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Abstract

Background Sustainable Development Goal (SDG) 3.7 aims to ensure universal access to sexual and reproductive
healthcare services, where antenatal care (ANC) is a core component. This study aimed to examine the influence
of health facility availability and readiness on the uptake of four or more ANC visits in Bangladesh.

Methods The 2017/18 Bangladesh Demographic and Health Survey data were linked with the 2017 Health Facil-
ity Survey and analyzed in this study. The associations of health facility-level factors with the recommended num-
ber of ANC uptakes were determined. A multilevel mixed-effect logistic regression model was used to determine
the association, adjusting for potential confounders.

Results Nearly 44% of mothers reported four or more ANC uptakes, with significant variations across several areas

in Bangladesh. The average distance of mothers'homes from the nearest health facilities was 6.36 km, higher in Sylhet
division (8.25 km) and lower in Dhaka division (4.45 km). The overall uptake of the recommended number of ANC vis-
its was positively associated with higher scores for the management (adjusted odds ratio (aOR) 1.85;95% Cl, 1.16-
2.82) and infrastructure (@OR, 1.59; 95% Cl, 1.09-2.19) of health facilities closest to mothers’homes. The odds of using
the recommended number of ANC in mothers increased by 3.02 (95% Cl, 2.01-4.19) and 2.36 (95% Cl, 2.09-3.16) folds
for each unit increase in the availability and readiness scores to provide ANC services at the closest health facilities,
respectively. Every kilometer increase in the average regional-level distance between mothers’homes and the nearest
health facilities reduced the likelihood of receiving the recommended number of ANC visits by nearly 42% (aOR, 0.58,
95% Cl, 0.42-0.74).

Conclusion The availability of healthcare facilities close to residence, as well as their improved management, infra-
structure, and readiness to provide ANC, plays a crucial role in increasing ANC services uptake. Policies and programs
should prioritize increasing the availability, accessibility, and readiness of health facilities to provide ANC services.
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Introduction

Maternal mortality is an ongoing public health concern
globally, with an estimated 810 deaths every day, mostly
from pregnancy-related complications [1]. Over 99% of
these deaths occur in Low- and Middle-Income Coun-
tries (LMICs), particularly in Southern Asia (66%) and
Sub-Saharan Africa (20%), accounting for approximately
86% of the total global occurrence [2]. Almost all of these
deaths are preventable if basic and cost-effective mater-
nity care is ensured during pregnancy, delivery, and the
postpartum period [3]. As such, ensuring universal access
to sexual and reproductive healthcare services, including
maternal healthcare services, is an important target to
achieve Sustainable Development Goals (SDGs) 3: ensur-
ing health and well-being for all, by 2030.

Antenatal care (ANC) encompasses services provided
to pregnant mothers before childbirth and is a crucial
maternal healthcare service recommended for all preg-
nancies. It includes education, screening, counseling,
treatment of minor ailments, and immunization services
to identify and treat complications through screening
and diagnosis. It is also found to be an important deter-
minant of all other types of maternal healthcare services,
including delivery and postnatal care [4, 5]. ANC alone
is estimated to reduce the maternal mortality rate by up
to 20% globally; this contribution is around four times
higher (80%) in Low- and Middle-Income Countries
(LMICs) [3, 6].

However, despite its importance in ensuring ANC
uptake, around 39% of total pregnant women worldwide
do not use the recommended number of ANC services
[6]. The percentage of non-users is even 1.5 times higher
in LMICs (50%), mostly in Asian and African countries
[3, 6]. This lower prevalence of ANC in LMICs is also
accompanied by poor-quality ANC services [7, 8]. Con-
sequently, dropout from accessing ANC services is very
high, and such inadequate care cannot contribute signifi-
cantly to the reduction of adverse maternal health and
birth outcomes, including maternal and under-five mor-
tality [8].

The government of Bangladesh has made universal
access to ANC services as a top priority to achieve the
health-related SDGs. For this, the government is now
provide ANC services in every maternal and child health-
care providing health facilities with either free of costs or
with minimal costs [9]. Consequently, ANC services use
at least once increased over the years, from 34% in 2000
to 82% in 2017/18, although four or more ANC services
uptake is still low at 34% [10]. This lower uptake of four
or more ANC services could be due to the poor service
quality and need-based use of ANC services only when
any complications are faced despite having it’s higher
importance to ensure safe pregnancy [11]. The additional
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challenges are lack of healthcare equipment and person-
nel, as well as a lower quality of available services [10, 12].
Such challenges have been reported, despite significant
progress being achieved during the MDGs, owing pri-
marily to the fixed allocated fund for healthcare services,
which causes a mismatch between service availability
and demand [13]. Policies and programs are in place to
address these challenges in the field level with compre-
hensive focus of achieving universal healthcare cover-
age — as outlined in the SDGs goal [14]. Although, such a
focus, in general, is making significant progress in health-
care services, however, to what extent such improvement
of the healthcare facility affects maternal healthcare ser-
vices is largely unknown in Bangladesh. A similar limita-
tion has been reported in other LMICs. The underlying
reason of such lack is the unavailability of linked health-
care facility and households survey data.

Available research on ANC mainly analysed household
level data, collected either by national survey or primary
survey, and determined individual-, households-, and
community characteristics associated with ANC uptake.
These include maternal age and education, partner’s
education, number of children ever born, wealth index,
access to mass media, place of residence and place of
region [15-18]. Healthcare facility-level factors associ-
ated with ANC uptake remain largely understudied in
Bangladesh, as well as in LMICs. Importantly, such type
of analysis of household level data without consider-
ing the healthcare facility level factors underestimate
or overestimate the true effects of individual-, house-
hold- and community level factors on ANC uptake [19,
20]. The underlaying reason is individual-, household-,
community-, and healthcare facility level characteristics
are interconnected whereas healthcare facility level char-
acteristics work above other factors [20, 21]. To address
this limitation, we conducted this study to examine the
effects of healthcare facility level factors on ANC uptake
in Bangladesh, adjusting for individual-, household-, and
community-level factors.

Methods

Study setting

In this cross-sectional survey data analysis, we analyzed
the 2017/18 Bangladesh Demographic and Health Sur-
vey (BDHS) and the 2017 Bangladesh Health Facility
Survey (BHES). Both are nationally representative sur-
veys conducted as part of the Demographic and Health
Survey (DHS) program by the United States of America
(USA) [22, 23]. The administrative boundary linkage
method was used to link the data from these surveys.
Through this method, individual respondents were
matched and linked with the nearest healthcare facili-
ties situated within the same administrative unit where
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the respondents resided. In cases where the respondents’
homes had the nearest healthcare facilities located in an
administrative division other than their own, such selec-
tions were excluded. A more comprehensive description
of this method has been published elsewhere [22, 23].

The 2017/18 BDHS is the seventh round of DHS in
Bangladesh. It was conducted to provide up-to-date
information on maternal and child health, including fer-
tility, mortality, and maternal healthcare services use.
Nationally representative households were chosen for
this survey using stratified random sampling methods in
two stages. At the first stage, a total of 675 clusters were
selected randomly from a list of 293,579 clusters gener-
ated by the Bangladesh Bureau of Statistics as part of the
2011 Bangladesh national population census. Finally, a
total of 672 clusters were chosen for the survey, exclud-
ing the remaining three clusters due to extreme flood-
ing. The second stage of sampling consisted of selecting a
fixed number of 30 households from each of the selected
clusters using a simple random sampling method. A list
of 20,250 households was generated, of which the survey
was conducted in 20,160 households. There were 20,376
eligible women in these selected households with the fol-
lowing conditions: (i) she is a permanent resident of the
selected households and passed the most recent night
there and (ii) ever married and aged between 15-49 years
of age. If a woman spent most of the night at the cho-
sen household but is not a permanent resident of that
household, she was also included. With a response rate
of 98.8%, a total of 20,127 of the selected women were
finally included in the survey.

The 2017 BHFS encompassed 1,524 health facilities,
all of which were analyzed in this study. This figure was
drawn from a list of 1,600 healthcare facilities generated
from the 19,811 registered healthcare facilities in Bang-
ladesh. Each of the 672 PSUs included in the 2017 BDHS
and 1,524 healthcare facilities included in the 2017 BHES
has access to GPS point coordinates. Interested read-
ers can see the respective survey reports to know more
about these surveys [24, 25].

Eligible sample

Total of 4,948 mothers who met the inclusion criteria
of this study were analysed. The inclusion criteria were:
(i) having at least one livebirth within three years prior
to the survey and (ii) providing responses to the access
of ANC services along with providers of ANC services.
All 1,524 healthcare facilities were also included in the
analysis.

Outcome variable
The outcome variable was four or more ANC services
use (yes, no). The survey recorded this information by
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asking women “Did you receive antenatal healthcare
services during your most recent pregnancy?. Women
who responses positively to this item were then asked,
“How many times did you accessed antenatal healthcare
services?” and “Where did they receive antenatal health-
care during pregnancy?. Women were asked to show the
healthcare access card that was used during pregnancy.
Number of ANC services received and providers of ANC
services, times of accessing ANC services were available
in the healthcare access card. If a woman was unable to
show the healthcare access card, she was asked several
follow-up questions to determine the number, timing,
and providers of ANC services. Response recorded were
then classified as four or more ANC services access from
skilled providers (yes, no).

It is important to mention that we made this classifica-
tion based on the Bangladesh government’s recommen-
dation of four or more ANC services to receive during
pregnancy, rather than the global recommendation of six
or more ANC services [26].

Exposure variables

Health facility-level factors served as a significant expo-
sure variable, with a focus on four key factors: general
health service readiness (health facility management sys-
tems and infrastructure), degree of availability of antena-
tal healthcare services at the nearest healthcare facility
to mothers’ homes, readiness of the nearest healthcare
facility to provide antenatal healthcare services, and the
average distance between mothers’ homes and the near-
est healthcare facility (Supplementary Table 1). Continu-
ous scores for each factor were generated based on WHO
service availability and readiness indicators [27, 28], and
the procedure for creating these scores is detailed else-
where [29]. The calculation of the distance between
mothers’ residence clusters and the nearest healthcare
facility occurred in two stages. Initially, the distance of
each cluster to the nearest healthcare facilities was calcu-
lated separately for each of the eight administrative divi-
sions. Subsequently, using road communication data, the
average distance between mothers’ residence clusters and
the nearest healthcare facilities was determined. A com-
prehensive description of this calculation procedure has
been published elsewhere [20, 30].

Covariates

The covariates considered were selected by reviewing rel-
evant studies on maternal healthcare services access. For
this, we first searched several databases, and the variables
considered in the identified papers were summarized.
The availability of the summarized variables in the survey
we analyzed was then checked. Following this, multicol-
linearity of the available variables was checked. Following
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these steps, a list of variables was generated where the
variables finally chosen were summarized under three
headings following the socio-ecological model of health:
individual-level factors, household-level factors, and
community-level factors [4, 5, 10, 20, 31-34]. Individual-
level factors were mother’s age at the birth of the last
child, mother’s education status, mother’s employment
status, and pregnancy intention at conception. House-
hold-level factors were partner’s education status, part-
ner’s occupation, number of children ever born, intervals
between the two most recent live births, and household
wealth status. Place of residence and region (adminis-
trative division) were considered in community-level
factors.

Statistical analysis

Descriptive statistics were employed to characterize the
respondents’ features. The association between exposure
and outcome variables was assessed using a multilevel
mixed-effect logistic regression model at three levels
(individuals, households, and clusters), adjusting for fac-
tors at the individual, household, and community levels.
The rationale for employing the multilevel mixed-effect
binary logistic regression model was the hierarchical
structure of the BDHS data, where individuals are nested
within a household, and households are nested within a
cluster [35]. Ignoring this hierarchy in the model could
result in less precise estimates. We ran a total of four
models. The initial model, referred to as the null model,
included only the outcome variable: the utilization of
four or more ANC services. In the second model, health-
care facility-level factors were introduced as independ-
ent variables, while the utilization of four or more ANC
services remained the dependent variable. This asso-
ciation was then expanded upon in the third and fourth
models, where individual and household, as well as com-
munity-level factors, respectively, were incorporated as
additional independent variables. We also conducted
a stratified analysis to assess the association of four or
more ANC uptakes with healthcare facility-level factors.
Stratification was performed based on the place of resi-
dence and the average distance between DHS clusters to
the nearest ANC services providing healthcare facility in
Bangladesh. Results are reported as odds ratios (OR) with
95% confidence intervals (95% CI). All analyses were per-
formed using the statistical package R (version 4.10).

Results

Background characteristics

Background characteristics of the respondents are pre-
sented in Table 1. Nearly 44% of all respondents reported
using four or more ANC services. The rate was even
higher among mothers aged 20 to 34 (44.9%, 95% CI,

Page 4 of 12

42.5-47.33) and among unemployed mothers (45.69%,
95% CI, 43.04—48.40). Mothers who had a desired preg-
nancy at conception reported a higher rate of ANC ser-
vice utilisation (46.53%, 95% CI, 44.23-48.84) followed
by mothers who had a mistimed (40.34%, 95% CI, 35.60—
36.51) or an unwanted (27.60, 95% CI, 22.90-32.84) preg-
nancy at conception. The prevalence of ANC services
uptake was found to be much higher among mothers
whose partner had more than secondary level educa-
tion (70.61%, 95% CI, 66.71-74.23) and who were service
holders (70.8%, 95% CI, 64.50-73.66). We found lower
ANC uptake in mothers who have more than 2 ever born
children (33.50%, 95% CI, 30.50—36.70) in comparison to
those who had fewer children 48.60% (46.20-51.00). Of
the mothers of richest wealth quintile, over 71% (95% CI,
67.32-74.41) reported they uptake four more ANC ser-
vices. Higher prevalence of four or more ANC services
uptake was also reported for urban mothers (56.60%,
95% CI, 52.40-60.70) and mothers whose region of resi-
dence were either Khulna (55.23, 95% CI, 49.24—61.07)
or Rangpur (52.06%, 95% CI, 56.15-57.91) (Table 1).

Distribution of health facilities in Bangladesh

Table 2 presents the distribution of health facilities across
divisions. Out of the 1524 health facilities, 1413 (92.71%)
offered ANC services. The average distance between
these health facilities and the BDHS clusters was approx-
imately 6.36 km, with the highest in the Sylhet division
(8.25 km) and the lowest in the Dhaka division (4.45 km).
The health facility management system’s mean score
was 0.81, with the Dhaka division (0.94) scoring higher
than Khulna (0.89), Rangpur (0.85), and Mymensingh
(0.85) divisions. Similarly, Dhaka (mean score, 0.87) and
Rangpur (mean score, 0.72) reported higher availabil-
ity of various antenatal healthcare services compared to
the overall average score of 0.70. The average score for
healthcare facility readiness to provide ANC services was
0.67, with the lowest reported in Sylhet (0.46) and Bar-
ishal (0.51) divisions.

Model selection

The results of the multilevel mixed-effect logistic regres-
sion model assessing the association of ANC services
uptake with health facility, individual, household, and
community-level factors are presented in Table 3. Four
separate models were run, and the best model is the one
with the smallest AIC, BIC, and ICC values. Based on
these markers, the final model, model 4, was the best-fit-
ted model. The null model’s ICC value was 0.16213, indi-
cating a 16.21% difference in four or more ANC uptakes
across clusters considered in the analysis. This reduced
to only 6.87% once health facility, individual, family,
and community-level factors were adjusted in the final
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Table 1 Background characteristics of the respondents, BDHS 2017/18
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Characteristics

Overall % (95% CI)*

Four or more ANC use, % (95% CI)°

Women'’s age at birth of the last child

<19 years
20-34 years

>35 years

Women's education status

No formal education
Primary

Secondary

Higher

Women’s employment status

Yes
No

Pregnancy intention at conception

Wanted
Mistimed

Unwanted

Partner’s education status

No formal education
Primary
Secondary
Higher

Partner’s occupation
Agriculture worker
Physical worker
Services
Business
Other

Number of children ever born

1-2 children

>2 children

Intervals between the two most recent live births

<2 years
3-4 years

>4 years

Household wealth status

Poorest
Poorer
Middle
Richer
Richest
Place of residence
Urban

Rural

Region (administrative division)

Barishal
Chattogram
Dhaka
Khulna
Mymensingh
Rajshahi
Rangpur
Sylhet

25.14(23.9-26.6)
70.63 (3.67-4.86)
4.23 (3.67-4.86)

6.33 (5.49-7.28)
27.7 (25.9-29.6)
48.83 (47-50.7)
17.20 (15.7-18.8)

37.20(35.06-39.4)
62.8 (60.6-64.94)

79.09 (77.81-80.32)
12,91 (11.91-14.00)
8.00(7.16-8.92)

13.7(12.3-15.2)
3361(31.9-354)
34.00 (32.4-35.7)
18.8 (17.00-20.54)

1944 (17.81-21.17)
53.08 (51.2-55)
5.81(5.07-6.65)
2065 (19.2-22.2)
0.22 (0.11-0.43)

71.02 (6.94-72.6)
28.98 (27.41-30.6)

6.80 (6.02-7.7)
17.80 (16.6-19.04)
7542 (74.00-76.83)

2063 (18.6-22.83)
2060 (19.04-22.15)
19.18 (17.7-20.8)
20.14 (18.4-22.01)
19.50 (17.6-21.60)

26.80(25.1-28.52)
73.22 (71.5-74.9)

5.70(5.14-6.32)
21.22(19.6-23.00)
25.72 (24.00-27.54)
9.18(832-10.12)
8.60 (7.7-9.5)
11.53(10.3-12.9)
10.53 (9.5-11.7)
7.55(6.69-8.51)

43.80 (40.13-47.5)
44.90 (42.5-47.33)
3552 (28.62-43.10)

16.31(12.4-21.23)
294 (26.3-32.7)
4798 (45.4-50.63)
44.21 (42.02-46.43)

4172 (38.83-44.7)
45.69 (43.04-48.4)

46.53 (44.23-48.84)
40.34 (35.60-45.3)
2760 (22.9-32.84)

26.5(22.42-30.91)
33.50 (30.60-36.51)
4822 (45.20-51.30)
7061 (66.71-74.23)
1.90 (284-35.6)
0(40.41-45.72)
70.80 (64.5-76.33)
5241 (48.33-56.5)
56.90 (23.81-84.8)

4860 (46.2-51)
33.50 (30.5-36.7)

3451 (28.8-40.74)
34.90 (28.8-40.74)
3490 (31.13-38.84)

4(23.03-2951)
32.13(28.73-35.73)
4295 (39.33-46.7)
50.33 (46.4-54.3)

00 (67.32-74.41)

56.60 (52.40-60.70)
39.70 (37.15-42.3)

3643 (30.33-43.01)
36.74 (31 9)
4940 (44.3-54.5)
55.23 (49.24-61.07)
3863 (33.35-44.18)
4590 (39.4-52.54)
52.06 (46.15-57.91)
32.9(26.24-40.3)

@ Column percentage
® Row percentage
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Table 2 Division-wise distribution of health facilities, antenatal healthcare services availability, readiness to provide antenatal
healthcare services, and health average distance from the demographic and health survey programme clusters in Bangladesh

Division Availability of antenatal Average distance Health facility Health facility Severity of the Health care facility
healthcare services between home management infrastructure availability readiness to
(N=1524) and health facility of antenatal provide antenatal
(km) healthcare healthcare services
Yes (n=1413) No (n=111) services at the
nearest health
care facility
Barishal 117 (99.15) 1(0.85) 6.46 0.67 0.80 0.68 0.51
Chattogram 266 (93.99) 17 (6.01) 592 0.78 0.86 0.71 0.83
Dhaka 280 (93.33) 20 (6.67) 445 0.94 0.94 0.87 0.87
Khulna 183 (94.82) 10(5.18) 59 0.89 0.9 0.68 0.58
Rajshahi 205 (91.91) 11 (5.09) 7.28 0.80 0.79 0.61 0.7
Rangpur 50 (79.79) 40(20.21) 59 0.85 091 0.72 0.85
Sylhet 100 (96.15) 4(3.85) 825 0.68 0.68 0.66 0.46
Mymensingh 112 (91.80) 10 (8.20) 6.71 0.85 0.77 0.64 0.57
Grand average 6.36 0.81 0.83 0.70 0.67
distance

model. The variance of the random intercept decreased
from 2.02 to 1.26 as we progressed from the null model
to model 4. This decline further indicates that model 4
provided a better fit to the data compared to the previous
models.

Association of four or more antenatal care service

uptake with health facility-, individual-, family-

and community-level factors

The association between the uptake of four or more ANC
services and healthcare facility-, individual-, family-, and
community-level factors determined through four mod-
els is presented in Table 3. However, since model 4 dem-
onstrated the best fit, we summarize these results here,
noting that the findings in other models were direction-
ally similar. We observed that each unit increase in the
management and infrastructure scores of the nearest
healthcare facility was associated with 1.85 times (95%
CI, 1.16-2.82) and 1.59 times (95% CI, 1.09-2.19) higher
odds/likelihood of adequate ANC uptake, respectively.
The likelihood of ANC service access increased (aOR,
3.02, 95% CI, 2.01—4.19) with an increase in the availa-
bility of ANC services at the healthcare facility nearest to
mothers’ homes. Similarly, each unit increase in the score
of readiness of mothers’ homes nearest healthcare facil-
ity was associated with 2.36 times (95% CI, 2.09-3.16)
increase in the likelihood of four or more ANC services
uptake. Furthermore, we found that for every one-kilo-
metre increase in distance between mothers’ homes and
the nearest healthcare facility, there was a 42% decrease
in the uptake of four or more ANC services.

Of the different covariates adjusted in the final model,
mothers’ increased years of education, their partner’s
occupation other than agricultural workers, a richer
wealth quintile, and residing in Khulna, Mymensingh,
Rajshahi, and Rangpur were found to be positively asso-
ciated with an increased uptake of four or more ANC
services. In contrast, lower quality of ANC services and
experiencing mistimed and unwanted pregnancies rather
than wanted pregnancies were found as negative predic-
tors for the uptake of four or more ANC services.

Health facility environment and uptake of four or more
antenatal healthcare services

We generated the health facility environment by consid-
ering the number of ANC services providing healthcare
facilities within 6.36 km (the average distance between
DHS cluster to the nearest ANC services providing
healthcare facility in Bangladesh). Following this, we ran
three different multilevel mixed-effects logistic regres-
sion models for overall, rural, and urban areas to access
the relationships between four or more ANC service
uptake and the health facility environment. Individual,
household, and community-level factors were adjusted in
each model (Table 4). We found the likelihood of ANC
services uptake increased with the increased number
of healthcare facilities within 6.36 km, and the relation-
ship reported was strongest for the rural area. Increased
healthcare facility scores, in response to the management
and infrastructure, were found as significant influential
predictors of ANC services uptake for all cases, though
effect sizes were strongest for rural areas following urban
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Table 3 Multi-level logistic regression model with health facility level factors as the sole correlates of four or more antenatal care
services use

Characteristics Null model  Health facility-level Health facility-, individual-, and Health facility-, individual-,
model, aOR (95% Cl)  household-level model, aOR (95%  household-, and community-level
Cl) model, aOR (95% ClI)

General health service readiness

Health facility management system 196 (1.10-3.16)" 190 (1.14-301)" 1.85(1.16-2.82)"
Health facility infrastructure 2.12(1.36-340)" 1.86(1.19-2.26)"" 1.59(1.09-2.19)
Degree of availability of antenatal 3.96 (246-568) " 3.18(2.18-5.19)” 3.02(2.01-4.19)7

healthcare services at the nearest
healthcare facility to mothers’
homes

Readiness of the mothers’ homes 416 (2.86-4.98)" 316 (2.18-3.72) 236 (2.09-3.16)"
nearest healthcare facility to pro-
vide antenatal healthcare services

Average distance between mothers’ 0.54 (0.40-0.82) 0.57 (043-0.78)"" 0.58 (0.42-0.74)"
homes and the nearest healthcare
facility
Women'’s age in years

<19 (ref) 1.00 1.00

20-34 1.01(0.83-1.24) 1.00 (0.82-1.22)

>35 0.90 (0.55-1.39) 0.87 (0.54-1.40)
Women' education status

No formal education (Ref) 1.00 1.00

Primary 166 (1.10-2.48)" 174 (1.16-260)"

Secondary 2.25(1.49-339)” 2.32(1.54-350)"

Higher 236(1.48-3.76)" 249 (156-3.98)"
Women’ employment status

No (ref) 1.00 1.00

Yes 143 (1.19-1.72)" 1.24(1.03-1.50)"
Pregnancy intention at conception

Wanted (Ref) 1

Mistimed 0.94 (0.74-1.19) 0.85(0.67-1.08)

Unwanted 0.72(0.52-099)™ 066 (0.47-0.91)"
Quality of Antenatal care 0.33(0.30-037)™"
Husbands’ education status

No education (ref) 1.00 1.00

Primary 0.97(0.72-1.31) 0.97 (0.72-1.31)

Secondary 1.02 (0.74-1.39) 1.06 (0.78-1.45)

Higher 161(1.10-234) 153(1.05-222)"
Husbands’ occupation

Agricultural worker (ref) 1.00 1.00

Physical worker 3.04(1.38-669)" 298 (1.27-6.98)"

Services 3.02(1.28-7.16)" 290 (1.16-7.45)"

Business 325 (146-7.25)" 3.17(1.33-7.56)"

Other 276 (1.27-6.15)" 2.15(1.18-4.25)"
Number of children ever born

1-2 children(ref) 1 1

>2 children 1.08 (0.85-1.35) 1.17 (0.93-1.47)
Intervals between the two most recent live births

<2 years 1.00 1.00

3-4 years 1.04 (0.72-1.50) 1.06 (0.73-1.54)

>4 years 1.34(0.94-1.91) 1.21(0.85-1.73)

Household wealth status
Poorest (ref) 1 1.00
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Table 3 (continued)
Characteristics Null model  Health facility-level Health facility-, individual-, and Health facility-, individual-,

model, aOR (95% Cl)

household-level model, aOR (95%
(d)}

household-, and community-level
model, aOR (95% CI)

Poorer
Middle
Richest
Richer

Place of residence
Urban (ref)
Rural

Region (administrative division)
Barisal (ref)
Chattogram
Dhaka
Khulna
Mymensingh
Rajshahi
Rangpur
Sylhet

Model summary
AlC
BIC
ICC
Median Odds Ratio

Variance of the random intercept

183236
164212
16.21%
2.12

2.02(0.36)

162342
141415
12.25%
2.02

1.96 (0.43)

0.89-1.46)
1.38-2.55)
)

0.99 (0.76,1.29)
4(
87(
4(0.88-1.48

151238
133547
9.46%
1.98

146 (0.32)

1.03 (0.78-1.35)
25(0.97-1.62)
2.06 (1.48-2.85)"
7(0.97-1.66)

1
0.82 (0.67-1.00)

1
0.77 (0.54-1.08)
1.21(085-1.71)
177 (123-254)
148(1.01-220)"
149(1.02-217)"
290( 98-4.25)"
02 ( 58)

0.67-1

142812
1236.56
6.87%
1.68

1.26 (0.25)

*%p<0.001, **p<0.01

Table 4 Multilevel logistics regression assessing the relationships between of four or more antenatal care services use and attributes
of health facilities located within 6.36 km distance from the BDHS clusters

Health facility characteristics

Four or more Antenatal care services use, aOR (95% Cl)

Overall? Rural® Urban?
Number of health facilities
0 1.00 1.00
1 226 (2.04-3.12)" 3.12(248-5.12)" 1.00
>2 3.12(1.89-5.14)" 454 (2.54-568)" 2.26 (1.95-3.98)"

General health service readiness
Health facility management system
Health facility infrastructure

Degree of availability of antenatal healthc

vices at the nearest healthcare facility to mothers

homes

Readiness of the mothers’ homes nearest healthcare

2.54(1.17-4.18)"
2.75(147-3.78)"

are ser- 412 (2.01-6.15"

’

3.98 (2.14-5.50)"

facility to provide antenatal healthcare services

3.17 (1.98-4.56)"
3.75 (1.50-4.98)"
518 (2.15-6.98)"

5.98(3.19-6.52)"

1.19(0.95-2.98)"
2.15 (1.46-4.15)"
3.18(1.18-5.78)"

2.17 (1.78-4.56)"

@ Models adjusted with women'’s age, education, employment status, number of children ever born, intervals between the two most recent live births, husbands’
education, occupation, pregnancy intention at conception, household wealth quintile, place of residence and region

*%%p<0.001, **p<0.01

areas and overall. Similarly, the availability of ANC ser-
vices and the readiness of mothers’ homes nearest health-
care facility to provide ANC services were reported as

significant predictors of ANC services uptake for over-
all and for rural and urban areas separately. However, as
before, the relationship was strongest for rural areas.
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Discussion

This study found that improving healthcare facility man-
agement and infrastructure, along with increased avail-
ability of ANC services at the healthcare facility nearest
to mothers’ homes and its readiness to provide ANC
services, are significant determinants of the uptake of
four or more ANC services. We also found that every
kilometre increase in distance between mothers’ homes
and the nearest healthcare facility where ANC services
are available is associated with a 42% lower odds of
uptake for four or more ANC services. These relation-
ships were observed for Bangladesh as a whole, as well
as for its urban and rural areas separately, with the rural
areas exhibiting the strongest association. The findings
will assist policymakers in prioritizing improvements in
healthcare facilities to achieve the SDGs’ goal of univer-
sal healthcare coverage and a reduction in maternal and
child mortality by 2030.

The study found that 44% of women used ANC four
or more times, which is 12% higher than the prevalence
reported in 2014 [33], and consistent with prior evidence,
socio-economic variation was observed as well [33, 34,
36-39]. Although the increasing trend indicates progress
in ANC uptake, the growth rate is insufficient to meet the
SDGs targets by 2030—merely 6 years from now. Moreo-
ver, the rate still remains lower than in neighboring coun-
tries such as India (51.7%), Nepal (69.8%), and Pakistan
(36%) [40-42]. Additional context-specific policies and
programs are now a priority for Bangladesh to increase
ANC services uptake to meet the SDGs target by 2030.

We revealed that improving healthcare facility-level
factors, including better management and infrastruc-
ture, availability of ANC services at the nearest health-
care facility, and its readiness to provide ANC services,
play a significant role in increasing the uptake of ANC
services. The findings could not be directly validated
due to the lack of relevant literature in Bangladesh and
other LMICs. However, previous studies in Bangladesh
reported a significant influence of healthcare facility-level
factors on modern contraception uptake, reducing cesar-
ean delivery, unintended pregnancy, and improving preg-
nancy outcomes [19, 20, 43—46]. The association may
arise in both direct and indirect ways. Existing evidence
showed that adequate infrastructure and the availability
of healthcare providers and equipment are key indicators
of quality care [12], which later increases ANC services
uptake [47-49]. In line with our findings, this pathway is
commonly observed in Bangladesh and LMICs [50, 51].

In Bangladesh, current governmental initiatives to
enhance healthcare facility management and infrastruc-
ture, as well as the increasing number of healthcare facili-
ties, are on their way to increasing ANC service uptake,
although there are challenges that need to be addressed

Page 9 of 12

to get best effectiveness of the healthcare facility. For
example, a common challenge in Bangladesh is the lack
of skilled and enough healthcare personnel. This low pro-
vider-patient ratio frequently increases waiting time in
facilities, which becomes a burden for pregnant women
during ANC check-ups. These circumstances altogether
contribute to women dropping out of ANC services.
Another significant barrier to ANC service uptake is
healthcare facility readiness to provide ANC, which fre-
quently arises as a result of lower governmental priorities
to equip Upazila to community level healthcare facilities
with required facilities. According to a recent study in
Bangladesh, 54.6% of facilities that provide ANC services
have at least one ANC-trained staff, while only 4.3% of
facilities are fully prepared to provide ANC services [31].
Although, in total around 13,000 community clinics are
available across rural areas of the country and only 33%
of the facilities have considerably high preparedness
for ANC services [31]. By policy, they are the primary
provider of ANC services, but their lack of readiness
impedes women’s access to healthcare. All of these fac-
tors have a negative impact on women’s ANC uptake
behaviours, as reflected in our analysis and consistent
with other relevant study findings for other outcomes in
Bangladesh [19, 20, 43].

However, we found that the increase in distance of
mothers” homes to the nearest healthcare facility reduces
women’s ANC services uptake, especially in the rural
areas. Our findings corroborates with the findings from
other LMICs settings [33, 34, 36-39, 52-56]. There
are several possible explanations for this influence. For
instance, increased travel time and costs may contribute
to the uptake of healthcare services, particularly for ANC
services, which require multiple visits. Moreover, moth-
ers in Bangladesh, like in LMICs, frequently face mobility
restrictions due to community-level misconceptions and
societal norms [19, 20]. This is particularly more evident
in the late stages of pregnancy. In addition, there is a ten-
dency in Bangladesh, like in many other LMICs, to access
healthcare services based on need rather than consider-
ing merits [44]. This, together with the increased distance,
can then contribute to lower uptake of ANC services until
serious complications arise. These challenges are common
countrywide, particularly in rural areas and among moth-
ers facing socio-economic disadvantages [19, 20, 44].

This study holds significant policy implications aimed
at enhancing the utilization of antenatal healthcare ser-
vices and improving maternal healthcare outcomes. The
notable correlation between healthcare facility-level
factors and ANC uptake underscores the importance
of prioritizing healthcare services alongside the cur-
rent focus on individual, household, and community-
level factors. This necessitates governmental attention
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towards healthcare services, including enhancing ser-
vice availability and readiness of healthcare facilities
through proper monitoring and strengthening existing
infrastructure. The findings also highlight the potential
impact of reducing the distance to healthcare facilities on
increasing healthcare service uptake. This underscores
the importance of initiating ANC services in community
clinics across Bangladesh, which serve as primary health-
care centres catering to approximately 6000 individuals.
However, to achieve this, the government must ensure
the presence of healthcare personnel at these facilities,
coupled with infrastructural development efforts. Collec-
tively, these initiatives are poised to bolster ANC uptake
towards universal levels, thereby reducing maternal and
child mortality rates and advancing the relevant SDGs.

Strengths and limitations

This study has several strengths and a few limitations.
First and foremost, as a strength, the study examined
two nationally representative datasets that are relatively
large and representative of all areas. Second, we used an
advanced statistical model to analyze the data, adjust-
ing for potential confounders, which has made the study
findings more precise and reliable. However, the major
limitation is that the cross-sectional nature of the BDHS
survey restricted the study from establishing a causal
relationship between exposures and outcomes. The
BDHS displaced cluster locations up to 0-5 km for rural
areas and 0—2 km for urban areas to ensure the privacy of
the respondents. As a result, the calculated average dis-
tance between the nearest health facility and the actual
distance may differ slightly. The BDHS, on the other
hand, ensured that the new disrupted locations remained
within the designated administrative boundaries. As a
result, errors due to displacement are likely to be random
and small. A previous study found that this variation has
no effect [57]. Recall bias is another issue that might have
occurred during reported ANC visits and other con-
founding factors. However, despite these limitations, this
is the first study in the context of Bangladesh and other
LMICs that explored the effects of health facility-level
factors on ANC services uptake in Bangladesh, adjusted
for individual, household, and community-level factors.
This will help policymakers in Bangladesh and other
LMICs to understand why prioritizing healthcare facili-
ties is important to ensure the recommended number of
ANC services uptake.

Conclusion

This study revealed a lower uptake of the recommended
four or more ANC services. Factors at the healthcare
facility level, such as the availability of ANC services,
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the readiness of healthcare facilities to provide these ser-
vices, and the proximity of mothers’ homes to the near-
est healthcare facility, emerged as crucial determinants
of the uptake of four or more ANC services. This sug-
gests that significant investment in the healthcare sector
is required to ensure the availability of maternal health-
care services at the root level healthcare facilities, such
as community clinics. Adequate skilled healthcare per-
sonnel need to be recruited and ensured to be present at
the community healthcare facility on a 24/7 basis. Health
facilities should be strengthened to provide ANC ser-
vices, and more health facilities with such capacities are
needed. For this, policies and programs should prioritize
increasing the availability and accessibility of health facil-
ities that provide ANC services.
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