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Abstract: Background

Abortion is the major cause of maternal mortality in developing countries. Despite the
efforts made to reduce maternal mortality in the last decades, abortion yet constitutes
the highest maternal mortality in Ethiopia. So far, data on spatial distribution and
factors determining abortion in the country is limited. This study aimed to explore the
spatial pattern and determinants of abortion among women aged 15-49 years in
Ethiopia, 2016.Methods

Secondary data analysis was conducted based on the 2016 Ethiopian Demographic
and Health Survey (EDHS) data. Weighted samples of 12,378 women were included in
the study. The Bernoulli model has been fitted using spatial scan statistics version 9.6
to identify hotspot areas and ArcGIS version 10.6 to explore the spatial distribution of
abortion. For determinants, a mixed effect logistic regression model that accounts for
the hierarchical structure of the data was fitted using STATA version 14.Result

The study showed that the prevalence of abortion in Ethiopia was 8.9% [95% CI: 8.4%,
9.5%], which was widely varied across regions ranging from 4.5% in Benishangul to
11.3% in Tigray regions. The spatial distribution of abortion was non-random in
Ethiopia. The spatial scan statistics identified a total of 60 significant clusters within 4
spatial windows; of which 19 clusters were primary clusters (most likely clusters). The
primary clusters were located in the northern part of the Tigray region (LLR=26.6,
p<0.01; RR=2.63). In the final model of multivariable mixed-effect logistic regression
analysis, primary education [AOR=1.36; 95% CI(1.13, 1.64)], rural residence
[AOR=4.96; 95%CI(3.42, 7.18)], protestant religion [AOR=0.56; 95%CI: 0.42, 0.75)],
richest wealth status [AOR=1.72; 95% CI(1.24, 2.40)], maternal age 24-19 [AOR=2.20;
95%CI(1.27, 3.80)], 30-34 [AOR=3.2; 95%CI(1.82, 5.71)], 35-39 [AOR=3.01;
95%CI(1.67, 5.42)], 40-44 [AOR=4.57; 95%CI(2.47, 8.46)] and 45-49 years
(AOR=3.12; 95%CI(1.52, 6.44)], listening radio [AOR=1.27; 95%CI(1.01, 1.60)] and
watching TV [AOR=1.45; 95%CI: 1.04, 2.01)] were significantly associated with
abortion.Conclusions

Abortion spatial distribution among reproductive-age women in Ethiopia was not
random, with significant hotspots of higher prevalence of abortion in the northern parts
of Tigray, border areas between Oromia and Amhara regional states, border areas
between Oromia, and SNNP regions. Maternal education, residence, media exposure,
wealth status, and religion were significant predictors. The regions with higher hotspot
areas of abortion would better target socioeconomic factors including maternal
education, residence, media exposure, wealth status, and religion to curtail the
prevalence of abortion.
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ABSTRACT 24 

Background: Abortion is the major cause of maternal mortality in developing countries. Despite 25 

the efforts made to reduce maternal mortality in the last decades, abortion yet constitutes the 26 

highest maternal mortality in Ethiopia. So far, data on spatial distribution and factors 27 

determining abortion in the country is limited.  This study aimed to explore the spatial pattern 28 

and determinants of abortion among women aged 15-49 years in Ethiopia, 2016.  29 

Methods: Secondary data analysis was conducted based on the 2016 Ethiopian Demographic 30 

and Health Survey (EDHS) data. Weighted samples of 12,378 women were included in the 31 

study. The Bernoulli model has been fitted using spatial scan statistics version 9.6 to identify 32 

hotspot areas and ArcGIS version 10.6 to explore the spatial distribution of abortion. For 33 

determinants, a mixed effect logistic regression model that accounts for the hierarchical structure 34 

of the data was fitted using STATA version 14. 35 

Result: The study showed that the prevalence of abortion in Ethiopia was 8.9% [95% CI: 8.4%, 36 

9.5%], which was widely varied across regions ranging from 4.5% in Benishangul to 11.3% in 37 

Tigray regions. The spatial distribution of abortion was non-random in Ethiopia. The spatial scan 38 

statistics identified a total of 60 significant clusters within 4 spatial windows; of which 19 39 

clusters were primary clusters (most likely clusters). The primary clusters were located in the 40 

northern part of the Tigray region (LLR=26.6, p<0.01; RR=2.63). In the final model of 41 

multivariable mixed-effect logistic regression analysis, primary education [AOR=1.36; 95% CI( 42 

1.13, 1.64)], rural residence [AOR=4.96; 95%CI( 3.42, 7.18)], protestant religion [AOR=0.56; 43 

95%CI: 0.42, 0.75)], richest wealth status [AOR=1.72; 95% CI( 1.24, 2.40)], maternal age 24-19 44 

[AOR=2.20; 95%CI(1.27, 3.80)], 30-34 [AOR=3.2; 95%CI( 1.82, 5.71)], 35-39 [AOR=3.01; 45 

95%CI( 1.67, 5.42)],  40-44 [AOR=4.57; 95%CI(2.47, 8.46)] and 45-49 years (AOR=3.12; 46 

95%CI( 1.52, 6.44)], listening radio [AOR=1.27; 95%CI( 1.01, 1.60)]  and watching TV 47 

[AOR=1.45; 95%CI: 1.04, 2.01)]  were significantly associated with abortion.   48 

Conclusions: Abortion spatial distribution among reproductive-age women in Ethiopia was not 49 

random, with significant hotspots of higher prevalence of abortion in the northern parts of 50 

Tigray, border areas between Oromia and Amhara regional states, border areas between Oromia, 51 
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and SNNP regions. Maternal education, residence, media exposure, wealth status, and religion 52 

were significant predictors. The regions with higher hotspot areas of abortion would better target 53 

socioeconomic factors including maternal education, residence, media exposure, wealth status, 54 

and religion to curtail the prevalence of abortion.   55 

Keywords: Abortion, mixed-effect logistic regression, spatial analysis, Ethiopia 56 

 57 

 58 

  59 
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Introduction 60 

Abortion is defined as the loss of product of conception before the fetus surviving out of uretro 61 

(before 28 completed weeks of gestation) whether induced or spontaneous with its outcome safe 62 

or unsafe (1, 2). It is the major cause of maternal mortality among reproductive-age women (3). 63 

Annually, over 55.9 million abortions occur worldwide with 49.3 million in developing and 6.6 64 

million in developed regions (4). Globally, abortion accounts for 13% of all maternal mortality 65 

(5), representing 200,000 maternal deaths and 5 million disabilities annually (6, 7). The majority 66 

of abortion-related mortality and morbidity can be prevented through education on sexual 67 

behavior, family planning and provision of safe abortion (8).  68 

Abortion remains a serious public health concern(4) mainly in developing countries where 69 

unintended pregnancies often result from ineffective use or nonuse of contraceptives (9).  The 70 

rate of abortion varies across countries, ranging from 31 per 1,000 women of reproductive age in 71 

western Africa to 38 per 1,000 in northern Africa rates in Eastern, Middle, and Southern Africa 72 

is close to the regional average of 34 per 1,000 (10, 11).  73 

The rate of abortion has been declined in developed nations where the liberalization of abortion 74 

law and safe abortion service is legally available (12, 13). The prevalence however remains high 75 

in developing countries particularly Sub-Saharan Africa (SSA) where abortion is legally highly 76 

restricted (14-16). 77 

Prior studies have documented that abortion has been an important and ongoing health problem 78 

in Ethiopia. In 2008, an estimated 382,000 induced abortions were performed and 52,600 women 79 

were treated for the complication of unsafe abortion with the prevalence of abortion of 13% (6). 80 

Ethiopian Demographic and Health Survey (EDHS) 2016 report estimates that 412 women died 81 

of pregnancy-related causes for every 100,000 live births in the five years before the survey(17). 82 

A study conducted in Southern Ethiopia showed that the prevalence of abortion mainly related to 83 

unwanted pregnancies was 12.3% (18). 84 

Different studies done on abortion showed that rural residence, parity, educational status, mode 85 

of delivery, antenatal care (ANC) utilization, and place of delivery, maternal nutritional status, 86 

and maternal obstetric factors were the significant predictors of abortion (19-21).  87 
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There is a wide gap in abortion not only among different countries but also within the country 88 

(22). A high rate of stillbirth has been reported among rural, poor and marginalized societies that 89 

are the least beneficial of maternal health promotion activities and services(23, 24). Thus, the 90 

identification of geographic areas with a high rate of abortion using Geographic Information 91 

System (GIS) and Spatial Scan statistical analysis (SaTScan) has become fundamental to guide 92 

targeted public health interventions (25). 93 

Although abortion is an acute public health problem in SSA including Ethiopia (26),   94 

information is scant on the spatial distribution and its determinant factors and few available data 95 

is not nationally representative. Hence, this study explored the spatial pattern and determinants 96 

of abortion among reproductive-age women in Ethiopia using the 2016 EDHS data. As abortion 97 

and abortion-related mortality is availability and quality indicator of maternal health services 98 

(27), understanding the significant hotspot areas of abortion is essential to evaluate the quality of 99 

service and improve access to maternal health services that in turn reduces maternal mortality.  100 

Method and materials  101 

Study design, setting and period 102 

A community-based cross-sectional study was conducted from January 18 to June 27, 2016. The 103 

study was conducted in Ethiopia, which is situated in the Horn of Africa. The country has 9 104 

National Regional States including Afar, Amhara, Benishangul-Gumuz, Gambela, Harari, 105 

Oromia, Somali, Southern Nations, Nationalities, and People's (SNNP) Region and Tigray and 106 

two Administrative cities (Addis Ababa and Dire-Dawa) (Figure 1). Ethiopia is an agrarian 107 

country and agriculture accounts for 43% of the gross domestic product (GDP) and 84% of the 108 

population lives in rural areas. More than 80% of the country's total population lives in the 109 

regional states of Amhara, Oromia, and SNNP (28). 110 

In 2016, the total population was102 million of which 43.47% of the population ages less than 14 111 

years with a birth rate of 36.5 births per 1000 populations and fertility rate of 4.46. Ethiopia is 112 

the13th in the world and 2nd in Africa most populous country Ethiopia has 3 tiers health 113 

systems, Primary health care unit (Primary hospital, health center, health post, primary clinic, 114 

and medium clinic); Secondary health care (General hospital, specialty clinics and specialty 115 

centers); and Tertiary health care (Specialized hospital).  The number of hospitals varies from 116 
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region to region in response to differences in population size. The most populous region, Oromia 117 

has 30 hospitals. The other two predominant regions Amhara and SNNP have 19 and 20 118 

respectively with Tigray in fourth place with 16 hospitals, Gambela has only one hospital and 119 

Benishangul-Gumuz two had two hospitals (29). 120 

Sample and population 121 

The source population was all reproductive-age women within five years before the survey in 122 

Ethiopia and all women from reproductive-age women in the selected enumeration areas within 123 

five years before the survey were the study population. The EDHS used a stratified two-stage 124 

cluster sampling technique selected in two stages using the 2007 Population and Housing Census 125 

as a sampling frame.  Stratification was achieved by separating each region into urban and rural 126 

areas. In total, 21 sampling strata have been created because the Addis Ababa region is entirely 127 

urban. In the first stage, 645 enumeration areas (EAs) (202 in the urban area) were selected with 128 

probability proportional to the EA size and with independent selection in each sampling stratum.  129 

In the second stage, because the time has passed since the population and housing census, a 130 

complete household listing operation was carried out in all selected EAs before the start of 131 

fieldwork and on average 28 households were systematically selected.  Of these, 18,008 132 

households and 16,583 eligible women included. The detailed sampling procedure was presented 133 

in the full EDHS 2016 report (30).   134 

Variables and data collection procedure 135 

The dependent variables used for the study was “pregnancy termination” or “abortion” which 136 

was derived from the EDHS question “have you ever had a terminated pregnancy” and then we 137 

extract terminated pregnancy within 5 years preceding the survey and the outcome variable was 138 

coded as 0= “No”, if women didn’t have terminated pregnancy within the study period, and as 139 

1= “yes” if a women had pregnancy termination (abortion). The independent factors were 140 

maternal age, residence, educational status, marital status, religion, and frequency of watching 141 

television, frequency of listening radio, wealth status, and birth history. 142 

The study was conducted based on EDHS data by accessing from the DHS program official 143 

database www.measuredhs.com after permission was granted through an online request by 144 
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explaining the objective of the study. A structured and pre-tested questionnaire was used as a 145 

tool for data collection. The raw data was collected from all parts of the country on childbearing 146 

aged women. We used the EDHS 2016 birth data set and extracted the outcome and independent 147 

variables. Geographic coordinate data (longitude and latitude coordinates) was taken at the 148 

cluster level/ enumeration area level after we explain the purpose of conducting the spatial 149 

distribution of abortion.  150 

Data management and analysis 151 

Before the actual data collection, data collectors were trained and a pretest was conducted. 152 

Interviews were performed using three local languages (Amharic, Tigrigna and Afaan Oromo). 153 

The data were weighted using sampling weight, primary sampling unit, and strata before any 154 

statistical analysis to restore the representativeness of the survey and to tell the STATA to take 155 

into account the sampling design when calculating standard errors to get reliable statistical 156 

estimates. Cross tabulations and summary statistics were done using STATA version 14 157 

software. In EDHS data, the data structure is hierarchical nature, women are nested within a 158 

cluster and we expect that women within the same cluster may be more similar to each other than 159 

women in the rest of the country. This violates the assumption of the traditional regression model 160 

which is the independence of observations and equal variance across clusters. It implies that the 161 

need to take into account the between cluster variability by using advanced model. Therefore, a 162 

mixed effect logistic regression model (both fixed and random effect) was fitted.  Since the 163 

outcome variable was binary standard logistic regression and Generalized Linear Mixed Models 164 

(GLMM) were fitted. Model comparison was done based on Intra-Class Correlation Coefficient 165 

(ICC), Likelihood Ration (LR) test, Akakie Information Criteria (AIC), Deviance and Bayesian 166 

Information Criteria (BIC) values. The model with the lowest deviance was chosen since the 167 

model is a nested model. Variables with <0.2 p-values in the bi-variable analysis were 168 

considered in the multivariable mixed-effect logistic regression model. Adjusted Odds Ratio 169 

(AOR) with a 95% Confidence Interval (CI) and p-value <0.05 in the multivariable model were 170 

used to declare significant association with abortion. The goodness of fit was assessed using 171 

deviance, LR test, and ICC. 172 

 173 
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Spatial analysis 174 

For the spatial analysis ArcGIS version 10.6 software and SaTScan version 9.6 software have 175 

been used. 176 

Spatial autocorrelation analysis 177 

The spatial autocorrelation (Global Moran’s I) statistic measures whether abortion patterns were 178 

dispersed, clustered or randomly distributed in the study area (31). Moran's I is a spatial statistics 179 

used to measure spatial autocorrelation by taking the entire data set and produce a single output 180 

value which ranges from -1 to +1.  Moran's I Values close to −1 indicate disease dispersed, 181 

whereas Moran's I close to +1 indicate disease clustered and disease distributed randomly if I 182 

value is zero. A statistically significant Moran's I (p < 0.05) leads to rejection of the null 183 

hypothesis (abortion is randomly distributed) and indicates the presence of spatial 184 

autocorrelation.  185 

Hot spot analysis (Getis-OrdGi* statistic) 186 

Getis-OrdGi* statistics were computed to measure how spatial autocorrelation varies over the 187 

study location by calculating GI* statistic for each area. Z-score is computed to determine the 188 

statistical significance of clustering, and the p-value computed for the significance. Statistical 189 

output with high GI* indicates "hotspot" whereas low GI* means a "cold spot"(32). 190 

Spatial interpolation  191 

It is very expensive and laborious to collect reliable data in all areas of the country to know the 192 

burden of a certain event. Therefore, part of a certain area can be predicted by using observed 193 

data using a method called interpolation. The spatial interpolation technique is used to predict 194 

abortion on the un-sampled areas in the country based on sampled EAs. There are various 195 

deterministic and geostatistical interpolation methods. Among all of the methods, ordinary 196 

Kriging and empirical Bayesian Kriging are considered the best method since it incorporates the 197 

spatial autocorrelation and it statistically optimizes the weight(33). Ordinary Kriging spatial 198 
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interpolation method was used for this study for predictions of abortion in unobserved areas of 199 

Ethiopia. 200 

Spatial scan statistical analysis 201 

Spatial scan statistical analysis Bernoulli based model was employed to test for the presence of 202 

statistically significant spatial clusters of abortion using Kuldorff’s SaTScan version 9.6 203 

software. The spatial scan statistic uses a circular scanning window that moves across the study 204 

area. Women having pregnancy termination were taken as cases and those who have not as 205 

controls to fit the Bernoulli model. The numbers of cases in each location had Bernoulli 206 

distribution and the model required data for cases, controls, and geographic coordinates. The 207 

default maximum spatial cluster size of <50% of the population was used, as an upper limit, 208 

which allowed both small and large clusters to be detected and ignored clusters that contained 209 

more than the maximum limit.   210 

For each potential cluster, a likelihood ratio test statistic and the p-value was used to determine if 211 

the number of observed abortion within the potential cluster was significantly higher than 212 

expected or not. The scanning window with maximum likelihood was the most likely performing 213 

cluster, and the p-value was assigned to each cluster using Monte Carlo hypothesis testing by 214 

comparing the rank of the maximum likelihood from the real data with the maximum likelihood 215 

from the random datasets. The primary and secondary clusters were identified and assigned p-216 

values and ranked based on their likelihood ratio test, based on 999 Monte Carlo 217 

replications(34). 218 

Ethics approval and consent to participate 219 

Permission to get access to the data was obtained from the measure DHS program online request 220 

from http://www.dhsprogram.com.website and the data used were publicly available with no 221 

personal identifier.  222 

 223 

 224 
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Not technically correct because it also uses non-circular (elliptical) windows. Just specifying what window shape you used instead of making incorrect generalizations.

Comment on Text
Justify this choice
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Result 226 

Socio-demographic characteristics of respondents 227 

A total of 15,683 women were included in the 2016 EDHS survey. Of these, a weighted sample 228 

of 12,378 women was included in this study. Of these, 89% (N=11,048) were rural residents and 229 

44.1% (N=5,457) lived in Oromia region. Regarding educational status, 66.8% (N=8,267) stated 230 

they had no formal education. The median age of women was 29 years (IQR± 9 years). In terms 231 

of marital status, 93.7% (N=11,595) of respondents were married (Table 1). 232 

Obstetric and socioeconomic characteristics of respondents 233 

Less than half 44.4% (N=5,495) of the respondents had four and above birth and 23.9% 234 

(N=2,969) of women were from the poorest household. Concerning listening to the radio, about 235 

73.6% (N=9,111) of respondents never listened to the radio (Table 2). 236 

The prevalence of abortion among women in Ethiopia, 2016 237 

The result revealed that about 8.9% (N=1,105) [95% CI (8.4%-9.5%)] of the respondents in 238 

Ethiopia reported had pregnancy termination.  The study reported that about 9.2% (N=1,016) of 239 

rural residents and 6.7% (N=89) of urban residents ever had a pregnancy terminated. The 240 

prevalence of abortion varies across regions ranging from 4.5% (N=6) in Benishangul-gumuz to 241 

11.3% (N=89) in the Tigray region (Figure 2). 242 

Spatial distribution of abortion  243 

Each point on the map represents one census enumeration area which encompasses several 244 

abortion cases. The red color indicates areas with a high prevalence of abortion, whereas the 245 

green one indicates a low prevalence of abortion. In this study, the high prevalence of abortion 246 

was found in the Central and Northern Tigray, West Afar, East Benishangul-Gumuz, and East 247 

Southern Nation Nationalities and peoples (SNNPRs). High prevalence of abortion found in the 248 

Gambella, West Benishangul-Gumuz, central Oromia, Harari and Dire Dawa (Figure 3). 249 

The result showed that the spatial distribution of abortion among reproductive-age women was 250 

nonrandom with Global Moran's Index that the spatial distribution of ARI among under-five 251 
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children was nonrandom with Global Moran's I 0.06 (p<0.001). The clustered patterns (on the 252 

right sides) showed that high rates of abortion occurred across the country. A z-score 3.54 253 

indicated that there was less than 1% likelihood for this clustered pattern to be the result of a 254 

random chance. The bright red and blue colors at the end tails indicated an increased significance 255 

level (Figure 4). 256 

Hotspot analysis of abortion 257 

The hotspot analysis using Getis-OrdGi* statistic revealed that significant hot spot areas (area 258 

with high abortion rate) were identified in most parts of Tigray, Addis Ababa, South Amhara and 259 

West SNNPRs regions whereas significant cold spot areas were detected in most parts of 260 

Gambella and Benishangul-Gumuz regions (Figure 5). 261 

Kriging Interpolation of Abortion  262 

Based on EDHS 2016 sampled data, the Kriging interpolation technique predict that the highest 263 

abortion rate was detected in Northern Tigray, Addis Ababa, Southwest Oromia, Southwest 264 

SNNPRs and Northern Afar. In contrast, the relatively low abortion rate was detected in 265 

Gambella, South Amhara, and West Benishangul-Gumuz and the Eastern part of Afar regions 266 

(Figure 6). 267 

Spatial Scan Statistical analysis 268 

A total of 60 significant clusters within 4 spatial windows were identified at which 19 clusters 269 

were primary (most likely clusters). The primary clusters were located in the Northern part of the 270 

Tigray region. Which were centered at 14.175601 N, 38.891649 E with 62.42 km radius, a 271 

Relative Risk (RR) of 2.63, and Log-Likelihood Ratio (LRR) of 26.6, at p-value<0.01. It showed 272 

that women within the spatial window had 2.63 times higher risk for abortion as compared to 273 

women outside the spatial window (Table 3). Whereas, the secondary clusters were located in 274 

border areas between Oromia and Amhara, southeast Oromia and border areas between SNNPRs 275 

and Oromia regions. The bright red color circular window (Rings) indicates that the most 276 

statistically significant spatial window contains primary clusters of abortion (Figure 7). There 277 

was a higher risk of abortion within the window than outside the window. 278 
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Determinants of abortion 279 

Model comparison: AIC, BIC, and Deviance were checked, and the mixed effect logistic 280 

regression model was chosen because of the smallest value of Deviance since the model was 281 

nested model (Table 4). Furthermore, the ICC value was 0.21(0.17, 0.26) and the Log-likelihood 282 

ratio test was (chibar2 (01) = 238.49 Prob >= chibar2 = 0.0000) which informed us to choose 283 

Mixed effect logistic regression model (GLMM) over the basic model. 284 

In the mixed-effect logistic regression model, maternal age, religion, residence, wealth status, 285 

educational status, frequency of watching television, frequency of listening radio, birth history, 286 

and marital status showed a significant association in the bi-variable analysis and were 287 

considered for multivariable analysis. 288 

However, in the multivariable mixed-effect logistic regression analysis, educational status, 289 

maternal age, frequency of watching television, frequency of listening radio, and religion have 290 

remained statistically significant. 291 

The odds of experiencing abortion were nearly 5 times [AOR=4.96, 95%CI (3.42, 7.18)] in rural 292 

resident women as compared to urban women. Protestant religious followers had 44 % 293 

[AOR=0.56, 95%CI (0.42, 0.75)] decreased odds of having an abortion as compared to orthodox 294 

Christians. 295 

The odds of experiencing abortion were 2.2 [AOR=2.20; 95%CI(1.27, 3.80)], [AOR=3.2; 296 

95%CI(1.82, 5.71)], [AOR=3.01; 95%CI(1.67, 5.42)], [AOR=4.57;95%CI(2.47, 8.46)], 297 

[AOR=3.12; 95%CI(1.52, 6.44)] times higher among women in the age group 24-29, 30-34, 35-298 

39, 40-44 and  45 -49 years as compared to women 15-19 years old. The likelihood of 299 

experiencing abortion among women with primary education was 1.36 times higher than among 300 

women with no education [AOR=1.36; 95%CI (1.13, 1.64)]. Women with the richest wealth 301 

index were 1.72 times higher chance of abortion as compared to women with the poorest wealth 302 

status [AOR=1.72; 95% CI(1.24, 2.40)]. 303 

The odds of having abortion among women who listened to the radio less than once a week were 304 

1.27 times higher than women who never listened to the radio (AOR=1.27, CI: 1.01, 1.60).  305 

Women who watched television at least once a week were 1.45 times more likely to had an 306 
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abortion as compared to women who never watched the television [AOR=1.45 95%CI (1.04, 307 

2.01)] (Table 5). 308 

Discussion 309 

Exploring the spatial distribution of abortion is crucial to identify aggregations of abortion cases 310 

to target public health interventions.  311 

The current investigation revealed that the prevalence of abortion in Ethiopia was 8.9 % with 312 

significant spatial variability. The finding indicates that abortion is a public health problem in 313 

Ethiopia (35).  The spatial scan statistics detected a total of four statistically significant SaTScan 314 

clusters of areas with a high prevalence of abortion. In multivariable mixed-effect logistic 315 

regression analysis, wealth status, maternal education, religion, media exposure, and maternal 316 

age were significantly associated with experiencing abortion. 317 

The current finding was consistent with national based study in Mozambique (9.0%) (36) but 318 

lower than the national level study in and Ghana (25%) (36) and northwest Ethiopia (19%) (37). 319 

This might be attributed to the difference in the study period and improvement in the quality of 320 

data to date. It was found to be higher than those of studies done in India (1.7%) (38) and 321 

Wolayita-sodo, Ethiopia (6.5%) (39). The difference might be due to the difference in the study 322 

population. The current investigation was conducted at the national level (community-based) 323 

based on EDHS 2016 which is supposed nationally representative while the study in Wolayita-324 

sodo was conducted among university students (facility-based).  325 

This study demonstrated that abortion had statistically significant geographic variation which 326 

was non-randomly distributed. From the 2016 EDHS data SaTScan analysis, the most likely 327 

primary SaTScan clusters (hotspot) areas were detected in the northern part of the Tigray region 328 

whereas the secondary clusters were detected in border areas of Oromia, Amhara, and SNNP.  329 

The spatial variation might be related to the difference in socioeconomic status and health 330 

inequality within the country. There is a gap in health service utilization like family planning, 331 

ANC and other reproductive health services across regions (40).  332 

The mixed-effect logistic regression analysis revealed that terminating pregnancy among women 333 

was significantly associated with the place of residence. Women residing in rural areas were 334 
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more likely to experience abortion as compared to urban residents. This finding was consistent 335 

with a study done in northwest Ethiopia (37) and India (38).  This might be due to lack of access 336 

to abortion services, and limited information about abortion due to lack of access to media in the 337 

urban areas (41). 338 

Maternal age was found to be significantly associated with experiencing abortion. Women in the 339 

age group 25-29, 30-34, 35-39, 40-44, and 45-49 years were more likely to experience abortion 340 

than women in the age group 15-19. This was consistent with findings in Ghana (36), Denmark 341 

(42) and Mozambique (36). The possible explanation could be that older women are more likely 342 

to have medical and pregnancy-related complications like high blood pressure (HTN), Diabetic 343 

Mellitus (DM), cardiovascular diseases and chromosomal abnormality that can complicate the 344 

pregnancy and increase the risk of poor pregnancy outcome (43).  When these complications are 345 

not well controlled, it can contribute to miscarriage, intra uterine growth restriction (IUGR) and 346 

birth defects such as neural tube defect, Down syndrome, anencephaly and as maternal age 347 

increases the risk of chromosomal abnormality increased, decreased uterine and hormonal 348 

function (44). 349 

We found experiencing abortion was importantly related to access to media exposure (televisions 350 

and radio) as compared to women who had no access to media. This result agrees with reports in 351 

Ghana and Mozambique (36). The possible reason might be that since media is an important 352 

mechanism in providing information about how and where to terminate a pregnancy. 353 

Furthermore, women who have media exposure might be aware of available laws related to 354 

abortion and less likely to be stigmatized by society (45). 355 

 The study also showed that the likelihood of experiencing abortion among protestant religious 356 

followers was lower as compared to those women who are orthodox Christians. This was 357 

consistent with a study in  China (46). This might be due to lack of access to reproductive health 358 

services like abortion services, lack of awareness, cultural and religious belief since orthodox 359 

religious followers had deep-rooted belief towards abortion they belief as sinning (46). 360 

Regarding wealth status, the richest women had higher odds of experiencing abortion as 361 

compared to the poorest women. This was similar to a study in Ghana (47) and Nepal (48). The 362 

probable reason might be that the wealth status of women can determine their ability to cover the 363 

cost of health care services and also poor women faced cost barriers like transportation costs 364 
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since the abortion services did not perform elsewhere, this can impede women to have an 365 

abortion. 366 

Maternal education was a significant predictor of experiencing abortion. It showed that women 367 

with primary education were highly likely to experience abortion as compared to women with no 368 

education. This was consistent  prior study conducted in northwest Ethiopia(37), and  India (38), 369 

could  be due to the reason that educated women didn't need to give birth to meet the  demands 370 

of ongoing education, to postpone birth interval in order to improve pregnancy outcome and the 371 

educated women had information and access to the abortion services. The strength of this study 372 

was that it was based on weighted large, nationally representative data. The study is done using 373 

an advanced model to take into account the clustering effect (mixed-effect logistic regression) to 374 

get reliable standard error and estimate. However, the study finding is interpreted in light of 375 

limitations. First, as with other cross-sectional studies, the temporal relationship can't be 376 

established. Second, since data was collected from self-report from respondents there may be a 377 

possibility of social desirability bias since abortion is a sensitive issue can lead to under ported. 378 

Conclusions 379 

The finding of this study helps to fill the gap in the spatial distribution and determinant factors 380 

with abortion at the national level. The study showed that there was significant spatial variation 381 

within Ethiopia and maternal education, wealth status, media exposure, and religion were 382 

significant factors associated with abortion. We recommend that the health sectors, NGOs and 383 

the government strengthen the effort towards reproductive health services like family planning 384 

services particularly for rural residents and should design effective public health interventions in 385 

the identified hotspot areas to reduce the incidence of abortion and abortion-related mortality. 386 

Besides, we recommend scholars to examine the reason that abortion had significant geographic 387 

variation within the countries using a detail exploration like qualitative study. 388 
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Figure legends 549 

Figure 1: Map of the study area (source: CSA, 2013) 550 

Figure 2: The regional prevalence of abortion among reproductive age women in Ethiopia, 2016 551 

(source: CSA, 2013)  552 

Figure 3: The spatial distribution of abortion in Ethiopia, 2016 (source: CSA, 2013)  553 

Figure 4: The Global spatial autocorrelation of abortion in Ethiopia, 2016 (source: CSA, 2013)  554 

Figure 5: The Hotspot analysis of abortion in Ethiopia, 2016 (source: CSA, 2013)  555 

Figure 6: The Kriging interpolation of abortion in Ethiopia, 2016 (source: CSA, 2013)  556 

Figure 7: The SaTScan analysis of abortion in Ethiopia, 2016 (source: CSA, 2013)   557 
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Table 1: Socio-demographic characteristics of respondents in Ethiopia, 2016 (N=12,378). 558 

Variables Weighted frequency(N) Percent (%) 

   Residence 

Urban 1,330 11.0 

Rural 11,048 89.0 

Region 

Tigray 790 6.4 

Afar 131 1.1 

Amhara 2,300 18.6 

Oromia 5,457 44.1 

Somali 587 4.7 

Ben-Gumuz 138 1.1 

Gambella 2,601 21.0 

Harari 29 0.2 

Addis Ababa 262 2.1 

Dire Dawa 52 0.4 

Maternal age (in years) 

15-19 380 3.0 

20-24 2,223 18.0 

25-29 3,736 30.2 

30-34 2,872 23.2 

35-39 2,002 16.2 

40-44 873 7.0 

45-49 293 2.4 

Maternal educational status 

No education 8,267 66.8 

Primary 3,261 26.3 

Secondary 555 4.5 

Higher 296 2.4 

Religion 
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Orthodox 4,210 34.0 

Muslim 5,102 41.2 

Catholic 113 0.9 

Protestant 21.5 21.5 

Others* 293 2.4 

Husband education 

No education 5,682 45.9 

Primary  4,572 36.9 

Secondary  868 7.0 

Higher 1,257 10.2 

Marital status 

Never married 65 0.5 

Married 11,595 93.7 

Living with partner 137 1.1 

Widowed 145 1.2 

Divorced 311 2.5 

Separated 127 1.0 

   
Keys: *= Traditional religious followers 

 559 

 560 

 561 

 562 

 563 

 564 

 565 

 566 

 567 
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Table 2:  Obstetric and socio-economic characteristics of participants in Ethiopia, 2016. 568 

Characteristics (N=12,378) Weighted frequency (N) Percentage (%) 

   

Wealth status 

Poorest 2,969 23.9 

Poor 2,799 22.6 

Middle 2,565 20.7 

Richer 2,275 18.4 

Richest 1,770 14.3 

Frequency of listening the radio 

Not at all 9,111 73.6 

Less than once a week 1,624 13.2 

At least once a week 1,643 13.3 

Frequency of watching the television 

Not at all 10,163 82.1 

least than once a week 1,233 10.0 

At  least once a week 983 7.9 

Occupational status 

Unemployed 8,740 70.6 

Employed 3,638 29.4 

Birth history 

No birth 1,479 12.0 

One birth 1,893 15.3 

Two births 1,869 15.1 

Three births 1,642 13.2 

Four and above births 5,495 44.4 

Preceding birth interval 

Less than 24 month 2,353 23.4 

≥ 24 months 7,706 76.6 

Terminated pregnancy (abortion) 
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No  11,273 91.1 

Yes 1,103 8.9 

Smoking status 

Yes 12,285 99.2 

No 93 0.8 

   

 569 

 570 

 571 
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 576 

 577 
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Table 3: Significant spatial clusters of abortion among women in Ethiopia, 2016. 586 

clusters Enumeration areas(EAs)/ 

clusters detected 

Coordinates/rad

ius 

Population Cases RR LLR P-value 

1 84, 45, 81, 590, 481, 461, 

400, 636, 597, 89, 479, 604, 

156, 355, 598, 584, 404, 226, 

579 

(14.175601 N, 

38.891649 E) / 

62.42 km 

327 70 2.63 26.6 <0.001 

2 452, 472, 286, 289, 123 (7.410925 N, 

40.475707 E) / 

85.79 km 

125 27 2.58 10.2 0.01 

3 92 (6.708449 N, 

44.273542 E) / 

0 km 

34 12 4.19 9.5 0.03 

4 510, 267, 572, 10, 423, 350, 

229, 482, 460, 206, 176, 531, 

218, 310,617, 120, 637, 517, 

112, 201, 274, 463, 144, 464, 

532, 91, 369, 170, 11, 153, 

287, 339, 626, 107, 247 

(10.160658 N, 

38.634847 E) / 

125.60 km 

412 61 1.79 9.2 0.04 

5 50, 342, 86, 21, 503, 450, 

574, 182, 505, 398 

(5.546952 N, 

37.666334 E) / 

88.77 km 

267 42 1.89 7.5 0.171 

6 276 (10.717422 N, 

40.344525 E) / 

0 km 

25 9 4.26 7.3 0.218 

7 564, 39, 230, 51 (9.555410 N, 

40.326165 E) / 

34.04 km 

61 15 2.92 7.08 0.245 
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Table 4: Model comparison between standard logistic regression and mixed effect logistic 589 

regression. 590 

Model comparison AIC BIC Deviance 

Logistic regression model 

Mixed effect logistic regression model 

6856.17 

6622.02 

7077.95 

6851.19 

6796.09 

6560.02 
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Table 5; Bi-variable and Multivariable mixed effect logistic regression analysis of determinants 607 

with Abortion among reproductive age women in Ethiopia from January 18 to June 27, 2016. 608 

Variable  Terminated pregnancy COR (95% CI) AOR (95% CI) 

No Yes 

Residence 

Urban  

Rural  

1,983 

8,989 

130 

897 

1 

2.28 (1.70, 3.08) 

1 

4.96 (3.42, 7.18)** 

Age 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

390 

2,211 

3,280 

2,443 

1,758 

670 

220 

18 

124 

282 

279 

192 

107 

25 

1 

1.17 (0.69, 1.98) 

1.79 (1.08, 2.97) 

2.51 (1.51, 4.16) 

2.29 (1.37, 3.82) 

3.51 (2.05, 6.00) 

2.36 (1.22, 4.55) 

1 

1.27 (0.74, 2.19) 

2.20 (1.27, 3.80)** 

3.23 (1.82, 5.71)** 

3.01 (1.67, 5.42)** 

4.57 (2.47, 8.46)** 

3.12 (1.52, 6.44)** 

Wealth status 

Poorest 

Poorer 

Middle 

Richer 

Richest 

4,166 

1,848 

1,490 

1,361 

2,107 

387 

149 

154 

128 

209 

1 

0.89 (0.71, 1.12) 

1.16 (0.92, 1.46) 

1.01 (0.79, 1.30) 

1.14 (0.90, 1.44) 

1 

0.85 (0.67, 1.07) 

1.07 (0.84, 1.36) 

0.91 (0.70, 1.19) 

1.72 (1.24, 2.40)* 

Educational status 

No education 

Primary  

Secondary 

Higher  

7,158 

2,688 

740 

386 

670 

269 

55 

33 

1 

1.09 (0.92, 1.29) 

0.76 (0.55, 1.04) 

0.88 (0.58, 1.33) 

1 

1.36 (1.13, 1.64)** 

0.98 (0.68, 1.41) 

0.99(0.62, 1.61) 

Religion 
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Orthodox 

Muslim 

catholic 

Protestant 

Others 

3,083 

5,647 

75 

1,981 

186 

354 

518 

3 

136 

16 

1 

0.75 (0.61, 0.93) 

0.38 (0.11, 1.31) 

0.59 (0.45, 0.77) 

0.68 (0.36, 1.28) 

1 

0.81 (0.64, 1.01) 

0.40 (0.12, 1.39) 

0.56 (0.42, 0.75)** 

0.66(0.34, 1.26) 

Frequency of listening radio 

Not at all 

Less than once a week 

At least once a week 

8,456 

1,265 

1,251 

733 

147 

147 

1 

1.40 (1.14, 1.72)* 

1.30 (1.05, 1.60)* 

1 

1.27 (1.01, 1.60)* 

1.21 (0.96, 1.55) 

Frequency of watching television 

Not at all 

Less than once a week 

At least once a week 

8,754 

877 

1,341 

791 

102 

134 

1 

1.35 (1.06, 1.73) 

1.19 (0.93, 1.51) 

1 

1.25 (0.95, 1.65) 

1.45 (1.04, 2.01)* 

Birth history 

zero birth 

One birth 

Two births 

Three births 

Four and above births 

1,416 

1,822 

1,649 

1,514 

4,571 

96 

142 

146 

130 

513 

1 

1.16 (0.87, 1.53) 

1.31 (0.98, 1.73) 

1.32 (0.99, 1.76) 

1.70 (1.33, 2.16) 

1 

0.97 (0.72, 1.31) 

0.92(0.66, 1.27) 

0.85 (0.60, 1.19) 

0.85 (0.60, 1.19) 

Marital status 

Married  

Never married 

Widowed 

Divorced 

10,191 

273 

158 

349 

967 

28 

8 

24 

1 

1.11 (0.72, 1.69) 

0.62 (0.29, 1.29) 

0.74 (0.48, 1.15) 

1 

1.22 (0.78, 1.90) 

0.52 (0.24, 1.11) 

0.78 (0.49, 1.23) 
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