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Abstract

Background and Methods

Monitoring use-inequity is important to measure progress in efforts to address health-

inequities. Using data from six Bangladesh Demographic and Health Surveys (BDHS), we

examine trends, inequities and socio-demographic determinants of use of maternal health

care services in Bangladesh between 1991 and 2011.

Findings

Access to maternal health care services has improved in the last two decades. The adjusted

yearly trend was 9.0% (8.6%-9.5%) for any antenatal care (ANC), 11.9% (11.1%-12.7%) for

institutional delivery, and 18.9% (17.3%-20.5%) for C-section delivery which is above the

WHO recommended rate of 5-15%. Use-inequity was significant for all three indicators but

is reducing over time. Between 1991-1994 and 2007-2011 the rich:poor ratio reduced from

3.65 to 1.65 for ANC and from 15.80 to 6.77 for institutional delivery. Between 1995-1998

and 2007-2011, the concentration index reduced from 0.27 (0.25-0.29) to 0.15 (0.14-0.16)

for ANC, and from 0.65 (0.60-0.71) to 0.39 (0.37-0.41) for institutional delivery during that

period. For use of c-section, the rich:poor ratio reduced from 18.17 to 13.39 and the concen-

tration index from 0.66 (0.57-0.75) to 0.47 (0.45-0.49). In terms of rich:poor differences,

there was equity-gain for ANC but not for facility delivery or C-section delivery. All socio-

demographic variables were significant predictors of use; of them, maternal education was

the most powerful. In addition, the contribution of for-profit private sector is increasingly

growing in maternal health.

Conclusion

Both access and equity are improving in maternal health. We recommend strengthening on-

going health and non-health interventions for the poor. Use-inequity should be monitored

using multiple indicators which are incorporated into routine health information systems.
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Rising C-section rate is alarming and indication of C-sections should be monitored both in

private and public sector facilities.

Introduction
The continuing use of maternal mortality ratio (MMR) as an outcome indicator for tracking
the progress of Safe Motherhood faces many challenges [1]. Process indicators, however, pro-
vide more information for day-to-day monitoring and measure the use of maternal health care
services most likely to impact MMR [2]. In addition, inequity has been identified as a key con-
straint in maternal health [3, 4], and existing data confirms significant inequities between and
within countries with regards to both process and outcome indicators [3, 5]. A rapid increase
in interest at the policy level has resulted in many innovative demand-side health financing
strategies being implemented in different contexts [6]. The routine monitoring of use-inequity
is therefore important in monitoring the progress of these pro-poor health financing strategies.

For the past two decades, Bangladesh has been implementing evolving maternal health strate-
gies to address its high maternal mortality [7–9]. In 1994, the Ministry of Health and Family
Welfare (MOHFW) initiated the upgrade of peripheral level public health facilities in providing
basic and comprehensive emergency obstetric care (EmOC) services in a phased manner [10]. A
home-based skilled birth attendants training program was initiated in 2003 as well as a demand
side financing (DSF) maternal health voucher scheme in 2007 to increase the utilization of mater-
nal health care services by the poor [11]. Despite these efforts, the progress was slow in improving
access to care by all segments of the community [10]. Care-seeking is a complex behavioral phe-
nomenon shaped by both supply and demand side factors. Improving supply is important, but it
is not always sufficient to improve access [8, 12]. Hence, there is a need to understand the role of
socio-demographic factors in determining the use of maternal health care services.

In Bangladesh, a number of studies have explored high levels of use-inequity in maternal
health by wealth quintile, maternal education and urban versus rural locations [7,10, 13–16].
However, these studies were largely small scale, conducted in single communities, using single
year data, inhibiting consideration of trends in inequities in use of maternal health care ser-
vices. More importantly, these studies used indicators such as equity gaps, equity ratios and
odds ratios of use rather than state-of-the-art methods such as concentration index for measur-
ing use-inequities. Demographic and Health Surveys (DHSs) serves as one of the main data
sources for monitoring trends and inequities in the use of maternal health care services due to
the quality of the data and comparability over time and between countries [1]. In this study, we
analyzed data from six consecutive Bangladesh Demographic and Health Surveys (BDHSs) to
explore trends and inequities in antenatal care (ANC) uptake, facility delivery and Caesarean
section (C-section) delivery in an effort to inform post-MDG strategies and policies for ending
preventable maternal mortality.

Methods and Materials
With the permission of the MEASURE DHS [Monitoring and Evaluation to Assess and Use
Results, Demographic and Health Surveys] (www.measuredhs.com), the 1993–1994, 1996–
1997, 1999–2000, 2004, 2007 and 2011 BDHS data-sets were downloaded, merged and ana-
lyzed to look into trends, inequities and other socio-demographic determinants of use of ma-
ternal health care services. This study was exempt from review by the Human Investigation
Committee (HIC) as publicly available BDHS data was used and no identifying participant
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information was obtained. All data was reported in aggregate and no attempts were made to
identify individual study participants.

The outcome measure focused on whether women received ANC, whether they had institu-
tional deliveries and whether they delivered by caesarean-section (C-section); while the expo-
sure (predictor) variables used in the analysis included asset quintile, mother’s and father’s
highest level of education (none, primary, secondary, higher), area of residence (urban/rural),
religion (Islam/Hindu and others), maternal age (low-19, 20–29, 30–39 and, 40 and above),
birth order (1, 2, 3, 4, 5, 6+), year of birth (in four year groups), and the administrative division
(Barisal, Chittagong, Dhaka, Rajshahi, Sylhet, Khulna and Rangpur). Asset quintiles were com-
puted from the asset variables present in each survey using the statistical methods of Principal
Components and Factor Analysis [17, 18]. Asset quintiles were generated separately for each
survey and the asset variables included: source of drinking water, type of latrine, principal con-
struction material of floor, wall, and roof, electricity supply, and ownership of radio, television
and bicycle. Asset quintiles were derived from the first principal component. Trends in socio-
demographic variables were examined by analyzing their changes over 4-year time periods ex-
cept for 2007–2011 which covered a period of 5 years.

Inequities were measured in terms of asset quintile, area of residence and parental educa-
tion. To look into trends in use-inequities, we used rich:poor ratio, rich:poor difference and the
concentration index (with 95% confidence intervals) based on asset quintiles [19, 20]. We esti-
mated the concentration index for all three outcome variables with their 95% confidence inter-
vals. This concentration index quantifies how specific goods and services are distributed across
socioeconomic groups. To calculate this index, a concentration curve was constructed where
the cumulative proportion of population (for instance, target population who are in need of in-
stitutional delivery) is plotted against the cumulative proportion of services (institutional deliv-
ery) after ranking the population from the lowest to the highest socioeconomic status
considering asset index. The concentration index is defined as twice the area between the con-
centration curve and the line of equality. The index varies between +1 and -1. Positive values
indicate a higher concentration of services in higher socioeconomic groups and vice-versa. If
there is no socioeconomic-related inequality, the concentration index is zero. While regression
analysis shows how one variable (e.g. socioeconomic status) influences the dependent variable
(e.g. received institutional delivery), the concentration index provides the relative measurement
of the distribution. Concentration indices, rich:poor ratios and rich:poor differences for ANC,
institutional delivery and C-section use were compared over time periods to comment on
trends in inequities in the use of maternity care services.

Binary logistic regression models were developed to obtain crude and adjusted odds ratios for
each outcome variable usingWald tests to assess statistical significance, taking into account sur-
vey design (sampling weights and strata) and clustering (to account for women who contributed
more than one live-birth in one in the preceding 3–5 years). Forward stepwise method in binary
logistic regression models in SPSS 20 (IBM Corporation, Chicago, IL) was used to look for the
socio-demographic predictors by order of their strength of association with the outcome vari-
ables. Time trends were examined by asset quintile and area of residence (urban versus rural) to
determine whether the odds of use (ANC, facility delivery and delivery by C-section) were
changing at the same rate in all socio-economic groups and in urban and rural areas.

Results

Trends in socio-demographic characteristics of the population
Our initial analysis included 38,706 women who had given birth between 1991 and 2011. How-
ever, information on C-sections was absent in the first two surveys (BDHS 1993–1994 and

Trends and Inequities in Maternal Health in Bangladesh

PLOS ONE | DOI:10.1371/journal.pone.0120309 March 23, 2015 3 / 14



BDHS 1996–1997), and there were missing values for some of the exposure and outcome vari-
ables. As a result, the number (N) varied throughout the analysis. Trend data clearly showed
that there have been considerable socio-demographic changes in Bangladesh over the last two
decades. The percentage of mothers with no education decreased from 58% in 1991–1994 to
20.1% in 2007–2011 and from 48.2% to 29.6% for their husbands (Table 1). There was little
change in the age distribution of mothers. However, the rates of teenage pregnancy remained
high throughout the reporting period. There was a major shift in the distribution of birth order
of mothers; between 1991–1994 and 2007–2011 the proportion of women with first birth order
increased from 18.2% to 29.0% while women with birth-order six and above reduced from
10.9% to 2.6% (Table 1).

Trends in use of maternal health care services
Fig. 1 illustrates that between 1991 and 2011, the percentage of mothers with at least one ANC
consultation increased from 24.7% to 70.6% and the institutional delivery rate increased from
4.3% to 33.9%. Meanwhile, the population based C-section rate increased from 1.6% in 1995 to
19.8% in 2011. The rates of annual increase were statistically significant for all three use

Table 1. Trends in socio-demographic characteristics in Bangladesh (1991–2011).

Socio-demographic 1991–1994 1995–1998 1999–2002 2003–2006 2007–2011 P value
variables (N-7608) (N-7589) (N = 7407) (N = 7073) (N = 8759)

Maternal education

No education 57.9 50.9 40.3 28.2 20.1 p<0.001

Primary 27 28.3 30.7 31.4 30.7

Secondary 13.1 17.6 24.7 34.6 42

Higher 1.9 3.2 4.3 5.8 7.2

Paternal education

No education 48.6 45.9 40.9 36.5 29.6 p<0.001

Primary 24.5 25 27.3 28 29

Secondary 19.7 20.4 23.2 24.9 28.9

Higher 7.2 8.7 8.5 10.6 12.4

Area of residence

Rural 90.5 85.7 80.9 80 77.3 p<0.001

Urban 9.5 14.3 19.1 20 22.7

Age group of the mother

10–19 14 17.3 14.7 17.8 15 p<0.001

20–29 61 57.9 59 60.2 63.5

30–39 21.6 21.6 23 19.6 19

�40 3.4 3.2 3.2 2.5 2.5

Religion

Islam 90.1 90 91.7 92.3 91.4 p<0.001

Hindu and others 9.9 10 8.3 7.7 8.6

Birth order

1 18.2 21.4 20.2 26.8 29 p<0.001

2 23.9 26.4 27.4 28.7 31.7

3 18.6 18.7 19.9 18.3 19

4 13.2 12 12.9 11.5 10

5 8.6 7.6 7.7 6.4 4.9

6 and above 17.5 13.9 11.8 8.3 5.3

doi:10.1371/journal.pone.0120309.t001
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variables (Table 2). However, the rate of annual increase was more for C-section delivery than
for institutional delivery or use of any ANC services. Adjusted yearly trend was 9.0% (OR
1.090; 95% CI of OR 1.086–1.095) for use of any ANC; 11.9% (OR 1.119; 95% CI of OR 1.111–
1.127) for institutional delivery; and 18.9% (OR 1.189; 95% CI of OR 1.173–1.205) for C-

Fig 1. Trend in use of ANC, facility delivery and C-section1991–2011.

doi:10.1371/journal.pone.0120309.g001

Table 2. Annual trends in maternity care indicators in Bangladesh (1991–2011) stratified by asset quintile and area of residence.

Annual Trends

Any ANC Institutional delivery C-section

Univariate Multivariate Univariate Multivariate Univariate Multivariate
OR OR OR OR OR OR
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Overall Yearly Trend 1.109 1.09 1.134 1.119 1.201 1.189

(1.105–1.113) (1.086–1.095) (1.128–1.141) (1.111–1.127) (1.187–1.215) (1.173–1.205)

Asset quintile

Poorest 1.096 1.087 1.141 1.12 1.218 1.196

(1.088–1.105) (1.078–1.096) (1.117–1.166) (1.094–1.147) (1.148–1.293) (1.122–1.274)

Poor 1.085 1.066 1.16 1.132 1.313 1.282

(1.077–1.094) (1.057–1.076) (1.138–1.182) (1.108–1.156) (1.255–1.373) (1.221–1.346)

Middle 1.129 1.095 1.187 1.138 1.3 1.266

(1.120–1.138) (1.085–1.106) (1.167–1.207) (1.116–1.160) (1.253–1.350) (1.215–1.318)

Richer 1.15 1.11 1.192 1.156 1.258 1.231

(1.139–1.160) (1.098–1.121) (1.176–1.209) (1.139–1.174) (1.224–1.293) (1.195–1.268)

Richest 1.153 1.104 1.19 1.093 1.119 1.143

(1.139–1.166) (1.089–1.119) (1.109–1.130) (1.081–1.105) (1.109–1.130) (1.122–1.164)

Area of residence

Rural 1.108 1.094 1.156 1.141 1.243 1.232

(1.104–1.112) (1.089–1.099) (1.147–1.165) (1.131–1.151) (1.224–1.264) (1.210–1.255)

Urban 1.072 1.063 1.077 1.083 1.44 1.139

(1.061–1.083) (1.050–1.076) (1.067–1.088) (1.070–1.097) (1.124–1.164) (1.117–1.163)

doi:10.1371/journal.pone.0120309.t002
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section delivery. A women who delivered during 2007–2011 were 5.16 (95% CI 4.58–5.80)
times more likely to receive ANC services and 6.11 (95% CI 5.10–7.32) times more likely to de-
liver in health facilities than women who delivered during 1991–1994 after adjusting for all
socio-demographic covariates in the model. Similarly, women who delivered during 2007–
2011 were about 6.37 (95% CI 5.01–8.08) times more likely to deliver by C-section than
women who delivered during 1995–1998 (Table 3).

Fig. 2 shows that facility delivery rate increased both in public and private sector facilities.
However, the rate of increase was higher for-profit private facilities than in public facilities.
During 1991–1994, only 1.4% of deliveries were conducted in for-profit private sector health
facilities which increased to 13.0% during 2007–2011; while the same increase was from 2.0%
to 10.4% in public sector health facilities. Fewer deliveries took place in NGO facilities (Fig. 2)
and about two third of deliveries still took place at home, mostly by untrained attendants.

Trends in inequities in maternity care services
There was use-inequity in all three maternal health process indicators but inequity was more
important for C-section delivery than institutional delivery or ANC use (Figs. 3–5 and
Table 3). Adjusted odds ratios (ORs) between the richest and the poorest quintile mothers for
use of ANC, facility delivery and C-section delivery were 2.42 (95%CI: 2.20–2.66), 3.74 (95%
CI: 3.10–4.50), and 5.80 (95% CI: 4.24–7.93) respectively (Table 3). However, our analysis sug-
gests that inequity is reducing over time in terms of rich:poor ratio and concentration indices
(Figs. 3–5). For the use of ANC services, the rich:poor ratio reduced from 3.65 in 1991–1994 to
1.65 in 2007–2011 and the concentration index from 0.27 (0.25–0.29) to 0.15 (0.14–0.16). For
institutional delivery, the rich:poor ratio reduced from 15.80 to 6.77 and the concentration
index from 0.65 (0.60–0.71) to 0.39 (0.37–0.41) between 1991–1994 and 2007–2011. For C-sec-
tion deliveries, the rich:poor ratio reduced from 18.17 to 13.39 and the concentration index
from 0.66 (0.57–0.75) to 0.47 (0.45–0.49) between periods 1995–1998 and 2007–2011 respec-
tively. However, when measured in terms of rich:poor differences (in percent points), there
was an equity-gain for the use of ANC services over time but not for facility delivery or C-
section delivery (Figs. 4–5).

Table 2 shows that the yearly increase of facility delivery and C-section delivery rate was
higher among the poorest mothers than their richest counterparts although the difference was
not statistically significant. For C-section delivery, the yearly increase rate was significantly
higher among middle class women than women from other economic groups (Table 2). For
ANC services, the yearly increase of use was highest amongst higher socioeconomic
group mothers.

Use-inequality was present by area of residence as well: women from urban areas were more
likely to receive ANC (OR 1.71; 95% CI: 1.60–1.84), have institutional delivery (OR 2.13; 95%
CI 1.88–2.42) and to deliver by C-section (OR 1.52; 95% CI: 1.08–2.15). It is important to note
that the yearly trend for the use of ANC services was 9.4% (95% CI 8.9%-9.9%) in rural areas
compared to 6.3% (95% CI 5.0%-7.6%) in urban areas. The yearly increase in facility delivery
rate was 14.1% (95% CI 13.1%-15.1%) in rural areas compared to 8.3% (95% CI 7.0%-9.7%) in
urban areas; and for C-section delivery, the adjusted yearly increase was 23.2% (95% CI 21.0%-
25.5%) in rural areas and 13.9% (95% CI 11.7%-16.3%) in urban areas (Table 2). Data suggests
urban-rural differentials in use of maternal health care services are reducing over time.

Socio-demographic determinants of use of maternity care services
In unadjusted analysis, all socio-demographic variables were significant predictors of use of
ANC, institutional delivery and C-section delivery (Table 3). Utilization varied significantly by
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Table 3. Determinants of antenatal care, institutional delivery and c-section in Bangladesh (1991–2011).

Antenatal care Institutional delivery Cesarean section

(N = 32,619) (N = 38,438) (N = 28,468)

%
use

Univariate Multivariate %
use

Univariate Multivariate %
use

Univariate Multivariate
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Year groups

1991–1994 27.2% 1 1 4.1% 1 1.00

1995–1998 34.9% 2.55 (2.38–2.72) 2.67 (2.41–2.96) 8.1% 1.87 (1.62–2.15) 1.76 (1.47–2.11) 2.6% 1 1

1999–2002 52.8% 4.66 (4.35–4.99) 4.70 (4.18–5.28) 11.3% 2.47 (2.15–2.83) 2.13 (1.77–2.56) 4.1% 1.55 (1.24–1.94) 1.52 (1.17–1.96)

2003–2006 61.1% 5.09 (4.75–5.47) 4.44 (3.93–5.01) 16.7% 3.93 (3.45–4.48) 3.04 (2.53–3.65) 7.8% 3.30 (2.69–4.05) 2.83 (2.22–3.61)

2007–2011 67.4% 6.43 (6.01–6.89) 5.16 (4.58–5.80) 27.7% 7.86 (6.95–8.88) 6.11 (5.10–7.32) 15.2% 7.64 (6.3–9.27) 6.37 (5.01–8.08)

Asset quintile

Poorest 31.4% 1 1 4.0% 1 1.00 1.2% 1 1

Poor 34.6% 1.21 (1.14–1.29) 1.05 (.99–1.26) 4.1% 1.45 (1.26–1.68) 1.13 (0.94–1.35) 1.8% 1.92 (1.47–2.49) 1.54 (1.11–2.16)

Middle 40.4% 1.45 (1.36–1.54) 1.16 (1.08–1.24) 7.0% 2.26 (1.97–2.58) 1.37 (1.15–1.63) 3.3% 3.57 (2.79–4.58) 1.93 (1.42–2.63)

Richer 53.9% 2.08 (1.95–2.22) 1.38 (1.28–1.48) 13.7% 4.43 (3.9–5.03) 1.98 (1.67–2.35) 6.8% 7.26 (5.74–9.19) 2.87 (2.13–3.87)

Richest 80.2% 4.99 (4.64–5.36) 2.42 (2.20–2.66) 39.6% 13.98 (12.40–
15.77)

3.74 (3.10–4.50) 22.3% 23.54 (18.80–
29.47)

5.80 (4.24–7.93)

Maternal education

No education 26.7% 1 1 3.1% 1 1.00 1.2% 1 1

Primary 45.9% 1.97 (1.87–2.07) 1.43 (1.1.35–
1.51)

8.8% 2.73 (2.44–3.06) 1.48 (1.27–1.73) 3.6% 2.81 (2.27–3.48) 1.39 (1.05–1.83)

Secondary 72.3% 4.50 (4.73–5.28) 2.41 (2.24–2.64) 25.1% 9.11 (8.23–10.09) 2.24 (1.91–2.64) 12.8% 10.72 (8.85–12.99) 2.15 (1.64–2.80)

Higher 95.7% 33.14 (26.59–
41.30)

9.68 (7.58–12.34) 65.9% 48.31 (42.34–
55.12)

4.83 (3.84–6.06) 41.1% 47.99 (38.98–
59.08)

3.49 (2.51–4.85)

Paternal education

No education 31.5% 1 1 4.5% 1 1.00 1.8% 1 1

Primary 46.5% 1.57 (1.49–1.65) 1.09 (1.03–1.15) 9.2% 2.04 (1.84–2.26) 1.08 (0.94–1.24) 4.2% 2.41 (2.02–2.88) 1.19 (0.93–1.51)

Secondary 63.3% 2.75 (2.61–2.91) 1.33 (1.25–1.43) 20.2% 4.86 (4.42–5.33) 1.45 (1.27–2.67) 11.2% 6.36 (5.41–7.48) 1.69 (1.34–2.13)

Higher 83.7% 6.85 (6.25–7.52) 1.63 (1.45–1.84) 47.8% 16.89 (14.89–
18.20)

2.30 (1.94–2.73) 30.2% 21.03 (17.85–
24.78)

2.62 (2.01–3.43)

Age group of the mother

10–19 50.2% 1 1 13.0% 1 1.00 6.0% 1 1

20–29 51.1% 1.13 (1.07–1.19) 1.25 (1.18–1.39) 14.8% 1.13 (1.03–1.23) 1.24 (1.09–1.40) 8.5% 1.44 (1.25–1.66) 1.66 (1.37–2.00)

30–39 43.7% 0.8 (0.75–0.86) 1.26 (1.34–1.68) 14.0% 1.00 (0.90–1.11) 2.09 (1.73–2.54) 9.1% 1.41 (1.21–1.66) 3.44 (2.60–4.56)

�40 30.4% 0.44 (0.38–0.50) 0.92 (0.78–1.07) 6.2% 0.44 (0.34–0.58) 2.12 (1.46–3.08) 3.7% 0.56 (0.37–0.84) 3.99 (2.15–7.39)

Birth order

1 63.7% 1 1 25.0% 1 1.00 15.3% 1 1

2 53.5% 0.96 (0.91–1.02) 0.95 (0.89–1.01) 17.0% 0.61 (0.56–0.65) 0.63 (0.57–0.70) 9.8% 0.58 (0.52–0.64) 0.57 (0.49–0.66)

3 46.3% 0.77 (0.72–0.82) 0.77 (0.72–0.83) 11.3% 0.37 (0.34–0.41) 0.47 (0.40–0.54) 5.6% 0.33 (0.29–0.38) 0.36 (0.29–0.46)

4 38.2% 0.60 (0.56–0.65) 0.63 (0.59–0.69) 6.4% 0.21 (0.19–0.24) 0.34 (0.28–0.42) 2.8% 0.18 (0.14–0.22) 0.25 (0.18–0.35)

5 33.6% 0.51 (0.47–0.56) 0.57 (0.51–0.63) 4.9% 0.14 (0.11–0.17) 0.26 (0.19–0.34) 1.3% 0.06 (0.04–0.09) 0.10 (0.06–0.16)

6 and above 26.5% 0.35 (0.33–0.38) 0.41 (0.37–0.46) 3.1% 0.08 (0.07–0.10) 0.20 (0.15–0.28) 1.6% 0.05 (0.03–0.07) 0.1 (0.05–0.20)

Religion

Islam 48.0% 1 1 13.3% 1 1.00 7.9% 1 1

Hindu and
others

55.0% 1.14 (1.06–1.22) 1.10 (1.01–1.19) 21.2% 1.70 (1.55–1.86) 1.73 (1.48–2.02) 10.6% 1.43 (1.24–1.64) 1.28 (1.02–1.61)

Division

Barisal 50.8% 1 1 8.3% 1 1.00 4.4% 1 1

Chittagong 53.9% 1.13 (1.03–1.24) 1.09 (0.99–1.13) 9.9% 1.23 (1.04–1.44) 1.03 (0.83–1.27) 6.0% 1.39 (1.08–1.79) 1.15 (0.88–1.51)

(Continued)
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asset quintile, parental education, and religion, area of residence, division, and age-group and
parity of mothers. Consistent with the unadjusted analysis, in multivariable analysis, when the
effects of covariates were controlled statistically using binary logistic regression model in SPSS
20, all socio-demographic factors remained significant predictors of use of ANC, institutional
delivery and C-section delivery. Among socio-demographic variables, maternal education was
the most powerful predictor for all three outcome (use) variables. Compared to mothers with-
out any education, mothers with higher education were about ten times more likely (OR: 9.68;
95% CI: 7.58–12.34) to use antenatal care, five times more likely (OR: 4.83; 95% CI: 3.84–6.06)
to deliver at the facility, and almost 3.5 times more likely (OR: 3.49; 95% CI: 2.51–4.85) to de-
liver their babies by C-section (Table 3). Asset quintile was the second most powerful predictor
for institutional delivery and C-section delivery and third most powerful predictor for use of
ANC services.

Table 3. (Continued)

Antenatal care Institutional delivery Cesarean section

(N = 32,619) (N = 38,438) (N = 28,468)

%
use

Univariate Multivariate %
use

Univariate Multivariate %
use

Univariate Multivariate
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Dhaka 54.6% 1.17 (1.07–1.27) 1.07 (0.8–1.24) 14.4% 1.87 (1.60–2.18) 1.44 (1.18–1.75) 9.3% 2.25 (1.77–2.86) 1.78 (1.36–2.33)

Khulna 58.3% 1.35 (1.22–1.5) 1.2 (1.07–1.35) 19.3% 2.65 (2.24–3.13) 2.23 (1.81–2.76) 10.6% 2.57 (1.98–3.34) 1.92 (1.46–2.52)

Rajshahi 53.5% 1.11 (1.02–1.22) 1.29 (1.17–1.44) 10.2% 1.27 (1.07–1.49) 1.53 (1.24–1.88) 5.3% 1.23 (0.95–1.59) 1.43 (1.08–1.89)

Sylhet 60.5% 1.48 (1.33–1.65) 1.45 (1.28–1.63) 11.5% 1.44 (1.20–1.73) 1.43 (1.15–1.79) 5.3% 1.22 (0.91–1.62) 1.31 (0.97–1.75)

Rangpur 62.9 2.64 (1.38–1.95) 0.996 (0.82–1.21) 19.2% 2.63 (2.07–3.35) 1.34 (0.98–1.82) 11.1% 2.73 (1.96–3.81) 1.52 (1.08–2.15)

Area of residence

Rural 40.6% 1 1 8.2% 1 1.00 5.0% 1 1

Urban 72.0% 3.18 (2.99–3.37) 1.71 ((1.60–1.84) 31.0% 5.02 (4.70–5.35) 2.13 (1.88–2.42) 15.5% 3.69 (3.37–4.05) 1.52 (1.08–2.15)

doi:10.1371/journal.pone.0120309.t003

Fig 2. Distribution of place of delivery over time.

doi:10.1371/journal.pone.0120309.g002
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In bivariate analysis, the use of maternity care services was found to decrease with increasing
age. While in multivariate analysis, the use of maternity care services was found to increase
with increasing age. Birth order showed a consistent negative association with the use of mater-
nity care services. The odds for use of all maternity care services decreased with increasing
birth order (Table 3). Religion was the weakest (but significant) predictor for use of ANC ser-
vices, institutional delivery and delivery by C-section. Mothers from religious minority groups
were 10%, 70% and 28% more likely to use ANC services, facility delivery and c-section deliv-
ery respectively than their Muslim counterparts.

Data suggests significant regional variation in the use of maternity care services with poorer
performance in Sylhet, Barisal and Chittagong divisions and better in Khulna, Dhaka and
Rangpur divisions (Table 3).

Fig 3. Inequity in use of antenatal care over time.

doi:10.1371/journal.pone.0120309.g003

Fig 4. Inequity in use of facility delivery over time.

doi:10.1371/journal.pone.0120309.g004
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Discussion
The study aimed to explore the trends, inequities and other socio-demographic determinants
of the use of maternity care services in Bangladesh between 1991 and 2011. Findings showed
that substantial progress has been made, both in increased use and reduced use-inequity in ma-
ternal health over the last twenty years. However, gain in access to institutional delivery has
been slow and attributed mainly to the for-profit private sector in health. The rising C-section
rate is alarming, particularly among urban, wealthy and educated women. Regional variation
in access to maternal health care services is evident. Maternal education is the most powerful
predictor of use among all socio-demographic factors examined. The social determinants of
health have also improved considerably over the last two decades in Bangladesh, particularly
female education. Results indicated that educational gain was greater for women than their
husbands. Demographic transition is also apparent in a substantial shift downwards in terms
of parity distribution although the rate of teenage pregnancy remains high.

There has been a significant increase in the use of ANC services, institutional delivery and
C-section delivery rates in Bangladesh during the last two decades. However, the rate of in-
crease was higher for C-sections than for institutional deliveries or any ANC uptake. The insti-
tutional delivery rate increased from 4.3% during 1991–1994 to 33.9% in 2007–2011. With the
current rate of increase, it will be difficult for Bangladesh to achieve its national target of 50%
institutional delivery by 2015. The increase in institutional delivery is mainly attributed to the
for-profit private sector facilities due to a complex of factors including demand, convenience
and revenue. A similar situation exists in neighboring India where some states are expected to
achieve high institutional delivery proportions with two third of all births occurring in the pri-
vate sector by 2020 [21]. Over the past two decades, there has been a rapid increase in promi-
nence of the private sector in health in Bangladesh [22], including maternal healthcare services
[7]. The literature suggests that users consider private services to be of better quality than

Fig 5. Inequity in use of C-Section over time.

doi:10.1371/journal.pone.0120309.g005
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services from public facilities as they are more responsive, have shorter waiting times, and en-
sure greater confidentiality [23]. However, private sector providers is unregulated and there are
concerns about the quality of care given and the associated costs involved. Users are poorly in-
formed of their health care needs and unable to judge many aspects of quality and cost; thus
many are vulnerable to poor quality services and over-charging. Given the importance and
rapid expansion of the private sector, there is an urgent need to better understand their motiva-
tions and care practices, to engage them more productively in the health system and to amelio-
rate growing use-inequities for better health outcomes.

The rapid increase in population based C-section rate is obvious and is a growing concern.
WHO/UNICEF recommend a population based C-section rate between 5% and 15% [24]. In
2011, the all cause C-section rate was 19.8% in Bangladesh, considerably higher than global rec-
ommendation. The rate of C-section is significantly higher among women with greater educa-
tion, women from urban areas and from the richest quintile households. On the contrary, the
rate is lower than the minimum recommended level of 5% among women from the poorest
quintile households and among women with no education. This raises the question of whether
these costly and life-saving surgeries are being conducted for women who really need them.
Both increased demand and supply are likely responsible for this situation. Recent data from
multiple settings suggest that rich and educated women may prefer caesarean section to vaginal
delivery because they believe it to be safer [25, 26]. Supply side factors might have been playing
role as quick C-sections interfere less with the workload or leisure time of the service providers.
Excessive C-sections could also be due to perverse incentive mechanisms attached to the proce-
dure. In addition, global data suggests that increased availability of resources from innovative
health financing strategies [27] have contributed to increasing C-section rates in different set-
tings [28, 29]. The ongoing demand side financing (DSF) maternal health voucher scheme in
Bangladesh might have some role in the increasing population based C-section rates [11].
However, DSF is only available in 53 rural sub-districts out of the total 490 sub-districts. Thus,
their contribution in increasing C-section rates, if any, should be minimal. Experts have cau-
tioned that “C-sections, unless strictly indicated, may be harmful to the health of mothers and
their newborn babies” [30]. In this regard, there is a need to monitor the indication of C-
sections in both public and private facilities as suggested by Stanton et.al [26]. Advocacy to key
medical and public health professionals is also required.

Exploring use-inequity was a key objective of the study. Our analysis indicates significant
use-inequity for all three maternal health process indicators by asset quintile, parental educa-
tion and area of residence. However, inequity was higher for higher level emergency obstetric
care services (C-section) than lower-level preventive services (such as use of ANC and institu-
tional delivery). Bangladesh data suggests improvement in access-equity for ANC services, in-
stitutional delivery and C-section deliveries over time in terms of rich: poor ratio and
concentration indices. However, when using measures of absolute difference between richest
and poorest, there was an equity gain for ANC services over time but not for institutional deliv-
ery or population based caesarean section rates. This suggests that it is important to decide
which measures health systems managers should apply on a day-to-day basis to monitor access
inequity. The literature suggests that concentration indices and curves are better measures as
they take into account all socio-economic groups in the calculation. Other measures such as
rich:poor ratio or rich:poor difference, take into account only the richest and poorest quintile
mothers in the calculations. Global data suggests that service coverage and use-inequity are in-
terrelated. In settings where service coverage is high, the use-inequity in general remains low,
as services are accessible by the majority of the population, regardless of socio-economic
group. Similarly, generalized low coverage may also result in low inequity as the majority of the
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population groups have the same low level of use [31]. Therefore, when interpreting equity
analysis findings, it is important to take into account the overall coverage.

In Bangladesh, a number of pro-poor health and non-health interventions are being run by
the government, NGOs and development partners to improve social determinants of health.
The important ones are the DSF maternal health voucher program in the health sector [11] as
has been mentioned earlier and the food for education program for poor female students in the
education sector. Microcredit programs have contributed to relatively better access gain to es-
sential health care services by the poor. Our findings support the view expressed in the Lancet
Bangladesh series that socio structural factors have contributed in improvements in health in-
dicator status and equity [32, 33]. However, recent literature suggests that there are certain po-
tential challenges in the health sector in Bangladesh, such as poor and ineffective governance,
weak regulatory framework and lack of trained human resources particularly in remote, rural
and hard to reach areas [34].

Despite these challenges, the country has reduced its MMR over the last two decades and
this reduction took place with little improvement in facility delivery or skilled attendance rates.
During 2013, WHO reported an MMR of 170 deaths per 100,000 live-births in Bangladesh and
an MMR of 190 deaths per 100,000 live-births in Indonesia [35] despite much higher rates of
institutional delivery in Indonesia than Bangladesh. This raises question about the validity of
facility delivery rate (or skilled attendance rate) as a proxy for MMR. Anecdotal data suggests
that although Bangladeshi women prefer to deliver at home, they have a contingency plan to
visit emergency obstetric care facilities if complications arise and can overcome access-barriers
through social networks [36]. Our data is in accordance with this view. Recent improvements
in social determinants of health, mobile and road transport communication, along with the es-
tablishment of many private sector hospitals throughout the country, have contributed to im-
proved access to comprehensive emergency obstetric care (CEmOC) services. Bangladesh data
supports the view expressed by others that those who conduct deliveries is important, but more
important is whether women can access emergency live-saving obstetric care services when
and if complication arises [37].

Our analysis indicates that all socio-demographic factors examined are significant predic-
tors for the use of maternity care services. However, their strength of association with outcome
variables varied. Among all socio-demographic factors, maternal education emerged as the
number one predictor of use of maternity care services. Studies in other settings have also ex-
plored the influence of maternal education on the use of maternity care services [30]. Experts
have opined that in low-income settings more emphasis should be given to female education
than other social determinants of health [33]. The effect of demographic variables on the use of
services is also significant. In bivariate analysis, it appears that the utilization rate decreases
with increasing age. This is an artifact due to confounding effect of parity; when parity remains
constant, the probability of use of maternity care services increases with increasing age.

The study has certain limitations. First, recall period varied in the six BDHS surveys; during
the 1993–1994 survey, the recall period was 3 years while in other surveys it was 5 years. We
argue that the disadvantage of different recall periods would be offset by the gain in power ob-
tained by aggregating all available data. Second, with rapid urbanization that is occurring in
Bangladesh, there is a change in the definition of urban and rural areas over time. As a conse-
quence, some areas which were classified as rural in the earlier BDHSs were considered urban
in the more recent BDHSs, and this may introduce some error in urban-rural calculations.
Rangpur is a new division created from the Rajshahi division in 2010 and this information is
available only in the 2011 BDHS. In earlier surveys, mothers from the Rangpur area were
shown as mothers from the Rajshahi division.
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Conclusion
In order to end preventable maternal mortality, it is essential to strengthen universal health cov-
erage and access-equity in maternal health. Ongoing pro-poor health and non-health interven-
tions should be strengthened, and more innovative health financing strategies should be tested
under the newly formulated ‘Expanding Social Protection for Health Towards Universal Cover-
age: Health Care Financing Strategy 2012–2032’ [38]. Routine monitoring of use-inequity in
maternal health using multiple indicators deserves special attention. There is also a need to de-
velop a routine system to monitor indication of C-sections in both public and private sector
health facilities to rationalize its use in improving maternal health outcomes and in reducing
health systems’ costs.
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