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Abstract
Background  Geographic access to healthcare continues to pose a significant challenge for pregnant women in rural 
areas of sub-Saharan Africa, resulting in consistently high rates of maternal mortality. Geographic barriers can persist 
even in settings where financial barriers have been reduced and health system strengthening (HSS) efforts are in 
place. The aim of this study is to gain a precise understanding of spatiotemporal changes in access to and utilization 
of maternal care services in a rural district of Madagascar benefiting from HSS support.

Methods  We collected geolocated monthly information at the village level on antenatal care visits, deliveries and 
postnatal visits from the registries of 18 public primary health centers in Ifanadiana District, from 2016 to 2018. Similar 
data were collected from a district-representative cohort via surveys on over 1500 households done in 2016 and 
2018. We estimated precise travel time from each village to the nearest health center to understand spatio-temporal 
variations in maternal care access, and to assess the impact of geographic barriers via statistical analyses while 
controlling for health system factors.

Results  Women who lived within a one-hour walk from a health facility in the HSS catchment area had rates of per 
capita utilization of most maternal health services were roughly twice that those who lived 1–2 h away and three 
times higher than those who lived over 2 h away (e.g. relative change for delivery at a health center was 0.60 [0.53–
0.67] and 0.40 [0.36–0.45] for women living 1–2 h and over 2 h from a facility, respectively). The exception was the 
first antenatal care visit (ANC1), for which travel time had more modest effect (e.g. relative change of 0.72 [0.67–0.77] 
over 2 h). Improvements to primary care services due to HSS in this setting were only observed among women living 
within two hours from health centers. Statistical models revealed that women’s travel time from a health facility was 
the strongest determinant of maternal care service utilization.

Conclusion  This study shows how a combination of geo-located health system information and population-
representative data can help assess the impact of geographical barriers to maternal care in rural areas of sub-Saharan 
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Background
There have been significant improvements in maternal 
care across the world in recent decades, with increased 
access to antenatal care (ANC), skilled birth atten-
dance, and postnatal care. Maternal mortality rates have 
decreased by nearly 40% globally between 2000 and 2017 
[1]. Despite this, inadequate access to quality maternal 
care services remains a critical issue, especially in the 
WHO Africa region [2, 3]. Financial and geographical 
barriers, including long travel distances to health facili-
ties, transportation limitations, and poor infrastructure, 
can pose formidable obstacles for pregnant women seek-
ing essential care. This can lead to inadequate monitoring 
of pregnancies, missed opportunities for early interven-
tion, and increased risks for complications during child-
birth [2, 4, 5]. In addition, social and cultural factors, such 
as gender inequality, traditional practices, and societal 
norms, can influence maternal care-seeking behaviors 
and contribute to disparities in care [6, 7]. Addressing 
these multifaceted challenges requires comprehensive 
strategies that encompass strengthening health systems, 
improving access to services, empowering women, and 
promoting equitable and culturally sensitive care for all 
expectant mothers.

Geographic barriers to health facilities are particularly 
persistent in rural areas of sub-Saharan Africa, where 
health system infrastructure is sparse and pregnant 
women have to travel many hours, often on foot, to reach 
the nearest facility [8–10]. Nearly one third of women of 
child bearing age are located more than 2 h travel time 
from the nearest hospital [11]. A review of studies on 
maternal health access conducted in several Sub- Saha-
ran countries revealed that geographical barriers were 
the most common factor reducing the use of maternal 
care services [2, 11]. For example, in Zambia, each 10 km 
increase in distance from a health center decreased the 
likelihood of receiving antenatal care by 25% [12]. Long 
distances can also prevent pregnant women from giv-
ing birth assisted by health professionals and therefore 
increase the risk of death from medical complications, 
such as sepsis and severe venal hemorrhaging, that result 
from childbirth [13, 14]. In a study in Nigeria, distance 
was found to be the second main factor for not receiving 
postnatal care [15]. Geographic barriers to maternal care 
can remain even in settings where financial barriers have 
been reduced and the health system has been strength-
ened [16, 17], which poses challenges for reaching uni-
versal health coverage.

Geographic barriers to health care are especially acute 
in Madagascar [18], where 60% of women make com-
plete 4 antenatal care visits, and less than 40% of women 
deliver at a health facility, with even lower access in rural 
areas of the country [19]. This is associated with one of 
the lowest health expenditures per capita in the world 
(18 USD in 2020), and a limited number of health profes-
sionals, at less than two doctors per 1,000 people [20]. In 
Ifanadiana where this study was conducted, nearly 70% 
of the population live more than 5  km from a primary 
care facility. Utilization of outpatient consultations were 
found to be six times greater for those who live near pri-
mary care center versus those who live beyond 5 km.

In 2014, the Ministry of Public Health (MoPH) estab-
lished a roadmap to reduce maternal mortality to 300 per 
100,000 live births by 2019 by ensuring the provision of 
essential, integrated, quality services around pregnancy 
and childbirth, with an emphasis on adolescent and 
youth health [21]. Yet, maternal mortality has remained 
high and relatively stable over the past two decades at 
levels over 400 per 100,000 live births [22, 23]. While the 
impact of socio-cultural perceptions, financial barriers 
and health system factors on maternal care use have been 
previously described in Madagascar [4, 24, 25], there is 
no in-depth evaluation of the role of geographic barri-
ers. This evaluation could help the MoPH understand the 
extent of the problem and devise appropriate strategies to 
overcome them.

In this study we assessed whether geographic access to 
maternal care services remains a major barrier following 
a health system strengthening initiative in a rural health 
district of Madagascar, controlling for health system fac-
tors. The initiative, implemented since 2014 in partner-
ship between the Ministry of Public Health and the NGO 
Pivot aims to create a model system of a strengthened 
public health system at all levels of care (community, pri-
mary healthcare, and hospital) through the integration of 
health system readiness support (infrastructure, human 
resources, materials), financial coverage, and vertical 
improvement of clinical programs. In its first 4  years, 
the intervention was associated with a relative increase 
of 20–30% in antenatal, delivery and postnatal care, but 
absolute levels of maternal care in the HSS catchment 
remained low (e.g. delivery and postnatal care under 40%) 
[26]. Here, we combine analyses of a population-repre-
sentative cohort and geolocated maternal consultation 
data at the village level to gain a precise understanding 
of spatiotemporal changes in the utilization of mater-
nal care services in Ifanadiana district 2  years after the 

Africa. It highlights that women who live more than 2 h from a health facility had virtually no access to maternal 
health services despite efforts in place to reduce financial barriers to care and strengthen the health system.
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implementation of the intervention, with a focus on geo-
graphic barriers.

Methods
Study area
The study was conducted in Ifanadiana, a rural district 
located in southeastern Madagascar, in the region of 
Vatovavy. The district covers an area of 3975 km2 and has 
a population of about 200,000. During the study period, 
the district’s health system had one district hospital and 
19 public health centers that provide primary health care 
services to the local population, including 1 major health 
center (CSB2) in each of the district’s 13 communes, and 
6 more basic health centers (CSB1) in communes that 
are too large to be covered by only one health center. The 
landscape is characterized by rolling hills, dense forests, 
and a multiplicity of rivers and streams that flow through 
the district. There is only one paved road crossing the 
district from West to East and two non-paved axes con-
necting the main towns in the North and South of the 
District, which are partly accessible by 4WD vehicles or 
all-terrain motorcycles. Most villages in the district are 
connected to each other by small paths only accessible 
by foot. The lack of accessible roads and reliable means 
of transportation limit the ability of pregnant women to 
access maternal care services.

In 2014, only one-third of women completed the rec-
ommended 4 antenatal care visits, less than one in five 
women gave birth at a health facility, and the mortality 
rate was more than twice the national average, at 1044 
deaths per 100,000 live births [27]. To address these chal-
lenges, the HSS initiative implemented by the MoPH and 
Pivot aims to expand healthcare infrastructure, increase 
the number of healthcare professionals, and strengthen 
healthcare programs. The initiative was initially rolled 
out in 4 communes (administrative unit that typically 
ranges from 6,000 to 30,000), and expanded to one addi-
tional commune in 2017. Activities on maternal care over 
the first 4 years of implementation (2014–2018) focused 
on building the health system capacity to provide high-
quality, comprehensive care. This included training of 
health care workers in emergency obstetric and neonatal 
care, provision of essential medical equipment and sup-
plies to health facilities, removal of user fees at all levels 
of care, and community-based interventions to increase 
sensitization and awareness around maternal care and 
family planning. This program is currently expanding to 
all communes of the district, with an agreement between 
the government of Madagascar a Pivot to expand across 
two more districts (with a total of one million people), 
starting in 2024.

In addition to the HSS intervention described above, 
during this period, the population of Ifanadiana bene-
fited from a World Bank project (PAUSENS, 2014–2017) 

which provided a basic package of services free of charge 
in all CSB2 of the district through a voucher system for 
every woman attending the health center for antenatal, 
delivery, or postnatal care (first six weeks) and children 
under age five with any illness.

Data collection
Health system data
For this study, data was gathered on maternal care con-
sultations from January 2016 to December 2018 for 18 
out of 19 public health centers in Ifanadiana District. One 
other private health facility offers maternal health ser-
vices, but our study focused exclusively on public facili-
ties. To obtain the geographic residence of each woman 
attending health centers for a maternal care visit, infor-
mation was gathered at the individual level from prena-
tal care and delivery registers. The antenatal care register 
includes the age of each pregnant woman, their village of 
residence, and the number of her antenatal care visit (1 
to 4 visits), and the delivery register includes the age of 
each woman who gives birth at the facility, their village 
of residence, as well as information on postnatal care vis-
its. To create a digital database, pictures were taken from 
both registries at each health facility during field mis-
sions between July and August 2020, and the information 
in these pictures was entered manually into an electronic 
database. One health center had misplaced its maternal 
care registers for that period and these data could not be 
retrieved.

Population estimates for each fokontany (smallest 
administrative unit comprising a village or small group 
of villages) were obtained from the MoPH. In addition, 
the number of medical staff at each primary care facility 
(PHC) over time within the study period was obtained 
from internal data from the NGO Pivot, and included the 
number of nurses and doctors at each PHC per year. The 
use of health system data was authorized by the MoPH.

Population survey data
Population-level data on maternal care was obtained 
for 2016 and 2018 from the Health Outcomes and Pros-
perity longitudinal Evaluation (IHOPE), a longitudinal 
cohort study initiated in Ifanadiana district in 2014. The 
study involves a series of cross-sectional surveys con-
ducted in a representative sample of 1600 households, 
which are revisited every 2  years. The questionnaires 
used in the surveys are based on the internationally 
validated Demographic and Health Surveys (DHS). The 
sample is stratified in two groups: the initial Health Sys-
tem Strengthening (HSS) catchment and the Rest of 
the District (RoD). A total of eighty clusters, half from 
each stratum, were randomly selected from enumera-
tion areas mapped during the 2009 census. Within each 
cluster, twenty households were randomly selected for 
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participation in the survey. Data collection and survey 
coordination are carried out by the Madagascar National 
Institute of Statistics (INSTAT). During the surveys of 
2016 and 2018, 1514 and 1512 households participated, 
respectively.

The survey included a household questionnaire and 
individual questionnaires for men and women of repro-
ductive age (15–59  years for men; 15–49  years for 
women). All eligible women and men residing in the 
sampled households, whether permanent residents or 
visitors, were interviewed. The information gathered 
in the questionnaires included indicators of socioeco-
nomic status (education, employment, household durable 
assets); indicators of current illness (for the last 30 days); 
preventive behaviors (bed net ownership, access to water 
and sanitation); women's reproductive histories and care-
seeking behaviors for reproductive health; and children's 
health, development, and care-seeking.

Geographic data
We used data on distance and travel time from each 
household in Ifanadiana district to the nearest Primary 
Health Center (PHC) produced in a previous study [28]. 
A detailed description of the methods can be found 
in Ihantamalala et al. (2020). In brief, a full mapping of 
the district was conducted in 2018 via OpenStreetMap 
(OSM), including all footpaths, residential areas, build-
ings and rice fields. For this, the district was divided into 
1km2 tiles and mapped using very high-resolution satel-
lite images. The mapping was done in two steps: one user 
performed the mapping of all geographic entities in a tile, 
and subsequently, another user validated the mapping 
to ensure the quality of the data. This resulted in over 
100,000 buildings and 20,000  km of footpaths mapped. 
The Open-Source Routing Machine (OSRM) engine was 
then used to accurately estimate the shortest path and 
distance between each house in the district and the near-
est PHC. OSRM uses Dijkstra’s routing algorithm, which 
searches iteratively the shortest path from a single node 
to the destination node in a network. In parallel, to obtain 
accurate estimates of travel time, we conducted field 
tracking of 168-foot itineraries covering nearly 1000 km 
in Ifanadiana, recorded via the OsmAnd App. This infor-
mation was combined with remotely sensed land cover, 
climate and elevation data to statistically model travel 
speed associated with different terrain characteristics 
and climatic conditions via a generalized additive mixed 
model. Finally, using this model in combination with the 
shortest paths obtained from OSRM, we predicted travel 
time to reach the nearest Primary Health Center (PHC) 
for each household in Ifanadiana. Travel time for each 
fokontany (health system data) or for each survey cluster 
(cohort data) represents the average travel time of all the 
buildings in that area.

Data analyses
We used a similar statistical framework to analyze lon-
gitudinal data between 2016 and 2018 from two differ-
ent sources. First, we carried out time series analyses of 
maternal consultations at public health centers, geolo-
cated at the village level (see “Health system analyses”). 
Second, we analyzed access to maternal care from survey 
responses of women who were part of the IHOPE cohort 
and who had a birth in the previous two years (see “Popu-
lation survey analyses”). These two sets of analyses were 
complementary: while health center data has a high level 
of temporal resolution, survey data offers population-
representative estimates of access that are less subject to 
bias.

Health system analyses
Patient-level data on ANC1, ANC4, deliveries and post-
natal care from each health facility was aggregated by 
fokontany and month. To obtain an estimate of “per cap-
ita” utilization, the total number of maternal care con-
sultations was divided by the corresponding population 
of expected pregnant women (for ANC1 and ANC4) or 
expected births (for deliveries and postnatal care) in the 
fokontany. In line with MoPH estimates, the expected 
number of pregnant women and the expected number of 
deliveries were set at 4.5% and 4% of the total population 
of each fokontany, respectively.

Spatial and temporal variations in each maternal care 
indicator were assessed from 2016 to 2018. The linear 
and non-linear impact of travel time from each fokontany 
to the nearest health center on maternal care utilization 
rates was investigated, to understand how geographic 
barriers impact the utilization of health services by preg-
nant women in the district. The monthly and annual 
fluctuations in utilization rates for these maternal care 
indicators were also assessed across different travel time 
categories: less than one hour, between one and two 
hours, and over two hours. Finally, a time-series analy-
sis was carried out on the monthly time series to char-
acterize the relative change in consultations by travel 
time category while controlling for health system factors 
and time trends. For this, a negative binomial regression 
was used in a generalized linear mixed model frame-
work, with the fokontany of the patient set as a random 
intercept. Health system factors included the number 
of health staff per facility over time, the type of PHC 
(CSB1 vs CSB2) and whether the PHC was supported by 
the HSS initiative. Time trends included a linear annual 
trend and a lagged consultation trend (1-month). A sepa-
rate model was done for each maternal care indicator. All 
analyses were conducted with R software, version 4.1.3 
and R package ‘lme4’ [29]. Maps were done with ArcGIS, 
version 10.8.
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Population survey analyses
Equivalent analyses to those described for health system 
data were carried out for survey data. For the estimation 
of maternal care indicators at the population level for 
each survey year, 2016 and 2018, the last birth of every 
participating woman that occurred within the previous 
two years was included. The spatial distribution of mater-
nal care access was obtained by estimating the average 
in each of the 80 spatial clusters for both surveys. The 
linear and non-linear impact of travel time on maternal 
care access, and changes over time by travel time cat-
egory were also assessed. Similar to statistical analyses of 
health system data, a logistic regression model was used 
to characterize the odds ratio in maternal care access 
associated with travel each time category while control-
ling for health system factors (number of health staff per 
facility over time, the type of PHC, and whether the PHC 
was supported by the HSS initiative) and time trends 
(linear annual trend). Sampling weights that adjusted for 
unequal probability of selection due to stratification and 

non-response were calculated for household, women’s 
and men’s surveys. Estimates were done using survey 
commands available in R-package survey and applicable 
sampling weights [30].

Results
Spatial and geographic trends in maternal care access
Between 2016 and 2018, 25,555 women attended a PHC 
for an ANC1, 7,050 for an ANC4, 7,553 for delivery and 
4678 for postnatal care in the 18 health centers of Ifana-
diana District (Table  1). Of 244 women surveyed who 
had a birth in the previous two years, 78.11% reported 
coming to the health center for ANC1, 46.02% for ANC4, 
27.70% for delivery and 26.33% for postnatal care. Spatial 
analyses revealed that ANC1 utilization was substantially 
higher and more evenly distributed than other mater-
nal care indicators, with 43.55% of fokontany having 
over 0.75 per capita visits per year (Fig.  1A). Low rates 
of ANC1 were only observed in some remote areas of 
the northeast and northwest of the district. In contrast, 

Table 1  Description of population size and use of maternal care services, from health system data
District Catchment Travel time to health center

RoD HSS catchment Less than 1 h 1-2 h More than 2 h
Population (2016)
  All Ages 203,399 131,067 72,332 43,975 74,240 85,184
  Expected pregnant women 9,153 5,898 3,255 1,979 3,341 3,833
  Expected deliveries 8,136 5,243 2,893 1,759 2,970 3,407
Health center data (2016–2018)
  ANC1 25,555 15,377 10,178 7,073 8,041 10,441
  ANC4 7,050 4,320 2,730 2,306 2,455 2,289
  Deliveries 7,553 4,912 2,641 2,914 2,458 2,181
  Postnatal care 4,678 2,110 2,568 1,662 1,611 1,405
RoD Rest of the district, HSS Health system strengthening

Fig. 1  Spatial variation in antenatal care (ANC1) and deliveries in Ifanadiana District, 2016–2018. A Annualized per capita utilization out of expected 
pregnant women, estimated as the fokontany average from data of all health centers. B Percentage of pregnant women included in each of 80 clusters in 
cohort surveys (black circle) who accessed each maternal care service, with values interpolated using inverse distance weighted interpolation
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utilization for ANC4, delivery and postnatal care was 
almost exclusively concentrated in close proximity to 
health centers, and fewer than 9.6% of fokontany had per 
capita utilization over 0.5 per year (Fig. 1 A, Additional 
file1). Spatial patterns observed from health system data 
were consistent with those from cohort surveys for all 
indicators (Fig.  1B). For instance, while 65% of survey 
clusters had at least 75% of pregnant women surveyed 
reporting having attended a health center for ANC1, less 
than 36% of clusters had levels of health care access over 
50% for any of the other indicators, all of them located 
in close proximity to health centers (Fig. 1B, Additional 
file2).

Geographic trends in maternal care access were 
observed for all indicators, with slight differences 
between the HSS intervention catchment and RoD 
(Fig. 2). There was a consistent decline in utilization rates 

for women living at increasing travel time from health 
centers, but women in the HSS catchment who lived 
in close proximity to health centers had higher rates of 
maternal care access than those in the RoD. The decrease 
was particularly pronounced for ANC4, deliveries and 
postnatal care, were we observed an exponential decline 
as a function of travel time. Annual per capita utilization 
rates for women living over 2 h from a PHC was consis-
tently under 0.25 for ANC4, deliveries and postnatal care 
in both catchment areas (Fig. 2A). Maternal care access 
from cohort data revealed similar patterns, with a smaller 
decline for ANC1 than for the rest of maternal indica-
tors (Fig.  2B). The decline in women's access to PHC 
was particularly pronounced within the first 2 h of travel 
time from the facility. Beyond this point, ANC4 access 
remains stable at about 25% for women in the HSS catch-
ment, while it continues to decrease for deliveries and 

Fig. 2  Impact of travel time to health centers on maternal care access in Ifanadiana District, 2016–2018. A Annualized per capita utilization out of ex-
pected pregnant women, for antenatal care (ANC1, ANC4), deliveries and postnatal care, estimated as the fokontany average (points) from data of all 
health centers. Solid lines represent the non-linear smooth of the relationship between utilization and travel time, inside the HSS catchment (red) or in the 
rest of the district (RoD, blue) B Percentage of pregnant women included in each of 80 clusters in cohort surveys (points) who accessed each maternal 
care service. Solid lines represent the non-linear smooth of the relationship between access and travel time, inside the HSS catchment (red) or in the rest 
of the district (RoD, blue)
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postnatal care until access is close to zero for women liv-
ing further than 3  h from a PHC (Fig.  2B). For women 
in the RoD, lower access overall meant that geographic 
trends were less pronounced.

Impact of geographical barriers to maternal care access
Temporal trends as a function of travel time to health 
facilities were relatively stable for all four indicators of 
maternal care access during the study period (Fig.  3). 
In the HSS catchment, women residing in fokontany 
within an hour distance had rates of per capita utiliza-
tion roughly twice that of those who lived 1–2  h away 
and three times higher than those who lived more than 
2 h away (Fig. 3A). The only exception was ANC1, where 
these differences were smaller. Women living over two 
hours away had the Lowest utilization rates, at under 0.2 
per capita-year for ANC4, deliveries and postnatal care, 
with similar trends in both the HSS intervention catch-
ment and the RoD. We observed similar patterns in 
cohort data, where women residing within 1 h had sub-
stantially higher levels of health care access in the HSS 
catchment, consistently over 75% for ANC1 and ANC4, 
and over 50% for deliveries and postnatal care for both 
survey years (Fig. 3B). Consistent with analyses of health 
system data, women living over 2 h from a PHC had lev-
els of health care access under 25% for ANC4, deliveries 

and postnatal care, regardless of HSS support. However, 
for those from the RoD, access for women who lived 
1–2  h from a PHC was relatively similar to those who 
lived over 2 h (Fig. 3B).

After accounting for health system factors, temporal 
trends and HSS support, our statistical models revealed 
that women’s travel time from a PHC was the strongest 
determinant of maternal care service utilization for all 
four indicators (Tables 2 and 3 and additional file 3). The 
number of staff, the type of health center, and HSS sup-
port were not significantly associated with women's per 
capita utilization of healthcare centers overall, with the 
only exception of ANC4 (Table  2). Living 1–2  h from a 
PHC was associated with a relative decrease ranging 
from 0.62 for deliveries to 0.86 for ANC1, as compared 
with those living within 1 h. For those living further than 
2 h, the relative change ranged from 0.4 for deliveries to 
0.72 for ANC1. The impact of geography was also evident 
in statistical analyses of cohort data (Table 3), but associ-
ations were only statistically significant for women living 
more than 2 h away from a PHC. Women living further 
than 2 h, had an odds ratio of health care access ranging 
from 0.13 for deliveries to 0.3 for ANC, as compared with 
those living within 1 h. In these models, the number of 
health staff working at the PHC was associated with a 
positive impact on deliveries and postnatal care.

Fig. 3  Annual variation in maternal care access by distance to health center in Ifanadiana District, 2016–2018. A Annualized per capita utilization out of 
expected pregnant women, for antenatal care (ANC1, ANC4), deliveries and postnatal care, estimated as the average of all fokontany in 3 categories of 
geographic access (Less than 1 h to PHC, 1–2 h, more than 2 h) B Percentage of pregnant women included in cohort surveys who accessed each maternal 
care service, grouped in 3 categories of geographic access (Less than 1 h to PHC, 1–2 h, more than 2 h)
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Discussion
In rural settings of sub-Saharan Africa, geographic bar-
riers are among the main factors preventing the use 
of maternal health services and contributing to high 
rates of maternal mortality. While the effect of finan-
cial and health system barriers to maternal care can be 
more directly addressed via supply-side interventions, 
a better understanding of geographic access to care 
for pregnant women is necessary to devise appropri-
ate interventions and policies. Here, we analyzed the 
spatio-temporal changes in geographical accessibility to 
health facilities for antenatal, delivery and postnatal care 
services in a rural district of Madagascar with substan-
tial geographic barriers that has benefited from recent 
support to improve financial access and health system 
readiness. Using both health system information and 
data from a district-representative cohort, our study 
revealed that maternal care access decreased exponen-
tially with increasing distance to health centers. The gen-
eral trend showed improvements due to HSS across the 
geographic gradient, but the only statistically significant 
result in this setting was observed among women living 
within two hours from health centers. This suggests that 

geographically targeted interventions are necessary to 
ensure access to maternal care for remote populations.

In our setting, travel time to health facilities was the 
strongest determinant of maternal care utilization. While 
the negative effect of geographic barriers on maternal 
care utilization has been abundantly described in Africa 
Sub-Saharan [2, 31–33], relatively few studies have 
assessed their impact in the context of HSS and UHC 
interventions [16, 17]. Despite HSS efforts in place, the 
limited accessibility of healthcare facilities in Ifanadi-
ana (each health center covers an average area of 200 
km2 and approximately 10,000 people), combined with 
a rugged terrain and poor transportation infrastructure 
meant that nearly half of pregnant women lived over 2 h 
from a health facility. This group had the Lowest rates of 
antenatal, delivery and postnatal care, ranging between 
2 to 5 times less than women living within 1  h (Tables 
2 and 3). This could explain why maternal care access in 
our study area was Lower in 2018 than the national aver-
age for Madagascar [23]. Sufficient geographic coverage 
was only observed for the first antenatal visit. As a result, 
emergency obstetric cases in remote areas of the district 
would be unable to receive timely and life-saving inter-
ventions, exacerbating the risks associated with compli-
cations before, during and after childbirth.

Table 2  Multivariate analyses of health system data (generalized 
linear mixed model, negative binomial distribution)
Variables ANC1 ANC4 Deliveries Postnatal

Relative 
change 
(95% CI)

Relative 
change 
(95% CI)

Relative 
change 
(95% CI)

Relative 
change 
(95% CI)

Geographic factors
  Travel time (ref. less than 1 h)
  1- 2 h 0.84 

(0.78–0.90) 
***

0.78 
(0.68–0.89) 
***

0.60 (0.53–
0.67) ***

0.65 
(0.56–
0.76) ***

  More than 
2 h

0.72 (0.67- 
0.77) ***

0.53 (0.46- 
0.60) ***

0.40 (0.36–
0.45) ***

0.47(0.40–
0.54) ***

Health system factors
  Number of 
health staff

1.03 
(0.91–1.18)

0.89 
(0.69–1.13)

1.01 
(0.84–1.20)

0.97 
(0.73–1.27)

  PHC level 
(CSB2 vs. CSB1)

1.41 
(0.95–2.09)

2.52 
(1.24–5.11) *

1.18 
(0.78–1.79)

1.41 
(0.57–3.45)

  HSS catch-
ment (RoD vs. 
HSS catchment)

0.97 
(0.83–1.14)

1.18 
(0.84–1.67)

0.99 
(0.72–1.35)

0.74 
(0.51–1.09)

Temporal trends
  Annual 
linear trend

0.94 
(0.91–0.97) 
***

1.00 
(0.94–1.06)

0.93 
(0.88–0.99) *

0.96 
(0.89–1.03)

  Lag 
(1-month)

1.35 
(1.33–1.38) 
***

1.93 
(1.81–2.07) 
***

1.57 (1.49–
1.65) ***

2.01 
(1.86–
2.18) ***

PHC primary health center, HSS health system strengthening, RoD rest of the 
district
*p < 0.05
***p < 0.001

Table 3  Multivariate analyses of cohort data (generalized linear 
model with applicable survey weights, binomial distribution)
Variables ANC1 ANC4 Deliveries Postnatal

Odds 
Ratio 
(95% CI)

Odds 
Ratio 
(95% CI)

Odds 
Ratio (95% 
CI)

Odds 
Ratio 
(95% CI)

Geographic factors
  Travel time (ref. less than 1 h)
1- 2 h 0.87 

(0.36–2.12)
0.45 
(0.2–1.02)

0.46 
(0.21–1.04)

0.52 
(0.23–
1.19)

More than 2 h 0.3 (0.12–
0.73) *

0.27 
(0.13–0.56) 
***

0.13 
(0.06–0.26) 
***

0.17 
(0.08–
0.37) ***

Health system factors
  Number of health 
staff

1.36 
(0.86–2.15)

1.3 
(0.93–1.81)

1.51 (1.11–
2.06) *

1.5 (1.09–
2.06) *

  PHC level (CSB2 vs. 
CSB1)

2.36 
(0.9–6.19)

1.78 
(0.73–4.36)

2.14 
(0.88–5.24)

1.83 
(0.68–
4.93)

  HSS catch-
ment (RoD vs. HSS 
catchment)

1.29 
(0.51–3.27)

1.37 
(0.59–3.18)

1.32 
(0.55–3.13)

1.26 
(0.53–
2.97)

Temporal trends
  Annual linear 
trend

0.98 
(0.78–1.23)

1.11 
(0.96–1.27)

1.09 
(0.93–1.28)

1.06 
(0.9–1.25)

PHC primary health center, HSS health system strengthening, RoD rest of the 
district
*p < 0.05
***p < 0.001
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The use of two independent longitudinal data sources 
allowed us to gain a detailed understanding of local 
spatio-temporal changes in maternal care access and to 
assess the consistency between results obtained at the 
health center level versus those at the household level. 
The majority of studies on geographic barriers to mater-
nal care use data from cross-sectional surveys [14, 16, 
34, 35]. Qualitative and community-based approaches 
can also provide a more in-depth understanding of wom-
en’s perceptions and barriers through a combination of 
semi-structured interviews and focus group discussions 
[36–38]. However, these tend to be done at one point in 
time and rely on self-reporting reports. Here, we demon-
strate that geographic barriers were relatively stable over 
time during a three-year period in both sets of analyses. 
Moreover, we were able to assess whether health system 
support had a tangible impact on different populations 
over time, showing that inequalities in access between 
the closest and furthest populations (within 1 h vs. over 
2 h from a PHC) slightly increased for antenatal care in 
the HSS catchment while they decreased for delivery and 
postnatal care (Fig.  3). With few exceptions, spatial and 
temporal results from these two data sources were very 
consistent and helped identify underserved populations 
in the district.

This study linked individual women from mater-
nal consultation registers and surveys to their village of 
residence, and we accurately estimated their travel time 
to the nearest PHC through a combination of participa-
tory mapping and fieldwork. These methods are in line 
with recent approaches for service area analysis in sub-
Saharan Africa, which aim to analyze patients’ addresses 
from health facility data to help delineate their catch-
ment areas and identify populations who may experience 
challenges in accessing maternal care [39, 40]. Moreover, 
the increasing availability of detailed geographic data is 
allowing the integration of more realistic measures of 
travel time to health facilities into assessments of geo-
graphic accessibility [28, 41, 42] Other studies on mater-
nal care access use composite indices that combine into 
a single measure either multiple types of maternal health 
care (antenatal, delivery and postnatal care), or multiple 
factors related to geographic accessibility (e.g. travel time, 
transportation options, and topographical constraints) 
[43–45]. In contrast, we analyzed each maternal care 
indicator separately, revealing how geographic accessibil-
ity can impact them differently.

This study presented some limitations. First, population 
size values obtained from the MoPH used to estimate per 
capita utilization were inaccurate. These data are projec-
tions made each year from national censuses conducted 
far apart and the expected number of pregnant women 
is a fixed proportion of total population size, which does 
not take into account temporal variations in fertility 

preferences or other factors. This explains why per capita 
rates for ANC1 were higher than 1 for many fokontany 
in health system analyses. Second, survey data from our 
population-representative cohort used information from 
births occurring in the previous two years, and as such 
did not completely align temporally with health system 
data. This would explain slight differences observed in 
the temporal trends for certain indicators in each set of 
analyses (Fig. 3). Despite this, overall rates of utilization 
as well as spatial and geographic trends were very con-
sistent between the two datasets. Third, we aimed to 
obtain health system data from all health centers in the 
district, but physical registers for one health center in the 
initial HSS catchment were missing, which obliged us to 
remove eight fokontany from our health system analysis.

Conclusion
This study shows how a combination of geo-located 
health system information and population-representative 
data can help assess the impact of geographical barriers 
to maternal care in rural areas of sub-Saharan Africa. 
It highlights that women who live more than 2  h from 
a PHC have virtually no access to maternal health ser-
vices at the primary care level despite efforts in place to 
reduce financial barriers to care and strengthen the pub-
lic health system. This points to an urgent need to devise 
targeted interventions that improve access for remote 
populations, such as closer collaboration with commu-
nity health workers and traditional birth attendants for 
sensitization, follow-up and referral of pregnant women 
or the construction of waiting homes near health centers 
for pregnant women from remote areas to stay prior to 
delivery. Future research should assess whether such tar-
geted interventions can achieve significant reductions in 
geographic barriers to care and lead to increased use of 
maternal health services.
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