factors including inadequate physical activity reported. However,
the adult population of Bangladesh has a high rate of inadequate
physical activity. According to STEPwise Approach to NCD Risk
Factor Surveillance (STEPS) of 2002, 2010, and 2018 in Bangladesh,
overall prevalence of low/insufficient PA were 27%, 34.5%, and
12.3%, respectively.'”

Apart from PA, risk factors of NCDs include socioeconomic
inequality, sedentary behavior, depression, including intake of
processed food, unhealthy diet, use of tobacco, harmful use of
alcohol, a high body mass index (BMI), elevated blood pressure,
unfavorable blood lipids, and elevated blood glucose levels. Urban
people were more likely to suffer from hypertension, diabetes, and
hypercholesterolemia. Nujhat and colleagues showed that the risk
factors for NCDs in Bangladesh are overweight, high waist
circumference, high waist-hip ratio, use of tobaccos, insufficient
physical exercise, insufficient intake of fruits and vegetables, and
excessive salt consumption of food.*® Hypertension in Bangladesh
is more prevalent among the urban highly educated, who are less
prone to manual work typically belonging to the higher socio-
economic group. Individuals with a poor diet (consumption of
excess saturated fat), obesity, smoking, age, diabetes, lack of
exercise, alcohol abuse, and psychosocial stress were more
prevalent of hypercholesterolemia.

NCDs are getting traction in developing nations such as
Bangladesh.'® However, nationally representative NCDs data in
Bangladesh are still inadequate. Despite the major prevalence of
three NCDs—diabetes, hypertension, and hypercholesterolemia—
in Bangladesh, few studies had been conducted to identify the risk
factors, particularly the role of PA, as well as identifying the most
vulnerable cohort. Moreover, hypercholesterolemia remains to be
studied extensively.?® To contribute to these literature gaps, this
study analyzed the STEPwise approach to surveillance (STEPS) of
2018 in Bangladesh to evaluate three NCDs—diabetes, hyper-
tension, and hypercholesterolemia—to assess their prevalence,
identify contributory factors including PA and define a vulnerable
cohort.
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2 | METHODS

2.1 | Data overview

The data is extracted from the STEP-wise approach to surveillance
(STEPS) survey 2018 for non-communicable diseases (NCD)
conducted in Bangladesh funded by World Health Organization
(WHO). It was a nationally representative cross-sectional study
based on a multistage cluster sampling design stratified geograph-
ically. A total of 496 Primary Sampling Units (PSUs) at the first
stage and a total of 9900 households at the second stage were
selected. A three phrase approach was adopted, which included (a)
screening questions and sociodemographic information, (b) physical
measurements, and (c) biochemical measurements, where sample
sizes and weights were quantified for each phrase.?* The final
sample from first two phrases were 8185 men and women aged
18-69 years, and third phrase included 7199 participants. The data
were cleaned as per WHO recommendations outlined in GPAQ
version-2,%2 and missing values were case-wise deleted, which gave
a final sample size of 6785 participants. Stratum, PSU, and STEP-3
survey weight for each participant were used as survey features in

the analyses.

2.2 | Outcome variables

The outcome variables are chosen to be three different noncommu-
nicable diseases: Stage-l hypertension (blood pressure >140/
90 mmHg),® diabetes (blood glucose level 2126 mg/dL or currently
taking insulin)®* and hypercholesterolemia (total cholesterol
2190 mg/dL) or currently taking medication for controlling choles-

terol.2* All three outcome variables were binary.

2.3 | Independent variables

Sociodemographic factors and behavioral and health-related vari-
ables were taken as independent variables. Sociodemographic
factors included age (binarized: under median, over median);
respondent's level of education (none, primary completed, second-
ary completed, higher education); religion (Islam, others), marital
status (not married, currently married); occupation (occupational
activity: low, medium, high); division (Barisal, Chittagong, Dhaka,
Khulna, Mymensingh, Rajshahi, Rangpur, and Sylhet); and region
(Urban, Rural).

Behavioral and health-related variables included consumption of
alcohol (yes and no); habit of tobacco (yes and no); level of PA (high,
medium, and low); consumption of processed food (always, often,
sometimes, rarely, and never); BMI category (underweight, normal,
overweight, and obese). Occupation was categorized based on
previously published literature on level of physical work required
for day to day job related tasks.2> PA was classified based on WHO's

Global Physical Activity methodology,?? and similar for BMI.2¢

Open Access

2.4 | Statistical analysis
Incorporating the survey features, bivariate analyses with frequency
distribution and x2 tests were conducted to assess primary associa-
tions between three NCDs and the sociodemographic factors, level of
physical activity, physical, and biochemical measurements.?” Survey
weight, cluster, and strata-adjusted binary logistic regression for each
of the three outcome variables was fitted with the significant variables
from the primary tests, under the framework of complex survey data.
All analyses were conducted in R. The “Survey” package from R
was used for computing survey-feature-enabled bi-variate analysis,
x?> tests, and binomial logistic regression. Multicollinearity was
assessed by variance inflation factors (VIF) (See Table S1). The
threshold of level of significance was considered 5% with validation

from confidence interval.

3 | RESULTS

From the study sample of size 6785, nationwide prevalence of
hypertension, diabetes and hypercholesterolemia were 27.3%, 9.8%,
and 30.2%, respectively. In the x2 test, level of significance varied across
outcomes, where age, sex, education level, religion, profession, division,
region, alcohol and tobacco use, physical activity, processed food
consumption, and BMI were significant for one or all outcomes (Table 1).

Greater proportion of survey participants (35.8%, 13.7%, and
34.9%) who were above median age (38 years), had hypertension,
diabetes, and hypercholesterolemia, respectively (Table 1). There was
not much difference between males and females for diabetes and
hypercholesterolemia; however, 27.7% of the females were hyperten-
sive compared of 20.7% of the males. In the sample, 17.27% of the
highly educated group had diabetes compared to other groups where
proportion of diabetes was less than 8%. Marital status was not
significantly associated with prevalence of any of the three studied
NCDs. Interestingly, those with medium occupational activity (OA) had
greater proportion of hypertension (27.1%) and hypercholesterolemia
(29.9%) than low or high OA groups. Highest proportion of
hypertension, diabetes and hypercholesterolemia were detected in
Barisal (30.4%), Chittagong (12.5%), and Barisal (34.5%), respectively.
Urban residents had higher proportion of all three studied NCDs.

Consumption of alcohol and use of tobacco were associated with
hypertension and hypercholesterolemia (Table 1). Physical activity was
also associated with all three NCDs (p < 0.05), as higher-level activity led
to lesser percentage of hypertension (high PA: 21.6% to low PA: 32.3%),
diabetes (6.9%-12.9%) and hypercholesterolemia (25.4%-35.5%).
Consumption of processed food was associated with hypertension
only, whereas BMI was associated with all three NCDs (Table 1).

In the logistic regression, BMI and age of the survey participants
were consistently significant (p <0.05) for all three outcomes
(Table 2). For hypertension, religion, profession, division, tobacco
use, PA levels; for diabetes, education, religion; and for hyper-
cholesterolemia, education, division, PA levels were found to be

associated with the disease outcomes.
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TABLE 2 Binary logistic regression fitted to hypertension, diabetes, and hypercholesterolemia for sociodemographic and physical activity
factors after adjusting for survey weights, cluster, and strata-wise variations.

Hypertension Diabetes Hypercholesterolemia
Variables Categories OR (95% ClI) p Value OR (95% ClI) p Value OR (95% ClI) p Value
Age Under median 1.00 - 1.00 - 1.00 -
Over median 4.59 (3.78-5.57) <0.001 3.43 (2.65-4.43) <0.001 2.14 (1.82-2.52) <0.001
Sex Women 1.00 = = = = =
Men 0.90 (0.72-1.14) 0.390 = = = =
Education level None 1.00 - 1.00 - 1.00 -
Primary completed 1.11 (0.92-1.35) 0.274 1.44 (1.1-1.89) 0.008 1.17 (0.98-1.41) 0.090
Secondary completed 1.28 (0.98-1.67) 0.074 1.21 (0.84-1.75) 0.309 1.17 (0.91-1.52) 0.221
Higher education 0.91 (0.59-1.40) 0.669 2.56 (1.49-4.39) 0.001 1.58 (1.08-2.30) 0.018
Religion Islam 1.00 - - - - -
Others 1.69 (1.20-2.38) 0.003 = = = =
Profession Low OA 1.00 - 1.00 - 1.00 -
Medium OA 0.81 (0.61-1.07) 0.147 0.81 (0.57-1.15) 0.243 1.12 (0.88-1.43) 0.351
High OA 0.62 (0.43-0.89) 0.009 0.68 (0.39-1.17) 0.166 0.85 (0.63-1.15) 0.289
Division Barisal 1.00 = 1.00 = 1.00 =
Chittagong 1.00 (0.65-1.54) 0.987 1.60 (0.98-2.6) 0.059 0.88 (0.66-1.17) 0.389
Dhaka 0.85 (0.58-1.24) 0.393 1.03 (0.64-1.64) 0.915 0.77 (0.56-1.04) 0.088
Khulna 0.67 (0.47-0.96) 0.032 0.99 (0.60-1.62) 0.955 0.96 (0.70-1.31) 0.798
Mymensingh 1.04 (0.74-1.47) 0.805 0.68 (0.35-1.34) 0.272 0.58 (0.41-0.82) 0.002
Rajshahi 0.85 (0.60-1.19) 0.336 0.86 (0.52-1.42) 0.555 0.70 (0.51-0.97) 0.030
Rangpur 0.90 (0.62-1.30) 0.562 0.66 (0.39-1.14) 0.136 0.59 (0.42-0.83) 0.002
Sylhet 0.88 (0.61-1.26) 0.491 0.82 (0.47-1.42) 0.470 1.03 (0.72-1.48) 0.873
Region Rural 1.00 - 1.00 - 1.00 -
Urban 1.16 (0.97-1.39) 0.109 1.49 (1.16-1.93) 0.002 1.10 (0.92-1.32) 0.293
Alcohol use Yes 1.00 = = = = =
No 1.21 (0.80-1.82) 0.369 = = = =
Tobacco use Yes 1.00 - 1.00 - 1.00 -
No 1.52 (1.13-2.05) 0.006 1.02 (0.71-1.46) 0.912 0.95 (0.79-1.15) 0.596
Physical activity High 1.00 - 1.00 - 1.00 -
Moderate 1.16 (0.91-1.48) 0.220 0.89 (0.67-1.19) 0.430 1.10 (0.92-1.31) 0.293
Low 1.37 (1.06-1.77) 0.016 1.34 (0.94-1.92) 0.107 1.42 (1.14-1.77) 0.002
Food consumption Always 1.00 - 1.00 - 1.00 -
Often 0.62 (0.34-1.15) 0.129 1.19 (0.55-2.59) 0.663 0.88 (0.55-1.43) 0.610
Sometimes 0.74 (0.43-1.29) 0.290 0.96 (0.49-1.9) 0.918 0.90 (0.59-1.38) 0.637
Rarely 0.83 (0.47-1.48) 0.525 1.20 (0.60-2.41) 0.608 0.90 (0.58-1.41) 0.652
Never 1.26 (0.68-2.31) 0461 1.05 (0.50-2.24) 0.892 1.01 (0.65-1.57) 0.966
BMI category Underweight 1.00 - 1.00 - 1.00 -
Normal 2.07 (1.48-2.91) <0.001 2.92 (1.79-4.76) <0.001 2.46 (1.91-3.15) <0.001
Overweight 4.40 (3.03-6.40) <0.001 6.18 (3.63-10.51) <0.001 3.66 (2.71-4.95) <0.001
Obese 8.45 (5.26-13.60) <0.001 8.55 (4.65-15.69) <0.001 3.90 (2.69-5.66) <0.001
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Respondents aging over median (38 years) were 4.6, 3.4, and 2.1
times more likely to have hypertension, diabetes, and hyper-
cholesterolemia, respectively (p < 0.001). Highly educated respondents
were 2.6 (95% Cl: 1.19-4.39, p<0.001) and 1.6 times (95% CI:
1.08-2.30, p=0.018) more likely to develop diabetes, and hyper-
cholesterolemia, respectively compared to the illiterate. Compared
those with lower level of OA, participants whose jobs demanded
higher OA were 38% less likely (95% Cl: 0.43-0.89, p = 0.009) to have
hypertension. On average, Khulna division residents less hypertensive
than Barisal division residents. Similarly, residents of Mymensingh,
Rajshahi and Rangpur were less likely to have hypercholesterolemia
compared to Barisal residents. Urban residents were 49% more likely
to have diabetes than people living in rural areas (p < 0.05).

Lower PA were 1.37 times (95% Cl:1.06-1.77, p=0.016) and
1.42 times (95% Cl:1.14-1.77, p = 0.002) more likely to be associated
with hypertension and hypercholesterolemia, respectively compared
to higher PA. The greater the BMI, the more likelihood of a
respondent falling victim to any three of the NCDs. For example,
participants in the obese category had over eight times greater
chance of being hypertensive or diabetic than the underweight (OR:
8.45, 95% Cl: 5.26-13.60, p < 0.001). The VIF scores were all well
below 5 (highest being 3.38) for all three models, which discards the
possibility of multicollinearity (See Table S2).

4 | DISCUSSION

This study analyzed the STEPwise approach to surveillance (STEPS)
of 2018 in Bangladesh to evaluate three NCDs—diabetes, hyper-
tension, and hypercholesterolemia. Nationwide results suggest that
one in every four adults (age 218) had developed hypertension or
hypercholesterolemia, whereas 1 in 10 adults was diabetic. The
modeling suggested respondents' age, area of residence, education,
physical fitness, and lifestyle factors were associated with these three
NCDs prevalence. Part of the challenges in controlling NCDs in
Bangladesh is maintaining a healthy lifestyle.

As adults grow older, they are susceptible to NCDs, that is higher
likelihood of developing hypertension, diabetes, and hyper-
cholesterolemia. Societal and economic changes that comes with
increased age often led to sedentary lifestyle, consumption of
increased fat based diet and less physical movement or weight
maintenance.?® These changes increase the propensity of setting in
risk factors for NCDs. The growing burden of aging and NCDs are
well documented, even for LMICs.?’ For a country like Bangladesh,
where nearly 45% of the population is under 25 years old,*° the
immediate threat of noncommunicable diseases (NCDs) might not
appear to be significant. However, in the next decade or so, with low
child mortality rate and as a greater section of population would cross
middle age, prevalence of NCDs would only increase unless
interventions are put in place.

Urbanization has been identified as a key risk factor for NCDs.
Over the years, exponential growths in number of cities have been

observed, which brought about major changes in lifestyle. This has
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led to more sedentary jobs, fewer opportunities for physical
activities, and a rise in indoor entertainment. Although there has
been recent advocacy for the development of green cities, the rapidly
growing cities in Bangladesh mostly remain unplanned and over-
populated. Studies have shown that urban lifestyle in Bangladesh led
to increased obesity.® Active routines in village life in Bangladesh
were more protective against diabetes and hypertension,®2 which is
consistent with current study findings.

Part of lifestyle changes include shift in profession. Some jobs
can be more physically demanding and force more activity in day-to-
day lifestyle. This can be a protective factor against NCDs.®® The
survey results showed that higher occupational activity was
associated with lesser prevalence of hypertension, which is homoge-
nous to previous findings as prolonged sitting time was found to be
associated with the onset of different NCDs.3*%> However, there are
debates on categorizing physical activity based on occupations.3¢
Similarly, tobacco use was found to be a risk factor. These ultimately
reduce quality of life and increase burden on the healthcare system.®”

Education was found to be associated with diabetes and
hypercholesterolemia, where respondents with higher education
were more likely to have both these conditions compared to those
who were uneducated. In previous studies of Bangladesh, education
was found to be associated with increased weight, which could be
caused due to higher sitting time and less physically strenuous jobs
among those who are highly educated.3! There is further spatial
impact as more educated citizens are expected to reside in
metropolitan areas, which reduces the scope of further physical
activity and increases the possibility of an unbalanced diet.*®
However, opposite findings in LMICs are reported in literature,
where educated individuals were considered more aware and more
likely to take precautionary measures against NCDs.>?° These
complex associations varied across sex and geographic locations.

Physical activity (PA) is considered a key lifestyle behavior associated
with the onset of NCDs. Such diseases have mushroomed in urban
educated sedentary class, particularly in LMICs. This study results also
found similar effects as lower level of PA lead to increased prevalence of
hypertension and hypercholesterolemia. Previous reviews have con-
cluded dietary quality and PA as possible preventive measures against
NCDs.** This also explains why BMI was found to be associated with all
three studied NCDs in this study, where overweight and obese
respondents were more likely to fall victim to NCDs. Given that NCDs
are typically chronic, behavior-change interventions could be implemen-
ted for long-term improvements,*? particularly targeting older urban
residents who have fewer opportunities for physical activities. Although
multiple policies were initiated in Bangladesh, they lack appropriate long-
term planning, implementation and monitoring. Empowering individuals
to make informed lifestyle choices, supported by digital platforms that
enhance metabolic health and overall well-being, is essential. This requires
integrating health literacy into all levels of the school system and
implementing innovative clinical services of ‘“lifestyle medicine” within
advanced, multidisciplinary community healthcare models.*®

This study used the latest available STEPS survey to assess
prevalence and risk factors of hypertension, diabetes, and
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hypercholesterolemia. However, there were a few limitations.
First, detailed dietary information of the respondents was not
included in the study models, which could have provided a
comprehensive assessment of behavioral aspects of NCDs and
their prevention. Second, the study is cross-sectional, thus
limiting any casual interpretations. Third, detailed district or
subdistrict-wise information would have provided a spatial
distribution of NCDs in Bangladesh and more focused policy
efforts based on geographic locations. For now, it is only limited
to divisional areas. Finally, only information on whether respon-
dents were taking any medicines for their conditions were
surveyed, not type of their medication as well as length of their

conditions, which concealed some important details.

5 | CONCLUSION

Bangladesh is gradually getting traction in economy and with it, urban
metropolitan areas are booming, often unplanned excluding green-
ness. This works as a suitable petri dish for NCDs. This study
analyzed the Stepwise approach to surveillance (STEPS) of 2018 in
Bangladesh to evaluate three NCDs—diabetes, hypertension, and
hypercholesterolemia. The nationwide prevalence of diabetes,
hypertension and hypercholesterolemia were 27.3%, 9.8%, and
30.2%, respectively, which are estimated to increase over the years
if no interventions are placed. Similar to other LMICs, older people
and those who are overweight were more likely to suffer from NCDs.
Greater education and less strenuous profession led to a higher
chance of NCDs. Overall, physical activity and maintenance of weight
seem to be factors driving higher rates of NCDs in Bangladesh. As a
preventive measure against NCDs, an active lifestyle is to be
encouraged, a holistic national approach is paramount, particularly

targeting the most vulnerable cohort.
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