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Abstract

Background

Despite one-third of the urban population in Bangladesh living in urban slums and at

increased risk of non-communicable diseases (NCDs), little is known about the NCD risk

profile of this at-risk population. The aim of the study was to identify the prevalence of the

NCD risk factors and the association of NCD risk factors with socio-demographic factors

among the adults of urban slums in Dhaka, Bangladesh.

Method

A cross-sectional study was conducted among adult slum dwellers (aged 25 and above)

residing in three purposively selected urban slums of Dhaka for at least six months preced-

ing the survey. The risk factors assessed were- currently smoking, fruit and vegetable

intake, physical activity, hypertension and body mass index (BMI). Information on self-

reported diabetes was also taken. A total of 507 participants (252 females; 49.7%) were

interviewed and their physical measures were taken using the WHO NCD STEPS

instrument.

Result

The overall prevalence of NCD risk factors was: 36.0% (95% CI: 31.82–40.41) for smoking;

95.60% (95% CI: 93.60–97.40) for insufficient fruit and vegetable intake; 15.30% (95%

CI:12.12–18.71) for low physical activity;13.70% (95% CI: 10.71–16.92) for hypertension;

22.70% (95% CI: 19.31–26.02) for overweight or obesity; and 5.00% (95%: 3.20–7.00) for

self-reported diabetes. In the logistic regression model, the clustering of three or more NCD

risk factors was positively associated with younger age groups (p = 0.02), no formal educa-

tion (p <0.001) and primary education level (p = 0.01), but did not differ by sex of the partici-

pants, monthly income and occupation.

PLOS ONE | https://doi.org/10.1371/journal.pone.0184967 October 3, 2017 1 / 15

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Rawal LB, Biswas T, Khandker NN, Saha

SR, Bidat Chowdhury MM, Khan ANS, et al. (2017)

Non-communicable disease (NCD) risk factors and

diabetes among adults living in slum areas of

Dhaka, Bangladesh. PLoS ONE 12(10): e0184967.

https://doi.org/10.1371/journal.pone.0184967

Editor: Fakir M. Amirul Islam, Swinburne University

of Technology, AUSTRALIA

Received: October 20, 2016

Accepted: September 4, 2017

Published: October 3, 2017

Copyright: © 2017 Rawal et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

available from the Figshare repository at the

following DOI: 10.6084/m9.figshare.5417605.

Funding: AR is supported by an Australian

Research Council Future Fellowship FT110100345.

The funders had no role in study design, data

collection and analysis, decision to publish, or

preparation of the manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0184967
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0184967&domain=pdf&date_stamp=2017-10-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0184967&domain=pdf&date_stamp=2017-10-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0184967&domain=pdf&date_stamp=2017-10-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0184967&domain=pdf&date_stamp=2017-10-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0184967&domain=pdf&date_stamp=2017-10-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0184967&domain=pdf&date_stamp=2017-10-03
https://doi.org/10.1371/journal.pone.0184967
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.6084/m9.figshare.5417605


Conclusion

All NCD risk factors are markedly high among the urban slum adults. These findings are

important to support the formulation and implementation of NCD-related polices and plan of

actions that recognize urban slum populations in Bangladesh as a priority sub-population.

Introduction

The global burden of non-communicable diseases (NCDs) is increasing rapidly as a result of a

number of factors, such as economic development and related erosion of traditional food prac-

tices (increase in the intake of processed foods high in fat, salt and sugar) and change in cul-

tural norms (increase in the use of tobacco and alcohol), decline in the physical activity, and

increase in the sedentary lifestyles [1, 2]. These risk factors are often accelerated by rapid and

unplanned urbanization [3, 4]. Globally, almost two-thirds of total deaths occur due to NCDs

[1]. The 2014 NCD Global Status report showed that, of the 58 million deaths that occurred

worldwide in 2012, 38 million were due to NCDs (almost two thirds), comprising mainly of

cardiovascular diseases, cancers, diabetes and chronic lung diseases [1]. More than 40% of

NCD deaths (16 million) were considered as premature deaths since they died before reaching

average life span of 70 years. Almost three quarters of all NCD deaths (28 million) and the

majority of premature deaths (82%), occurred in low and middle-income countries (LMICs).

NCD burden and associated inequalities will continue to increase in the next two decades.

For example, while Asia and Africa still remain mostly rural (48% and 40% of their respective

populations living in urban areas), these two regions are urbanizing faster than any other

regions; and by 2050 it is projected that64% and 56% of their respective populations will be liv-

ing in urban area [5]. Recent studies show that NCDs and their risk factors, especially body

mass index and cholesterol levels rise rapidly in tandem with rapid urbanization [4, 6].

Like other LMICs, Bangladesh is also experiencing rapid urbanization. Urban population

has increased exponentially, from21.3 million in 1990 to 53.1 million in 2014, and projected to

reach 112.4 million by 2050 [5]. Almost one-third of the urban population lives in the slums,

which are densely populated areas with poor housing and socio-economic conditions. This

slum population most often lack the basic amenities required for urban life, putting them at

risk of contracting and suffering from communicable as well as non-communicable diseases

[7]. Rapid urbanization in Bangladesh brings with it the increased risks of NCDs. The esti-

mated total number of deaths due to NCDs in Bangladesh in 2012 was over 886,000 which was

almost two-third of total deaths[8].The majority of NCD deaths occurred in urban areas [9].

Although national surveillance and monitoring of NCDs in Bangladesh are yet to be estab-

lished, a number of studies in the past have been conducted and they provide some level of evi-

dence base in terms of the current situation of NCD burden in Bangladesh at national level

and by urban and rural settings [10–12].Findings emerging from these studies suggest that all-

cause mortality and NCDs and their risk factors such as hypertension and abdominal obesity

are significantly higher in urban than rural areas [4, 13, 14].

However, there is still a lack of evidence base concerning the current situation of NCDs and

their risk factors among the urban slum population in Bangladesh. Interestingly, awareness

about NCD prevention and management remains poor in urban areas [3]. In this context,

urban poor living in precarious slum conditions are confronted with an increased risk of both

infectious diseases and the threat of NCDs, hence representing a double-whammy for both

health professionals and policy makers. It is therefore important to better understand the true
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picture of NCD risk factors among the urban slum populations. This information is critical for

the development of effective policies and program intervention aimed at improving healthy

behavior and preventing the development of chronic diseases. Such interventions need to be

based on formative research and tailored to the needs of the target population and the environ-

ments they live in. Therefore, the aim of the study was to establish the prevalence of selected

NCD risk factors and identify association of NCD risk factors with known socio-demographic

factors among the adults of urban slums in Dhaka, Bangladesh.

Methods

Study setting and population

A cross-sectional study was conducted in three purposively selected urban slums namely,

Korail slum in Gulshan/Mahakali, Bhashantek slum in Mirpur and Rayar Bazar slum in Dhan-

mondi of Dhaka. Adult slum dwellers (aged 25 to 64 years) residing in those areas for at least

six months preceding the survey were included in the study. WHO recommends the use of

this age group for the study of NCD risk factors [15]. Critically ill or bed-ridden adults, preg-

nant women and people with physical or mental disability were excluded from the survey.

Sampling strategy and study samples

A household (e.g. a unit consisting of one or more people who live in the same dwelling and

share meal) was the sampling unit. A household was identified using a multi-stage cluster sam-

pling technique. In the first stage, maps of the three purposively selected urban slums (Korail,

Bhashantek and Rayar Bazar slum areas) were established and geographical clusters in each

slum were identified based on the road networks. In the second stage, the clusters were divided

into equal portions—six from one slum and four each from two slums, with total clusters of 14

were generated. Real time images of each cluster were obtained by using Google Earth and

used as guides for sampling. In the final stage, two clusters in each slum were selected by using

simple random sampling and Global Positioning Systems (GPS) co-ordinates of each clusters

were noted. The households within each cluster were selected using a systematic random sam-

pling. The south-east co-ordinate point was used as the starting point and sampling com-

menced following right-hand movement. Every second households were approached and male

and female respondents were also chosen from these households in an alternate manner. If

there were more than one eligible member within a household, one was selected randomly

using lottery. Finally,519 eligible participants provided information along with measurements

of necessary physical measures. Twelve samples which had incomplete information were then

excluded from the analyses following the WHO STEPS guidelines. Further, four samples

which did not present any NCD risk factors, which was the main outcome measure of this

study, were then excluded from the final analyses.

Data collection process

The study data was collected during the month of November 2015, through face-to face inter-

views, using an interviewer assisted structured questionnaire. The questionnaire was adopted

from the Step I [16] and Step II [17] of the WHO STEPS Questionnaire. Socio-demographic

information such as age and gender, education, marital and work status was collected. The data

on NCD risk factors including tobacco use, fruit and vegetable consumption, physical activity,

and history of chronic conditions were collected by trained interviewers. The data collection

team included five research team members (including two physicians) and eight trained field

research assistants with a health science background. Data collectors were exclusively trained

NCD risk factors among slum adults
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before going to the field, by verbal instructions, demonstrations, mock interviews and field pilot

testing. Among the data collectors, there were persons who were skilled in taking anthropomet-

ric measurements and measuring blood pressure. The research team additionally trained them

so that the measurements were in accordance with the WHO guidelines. At first, the data collec-

tors conducted interviews under the supervision of research team members and later, on their

own with occasional scrutiny from the researchers. At the end of each day, random checks of

the interviews were performed to identify any non-response pattern or errors in data collection.

These findings were conveyed to the data collectors through group meeting and individual feed-

backs were given the next day.

At each location, once the designated researcher initiated the sampling frame by choosing a

household and whether to sample a male or a female from that household, two data collectors

commenced the interview—one conducted the interview while the other took anthropometric

measurements and recording of blood pressure. If an eligible member of the required gender

could not be located at the household or if met with refusal to participate, the data collectors

report this to the researcher, who then moved along to the next household on the sampling

frame. The Bangla version of questionnaire which was already been used in the previous NCD

risk factor study in Bangladesh was used with minor changes in wordings and language that

suit in the slum area context. The revised questionnaire was then reviewed by the research

team members and experts before the pilot testing at different slum than the selected study

areas. The comments and feedback received from the expert review and field pilot testing was

incorporated and the final pilot tested Bangla version questionnaire was used for data

collection.

Outcome variables and their measurement

In total, six NCD risk factors namely current smoker, insufficient intake of fruits and vegeta-

ble, insufficient physical activity, currently hypertensive, body mass index(BMI) status, and

currently diabetic were assessed as the outcome variables for this study.

Current smoker. Questions were asked to identify current smokers (including those who

had smoked in the past 30 days). Pictorials showing the various tobacco products were used as

cue cards as per WHO recommendations [18].

Intake of fruit and vegetable. Information was recorded on the number of days that

respondents consumed fruits and vegetables in a typical week, and the number of servings of

fruits and vegetables consumed on average per day. The WHO food frequency questionnaire

was used. As recommended by WHO [18], the consumption of less than five servings of fruits

and vegetables per day was classified as insufficient fruit and vegetable intake.

Physical activity. Physical activity was assessed using the Global Physical Activity Ques-

tionnaire (GPAQ) [19, 20]. The GPAQ asks respondents about activities for transport pur-

poses, vigorous and moderate activity at work, and vigorous and moderate activity in leisure

time, and time spent sitting. Show-cards with culturally relevant examples were used to aid

respondents in classifying activities. Analysis and categorization followed existing guidelines

[21]. Those who did not meet the criteria for vigorous and moderate intensity activities (less

than 75 minutes of vigorous-intensity physical activity or less than 150 minutes of moderate

intensity physical activity per week or equivalent of combinations of these (from work, walk-

ing/cycling and leisure) were categorized as having insufficient physical activity.

Measurement of blood pressure. Blood pressure was measured using a digital, automated

blood pressure monitor (OMRON digital device, OMRON, Netherlands) with an appropriate

sized cuff with the participant in sitting position and while taking rest at their house. Trained

research assistants measured blood pressure twice at two-minute interval and the average of

NCD risk factors among slum adults
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the two measurements was used in the analysis. Using the criteria recommended by WHO

[17, 22], hypertension was defined as having systolic blood pressure of 140 mm Hg and/or dia-

stolic blood pressure of 90 mm Hg or high during the study, or being previously diagnosed

hypertensive. Previously diagnosed hypertension was determined documenting a treatment

record book, or participant’s history of medication use for hypertension.

Measurement of BMI. Using the STEPS protocol and recommended instruments

ensured accuracy of height, weight and blood pressure measurements [17, 18]. Height was

recorded in centimeters using a portable standard stature measuring board. Weight was

recorded in kilograms using a portable digital weighing scale (Seca, Germany). Digital

weighing scales was placed on a flat surface at first and weight was measured twice with

light clothing on and without shoes with precision of 0.1 kg. The average of the two mea-

surements was used in the analysis. Both weight and height were measured at the partici-

pant’s home. Next, body mass index (BMI) was calculated using this formula: BMI = weight

in kg/height in sq. meter. Using WHO classification for obese and overweight, a BMI of 30

and above was considered as obese and the BMI between 25.0 and 29.9 was considered as

overweight.

Assessment of diabetic status. Self-reported information was collected from the partici-

pants to identify whether they are diabetic or not. At first the data collectors asked the partici-

pants if they were ‘diabetic’, if the respondent said ‘yes’ then they were asked to show the

prescription for validating if they were taking any medication or asked to show regular medi-

cines that they take. The physicians in the research team cross-checked the prescription or

drugs for presence of any glucose lowering medication. In other case, where the respondent

failed to report of their diabetic status or could not show any relevant evidence, he or she was

not considered as being diabetic.

Data analysis

The data analysis is performed among the total samples of 507 participants. Of 519 survey

questionnaires, 12 were excluded which had incomplete information. The prevalence of

selected NCD risk factors was estimated as percentage and 95% CIs were calculated. Chi-

square statistics were used to test associations between covariates and risk factors. Logistic

regression model was performed to assess the determinants of NCD risk factors. In adjusted

logistic regression model, age, sex, occupation, education, family size and monthly income

were adjusted. Logistic regression model was used to assess the effect of exposure variables on

the outcome measures, adjusted for age, sex, occupation, highest level of education, and

monthly income. Data was analyzed using the statistical software, IBM SPSS Statistics (version

20). P-valueless than 0.05 was considered as statistically significant for any of the statistical

tests performed.

Ethics approval

Ethics approval was obtained from the Ethical Review Committee of James P Grant School of

Public Health, BRAC University, Bangladesh. Participants were recruited using a plain lan-

guage statement in Bangla and verbal consent was obtained prior to the interview and data col-

lection commencing. Due to the contextual facts that most participants were illiterate as well

as the sensitive nature of requesting thumbprints or signatures, verbal informed consent was

taken from the participants prior to the interview and data collection. The consent script was

read out clearly by the interviewer and participants’ consent to participate or not to participate

in the study was recorded.

NCD risk factors among slum adults
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Results

Participants’ characteristics

We present the socio-demographic characteristics of 507 participants in Table 1 according to

the number of listed risk factors they had. The mean age and ±SD of the participants was 37.8

(±11.1) years, with male and female ratio almost equal. The majority of the participants were

non-manual worker (69.8%) and over half (51.5%) had no history of schooling. Almost a-third

(30.4%) had monthly family income of less than or equal to 7,500 BDT (equal to 95 USD in

year 2015). Overall prevalence of participants having at least one NCD risk factor was 19.5%,

two NCD risk factors 49.3%, three NCD risk factors 25.3% and four or more 5.1%. Four partic-

ipants (all males and below the age 44 years old) had no NCD risk factor (0.8%).

Table 1. Socio-demographic characteristics of the study participants according to number of listed risk factors for NCD.

General characteristics No risk factor

(n = 4)

1 risk factor

(n = 99)

2 risk factors

(n = 250)

3 risk factors

(n = 128)

4 or more risk factors

(n = 26)

Total

(n = 507)

p-value

Age group

25–34 4 (100) 57 (57.6) 114 (45.6) 45 (35.2) 6 (23.1) 226 (44.6)

<0.1035–44 0 (0) 22 (22.2) 72 (28.8) 35 (27.3) 9 (34.6) 138 (27.2)

45–54 0 (0) 12 (12.1) 35 (14.0) 27 (21.1) 4 (15.4) 78 (15.4)

55–64 0 (0) 8 (8.1) 29 (11.6) 21 (16.4) 7 (26.9) 65 (12.8)

Sex

Male 2 (50) 40 (40.4) 137 (54.8) 65 (50.8) 11 (42.3) 255 (50.3) 0.87

Female 2 (50) 59 (59.6) 113 (45.2) 63 (49.2) 15 (57.7) 252 (49.7)

Marital status

Married 4 (100) 89 (89.8) 236 (94.4) 116 (90.6) 20 (76.9) 465 (91.7)

<0.001Others 0 (0) 10 (10.2) 14 (5.6) 12 (9.4) 6 (23.1) 42 (8.3)

Occupation

Non-manual a 2 (50) 81 (81.8) 165 (66.0) 83 (64.8) 23 (88.5) 354 (69.8)

<0.001Manual 2 (50) 18 (18.2) 85 (34.0) 45 (35.2) 3 (11.5) 153 (30.2)

Highest level of education

No schooling 2 (50) 39 (39.4) 127 (50.8) 77 (60.2) 16 (61.5) 261 (51.5)

<0.001less than primary school 0 (0) 15 (15.2) 44 (17.6) 25 (19.5) 2 (7.7) 86 (17.0)

Primary school completed 0 (0) 14 (14.1) 29 (11.6) 14 (10.9) 5 (19.2) 62 (12.2)

Secondary school and

higher

2 (50) 31 (31.3) 50 (20.0) 12 (9.4) 3 (11.5) 98 (19.3)

Total family member

� 4 family members 1 (25) 56 (56.6) 107 (43.3) 56 (44.1) 13 (50.0) 233 (46.3)

0.11� 5 family members 3 (75) 43 (43.4) 140 (56.7) 71 (55.9) 13 (50.0) 270 (53.7)

Household income (in BDT b)

� 7500 (� 95 USD) 2 (50) 23 (23.7) 81 (32.5) 35 (27.6) 12 (46.2) 153 (30.4)

0.337501 to 10000 (95 to 127

USD)

0 (0) 20 (20.6) 60 (24.1) 32 (25.2) 5 (19.2) 117 (23.3)

10001 to 15000 (127 to

191 USD)

1 (25) 30 (30.9) 51 (20.5) 26 (20.5) 5 (19.2) 113 (22.5)

Above 15000 (above 191

USD)

1 (25) 24 (24.7) 57 (22.9) 34 (26.8) 4 (15.4) 120 (23.9)

Overall prevalence 4 (0.8) 99 (19.5) 250 (49.3) 128 (25.3) 26 (5.1) 507 (100)

Note: Chi-square tests were performed without selecting the first column (no risk factor n = 4)
a Non-manual category includes sedentary workers, professionals, housewives, currently retired or unemployed.
b BDT- Bangladeshi Taka

https://doi.org/10.1371/journal.pone.0184967.t001
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Prevalence of NCD risk factors

Table 2 presents findings on prevalence of NCD risk factors according to the selected socio-

demographic characteristics of the participants as below:

Currently smoking. Over a third (35.7%, 95% CI: 31.82–40.41) adults in slum areas said

that they smoked within the past 30 days preceding the study, with the highest proportion

among those between 55 and 64 years old (49.2%). Almost three quarters men (71.1%)

smoked, which rate was almost none for women (0.4%). Smoking rate was three times higher

among manual workers (67.5%) compared to those of non-manual workers (22.4%), and

higher (50.0%) among those who had below primary education level (50.0%).

Intake of fruits and vegetable. Almost all adults (95.6%, 95% CI: 93.60–97.40) responded

that they had insufficient fruit and vegetable intake (using WHO recommendations) and by

sex the proportion did not differ (males 93.7% and females 96.0%).

Table 2. NCD risk factors by selected socio-demographic characteristics (n = 507).

Variables Currently

smoking

Fruits &

Vegetables

intake

Insufficient PA a

(n = 77)

Hypertension (BP � 140/90

mmHg)

Overweight or

obesity

Diabetic

n (%) n (%) n (%) n (%) n (%) n (%)

Overall prevalence 181 (35.7) 481 (95.6) 77 (15.3) 69 (13.7) 114 (22.7) 25 (5.0)

Age group

25–34 78 (35.1) 211 (95.0) 32 (14.4) 16 (7.2) 56 (25.2) 9 (4.1)

35–44 47 (34.1) 136 (98.6) 20 (14.5) 17 (12.3) 28 (20.3) 7 (5.1)

45–54 24 (30.8) 72 (92.3) 11 (14.1) 21 (26.9) 18 (23.1) 4 (5.1)

55–64 32 (49.2) 62 (95.4) 14 (21.5) 15 (23.1) 12 (18.5) 5 (7.7)

Sex

Male 180 (71.1) 239 (94.5) 33 (13) 32 (12.6) 38 (15) 10 (4)

Female 1 (0.4) 242 (96.8) 44 (17.6) 37 (14.8) 76 (30.4) 15 (6)

Occupation

Non-manual 79 (22.4) 338 (96.0) 64 (18.2) 54 (15.3) 84 (23.9) 17 (4.8)

Manual 102 (67.5) 143 (94.7) 13 (8.6) 15 (9.9) 30 (19.9) 8 (5.3)

Education level

No schooling 80 (30.9) 252 (97.3) 44 (17) 38 (14.7) 64 (24.7) 12 (4.6)

Below primary school

level

43 (50.0) 80 (93.0) 11 (12.8) 11 (12.8) 15 (17.4) 5 (5.8)

Primary school completed 22 (35.5) 60 (96.8) 12 (19.4) 7 (11.3) 19 (30.6) 12 (4.6)

Secondary school and

higher

36 (37.5) 89 (92.7) 10 (10.4) 13 (13.5) 16 (16.7) 12 (4.6)

Number of family member

� 4 family members 83 (35.8) 219 (94.4) 35 (15.1) 30 (12.9) 51 (22) 15 (6.5)

� 5 family members 98 (36.2) 262 (96.7) 42 (15.5) 39 (14.4) 63 (23.2) 10 (3.7)

Monthly income (in BDTb)

� 7500 (� 95 USD) 42 (27.8) 148 (98.0) 27 (17.9) 16 (10.6) 42 (27.8) 8 (5.3)

7501 to 10000 (95 to 127

USD)

52 (44.4) 115 (98.3) 13 (11.1) 15 (12.8) 25 (21.4) 4 (3.4)

10001 to 15000 (127 to

191 USD)

43 (38.4) 98 (87.5) 20 (17.9) 16 (14.3) 23 (20.5) 4 (3.6)

Above 15000 (above 191

USD)

44 (37.0) 116 (97.5) 16 (13.4) 22 (18.5) 24 (20.2) 9 (7.6)

a Insufficient PA -Insufficient physical activity
b BDT- Bangladeshi Taka

https://doi.org/10.1371/journal.pone.0184967.t002
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Physical activity. Using WHO recommendations for required duration of physical activ-

ity, those who did not meet the WHO recommendations was 15.3% (95% CI: 12.12–18.71)

with higher proportion among adults of 55–64 years old (21.5%). Compared to males, females

proportion for low physically activity was slightly higher (13.0% vs. 17.6%). This proportion

was higher among the non-manual workers (18.2%), compared to the manual workers (8.6%).

Blood pressure. Overall, 13.7% (95% CI: 10.71–16.92) adults had high blood pressure

(BP� 140/90 mmHg), with a high proportion among adults of 45–64 years’ age group

(26.9%). Those households having income of more than BDT 15,000 per month was 18.5%

and this proportion was slightly higher among the females (14.8%) compared to the males

(12.6%).

Body mass index. Body mass index�25 kg/m2 was considered as being overweight and

obesity. Overall, it accounted 22.7% (95% CI: 19.30–26.40) and almost a quarter adult (23.1%)

aged 45–54 years old were overweight or obese. This proportion was higher among females

(30.4%) and non-manual workers (23.9%). Those who were underweight was 19.2%

(BMI<18.50 as recommended by WHO).

Diabetes. Using the self-reported information, the overall prevalence of diabetes was 5.0%

(95% CI: 3.20–7.00). The proportion was higher among those of 55–64 years’ age groups

(7.7%), females (6.0%) and those having income more than BDT 15,000 per month.

Factors associated with NCD risk

The unadjusted and adjusted odds ratio (OR) for the determinants of NCD risk factors is pre-

sented in Table 3 and Table 4. The older age slum dwellers (55–64 years) had higher odds

(UOR: 1.79, 95% CI: 1.02–3.13) of smoking compared to the younger age group (25–34 years)

and was statistically significant (p = 0.04). After adjusting for potential confounders, this was

not statistically significant. There was a positive association between the age and the likelihood

of having high BP (p<0.001) in both unadjusted and adjusted for covariates. The odds of

females being overweight or obese was over three times higher (adjusted OR: 3.37, 95% CI:

1.84–6.15) and was statistically significant (p<0.001).

Clustering the NCD risk factors

Table 5 presents findings by clustering the NCD risk factors one vs. two risk factors and one

vs. three or more risk factors and identifies the association with socio-demographic character-

istics. The unadjusted and adjusted odds ratios are presented using logistic regression model.

After adjusting for potential confounding factors, three or more NCD risk factors were posi-

tively associated with the age and education (See Table 5)

Discussion

This study provides the current evidence base in terms of NCD risk factors among the adults

living in selected slum areas in Bangladesh. To the best of our knowledge, this is the first study

ever being conducted to assess the NCD risk factors among this particular population living in

slums and poor settlements. This study reported high prevalence of NCD risk factors among

the slum adults in Bangladesh. Almost a third (30.4%) adult in slum areas had three or more

NCD risk factors, which was positively associated with the younger age groups (35 to 54 years

old) and no formal and below the primary level education. This proportion was slightly higher

than the one reported in 2010 NCD risk factor surveys (28.3%) [22] and less than the one

reported in 2014 NCD factor study (38%) [23]. The Nepal national NCD risk factor survey

reported that nearly one-fifth population (18.7%) had at least three NCD risk factors [24].
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The prevalence of current smoking was reported at 35.7%, which is substantially higher

than the one reported in a recently conducted nationwide NCD risk factor survey in Bangla-

desh (17% of Bangladeshi adults as daily smokers) [23]. Our findings on current smoking is

also higher than that reported in studies conducted in neighboring countries like India (14%),

Nepal(19%) [24] and Sri Lanka (15%) [25]. Low level of education and lack of knowledge and

awareness may be responsible for high proportion smoking. Evidence suggests that, use of

tobacco in 2012 caused about six million deaths resulting from direct and second hand smoke,

which is expected to increase to 7.5 million deaths per year by 2020, and will account for 10%

of total deaths worldwide [26]. These findings indicate that priority should be given to explor-

ing smoke-free options in slum areas of Dhaka, complemented by a national campaign

designed to encourage smokers to quit. These interventions have been proven to be effective,

with smokers who quit having their risk of myocardial infarction halved within four to five

and approaching that non-smokers over a 10 to 20-year period [27, 28]. However, the benefits

of smoke-free legislation go beyond reducing the risk of cardiovascular diseases to include

Table 3. Association between socio-demographic characteristics and selected NCD risk factors (currently smoking, fruits and vegetables con-

sumption, and physical activity) (Unadjusted odds ratios (UOR) and adjusted odds ratio (AOR) are estimated using regression model) (n = 507).

Variables Currently smoking Fruits &Vegetables <5 servings Insufficient PA c

UOR a (95% CI) AOR b (95% CI) UOR (95%CI) AOR (95% CI) UOR (95% CI) AOR (95% CI)

Age group

25–34 Ref Ref Ref Ref Ref Ref

35–44 0.95 (0.61–1.49) 0.77 (0.36–1.65) 3.55 (0.77–16.24) 2.88 (0.59–14.08) 1.01 (0.55–1.84) 1.11 (0.58–2.14)

45–54 0.82 (0.47–1.43) 0.49 (0.22–1.11) 0.63 (0.22–1.75) 0.43 (0.13–1.36) 0.97 (0.47–2.04) 1.04 (0.48–2.28)

55–64 1.79 (1.02–3.13)* 0.97 (0.40–2.35) 1.08 (0.29–3.98) 0.64 (0.14–2.82) 1.63 (0.81–3.28) 1.71 (0.78–3.71)

Sex

Male Ref Ref Ref Ref Ref Ref

Female 1.77 (0.73–4.30) 1.42 (0.44–4.46) 1.42 (0.87–2.32) 0.91 (0.49–1.69)

Occupation

Non-manual Ref Ref Ref Ref Ref Ref

Manual 7.19 (4.71–10.98) 1.41 (0.75–2.61) 0.74 (0.30–1.82) 0.92 (0.31–2.84) 0.75 (0.27–2.04) 2.69 (1.28–5.65)

Highest level of education

No formal education 0.74 (0.46–1.22) 1.81 (0.79–4.09) 2.83 (0.97–8.32) 1.96 (0.56–6.82) 1.76 (0.85–3.65) 1.95 (0.86–4.42)

Below primary level 1.67 (0.92–3.01) 1.53 (0.64–3.64) 1.05 (0.34–3.25) 1.07 (0.30–3.74) 1.26 (0.51–3.14) 1.61 (0.62–4.13)

Primary Education 0.92 (0.47–1.78) 1.41 (0.51–3.93) 2.36 (0.47–11.75) 1.11 (0.19–6.32) 2.06 (0.83–5.12) 2.34 (0.90–6.04)

Secondary Education and above Ref Ref Ref Ref Ref Ref

Total family member

� 4 family members Ref Ref Ref Ref Ref Ref

� 5 family members 1.02 (0.71–1.47) 1.04 (0.57–1.88) 1.73 (0.72–4.12) 2.09 (0.78–5.59) 1.03 (0.63–1.68) 0.84 (0.5–1.42)

Monthly income (in BDT d)

� 7500 (� 95 USD) 0.66 (0.39–1.1) 0.72 (0.32–1.62) 1.28 (0.25–6.44) 0.99 (0.18–5.38) 1.41 (0.72–2.74) 1.37 (0.67–2.82)

7501 to 10000 (95 to 127 USD) 1.36 (0.81–2.30) 1.12 (0.49–2.44) 1.49 (0.24–9.07) 1.36 (0.22–8.65) 0.80 (0.37–1.76) 0.94 (0.42–2.11)

10001 to 15000 (127 to 191 USD) 1.06 (0.62–1.81) 1.19 (0.51–2.76) 0.18 (0.05–0.65)* 0.15 (0.04–0.57) 1.4 (0.68–2.86) 1.68 (0.80–3.54)

Above 15000 (above 191 USD) Ref Ref Ref Ref Ref Ref

a UOR: Unadjusted odds ratio
b AOR: Adjusted odds ratio; adjusted for age, sex, occupation, education, family size and monthly income
c Insufficient PA -Insufficient physical activity
d BDT- Bangladeshi Taka

* p<0.05

https://doi.org/10.1371/journal.pone.0184967.t003
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other benefits such as improved health of general population by improving indoor air quality,

reducing asthma exacerbations, and improving infant and birth outcomes [29].

The prevalence of insufficient fruits and vegetables intake among the urban slum adults was

substantially high (94.9%), which is similar to the one reported in 2014 Bangladesh NCD risk

factors survey (93%) [23] and this rate in Nepal was as high as99% [24]. Bangladesh in recent

decades is experiencing rapid urbanization [30, 31] which also has direct impact on increased

slum populations [31] and has become a major public health concern. While the country faces

urbanization and related issues, easy access to low cost unhealthy food at the door steps of

slum dwellers and unaffordable cost to the fruits and vegetables may be major contributors to

this high proportion of people adopting unhealthy food habit thereby contributing to the

increased number of people with NCD risk factors in slum areas.

Physical inactivity is also one of the major risk factors for NCDs. Worldwide, physical inac-

tivity is responsible for at least 3.2 million deaths annually [26]. In our study, we found that

15.2% adults were physically inactive, which is corroborated to the one reported in Myanmar

NCD risk factor survey (15.7%) [32], however higher than the one in Nepal (3%) [24] and

much lower than the one reported by Bangladesh NCD risk factor survey (38%) [12]. This may

Table 4. Association between socio-demographic characteristics and selected NCD risk factors (hypertension, overweight/obesity and diabetes)

(Unadjusted odds ratios (UOR) and adjusted odds ratio (AOR) are estimated using regression model (n = 507).

Variables Hypertension (BP � 140/90 mmHg) Overweight or obesity Diabetes

UOR a (95% CI) AOR b (95% CI) UOR (95% CI) AOR (95% CI) UOR AOR (95% CI)

Age group

25–34 Ref Ref Ref Ref Ref Ref

35–44 1.81 (0.88–3.71) 2.08 (0.97–4.46) 0.75 (0.45–1.26) 0.74 (0.40–1.31) 1.26 (0.46–3.48) 1.35 (0.46–3.94)

45–54 4.74 (2.32–9.68)** 5.58 (2.60–11.91)** 0.89 (0.48–1.63) 0.97 (0.50–1.87) 1.28 (0.38–4.28) 1.57 (0.45–5.53)

55–64 3.86 (1.79–8.34)** 4.94 (2.11–11.54)** 0.67 (0.33–1.35) 0.82 (0.38–1.74) 1.97 (0.64–6.11) 2.76 (0.81–9.45)

Sex

Male Ref Ref Ref Ref Ref Ref

Female 1.2 (0.72–2.11) 1.3 (0.67–2.53) 2.47 (1.60–3.83)** 3.37 (1.84–6.15)** 1.55 (0.68–3.52) 2.67 (0.88–8.13)

Occupation

Non-manual Ref Ref Ref Ref Ref Ref

Manual 0.61 (0.33–1.12) 0.65 (0.31–1.37) 0.79 (0.49–1.26) 1.65 (0.87–3.13) 1.1 (0.47–2.61) 2.15 (0.68–6.81)

Highest level of education

No formal education 1.1 (0.56–2.16) 1.06 (0.48–2.34) 1.64 (0.89–3.01) 1.42 (0.71–2.77) 1.12 (0.35–3.55) 1.07 (0.29–3.92)

Below primary level 0.94 (0.4–2.22) 1.1 (0.44–2.76) 1.06 (0.49–2.29) 1.10 (0.49–2.51) 1.42 (0.37–5.47) 1.7 (0.41–7.06)

Primary Education 0.81 (0.3–2.17) 0.93 (0.32–2.66) 2.21 (1.03–4.73)* 1.95 (0.86–4.39) 1.59 (0.38–6.59) 1.91 (0.43–8.55)

Secondary Education and above Ref Ref Ref Ref Ref Ref

Total family member

� 4 family members Ref Ref Ref Ref Ref Ref

� 5 family members 1.13 (0.68–1.89) 0.81 (0.46–1.42) 1.07 (0.71–1.64) 1.04 (0.66–1.64) 0.554 (0.24–1.25) 0.46 (0.2–1.10)

Monthly income (in BDT c)

� 7500 (� 95 USD) 0.52 (0.26–1.05) 0.49 (0.23–1.05) 1.53 (0.86–2.70) 1.15 (0.62–2.14) 0.68 (0.26–1.83) 0.52 (0.18–1.51)

7501 to 10000 (95 to 127 USD) 0.65 (0.32–1.32) 0.79 (0.37–1.67) 1.08 (0.57–2.02) 1.04 (0.54–2.02) 0.43 (0.13–1.45) 0.37 (0.11–1.33)

10001 to 15000 (127 to 191 USD) 0.73 (0.36–1.48) 0.79 (0.38–1.66) 1.02 (0.54–1.94) 0.94 (0.48–1.84) 0.45 (0.14–1.51) 0.41 (0.12–1.43)

Above 15000 (above 191 USD) Ref Ref Ref Ref Ref Ref

a UOR: Unadjusted odds ratio
b AOR: Adjusted odds ratio; adjusted for age, sex, occupation, education, family size and monthly income
c BDT- Bangladeshi Taka

* p<0.05

** p<0.001

https://doi.org/10.1371/journal.pone.0184967.t004
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be due to the majority of the adult slum dwellers being physically active to the manual tasks

they have been engaged with. The global estimation for prevalence of physical inactivity is

around 17% [33].

Obesity and overweight are modifiable risk factors to the NCDs. Our study reported the

prevalence of overweight and obesity as18.7% and 3.7%, respectively. These findings are simi-

lar to the one reported in other studies including the Myanmar NCD risk factor study reported

overweight of 22.3% and obesity of 5.5% [32]; Bangladesh NCD risk factor study 20.5% and

5.2%, respectively [12]; and the study in Nepal reported the combined prevalence of over-

weight and obesity up to 21% [24].

The self-reported diabetes prevalence was 4.9%, which is less than the one reported by the

recently conducted nationwide survey in Bangladesh, that reported the age-adjusted preva-

lence of diabetes and pre-diabetes as 9.7% and 22.4%, respectively [34]. This may be due to

self-reported from those diagnosed cases. However, there might be many slum adult dwellers

who might not be aware of their diabetic conditions. A community based study conducted

among adult populations in Bangladesh also reported that the prevalence of diabetes and pre-

diabetes was 6.6% and 16.6%, respectively [35]. According to IDF Diabetes Atlas 5th edition,

Table 5. Association between socio-demographic characteristics and clustering of NCD risk factors using logistic regression model (n = 503).

Variables 1 risk factor vs.� 2 risk factors 1 risk factor vs.� 3 risk factors

UOR a (95% CI) AOR b (95% CI) UOR (95% CI) AOR (95% CI)

Age group

25–34 Ref Ref Ref Ref

35–44 1.64 (0.92–2.91) 1.39 (0.57–3.36) 2.24 (1.18–4.22)* 2.87 (1.15–7.18)*

45–54 1.46 (0.7–3.02) 1.44 (0.66–3.13) 2.89 (1.34–6.21)* 2.75 (1.21–6.24)*

55–64 1.81 (0.78–4.22) 1.42 (0.77–2.64) 3.91 (1.64–9.35)** 1.78 (0.9–3.52)

Sex

Female Ref Ref Ref Ref

Male 1.79 (1.11–2.87)* 1.6 (0.89–2.88) 1.44 (0.86–2.41) 1.29 (0.67–2.49)

Occupation

Non-manual Ref Ref Ref Ref

Manual 2.32 (1.31–4.12)** 1.7 (0.83–3.46) 2.04 (1.12–3.77)* 1.55 (0.72–3.36)

Highest level of education

No formal education 2.02 (1.14–3.58)* 1.78 (0.93–3.43) 4.93 (2.41–10.13)** 4.07 (1.83–9.05)**

Below primary level 1.82 (0.87–3.81) 1.48 (0.68–3.23) 3.72 (1.54–8.99)** 3.22 (1.28–8.14)*

Primary education completed 1.28 (0.59–2.80) 1.11 (0.49–2.52) 2.8 (1.11–7.08)* 2.61 (0.99–6.85)

Secondary education and above Ref Ref Ref Ref

Monthly income (in BDT c)

� 7,500 (� 95 USD) Ref Ref Ref Ref

7,501–10,000 (95 to 127 USD) 0.85 (0.43–1.69) 0.79 (0.39–1.61) 0.91 (0.43–1.89) 1.07 (0.51–2.32)

10,001–15,000 (127 to

191 USD)

0.48 (0.25–0.92)* 0.47 (0.24–0.93)* 0.51 (0.25–1.03) 0.57 (0.27–1.20)

above 15,000 (above 191 USD) 0.67 (0.35–1.31) 0.81 (0.40–1.66) 0.77 (0.38–1.58) 1.05 (0.48–2.28)

a UOR: Unadjusted odds ratio
b AOR: Adjusted odds ratio: adjusted for age, sex, occupation, education, and monthly income
c BDT- Bangladeshi Taka

* p<0.05

** p<0.001

Note: those with no NCD risk factors (n = 4) are excluded in the clustering analyses

https://doi.org/10.1371/journal.pone.0184967.t005
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the projected prevalence of diabetes in Bangladesh will increase up to over 50% by next 15

years, placing Bangladesh as the 8thranked country with the highest number of people with

diabetes worldwide [36].The prevalence of hypertension as identified in this study (13.6%) was

lower than the one reported by other Bangladeshi studies 26.4% [37] and 21.4% [12], and the

studies conducted in neighboring countries 26.4% in Myanmar and in Nepal 26% [24].

In Bangladesh, the rapidly increasing patterns of urbanization, unplanned urban settle-

ments and ageing population along with increased behavioral risk factors, cumulatively exacer-

bate the NCD situation in the country, posing further health and development consequences

at individual, family and national levels [38, 39]. The increased morbidity and mortality as well

as higher prevalence of NCD risk factors in Bangladesh pose significant public health concern

and has greater risk of economic impact at all levels [40].

The current study has few limitations worth acknowledging. The study was conducted

among the adult slum populations of selected slum areas in Dhaka, Bangladesh, which may not

be representative of all the slum population across Bangladesh. Similarly, we were unable to col-

lect biomedical data, such as blood glucose levels, and hence had to rely on self-reported diabe-

tes, which increases the likelihood of an underestimation. Because of the cultural and religious

sensitivity, we were unable to collect waist circumference measure. In this study, we found very

low proportion of female currently smoking tobacco, which may be due to cultural sensitivity,

such as culturally in Bangladeshi context, smoking is regarded as an unacceptable behavior and

thought to be especially objectionable among females. There might be more women in slums

smoking tobacco, however due to conservative societal pressures and fear of shame and dis-

honor may have been the reason for many women not disclosing their smoking status.

Conclusion

This study provides the most recent and comprehensive evidence base on the status of NCD

risk factors among the urban slum adult population in Dhaka Bangladesh. All NCD risk fac-

tors, in particular, smoking, physical inactivity, low consumption of vegetables and fruits,

overweight and BMI, and high blood pressure are markedly high among the urban slum adults

in Bangladesh. We also conclude that greater number of slum adults have at least three NCD

risk factors, which was positively associated with the economically productive age groups (35

to 54 years old) and poor education levels. These findings are very timely and important to

support the formulation and implementation of NCD-related polices and plan of actions that

recognize urban slum populations in Bangladesh as a priority sub-population for NCDs

prevention.
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