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Abstract
Background  The continuum of care (CoC) in maternal health refers to the continuity of individual reproductive 
health care across the antenatal, intrapartum, and postnatal periods. The CoC is an indicator of the quality of maternal 
and newborn health outcomes and women’s empowerment is crucial to improving maternal and neonatal health 
service access and utilisation.

Objective  To examine the spatial patterns of continuum of care use for maternal and neonatal health services and its 
correlation with women’s empowerment.

Methods  We analysed data from the Ethiopian Demographic and Health Surveys (EDHS) of 2011 and 2016. All 
women aged 15–49 who had live births in the preceding five years of the DHS surveys were included in the analysis. 
We measured the continuum of care using the modified co-coverage index (CoCI), which consisted of six indicators. 
Women’s empowerment was assessed using a validated survey-based Women’s Empowerment (SWPER) index. 
We used the Getis-Ord-Gi* spatial analysis tool to portray locations with clusters of CoC service use and spatial 
correlations between CoC use and women empowerment.

Results  None of the newborn-mother pairs in the 2011 survey received the entire continuum of care and only 
2.5% of newborn-mother pairs received the full range of continuum of care services in the 2016 survey. In 2016, 
6.9% of mother-newborn pairs received the basic CoC services (four or more antenatal care [ANC] visits, skilled birth 
attendance [SBA], and postnatal care [PNC]), and no mother-newborn pair received all three services at the same 
time in 2011. The Amhara, Afar, and Somali regional states had the least CoC service use in both surveys. There was a 
positive spatial correlation between CoC use and women’s empowerment domains.

Conclusion  Our analysis showed that the use of four or more ANC visits, SBS, newborn PNC, Bacillus Calmette-Guérin 
(BCG) vaccine uptake, and tetanus toxoid protection at birth were low in Ethiopia. Women empowerment domains 
were found to have a positive spatial correlation with CoC services use. To improve and preserve continuity of care, 
it is critical to leverage every maternal health facility encounter to encourage sustained service usage at each step 
of the continuum. Government policies should prioritise women’s empowerment and raise public awareness of 
maternity services.
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Introduction
One of the strategies to reduce maternal and neonatal 
mortality is to improve healthcare provisions for moth-
ers and babies across the reproductive continuum [1]. 
Reproductive health care use and positive outcomes of 
maternal and newborn health are inextricably linked. 
According to a Global Burden of Disease study, countries 
with a maternal mortality ratio (MMR) of less than 15 
per 100,000 live births had 98% coverage in at least one 
antenatal care visit, 95% coverage in four antenatal care 
visits, 97% coverage in facility-based delivery, and 99% 
coverage of skilled birth attendance [2]. Countries with 
lower maternal health services coverage—76% for at least 
one antenatal care visit, 45% for four antenatal care vis-
its, 41% for facility-based deliveries, and 48% for skilled 
birth attendance—had maternal mortality ratios (MMR) 
exceeding 500 per 100,000 live births [2].

Despite the initiatives to achieve universal health cov-
erage (UHC) by the Ethiopian government, maternal 
and neonatal health services utilisation is quite low [3, 
4]. The Ethiopian Health Sector Transformation Plan 
(HSTP-II) aspires to achieve UHC through expanding 
access to services and improving the provision of qual-
ity and equitable, comprehensive health services at all 
levels. Enhancing maternal, neonatal and child health are 
among the priority targets in the plan aiming to increase 
skilled delivery attendance to 76%, coverage of ANC 4 to 
81%, and coverage of postnatal care to 76% [5]. Accord-
ing to the 20,189 mini-EDHS data, less than half (48%) 
of live births occurred in health facility and only 43% of 
pregnant women got four or more antenatal care visits. 
Recent studies based on the 2016 EDHS indicate that 
coverage COC remains critically low in Ethiopia [6]. 
Furthermore, there is a substantial dropout rate among 
women from the maternal continuum of care after initial 
antenatal care booking. These findings highlight a signifi-
cant public health challenge in the country [7]. Access to 
basic obstetric and neonatal care services [8], as well as 
the utilisation of maternal health services [9], varies sig-
nificantly among administrative areas in the country.

The CoC is one of the health service strategic frame-
works and indicators of maternal, newborn, child and 
adolescent health [1, 10]. It has two dimensions; the first 
dimension encompasses the time of care throughout the 
lifecycle, during pregnancy, childbirth, childhood, and 
adolescence. The second dimension indicates the place 
that spans home, community, and health care [10, 11]. 
Each stage in the continuum should be a positive experi-
ence to ensure that women and their babies reach their 
full potential for health and well-being [12, 13].

There are two summary measures of coverage: the 
composite coverage index (CCI) and the co-coverage 
index (CoCI) [14]. The CCI is the weighted average cov-
erage of services calculated at a group level CoCI indica-
tor is a simple count of how many services are received at 
an individual level out of a set of services [15].

Maternal healthcare utilisation has been connected 
to gender power dynamics in low- and middle-income 
countries [16]; and women’s empowerment has been 
widely considered as an important concept in inter-
national development goals [17, 18]. The World Bank 
defined women empowerment as a person’s capacity to 
make effective choices, that is, as the capacity to trans-
form choices into desired actions and outcomes [19]. The 
extent or degree to which a person is empowered is influ-
enced by personal agency (the capacity to make purpo-
sive choice) and opportunity structure (the institutional 
context in which choice is made) [19]. In this study, we 
used the survey-based Women’s Empowerment (SWPER) 
index to measure women’s empowerment domains [20]. 
The SWPER index is suitable for survey-based data and 
validated initially for African countries and that has been 
expanded to low- and middle-income countries. Stud-
ies in low- and middle-income countries have shown 
that women’s empowerment can play an important role 
in maternal health services use [21–24]. A study from 31 
developing countries showed that women with the high-
est empowerment score were more likely to use modern 
contraception, attend four or more antenatal care visits 
and have a skilled attendant at birth [18]. Another study 
from Albania showed that the number of ANC visits was 
positively related with the number of decisions a women 
made in the household [24]. Plenty of studies investi-
gated the factors affecting maternal CoC service use by 
examining individual level data [6, 7, 9, 23, 25]. However, 
our study aims to illustrate the interaction between CoC 
use and women’s empowerment through spatial analysis. 
Visual tools can create maps and spatial representations 
of data, highlighting areas of concern and success. These 
visualisations help in quickly identifying patterns, facili-
tating better decision-making and communication [26]. 
Policymakers and health planners can use spatial analysis 
to allocate resources more efficiently and design targeted 
interventions. For example, regions with low CoC cover-
age and low women’s empowerment might require more 
focused initiatives [27].

Methods and materials
Data source and extraction
We analysed data from the EDHS. Four waves of EDHS 
surveys have been conducted in Ethiopia so far at 
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five-year intervals since 2000. We used the 2011 and 2016 
EDHS surveys for the current analysis because the other 
surveys did not incorporate all indicators for CoCI. The 
2011 and 2016 EDHS surveys used the Ethiopian popu-
lation and housing census sampling frame conducted in 
2007 by the Ethiopia Central Statistical Agency (CSA). 
The samples for the EDHS survey were selected using a 
two-stage cluster sampling technique using census enu-
meration areas (EAs) as primary sampling units and 
households as secondary sampling units. An enumera-
tion area (EA), also known as a cluster, is a small geo-
graphic region with 150 to 200 households [28].

The EDHS samples were stratified and selected in two 
stages. Regions were stratified into urban and rural areas, 
and samples of EAs were selected independently in each 
stratum in two stages. The sampling frame contains infor-
mation about the EA location, type of residence (urban 
or rural), and the estimated number of residential house-
holds. In the selected EAs, a complete listing of house-
holds was carried out for each survey. The response rate 
for household interviews in both the 2011 and 2016 sur-
veys was 98%, while the response rates for eligible women 
were 95% in 2011 and 94.6% in 2016. More detailed 
methods are described in the main reports [29, 30].

Population
All women aged 15 to 49 years who were married (in 
union) at the time of data collection and had a live birth 
in the five years preceding the survey were included. As 
the women’s empowerment domains such as attitude 
towards husband beating and decision-making power 
in the household measured based on the interactions 
between the woman and her husband, only married (in 
union) women were included. The DHS survey collects 
data on antenatal, perinatal and postnatal care services 
for the most recent births, and the analysis was based 
on these populations. Newborns younger than two days 
were excluded to allow sufficient time for postnatal care 
assessment. The study comprised 14,174 women-new-
born pairs.

Measurements
The primary outcome was the use of maternal and neo-
natal CoC services. We defined the continuum of care 
for mother and newborn care during pregnancy, child-
birth, and the postnatal period, which has been used in 
previous literature [31, 32], and we used the co-coverage 
index for spatial analysis as per the recommendation 
elsewhere [14]. Continuum of care service was measured 
using the modified CoCI, which comprised of six indica-
tors, including at least four antenatal care visits, tetanus 
protection at birth, skilled birth attendance, BCG vacci-
nation, breastfeeding initiation within one hour of birth, 
and postnatal care visits for babies within the first two 
days of birth (see Table 1).

We used the survey-based Women’s Empowerment 
(SWPER) index to measure women’s empowerment 
domains. [33], which has three domains: (1) decision-
making power, (2) attitudes towards violence, and (3) 
social independence. The decision-making index was 
computed from three items related to health care, major 
household purchases, and visiting friends/relatives. The 
second domain is an index created by items that capture 
attitudes towards violence and women’s opinions about 
whether wife beating is justified in various scenarios. The 
third domain was created from items related to social 
independence, including education, frequency of reading 
newspapers or magazines, age at birth of the first child 
and first cohabitation, and age and education differences 
between the woman and her husband. A composite mea-
sure for each domain was created using standardised 
scores of the corresponding items. First, the variables 
were recoded as shown in the supplementary file (see 
Table S1 ), and standardisation was carried out based on 
the SWPER guideline [20].

Data analysis
Descriptive analyses of percentages of services utilisation 
in the continuum at each survey was carried out. The 
spatial patterns of maternal and neonatal CoC use were 
analysed, and statistically significant clusters of lower 
CoCI values were used to compare CoC coverage. Global 
Moran’s I statistics [34] and Getis-Ord Gi* statistics were 

Table 1  Definitions of the continuum of care indicators
Indicator Definition
Antenatal care Four or more antenatal care visits during the pregnancy period
Tetanus toxoid protection Women with a live birth in the five years preceding the survey receiving two or 

more injections during the pregnancy for the most recent live birth
Skilled birth attendance Births in the five years preceding the survey that were assisted by a skilled provider 

such as Doctors, nurses/midwives, health officers and health extension workers.
BCG vaccination BCG (Bacille Calmette-Guérin)—Anti-tuberculosis vaccine received shortly after birth
Breastfeeding initiation within 1 hour Newborns, who started breastfeeding within one hour of birth
Postnatal care visits for babies within two days of birth Timing of first postnatal check for the baby, who received a postnatal check during 

the first two days
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adopted to detect the spatial clusters of the continuum of 
care service use. Global Moran’s I is a scale that ranges 
from − 1 to + 1, where a value of + 1 indicates the entire 
distribution showed similarity [35, 36], and spatial clus-
tering was detected. Once the presence of overall cluster-
ing is detected in the data, the Getis-Ord Gi* statistics 
was used to identify the local hot and cold spot areas. A 
cold spot is an area where lower CoCI values are signifi-
cantly clustered. In contrast, a hot spot area is one where 
higher CoCI values are clustered compared to its sur-
roundings [37].

Spatial interpolation [38] was applied to obtain a value 
of the continuum of care at locations where data had not 
been recorded. We used the empirical Bayesian kriging 
(EBK) [39] method to interpolate data to the un-sampled 
areas. The spatial patterns of the continuum of care were 
displayed using high-resolution maps.

We used a geographically weighted regression (GWR) 
model to see the spatial relationships between CoC use 
and women empowerment. Geographically Weighted 
Regression is a statistical technique that allows variations 
in relationships between predictors and outcome vari-
ables over space to be measured within a single model-
ling framework [40]. The underlying idea of GWR is that 
parameters may be estimated anywhere in the study area 
given a dependent variable and a set of one or more inde-
pendent variables which have been measured at places 
whose location is known [41]. We applied GWR with 
an adaptive Kernel-type approach. Kernel type in the 
GIS ArcToolbox specifies if the Kernel is constructed as 
a fixed distance or if it is allowed to vary in extent as a 
function of feature density. The adaptive approach allows 
the spatial context to vary as a function of a specified 
number of neighbours. Where feature distribution is 

dense, the spatial context is smaller; where feature distri-
bution is sparse, the spatial context is larger [40].

Ethics approval
Ethical approval was granted by the University of Tech-
nology Sydney Human Research Ethics Committee 
(Approval number: ETH19-4488). Approval to access and 
use the DHS dataset was obtained from the DHS pro-
gram. The analysis used secondary data, and there was no 
contact with study participants.

Results
We analysed the continuum of care coverage as measured 
by the co- coverage index, which consists of six indica-
tors. A total of 14,174 newborn-mother pairs (7,131 from 
2011 to 7,043 from 2016 EDHS surveys) were included in 
the analysis. The completion of each indicator of the co-
coverage index was examined. In both surveys, postnatal 
care for newborn babies had the lowest utilisation cover-
age, with 0.3% in 2011 and 12.0% in 2016 (see Table 2).

None of the newborn-mother pairs utilised the com-
plete continuum of care services in the 2011 survey, and 
13% of newborn-mother pairs received no continuum of 
care intervention at all. In the 2016 survey, 2.5% of new-
born-mother pairs utilised complete CoC services, while 
6.2% did not receive any service. One in ten in 2011 and 
one in four mother-newborn pairs in 2016 used over half 
(four or more) of the CoC services (see Fig. 1). In 2016, 
6.9% of mother-newborn pairs received the basic CoC 
services (four or more ANC visits, SBA, and postnatal 
care), and no mother-newborn pair received all three 
treatments at the same time.

The number of continuum of care services received 
by newborn-mother pair varies related to educational 
level and wealth position, with better outcomes at higher 

Table 2  Continuum of Care indicators for maternal and neonatal health services within the two waves of EDHS in 2011 and 2016
Services EDHS (2011) EDHS (2016)

n % n %
Antenatal care No antenatal care 4,543 57.4 2,612 37.1

Less than four visits 1,856 23.6 2,218 31.5
At least four visits 1,508 19.0 2,213 31.4

Tetanus toxoid protection (injections for the mother) Protected at birth 3,443 48.3 3,463 49.0
Did not protected at birth 3,688 51.7 3,580 51.0

Skilled birth attendance Skilled attendant 831 11.7 2,314 32.9
Unskilled attendant 6,024 84.5 3,722 52.8
No one 275 3.9 1,007 14.3

BCG vaccination BCG vaccine not received 2,651 38.9 1,902 36.3
BCG vaccine received 4,119 60.4 3,310 63.1
Do not know 45 0.7 30 0.6

Breastfeed initiation within an hour of birth Initiated within 1 h 3,684 51.7 5,121 73.0
Not initiated within 1 h 3,446 48.3 1,922 27.0

Postnatal care visits for babies within two days of birth Postnatal care received 19 0.3 843 12.0
Postnatal care not received 7,112 99.7 6,200 88.0
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educational levels and richer wealth quantiles (see 
Table 3).

Spatial patterns of continuum of care coverage
The interpolated estimation, i.e. the predicted spatial dis-
tributions of the continuum of care, including for areas 
where data were not taken, showed that in 2011 EDHS 
survey most places in the Amhara, Afar and Somali 
regional states had the least coverage for maternal and 
newborn health services. On the other hand, Harari, Dire 
Dawa, Tigray, and a few locations in Oromia regional 
state, had hot spots suggesting better coverage of mater-
nal and newborn health services.

Similarly, in the 2016 survey, the majority of Amhara, 
Afar, and Somali regional states had the least service cov-
erage. Better service coverage has been mapped most 
locations of Oromia, Addis Ababa, Harari, Diredawa, 
SNNP, Benshangul Gumuz, Tigray regional states and a 
few locations in Amhara and Gambela regional states.

Figure  2 shows interpolated spatial patterns of the 
continuum of care coverage for maternal and neona-
tal health services for the 2011 EDHS (upper panel) and 

2016 EDHS (lower panel). The dark red colour indicates 
the hot spot areas (high coverage); the dark blue colour 
indicates the cold spots (low coverage), and the yellow 
ramp colour indicates areas with no significant distribu-
tion or random distributions of the CoC service use. The 
Co-coverage index (CoCI) intervals indicate the average 
number of continuum of care services received at a clus-
ter level.

We investigated the relationships between the spa-
tial clustering of the continuum of care use and women 
empowerment domains. We fit a GWR model to evalu-
ate the relationships and found a positive spatial correla-
tion between CoC service use and women empowerment 
domains. In the 2011 EDHS survey, there was a stronger 
positive spatial correlation between attitude towards vio-
lence and CoCI in north-eastern, central, and western 
Ethiopia, Dire Dawa, Harari, Tigray, central and west-
ern Oromia, parts of Benishangul Gumuz and Gambella 
regional states demonstrated a positive spatial correla-
tion between CoCI and decision-making domain. Except 
for the Amhara region, Gambella, and a few areas in Oro-
mia, the social independence domain was found to have a 

Fig. 1  Continuum of care services use by survey year, 2011 and 2016 EDHS
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positive correlation with CoCI across the country (Figure 
S1).

In the 2016 survey, areas in north-western, central, 
central-east, western, and south-western Ethiopia were 
found to have a positive spatial correlation between CoCI 
and attitude towards violence. Northern, central eastern, 
northwestern, and southwestern Ethiopia revealed a pos-
itive spatial correlation between CoCI and the decision-
making domain. Except for the central and western parts 
of Ethiopia, the social independence domain had a stron-
ger spatial correlation with CoCI throughout the country 
(see Figure S2).

The global estimation summary indicated an overall 
positive relationship between the co-coverage index and 
three of women’s empowerment domains. As the empow-
erment domains’ scores increased, so did the CoCI score. 
The relationship between social independence and CoCI 
was found to be stronger in both surveys.

Discussion
We examined the performance of CoC services, spa-
tial patterns of the continuum of care (CoC) use for 
maternal and neonatal health services and the relation-
ship between the continuum of care use and women’s 
empowerment based on the 2011 and 2016 EDHS sur-
veys. In the five years preceding the surveys, one in five 
pregnant women in 2011 and less than one in three in the 
2016 EDHS had at least four antenatal care visits. On the 
other hand, one in ten pregnant women used skilled birth 
attendance in 2011, a figure that rose to one in three by 
2016. These findings are significantly lower than the ser-
vice uptake targets set by the Ethiopian health sector stra-
tegic plan to be achieved by the end of 2020 [42], which 
can also impact attaining the SDG targets of reducing 
maternal and neonatal mortality. These findings place 
Ethiopia among the bottom five countries in terms of 
ANC services utilisation, along with Afghanistan (17.8% 
in 2015) [43], Bangladesh (23.8 in 2011) [44], Yemen 

Table 3  Completion of the continuum of care service use by mother’s socio-economic characteristics, those who didn’t use any of the 
services and those who used four or more out of the six services
Characteristics 2011 2016

No intervention
(%)

Used 4 or more Services (%) No intervention
(%)

Used 4 or more Services (%)

Region
Addis Ababa 1 (0.1) 58 (10.7) 0 49 (5.3)
Afar 15 (1.6) 3 (0.5) 20 (4.7) 5 (0.5)
Amhara 257 (27.8) 67 (12.5) 1115 (26.4) 203 (21.5)
Beneshangul Gumuz 12 (1.3) 6 (1.1) 6(1.3) 10 (1.1)
Dire Dawa 1 (0.1) 5 (1.0) 1 (0.1) 8 (0.8)
Gambela 2 (0.2) 4 (0.7) 1 (0.2) 3 (0.3)
Harari 1 (0.1) 3 (0.5) 1 (0.1) 3 (0.3)
Oromia 458 (49.7) 199 (37.0) 180 (41.4) 300 (31.9)
Somali 58 (6.3) 8 (1.4) 29 (6.6) 25 (2.7)
SNNPR 107 (11.6) 130 (24.2) 68 (15.7) 227 (24.2)
Tigray 1 (1.3) 56 (10.5) 15 (3.4) 109 (11.6)
Residence
Urban 39 (4.2) 242 (45.0) 11 (2.4) 223 (23.7)
Rural 883 (95.8) 296 (55.0) 425 (97.6) 718 (76.3)
Age of the mother (years)
15–24 280 (30.4) 143 (26.5) 83 (19.0) 237 (25.2)
25–34 429 (46.6) 265 (49.2) 208 (47.9) 513 (54.6)
35–49 212 (23.0) 130 (24.3) 144 (33.1) 190 (20.2)
Educational status of mother
No education 750 (81.4) 180 (33.4) 351 (80.5) 424 (45.1)
Primary education 169 (18.3) 254 (47.3) 76 (17.5) 354 (37.6)
Secondary education 3 (0.3) 58 (10.9) 4 (1.0) 115 (12.3)
Higher education 0 45(8.4) 4 (1.0) 47 (5.0)
Household wealth quantiles
Poorest 299 (32.4) 34 (6.3) 157 (36.1) 94 (10.1)
Poorer 233 (25.3) 51 (9.5) 108 (24.9) 166 (17.7)
Middle 208 (22.6) 69 (12.8) 75 (17.2) 207 (22.0)
Richer 132 (14.4) 114 (21.2) 63 (14.4) 192 (20.4)
Richest 48 (5.3) 270 (50.2) 32 (7.4) 280 (29.8)
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Fig. 2  Interpolated spatial patterns of the continuum of care use for maternal and neonatal health services for EDHS 2011 (upper pannel) and 2016 (lower 
pannel). Note: data were not available from approximately a third of the Somali regional state areas in the 2011 survey
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(25.1% in 2013), and Chad (31.0% in 2015) [45]. The SBA 
coverage also placed the country among the bottom five 
counties with services utilisation. These findings are also 
lower than study findings from an analysis of DHS data 
in Sub-Saharan African countries, where 54.5% of preg-
nant women had four or more antenatal care visits, and a 
study from lower-middle-income Southeast Asian coun-
tries, where 76.6% of pregnant women had four or more 
antenatal care visits [25]. As antenatal care is the natural 
entry point for subsequent maternal and neonatal care 
services, strategies should be designed to accelerate the 
uptake of ANC services.

Findings from this analysis showed that 93.8% of Ethio-
pian women had the chance to interact with the health 
system at least for one of the six services. However, these 
opportunities do not seem to be adequately utilized to 
ensure the provision of comprehensive services. This 
highlights a significant gap in the effective use of available 
healthcare interactions to deliver a continuum of care, 
suggesting that future efforts should focus on maximis-
ing these interactions to provide comprehensive maternal 
and neonatal healthcare.

Ethiopia also had the lowest rate of neonatal postnatal 
care, with 0.3% in 2011 and 12.0% in 2016. These figures 
are lower than those reported in Kenya (35.6% in 2014) 
[46] and Rwanda (19.2% in 2015) [47], respectively.

In our study, none of the newborn-mother pairs in the 
2011 survey used the entire continuum of care services (6 
services). A very small number of newborn-mother pairs 
received the full range of continuum of care services. This 
is slow progress that would make meeting the ambitious 
targets of the Ethiopian Health Sector Transformation 
Plan difficult (HSTP-II). The HSTP-II aimed to reduce 
maternal mortality to 279 per 100,000 live births by 2025, 
as well as under-5 and neonatal mortality to 44 and 21 
per 1,000 live births, respectively [5].

Less than a tenth of mother-newborn pairs completed 
the basic CoC services (four or more ANC visits, SBA, 
and postnatal care). This is lower than what was found 
in Sierra Leone, where 17.9% of mothers use these three 
CoC services in 2019 [48]. This is also lower than the cov-
erage in sub-Saharan countries where 25% of the mothers 
completed at least three CoC services (ANC4+, SBA and 
PNC) [25], and a study from lower-middle-income coun-
tries in Southeast Asia where 43.4%of mother-newborn 
pairs used at least three CoC services [49]. This dispar-
ity demonstrates how far Ethiopian CoC coverage lags 
behind the average in these two comparable regions. 
One of the contributing factors to the lower rate of ser-
vice utilisation could be the lack of compassionate and 
respectful maternity care throughout pregnancy and 
birth. Findings showed that disrespect, neglect, lack of 
supportiveness and abuse during facility delivery in Ethi-
opia are not uncommon [50].

We also found that Ethiopia has one of the lowest rates 
of BCG vaccination and tetanus toxoid protection at 
birth. In terms of BCG uptake, Ethiopia ranked second 
least among the DHS-surveyed countries [51]. Tetanus 
toxoid protection at birth was 48.3% in 2011 and 49.0% in 
2016, far lower than countries in the region such as Tan-
zania (88.0%), Malawi (90.2%), and Burundi (84.3%) [52–
54]. Because tetanus is a serious disease, it has received 
national and international policy attention. The World 
Health Assembly endorsed the global initiative to elimi-
nate maternal and neonatal tetanus by 2020, targeting 
South Asian and sub-Saharan countries, including Ethio-
pia [55]. However, Ethiopia’s vaccine coverage does not 
appear to be on track to meet the targets any time soon. 
No progress has been made in the five years between 
2011 and 2016.

Promising progress in the CoC services in Ethiopia was 
seen in the initiation of breastfeeding within an hour of 
birth. Ethiopia placed third next to Burundi and Malawi, 
with encouraging progress from 51.7% in 2011 to 73.0% 
in 2016.

We have also investigated the spatial patterns of the 
continuum of care (CoC) use for maternal and neonatal 
health services and the relationship between the con-
tinuum of care use and women’s empowerment. There 
was a positive spatial relationship between CoC service 
use and domains of women’s empowerment. The pres-
ence of positive spatial relationship means the higher 
the women empowerment domain the better the CoC 
services use. Women’s empowerment has been found to 
correlate with the use of CoC services in most parts of 
the country. This is because women’s ability to decide on 
their behalf and take steps to use health services can be 
influenced by their household autonomy. When women 
have greater control over financial resources, mobility, 
and health-related decisions, they are more likely to seek 
and receive necessary maternal and neonatal health ser-
vices. Furthermore, empowered women are more likely 
to advocate for the health needs of their children, ensur-
ing timely immunizations and check-ups [56]. Study find-
ings from Pakistan [57] and Bangladesh [58] supported 
these findings showing the positive impact of women’s 
empowerment towards maternal health services use. This 
implies that women’s empowerment must be prioritised 
in maternal and neonatal health strategies. The health-
care system should encourage spouses accompany during 
antenatal, delivery, and postnatal care. Health profes-
sionals, particularly health extension workers who are in 
close contact with the majority of the rural community, 
should support women’s empowerment initiatives such 
as awareness raising, open family discussions and assist 
in maternal health planning and execution.

The continuum of care (CoC) concept for maternal 
and neonatal health has been regarded as a key principle 
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and framework to support policies and initiatives to save 
women’s and newborns’ lives and promote overall health 
[59]. As the co-coverage index as a measurement of CoC 
considers the delivery of a group of maternal and neona-
tal care services, it can help to understand the overall pat-
terns of summary measures and locate population groups 
lagging behind. Spatial analysis of the CoC use could 
help policymakers assess which parts of the country 
are benefiting from current services, how these services 
are clustered within a given setting and identify subna-
tional areas that are not being reached [15]. The continu-
ity of maternal and child health intervention packages 
is receiving increased attention as a strategy to improve 
overall service delivery and maternal and neonatal health 
outcomes [60].

Strength and limitations
This study explored the use of continuum of care services 
as measured by the co-coverage index using a rigorous 
spatial analyses technique. The results are based on a 
nationally representative survey. However, the study has 
some limitations. As the analysis was based on secondary 
data the limitations that are pertinent of the DHS sur-
vey such as recall bias and social desirability bias could 
affect the findings. The displacement of GPS coordinates 
for privacy reasons can potentially have an impact on hot 
spot and cold spot estimation to some extent. However, 
we have mitigated potential misinterpretations by focus-
ing on larger area-level interpretations. While BCG is 
typically administered at birth, it can also be given within 
the first month. To avoid a significant reduction in our 
sample size, we included all babies aged 2 to 28 days. 
This may lead to an underestimation of BCG vaccination 
levels. Data for contextual factors that can affect health 
service access such as health facility type-to-population 
ratios, health worker type-to-population ratios, paved 
roads per square kilometres and other health infrastruc-
tures are not available in the DHS survey, and therefore, 
we were not able to consider in the analysis.

Conclusions
Our analysis showed that the use of four or more ANC 
visits, SBS, newborn postnatal care, BCG vaccine uptake, 
and tetanus toxoid protection at birth were very low in 
Ethiopia. Particularly, the Amhara, Afar, and Somali 
regions consistently exhibited lower levels of continuity 
of care services. The situation in the Amhara region is 
expected to deteriorate further due to the ongoing civil 
war, which is severely disrupting health service activi-
ties. Women’s empowerment domains were found to 
have a positive spatial correlation with CoC services use. 
To improve the current state of maternal and neonatal 
health, efforts should be directed towards increasing the 
use of CoC services. To increase the use of maternal and 

neonatal health services, it is critical to maximise health-
care contacts and guarantee continuity of care across the 
entire continuum. Women’s empowerment needs to be 
consistently prioritised in government policies via educa-
tion, political and economic participation. Raising public 
awareness about maternity services is essential by using 
the influence of health professionals, local associations, 
and mass media.
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