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Abstract

Background: The high maternal mortality, home delivery, unwanted pregnancies, incidence of unsafe abortion,
and unmeet family planning needs are maternal health gaps attributed to health care access barriers and
responsible for the observed health care disparities. Over the last decades remarkable achievements have made in
relation to maternal health problems and the reduction of health care access barriers. Thus, this study aimed to
assess the decomposition and spatial-temporal analysis of health care access challenges among reproductive-age
women in Ethiopia.

Methods: Secondary data analysis was conducted based on the three consecutive Ethiopian Demographic and
Health Surveys (2005-2016 EDHSs). A total weighted sample of 46,235 reproductive-age women was included in
this study. A logit based multivariate decomposition analysis was employed for identifying factors contributing to
the overall decrease in health care access challenges over time. For the spatial analysis, ArcGIS version 10.6 and
SaTScan™ version 9.6 were used to explore hotspot areas of health care access challenges in Ethiopia over time.
Variables with p-value < 5% in the multivariable Logit based multivariate decomposition analysis were considered as
significantly contributed predictors for the decrease in health care access challenges over time.

Result: The mean age of the women was 27.8(+9.4) years in 2005, 27.7(+9.2) years in 2011, and 27.9 (£9.1) years in
2016. Health care access challenges have been significantly decreased from 96% in 2005 to 70% in 2016 with the
Annual Rate of Reduction (ARR) of 2.7%. In the decomposition analysis, about 85.2% of the overall decrease in
health care access challenge was due to the difference in coefficient and 14.8% were due to differences in the
composition of the women (endowment) across the surveys. Socio-demographic characteristics (age, residence,
level of education, female household head, better wealth and media exposure) and service utilization history before
the survey (facility delivery and had ANC follow up) contribute to the observed decrease over time. The spatial
analysis revealed that health care access challenges were significantly varied across the country over time. The
SaTScan analysis identified significant hotspot areas of health care access challenges in the southern, eastern, and
western parts of Ethiopia consistently over the surveys.
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the population.

Conclusion: Perceived health care access challenges have shown a remarkable decrease over time but there was
variation in barriers to health care access across Ethiopia. Media exposure improved mothers’ health care access in
Ethiopia. Public health programs targeting rural, uneducated, unemployed, and women whose husband had no
education would be helpful to alleviate health care access problems in Ethiopia. Besides, improving mother's media
exposure plays a significant role to improve mothers’ health care access. Health care access challenges have
significantly varied across the country. This suggests that further public health interventions are important for
further reduction of health care access barriers through the uplifting socio-demographic and economic status of
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Background
Remarkable progress has been made in the reduction of
maternal and child mortality in the last two decades,
given that preventable maternal death dropped from 386
per 100,000 live births in 1990 to 216 deaths in 2015 ac-
cording to the global burden of disease study [1, 2].
However, maternal and child mortality is the unfinished
agenda of the millennium development goal (MDG) is
also the agenda under sustainable development goal
(SDG) for further reduction of preventable maternal
deaths below 70 per 100, 000 live births [3, 4]. The Sub-
Saharan region is one of the highly affected with a death
toll of 546 per 100, 000 live births in 2015 [2, 5].
Ethiopia is the country with a high magnitude of ma-
ternal deaths and achieved about 50% maternal mortality
reduction with recent figures of 401 deaths per 100,000
live births [6]. Maternal health problems are still the
leading public health concerns in developing countries.
Health service availability, utilization, and accessibility
contributed to maternal health problems. Health care
accessibility is defined as the opportunity to have the
health care needs fulfilled and measured in terms of
utilization which depends on the affordability, physical
accessibility, and acceptability of services and not merely
adequacy of supply [7-9]. Access to comprehensive,
quality health care services is important for promoting
and maintaining health, preventing and managing the
disease, reducing unnecessary disability and premature
deaths, and achieving health equity for all women [10-
13]. The high maternal mortality, home delivery, un-
wanted pregnancies, incidence of unsafe abortion, and
unmeet family planning needs are maternal health gaps
attributed to health care access barriers and responsible
for the observed health care disparities. According to
health care access barrier model, financial, structural,
and cognitive are the three categories of health care ac-
cess barrier (HCB) associated with decreased screening,
late presentation to care, and lack of treatment, which in
turn result in poor health outcomes and health dispar-
ities [7-11, 14]. Besides, geographical disparity, high
costs of health care services, lack of transportation, and

low socio-economic conditions of the population were
barriers to health access problems [14-18].

A study conducted in South Africa, Cape Town only
35.2% of women accessed maternal health services. An-
other study in the same setting showed that availability,
affordability, and acceptability of maternal health ser-
vices were 30.5, 14, and 18.5%, respectively [9]. A com-
parative study in Nigeria and Ethiopia showed that
maternal health services inequalities were observed be-
tween urban and rural, given that 48% women in urban
and 55% in the rural area of Ethiopia perceived that in-
stitutional delivery is not necessary which is higher as
compared to 42.7% women in urban and 45.9% of rural
areas of Nigeria [19].

According to the 2016 Ethiopia Demographic and
Health Survey, about 70% of women had health access
problems which showed significant reductions from 96%
in 2005 with geographical and socio-demographic varia-
tions [6, 20]. The Federal Democratic Republic of
Ethiopia Government made interventions like
urbanization, health facility expansion, providing mater-
nal services free of charge, increasing health insurance
enrollment, implementation of the health extension pro-
grams, women education and empowerment are some of
the contributing factors for the reduction of health care
access challenges among women [21-23]. However,
there is scarce evidence about the spatial-temporal dis-
tributions and the contribution of each of the variables
for the observed changes over time.

Therefore, this study aimed to assess the decompos-
ition and spatial-temporal analysis of health care access
challenges among reproductive-age women in Ethiopia
based on EDHS 2005-2016. Findings from this study
could help health system planners for evidence-based in-
terventions and resource allocations. In addition, im-
portant lessons also are learned about the effect of
characteristics and population structure changes for the
reduction of health care access challenges.

Evidnces from the previous litratures showed that
socio-demographic attributes (age, marital status, level
of education, occupation, wealth index, health insurance
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ceoverage, and media exposre and others), geographical
chracterstics (residence and administarive regions) and
previous maternal charactersics and service utilization
(pregnancy during data collection. ANC follow up and
facility delivery) were factors perceived to affect the
healthcare acces among reproductive aage (Fig. 1).

Methods

Study design, setting and period

Secondary data analysis was conducted based on the
three consecutive EDHSs data conducted in 2005, 2011,
and 2016 [24-26]. These surveys are a nationally repre-
sentative study conducted in Ethiopia, which is situated
in the Horn of Africa. Ethiopia is the second most
populous country in Africa next to Ngeria, and has 9 Re-
gional states (Afar, Amhara, Benishangul-Gumuz, Gam-
bela, Harari, Oromia, Somali, Southern Nations,
Nationalities, and People’s Region (SNNP) and Tigray)
and two Administrative Cities (Addis Ababa and Dire-
Dawa). Ethiopia is an agrarian country and 84% of the
population lives in a rural area, and 80% of the country’s
total population lives in the regional states of Amhara,
Oromia, and SNNP [27]. About 60% of the total
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population are living in the pastoral regions (Somali,
Afar, Oromiya, Southern region, Gambella, and
Benishangul-Gumuz regions) where people are sparsely
populated and the community are least benefitted the
health sector development [28]. Ethiopia is a multi-
religious country with the domination of orthodox
Christian and Muslim religious followers and having
more than 80 ethnics groups that exercise their own cul-
ture and language. Ethiopia currently has one of the fast-
est growing economies in Africa and agriculture
accounts for 40.5% of national GDP [29]. Ethiopia has
registered an average annual growth rate of 11% of GDP,
but 24% of the population still live below the national
poverty line [30, 31]. Healthcare funding for the county
is highly dependent on donors followed by households
in the form of out-of-pocket care expenditure [32].

Ethiopia has 3 tiers health systems, Primary health care
unit (Primary hospital, health center, health post, pri-
mary clinic, and medium clinic); Secondary health care
(General hospital, specialty clinics, and specialty centers);
and Tertiary health care (Specialized hospital). The
number of hospitals varies from region to region in re-
sponse to differences in population size [33].

Conceptual framework

Socio-demographic characterstics

e Age

e marital status

e level of education
e wealth status

. — Health care access challenges
e partner education
e occupation
e Media exposure T
e household head Y
Previous maternal health charachterstics
\A utilization
e previous delivery at health
> facilities
e previous family planning
utilization

Fig. 1 The conceptual framework adapting from literatures for analyzing factors contributing to health care access challenges

Geographical charactetsics

®  Place of residence

®  Administrative region

|

e preceding birth intervals
e Had ANC follow up

e currently pregnancy
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Table 1 Percentage distribution of characteristics of
respondents in 2005, 2011 and 2016 Ethiopian Demographic

and Health Surveys
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Table 1 Percentage distribution of characteristics of
respondents in 2005, 2011 and 2016 Ethiopian Demographic

and Health Surveys (Continued)

Variables EDHS 2005 EDHS 2011 EDHS 2016 Variables EDHS 2005 EDHS 2011 EDHS 2016
(n =14,062) (n =16,490) (n =15,683) (n =14,062) (n =16,490) (n =15,683)
Weighted Weighted Weighted Weighted Weighted Weighted
frequency (%)  frequency (%)  frequency (%) frequency (%)  frequency (%)  frequency (%)
Region Poor 5069 (36.1) 6019 (36.5) 5442 (34.7)
Tigray 917 (6.5) 1102 (6.7) 1129 (7.2) Middle 2731 (19.4) 3027 (184) 2978 (19.0)
Afar 146 (1.0) 145 (0.9) 128 (0.8) Rich 6262 (44.5) 7444 (45.1) 7263 (46.3)
Amhara 3482 (24.8) 4422 (26.8) 3714 (23.7) Visiting health facility in the last 12 months
Oromia 5008 (35.6) 6005 (36.4) 5701 (364) No 10,588 (75.3) 11,073 (67.2) 9157 (584)
Somali 486 (3.5) 328 (2.0) 459 (2.9) Yes 3474 (24.7) 5417 (32.8) 6526 (41.6)
Benishangul 124 (0.9) 173 (1.1) 160 (1.0) Having ANC follow up
SNNPRs 2992 (21.3) 3232 (19.6) 3288 (21.0) No 5224 (71.5) 4512 (57.2) 2818 (37.1)
Gambela 44 (0.3) 69 (0.4) 44 (0.3) Yes 2081 (28.5) 3383 (42.8) 4771 (62.9)
Harari 39(03) 48 (0.3) 38(0.3) Place of delivery
Addis ababa 756 (54) 895 (5.4) 930 (5.9) Home 6804 (93.1) 6943 (87.9) 5066 (66.8)
Dire dawa 69 (0.5) 69 (0.4) 90 (0.6) Health facility 501 (6.9) 952 (12.1) 2523 (33.2)
Residence Occupation status
Rural 11,565 (82.3) 12,554 (76.1) 12,207 (77.8) Working 3980 (71.7) 6203 (37.6) 5220 (333)
Urban 2497 (17.7) 3936 (23.9) 3476 (22.2) Not working 10,082 (28.3) 10,287 (62.4) 10,463 (66.7)
Religion Contraceptive use and intention
Orthodox 6915 (49.2) 7826 (47.5) 6786 (43.3) Using modern 1361 (9.7) 3077 (18.7) 3899 (24.9)
Muslim 4008 (285) 4584 (27.8) 4893 (312) method
Protestant 2652 (18.9) 3634 (22.0) 3674 (234) Using traditional 92 (0.7) 146 (0.9) 75 (0.5)
method
Others 487 (34) 446 (27) 330 @21 No-user and 6772(481) 8097 (49.) 6470 (412)
Maternal age (in years) intend to use latter
15-24 5809 (41.3) 6935 (42.1) 6143 (39.2) Does not intend to 5837 (41.5) 5170 (31.3) 5239 (334)
se
25-34 4321 (30.7) 5190 (31.5) 5302 (33.8) .
Household head
35-49 3932 (28.0) 4365 (26.5) 4238 (27.0)
. Male 11,109 (79.0) 12477 (75.7) 11,960 (76.3)
Maternal education
. Female 2953 (21.0) 4013 (24.3) 3723 (23.7)
No education 9269 (65.9) 8384 (50.8) 7498 (47.8)
) Preceding birth interval (in years)
Primary 3120 (22.2) 6265 (38.0) 5490 (35.0)
<2 1660 (11.8) 1556 (94) 1698 (10.8)
Secondary and 1673 (11.9) 1841 (11.2) 2695 (17.2)
above 272 12,402 (88.2) 14,934 (90.6) 13,985 (89.2)
Husband education Currently pregnant
No education 6396 (45.5) 5947 (36.1) 4685 (29.9) No 12,879 (91.6) 15,285 (92.7) 14,548 (92.8)
Primary 2725 (19.4) 4579 (27.8) 3772 (24.0) Yes 1183 (84) 1205 (7.3) 1135 (7.2)
Secondary and 4941 (35.1) 5964 (36.2) 7226 (46.1) Media exposure
above No 7558 (53.7) 5295 (32.1) 8127 (51.8)
Marital status Yes 6504 (46.3) 11,195 (679) 7556 (48.2)
Never married 3510 (25.0) 4465 (27.1) 4036 (25.7)
Married/living 9064 (64.5) 10,271 (62.3) 10,223 (65.2)
together
D@vorced/ 1488 (10.5) 1754 (10.6) 1423 (9.1) Sample and population
widowed/ , ) L.
separated For this study, the data were obtained from eligible

Wealth status

women aged 15-49years who were participated in
the survey. A stratified two-stage cluster sampling
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technique was employed for all three EDHS surveys
using the population and housing census as a sam-
pling frame. In total, 21 sampling strata have been
created. In the first stage, a total of 540 Enumer-
ation Areas (EAs) in EDHS 2005, 624 EAs in EDHS
2011, and 645 EAs in EDHS 2016 were selected
with probability proportional to the EA size and
with independent selection in each sampling
stratum. At the second stage, on average 28-32
households were systematically selected. Based on
this a total weighted sample of 14,062 reproductive-
age women in EDHS 2005, 16,490 in EDHS 2011,
and 15,863 in EDHS 2016 were included for the
analysis. The detailed sampling procedure was pre-
sented in the full EDHS report [24-26]. For the
spatial analysis, the geographic coordinate (longitude
and latitude) data were taken from the selected enu-
meration areas. The EDHSs data set and the geo-
graphic coordinate data were accessed through an
online request to the measure DHS program by
explaining the objective of the study and we receive
an authorization letter.

Measurement of variables

The dependent variable was a score, health care ac-
cess challenges were categorized dichotomously as
Yes/No. To measure health care access challenges,
each reproductive-age women were asked whether
each of the following factors is a big problem in
seeking medical advice or treatment for themselves
when they are sick: 1) getting permission to go to
the doctor, 2) getting money for advice or
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treatment, 3) distance to a health facility and 4) not
wanting to go alone [34]. Then we created a com-
posite variable that labeled as “health care access
challenges” if the women responded to at least one
the item as big problem classified as “had health
care access challenges “and when women had
responded as not a big problem to all of the ques-
tions then she was classified as “had no health ac-
cess challenge” [35, 36]. Based on prior similar
studies [37-39], the independent variables included
in this study were maternal age (recoded as 15-24,
25-34, and 35-49), residence (recoded as urban,
and rural), maternal education (recoded as no, pri-
mary education, and secondary and above), husband
education (recoded as no, primary education, and
secondary and above), marital status (recoded as
never married, married/living together, and sepa-
rated/widowed/divorced), wealth status (recoded as
poor, middle and rich), visiting health facility in the
last 12 months (recoded as Yes, and No), ANC visit
(recoded as Yes and No), place of delivery (recoded
as home and health facility), maternal occupation
status (recoded as working and not working),
contraceptive use and intention (recoded as using
modern method, using traditional method, non-
users and intends to use latter, and doesn’t intends
to use), household head (recorded as male and fe-
male), preceding birth interval (recoded as <2 years
and > 2 years), media exposure (generated by aggre-
gating the three variables (reading news paper, lis-
tening to radio and watching television and recoded
as No and Yes), and current pregnancy.

Dire dawa
Addis ababa
Harari
Gambela
SNNPRs
Benishangul
Somali
Oromia
Ambhara
Afar

Tigray

W 2005
H2011

2016

o 50 100

Fig. 2 The trends of women health care access challenges across regions in Ethiopia
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Table 2 Trends in health care access challeneges among
reproductive age women by selected characteristics in 2005,
2011, and 2016 Ethiopia Demographic and Health Surveys

Variable EDHS EDHS EDHS Point difference in health access
2005 2011 2016  problem
Phase 1 Phase 2 Phase 3
(2011-2005) (2016-2011) (2016-2005)
Residence
Rural 936 929 770 07 —-159 -166
Urban 69.7 708 456 1.1 -253 —24.1
Religion
Orthodox 859 835 590 -24 —24.5 —269
Muslim 929 913 783 -16 -130 - 146
Protestant 926 914 778 =12 -136 - 148
Others 906 927 868 2.1 -59 -38
Women age (in years)
15-24 86.8 845 679 =21 —16.6 -18.7
25-34 89.8 88.8 69.8 -10 -19.0 -20.0
35-49 926 913 732 -13 —-18.1 -194
Maternal education
No 939 940 780 0. -16.0 -159
education
Primary 88.7 864 712 -23 —152 —17.5
2% and 652 629 454 =23 -17.5 -198
above
Husband education
No 94.3 939 775 04 —-164 -168
education
Primary 929 912 743 =17 -169 -186
Secondary 809 786 629 27 —-153 -180
and above
Marital status
Never 830 817 642 —13 -175 - 188
married
Married/ 912 899 719 -13 —-180 -193
living
together
Widowed/ 933 893 730 40 -16.3 -203
divorced/
separated
Wealth status
Poor 950 938 841 -12 -9.7 -109
Middle 945 933 773 -12 -16.0 -172
Rich 825 80.3 56.5 -2.2 —238 —260
Place of delivery
Home 93.7 94.0 814 03 -126 =123
Health 758 728 621 -30 -10.7 -137
facility
Having ANC follow up
No 95.1 94.7 835 04 -11.2 -116
Yes 860  87.1 699 1. -172 -16.1
Contraceptive use and intention
Using 83.1 853 646 22 -20.7 —-185
modern
method
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Table 2 Trends in health care access challeneges among
reproductive age women by selected characteristics in 2005,
2011, and 2016 Ethiopia Demographic and Health Surveys
(Continued)

Variable EDHS EDHS EDHS Point difference in health access
2005 2011 2016  problem
Phase 1 Phase 2 Phase 3
(2011-2005) (2016-2011) (2016-2005)
Using 67.8 623 484 -55 -139 -194
traditional
method
Non-user 886 86.6 69.0 =20 =176 -196
and intends
to use later
Does not 92.0 913 756 -0.7 -157 - 164
intend to
use
Visited health facility in the last 12 months
No 89.9 889 726 -10 -163 -173
Yes 87.7 85.1 66.3 -26 -188 =214
Sex of household head
Male 899 82 708 17 —174 -19.1
Female 873 858 675 15 —183 —198
Occupation status
Working 89.2 86.7 724 =25 -14.3 -16.8
Not working 894 882 65.3 =12 =229 —24.1
Currently pregnant
Yes 937 903 698 -34 —20.5 —239
No 890 874 730 16 — 144 -16.0
Media Exposure
No 94.0 93.6 77.0 -04 -16.6 =17
Yes 770 84.8 50.7 7.8 —34.1 -26.3

Data collection procedure

This study was performed based on the three
EDHSs data obtained from the official DHS measure
system website www.measuredhs.com after permis-
sion was given via online request through specifying
our analysis objective. We used the set of individual
(IR) data and extracted the outcome and the inde-
pendent variables. The location data (latitude and
longitude) was obtained from the measure DHS
program.

Table 3 The overall decomposition analysis result of the
decrease in health care access challenges over the last 11 years
(2005-2016)

Health care access challenges Coef (95% Cl) Pct.
E —0.03 (- 0.04, —0.02) 14.8
C -0.17 (= 0.19, - 0.15) 85.2
R —020 (-021,-0.19)

C Coefficient, Cl Confidence Interval, E Endowment, Pct Percentage, R:Residual
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Data management and analysis

The data were weighted using sampling weight, primary
sampling unit, and strata before any statistical analysis
to restore the representativeness of the survey and to tell
the STATA to take into account the sampling design
when calculating standard errors to get reliable statistical
estimates. Cross tabulations and summary statistics were
conducted to describe the study population. Descriptive
and summary statistics were conducted using STATA
version 14, ArcGIS version 10.6, SaTScan version 9.6,
and R software.

Decomposition analysis
Data from EDHS 2005, and 2016 were appended to-
gether with the decomposition analysis. The trend
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was assessed separately in three phases (phase 1
(2005-2011), phase 2 (2011-2016), and phase 3
(2005-2016)). A multivariate decomposition analysis
of the decrease in health care access challenges over
time was fitted to identify the significant factors
contributing to the decrease in health care access
challenges for the last 11years (2005-2016). Logit
based multivariate decomposition analysis technique
for non-linear response model (MVDCMP) was used
for identifying factors significantly contributing to
the decrease in health care access challenges since it
was a binary outcome. It was a regression analysis of
the decrease in the health care access challenges be-
tween EDHS 2005 and 2016. The model utilizes the
output from a logit based multivariate decomposition

Table 4 Detailed decomposition analysis of health care access challenges among reproductive age women in Ethiopia, 2005-2016

Health care access challenges

Difference due to characteristics(E)

Difference due to coefficient (C)

Coef. Pct. Coef. Pct.
Residence Rural ~0.005 (- 0.007, - 0.004)" -27 0007 (0001, 001)" -36
Urban 0 0
Maternal education No education 0 0
Primary education —0.002 (-0.005, 0.002) 08 0.0007 (-0.005, 0.006) -04
Secondary and higher 0.005 (0.003, 0.006)" -25 0.002 (—0.001, 0.006) -1.2
Maternal age (in years) 15-24 0 0
25-34 0001 (0.0004, 0.002)” -06 002 (0.003, 0.03)" -79
235 —0.0001 (- 0.0004, 0.0002) 0.1 —0.0009 (- 0.009, 0.008) 04
Place of delivery Home 0 0
Health facility —0.017 (- 0.026, — 0.008)" 8.6 —0.001 (- 0.006, 0.003) =55
Husband education No education 0 0
Primary 0.002 (0.0005, 0.003)" -08 0.003 (- 0.005, 0.01) =17
Secondary and above 0.0018 (-0.002, 0.005) -09 0.004 (- 0.002, 0.01) =21
Occupation status Working —0.0001 (—0.002, 0.001) 0.01 —0.009 (- 002, —0.003)" 4.7
Not working 0 0
Currently pregnant No 0 0
Yes —0.0003 (-0.0002, 0.0002) 0.02 —0.0001 (- 0.005, 0.005) 0.06
Having ANC follow up No 0 0
Yes ~0017 (~0.026, — 0.008)" 86 001 (0002, 0.02)" -55
Household head Male 0 0
Female 0.002 (0.0002, 0.004)” -1.14 —0.004 (-0.009, 0.0006) 2.1
Wealth status Poor 0 0
Middle 0.002 (0.001, 0.004)" =12 —0.002 (-0.009, 0.006) 0.8
Rich 0.006 (0.005, 0.008)* -3.1 —0.01 (- 0.03, 0.004) 53
Media exposure No 0 0
Yes 0.002 (0.0009, 0.003)" -1.0 —0.002 (-0.01, 0.01) 09
Preceding birth interval < 2year 0 0
2 2 year —0.0002 (- 0.0007, 0.0003) 0.12 0.008 (- 0.02,0.04) -38
total 14.8 85.2

* is if p-value < 0.05 and ** if p-value < 0.01
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model to parcel out the observed decrease in the
percentage of health care access problems across the
survey into two components.

The multivariate decomposition analysis decomposes
the overall decrease in health care access challenge
overtime into the decrease due to the difference in
women’s composition (endowment) across the surveys
and the decrease due to the difference in the effect of
the characteristics (coefficient) between the surveys.
In the overall decomposition analysis, we can measure

Page 8 of 23

the percentage in an overall decrease in health care
access challenges over time attributed to the compos-
itional difference in women (difference in characteris-
tics or endowment) and the percentage of overall
decrease due to the difference in the effect of ex-
planatory variables (difference in coefficient) between
the surveys.

Hence, the observed decrease in health care access
challenges between surveys is additively decomposed

%

Region RURAL URBAN Risk Difference (proportion) ES (85% Cl) Weight
2005 |
Tigray 91 29 —— 0.62 (0.58, 0.65) 1.91
Afar .58 35 —_— 0.61 (0.53, 0.68) 0.30
Amhara .89 A8 - 0.71 (0.70, 0.73) 8.33
Oromia .56 .25 * 0.71 (0.70, 0.72) 11.90
Somali k<) 31 —_— 0.68 (0.64, 0.72) 1.10
Benishangul .34 23 § —— 0.77 (0.68, 0.83) 0.24
SNNPR 24 M ! - 0.83 (0.82, 0.84) 10.43
Gambella .32 28 —_—r— 0.66 (0.51, 0.78) 0.10
Hararn .83 .56 1 0.08 (.. 1.00)
Dire Dawa .8 a7 | 017(.1.00) .
Subtotal (I*2=0.00%,p=.) : 3 0.74 (0.73, 0.75) 24.40
2011 :
Tigray .88 38 — | 0.48 (0.45, 0.51) 2.17
Afar .85 41 —— 0.54 (0.48, 0.62) 0.28
Amhara 9 37 - 0.53 (0.52, 0.55) 8.73
Oromia .85 27 - 0.68 (0.67, 0.69) 13.50
Somali 56 81 —— 0.15 (0.11, 0.19) 1.29
Benishangul %6 39 —_— 0.57 (0.50, 0.64) 0.35
SNNPR .85 27 - 0.68 (0.67, 0.70) 7.35
Gambella 54 53 —— 0.41 (0.20, 0.53) 0.14
Harari 81 87 —— ' 0.04 (0.01, 0.14) 0.81
Dire Dawa .91 1.16 : 0.25 (.. 1.00)
Subtotal (I*2=0.00%,.p=.) [ 0.60 (0.59, 0.60) 34.42

I
2018 !
Tigray 88 27 —— ! 0.41(0.28,0.44) 2.29
Afar 3 31 —_— 0.49 (0.41, 0.58) 0.25
Amhara 8 18 - 0.41 (0.39, 0.42) 7.58
Oromia 87 2 . 0.65 (0.84, 0.68) 12.24
Somali 7 .24 — 0.53 (0.48, 0.57) 0.91
Benishangul .81 22 —_— 0.58 (0.50, 0.65) 0.32
SNNPR 8 18 - 0.64 (0.62, 0.65) 7.00
Gambella .78 57 —_— 0.19 (0.10, 0.33) 0.14
Haran 42 .38 —— 1 0.05 (0.01, 0.17) 0.37
Dire Dawa .7 3 ! 020(.1.00) .
Subtotal (I*2=0.00%,p=.) [ ] : 0.56 (0.55, 0.56) 31.18
Heterogeneity between groups: p = 0.000 :
Overall (I"2=0.00%. p=.); ] 0.83 (0.63, 0.84) 100.00

1

1
| | I I I

-5 0 ) 5 1. . o 1.5
Risk difference between women from rural and urban in health care access challenge across regions in Ethiopia from 2005 to 2016.
Fig. 3 Forest plot of risk difference between women from urban and rural area in health care access challenge across regions in Ethiopia from
2005 to 2016
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into a characteristics (or endowments) component and a
coefficient (or effects of characteristics) component.

For logistic regression, the Logit or log-odd of health
care access problem is taken as:

Logit (A)-Logit (B) = F(XAPA)-F (XBBB).

[E(XABA)-F(XABA)] [F(XBPB)-F (XBPB].
E * C

The E component refers to the part of the differential
owing to differences in endowments or characteristics.
The C component refers to that part of the differential
attributable to differences in coefficients or effects.

The equation can be presented as:

Logit (A)-Logit (B) = [f0OA-BOB|
+)  XijB+[BijA-BijB]
+ ) BijB«[XijA-XijB].

- XijB is the proportion of the jth category of the ith
determinant in the DHS 2005,

- XijA is the proportion of the jth category of the ith
determinant in DHS 2016,

- BijB is the coefficient of the jth category of the ith
determinant in DHS 2005,

- BijA is the coefficient of the jth category of the ith
determinant in DHS 2016,

- BOB is the intercept in the regression equation fitted
to DHS 2005, and.
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- BOA is the intercept in the regression equation fitted
to DHS 2016.

The recently developed multivariate decomposition
for the non-linear model was used for the decom-
position analysis of health care access challenges
using the mvdecmp STATA command [40]. In this
study variable with p-value <, 0.2 in the bivariable
multivariate decomposition analysis were considered
for the multivariable multivariate decomposition ana-
lysis. In the multivariable multivariate analysis vari-
ables with p-value<5% in the endowment and
coefficient component were considered as significant
contributing factors for the decrease in health care
access challenges over time. Variance Inflation Fac-
tor (VIF) and tolerance were done to check whether
there is significant multicollinearity between the in-
dependent factors. The mean VIF in this study was
less than 10 and tolerance greater than 0.1, it indi-
cates there is no significant multicollinearity.

Spatial analysis

ArcGIS version 10.6 software and SaTScan version
9.6 software were used to explore the Spatio-
temporal distribution of health care access chal-
lenges. The global spatial autocorrelation (Global
Moran’s I) was done to assess whether women’s
health care access challenges were dispersed, clus-
tered, or randomly distributed in the study area [25].
Global moran’s I is a spatial statistics used to

100

2011

2005

2016

80

83
71 71 71
68 -
62 61
60
40
20
i i

Risk difference in health care access challenges(percentage)

68 68
57
54 53
48 49
41 41
19
15
I [ |

65 64

58
53

IS
s

Fig. 4 Risk difference between women in rural and urban area across regions in Ethiopia over time
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measure spatial autocorrelation by taking the entire
data set and produce a single output value which
ranges from -1 to +1. Moran’s I value close to -1
indicates that health care access challenges is dis-
persed, whereas moran’s I close to +1 indicate
health care access challenges are clustered and if
moran’s I close to 0 revealed that health care access
challenge is randomly distributed. A statistically sig-
nificant Moran’s [ (p <0.05) showed that women’s
health care access challenge is non-random.

Kriging interpolation was employed to explore the
burdens of health care access challenges in the
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unsampled areas of the country based on the ob-
served data. The spatial interpolation technique is
used to predict women’s health care access chal-
lenges on the un-sampled areas in the country based
on the value observed form sampled EAs. Therefore,
part of a certain area can be predicted by using ob-
served data using a method called interpolation.
There are various deterministic and geostatistical
interpolation methods. Among all of the methods,
ordinary Kriging and empirical Bayesian Kriging are
considered the best method since it incorporates the
spatial autocorrelation and it statistically optimizes

Moran's Index: 0.988038 Sipnificasce Level Critical Vah
2-score: 29226154 (pvadee) (zscore)
001 mm <258
p-value: 0.000000 B 258--18
0= -i98--i6
O -165-18
£ 165-190
@ 196-25¢
= 238

Given the z-score of 20.2261542158, there is a less than 1% ikelihood that this clustered
pattem could ba the result of random chance

Moran's Index: 0673882 ﬁ;-ﬁw(-w l.::) Critical Vl:hn
" P (z-5core
Z-score: 26.853101 = 601 mm <288
prvalue: 0.000000 B 256--19
O 196145
0 165165
£ 165-1.96
B 196258
= 258

Given the 2-score of 28.8531010944, there is a less than 1% likelhood that this dustered
pattern could be the result of random chance.

Fig. 5 The global spatial autocorrelation of health care access challenges in Ethiopia 2005, 2011 and 2016
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the weight [26]. In this study, the ordinary kriging
spatial interpolation method was used for the predic-
tions of women’s health care access challenge in un-
observed areas of Ethiopia since it had the lowest
residual.

Bernoulli based spatial scan statistical analysis was
employed to detect the primary and secondary sig-
nificant spatial clusters of health care access chal-
lenges using Kuldorff's SaTScan version 9.6 software.
The spatial scan statistic uses a circular scanning
window that moves across the study area. A woman
with health care access challenge was taken as cases
and women with no health care access challenges
were taken as controls to fit the Bernoulli model.
The default maximum spatial cluster size of <50% of
the population was used since it allowed both small
and large clusters to be detected and ignored clus-
ters that contained more than the maximum limit.
For each potential cluster, a likelihood ratio test
statistic and the p-value were used to determine if
the number of observed health care access challenge
cases within the potential cluster was significantly
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higher than expected or not. The scanning window
with maximum likelihood was the most likely per-
forming cluster, and the p-value was assigned to
each cluster using Monte Carlo hypothesis testing by
comparing the rank of the maximum likelihood from
the real data with the maximum likelihood from the
random datasets. The primary and secondary clusters
were identified and assigned p-values and ranked
based on their likelihood ratio test, based on 999
Monte Carlo replications [27].

Ethical approval and consent to participate

Since the study was a secondary data analysis of
publically available survey data from the MEASURE
DHS program, ethical approval and participant con-
sent were not necessary for this particular study. We
requested DHS Program and permission was granted
to download and use the data for this study from
http://www.dhsprogram.com. There are no names of
individuals or household addresses in the data files.
The geographic identifiers only go down to the re-
gional level (where regions are typically very large

I I | | |Kilometers
0 1 2 4 6 8

GIS version 10.6 and SaTScan version 9.6 statistical software)

Spatial distribution of health care access challenges among reproductive age women in Ethiopia, 2005

Fig. 6 The spatial distribution of health care access challenges among reproductive-age women in Ethiopia, 2005 (Source: CSA 2013, using Arc-
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geographical areas encompassing several states/prov-
inces. In surveys that collect GIS coordinates in the
field, the coordinates are only for the enumeration
area (EA) as a whole, and not for individual house-
holds, and the measured coordinates are randomly
displaced within a large geographic area so that spe-
cific enumeration areas cannot be identified.

Results

Characteristics of the study population

The mean age of the women was 27.8(+9.4) years in
2005, 27.7(+9.2) years in 2011, and 27.9 (£9.1) years in
2016. About one-third of the reproductive age women in
all three surveys were found in the Oromia region.
There was a slight increase in urban residence from
17.7% in 2005 to 22.2% in 2016. Regarding maternal
education, the proportion of women who had formal
education has decreased from 65.9% in 2005 to 47.8% in
2016 whereas mothers who had attained secondary and
above education have increased from 11.9% in 2005 to
17.2% in 2016. The percentage of media exposure
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among reproductive-age women was increased by 46.3%
in 2005 to 48.2% in 2016 (Table 1).

Trends of health care access challenges

The overall health care access challenge among
reproductive-age women has been decreased from
96% (95% CI: 95.2, 96.8) in 2005 to 70% (95% CIL
69.3, 70.7) in 2016 with Annual Rate of Reduction
(ARR) of 2.7%. The trend in the health care access
challenge has decreased in Addis Ababa, Harari, Am-
hara, Afar, Tigray, and Gambela regions over time
(Fig. 2). About the place of residence, the percentage
of health care challenges were decreased at a 24.1
point percentage among urban residents from 2005
to 2016. According to maternal education, there was
a decline in health care access challenges among all
education categories with the highest decrement in
women with secondary and higher education at a
19.8% decrease in health care access problems in the
entire study period (Table 2).

0 105 210 420 630 840

using Arc-GIS version 10.6 and SaTScan version 9.6 statistical software)

Kriging interpolation of health care access challenges among reproductive age women in Ethiopia, 2011
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Fig. 7 The spatial distribution of health care access problem challenges among reproductive-age women in Ethiopia, 2011 (Source: CSA 2013,

~
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Decomposition analysis

The overall multivariate decomposition analysis re-
vealed that about 85.2% of the overall decrease in
health care access challenges among reproductive-
age women was due to the difference in coefficient
(difference in the effect of characteristics) across the
surveys whereas the remaining 14.8% of the overall
decrease in health care access challenge was due to
the difference in composition of the respondent (en-
dowment) across the surveys (Table 3). In the de-
tailed decomposition analsyis, among the change due
to composition (endowment); change in composition
of rural residence (B=-0.005 95% CI. -0.007, -
0.004), women with secondary and higher education
(B=0.005 95% CI: 0.003, 0.006), women aged 25-34
(B=0.001, 95% CI: 0.0004, 0.002), history of health
facility delivery (B=-0.017, 95% CI. -0.026, -
0.008), women whose husband attained primary edu-
cation (B=0.002, 95% CI: 0.0005, 0.003), had history
of ANC follow up (B=-0.017, 95% CIL -0.026, -
0.008), female household head (B=0.002, 95% CI:
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0.0002, 0.004), middle wealth status (B=0.002, 95%
CIL 0.001, 0.004), rich wealth status (B =0.006, 95%
CI: 0.005, 0.008) and having media exposure (B=
0.002, 95% CI: 0.0009, 0.003) were signifcatly con-
tributed for the decrease in health care access chal-
lenges over 11 years (from 2005 to 2016). Among the
overall decrease in health care access challenges at-
tributed to the difference in coefficients; the differ-
ence in effects of rural residence (B=0.007, 95% CI:
0.001, 0.01), women aged 25-34 (B=0.02, 95% CI:
0.003, 0.03), women having an occupation (B=-
0.009, 95% CI: -0.02, - 0.003), and had a history of
ANC follow-up (B=0.01, 95% CI: 0.002, 0.02) were
the factors significantly contributed for the decrease
in health care access problem (Table 4).

Variations in rural-urban inequality in health care access
challenges across regions over time in Ethiopia

Figure 3 and Fig. 4 show that the risk difference in
women health care access challenges across regions
over time (2005-2016) in Ethiopia. the risk

N
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Kriging interpolation of health care access challenge among reproductive age women in Ethiopia, 2016

Fig. 8 The spatial distribution of health care access challenges among reproductive-age women in Ethiopia, 2016 (Source: CSA 2013, using Arc-
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difference in women health care access challenges
were significantly varied across regions in Ethiopia
across the three EDHS surveys (EDHS 2005, 2011
and 2016). In EDHS 2005, overall there was signifi-
cant risk difference in health care access challenges
across residence (RD =0.74, 95% CI: 0.73, 0.75). The
highest significant urban-rural health care challenge
inequality were observed in SNNP region which was
(RD =0.82, 95%: 0.82, 0.84) followed by Benishangul-
Gumuz (RD =0.77, 95% CI: 0.68, 0.83). In EDHS
2011, overall there was significant urban-rural differ-
ence in health care access challenges in Ethiopia
(RD = 0.60, 95% CI: 0.59, 0.60). The highest risk dif-
ference was observed SNNPR (RD=0.68, 95% CI:
0.67, 0.70) and Oromia region (RD=0.68, 95% CI:
0.67, 0.69) while the lowest risk difference was ob-
served in Harari region (RD=0.04, 95% CI: 0.01,
0.14). In EDHS 2016, there was singnificant risk dif-
ference in women health care challenge between
urban and rural areas across regions in Ethiopia
(RD =0.63, 95% CI: 0.63, 0.64). The highest residen-
tial inequality in health care access challenges was
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observed in oromia regions (RD =0.65, 95% CI: 0.64,
0.66) while the lowest risk difference in Harari re-
gion (RD = 0.05, 95% CI: 0.01, 0.17).

Spatial distribution of health care access challenges

The spatial distribution of health care challenges showed
significant spatial variation across the country over time
(Fig. 5). The highest prevalence of health care access
challenges was identified in Somali, Harari, Benishangul
Gumuz, east SNNPRs, and Afar regions consistently
over time (Figs. 6, 7, and 8).

In EDHS 2005, the spatial scan statistics identified
a total of 286 primary and secondary clusters of
health care access challenges. Of these, 173 clusters
were most likely (primary cluster), the spatial win-
dow was located in Gambela, SNNPR, south
Benishangul and southwest Oromia regions centered
at 7.222698 N, 35.310296 E with 415.38-km radius, a
Relative Risk (RR) of 1.12 and Log-Likelihood (LLR)
of 131.7, at p-value <0.01 (Table 5). It showed that
women within the spatial window had 1.12 times
higher likelihood of health care access challenges as

0 120 240 480 720 960

SaTScan analysis of hotspot areas of health care access challenge among reproductive age women in Ethiopia, 2005

Kilometers

Fig. 9 The SaTScan analysis of hotspot areas of women health care access challenges among reproductive-age women in Ethiopia, 2005 (Source:
CSA 2013, using Arc-GIS version 10.6 and SaTScan version 9.6 statistical software)
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compared to women outside the spatial window.
Whereas the secondary clusters were located in cen-
tral Oromia, Dire Dawa, Harari, northeast Somali,
and central Amhara regions (Fig. 9).

In EDHS 2011, the spatial scan statistics identified a
total of 286 primary and secondary clusters of health
care access challenges. Of these, 146 clusters were
most likely clusters, which was located in south
Benishangul, Gambela, SNNPR, and southwest Oro-
mia regions, centered at 7.437690 N, 35.059032 E with
356.58-km radius, a Relative Risk (RR) 1.16, and Log-
Likelihood Ratio (LRR) of 220.2, at p-value<0.01
(Table 6). It showed that women within the spatial
window had 1.16 times higher likelihood of health
care access challenges as compared to women outside
the spatial window. Whereas the secondary clusters
were located in the Somali, Harari, Afar, and central
Ambhara regions (Fig. 10). In EDHS 2016, the SaTScan
statistics identified a total of 280 primary and second-
ary clusters of these, of these 153 were most likely
clusters which were located in SNNPR, Gambella and
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Benishangul  regions centered at 8.268721N,
33.486779 E with 485.32km radius, RR of 1.31 and
LLR of 2159, at p-value<0.01 (Table 7). It showed
that women within the spatial window had a 1.31
times higher likelihood of health care access chal-
lenges as compared to women outside the spatial win-
dow (Fig. 11). Overall the SaTScan analysis revealed
that Gambella, SNNPR, and Benishangul regions were
persistently at higher risk of health care access chal-
lenges across the three surveys.

Kriging interpolation of health care access challenges
Based on EDHS 2005, Kriging interpolation predict that
the highest health care access challenges were detected
in the southern and eastern part of Somali, east SNNPR,
west Benishangul, and Gambella regions whereas, pre-
dicted relatively low health care access challenge located
in the Addis Ababa, south Oromia and Dire Dawa
(Fig. 12).

In 2011, Kriging interpolation revealed that the
highest predicted prevalence of health care access

0 120 240 480 720 960

SaTScan analysis of hotspot areas of health care access challenge among reproductive age women in Ethiopia,2011

e L [ lIKilometers

Fig. 10 The SaTScan analysis of hotspot areas of women health care access challenges among reproductive-age women in Ethiopia, 2011
(Source: CSA 2013, using Arc-GIS version 10.6 and SaTScan version 9.6 statistical software)

Legend

SaTScan analysis result
<all other values>

LLR

Source: CSA, 2013
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Fig. 11 The SaTScan analysis of hotspot areas of women health care access challenges among reproductive-age women in Ethiopia, 2016
(Source: CSA 2013, using Arc-GIS version 10.6 and SaTScan version 9.6 statistical software)

SaTScan analysis of hotspot areas of health care access challenges among reproductive age women in Ethiopia, 2016
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SaTScan analysis result

<all other values>

LLR

Source: CSA 2013

challenges was found in Benishangul, west Gambella,
SNNPR, south Oromia and Somali regions. In con-
trast, predicted low health care access challenges
were detected in Tigray, Afar, Amhara, Addis Ababa,
Harari, and Dire Dawa (Fig. 13). From EDHS 2016
data, Kriging interpolation predicted that east So-
mali, southeast, and west Oromia, central SNNPR,
and east Benishangul contained the highest health
care access problem while Tigray, Addis Ababa, and
Ambhara regions contained relatively low health care
access problem (Fig. 14).

Discussion

Over the last 15 years, Ethiopia has achieved different
socioeconomic development and health system im-
provements reflected by a reduction of maternal mor-
tality, increased per-capita, and life expectancy of
citizens. Besides, remarkable improvements were also
shown with increased health facility coverage in the
population with the construction of different health

facilities and the deployment of health professionals
and resources [6, 41].

Trend analysis in this study showed that over 10
years the magnitude of health access perceived bar-
riers/ challenges among reproductive-age women
has decreased from 96% in 2005 to 70% 2016, ac-
cording to Ethiopian demographic and health survey
data [6, 20]. There was significant risk difference in
health care access challenges between urban and
rural areas across regions over the three surveys.
About 14.8% of the overall reduction of health care
access perceived challenges was attributed to the
change in the composition of the respondents and the
remaining 85.2% of the overall decrease in health care
perceived barriers were due to the change in the ef-
fects of explanatory variables (coefficients). Population
structure changes such as increased literacy level and
improvement of socio-demographic and economic
characteristics contributed to the reduction of health
care access problems among reproductive-age women
in Ethiopia. In addition, government commitment to
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Fig. 12 The Kriging interpolation of health care access challenges among reproductive-age women in Ethiopia, 2005 (Source: CSA 2013, using
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the realization of the millennium development goal
(MDG) through the provision of maternal health care
services free of charge may also be contributed to the
reduction of health care access barriers. This finding
was supported by previous studies [42—-44].
Socio-demographic characteristics like husband and
woman level of education, home delivery, residence,
female household head, and had previous ANC fol-
low up were factors contributed to the overall
changes health access perceived barriers among
reproductive-age women in the last 10years. This
finding was consistent with previous studies in
Ethiopia and Tanzania [36, 43]. Also, increased
health-seeking behavior and through the implemen-
tation of health extension programs which increased
accessibility and availability of health services at the
grassroots level. Particularly, female household head
and women age 25-34years old associated with de-
creased perceived barriers of health care access, this

could be since female autonomy could increase
health-seeking behavior [45].

Findings from the spatial analysis showed that
health access problems distributions were not ran-
dom. The highest health care access problem was
spatially clustered in Somali, Harari, Benishangul
Gumuz, east SNNPRs, and Afar regions consistently
over time as depicted in Fig. 4. This finding was con-
sist of previous studies in Ethiopia [18, 43, 46]. This
could be because the above-mentioned areas/regions
are less developed and the majority of habitats are
pastoralists with no permanent residence to establish
health facilities and provide services. Besides, the
socio-demographic characteristics of society might
affect the health-seeking behavior of women like cul-
tural barriers.

In addition to this spatial interpolations also the
highest magnitude of health care access problems
was detected in Benishangul, west Gambella, SNNPR,
south Oromia, and Somali regions of Ethiopia. This
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Fig. 13 The Kriging interpolation of health care access challenges among reproductive-age women in Ethiopia, 2011 (Source: CSA 2013, using
Arc-GIS version 10.6 and SaTScan version 9.6 statistical software)
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finding was consistent with previous studies [18].
These regions are who most of the populations are
pastoralists and there are documented security issues
that might affect health access of the population.

This study had several strengths. Firstly, the study
was based on nationally representative large datasets,
and thus, it has adequate statistical power. Secondly,
the estimates of the study were done after the data
were weighted for the probability sampling and non-
response, to make it representativeness at national
and regional levels: therefore, it can be generalized
to all reproductive-age women in the study setting.
Thirdly, multivariate decomposition analysis was ap-
plied to understand the sources of changes in health
care access problems over time. Finally, the use of
GIS and SaTScan statistical tests helped to detect
similar and statistically significant hotspot areas of
health care access problems across the surveys and
to design effective public health programs.

Limitations, the outcome variables were not col-
lected in EDHS 2000. The other limitation was, the
SaTScan detect only circular clusters, and irregularly
shaped clusters were not detected. Furthermore, the
EDHS survey did not incorporate community-level
variables like community norm, culture, and beliefs
and medical factors rather it relied on mothers or
caregivers report and might have the possibility of
social desirability and recall bias through CSA claim
that strong effort was made to minimize it mainly
through extensive training of data collectors, recruit-
ing experienced data collectors and supervisors this
might underestimate our finding.

Conclusion

Perceived health care access challenges have shown a
remarkable decrease over time but there was vari-
ation in barriers to health care access across
Ethiopia. Media exposure improved mothers’ health
care access in Ethiopia. Public health programs
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Fig. 14 The Kriging interpolation of health care access challenges among reproductive-age women in Ethiopia, 2016 (Source: CSA 2013, using

targeting rural, uneducated, unemployed, and women
whose husband had no education would be helpful
to alleviate health care access problems in Ethiopia.
Socio-demographic characteristics like partner and
women’s level of education, home delivery, and ANC
utilization were factors that contributed to the ob-
served changes over the last decades. Besides, health
access problems were not randomly distributed and
south and eastern Ethiopia were regions of high
health access problems. This suggests that further
public health interventions are important for further
reduction of health care access barriers through the
uplifting socio-demographic and economic status of
the population.
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