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Abstract

Introduction

Chronic non-communicable diseases (NCDs) are a major public health challenge, and
undermine social and economic development in much of the developing world, including
Bangladesh. Epidemiologic evidence on the socioeconomic status (SES)-related pattern of
NCDs remains limited in Bangladesh. This study assessed the relationship between three
chronic NCDs and SES among the Bangladeshi population, paying particular attention to
the differences between urban and rural areas.

Materials and Method

Data from the 2011 Bangladesh Demographic and Health Survey were used for this study.
Using a concentration index (Cl), we measured relative inequality across pre-diabetes, dia-
betes, pre-hypertension, hypertension, and BMI (underweight, normal weight, and over-
weight/obese) in urban and rural areas in Bangladesh. A Cl and its associated curve can be
used to identify whether socioeconomic inequality exists for a given health variable. In addi-
tion, we estimated the health achievement index, integrating mean coverage and the distri-
bution of coverage by rural and urban populations.

Results

Socioeconomic inequalities were observed across diseases and risk factors. Using Cl, sig-
nificant inequalities observed for pre-hypertension (Cl = 0.09, p = 0.001), hypertension (Cl =
0.10, p =0.001), pre-diabetes (Cl =-0.01, p = 0.005), diabetes (Cl = 0.19, p<0.001), and
overweight/obesity (Cl = 0.45, p<0.001). In contrast to the high prevalence of the chronic
health conditions among the urban richest, a significant difference in Cl was observed for
pre-hypertension (Cl =-0.20, p = 0.001), hypertension (Cl = -0.20, p = 0.005), pre-diabetes
(Cl=-0.15, p = 0.005), diabetes (Cl =-0.26, p = 0.004) and overweight/obesity (Cl = 0.25,

p = 0.004) were observed more among the low wealth quintiles of rural population. In the
same vein, the poorest rural households had more co-morbidities compared to the richest
rural households (p = 0.003), and prevalence of co-morbidities was much higher for the
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richest urban households compared to the poorest urban households. On the other hand in
rural the “disachievement” of health indicators is more noticeable than the urban ones.

Conclusion

The findings indicate the high burden of selected NCDs among the low wealth quintile popu-
lations in rural areas and wealthy populations in urban areas. Particular attentions may be
necessary to address the problem of NCDs among these groups.

Introduction

Over the past few decades Bangladesh, a country of over 150 million people, has made has
made tremendous progress in achieving health and economic development [1], such as cutting
down its maternal mortality ratio [2] and making impressive gains in life expectancy [3].
Nonetheless, the country still faces many public health challenges as it undergoes a demo-
graphic and epidemiological transition from dealing primarily with infectious diseases to com-
bating the increasing problem of chronic non-communicable diseases (NCDs) in the context
of high socioeconomic inequality [4] and a largely rural population.

In the World Health Organization’s (WHO) Southeast Asia Region, of which Bangladesh is
a part, NCDs such as heart disease, stroke, cancer, chronic respiratory diseases and diabetes
are estimated to account for half of annual mortality (54%) and nearly half of the burden of
disease (47%) [5]. In Bangladesh, NCDs account for 61% of the total disease burden [6], and
disease trends suggest that major NCDs such as cardiovascular diseases, diabetes, cancer, and
chronic respiratory diseases will impose even larger burdens in the near future. The limited
evidence available suggests that NCDs in Bangladesh are responsible for more than half of
annual mortality [4]. In 2011, the Bangladesh Health and Demographic Survey (BDHS) found
the age-adjusted prevalence of diabetes and pre-diabetes to be 9.7% and 22.4% [7], and the
age-adjusted prevalence of pre-hypertension and hypertension were 27.1% and 24.4% [8].
Obesity is also an emerging public health problem in Bangladesh, and an NCD risk factors sur-
vey conducted in 2010 found overall prevalence of obesity was 11.6%. The survey also found
that 98.7% of Bangladeshis had at least one risk factor for developing NCDs, 77.4% had two or
more risk factors, and 28.3% had 3 or more risk factors[9].

Limited resources, a weak public health system, a highly unregulated private health sector,
and an aging population also present significant challenges to effectively tackling the growing
burden of NCDs in Bangladesh. [10-12] More than 70% of the population currently lives in
rural areas, [13] where healthcare resources are most limited, and nearly half of the population
subsists on less than US$1.25 per day [14]. Bangladesh spends only 3.5% of its GDP on health,
and 63% of all health expenditure is from out-of-pocket expenses [15].

Care and treatment of NCDs long-term plans and most often require high cost than treat-
ing communicable diseases, and in country like Bangladesh, the poor have less access to such
proper care and even if they are available, the services are quite expensive for NCDs. Tertiary
level hospitals, mostly located in major cities, they provide treatment and rehabilitation ser-
vices for most chronic NCDs such as cardiovascular diseases, diabetes and cancer. However,
many public tertiary care hospitals are overloaded and lack adequate infrastructure to meet the
service needs of patients—especially those suffering from NCDs. Private hospitals, on the
other hand, are expensive, so only the wealthy people are able to utilize services.Gaps in
health-related outcomes between the rich and poor are large in developing countries including
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Bangladesh [16-22]. These gaps have greater potentials for limiting the poor to contributing to
the national economy [23]. In this study, we estimated socioeconomic inequality between Ban-
gladeshis with three common chronic NCDs, stratified by urban and rural areas of residence
in Bangladesh.

Methodology

The data for this study were derived from the 2011 Bangladesh Demographic and Health Sur-
vey (BDHS). Data collection processes and methodology of the BDHS are described elsewhere
[24]. The 2011 BDHS was the sixth iteration of the BDHS, and was the first time a national sur-
vey in Bangladesh incorporated measurement of biomarkers for NCDs, such as blood pressure
and blood glucose levels. The use of standardized measures (versus self-report) to determine
health status promotes better detection of chronic health conditions among those of lower
socioeconomic status (SES), as the rural poor are less likely to be objectively screened for
NCDs compared to those of higher SES [25-28]. In BDHS 2011‘the survey team collected data
from 17141 households. One third of the HHs[29] was selected for biomarker test using sys-
tematic random sampling. All men and women age 35 years and above were eligible for the
biomarker test and total biomarker measures were collected from 8,835 (male: 4524, female:
4311) who were eligible and were available during the time of data collection.

Measurement of NCDs

Detailed information on the socio demographic characteristics of all participants was collected
by trained staff using a standardized questionnaire that also contained questions on the diag-
nosis and treatment of diabetes and hypertension. Each data collection team included a health
technician who was trained to measure blood pressure and collect blood samples. Blood pres-
sure, blood glucose concentration, body weight and height were assessed using standard meth-
ods, as previously described[30].Blood pressure was measured using a LifeSource UA-767 Plus
blood pressure monitor (A&D Medical, San Jose, USA), as recommended by the World Health
Organization (WHO). Three measurements were taken at approximately 10-minute intervals
and the respondent’s blood pressure was obtained by averaging the second and third measure-
ments. Blood glucose was measured using the HemoCue Glucose 201 Analyzer (Teleflex Medi-
cal L.P., Markham, Canada) in whole blood obtained by finger prick from capillaries in the
middle or ring finger after an overnight fastan approach that is widely used in resource-limited
countries[31, 32]. Blood glucose measurements were adjusted to obtain equivalent plasma glu-
cose levels[33]. Height and weight were measured at the participant’s home by trained field
research staff. Weight was measured twice to the nearest 0.1 kg with light clothing on and
without shoes by digital weighing scales placed on a flat surface. The average of the measure-
ments was used in the analysis. Height was measured three times using a standard clinical
height scale with patient standing without shoes.

Measurement of Socioeconomic Status and Inequality

Data reflecting socioeconomic status (SES) were collected in the BDHS using the Demo-
graphic and Health Survey wealth index, which relies on ownership of selected assets to deter-
mine relative wealth. The wealth index was developed through principle components analysis
with data collected in the Household Questionnaire portion of the 2011 BDHS[29]. Household
assets were used to construct asset quintiles, and based on these asset quintiles households
were placed on a continuous scale of relative wealth from “poorest” to “richest.” Inequality by
SES/wealth quintile was then assessed using a concentration index (CI).
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Achievement Index

The mean level of the indicator and the distributional pattern of the indicator, as estimated by
the concentration index, can be combined into an index of health achievement. The health
achievement index has been calculated for the socioeconomic distribution of all indicators
using the measure of “achievement” as proposed by Wagstaft [34]. The larger value of the
index is considered as higher health disachievment to one group of population than others

group.

Data Analysis

A CI and its associated curve [35-37] can be used to identify whether SES-related inequality
exists for a given health variable [38]. It has been used, for example, to measure and compare
the degree of SES-related inequality in child health, adult health, health subsidies, and health-
care utilization [39, 40]. The CI can be defined with a curve, which graphs on the x-axis the
cumulative percentage of the sample, ranked by SES, and on the y-axis the corresponding
cumulative percentage of the health variables of interest. The index is bounded between -1 and
1. The concentration index is defined as twice the area between the concentration curve and
the line of equality, which is set at a 45-degree angle. A CI value of zero means that there is no
SES-related inequality. When the values of the CI are negative, the curve lies above the line of
equality, indicating that there exists an increased concentration of the health variable among
the poor, and a positive values shows the curve lies below the line of equality, indicating the
health variable is disproportionately present among the rich. STATA 11 (StataCorp LP) was
used for all statistical analyses.

Results

The general characteristics of participants included in the analysis are presented in Table 1.

Overall, hypertension, diabetes, and overweight/obesity were found to be more prevalent
among the richest Bangladeshis (Fig 1). However, when stratified by urban and rural area of
residence the high prevalence of these conditions among the richest was only observed in
urban areas, while in rural areas the health conditions were more prevalent among the poor
and poorest (Fig 2 and Fig 3).

Prevalence and CI values for pre-hypertension and hypertension across socioeconomic
quintiles are presented in Table 2.

Overall prevalence of normal blood pressure, pre-hypertension, and hypertension among
survey participants were 48.6%, 39.9%, and 11.6% respectively. The prevalences of pre-hyper-
tension (CI = 0.09, p = 0.001) and hypertension (CI = 0.10, p = 0.001) were significantly higher
in the richest group compared to the poorest group. However, when stratified by area of resi-
dence, pre-hypertension in rural areas was higher in the poorest group compared to the richest
group (84.6 v 28.1%), and prevalence of hypertension was three times as high in the poorest
rural men and women compared to the rural richest (85.7% v 28.3%). In rural areas, the CI val-
ues for pre-hypertension and hypertension in rural areas were large and negative indicating
that the conditions were highly concentrated among the poor in rural areas. In contrast, the CI
values were large and positive in urban areas, indicating that the conditions were more con-
centrated among the rich.

Likewise, pre-diabetes (CI = 0.36, p = 0.002) and diabetes (CI = 0.32, p = 0.002) were con-
centrated among the rich in urban areas (Table 3), and in rural areas the prevalence rates of
pre-diabetes (CI = -0.15, p = 0.005) and diabetes (CI = -0.26, p = 0.004) were 2-3 times higher
in the poorest households compared to the richest households.
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Table 1. General characteristics of adult Bangladeshis by socioeconomic status, 2011 Bangladesh Health and Demographic Survey.

Variables Poorest Poorer Middle Richer Richest Total

Sex of household member

Male 824 (52.5) 820 (52) 850 (50.7) 901 (49.8) 1129 (51.2) 4524 (51.2)
Female 746 (47.5) 757 (48) 826 (49.3) 908 (50.2) 1074 (48.8) 4311 (48.8)
Age

Mean £ SD 51.81+13.2 51.2+13.0 51.7+13.1 51.9+13.5 50.5t12.4 51.3£13.0
Marital Status

Never married 8(0.7) 1(0.1) 9(0.7) 12(0.9) 16 (1) 46 (0.7)
Married 1183 (99.3) 1159 (99.9) 1226 (99.3) 1329 (99.1) 1579 (99) 6476 (99.3)
Highest level of education

No education 1250 (79.6) 1098 (69.6) 1036 (61.8) 959 (53) 922 (41.9) 5265 (59.6)
Primary 251 (16) 310 (19.7) 404 (24.1) 405 (22.4) 322 (14.6) 1692 (19.2)
Secondary 67 (4.3) 149 (9.4) 193 (11.5) 318(17.6) 488 (22.2) 1215 (13.8)
College or higher 2(0.1) 20 (1.3) 43 (2.6) 127 (7) 471 (21.4) 663 (7.5)
Residence

Urban 223 (14.2) 187 (11.9) 329 (19.6) 680 (37.6) 1573 (71.4) 2992 (33.9)
Rural 1347 (85.8) 1390 (88.1) 1347 (80.4) 1129 (62.4) 630 (28.6) 5843 (66.1)

doi:10.1371/journal.pone.0167140.t001

Table 4 depicts the overall prevalence of being underweight (30.3%), normal weight
(57.7%), or overweight/obese (12.0%). The prevalence of being underweight was nearly three
times as high in the poorest households compared to the richest households (27.2% v 9.7%).
Conversely, prevalence of overweight/obesity was three times higher among the richest house-
holds compared to the poorest households (12.0% v 3.5%). The CI for underweight and over-
weight/obesity had opposite signs and high values, indicating that being underweight was
highly concentrated among poor (CI = -0.21, p = <0.001) and being overweight was highly
concentrated among the rich (CI = 0.45, p = <0.001).
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Fig 1. Concentration curve by health condition, 2011 Bangladesh Health and Demographic Survey
doi:10.1371/journal.pone.0167140.9001

PLOS ONE | DOI:10.1371/journal.pone.0167140 November 30, 2016 5/12



@° PLOS | ONE

Socioeconomic Inequality of Chronic NCDs

o 100
r
©
S 80
=
®
Q
< 60
(o]
(7,]
[ -
(@]
£ 40
(o]
o
o
o
o 20
2
&
£ 0
=
(@]

Urban Area

—e—Line of Equality
=@-Hypertension
=@-Diabetes
=@-0besity

20 40 60 80 100

Cumulative Proportions of population ranked by economic status

Fig 2. Concentration curve by health condition in urban areas, 2011 Bangladesh Health and Demographic Survey
doi:10.1371/journal.pone.0167140.g002

The poorest rural households also had more comorbidities compared to the richest rural
households (CI = -0.59, p = 0.021 for presence of all three health conditions), and prevalence
of comorbidities was much higher for the richest urban households compared to the poorest
urban households (CI = 0.70, p = 0.009) (Table 5).

Table 6 describes the findings of health achievement index for pre-hypertension, hyperten-
sion, pre-diabetes, diabetes and overweight/obesity by place of residence. The average level of
all indicators was higher in the rural areas compared to urban counterparts. In general, raising
average value meaning that the level of “disachievement” becomes larger and larger. This “dis-
achievement” of all the indicators is more pronounced in the rural population compared to
the urban ones.

Discussion

This paper describes the socioeconomic inequality of three common chronic NCDs stratified
by rural or urban area of residence in Bangladesh. Analysis of these groups by CI found that
the health conditions were more prevalent among the richest Bangladeshis in urban areas and
the poorest Bangladeshis in rural areas. At the same time achievement index also reported that
“disachievement” of health related indicators are larger among the rural population compared
to the urban counterparts. A report published in 2013 demonstrated that those who live in
poor or marginalized communities have a higher risk of dying from non-communicable dis-
eases than more advantaged groups and communities[41]. Another study in ten European
counties reported that ischemic heart diseases (IHD) mortality was higher in those with a
lower socioeconomic status[42]. In contrast, studies in India reported an increased risk of
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Fig 3. Concentration curve by health condition in rural areas, 2011 Bangladesh Health and Demographic
Survey

doi:10.1371/journal.pone.0167140.g003

cardiovascular disease and cardio-metabolic risk factors among the rich [26, 27, 43] and that
several NCDs were particularly concentrated among the rich according to self-reported diag-
noses[44]. Another study in Southeast Asia also reported that many adverse risk factors of
NCDs are concentrated among the poor[45], and a study using 2002-2004 World Health

Table 2. Prevalence of pre-hypertension and hypertension by socioeconomic status (SES) quintile, 2011 Bangladesh Health and Demographic
Survey

SES quintile Normal Pre-hypertension Hypertension
Urban (%) Rural (%) | Total (%) Urban (%) |Rural (%) |Total (%) Urban (%) Rural (%) | Total (%)

Poorest 13.5 86.5 20.9 15.5 84.6 14.9 14.3 85.7 14.7
Poorer 12.8 87.2 21.0 9.5 90.5 15.4 13.9 86.1 15.1
Middle 20.0 80.0 20.6 17.4 82.6 18.6 19.0 81.0 17.4
Richer 37.1 62.9 19.7 36.9 63.1 21.5 41.6 58.4 23.6
Richest 65.4 34.6 17.8 71.9 28.1 29.6 71.7 28.3 29.2
Total 28.6 71.4 48.6 36.2 63.8 39.9 38.3 61.7 11.6
Concentration Index (Cl) | 0.26 -0.21 -0.07 0.36 -0.20 0.09 0.33 -0.20 0.10
SE of CI 0.002 0.002 0.002 0.002 0.005 0.001 0.015 0.017 0.001
P-value <0.001 <0.001 0.001 0.000 0.001 0.001 0.003 0.005 0.001

SE: Standard error

doi:10.1371/journal.pone.0167140.t002
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Table 3. Prevalence of pre-diabetes and diabetes by socioeconomic status (SES) quintile, 2011 Bangladesh Health and Demographic Survey.

SES quintile Normal
Urban (%)

Poorest 14.2
Poorer 10.9
Middle 19.8
Richer 39.2
Richest 69.7
Total 32.1
Concentration Index (Cl) | 0.35
SE of CI 0.006
P-value 0.001

SE: Standard error

doi:10.1371/journal.pone.0167140.t003

Rural (%)
85.9

89.1

80.2

60.8

30.3

67.9
-0.16
0.007
0.003

Total (%)
18.08
18.56
20.16
21.70
21.49
59.66
-0.007
0.001
0.014

Pre-diabetes
Urban (%)
141

13.7

15.9

32.7

70.1

30.6

0.36
0.009
0.002

Rural (%)
85.9

86.3

84.1

67.3

30.0

69.4
-0.15
0.012
0.005

Total (%)
19.3
18.7
19.9
19.7
22.4

24.7
-0.01
0.001
0.005

Diabetes
Urban (%)
15.0
11.3
21.3
38.3

75.1

44.2
0.32
0.012
0.002

Rural (%)
85.0

88.7

78.7

61.7
24.9

55.9
-0.26
0.014
0.004

Total (%)
13.7
13.3
14.5
17.6
41.0
15.7
0.19
0.001
<0.001

Survey data from 41 low- and middle-income countries demonstrated that wealth and educa-
tion were inversely associated with different NCDs[46]. Low SES may also increase the risk of
mortality due to NCDs [47].
This clear difference in distribution by area of residence indicates the needs to address

NCD and NCD risk factor prevention differently in urban and rural areas. Although the study
was limited in scope by the cross-sectional nature of the BDHS data, it nevertheless presents a
compelling snapshot of the urban-rural divide in NCD risk factors. One clear strength of the

BDHS is that it provides standard measurement for the detection of chronic NCDs. Standard-
ized measurements are often unavailable among those with low SES is due a lack of resources

to perform the measurements[27].

Treatment of chronic conditions is expensive and can exacerbate household poverty. Pov-
erty increases the risks of developing a chronic disease[48], and our study demonstrated that
the rural poor were more likely to have a chronic health condition of interest, as well as indi-
cate a higher burden of disease in rural areas. As most Bangladeshis reside in rural areas, this is
an important finding that must be taken into consideration in strategic planning around pov-
erty alleviation and public health promotion [35]. The poor and the disadvantaged in Bangla-
desh have significantly less access to healthcare services compared to the rich and the

Table 4. Prevalence of normal weight, underweight, and overweight/obesity by socioeconomic status (SES) quintile, 2011 Bangladesh Health and

Demographic Survey

SES quintile Normal Underweight Overweight/Obesity

Urban (%) Rural (%) | Total (%) Urban (%) |Rural (%) |Total (%) Urban (%) Rural (%) | Total (%)
Poorest 14.0 86.0 16.2 13.9 86.1 27.2 30.4 69.6 3.5
Poorer 9.5 90.5 17.5 13.2 86.8 241 12.5 87.5 6.1
Middle 17.0 83.0 19.6 21.3 78.7 22.6 21.1 78.9 10.8
Richer 36.7 63.3 22.7 35.2 64.8 16.4 444 55.6 22.9
Richest 69.7 30.3 24.0 53.1 46.9 9.7 74.3 25.7 56.8
Total 32.3 67.7 57.7 22.7 77.3 30.3 56.4 43.6 12.0
Concentration Index (Cl) | 0.37 -0.17 0.03 0.26 -0.07 -0.21 0.19 -0.25 0.45
SE of CI 0.007 0.009 0.002 0.010 0.012 0.002 0.016 0.017 0.001
P-value 0.001 0.003 0.003 0.002 0.009 <0.001 0.005 0.004 <0.001
SE: Standard error
doi:10.1371/journal.pone.0167140.1004
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Table 5. Prevalence of hypertension, diabetes, and overweight/obesity by socio-economic status (SES) quintile, 2011 Bangladesh Health and
Demographic Survey

SES quintile One health condition Two health conditions Three health conditions

Urban (%) Rural (%) | Total (%) Urban (%) |Rural (%) |Total (%) Urban (%) Rural (%) | Total (%)
Poorest 14.4 85.6 13.0 26.3 73.7 7.1 0.0 0.0 0.0
Poorer 13.4 86.6 13.7 5.3 94.7 7.1 0.0 0.0 0.0
Middle 21.7 78.3 16.1 11.5 88.5 9.67 0.0 0.0 0.0
Richer 40.0 60.0 21.7 45.5 54.5 16.4 50.0 50.0 23.5
Richest 75.0 25.0 35.5 71.4 28.6 59.9 76.9 23.1 76.5
Total 42,5 57.5 88.68 53.5 46.5 10.65 70.6 29.4 0.6
Concentration Index (Cl) | 0.48 -0.06 0.16 0.62 0.17 0.42 0.70 0.59 0.67
SE of CI 0.005 0.004 0.002 0.018 0.010 0.005 0.108 0.205 0.094
P value 0.001 0.004 0.001 0.002 0.003 0.001 0.009 0.021 0.009

SE: Standard error

doi:10.1371/journal.pone.0167140.t005

privileged [10]—particularly in rural areas where there are fewer healthcare resources. Health
insurance is nearly non-existent in Bangladesh, making the accessibility of healthcare services
for the poor more problematic.

Further studies on changes of inequality in chronic NCDs over time, as well as on the socio-
demographic factors that influence inequality, are needed for us to better understand the
underlying causes and reasons for the current distribution of chronic NCDs in Bangladesh. In
rural areas, combining national strategies for poverty alleviation with strategies to promote
low-cost NCD prevention and management programs can help ameliorate the increasing bur-
den of disease and mortality associated with low SES in rural Bangladesh.

The social and environmental processes that drive this inequitable distribution of disease in
Bangladesh have not been explicitly determined, and must continue to be researched in light
of the clear presence of differences between urban and rural areas. Previous studies have
attempted to identify determinants of socioeconomic inequalities in health status in Bangla-
desh and its South Asian neighbors, but further research is warranted [49-51].

Conclusion

We conclude that diabetes, hypertension and obesity are more prevalent among the wealthy in
urban areas and the poor in rural areas of Bangladesh. This clear difference indicates the needs
for developing targeted intervention approaches to address the growing problem of NCDs and
related risk factors among these populations.

Table 6. Average level of health condition and health achievement index

Health Total Urban Rural

conditions Average/ Health achievement  Average/ Health achievement Average/ Health achievement
coverage index coverage index coverage index

Pre-hypertension 16.2 14.8 5.9 3.7 10.3 12.4

Hypertension 4.6 4.1 1.6 1.1 2.9 3.5

Pre-diabetes 12.2 12.3 3.5 2.2 8.6 9.9

Diabetes 7.4 5.9 3.0 4.0 4.3 5.4

Overweight/ 6.5 3.6 3.1 25 25 3.1

Obesity

doi:10.1371/journal.pone.0167140.t006
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