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Abstract 

Background:  The world is making progress toward achieving maternal and child health (MCH) related components 
of the Sustainable Development Goals. Nevertheless, the progress of many countries in Sub-Saharan Africa is lagging. 
Geographical accessibility from residence to health facilities is considered a major obstacle hampering the use of 
appropriate MCH services. Benin, a country where the southern and northern parts belong to different geographical 
zones, has among the highest maternal mortality rate in the world. Adequate use of MCH care is important to save 
lives of women and their babies. This study assessed the effect of geographical accessibility to health facilities on 
antenatal care and delivery services utilization in Benin, with an emphasis on geographical zones.

Methods:  We pooled two rounds of Benin Demographic and Health Surveys (BDHS). The sample included 18,105 
women aged 15–49 years (9111 from BDHS-2011/2012 and 8994 from BDHS-2017/2018) who had live births within 
five years preceding the surveys. We measured the distance and travel time from residential areas to the closest health 
center by merging the BDHS datasets with Benin’s geographic information system data. Multivariate logistic regres-
sion analysis was performed to estimate the effect of geographical access on pregnancy and delivery services utiliza-
tion. We conducted a propensity score-matching analysis to check for robustness.

Results:  Regression results showed that the distance to the closest health center had adverse effects on the likeli-
hood of a woman receiving appropriate maternal healthcare. The estimates showed that one km increase in straight-
line distance to the closest health center reduces the odds of the woman receiving at least one antenatal care by 
0.042, delivering in facility by 0.092, and delivering her baby with assistance of skilled birth attendants by 0.118. We 
also confirmed the negative effects of travel time and altitude of women’s residence on healthcare utilization. None-
theless, these effects were mainly seen in the northern part of Benin.

Conclusions:  Geographical accessibility to health facilities is critically important for the utilization of antenatal care 
and delivery services, particularly in the northern part of Benin. Improving geographical accessibility, especially in rural 
areas, is significant for further use of maternal health care in Benin.
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Background
Maternal and child health (MCH) care is an important 
investment a country can make to build human capital 
and boost economic growth [1]. It should be emphasized 
that the world is making progress toward MCH improve-
ment. The global maternal mortality ratio fell from 342 to 
211 deaths per 100,000 live births between 2000 and 2017 
[2]. Nevertheless, maternal, neonatal, and child mortal-
ity rates are still high in many countries in Sub-Saharan 
Africa. For instance, in the Benin Republic, a coastal 
country located in West Africa, the maternal mortality 
ratio was 391 per 100,000 live births in 2018 [3].

Maternal deaths particularly occur during labor, deliv-
ery, and the immediate postpartum period, with obstet-
ric hemorrhage being the leading cause [4, 5]. Empirical 
studies have demonstrated that antenatal care (ANC) 
visits, institutional delivery with skilled birth attend-
ants (SBA), and postnatal care are important to prevent 
maternal and newborn deaths [5, 6]. In Benin, women’s 
utilization of maternal health care services has decreased 
recently. The percentage of women receiving at least 
one ANC shifted from 86% in 2011 to 83% in 2018, and 
those visiting at least four ANCs, as recommended by the 
World Health Organization (WHO), declined from 58 to 
52% during the same period [3]. Moreover, there are still 
a certain number of women who give birth at alternative 
places such as their homes and those of traditional birth 
attendants who are not knowledgeable in modern obstet-
ric care [7].

Among the determinants of not utilizing appropriate 
maternal healthcare services in Sub-Saharan Africa, geo-
graphical accessibility to health facilities is considered a 
major obstacle [8–12]. Although several empirical stud-
ies on the issue of maternal healthcare service utilization 
in Benin have been conducted [7, 13–16], they mainly 
focused on the individual, household, and community 
levels. No study has analyzed the effects of geographical 
accessibility to health facilities on maternal healthcare 
utilization by using geographical information system 
(GIS) of Benin. Therefore, we conducted our study to 
analyze the effects of geographical accessibility to health 
facilities on antenatal care and delivery services utiliza-
tion in Benin.

Methods
Study setting
Benin is located in West Africa on the Gulf of Guinea, 
and covers an area of 114.763 square km. Benin consists 
of 12 departments: Alibori, Atacora, Atlantique, Borgou, 
Collines, Couffo, Donga, Littoral, Mono, Ouémé, Pla-
teau, and Zou [17]. These departments are divided into 
77 municipalities and then subdivided into 546 districts 
[17]. In terms of maternal and neonatal healthcare, 
Benin has two national hospitals, six Departmental Hos-
pital Centers, 28 Zone Hospitals, 12 other hospitals, 76 
municipality maternity units and more than 825 district 
maternity units [18].

Plain language summary 

Maternal and neonatal mortality rates are still high in many countries in Sub-Saharan Africa. Antenatal care (ANC) 
visits and institutional delivery with skilled birth attendants are important to prevent maternal and neonatal deaths. 
Nevertheless, women’s utilization of ANC and delivery services has decreased recently in Benin, a country where the 
southern and northern parts belong to different geographical zones.

Geographical accessibility from residence to health facilities is considered a major obstacle hampering the use of 
appropriate maternal healthcare. This study assessed the effect of geographical accessibility on ANC and delivery 
services utilization in Benin by considering the geographical characteristics.

We used the two rounds of the Benin Demographic and Health Survey 2011/2012 and 2017/2018 and conducted 
regression analysis.

This study has three important findings: (1) We confirmed adverse effects of distance and travel time on the likeli-
hood of a women receiving appropriate ANC and delivery services in Benin, but this effect was mainly observed in 
the northern part; (2) Distance and travel time to health facilities had a negative effect on the use of at least one ANC 
but no significant effect for four or more ANC; (3) Regarding the threshold of distance, we confirmed that women 
living within 5 km from the closest health center were more likely to use maternal healthcare compared to their 
counterparts.

In conclusion, geographical accessibility to health facilities is critically important for the utilization of antenatal care 
and delivery services, particularly in the northern part of Benin.

Keywords:  Geographical accessibility, Distance, Travel time, Altitude, Antenatal care, Delivery services, Geographic 
Information System, Benin
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Benin is a country where the southern and northern 
parts belong to different geographical zones. Benin’s 
geographic gradient is well-marked from south to north. 
The southern part of the country is in the coastal zone, 
whereas the northern part is mountainous. The Atakora 
mountain chain culminates at 658  m above sea level. 
Regarding geographical accessibility within Benin, the 
main mode of transport used are two-wheelers (per-
sonal motorbikes and motorbike taxis) and personal 
cars for road transport [19]. The ownership rate of cars 
per household was low, at 4.0% in 2011/2012 and 3.9% 
in 2017/2018 [3]. On the other hand, the ownership 
rate of motorbikes per household was comparatively 
higher, increasing from 58.4% in 2011/2012 to 66.3% in 
2017/2018 [3, 20]. Road infrastructure consists of “clas-
sified roads” (6076  km) and “rural roads” (23,000  km) 
[19]. “Classified roads” include national roads (3898 km) 
and interstate national roads (2178 km), but only 30% of 
“classified roads” are paved [19]. Regarding “rural roads”, 
only 1/3 (a total of 7400  km) are properly constructed 
[19]. The low percentage of asphalted roads in the coun-
try leads to the high ownership of intermediate means of 
transport among households, such as motorcycles, tricy-
cles, animal-drawn carts, rickshaws, bicycles etc., which 
are flexible and efficient on rough roads [19, 21].

Data
We used two latest cross-sectional data from the Benin 
Demographic and Health Survey (BDHS), 2017/2018 
[3] and 2011/2012 [20]. Table  1 shows the summary 
of the surveys. Regarding the sampling design, in the 
first stage of BDHS 2017/2018, 555 primary sampling 
units (clusters) were drawn from the list of 12,633 enu-
meration areas [3]. In BDHS 2011/2012, 750 clusters 
were selected from 7352 enumeration areas [20]. In 
the second stage, 26 households and 24 households per 
cluster were selected in BDHS 2017/2018 and BDHS 
2011/2012, respectively. BDHS 2017/2018 surveyed 
14,156 households and 15,928 women [3], while BDHS 
2011/2012 surveyed 17,422 households and 16,599 
women [20]. We used data of 18,105 women, 8994 
women from BDHS 2017/2018 and 9111 women from 

BDHS 2011/2012, who had live births within five years 
preceding the surveys as a study sample.

Our main explanatory variable is geographical acces-
sibility. Geographical accessibility is defined as “the 
physical distance or travel time from the service deliv-
ery point to the user” [22]. In addition, several stud-
ies have treated the altitude of women’s residence as a 
significant aspect of geographical accessibility [23, 24]. 
Accordingly, our study analyzed distance, travel time, 
and the altitude of women’s residence as important 
aspects of geographical accessibility. We used the GIS 
module of the BDHS and the ArcGIS software to calcu-
late these variables.

First, we used the “Euclidean distance (km)”—a 
straight-line distance between two points—to measure 
the distance from one’s residence to the closest health 
facility [25]. The advantage of using this method is that 
it can be generalized for other similar topography and 
cultural contexts in Sub-Saharan Africa [25]. Several pre-
vious studies used the Euclidean distance to estimate geo-
graphical accessibility to health facilities in Sub-Saharan 
Africa [12, 26, 27]. However, using straight-line distance 
to assess geographical accessibility is sometimes regarded 
as less accurate than applying travel distance because it is 
the simplest measure [28–30]. In addition, Euclidean dis-
tance may lead to an underestimation of travel distance 
[26]. Despites these limitations, Euclidean distance is 
considered a valid measure of accessibility in both rural 
and urban areas in Sub-Saharan Africa [25, 31].

Second, we used the “road network distance” as a more 
realistic measure. It is the distance along road infrastruc-
ture from a residence to the closest health facility. It can 
be defined as the Euclidean distance from the residence 
to the road network, plus a distance from the road net-
work to a health facility [25]. To estimate the road net-
work distance, we used the Benin Road Infrastructure 
dataset from the World Bank website that contains 
shapefiles of all roads as of 2017 [32]. We also used the 
geolocation points of the clusters provided by the BDHS 
and those of health facilities from the World Health 
Organization (WHO) website [33].

Third, we calculated travel time (in minutes: by walking 
and via car) from a residence to the closest health facil-
ity. The walking time was calculated from the women’s 
residence to the closest health center, following paths and 
roads for pedestrians. Walking speed was set at 5 km/h. 
Considering the types of roads, the driving time was cal-
culated from the women’s residence to the closest health 
center. Driving speed was set at 80  km/h for “classified 
roads” and 60 km/h for “rural roads.” We used Dijkstra’s 
algorithm of ArcGIS, which can estimate the driving time 
from the residence to the closest health center by using 
the fastest route.

Table 1  Summary of the surveys

BDHS 
2017/2018

BDHS 
2011/2012

Primary Sampling Units (clusters) 555 750

Enumeration areas 12,633 7352

Households per cluster 26 24

Households surveyed 14,156 17,422

Women surveyed 15,928 16,599
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Fourth, we examined the effects of the geographic 
altitude of a residence (in meters) on women’s utiliza-
tion of maternal healthcare resources. It was assumed 
that it would be more difficult for women living in 
highland areas to reach health facilities as confirmed in 
Ethiopia [23]. We used ArcGIS to conduct the above-
mentioned analysis.

Finally, we analyzed whether the availability of means 
of transport at the community level was associated 
with maternal healthcare utilization. The BDHS con-
tains questions about whether the household owned a 
bicycle or motorbike. Because bicycles and motorbikes 
are popular means of transport in Benin, they can be 
used to travel when seeking maternal healthcare at 
health facilities [34]. Since the ownership of motorbikes 
and bicycles at the household level seems less impor-
tant than its availability, we used the ownership rates 
of them per cluster (community), which would reflect 
more realistic situation of Benin. Thus, we calculated 
the ownership rates of bicycles and motorbikes per 
cluster and used them as proxy variables for commu-
nity-level availability of means of transport.

Statistical analysis
We applied multivariate logistic regressions to analyze 
the impact of distance to the closest health center on 
maternal healthcare utilization. Data analysis was per-
formed using Stata version 14. Because BDHS applied 
a two-stage cluster sampling design, we used the svy 
(survey) commands of Stata to correct for unequal 
sampling probability, clustering, and stratification to 
calculate descriptive statistics and perform regression 
analysis. Additionally, we conducted propensity score 
matching (PSM) analysis to check the robustness of 
the logistic regressions. The PSM attempts to estimate 
the effects of a specific policy or treatment in obser-
vational studies by reducing the bias arising from con-
founding factors that might predict outcome variables. 
It matches treated and untreated units based on a set 
of basic characteristics and attempts to balance both 
groups. According to the National Health Development 
Plan (NHDP) 2009–2018 of Benin, geographical acces-
sibility to healthcare services in Benin was defined as 
“the percentage of the population living within 5  km 
of the closest health center” [35]. Therefore, we cre-
ated two groups, the treatment group (women liv-
ing more than 5  km from the closest health center) 
and a comparison group (women living within 5  km 
from the closest health facility) to assess whether the 
threshold (5  km from the closest health center) had 
adverse effects on women’s use of appropriate maternal 
healthcare.

Outcome variables
We used the following outcome variables: (1) whether 
the woman made at least one ANC visit during her lat-
est pregnancy (“any ANC”); (2) whether the woman 
made four or more ANC visits during her latest preg-
nancy (“ ≥ 4 ANC”); (3) whether the woman used a 
health facility at the birth-delivery (“Facility delivery”); 
and (4) whether the woman was attended by a profes-
sional health worker (i.e., doctor, nurse, auxiliary nurse, 
or midwife at birth (“delivery by SBA”). Because all the 
outcome variables were binary, they were coded 1 if the 
mother had received appropriate healthcare (ANC, facil-
ity delivery, or SBA) during pregnancy or childbirth, and 
0 otherwise.

Control variables
We used mother-, household-, and community-level 
characteristics as control variables. Mother-level vari-
ables comprised age and educational achievement (no 
education, primary, secondary/higher). Household-level 
variables included religion of the household head (Mus-
lim, Protestant, Catholic, Vodoum/other traditional, and 
No religion/others) and asset quintiles. Community-level 
variables included geographical zones of a residence 
(south or north of the country), as well as the ownership 
rates of bicycles and motorbikes.

Results
Sample characteristics
Table 2 summarizes the characteristics of the study par-
ticipants. After merging two rounds of BDHS, 18,105 
women (49.9% from BDHS 2011/2012 and 50.1% from 
BDHS 2017/2018) and 26,996 births were included in this 
study. Regarding geographical zones, 55.7% of the sample 
(10,087 women) represented southern, while 44.3% (8018 
women) represented the northern part of the coun-
try. Regarding outcome variables, 84.0% of the women 
received ANC at least once, and 54.8% received ANC 
four times or more. Of all the childbirth, 86.0% were 
delivered at health facilities, and 81.7% were assisted by 
SBA. These figures differed significantly between the geo-
graphical zones. Although 92.0% and 68.4% of the women 
received at least one ANC and four or more ANC in the 
South, only 73.3% and 36.8% of the women received the 
same care in the North. Regarding childbirth, 95.1% of 
the babies were born at health facilities and 92.0% were 
assisted by SBA in the South, but only 73.8% and 68.1% of 
the newborns received the same care in the North.

Regarding the main predictor, the mean straight-line 
distance from a residence to the closest health facil-
ity was 3.57 km in the total sample. The distance in the 
north (5.29  km) was twice as long as that in the South 
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(2.26  km). Looking at as a distance dummy variable, 
19.7% of the households lived more than 5 km away from 
the closest health center in the total sample. The percent-
age was almost five times higher in the North (36.7%) 
than in the South (6.8%).

Regarding mothers’ characteristics, their mean age 
was 29.3  years. Of all the mothers, 67.3% were not 

formally educated; only 15.1% had completed second-
ary education or higher. As for household character-
istics, 28.6% of the household heads were Muslim, 
followed by Protestants (27.8%), Catholics (25.2%), 
Vodoum/other traditional religion (11.4%), and no reli-
gion/others (7.0%). In terms of community characteris-
tics, the ownership rates of bicycles and motorbikes per 
cluster were 30.0% and 62.4%, respectively.

Table 2  Sample characteristics

Total South North

Variables Obs Mean S.D Obs Mean S.D Obs Mean S.D

Outcome variables

 Received any ANC 17,489 0.840 0.367 9659 0.920 0.271 7830 0.733 0.442

 Received ≥ 4 ANC 17,489 0.548 0.498 9659 0.684 0.465 7830 0.368 0.482

 Facility delivery 26,950 0.860 0.347 14,989 0.951 0.216 11,961 0.738 0.440

 Delivery by SBA 26,996 0.817 0.386 15,012 0.920 0.271 11,984 0.681 0.466

Main predictor

 Straight-line distance (km) 17,768 3.57 4.37 9750 2.26 2.08 8018 5.29 5.78

 Road network distance (km) 17,325 4.85 6.21 9394 3.14 3.29 7931 7.10 8.14

 Travel time by walk (minutes) 17,325 58.2 74.5 9394 37.7 39.5 7931 85.2 97.6

 Travel time by car (minutes) 17,325 8.1 11.8 9394 5.3 6.1 7931 11.8 15.8

 Altitude (meter) 18,018 171.4 148.2 10,087 63.0 64.6 7931 314.2 97.6

 Distance dummy: 5 km or more 17,768 0.197 0.397 9750 0.068 0.251 8018 0.367 0.482

Mothers’ characteristics

 Age 18,105 29.3 6.8 10,087 29.6 6.6 8018 28.9 7.0

 Education

  No education 18,105 0.673 0.469 10,087 0.600 0.490 8018 0.777 0.416

  Primary 18,105 0.175 0.380 10,087 0.214 0.410 8018 0.121 0.326

  Secondary/Higher 18,105 0.151 0.358 10,087 0.186 0.389 8018 0.103 0.303

Households’ characteristics

 Religion

  Muslim 18,105 0.286 0.452 10,087 0.085 0.279 8018 0.569 0.495

  Protestant 18,105 0.278 0.448 10,087 0.398 0.490 8018 0.109 0.312

  Catholic 18,105 0.252 0.434 10,087 0.300 0.458 8018 0.184 0.387

  Vodoum/other traditional 18,105 0.114 0.318 10,087 0.158 0.365 8018 0.053 0.223

  No religion/others 18,105 0.070 0.255 10,087 0.058 0.234 8018 0.085 0.280

 Asset

  Lowest 18,105 0.202 0.401 10,087 0.128 0.334 8018 0.306 0.461

  Lower middle 18,105 0.201 0.401 10,087 0.167 0.373 8018 0.250 0.433

  Middle 18,105 0.201 0.401 10,087 0.189 0.392 8018 0.217 0.412

  Upper middle 18,105 0.203 0.402 10,087 0.238 0.426 8018 0.154 0.361

  Highest 18,105 0.193 0.394 10,087 0.278 0.448 8018 0.073 0.260

Community’s characteristics

 Ownership rate

  Bicycle 17,878 0.300 0.207 9977 0.227 0.175 7901 0.404 0.205

  Motorbike 17,878 0.624 0.177 9977 0.600 0.182 7901 0.658 0.163

 Round

  BDHS 2011/2012 18,105 0.499 0.500 10,087 0.560 0.496 8018 0.414 0.493

  BDHS 2017/2018 18,105 0.501 0.500 10,087 0.441 0.496 8018 0.586 0.493
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Regression analysis
Table  3 present the results of the multivariate logis-
tic regression analysis for antenatal care and delivery 
services utilization. The magnitude of the effects was 
assessed by odds ratio (OR), which can be interpreted 
as increasing (if OR > 1) or reducing (if OR < 1) the likeli-
hood of women’s use of healthcare. Regarding the main 
predictor (straight-line distance to the closest health 
center in the Model 1), there was a statistically signifi-
cant and negative effect of having any ANC, facility deliv-
ery, and SBA, indicating that the longer the distance to 
the closest health center, the less likely women are to 
receive the necessary healthcare during pregnancy and 
childbirth. The estimated ORs for any ANC (OR = 0.958, 
p < 0.001) indicated that if the straight-line distance to 
the closest health center increased by one km, the odds 
of a woman receiving ANC at least once was reduced by 
0.042. Similarly, the estimated ORs for facility delivery 
(OR = 0.908, p < 0.001) and SBA (OR = 0.882, p < 0.001) 
suggest that one-kilometer increase in straight-line dis-
tance decreases the odds of delivering a baby at a health 
facility by 0.092 and reduces the odds of being assisted 
by SBA by 0.108. However, these results differed between 
geographical zones. In the South, a statistically signifi-
cant and negative effect of distance on the use of mater-
nal healthcare was not confirmed. On the other hand, 
distance had statistically negative effects on women’s 
uptake of ANC (OR = 0.955, p < 0.001), facility delivery 
(OR = 0.894, p < 0.05), and SBA (OR = 0.879, p < 0.001) 
in the North. Table  3 shows statistically significant and 
negative effects of travel distance (Model 2), travel time 
by walk (Model 3) and travel time by car (Model 4) on 
women’s uptake of any ANC, facility delivery, and SBA.

With respect to the other explanatory mother and 
household level variables, mothers’ educational attain-
ment and household assets were consistently associated 
with a higher likelihood of utilizing ANC, facility-based 
delivery, and SBA. Regarding religion, women whose 
heads of household are Protestant and Catholic were 
more likely to receive appropriate MCH care services 
compared to Muslims. As for the community-level vari-
ables, the ownership rate of motorbikes was associated 
with a higher likelihood of having facility-based delivery 
and SBA in the North.

Table  4 presents the PSM results. In the total sam-
ple, the treatment dummy variable had a statistically 
significant and negative effect on receiving any ANC 
(OR = 0.952, p < 0.001), facility delivery (OR = 0.69, 
p < 0.001) and delivery by SBA (OR = 0.973, p < 0.001), 
indicating that women who lived 5 km or more from the 
closest health center were less likely to use these services 
compared to the comparison group. The negative effects 
of distance on receiving any ANC (OR = 0.943, p < 0.001), 

and delivery by SBA (OR = 0.973, p = 0.008) were con-
firmed in the southern part of the country. In north, the 
distance had statistically and negative effects on women’s 
uptake of ANC (OR = 0.965, p = 0.003), facility delivery 
(OR = 0.957, p < 0.001), and SBA (OR = 0.969, p = 0.003).

Discussion
We analyzed the effects of geographical accessibility to 
health facilities on the use of antenatal care and deliv-
ery services in Benin utilizing a national-representative 
sample from two rounds of BDHS datasets along with 
GIS data on health center locations. We confirmed that 
geographical accessibility to the closest health center, 
after controlling for potential confounders, had negative 
effects on the use of maternal healthcare services except 
for at least four ANCs. This adverse effect of geographi-
cal access on maternal healthcare utilization is consistent 
with the results of numerous previous studies in Sub-
Saharan African countries [11, 12, 27, 36, 37].

There are four points to be discussed here. First, 
although we confirmed the adverse effect of geographi-
cal access on maternal healthcare utilization in Benin, 
this effect was mainly observed in the northern part. It is 
recognized that the North of Benin is more rural and less 
equipped with health infrastructure than the South [13]. 
For instance, three departments in the southern part—
Atlantique, Ouémé, and Littoral— encompass 48 percent 
of all 1155 private health facilities in the country [38]. 
Thus, expecting women in the South generally have eas-
ier access to maternal healthcare compared to their coun-
terparts in the North. On the other hand, the average 
distance to the closest health center was longer, and the 
percentage of women using appropriate maternal health-
care was actually lower in the North (Table  2). Besides, 
In Northern Benin, road infrastructure is less developed, 
and the population is more dispersed than in the South 
[13, 39]. Thus, geographical access to health facilities 
becomes critically important to receive the necessary 
maternal healthcare in the North. A previous study con-
ducted in Benin found consistent difficulties in access-
ing health facilities for a birth delivery among women in 
the North [13]. We also confirmed that travel time to the 
closest health centers had negative effects on women’s 
use of healthcare services in line with the numerous stud-
ies conducted in Sub-Saharan Africa countries [37, 40].

In general, the negative impact of distance on health-
care utilization increases when it is combined with a 
lack of transportation in developing countries [41, 42]. 
Regarding means of transport, Table  2 shows that the 
community’s ownership rates of bicycles and motorbikes 
were higher in the North than in the South, implying that 
these vehicles are more common transport means for 
people in the northern part. The results of the logistic 
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regressions showed that the ownership rate of motor-
bikes had positive effects on women’s uptake of facility 
delivery and SBA in the North (Table 3). Since a higher 
ownership rate of motorbikes per cluster also indicates 
better road conditions of the community [19], transport 
infrastructure is critical for women’s use of maternal 
healthcare. Previous studies in Mali and Nepal showed 
similar results in that poor road conditions reduced the 
likelihood of receiving timely ANC [24, 43].

Second, our finding that distance to health facilities had 
a negative effect on the use of at least one ANC but no 
effect for four or more ANC is consistent with previous 
studies in Tanzania [29], Zambia [26], and Ethiopia [44]. 
However, other empirical studies conducted in many 
African countries found the adverse effects of distance on 
women’s uptake of four or more ANC visits [37]. Regard-
ing this point, empirical studies in Nigeria [45] and other 
low- and middle-income countries [46] reported some 
other factors influencing women’s uptake of four or more 
ANC regardless of distance such as absence of good 
medication and health workers, disparity between the 
nature of antenatal provision and the expectations of the 
women. In Benin, the persistent shortage of healthcare 
workers leads to low performance of health facilities and 
quality of healthcare, leading to lowered motivation to go 
to healthcare facilities [13, 47].

Third, regarding the threshold of distance, our PSM 
analysis confirmed that women living within 5 km from 
the closest health center were more likely to use maternal 
healthcare compared to their counterparts. This result 
is consistent with the systematic review of 31 empirical 
studies that showed that living within 5 km of obstetrical 
facilities was significantly associated with a higher likeli-
hood of delivering a baby at a health facility [42]. A study 
in Haiti also showed that the availability of health centers 
within 5 km of a residence increased the odds of receiv-
ing ANC services [48]. Our study confirmed the appro-
priateness of the definition of “geographical accessibility 

to healthcare” by Benin’s NHDP 2009–2018 as the per-
centage of the population living within 5  km from the 
closest health center [17].

Fourth, we found that the geographical altitude of 
a residence had a negative effect on the utilization of 
ANC and delivery services. Previous studies conducted 
in low-income countries showed that altitude lead to 
inequalities in the use of MCH services. In Ethiopia, a 
difference in altitude between home and health facilities 
was confirmed to be associated with a smaller proportion 
of women using maternal health care services [23]. In 
Nepal, a study showed that women residing in mountain-
ous areas had difficulty accessing institutional delivery 
[24]. Therefore, it indicates that even though the health 
facility is located closer to one’s residence, it needs more 
effort to be reached especially for women in labor.

As policy implication of our study, firstly, it is critical to 
improve the geographical accessibility from the women’s 
residences to health facilities for further use of mater-
nal healthcare in Benin. In particular, the government of 
Benin needs to create strategies that facilitate transpor-
tation for women living in remote areas to access health 
facilities. For instance, introducing alternative transpor-
tation such as “motorcycle ambulances” used in Malawi 
[49] and Uganda [50] can potentially reduce the difficul-
ties women face while traveling. In Malawi, motorcycle 
ambulances are stationed at remote rural health cent-
ers. The ambulances are operated by the trained health 
surveillance staff and transport women seeking mater-
nal healthcare from their homes to health facilities. The 
transportation provided is free of charge. Motorcycle 
ambulances are cheaper and more effective alterna-
tives in terms of purchasing and operating costs than car 
ambulances [49, 51]. Secondly, Benin’s current Health 
Development Plan considers distance from a residence 
to health facilities as a single indicator of “geographical 
accessibility to healthcare.” [35] Our study confirmed 
the negative effect of geographical altitude on maternal 

Table 4  Results of propensity score matching estimations

Odds ratios (ORs) are reported, *p < 0.05 **p < 0.01 ***p < 0.001, p-values in brackets

Received any ANC Received ≥ 4 ANC Facility delivery Delivery by SBA

Total

 Treatment dummy: 5 km or more from the health center 0.952 (0.000)*** 0.982 (0.201) 0.969 (0.000)*** 0.973 (0.000)***

 Observation 16,495 16,495 26,147 26,193

South

 Treatment dummy: 5 km or more from the health center 0.943 (0.000)*** 0.993 (0.715) 0.973 (0.008)** 0.988 (0.214)

 Observation 9232 9232 14,343 14,366

North

 Treatment dummy: 5 km or more from the health center 0.965 (0.003)** 0.998 (0.887) 0.957 (0.000)*** 0.969 (0.003)**

 Observation 7713 7713 11,804 11,827
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healthcare utilization; the altitude of women’s residence 
should also be treated as an important aspect of geo-
graphical accessibility.

Our research was not without limitations. In estimat-
ing the Euclidean distance and road network distance, we 
could not consider physical features, rivers to be crossed, 
rainforests, rocky sections, and plains. These geographic 
features should be analyzed as additional and important 
factors hindering maternal healthcare utilization in a 
future study.

Conclusions
We confirmed that geographical access to the closest 
health center, measured as distance (both as straight-line 
distance and road network distance), travel time, and alti-
tude of women’s residence, had a significant and negative 
effect on women’s use of antenatal care and delivery ser-
vices, mainly in the northern part of Benin. Improving 
geographical accessibility, especially in rural areas, is sig-
nificant for further use of maternal healthcare in Benin.
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