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Spatial distribution of caesarean deliveries and their
determinants in Bangladesh: evidence from linked data of
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Summary

Background Health facility-level factors play a crucial role in women’s access to and use of caesarean section (CS)
services, but lacks relevant evidence. The study aimed to understand the effects of health facility-level factors on
CS delivery in Bangladesh.

Methods The 2017-18 Bangladesh Demographic and Health Survey (2017-18 BDHS) and the 2017 Bangladesh
Health Facility Survey (2017 BHFS) were linked and analysed in this study. The sample comprised of 4954 women
gave at least one live birth within three years preceding the survey. The outcome variable was delivery through CS
(ves, no) and the explanatory variables were health facility-level, individual-level, household-level, and community-
level factors. Moran’s I and Getis-Ord General G statistic were used to identify the hotspots of delivery through
CS. Mixed-effect multilevel logistic regression was used to examine the association of the outcome variable with
explanatory variables.

Findings Around 33% of women in Bangladesh underwent CS in their most recent pregnancies. The hotspots of
delivery through CS are located primarily in Rajshahi, Dhaka, and Khulna divisions. The likelihood of delivered
through CS increased with the rising scores of the management (Adjusted Odds Ratio (AOR), 1.83; 95% CI
1.04-2.07) and infrastructure (AOR, 3.14; 95% CI 1.40-5.12) of the nearest health facility. The readiness of health
facilities to provide comprehensive obstetric care was significantly associated with an increased likelihood of delivery
through CS (AOR, 2.18; 95% CI 1.15-3.28). These relationships were strong for private than non-government and
government health facilities.

Interpretation The proximity of comprehensive obstetric care facilities to women’s residences and their readiness to
provide services play critical roles in the access to and use of CS in Bangladesh. The findings highlight the importance
of necessary healthcare personnel, including midwives, availability of government hospitals where undue CS are
avoided, and awareness-building programmes about the adverse effects of CS delivery.
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Introduction many settings,” the World Health Organization suggests
Caesarean section (CS) is usually performed to manage it should be between 10 and 15%.** Globally, the preva-
emergency obstetric complications and ensure the best ~ lence of delivery through CS, including medically avoid-
possible health outcomes for mothers and newborns.' able CS, has started to increase by several folds since the
Although the optimal rate of CS remains unknown in ~ mid-1980s and continues to climb.’ The number of
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Research in context

Evidence before this study

Available research in Bangladesh and other low-income and
middle-income countries (LMICs) have focused mainly on
population-level factors associated with caesarean section
(CS) delivery, such as women's age, education, occupation,
husband’s education, occupation, number of children ever
born, wealth quintile, places of residence and place of region.
Evidence suggests that facility-level factors play a crucial role
in determining the prevalence of CS delivery. However, there
has been little high-quality and population-based evidence in
LMICs on the association between health facility-level factors
and CS delivery, and none from Bangladesh and other Asian
countries.

delivery through CS was 16 million in 2000 (12.1% of all
live births) and within twenty years, it rose to 29.7 million
(21.1% of all live births in 2021). A further challenge is
inequities in the availability of and accessibility to CS
across the countries.® The delivery rates via CS are
alarmingly high in many low-income and middle-income
countries (LMICs), including Latin America and the
Caribbean (42.8%) and Eastern Asia (33.7%).* Although
the CS delivery rate is lower in many Sub-Saharan Afri-
can countries (9% or below),” the rates are significantly
different in urban and rural areas. For example, the
findings of a spatial analysis conducted in Ethiopia show
that the delivery through CS rate is more than 20% in
urban Ethiopia and less than 5% in rural and regional
Ethiopia,® indicating a double burden of CS—the unmet
need of CS coupled with its overuse.”* A massive rise of
unnecessary delivery through CS coupled with unavail-
ability to those for whom it is a medical necessity (triple
burden) has become a global public health concern.’

The higher rate of delivery through CS is associated
with maternal morbidity (severe postpartum complications
including infection or heavy bleeding) and mortality.” Ev-
idence suggests that the adverse outcomes associated with
CS births will continue to increase over the coming de-
cades, with the global average of CS climbing to 29% by
2030.° The outcomes would become even worse for some
regions, including Eastern Asia (63%), Latin America and
the Caribbean (54%), and Western Asia (50%).*

The percentage of delivery through CS in Bangladesh
was only 4% in 2004.° Like many LMICs, Bangladesh
observed a rapid surge in the CS birth rate and the per-
centage increased nearly eightfold within a decade.
Currently, Bangladesh has one of the highest rates of CS
delivery in the world (31% in 2016), equivalent to around
1.48 million CS births per annum." A significant propor-
tion of these CS deliveries (>65%) was unnecessary and
avoidable." A further 7.5% of women (n = 300,000), who
needed a CS, were deprived of accessing the service due to
associated higher expenses.' The average cost of delivery

Added value of this study

The current study provides an understanding of the
association between health facility-level factors and CS
delivery. Some of the health facility-level factors that are
found positively associated with CS delivery include improved
management, infrastructure, and healthcare facility readiness
for comprehensive obstetric care.

Implications of all the available evidence

The findings of this study and other available evidence
provide a picture of the current CS delivery and its
determinants in Bangladesh. The study also provides a strong
justification for ensuring proper accountability of the
healthcare providers who unnecessarily induce CS delivery.

through CS in Bangladesh is US$ 612, two times higher
than the average monthly income of the Bangladesh
population and many times higher than average income of
the low-earning groups.'' Between 2016 and 2018, the rate
of medically unnecessary CS climbed to 51%, an alarming
increase within a short period.! This growth rate and the
double burden of CS delivery are associated mainly with
poor regulations, particularly in the private sector, where
over 80% of the overall CS is performed.’

Increased delivery rate through CS is multifaceted and
interconnected”'? and health facilities play a major role.”
However, the extent to which the health facilities influ-
ence performing' CS remains unknown in Bangladesh
and many other LMICs due to a lack of evidence. Most
research studies conducted in LMICs, including
Bangladesh have focused mainly on population-level fac-
tors associated with CS delivery, such as women'’s age,
education, occupation, wealth quintile, and places of
residence.**** Although health facility-level factors play a
crucial role in determining the prevalence of CS births,"
these studies did not consider the health facility-level fac-
tors. Therefore, not considering health facility-level factors
in the previous studies might have overestimated or
underestimated the true effects sizes."” Moreover, evidence
of spatial variation to indicate areas where delivery through
CS is relatively high or low is rare in the context of
Bangladesh. As a result, it is often a challenge for policy-
makers in Bangladesh to develop effective policies and
programmes to rationalise the appropriate use of CS
delivery. This study aimed to determine the clusters of CS
use, and their locations and to identify the effects of health
facility-level factors on CS delivery in the context of
Bangladesh.

Methods

Study design

In this cross-sectional study, the population-level and
health facility-level data were extracted from the 2017-18
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Bangladesh Demographic and Health Survey (2017-18
BDHS) and the 2017 Bangladesh Health Facility Survey
(2017 BHFS), respectively. We merged both data using
their GPS (global positioning system) point locations
and administrative boundary linkage methods. Details
of this method can be found elsewhere,” and detailed
sampling procedures are available in the survey re-
ports.>** Briefly, both surveys were conducted as part of
the Demographic and Health Survey Program. The
National Institute of Population Research and Training
conducted these surveys at the field level, and the
Ministry of Health and Family Welfare (MOHFW) of
Bangladesh provided supervision.*

The 2017-18 BDHS collected a nationally represen-
tative sample using the multistage random sampling
methods. At the first stage of sampling, the survey
selected 675 Enumeration Areas (EAs, clusters) from the
list of 293,579 EAs used by the Bangladesh Bureau of
Statistics in the 2011 National Population Census. Of
these EAs, data collection was undertaken in 672 EAs.
Prior to data collection, a household listing operation
was conducted. This was then used to select a fixed
number of 30 households from each selected EAs
through probability proportional to the unit size. A total
of 20,160 households were selected, of which the data
collection was undertaken in 19,457, with over a 96%
inclusion rate. There were 20,376 eligible women aged
15-49 years, who were usual residents of or lived in
those households the night before the date of the survey.
Of those eligible women, data were collected from
20,127 women with a response rate of 98.8%.

The 2017 BHFS offers data on the availability of
health facilities and the range of services provided by
those facilities in Bangladesh.” The survey used a list of
19,811 registered health facilities generated by the
MOHFW. A shortlist of 1600 health facilities was
generated, of which 1524 health facilities were finally
included. The selection was made following the census
of the district health facilities (DHF), mother and child
welfare centres (MCWC) and stratified random sam-
pling of healthcare facilities run by the government
(health facility which is operated by the government and
accessible to all with no or a very few costs), private
(health facility which is operated by any person or
partnership or agency where the initial target is to make
a profit), and non-governmental (health facility which is
non-profit and operated by any voluntary citizen group
or international organization) organizations. The rea-
sons for using the census of the DHF (n = 62) and
MCWC (n = 91) were their limited number and vital role
in providing reproductive healthcare services, including
CS delivery.

Sample

We analysed data collected from 4954 women selected
from 672 EAs included in the BDHS 2017/18 (Fig. 1).
The criteria used for inclusion in this study were at least
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one live birth within three years preceding the survey
and response to the questions on delivery through CS.
Women who reported giving birth to multiple preg-
nancies were excluded from the analysis, as they were at
higher risk of facing pregnancy complications and
thereby resulting in CS deliveries.”*” We did not involve
patients or the public in our work.

Outcome variable

The outcome variable was delivery through CS. The
relevant data were collected by asking women “Was
(NAME of the most recent child they gave birth in the
preceding three years) delivered by caesarean, that is, did
they cut your belly open to take the baby?”. Responses were
coded as 1 for delivery through CS and 0 for not delivery
through CS.

Explanatory variables

The explanatory variables were selected based on a rapid
literature review of papers published in the LMICs
context. Online databases including PubMed, CINHAL,
Web of Science, Embase, and Google Scholar were
searched with the relevant keywords for the period
January 2000-July 2021. Of the factors identified from
the literature search, those were available in our dataset
were then classified as health facility-level, individual-
level, household-level, and community-level factors.

The health facility-level variables were general service
readiness (consisting of management and infrastructure
of health facilities), the availability and readiness to
provide comprehensive obstetric care, and the regional
level average on-road distance from women’s homes to
the nearest health facilities providing comprehensive
emergency obstetric care. The scores for the availability
of comprehensive obstetric care services at the health-
care facilittes were created using seven variables:
parenteral administration of antibiotics, parenteral
administration of uterotonic drugs, parenteral admin-
istration of anticonvulsants, assisted vaginal delivery,
manual removal of retained products, neonatal resusci-
tation, and blood transfusion. Comprehensive obstetric
care readiness scores were computed using nine
dichotomous variables, which were the following: staff
trained in delivery and newborn care; anaesthesia
equipment; resuscitation table or neonatal resuscitation
kit; oxygen; spinal needle; blood typing; crossmatch
testing; blood supply sufficiency, and caesarean section
set. The scores for these two indicators were generated
using the principal component analysis.”® Finally, the
availability and the readiness scores were used to mea-
sure the preparedness of facilities to provide compre-
hensive obstetric care services.

The average on-road distance was calculated in two
stages. In the first stage, women’s household clusters of
the nearest health facilities that provide comprehensive
emergency obstetric care were identified. In the second
stage, road communication system data in Bangladesh
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Total household enumeration areas in
2011 Bangladesh Census: 293,579

First stage: Probability proportional
to the enumeration areas was

A\

Total selected enumeration areas: 672

> considered with independent
selection in each sampling stratum

30 households per enumeration

v

20,160 households selected

!

19,457 households interviewed (99.4%
response rate)

20,376 women eligible for interview

20,127 eligible women were
interviewed (response rate, 99.4%)

!

5,051 women gave birth within three
years prior to the survey

area were selected with an equal
probability selection

97 women were excluded as they
did not report delivery methods or

y

4,954 women’s data were analysed in
this study

»| reported multiple pregnancies or
did not provide a response in items
about confounding factors.

Fig. 1: Sampling strategy of the 2017/18 BDHS and sample selection procedure.

were used and the average on-road distance was
computed separately for eight administrative divisions.
We used divisional distance instead of distance for each
woman’s household cluster from health facilities. This
means that not all nearest CS-providing health facilities
in a cluster were included because data for only a section
of CS-providing private healthcare facilities were avail-
able. However, BHFS included all government facilities
that provide CS services. The computation procedures
can be found elsewhere.”

The individual-level variables were: respondents’
age at last birth, educational attainment, employment
status, and the number of children ever given birth.
The household-level variables were: husbands’ educa-
tional attainment, occupation, and household wealth
quintile. We categorised husbands’ occupations based
on common jobs identified in previous studies in
Bangladesh.***" The BDHS generated the wealth
quintile variable using the principal component anal-
ysis of data on household assets. The detailed
computational procedure of this variable can be found
in the BDHS survey report* The community-level
factors variables were the place of residence and re-
gion of residence.

Statistical analysis

Descriptive statistics were used to summarise the
characteristics of the respondents. The global Moran’s I
statistic was used to assess the variation of delivery
through CS across divisions. The Getis-Ord General G
statistic was used to measure the degree of clustering of
delivery through CS. Multilevel logistic regression was
used to assess the associations of CS delivery with
health facility-level factors and adjusted for the
individual-level, household-level, and community-level
factors. We used multilevel regression because BDHS
data are hierarchically structured, individuals are nested
within households and households are nested within
clusters.”** The variables included in the multilevel
models were selected in two stages. We first ran uni-
variable regression and selected the independent vari-
ables that were significant at p < 0.20 level. In the second
stage, the multicollinearity of the selected variables was
checked before including them in the models. If evi-
dence of multicollinearity was found (if Variance Infla-
tion Factor (VIF) > 10), the relevant variable was deleted,
and the model was re-run. We followed the progressive
model building technique to develop four different
models. Model 1 was the null model where no covariate
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was adjusted. Model 2 was the health facility level
model, which was adjusted with the relevant variables at
the health facility level. Model 3 was the extension of
Model 2, in which individual- and household-level fac-
tors were included. Finally, Model 4 was adjusted for
health facility-level, individual-level, household-level,
and community-level variables. Results were reported
as Adjusted Odds Ratios (AOR) with 95% CI. The Intra-
Class Correlation (ICC), VIF, Akaike information crite-
rion (AIC) and Bayesian information criterion (BIC) for
each model were recorded and compared to indicate the
best model. The ICC was calculated by dividing the
between-clusters-variance of delivery through CS
(random intercept variance) with the total variance of
delivery through CS (sum of between-clusters-variance
and within-cluster (residual) variance of delivery
through CS). Statistical package R and ArcGIS version
10.6.1 (ESRI. ArcGIS Desktop: Release 10. Redlands,
CA: Environmental Systems Research Institute. 2011)
were used for all statistical analyses.

Ethical considerations

We analysed de-identified publicly available data from
two nationally representative surveys. Both the surveys
received ethical approvals from the Demographic and
Health Survey and the Government of Bangladesh. No
additional ethical approval was required to conduct this
study.

Role of the funding source
We did not receive any funding for this study.

Results

Socio-economic characteristics of the respondents
Table 1 presents the socio-demographic characteristics
of the study participants. Of the 4954 study participants,
71% were between 20 and 34 years old. Nearly half of
the participants had completed secondary education
(49%), and an additional 17% had completed higher
education. Nearly one-third had one to two children at
the time of performing CS operation. Around 73% of
women resided in rural areas and over 75% of women
had four years or more intervals between their two most
recent successive live births.

Distribution of delivery through CS across women'’s
socio-demographic characteristics

Over 33% of women underwent CS during their last
deliveries (Table 1). Most of the women were 20-34
years old (34.70%) and received higher education
(59.98%). Delivery through CS was higher among un-
employed women (38%) and those who had 1-2 chil-
dren at the time of CS delivery operation (38%). Higher
rates of delivery through CS was found among women
living in urban areas (44%) and resided in Dhaka (43%)
and Khulna (44%) divisions. The division-wise
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variations in CS use were significant (p < 0.001, results
not shown) (Supplementary Figure S1).

The division-wise distribution of healthcare facilities
included in the 2017 BHFS is presented in
Supplementary Table S1. The average score of
comprehensive obstetric care service availability for
health facilities was 77, higher for the private health
facilities (score = 86) than non-government health fa-
cilities (score = 76) and government health facilities
(score = 69) (results not shown in the table). The rate of
delivery through CS was significantly different across
government, private and non-government health facil-
ities (Fig. 2, p < 0.01, results not shown, Supplementary
Figure S2). Around two-thirds of women having facility-
based delivery were admitted to private health facilities,
and nearly 84% of them underwent CS. On the contrary,
around 36% of women who had been admitted to gov-
ernment health facilities underwent CS.

The spatial clustering of the delivery through
caesarean section in Bangladesh

We found statistically significant positive spatial auto-
correlation of delivery through CS in Bangladesh
(Global Moran’s I = 0.437, z = 69.586, p < 0.001). The
Getis-Ord General G statistics revealed the presence of
high clustering (z-score = 6.78, p < 0.001). The hot spots,
areas with a high-level of delivery through CS, were
mainly located in Dhaka, Rajshahi, and Khulna di-
visions (Fig. 3). The cold spots, areas with low-level of
delivery through CS, were located mainly in Rangpur,
Mymensingh, Sylhet, and Chattogram divisions.

Model selection

The associations of delivery through CS with health
facility-, individual-, household-, and community-level
factors were assessed using multilevel logistic regres-
sion models. We developed four different models with
different sets of confounders at the health facility-level,
individual-level, household-level, and community-level.
AIC, BIC, and ICC values of the models were
compared and the preferred model was the one that had
the smallest AIC, BIC, and ICC values (Table 2).
According to these markers, Model 4 (which included
health facility-, individual-, household-, and community-
level variables) fitted the data better than the other
models. The ICC value for the null model (Model 1)
suggested around 22% variation in CS delivery across the
clusters. However, this variation was reduced to only 5%
once health facility-, individual, household-, and
community-level factors were included in the final model.
Around 12% of this reduction occurred once health
facility-level factors were included in the null model.

Factors associated with caesarean section use in
Bangladesh

After adjusting for all factors in the final model, health
facility-level factors were identified as the most
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Overall*
% (95% Cl)

Delivered through caesarean section™
% (95% Cl)

Women's age at birth of the last child
<19 years
20-34 years
>35 years
Women'’s educational attainment
No formal education
Primary
Secondary
Higher
Women's employment status
Employed
Not employed
Husbands’ educational attainment
No formal education
Primary
Secondary
Higher
Husbands’ occupation
Agriculture worker
Physical worker
Services
Business
Other
Parity
1-2 children
>2 children

Intervals between the two most recent live births

<2 years
3-4 years
>4 years
Family types
Nuclear family
Joint family
Household wealth status
Poorest
Poorer
Middle
Richer
Richest
Place of residence
Urban
Rural
Region of residence
Barishal
Chattogram
Dhaka
Khulna
Mymensingh
Rajshahi
Rangpur
Sylhet

25.10 (23.74-26.52)
70.68 (69.21-72.11)
4.21 (3.66-4.85)

6.31 (5.48-7.25)
27.65 (25.87-29.50)
49.00 (47.18-50.83)
17.03 (15.57-18.61)

37.26 (35.13-39.45)
62.74 (60.55-64.87)

13.65 (12.26-15.17)
33.67 (31.96-35.42)
34.04 (32.29-35.73)
18.37 (16.89-19.95)

19.14 (17.54-20.85)
52.32 (50.42-54.21)
5.73 (4.99-6.56)
20.39 (18.96-21.90)
0.21 (0.11-0.42)

71.06 (69.47-72.61)
28.94 (27.39-30.53)

6.76 (5.99-7.62)
17.83 (16.65-19.07)
75.42 (73.97-76.81)

31.33 (29.66-33.05)
68.67 (66.95-70.34)

20.65 (18.61-22.84)
2053 (19.03-22.12)
19.18 (17.66-20.81)
20.15 (18.41-22.01)
19.48 (17.58-2154)
26.81 (25.13-28.55)
7319 (71.45-74.87)

5.71 (5.15-6.33)
21.13 (19.48-22.88)
25.60 (23.88-27.40)

9.20 (8.34-10.14)

8.54 (7.69-9.49)
11.63 (10.39-13.00)
10.59 (9.54-11.74)

7.60 (6.75-8.54)

Note: Overall sample: 4954, Caesarean section use sample: 1642, *Column percentage, “*Row percentage.

29.69 (26.75-32.80)
34.70 (32.51-36.96)
29.29 (23.18-36.24)

17.26 (12.88-22.74)
18.12 (15.70-20.82)
34.48 (32.11-36.94)
59.98 (56.08-63.76)
25.33 (22.89-27.94)
37.90 (35.53-40.33)

17.48 (14.34-21.15
22.38 (19.83-25.15
35.80 (32.92-38.79
60.62 (56.81-64.30

21.01 (17.83-24.58)
31.53 (29.19-33.95)
67.35 (61.10-73.03)
39.85 (36.32-43.49)
28.58 (7.34-66.91)

38.13 (36.01-40.28)
21.16 (18.65-23.91)

23.96 (19.14-29.56)
23.85 (20.54-27.50)
36.26 (34.16-38.41)

35.06 (32.21-38.03)
32.37 (30.21-34.61)

13.14 (10.77-15.94)
22.58 (19.51-25.98)
31.42 (27.94-35.13)
38.92 (35.37-42.59)
61.56 (57.98-65.02)

44.24 (41.15-47.39)
29.18 (26.88-31.58)

24.81 (20.19-29.96)
26.68 (22.51-31.31)
43.11 (38.52-47.81)
43.51 (38.17-49.00)
26.33 (22.16-30.96)
35.73 (30.47-41.36)
27.77 (22.49-33.75)
23.40 (18.68-28.90)

Table 1: Socio-demographic characteristics of the respondents.
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B Percentage of women admitted to healthcare facilities for delivery services
m Percentage of caesarean section delivery among the admitted women

m Percentage of normal delivery among the admitted women

90 83.79

70 64.03

56.08

43.92

Percentage

35.97

40
28.83

30

20

10

0

63.79
16.21

Government Health Facility Private Health Facility ~Non-government Health Facility

Fig. 2: Distribution of women from Bangladesh who underwent caesarean section across different types of health facilities.

* Cold Spot-95% Confidence
* Not statistically significant
* Hot Spot-95% Confidence

Expanded form of divisions' names:
Ran= Rangpur, Raj= Rajshahi, Khu= Khulna
Bar= Barishal, Dha= Dhaka, Mym= Mymensingh
Cha= Chattogram, Syl= Sylhet

Fig. 3: Spatial clustering of the delivery through caesarean section in Bangladesh.
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Characteristics Null model

Health facility-level

model, AOR (95% ClI)

Health facility-, individual-
and household-level model,
AOR (95% Cl)

Health facility-, individual-,

household-, and community-level

model, AOR (95% Cl)

General health service readiness
Health facility management system
Health facility infrastructure

Comprehensive obstetric care availability in health facility

Health facility readiness to provide comprehensive obstetric care

Average distance to the nearest health facility

Women's age
<19 (ref)

20-34
235

Women's educational attainment
No education (Ref)

Primary
Secondary
Higher

Women's employment status
Not employed (ref)

Employed

Husbands’ educational attainment
No formal education (ref)

Primary
Secondary
Higher

Husbands’ occupation status

Agricultural worker (ref)
Physical worker
Services

Business
Other

Total children ever born
1-2 (ref)
>2

Intervals between the two most recent live births
<2 years
3-4 years
>4 years

Family types
Nuclear (ref)

Joint

Household wealth status
Richest (ref)

Richer
Middle
Poorer
Poorest

Type of residential place
Urban (ref)

Rural

118 (0.98-1.36)
1.88 (1.08-2.18)**
3.17 (1.20-5.20)*
276 (2.14-318)**
0.84 (0.78-0.98)**

116 (0.96-1.40)
1.83 (1.05-2.08)**
313 (134-5.13)
224 (1.14-3.28)**
0.78 (0.44-0.98)**
1.00

1.44 (1.20-1.71)**
1.81 (1.20-2.73)**

1.00
0.95 (0.65-1.38)
1.42 (0.98-2.08)
212 (1.39-3.23)**

1.00
0.74 (0.63-0.86)**

1.00
1.07 (0.82-1.39)
132 (1.01-1.74)*
2.04 (1.47-2.83)**

1.00
1.09 (0.88-1.35)
152 (1.05-2.21)
112 (0.88-1.43)
0.53 (0.09-3.28)

1.00
0.64 (0.53-0.79)**

1.00
111 (0.78-1.56)
1.67 (1.23-2.27)**

1.00
0.90 (0.77-1.05)

2.37 (1.88-2.99)**
1.12 (0.90-1.39)
1.00

0.76 (0.60-0.95)**
0.48 (0.37-0.63)**

1.13 (0.91-1.42)
1.83 (1.04-2.07)**
3.14 (1.40-5.12)*
2.18 (1.15-3.28)**
0.72 (0.42-0.94)**

1.00
1.44 (1.21-1.72)**
175 (1.16-2.64)**

1.00
0.94 (0.65-1.38)
1.40 (0.96-2.05)
2.11 (1.38-3.22)**

1.00
0.69 (0.58-0.80)**

1.00
1.08 (0.83-1.41)
1.35 (1.03-1.77)*
1.98 (1.42-2.75)**

1.00

1.13 (0.91-1.39)
1.59 (1.10-2.30)
1.17 (0.92-1.49)
0.57 (0.09-3.49)

1.00
0.67 (0.56-0.82)**

1.00
110 (0.78-1.55)
1.57 (1.15-2.14)*

1.00
0.94 (0.80-1.10)

1.00
2.43 (1.90-3.11)**
1.13 (0.91-1.41)

0.75 (0.60-0.95)**
0.49 (0.38-0.64)**

1.00
1.00 (0.83-1.21)

(Table 2 continues on next page)

www.thelancet.com Vol 14 July, 2023



www.thelancet.com/digital-health

Articles

Characteristics Null model Health facility-level

model, AOR (95% ClI)

Health facility-, individual-
and household-level model,
AOR (95% Cl)

Health facility-, individual-,
household-, and community-level
model, AOR (95% ClI)

(Continued from previous page)

Region of residence

Barishal (ref) 1.00

Chattogram 0.75 (0.54-1.05)
Dhaka 1.40 (1.01-1.95)*
Khulna 1.93 (1.37-2.72)**
Mymensingh 1.19 (0.84-1.69)
Rajshahi 1.64 (1.16-2.32)**
Rangpur 1.35 (0.95-1.91)
Sylhet 0.86 (0.60-1.22)

Random effects (Measures of variation for short birth interval)

Community level variance (SE) 0.91 (0.11)**  0.59 (0.06)** 0.51 (0.07)** 0.42 (0.06)**

ICC 0.216 0.095 0.073 0.050
PCV Reference 35.16% 43.95% 53.85%
Median odds ratio 2.48 1.75 1.63 1.44
Model fit statistics
AlC 6126.08 5244.86 5208.38 4436.93
BIC 6139.11 5394.19 5409.66 4564.98

Note: Model 1 is the null model, a baseline model without any determinant variables. Model 2 is adjusted for health facility-level factors. Model 3 is adjusted for health facility-, individual- and household-
level factors. Model 4 is adjusted for health facility-, individual-, household- and community-level factors. AIC: Akaike's Information Criteria, BIC: Bayesian Information Criteria, PCV: Percentage Change in
Variance. “*p < 0.01, *p < 0.05.

Table 2: Multilevel logistic regression models assessing the relationship of delivery through caesarean section with health facility-, individual-, household-, and community-level

factors (N = 4954).

important predictors of delivery through CS (Table 2).
Likelihoods of delivery through CS increased with the
increasing scores in health facility infrastructure (AOR,
1.83, 95% CI, 1.04-2.07), availability of emergency ob-
stetric care in the health facility (AOR, 3.14, 95% CI,
1.40-5.12), and readiness to provide such services
(AOR, 2.18, 95% CI, 1.15-3.28). At the participants’
level, women’s increasing age, higher educational
attainment, more than four-year intervals between the
two most recent successive pregnancies, and husbands’
secondary or higher educational attainment were asso-
ciated with the higher likelihoods of delivery through
CS. Women’s engagement to formal work (compared to
the unemployed women) and having more than two
children (compared to 1-2 children) were protectively
associated with delivery through CS. The likelihoods of
delivery through CS were lower among women of
poorer and poorest household wealth quintiles than
women of middle-wealth quintiles. On the contrary, the
likelihood of delivery through CS was higher among
women in the richer-wealth quintile.

In addition to the overall effects of health facility-level
factors, their differences were further explored across
types of health facilities: government, private, and non-
government (Table 3). We found the effects of health
facility-level factors on delivery through CS were
different across the types of health facilities. For every
unit increase in scores of managements of the nearest
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health facility, likelihoods of delivery through CS among
women increased approximately 2.56 times (95% CI,
1.88-4.20) and 1.13 times (95% CI, 1.01-1.64) in private
health facilities and non-government health facilities,
respectively. Similarly, for every unit increase in infra-
structure score of the nearest health facility, the AORs of
delivery through CS among women increase up to 1.94
times, with the highest effect for private health facilities.
The higher the score of the availability of comprehensive
obstetric care services in the nearest private health
facilities, the greater the likelihood of (AOR, 3.19; 95%
CI, 1.45-4.13) increased delivery through CS among
women. The corresponding AORs were 1.21 (95% CI,
1.02-3.25) and 1.27 (95% CI, 1.03-1.63) for the avail-
ability scores in governmental and non-governmental
health facilities, respectively. Women accessing private
health facilities that have better readiness to provide
comprehensive obstetric care were 3.06 times (95% CI,
1.34-4.13) more likely to perform delivery through CS.
For the government and non-governmental health
facilities, the corresponding AORs were 1.38 (95% CI,
1.13-1.98) and 2.06 (95% CI, 1.14-3.26), respectively.

Discussion

Our findings suggest that over 33% of women in
Bangladesh underwent CS with a considerable regional
variation. The hotspots of CS delivery were primarily
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Health facility characteristics

Caesarean section use, AOR (95% Cl)

Government health facility

Private health facility Non-government health facility

Note: All three models were adjusted for women’s age, educational attainment, employment status, number of children ever given birth, intervals between the most recent two births, family types,
household wealth quintile, place of residence and administrative region, husbands’ educational attainment, and occupation. **p < 0.01, *p < 0.05.

Health facility management system (

Health facility infrastructure 1.42 (1.02-1.84)*
Comprehensive obstetric care availability in health facility (
Health facility readiness to provide comprehensive obstetric care (

General health service readiness

1.06 (0.80-1.98)

1.21 (1.02-3.25)*
138 (1.13-1.98)**

2.56 (1.88-4.20)**

( 113 (1.01-1.64)**
1.94 (1.07-2.24)**

(

(

1.80 (1.03-2.13)**
1.27 (1.03-1.63)
2.06 (1.14-3.26)**

o

3.19 (1.45-4.13)**
3.06 (1.34-4.13)**

Table 3: Multilevel logistics regression assessing the relationship of delivery through caesarean section and characteristics of the health facilities.

10

located in urban areas of Dhaka, Khulna, and Rajshahi
divisions. In contrast, cold spots were located in parts of
Chattogram, Barishal, and Sylhet divisions. The likeli-
hood of women undergoing CS significantly increased
with the increased scores of the nearest health facilities
in terms of management, infrastructure, availability and
readiness to deliver comprehensive obstetric care. To
ensure the robustness of our study findings, we adjusted
for a range of potential confounders and used advanced
statistical modelling. Also, to our knowledge, analysis of
linked data of the health facility survey and the
population-level survey to examine clusters of CS use in
the context of LMICs is scarce.

Previous studies in Bangladesh that used the data
collected in 2016 or earlier reported a lower national rate
of CS delivery (<24%) than our observed rate (33%).'"'!*
However, these percentages were higher than the rec-
ommended CS delivery rate (5-15%).* It is concerning
that the CS delivery rates in some divisions were even
higher than the national average. According to a Save
the Children Bangladesh report, there was a 51% in-
crease in CS delivery between 2016 and 2017, indicating
a rapid rise.*** Another previous study reported CS de-
livery rate was as high as 50% among women who
delivered their most recent babies in urban health fa-
cilities and the remaining 50% had homebirth, and a
significant percentage of the latter group could not ac-
cess CS services, although for some of them access to
CS services was deemed necessary."”” This malpractice is
difficult to overcome without the active cooperation of
the healthcare facilities, ethical use of such lifesaving
clinical procedures, and strict regulations against the
unnecessary use of CS.**

In Bangladesh, CS is available in all three types of
health facilities: governmental, private, and non-
governmental with a uniform guideline to perform CS
delivery when it is required for medical reasons."** Like
other studies, we found that CS delivery was higher in
urban settings and particularly in private health facil-
ities.** The reasons, as the literature suggests, are
manifold and include (i) proximity (located close to
communities), (ii) improved management and infra-
structure and (iii) readiness to provide comprehensive

obstetric care.*” Our findings confirm these multidi-
mensional factors regarding private facilities and are
consistent with the findings of a study conducted in
Ethiopia.® Private facilities are often blamed for ineffi-
cient quality control, poor ethical standards, and profit
motives.”” While profit motives and associated ethical
standards of private facilities are understandable, the
reasons for the poor quality of services remain unclear.
However, it is likely that their better infrastructures and
readiness for services together with strong profit mo-
tives led to the surge in CS delivery rate in urban areas
across the country.” In addition, around 36% of women
who were admitted to public health facilities reported to
have had CS deliveries. Such a relatively higher rate of
CS delivery in public facilities might be attributed to
complicated delivery referrals from private and non-
governmental facilities, as often public facilities are
the key referral centres to manage complicated delivery
cases.”*** Further research is needed to identify the
precise reasons for this.

Evidence suggests that the rapid increase in facility-
based CS delivery, particularly in LMICs like
Bangladesh, to a large extent, is associated with the
preference of health professionals and/or pregnant
women.**** Despite having no medical emergencies,
some health professionals are known to prefer per-
forming CS for their personal and organizational ben-
efits, such as financial incentives and organizational
profits. Other reasons for preferring CS include lack of
trained supporting staff (such as midwives), saving time
for other emergency cases, etc.”®'*'**% Government
healthcare facilities often have a shortage of trained
healthcare providers for obstetric care and/or the avail-
able healthcare providers are primarily engaged in
handling complicated cases that are referred from pri-
vate and non-governmental health facilities.”* Moreover,
skilled healthcare providers are mostly unavailable dur-
ing after-hours in the subdistrict- and union-level health
facilities.”® As a result, many women are referred to
district-level government hospitals or private hospitals
and where they ultimately receive CS. Excessive demand
for CS delivery services and crowdedness in district-level
government health facilities also influence admission to
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private health facilities where the rate of CS is relatively
high.' Therefore, strengthening the emergency obstetric
services at the government healthcare facilities and
making them more available at the community level are
likely to reduce unnecessary CS delivery services
induced by private facilities. Increasing the number of
midwives in health facilities may reduce unnecessary
CS delivery. Currently, there is a shortage of trained
midwives in Bangladesh, with only 1200 midwives
countrywide."" Furthermore, many pregnant women,
particularly urban-educated women, are sometimes
motivated by their health professionals to choose CS
delivery as the preferred method to avoid the pain of
normal delivery and the impact of vaginal delivery on
physical appearances and sexual functionality.**
Evidence-informed counselling services for pregnant
women on their birth preferences need to be imple-
mented to empower women to make informed de-
cisions regarding their childbirths.

The findings of our study indicates that both
population-level and health facility-level factors
contribute to the rise in CS delivery in Bangladesh. Like
other studies in LMICs, women of a relatively high age-
group (aged > 30) and who had longer birth intervals in
the most recent two live births were more likely to un-
dergo CS than others.** These characteristics were
associated with an increased risk of complications dur-
ing pregnancy and delivery, which might have motivated
some women to prefer CS delivery to normal vaginal
delivery.*# It is also reasonable that women who gave
few live births are more likely to use CS, as more than
two CS operations are not recommended due to the
additional risks involved.” Our findings also suggest
that having more years of formal education leads to a
greater likelihood of delivery through CS among
women. This observation is understandable, as educa-
tion is connected with a range of other factors that can
lead to using CS, including women’s agency for
decision-making and perceived safety.” Also, educated
women are more likely to be aware of their existing
medical conditions e.g., obesity, diabetes and hyper-
tension.” Our findings showed that women who were
employed in the formal sector were less likely to un-
dergo CS. However, it is difficult to justify the under-
lying reasons for this. Further research on women’s
perspectives in choosing CS over vaginal childbirth is
required to develop a better understanding in this
regard.

This study revealed the hotspots of delivery through
CS are mostly located in the Rajshahi, Khulna and
Dhaka divisions, where the rates of CS births are more
than 43%. Previous studies in Bangladesh also reported
similar rates in these three divisions.''”'® It is reason-
able to have a relatively higher rate of CS delivery in the
Dhaka division, the capital city, where delivery through
CS has always been high. One possible explanation for
the relatively higher rates of CS delivery in Rajshahi and
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Khulna is the availability of CS-providing healthcare
facilities in these locations. Further research is needed
to identify the significant factors that influence relatively
higher CS rates in those divisions.

This study has several strengths and limitations. To
our knowledge, this is the first study in the context of
Bangladesh and other LMICs that explored the hotspots
and cold spots of CS delivery and determined the effects
of health facility- and population-level factors.'*'754 A
comprehensive list of explanatory variables was consid-
ered in this study and these were selected carefully
through a literature review of the published papers and
included in the models through proper model-building
techniques. They were summarised in three broad
themes, ie. health (facility-level, community-level,
household-level and individual-level factors, as per the
socio-ecological model of health. However, many other
factors, such as existing chronic conditions, complica-
tions during pregnancy, and gravidity, are important
predictors of undergoing CS. Therefore, it is important
to adjust them in the model. However, we could not do
that because of the lack of relevant data in the survey we
analysed. Another major limitation of this study is that
the data we used were from cross-sectional surveys;
therefore, the variables considered in the analyses were
different time events. For instance, all variables
considered were recorded for the time of the survey
conducted, whereas CS delivery occurred within three
years prior to the survey. Because of these time varia-
tions in recording relevant information, the findings are
correlational only, not casual.

In addition, to protect the privacy of the participants,
the BDHS displaced the cluster location up to 5 km for
the urban sample and 2 km for the rural sample. For a
further 2% of the sample, the cluster locations were
displaced up to 10 km. Thus, the cluster locations we
showed on the map were slightly different from the
actual locations. However, during displacing, BDHS
ensured that the displaced locations were placed within
the same administrative boundary. Hence, the findings
reported in this study are valid for administrative di-
visions and, therefore, can be used for developing
divisional-level policies and programs. Also, BHFS had
included only the government-registered private health
facilities, which we included in this study. Moreover,
health facility readiness scores were generated based on
the availability of equipment for CS delivery and their
useable status and health facility capacity scores to
provide services. However, the availability of equipment
does not always indicate their functionality, particularly
in LMICs, where equipment may not be used for many
reasons, including lack of workforce and other logistic
supports. This is particularly true for health facilities
located in rural and remote areas. The survey did not
have any data to determine the functionality of the
equipment available. Similarly, data on the availability of
full-time anaesthetic consultants (associated with
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obstetrics and gynaecology) and registered nurses/mid-
wives were not available in the survey. We, therefore,
could not adjust for these factors in the analyses. In this
study, however, we considered CS-performing health
facilities only that were located in the urban and semi-
urban areas. Therefore, the findings of this study are
still valid and provide an important understanding of
the effects of health facility readiness on performing CS
delivery. Apart from multiple births, some other factors
such as breech pregnancies, previous CS, preterm birth,
eclampsia and other obstetric complications are risk
factors for performing CS. However, we could not
consider these factors because data were not available.
Also, in some countries, health insurance coverage was
found to be an important predictor of performing CS
delivery, but we could not include this variable in our
analysis due to data unavailability in the dataset we used.
Since health insurance is rare in Bangladesh, we can
assume that its impact is unlikely to be substantial. It is
possible that a small subset of CS delivery was attributed
to a lack of skilled health professionals such as mid-
wives. However, we could not examine this as no in-
formation was available in the dataset. Finally, CS is a
life-saving procedure when it is performed in medical
necessity. Profit motives of some health care facilities
and providers increased its undue use. It is critical to
know the reasons for its use to understand the extent
and nature of CS delivery and its predictors. However,
these information were also not available in the datasets.

This study found that 33% of women underwent CS
in Bangladesh with a significant variation across di-
visions. The hotspots of CS delivery were located mainly
in the Rajshahi, Dhaka and Khulna divisions, where the
prevalence of CS delivery was more than 43% (higher
than the national average rate of CS delivery). Health
facility-level factors, including improved healthcare fa-
cility management and infrastructure and availability
and readiness of providing comprehensive obstetric
care, are significantly associated with increased delivery
through CS. These relationships were strong for private
health facilities, where more than 80% of CS delivery
was performed. Higher maternal age and more than
four-year intervals between the two most recent preg-
nancies were associated with an increased likelihood of
CS delivery. Besides, women who were employed or had
more than two children were less likely to undergo CS
delivery. The likelihood of undergoing CS increased
with longer years of education as well as improved
wealth status. Ensuring the availability of skilled
healthcare providers including midwives at public
healthcare facilities to perform normal vaginal birth and
strict government-level monitoring on reasons for per-
forming each CS are recommended. Programmes to
create awareness among women on their childbirth
options and associated consequences are required to
help women make informed decisions regarding
choosing CS over normal vaginal births. It is also crucial

to know the perspectives of healthcare providers per-
forming CS in public and private facilities that will assist
in designing effective policies to reduce avoidable CS.
Active participation of health professionals performing
CS and pregnant women in decision-making based on
scientific evidence can contribute to reducing avoidable
CS in Bangladesh.
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