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Abstract 

Background In South Asia, roughly half of women attend at least four antenatal care visits with skilled health person-
nel, the minimum number recommended by the World Health Organization for optimal birth outcomes. A much 
greater proportion of women attend at least one antenatal care visit, suggesting that a key challenge is ensuring that 
women initiate antenatal care early in pregnancy and continue to attend after their first visit. One critical barrier to 
antenatal care attendance may be that women do not have sufficient power in their relationships, households, or 
communities to attend antenatal care when they want to. The main goals of this paper were to 1) understand the 
potential effects of intervening on direct measures of women’s empowerment—including household decision mak-
ing, freedom of movement, and control over assets—on antenatal care attendance in a rural population of women in 
Bangladesh, and 2) examine whether differential associations exist across strata of socioeconomic status.

Methods We analyzed data on 1609 mothers with children under 24 months old in rural Bangladesh and employed 
targeted maximum likelihood estimation with ensemble machine learning to estimate population average treatment 
effects.

Results Greater women’s empowerment was associated with an increased number of antenatal care visits. Specifi-
cally, among women who attended at least one antenatal care visit, having high empowerment was associated with 
a greater probability of ≥ 4 antenatal care visits, both in comparison to low empowerment (15.2 pp, 95% CI: 6.0, 24.4) 
and medium empowerment (9.1 pp, 95% CI: 2.5, 15.7). The subscales of women’s empowerment driving the associa-
tions were women’s decision-making power and control over assets. We found that greater women’s empowerment is 
associated with more antenatal care visits regardless of socioeconomic status.

Conclusions Empowerment-based interventions, particularly those targeting women’s involvement in household 
decisions and/or facilitating greater control over assets, may be a valuable strategy for increasing antenatal care 
attendance.
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Background
Approximately 6,700 newborns die every day, account-
ing for roughly half of all child deaths under five years 
old; the majority of these deaths are in low- and middle-
income countries (LMICs) and around 75 percent occur 
within the first week of life [1]. Sub-Saharan Africa and 
Southern Asia have the highest neonatal mortality rates 
globally; a child born in these regions is 10 times more 
likely to die in the first month than a child born in a high-
income country [1]. Preterm birth, intrapartum-related 
complications, infections, and birth defects are the lead-
ing causes of neonatal deaths. In LMICs, around half of 
babies born before 32 weeks die, and many who survive 
face lifelong disabilities [1, 2].

Antenatal care is associated with newborn survival 
and health [3]. In 2016, the World Health Organization 
issued new comprehensive guidelines on antenatal care 
for a positive pregnancy experience, which increased the 
minimum recommended number of antenatal care con-
tacts with health professionals from four to eight based 
on evidence that a reduced number of antenatal care 
visits was associated with more perinatal deaths [4–7]. 
This is consistent with a survival analysis of data from 57 
LMICs, which found a 51% lower risk of neonatal mortal-
ity among women who attended ≥ 4 antenatal care visits 
and a 26% lower risk among women who had at least one 
antenatal care visit in the first trimester [8]. Inadequate 
antenatal care is also associated with adverse birth out-
comes, which in addition to increased risk of death, can 
have lifelong effects on child development [9–12]. This 
may be at least partly because attending antenatal care 
visits promotes skilled birth attendance and institutional 
delivery [13], and ensures receipt of core healthcare ser-
vices including blood pressure measurement, tetanus 
toxoid vaccination, urine testing, iron tablet supplemen-
tation, body weight measurement, and counseling about 
danger signs [5, 7, 14, 15].

In South Asia, only 49% of women attend at least four 
antenatal care visits, while 80% attend at least one, sug-
gesting that a key challenge is ensuring that women ini-
tiate antenatal care early in pregnancy and continue 
attending after their first visit [16]. Lack of accessible and 
affordable antenatal care services and low health insur-
ance coverage create substantial barriers to care for cer-
tain segments of the population, including women with 
low household income, wealth, and/or education, and 
women in rural areas [17–27]. Disempowerment and low 
status of women due to persistent patriarchal norms and 
traditional gender roles also create additional barriers 
to antenatal care attendance, if women do not have suf-
ficient power in their relationships, households, or com-
munities to attend antenatal care visits when they want to 
[19, 20, 24, 28, 29].

Potential pathways between women’s empowerment 
and antenatal care
Women’s empowerment is a complex, multidimensional 
concept that varies across cultures, and most often 
refers to a woman’s ability to make life choices [24, 30–
33]. Three inter-related dimensions comprise women’s 
empowerment [31, 32]. First, having access to material, 
human, and social resources and institutional environ-
ments that allow one to freely make a choice (e.g., edu-
cation, social status, wealth, health care). Second, having 
agency, or the ability to define one’s goals and act upon 
them (e.g., decision-making power, bargaining power, 
mobility in the public domain). Third, achieving equal-
ity at the individual, household, and societal level (e.g., 
financial autonomy, marriage and gender equality, labor 
market participation).

Women’s empowerment plays an important role in 
newborn health and development, both through greater 
access to resources and agency [30, 32, 33]. This may be 
due to greater use of contraception and maternal health 
services and higher rates of exclusive breastfeeding 
among more empowered women [19, 34–36]. A large 
body of evidence shows that empowerment measures 
related to women’s access to resources, including educa-
tion, household wealth, and employment status, are posi-
tively associated with increased antenatal care attendance 
[20, 21, 24, 25, 28, 29, 37]. However, fewer studies have 
examined the link between antenatal care attendance and 
measures of women’s empowerment that focus specifi-
cally on agency (e.g., decision-making power, bargaining 
power, mobility in the public domain). We refer to these 
measures as direct measures of empowerment.

A few papers in South Asia and Sub-Saharan Africa 
show positive associations of varying magnitudes 
between decision-making power, freedom of movement, 
and control over assets and antenatal care attendance [19, 
20, 24, 28, 29]. For example, in a nationally representa-
tive sample of women of reproductive age in Bangladesh, 
participation in household decision making, freedom of 
choice in contraception or going out alone, and involve-
ment in economic activities were each associated with a 
2–3 percentage point higher probability of receiving any 
antenatal care [20]. Women in North India with greater 
freedom of movement attended more antenatal care vis-
its [19], as did women in Ethiopia and Eritrea who were 
involved in household decision making [24, 28, 29].

However, the body of evidence around direct measures 
of women’s empowerment and antenatal care attendance 
is still relatively limited, especially among rural popula-
tions. While positive associations between decision-mak-
ing power, freedom of movement, and control over assets 
and antenatal care attendance have been found in some 
contexts, it is still not clear which measures of women’s 
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empowerment have the greatest potential for improving 
antenatal care attendance in rural Bangladesh. Moreo-
ver, the study in Bangladesh looked at direct measures of 
empowerment but did not examine the combined effect 
of these separately from indirect measures like educa-
tion [20]. Additionally, these papers employ parametric 
regression models, which, if misspecified, can result in 
biased estimates. Sources of heterogeneity have also not 
been explored, which may have important implications 
for targeting of interventions.

Study aims
The main goal of this paper is to understand the poten-
tial effects of intervening on direct measures of women’s 
empowerment—including household decision making, 
freedom of movement, and control over assets—on ante-
natal care attendance in a rural population of women 
in Bangladesh. We approach this question through a 
population-based, counterfactual framework. More spe-
cifically, we estimate antenatal care attendance in the 
population after setting women’s empowerment to dif-
ferent hypothetical scenarios of low, medium, and high 
empowerment. We also analyze differential associations 
by socioeconomic status, to better understand whether 
women’s empowerment operates differently among 
populations with varying access to resources. Our main 
hypothesis was that there would be a gradient relation-
ship between women’s empowerment level and antenatal 
care attendance: i.e., the probability of attending ante-
natal care would be highest under the hypothetical sce-
nario in which all women have high empowerment and 
lowest if everyone had low empowerment, for both the 
aggregate empowerment score and for each dimension 
separately. We also hypothesized that there would be 
differential associations by socioeconomic status: spe-
cifically, that the associations would be largest among 
households with higher socioeconomic status.

Setting: rural Bangladesh
A lower-middle-income country with a per capita GDP 
of 1,962 USD, Bangladesh currently has the eighth high-
est number of newborn deaths and the seventh high-
est number of preterm births globally (World Bank, 
2020; World Health Organization, 2018). Antenatal care 
attendance is below the average rate for South Asia, with 
75% of pregnant women attending at least one antenatal 
care visit by skilled health personnel and 37% attending 
at least four visits in 2019 [16]. Less than 18% of women 
received “quality antenatal care”, defined per Bangladesh 
country guidelines as attendance of ≥ 4 antenatal care 
visits (with ≥ 1 visit from a skilled health personnel) and 
receipt of core services [38].

Bangladesh has made remarkable progress on women’s 
empowerment and gender equality over the last 30 years, 
a time in which maternal mortality and fertility rates have 
rapidly declined, the gender gap in primary and second-
ary education has closed, and the proportion of female 
wage workers in non-agricultural employment has stead-
ily increased [39]. Despite these notable gains, certain 
patriarchal norms and practices persist and have resulted 
in powerlessness and discrimination of many women in 
other aspects of life [39]. Violence against women is still 
pervasive, with 73% of ever married women reporting 
having experienced violence by their husband at least 
once in their lifetime and 55% experiencing violence in 
the last 12 months [40]. The prevalence of child marriage 
in Bangladesh is also high, with 59% of girls getting mar-
ried before 18 [41].

Methods
Data
We analyzed baseline data collected for the RINEW-
G (Research on Integration of Nutrition, Early Child-
hood Development and WASH through the government 
healthcare system) study in Bangladesh. The study was 
registered at ClinicalTrials.Gov (NCT04111016) on 
01/10/2019 [42]. The intervention was implemented 
across the sub-district of Chatmohar. All the unions of 
Chatmohar sub-district were selected except for the 
Sadar Upazila, which was excluded because it is an urban 
center and differs in terms of socioeconomic status, 
demographic indicators, and health care relative to the 
other 11 rural unions.

To identify eligible households for the baseline survey, 
a team of 15 enumerators visited every household in the 
Chatmohar sub-district and screened each household 
based on the following inclusion criteria: 1) mother or 
caregiver of a child 6–24 months old, 2) living in 11 rural 
unions of Chatmohar, and 3) planning to reside in Chat-
mohar for at least one year. Mothers and children with 
impaired cognitive development, hearing, vision, and/or 
speech were excluded. 6,581 households in 255 villages 
across the 11 unions were identified. A multistage sam-
pling strategy was then used to select households for the 
baseline survey. More specifically, first 109 villages were 
allocated across the 11 unions according to population 
size in the most recent census, then proportionate popu-
lation sampling was used to select specific villages within 
the 11 unions, and finally stratified random sampling was 
used to select households within the 109 selected villages.

Baseline data collection began on April 18, 2019 and 
was completed by June 22, 2019. Data were collected 
through household visits. The baseline survey includes 
a rich set of demographic, socioeconomic, health, and 
empowerment variables for 1635 caregivers with children 
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6–24 months old. 1609 biological mothers were included 
in the analysis. 26 grandmothers and aunts were excluded 
to ensure that antenatal care attendance was recent and 
over the same time period. The study hypotheses, vari-
ables, and planned analyses were preregistered on Open 
Science Framework after data collection but before pri-
mary analysis [43].

Measurement of antenatal care visits
The mother self-reported the number of antenatal care 
visits attended during her most recent pregnancy. These 
were categorized into three groups based on Bangladesh 
country guidelines, which recommend at least four ante-
natal care (ANC) visits: no ANC, 1–3 ANC visits, and ≥ 4 
ANC visits. Generated binary variables for all pairwise 
comparisons (≥ 4 vs. 1–3 ANC, no ANC vs. 1–3, and ≥ 4 
vs. no ANC).

Measurement of women’s empowerment
While there is some consensus around the broad dimen-
sions of women’s empowerment, the abstract and mul-
tidimensional nature of women’s empowerment makes 
it difficult to measure, with significant debate about the 
appropriate level of aggregation, specific criteria that 
should be included, and relative importance of each 
dimension [32, 44]. Though no standard, universally 
accepted measure exists, a couple of well-known indices 
that have been developed to measure women’s empower-
ment in different contexts [30, 32, 44, 45].

We generated an aggregate score for women’s empow-
erment following the approach used for the Women’s 
Empowerment in Agriculture Index (WEAI), which was 
developed to measure women’s empowerment, agency, 
and inclusion in the agriculture sector [45]. Moth-
ers answered 15 survey questions related to three main 
domains—control over assets, freedom of movement, 
and household decision making. Responses indicative 
of greater empowerment were given a higher number. A 
weighted sum score was computed, where each domain 
was given equal weight. The score was re-scaled to val-
ues between 0 and 100 (Table S1). For easier interpreta-
tion, the empowerment score was categorized into high, 
medium, and low empowerment, representing the top 
25%, middle 50%, and bottom 25% of the distribution, 
respectively.

In addition to the aggregate measure, three subscales 
were generated for each of the three domains. The deci-
sion-making power subscale is the sum of answers to 
answers to 7 survey questions about women’s involve-
ment in household decisions, where higher numbers 
indicate greater decision-making power. The freedom 
of movement subscale is the sum of answers to 3 ques-
tions about women’s ability to go to the market, village, 

or family/friends’ homes, where higher scores represent 
greater freedom of movement. The control over assets 
subscale is the sum of answers to 5 survey questions indi-
cating women’s control over earnings and assets, where 
higher scores indicate greater control over assets. All 
subscales were categorized into high, medium, and low 
in the same way as for the overall empowerment score 
(Table S1).

To assess the robustness of our findings to different 
ways of measuring women’s empowerment, we gener-
ated another set of indices following the approach used 
for the Survey-based Women’s emPowERment (SWPER) 
index [44]. The SWPER applies principal component 
analysis to extract the most important components from 
a list of items related to women’s empowerment, includ-
ing questions around attitude to violence, social inde-
pendence, and decision making. We conducted principal 
components analysis with the same list of items included 
in the primary empowerment measures described above 
(Table S1).

Covariates
Individual and household characteristics known to be 
associated with antenatal care attendance and wom-
en’s empowerment were included as covariates. These 
include women’s age (years), women’s depressive symp-
toms (ranging from 0 to 60 on the Center for Epidemio-
logic Studies Depression Scale (CESD) [46]), women’s 
education (years), the education differential between 
the woman and her partner (years), child’s age (months), 
number of members in the household, number of chil-
dren under 15 in the household, and household wealth 
(the first principal component generated from applying 
principal components analysis to 43 variables represent-
ing asset ownership).

Subgroups
Household socioeconomic status was estimated with 
the water/sanitation, assets, maternal education, and 
income (WAMI) index, which is composed of four 
components: access to improved water and sanitation, 
wealth measured by a set of eight assets, maternal edu-
cation, and monthly household income (Table S2) [47]. 
The score ranges from 0 to 32. Households were catego-
rized into high (> = 21), medium (> = 17 & < 21), and low 
(< 17) socioeconomic households based on terciles of the 
WAMI [47].

Subgroup analyses were also conducted for high-risk 
subgroups, including adolescent women, women with 
older children, women who live with in-laws, and women 
with high depressive symptoms. Adolescent women 
included all women who gave birth before age 20. To clas-
sify women with older children, we used a proxy variable 
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indicating presence of more than one child under 15 in 
the household. Women who live with in-laws was also 
classified using a proxy variable indicating the presence 
of any adults in the household aside from the woman 
and her husband. Finally, women with high depressive 
symptoms included all women in the top quartile of the 
depressive symptoms scale, which includes scores greater 
than 18.

Statistical analysis
Primary analyses
We estimated average treatment effects, or marginal risk 
differences, to compare antenatal care attendance across 
different levels of women’s empowerment. We analyzed 
three hypothetical scenarios in which we assigned high, 
medium, or low levels of women’s empowerment. More 
specifically, we define the following target parameters:

where Y (a) is the counterfactual outcome indicating 
antenatal care attendance ( Y  ) when women’s empower-
ment ( A ) is set to a = high, medium, or low, defined as 
the bottom 25%, middle 50%, and top 25% of the sample 
distribution, respectively. Four measures of antenatal care 
attendance ( Y  ) were incorporated as outcomes, including 
all pairwise comparisons of the categorical antenatal care 
measure (≥ 4 vs. 1–3 ANC, no ANC vs. 1–3, and ≥ 4 vs. 
no ANC) and the total number of antenatal care visits. 
ATEhigh−low represents the difference in mean or pro-
portion of antenatal care if the whole population had 
high empowerment compared to if the whole popula-
tion had low empowerment, averaging over the distri-
bution of covariates W  . ATEhigh−med and ATEmed−low 
have the same interpretation but with different exposure 
conditions.

Average treatment effects were estimated using tar-
geted maximum likelihood estimation (TMLE), a doubly 
robust, two-stage estimation strategy, which produces 
a well-defined and efficient substitution estimator. 
TMLE takes the initial estimate of the outcome regres-
sion, E(Y |A,W ), as well as the estimated propensity 
score, P̂(A = 1|W ) , to produce an updated estimate, 
Ê∗(Y |A,W ), that is targeted to the parameter of inter-
est. TMLE is unbiased if either the outcome regression 
or the propensity score is consistently estimated and 

ATEhigh−low = E
[
Y
(
high

)
− Y (low)

]
= Ew[E

(
Y |A = high,W

)
− E(Y |A = low,W )]

ATEhigh−med = E
[
Y
(
high

)
− Y (medium)

]
= Ew[E

(
Y |A = high,W

)
−E(Y |A = medium,W )]

ATEmed−low = E[Y (medium)− Y (low)] = Ew[E(Y |A = medium,W )−E(Y |A = low,W )]

is asymptotically efficient when both are consistently 
estimated. TMLE also has the flexibility to incorporate 
ensemble machine learning, which can help minimize 
bias from misspecified parametric regressions [48, 49].

TMLE with ensemble machine learning was conducted 
using the tmle3 package in R [50]. The library of algo-
rithms used to estimate the outcome regression included 
logistic regression, Bayesian logistic regression, LASSO, 
ridge regression, elastic net, random forest, extreme gra-
dient boosting, and highly adaptive LASSO. The propen-
sity score was estimated with LASSO, ridge regression, 
elastic net, random forest, and extreme gradient boost-
ing. Missing covariates were median-imputed, and indi-
cators for the imputed values were also included in the 
models. Standard errors were clustered at the village 
level.

Subgroup analyses
Stratified average treatment effects were estimated for 
each tercile of the WAMI index distribution in the sam-
ple, and for high-risk subgroups, including adolescent 
women, women with other children under 15 in the 
household, women with in-laws in the household, and 
women with high depressive symptoms scores.

Robustness checks
Primary results were re-analyzed using empowerment 
indices constructed with principal components analysis, 
following the approach used for the SWPER [44]. As an 
additional robustness check, average treatment effects 
for the overall empowerment index were also estimated 
using parametric G-computation [49].

Results
Study population
The study population includes 1609 mothers with chil-
dren 6–24  months old. Seventeen observations missing 
education differential and 1 observation missing women’s 
depressive symptoms were median-imputed.

At the time of data collection, most women were in 
their twenties. Measures of household socioeconomic 
status, such as income, wealth, education, and water/
sanitation, were similar across empowerment groups. 
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However, the education differential between women and 
their husbands was greater for higher levels of empower-
ment. More empowered women had fewer children and 
in-laws in the household than women with lower empow-
erment. On average, women attended 3 (SD: 2.7) antena-
tal care visits, with about 34% of women attending ≥ 4 
visits. Women with higher empowerment attended more 
visits than those with lower empowerment (Table 1).

Overall empowerment
Among women who attended at least one antenatal care 
visit, having high empowerment was associated with 
a greater probability of ≥ 4 antenatal care visits, both in 
comparison to low empowerment (ATE: 15.2 percentage 
points (pp), 95% CI: 6.0, 24.4) and medium empower-
ment (9.1 pp, 95% CI: 2.5, 15.7). These represent relative 
increases in probability of attending at least four visits of 
45% and 26%, respectively. Having medium empower-
ment was also associated with a greater probability of ≥ 4 
antenatal care visits compared to having low empower-
ment (6.1  pp, 95% CI: -0.6, 12.8) (Fig.  1). These results 
indicate a positive gradient between women’s empower-
ment and antenatal care attendance: that is, each addi-
tional increase in empowerment level is associated with 
a greater probability of attending ≥ 4 antenatal care visits. 
Notably, the magnitude of the association between high 
and medium empowerment is larger than the association 

between medium and low empowerment. Similar esti-
mates for the association between empowerment and 
probability of attending ≥ 4 antenatal care visits were also 
found when compared to women with no antenatal care 
visits (Table S3).

Among women who had less than four antenatal care 
visits, higher levels of empowerment were associated 
with a lower probability of no antenatal care (high vs low 
ATE: -6.5  pp (95% CI -14.1, 1.1); high vs medium ATE: 
-3.0 pp (95% CI: -9.0, 3.0); medium vs low ATE: -3.5 pp 
(95% CI: -9.7, 2.7)) (Fig. 1).

These findings are consistent with those looking at 
the number of antenatal care visits. Among women who 
attended at least one antenatal care visit, high empow-
erment was associated with 1 additional antenatal care 
visit (95% CI: 0.7, 1.5) compared to low empowerment 
and 0.5 additional visits (95% CI: 0.2, 0.9) compared to 
medium empowerment. Medium empowerment was 
also associated with a higher number of antenatal care 
visits compared to low empowerment (0.5 visits, 95% 
CI: 0.3, 0.8). Stratified estimates were similar across all 
analyses (Table S4).

To assess whether the magnitude of these differences 
varies by socioeconomic status, we estimated strati-
fied average treatment effects for terciles of the WAMI. 
The estimates do not vary across strata and are of simi-
lar magnitude compared to the full sample estimates, 

Table 1 Sample characteristics, overall and by empowerment level

Data are mean(SD) or n(%). Low, medium, and high empowerment categories are equal to the bottom 25%, middle 50%, and top 25% of the distribution of the 
empowerment score, respectively

Full sample Low empowerment Medium empowerment High empowerment

n 1609 402 788 419

Women’s age 25.8 (5.5) 24.9 (5.7) 25.6 (5.4) 27.1 (5.1)

Women’s depressive symptoms 13.8 (8.9) 14.2 (9.0) 13.7 (8.8) 13.5 (9.0)

Women’s education 6.6 (3.5) 6.3 (3.2) 6.7 (3.6) 6.8 (3.5)

Education differential 1.1 (3.8) 0.9 (3.7) 0.8 (3.8) 1.8 (4.0)

Wealth 0.0 (2.4) -0.0 (2.4) 0.0 (2.5) -0.1 (2.4)

Monthly household income ($) 172.6 (163.5) 162.7 (130.9) 177.5 (189.4) 173.0 (136.7)

Improved water 1609 (100%) 402 (100%) 788 (100%) 419 (100%)

Improved sanitation 1100 (68%) 277 (69%) 540 (69%) 283 (68%)

WAMI 18.6 (4.4) 18.3 (4.4) 18.5 (4.5) 18.8 (4.2)

Number of members 5.2 (1.9) 5.7 (2.0) 5.2 (1.9) 4.7 (1.6)

Number of in-laws 1.3 (1.9) 2.0 (2.1) 1.3 (1.9) 0.72 (1.5)

Number of children < 15 1.9 (0.8) 1.8 (0.8) 1.8 (0.8) 2.01 (0.8)

Youngest child’s age, months 13.5 (5.3) 13.2 (5.1) 13.5 (5.4) 13.82 (5.5)

Empowerment score 46.0 (17.1) 24.1 (7.6) 45.7 (6.5) 67.45 (8.4)

Number antenatal care visits 3.1 (2.65) 2.6 (2.3) 3.1 (2.7) 3.59 (2.8)

No antenatal care 218 (14%) 68 (17%) 108 (14%) 42 (10%)

1–3 antenatal care visits 841 (52%) 229 (57%) 413 (52%) 199 (48%)

 ≥ 4 antenatal care visits 550 (34%) 105 (26%) 267 (34%) 178 (43%)
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suggesting an association with antenatal care independ-
ent of socioeconomic status (Fig. 2) (Table S5).

Empowerment subscales
To better understand the mechanisms driving the aggre-
gate associations, we estimated differences in antenatal 
care attendance associated with each of the three dimen-
sions of empowerment separately – decision-making 
power (Table S6), freedom of movement (Table S7), and 
control over assets (Table S8).

Among women who attended at least one antena-
tal care visit, high and medium decision-making power 
were associated with 15 pp (95% CI: 5.5, 24.2) and 9 pp 
(95% CI: 1.1, 16.8) higher probability of ≥ 4 antenatal 
care visits, respectively, compared to low decision-mak-
ing power. High control over assets was associated with 
a 15 pp (95% CI: 7.0, 23.1) higher probability of attend-
ing ≥ 4 antenatal care visits compared to low control over 
assets, and an 11 pp (95% CI: 4.6, 17.7) higher probability 
compared to medium control over assets (Fig. 3). These 

Fig. 1 Population average treatment effects of overall empowerment for all pairwise comparisons of the categorical antenatal care (ANC) measure, 
full sample

Fig. 2 Population average treatment effects of overall empowerment for all pairwise comparisons of the categorical antenatal care (ANC) measure, 
stratified by WAMI tercile
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estimates are similar in magnitude to those from the 
overall empowerment scale. The associations between 
freedom of movement and antenatal care attendance are 
much lower in magnitude relative to the estimates using 
the overall empowerment scale: among women who 
attended at least one antenatal care visit, high freedom 
of movement was associated with 3.5  pp increase in ≥ 4 
antenatal care visits compared to medium (95% CI: -5.2, 
12.2) and low (95% CI: -4.3, 11.4) freedom of movement, 
respectively (Fig. 3).

The direction and magnitude of these associations are 
consistent with average treatment effects on the total 
number of antenatal care visits (Tables S12, S13, S14), 
and estimates stratified by WAMI tercile (Figures S1, S2, 
S3, Tables S9, S10, S11).

Subgroup analyses
To assess whether there were any differential associa-
tions between empowerment and antenatal care attend-
ance, we estimated stratified average treatment effects 
for specific risk factors. We found little variation in effect 
sizes between adolescent and adult women, women with 
and without in-laws or other children under 15 in the 
household, or women at risk for depression (Figures S4, 
S5, S6, S7).

Robustness checks
Average treatment effects estimated with parametric 
G-computation are consistent with findings using tar-
geted maximum likelihood estimation (Table S15).

To see if our results were robust to changes in how 
empowerment is measured, we replicated all the results 
using indices constructed with principal components 
analysis, following the approach used for the SWPER. 
The first three components were kept, representing 
decision-making power, freedom of movement, and con-
trol over assets, respectively (Table S16, Figure S8). The 
findings are consistent with our domain analyses, which 
show positive and significant associations between deci-
sion-making power and control over assets and antena-
tal care, but no association with freedom of movement 
(Tables S17, S18, S19).

Discussion
Higher women’s empowerment was associated with a 
greater likelihood of continuing antenatal care in our 
study setting in rural Bangladesh. Among women who 
attended at least one antenatal care visit, we found that 
high empowerment was associated with a greater prob-
ability of attending ≥ 4 antenatal care visits compared 
to low empowerment, as well as compared to medium 

Fig. 3 Population average treatment effects of the empowerment subscales for all pairwise comparisons of the categorical antenatal care (ANC) 
measure, full sample
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empowerment. These associations were largest for 
women’s decision-making power and control over assets 
domains. There was no association between freedom of 
movement and antenatal care attendance. The associa-
tions between women’s empowerment, overall and for 
each dimension separately, were similar across all terciles 
of the WAMI index, suggesting that empowerment is 
positively associated with antenatal care independent of 
socioeconomic status.

Our finding that higher empowerment was associ-
ated with greater antenatal care attendance is consist-
ent with the existing, limited evidence in LMIC. A few 
papers, including one in Bangladesh, have found posi-
tive associations between measures of women’s empow-
erment and antenatal care attendance [20, 24, 28, 29]. In 
Bangladesh, participation in household decision mak-
ing, freedom of choice in contraception or going out 
alone, and involvement in economic activities together 
with completion of secondary education was associ-
ated with an estimated 24% higher likelihood of any 
antenatal care compared to no education and no par-
ticipation in decisions, freedom of choice/movement, 
or involvement in economic activities [20]. Studies in 
Ethiopia, India, and Eritrea also found positive asso-
ciations between measures of empowerment, including 
decision-making power, freedom of movement, and low 
tolerance of violence, and the number of antenatal care 
visits attended [24, 28, 29]. While these studies show 
that women’s empowerment is an important facilitator 
of antenatal care attendance in general, they vary widely 
in which dimensions of empowerment are studied, the 
specific list of items asked within each dimension, and 
the methods are chosen to create empowerment-based 
indices. Furthermore, there is a range of antenatal care 
outcomes studied, including any antenatal care, at least 
four antenatal care visits, or the total number of ante-
natal care visits. Our study contributes to the litera-
ture by combining three commonly studied dimensions 
of women’s empowerment – decision-making power, 
freedom of movement, and control over assets—into 
one composite index to determine how empowerment 
across multiple dimensions is associated with antenatal 
care attendance. We also analyzed a few different meas-
ures of antenatal care attendance, including differences 
between categories of antenatal care (no antenatal care, 
1–3 antenatal care visits, and ≥ 4 antenatal care visits) 
and by the total number of antenatal care visits.

The association between high empowerment and 
high antenatal care attendance was driven primarily by 
greater decision-making power and control over assets. 
We found no association between freedom of movement 
and antenatal care attendance, which may mean this is 
not a limiting constraint to attending antenatal care in 

this population. These findings contribute to inconclu-
sive evidence around the relative importance of specific 
dimensions of women’s empowerment on antenatal care 
attendance. In Bangladesh, decision-making power and 
control over assets were positively associated with any 
antenatal care use and frequency of antenatal care, but 
the association between freedom of choice/movement 
was no longer significant when looking at the frequency 
of antenatal care [20]. Other evidence from Ethiopia, 
Eritrea, Pakistan, and Albania show positive associa-
tions between decision-making power and antenatal 
care attendance [24, 28, 29, 51]. In India, however, free-
dom of movement was positively associated with quality 
antenatal care while decision-making power and control 
over finances were not [19]. Mixed findings may be due 
to differences in how the dimensions were measured. It is 
possible that our null finding on freedom of movement is 
due at least in part to low variability in the index, since it 
is only based on three items. Certain aspects of empow-
erment may also be more or less important in different 
contexts and cultures. Our findings are consistent with 
the findings from Bangladesh [20].

We also found similar associations between women’s 
empowerment and antenatal care attendance across dif-
ferent strata of socioeconomic status, age at childbirth, 
parity, presence of in-laws in the household, and depres-
sive symptoms. These findings suggest that low empow-
erment may be a barrier to antenatal care attendance for 
all women in these communities, independent of risk 
status. We may also see less heterogeneity due to the fact 
that our sample consists of a rural population of women 
concentrated in one sub-district.

This study provides a few important strengths. 
First, we test how a hypothetical intervention target-
ing women’s empowerment could change the prob-
ability of reaching key antenatal care targets through a 
counterfactual framework. Our combined measure of 
women’s empowerment only includes direct measures 
of empowerment that can be influenced once women 
are already of reproductive age, unlike many other indi-
ces that include maternal education, which requires 
intervention long before a woman becomes preg-
nant. Moreover, we assessed differential associations 
between women’s empowerment and antenatal care 
based on socioeconomic status and explored sources 
of heterogeneity across key risk factors of antenatal 
care attendance, including mother’s age, presence of 
in-laws, parity, and depressive symptoms. In addition, 
while most studies looking at women’s empowerment 
and antenatal care use national-level data, we focus on 
a rural population of women, who have disproportion-
ately lower antenatal care attendance and higher levels 
of poverty. Finally, we use a rigorous methodological 
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approach, estimating average treatment effects using 
targeted maximum likelihood estimation with ensem-
ble machine learning, which produces less biased and 
more efficient estimates relative to traditional paramet-
ric models.

This study has several limitations. Most importantly, 
this is an observational, cross-sectional analysis, and 
while we controlled for well-known and important con-
founders, it is impossible to eliminate all unmeasured 
sources of confounding and therefore we are unable to 
isolate the causal effect of women’s empowerment on 
antenatal care attendance. Second, women’s empower-
ment is a multidimensional, abstract, and complex con-
cept that is extremely difficult to measure in practice 
and hard to categorize into distinct domains. What it 
means to be empowered is very subjective and can vary 
widely based on context and culture. To help address 
this concern, we studied dimensions of empowerment 
that have been previously studied in the context of 
Bangladesh. Additionally, we used self-reported survey 
data which may have some imbedded bias due to social 
desirability and/or inaccurate recall. That being said, 
most other studies also rely on self-reported measures 
of antenatal care and women’s empowerment given 
challenges accessing individual health record data in 
low-income countries and the inherent difficulties of 
measuring a complex and abstract concept. To help 
mitigate potential bias due to length of recall or differ-
ential recall by empowerment status, we also restricted 
our sample to mothers who were pregnant in the last 
two years. Finally, these data are from one rural sub-
district in Bangladesh so they may not be generalizable 
to urban areas in Bangladesh or other LMIC contexts.

These findings have important implications for gov-
ernment and community stakeholders in LMICs work-
ing to reach key antenatal care and maternal and child 
health targets. A number of economic empowerment 
interventions, including microfinance for poor women 
and girls, life skills and vocational training, graduation 
programs, and cash transfers to female beneficiaries, 
have found positive impacts on women’s access to eco-
nomic resources and decision-making power [52–54]. 
While no research to our knowledge has experimentally 
evaluated the effect of empowerment-based interven-
tions on antenatal care attendance directly, there have 
been some positive impacts on use of contraception 
and family planning and on child nutrition, lending 
greater confidence to their potential effect on mater-
nal health services [55–57]. This evidence, paired with 
our findings, lends confidence to the potential success 
of incorporating empowerment-based components into 
interventions to increase antenatal care attendance in 
rural LMIC communities.

Conclusions
Our study leveraged data on 1609 mothers in rural 
Bangladesh and targeted maximum likelihood esti-
mation to evaluate the association between direct 
measures of women’s empowerment, including deci-
sion-making power, freedom of movement, and control 
over assets, and antenatal care attendance. We found a 
gradient relationship between women’s empowerment 
and antenatal care attendance among those who initi-
ated antenatal care: i.e., the difference in the probabil-
ity of attending ≥ 4 antenatal care visits was greatest 
between high and low empowerment levels (15.2  pp; 
95% CI: 6.0, 24.4), followed by high vs. medium 
empowerment (9.1  pp; 95% CI: 2.5, 15.7), and lowest 
between medium vs. low empowerment (6.1  pp, 95% 
CI: -0.6, 12.8). These associations were driven primarily 
by decision-making power and control over assets, and 
were consistent across socioeconomic status groups. 
These findings suggest that incorporating empower-
ment-based components into interventions may be a 
promising strategy for improving antenatal care attend-
ance, especially given their success in addressing other 
health and nutrition outcomes. In particular, inter-
ventions targeting women’s involvement in household 
decisions and/or facilitating greater control over assets 
may be especially valuable, even in families with fewer 
resources.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12884- 023- 05737-9.

Additional file 1. 

Acknowledgements
We thank the participants, data collectors, and field staff for their dedication 
to this study. icddr,b acknowledges the Bill and Melinda Gates Foundation for 
funding this project. icddr,b is also grateful to the Government of Bangladesh, 
Canada, Sweden, and UK for providing core/unrestricted support.

Authors’ contributions
SW, HOP, and LCHF conceptualized the study, including formulation of 
research goals and aims. HOP, FA, TJ, TMNH, MR, PJW, SL, and LCHF were 
responsible for intervention design and implementation, funding acquisition, 
and data collection. SW and HOP conducted data curation and cleaning. SW 
developed the statistical methodology with input from HOP and LCHF. SW 
conducted the data analysis, constructed the tables and figures, and wrote the 
initial draft of the manuscript. SW, HOP, and LCHF contributed to the interpre-
tation of the results. LCHF oversaw and supervised research activities. SW had 
primary responsibility for final content. All authors reviewed and approved the 
final version of the manuscript.

Funding
This research was funded by the Bill and Melinda Gates Founda-
tion [OPP1146808]. The funders approved the study design, but did not play 
a role in data collection, analysis, or interpretation of the data, in the writing 
of the report, or in the decision to submit the article for publication. The 
corresponding author had full access to the data for this study and had final 
responsibility for the decision to submit for publication.

https://doi.org/10.1186/s12884-023-05737-9
https://doi.org/10.1186/s12884-023-05737-9


Page 11 of 12Winters et al. BMC Pregnancy and Childbirth          (2023) 23:436  

Availability of data and materials
The data that support the findings of this study are available from icddr,b but 
restrictions apply to the availability of these data, which were used under 
license for the current study, and so are not publicly available. Data are how-
ever available from the authors upon reasonable request and with permission 
of icddr,b.

Declarations

Ethics approval and consent to participate
All methods were performed in accordance with the ethical principles out-
lined in the Declaration of Helsinki. Written informed consent was obtained 
from all participants prior to data collection. This study was reviewed and 
approved by icddr,b’s ethical review committee (protocol number: PR-18097) 
as well as the Institutional Review Board at the University of California, 
Berkeley.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 School of Public Health, University of California, Berkeley, 2121 Berkeley Way 
West, Berkeley, CA 94720, USA. 2 Environmental Interventions Unit, Infectious 
Diseases Division, icddr,b, Dhaka 1212, Bangladesh. 3 College of Medicine, 
Nursing, & Health Sciences, University of Galway, Galway, Ireland. 4 Department 
of Public Health, College of Public Health and Health Informatics, Qassim Uni-
versity, Al Bukairiyah 52741, Saudi Arabia. 5 Department of International Health, 
Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD, 
USA. 6 Division of Infectious Diseases and Geographic Medicine, Stanford 
University, Stanford, CA, USA. 

Received: 6 July 2022   Accepted: 25 May 2023

References
 1. World Health Organization. Newborns: improving survival and well-being 

[Internet]. 2020 [cited 2022 Jan 26]. Available from: https:// www. who. int/ 
news- room/ fact- sheets/ detail/ newbo rns- reduc ing- morta lity

 2. World Health Organization. Preterm birth [Internet]. 2018 [cited 2022 Jan 
26]. Available from: https:// www. who. int/ news- room/ fact- sheets/ detail/ 
prete rm- birth

 3. Kuhnt J, Vollmer S. Antenatal care services and its implications for vital 
and health outcomes of children: evidence from 193 surveys in 69 low-
income and middle-income countries. BMJ Open. 2017;7(11): e017122.

 4. Dowswell T, Carroli G, Duley L, Gates S, Gülmezoglu AM, Khan-Neelofur D, 
et al. Alternative versus standard packages of antenatal care for low-risk 
pregnancy. Cochrane Database Syst Rev. 2015; 2015(7):CD000934.

 5. Tunçalp Ӧ, Pena-Rosas J, Lawrie T, Bucagu M, Oladapo O, Portela A, et al. 
WHO recommendations on antenatal care for a positive pregnancy 
experience—going beyond survival. BJOG Int J Obstet Gynaecol. 
2017;124(6):860–2.

 6. Vogel JP, Habib NA, Souza JP, Gülmezoglu AM, Dowswell T, Carroli G, et al. 
Antenatal care packages with reduced visits and perinatal mortality: 
a secondary analysis of the WHO Antenatal Care Trial. Reprod Health. 
2013;12(10):19.

 7. World Health Organization. WHO recommendations on antenatal care for 
a positive pregnancy experience. 2016.

 8. Doku DT, Neupane S. Survival analysis of the association between 
antenatal care attendance and neonatal mortality in 57 low- and middle-
income countries. Int J Epidemiol. 2017;46(5):1668–77.

 9. Committee to Study the Prevention of Low Birthweight, Division of 
Health Promotion and Disease Prevention, Institute of Medicine. The 
Effectiveness of Prenatal Care. In: Preventing Low Birthweight [Inter-
net]. National Academies Press (US); 1985 [cited 2022 Jan 26]. Available 
from: https:// www. ncbi. nlm. nih. gov/ books/ NBK21 4461/

 10. Debiec KE, Paul KJ, Mitchell CM, Hitti JE. Inadequate prenatal care and 
risk of preterm delivery among adolescents: a retrospective study over 
10 years. Am J Obstet Gynecol. 2010;203(2):122.e1-6.

 11. Mertens A, Benjamin-Chung J, Colford JM, Coyle J, van der Laan MJ, 
Hubbard AE, et al. Risk factors and impacts of child growth faltering in 
low- and middle-income countries [Internet]. Epidemiology; 2020 Jun 
[cited 2022 Mar 30]. Available from: http:// medrx iv. org/ lookup/ doi/ 10. 
1101/ 2020. 06. 09. 20127 100

 12. Petrou S, Kupek E, Vause S, Maresh M. Antenatal visits and adverse 
perinatal outcomes: results from a British population-based study. Eur J 
Obstet Gynecol Reprod Biol. 2003;106(1):40–9.

 13. Ryan BL, Krishnan RJ, Terry A, Thind A. Do four or more antenatal care 
visits increase skilled birth attendant use and institutional delivery in 
Bangladesh? A propensity-score matched analysis. BMC Public Health. 
2019;19(1):583.

 14. Benova L, Tunçalp Ö, Moran AC, Campbell OMR. Not just a number: 
examining coverage and content of antenatal care in low-income and 
middle-income countries. BMJ Glob Health. 2018;3(2): e000779.

 15. Islam MM, Masud MS. Determinants of frequency and contents of 
antenatal care visits in Bangladesh: Assessing the extent of compliance 
with the WHO recommendations. PLoS ONE. 2018;13(9): e0204752.

 16. UNICEF. Maternal and newborn health coverage [Internet]. 2021 [cited 
2022 Jan 28]. Available from: https:// data. unicef. org/ topic/ mater nal- 
health/ anten atal- care/

 17. Arroyave L, Saad GE, Victora CG, Barros AJD. Inequalities in antenatal 
care coverage and quality: an analysis from 63 low and middle-income 
countries using the ANCq content-qualified coverage indicator. Int J 
Equity Health. 2021;20(1):102.

 18. Banke-Thomas OE, Banke-Thomas AO, Ameh CA. Factors influencing 
utilisation of maternal health services by adolescent mothers in Low-
and middle-income countries: a systematic review. BMC Pregnancy 
Childbirth. 2017;17(1):65.

 19. Bloom SS, Wypij D, Das GM. Dimensions of women’s autonomy and 
the influence on maternal health care utilization in a North Indian city. 
Demography. 2001;38(1):67–78.

 20. Hossain B, Hoque AA. Women empowerment and antenatal care 
utilizationin Bangladesh. J Dev Areas. 2015;49(2):109–24.

 21. Okedo-Alex IN, Akamike IC, Ezeanosike OB, Uneke CJ. Determinants of 
antenatal care utilisation in sub-Saharan Africa: a systematic review. 
BMJ Open. 2019;9(10): e031890.

 22. Rahman A, Nisha MK, Begum T, Ahmed S, Alam N, Anwar I. Trends, 
determinants and inequities of 4+ ANC utilisation in Bangladesh. J 
Health Popul Nutr. 2017;36(1):2.

 23. Saad-Haddad G, DeJong J, Terreri N, Restrepo-Méndez MC, Perin J, Vaz 
L, et al. Patterns and determinants of antenatal care utilization: analysis 
of national survey data in seven countdown countries. J Glob Health. 
2016;6(1): 010404.

 24. Sado L, Spaho A, Hotchkiss DR. The influence of women’s empower-
ment on maternal health care utilization: evidence from Albania. Soc 
Sci Med. 2014;1(114):169–77.

 25. Simkhada B, van Teijlingen ER, Porter M, Simkhada P. Factors affecting 
the utilization of antenatal care in developing countries: systematic 
review of the literature. J Adv Nurs. 2008;61(3):244–60.

 26. Tsegay Y, Gebrehiwot T, Goicolea I, Edin K, Lemma H, Sebastian MS. 
Determinants of antenatal and delivery care utilization in Tigray region, 
Ethiopia: a cross-sectional study. Int J Equity Health. 2013;12(1):30.

 27. Dadjo J, Ahinkorah BO, Yaya S. Health insurance coverage and ante-
natal care services utilization in West Africa. BMC Health Serv Res. 
2022;22(1):311.

 28. Ousman SK, Mdala I, Thorsen VC, Sundby J, Magnus JH. Social Deter-
minants of Antenatal Care Service Use in Ethiopia: Changes Over a 
15-Year Span. Front Public Health [Internet]. 2019 [cited 2022 Jan 26];7. 
Available from:https:// doi. org/ 10. 3389/ fpubh. 2019. 00161

 29. Woldemicael G. Do women with higher autonomy seek more maternal 
health care? Evidence from Eritrea and Ethiopia. Health Care Women 
Int. 2010;31(7):599–620.

 30. Cunningham K, Ruel M, Ferguson E, Uauy R. Women’s empowerment and 
child nutritional status in South Asia: a synthesis of the literature. Matern 
Child Nutr. 2014;11(1):1–19.

 31. Kabeer N. Resources, Agency, achievements: reflections on the measure-
ment of women’s empowerment. Dev Change. 1999;30(3):435–64.

https://www.who.int/news-room/fact-sheets/detail/newborns-reducing-mortality
https://www.who.int/news-room/fact-sheets/detail/newborns-reducing-mortality
https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://www.ncbi.nlm.nih.gov/books/NBK214461/
http://medrxiv.org/lookup/doi/10.1101/2020.06.09.20127100
http://medrxiv.org/lookup/doi/10.1101/2020.06.09.20127100
https://data.unicef.org/topic/maternal-health/antenatal-care/
https://data.unicef.org/topic/maternal-health/antenatal-care/
https://doi.org/10.3389/fpubh.2019.00161


Page 12 of 12Winters et al. BMC Pregnancy and Childbirth          (2023) 23:436 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 32. Santoso MV, Kerr RB, Hoddinott J, Garigipati P, Olmos S, Young SL. Role 
of Women’s Empowerment in Child Nutrition Outcomes: A Systematic 
Review. Adv Nutr. 2019;10(6):1138–51.

 33. Yaya S, Odusina EK, Uthman OA, Bishwajit G. What does women’s 
empowerment have to do with malnutrition in Sub-Saharan Africa? 
Evidence from demographic and health surveys from 30 countries. Glob 
Health Res Policy. 2020;14(5):1.

 34. Al Riyami A, Afifi M, Mabry RM. Women’s autonomy, education and 
employment in Oman and their influence on contraceptive use. Reprod 
Health Matters. 2004;12(23):144–54.

 35. Na M, Jennings L, Talegawkar SA, Ahmed S. Association between 
women’s empowerment and infant and child feeding practices in sub-
Saharan Africa: an analysis of Demographic and Health Surveys. Public 
Health Nutr. 2015;18(17):3155–65.

 36. Shroff MR, Griffiths PL, Suchindran C, Nagalla B, Vazir S, Bentley ME. Does 
maternal autonomy influence feeding practices and infant growth in 
rural India? Soc Sci Med. 2011;73(3):447–55.

 37. Ahmed S, Creanga AA, Gillespie DG, Tsui AO. Economic Status, Education 
and Empowerment: Implications for Maternal Health Service Utilization 
in Developing Countries. PLoS ONE. 2010;5(6): e11190.

 38. Sarker BK, Rahman M, Rahman T, Rahman T, Khalil JJ, Hasan M, et al. Status 
of the WHO recommended timing and frequency of antenatal care visits 
in Northern Bangladesh. PLoS ONE. 2020;15(11): e0241185.

 39. Hossain N. The SDGs and the Empowerment of Bangladeshi Women. In: 
Chaturvedi S, Janus H, Klingebiel S, Li X, Mello e Souza A de, Sidiropoulos 
E, et al., editors. The Palgrave Handbook of Development Cooperation for 
Achieving the 2030 Agenda: Contested Collaboration [Internet]. Cham: 
Springer International Publishing; 2021 [cited 2022 Feb 5]. Available from: 
http:// link. sprin ger. com/ 10. 1007/ 978-3- 030- 57938-8

 40. Bangladesh Bureau of Statistics (BBS). Report on Violence Against Women 
(VAW) 2015. 2016.

 41. Biswas RK, Khan JR, Kabir E. Trend of child marriage in Bangladesh: A 
reflection on significant socioeconomic factors. Child Youth Serv Rev. 
2019;1(104): 104382.

 42. Luby SP. Exploring the Feasibility of Implementing an Integrated Nutri-
tion, Early Childhood Development and WASH (RINEW) Intervention 
Through the Government Health System: A Pilot Study [Internet]. 2020 
Nov [cited 2022 Feb 10]. Report No.: NCT04111016. Available from: 
https:// clini caltr ials. gov/ ct2/ show/ NCT04 111016

 43. Winters S, Pitchik HO, Fernald L. Women’s empowerment and utilization 
of antenatal care: a cross-sectional study of pregnant women in Chatmo-
har, Bangladesh [Internet]. 2022. Available from: osf.io/3g9x7

 44. Ewerling F, Lynch JW, Victora CG, van Eerdewijk A, Tyszler M, Barros AJD. 
The SWPER index for women’s empowerment in Africa: development 
and validation of an index based on survey data. Lancet Glob Health. 
2017;5(9):e916–23.

 45. Alkire S, Meinzen-Dick R, Peterman A, Quisumbing A, Seymour G, 
Vaz A. The Women’s empowerment in Agriculture Index. World Dev. 
2013;1(52):71–91.

 46. Radloff LS. The CES-D Scale: a self-report depression scale for research in 
the general population. Appl Psychol Meas. 1977;1(3):385–401.

 47. Psaki SR, Seidman JC, Miller M, Gottlieb M, Bhutta ZA, Ahmed T, et al. 
Measuring socioeconomic status in multicountry studies: results from the 
eight-country MAL-ED study. Popul Health Metr. 2014;12(1):8.

 48. van der Laan, Mark, Coyle, Jeremy, Hejazi, Nima, Malenica, Ivana, Phillips, 
Rachael, Hubbard, Alan. Chapter 7 The TMLE Framework. In: Targeted 
Learning in R: Causal Data Science with the tlverse Software Ecosystem 
[Internet]. 2021 [cited 2022 Feb 1]. Available from: https:// tlver se. org/ tlver 
se- handb ook/ tmle3. html

 49. Schuler MS, Rose S. Targeted maximum likelihood estimation for causal 
inference in observational studies. Am J Epidemiol. 2017;185(1):65–73.

 50. Coyle J. tmle3: The Extensible TMLE Framework [Internet]. R; 2021 [cited 
2022 Jan 26]. Available from: https:// zenodo. org/ record/ 46033 59

 51. Asim M, Hameed W, Saleem S. Do empowered women receive better 
quality antenatal care in Pakistan? An analysis of demographic and health 
survey data. PLoS One. 2022;17(1): e0262323.

 52. de Brauw A, Gilligan DO, Hoddinott J, Roy S. The impact of Bolsa Família 
on women’s decision-making power. World Dev. 2014;1(59):487–504.

 53. Karimli L, Lecoutere E, Wells CR, Ismayilova L. More assets, more decision-
making power? Mediation model in a cluster-randomized controlled trial 

evaluating the effect of the graduation program on women’s empower-
ment in Burkina Faso. World Dev. 2021;1(137): 105159.

 54. Murshid NS. Microfinance participation and women’s decision-making 
power in the household in Bangladesh. J Soc Serv Res. 2018;44(3):308–18.

 55. Bandiera O, Buehren N, Burgess R, Goldstein M, Gulesci S, Rasul I, et al. 
Empowering adolescent girls: evidence from a randomized control trial 
in Uganda [Internet]. Washington, DC: World Bank; 2012 [cited 2022 Mar 
6]. Available from: https:// openk nowle dge. world bank. org/ handle/ 10986/ 
25529

 56. Dunbar MS, Dufour MSK, Lambdin B, Mudekunye-Mahaka I, Nhamo D, 
Padian NS. The SHAZ! Project: results from a pilot randomized trial of 
a structural Intervention to prevent HIV among adolescent women in 
Zimbabwe. PLoS One. 2014;9(11): e113621.

 57. Gichuru W, Ojha S, Smith S, Smyth AR, Szatkowski L. Is microfinance 
associated with changes in women’s well-being and children’s nutrition? 
A systematic review and meta-analysis. BMJ Open. 2019;9(1): e023658.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://link.springer.com/10.1007/978-3-030-57938-8
https://clinicaltrials.gov/ct2/show/NCT04111016
https://tlverse.org/tlverse-handbook/tmle3.html
https://tlverse.org/tlverse-handbook/tmle3.html
https://zenodo.org/record/4603359
https://openknowledge.worldbank.org/handle/10986/25529
https://openknowledge.worldbank.org/handle/10986/25529

	How does women’s empowerment relate to antenatal care attendance? A cross-sectional analysis among rural women in Bangladesh
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Potential pathways between women’s empowerment and antenatal care
	Study aims
	Setting: rural Bangladesh

	Methods
	Data
	Measurement of antenatal care visits
	Measurement of women’s empowerment
	Covariates
	Subgroups
	Statistical analysis
	Primary analyses
	Subgroup analyses
	Robustness checks


	Results
	Study population
	Overall empowerment
	Empowerment subscales
	Subgroup analyses
	Robustness checks

	Discussion
	Conclusions
	Anchor 30
	Acknowledgements
	References


