
Heliyon 10 (2024) e30535

Available online 30 April 2024
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Research article 

Geographically weighted regression analysis to assess hotspots of 
early sexual initiation and associated factors in Ethiopia 

Tsion Mulat Tebeje a,*, Kassahun Alemu Gelaye b, Yazachew Moges Chekol c, Tigabu 
Kidie Tesfie b, Negalgn Byadgie Gelaw d, Kusse Urmale Mare e, Beminate 
Lemma Seifu f 

a School of Public Health, College of Health Science and Medicine, Dilla University, Dilla, Ethiopia 
b Department of Epidemiology and Biostatistics, Institute of Public Health, College of Medicine and Health Sciences, University of Gondar, Gondar, 
Ethiopia 
c Department of Health Information Technology, Mizan Aman College of Health Science, Mizan Aman, Southwest Ethiopia, Ethiopia 
d Department of Public Health, Mizan Aman College of Health Science, Mizan Aman, Southwest Ethiopia, Ethiopia 
e Department of Nursing, College of Medicine and Health Sciences, Samara University, Afar, Ethiopia 
f Department of Public Health, College of Medicine and Health Sciences, Samara University, Afar, Ethiopia   

A R T I C L E  I N F O   

Keywords: 
Early sexual initiation 
Multilevel robust Poisson regression 
GWR and EDHS 

A B S T R A C T   

Background: Early sexual initiation (ESI) causes unintended pregnancy, sexually transmitted in-
fections (STI), high risk of depression and anxiety, developmental delays, lack of emotional 
maturity, and difficulty in pursuing education. This study aims to analyze the geographically 
weighted regression and associated factors of ESI of women in Ethiopia. 
Methods: The study utilized data from the Ethiopian Demographic and Health Survey, 2016. It 
included a weighted sample of 11,775 women. Spatial regression was carried out to determine 
which factors are related to hotspots of ESI of women. To identify the factors associated with ESI, 
a multilevel Poisson regression model with robust variance was conducted. An adjusted preva-
lence ratio (APR) with its 95 % confidence interval was presented. 
Results: The prevalence of ESI was 75.3 % (95%CI: 74.6 %, 76.1 %), showing notable spatial 
variation across different regions of Ethiopia. Areas of significant hotspots of ESI were identified 
in Western and Southern Tigray, most parts of Amhara, Southern, Central and Western Afar, 
Eastern Gambella, and North Western SNNPR. The significant variables for the spatial variation of 
ESI were; being single, rural residence, and having no formal education of the women. Factors 
including; wealth index, marital status, khat chewing, education level, residence, and region were 
associated significantly with ESI in the multilevel robust Poisson analysis. 
Conclusion: A higher proportion of ESI in women was found. Public health interventions must be 
made by targeting hotspot areas of ESI through increasing health care access and education 
(specifically among rural residents), developing a comprehensive sexual education, implementing 
policies and laws that outlaw early marriage, and mass community-based programs to increase 
awareness about the importance of delaying sexual activity.   
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1. Introduction 

According to WHO; adolescents, who are between childhood and adulthood, are those between age 10 and 19. They constitute one- 
sixth of the total global population [1]. Early sexual initiation (ESI) refers to the act of involving in sexual activity before reaching 18 
years of age and is usually viewed as a risky behavior due to the potential consequences that follow [2]. Most older adolescents with 
age of 17–19 engage in sexual activities and among teens aged 15–16, 30 % are estimated to have sex [3]. 

Those who are engaged in early sexual initiation are at greater risk of having many sexual partners, lower or no utilization of 
condoms, unintended pregnancy, sexually transmitted infections, mental health problems, and other risky behaviors including drug 
usage which result in long-term implications on the individual [4,5]. 

As stated by a data from the demographic and health surveys (DHS) conducted in developing nations, pregnancy and childbirth 
stand as the main factors contributing to mortality among young women 15–19 years old. An estimated one in ten young girls had 
become mothers by the age of 16 [6]. Every year, at least 770,000 girls aged below 15 give birth, primarily in low- and middle-income 
nations [1]. The major cause of maternal mortality among adolescents is abortion and 15 % of all unsafe abortions take place among 
those aged 15–19 [7]. In low and middle-income countries, adolescent pregnancy resulted in higher child mortality than children born 
to mothers who are above 20 years of age [8]. 

According to a qualitative study in Ghana, factors that encourage or influence adolescents to engage in sexual activity includes: the 
self-desire to satisfy one’s curiosity through sexual activity, social fitness, financial difficulties, dysfunctional families and parenting, 
offensive media material, participation in social and religious rituals, and the pursuit of academic excellence [9]. 

Region of southeast Asia has the lowest rate of ESI whereas the Americas region has the highest rate with prevalence of 5.3 % and 
18.4 %, respectively [10]. In Sub-Saharan Africa a sex-stratified analysis revealed that the percentage of ESI varied with a low of 8.6 % 
in Tanzania and a high of 17.7 % in Malawi [11]. The pooled prevalence of young women engaging in early sexual debut in 12 
countries in East Africa was found to be 21.14 % [12]. The median age of getting married In Ethiopia is 16.5 years, which is child 
marriage and results in a higher magnitude of ESI. Around 25 % of Ethiopian women between the ages of 15 and 19 say they have had 
sex [13,14]. 

As per the Ethiopian Demographic and Health Survey (EDHS) conducted in 2016, the prevalence of early sexual initiation is 21.9 %. 
Similarly, other cross-sectional studies revealed a prevalence of 20.4 % in Ambo [15], 18.4 % in Woldiya [16], and 17.6 % in southwest 
Ethiopia among college students [17]. 

Several factors affect the initiation of sexual activity including; residence, age, parental education, religion, family income, sub-
stance use, exposure to pornographic materials, marital status, peer pressure, working status, having boy or girl friends, drinking 
alcohol, and low parental monitoring [18–21]. 

To develop effective prevention programs for ESI, potential risk factors should be identified and there have been limited research 
studies done in Ethiopia that investigate factors associated with early sexual initiation. As a result, we used a multilevel Poisson 
regression analysis with robust variance to pinpoint these determinants. Different studies conducted at a national level showed early 
sexual initiation varies across Ethiopian regions [22–24]. However, those studies did not address the spatially varying association 
between the outcome and predictors. To take into account the relationship between variables which may vary depending on the 
geographic location, the study employed spatial regression modeling (GWR). It reveals spatial predictors of observed hotspots in the 
ESI as the coefficients vary across space [25]. Identification of hotspot areas or geographical areas with a higher prevalence of ESI 
enables targeted interventions based on specific location. Therefore, this study is aimed at evaluating the spatial regression analysis of 
ESI of women and its determinants. The study is helpful in identifying the hot spot areas of ESI and its predictors to ease and prioritize 
interventions accordingly. 

2. Methods and materials 

2.1. Study setting, source of data, and design 

A cross-sectional data from the 2016 EDHS, were used in this study. The data was obtained from two administrative cities and nine 
regions. The regions are subdivided into zones, Weredas and Kebeles. Information collected by the survey included: characteristics of 
households and respondents, fertility and its determinants, maternal health, family planning, women’s empowerment, child health, 
feeding practices and supplementation, nutritional status, childhood mortality, HIV knowledge, attitude and behavior, Domestic 
violence and Female genital mutilation. Detail information about the DHS program is obtained from: https://www.dhsprogram.com/ 

2.2. Sampling and study population 

The 2016 EDHS utilized a two-stage stratified sampling method. During the first stage, clusters were selected in a random manner 
proportional to the size of the enumeration areas (EA) and 28 households were selected from each EA in the second stage [26]. From 
the EDHS datasets, the individual women’s data (IR) was utilized by including the weighted sample. From the total 15,683 repro-
ductive age group women, only women who were dejure residents and have been engaged in sex were included (11,775 when 
weighted). 
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2.3. Study variables 

Early sexual initiation is the dependent variable; which is a binary outcome classified as Yes or No. Women, who were sexually 
active prior to 18 years of age, were classified as having experienced ESI. The analysis included various independent variables at both 
individual and community levels. Variables at the individual-level encompassed factors such as current age, religion, khat chewing, 
alcohol drinking, cigarette smoking, wealth index, education level, media exposure, marital status, working status, and ever heard of 
STI. The community-level variables contained community-level wealth index, community-level education, community-level media 
exposure, region, and residence. 

3. Data processing and analysis 

3.1. Factors associated with early sexual initiation 

The process of data extraction, cleaning, and analysis was carried out using STATA version 16 and ArcGIS version 10.7 statistical 
software. To make the data more representative weighted data were used. Descriptive statistics were conducted to provide a summary 
and description of the participants’ characteristics. The hierarchical structure of the EDHS and the similarity of findings of the re-
spondents in the same cluster make the utilization of a model that considers the clustering effect necessary. The clustering effect was 
measured using an Intra-class correlation coefficient (ICC) analysis and it showed a significant clustering effect with ICC exceeding 10 
%. Given the cross-sectional nature of the study and the prevalence of ESI being higher than 10 %, reporting odds ratios could 
potentially lead to an overestimation of the relationship between the outcome and explanatory variables. Therefore, the prevalence 
ratio was deemed more suitable as a measure of association. Consequently, multilevel Poisson regression analysis with robust variance 
was employed to detect the factors associated with ESI [27]. 

A bi-variable multilevel Poisson regression analysis was conducted to identify predictors that would be eligible for inclusion in the 
subsequent multivariable analysis. Independent variables that demonstrated a p-value of less than 0.25 in the bi-variable analysis were 
included as part of the multivariable mixed-effect Poisson regression analysis. Four models were fitted for the multivariable analysis, 
including the null model (a model without independent variables), model 2 (the individual-only model), model 3 (the community-level 
model), and model 4 (both individual and community-level model). The model that exhibited the lowest value of deviance (-2logli-
kelihood) was regarded as the most suitable or best-fitting model. In the multivariable mixed-effect Poisson regression, variables with 
p-value below 0.05 were deemed as having a significant relationship with ESI and were reported with an Adjusted Prevalence Ratio 
(APR) with its 95 % confidence interval (CI). 

From a total of 17 variables (5 of them are community-level variables), 11 of them had a p-value below 0.25 in bi-variable 
regression. They were included in the multivariable regression and among those, 6 variables had a p-value <0.05 and were signifi-
cantly associated with ESI. 

3.2. Spatial analysis 

Global Moran’s I, a measure of spatial autocorrelation was employed to identify the type of pattern of the spatial distribution of ESI 
as dispersed (indicated by Moran’s I value close to − 1), random (indicated by Moran’s I value close to 0) or clustered (indicated by 
Moran’s I value close to +1). The statistically significant value of Moran’s I (p-value <0.05) revealed the nonrandom distribution of ESI 
in Ethiopia [28]. The Getis-ordGi* statistics were used for hot spot analysis in order to identify significant spatial clusters. It produces a 
z-score with p-value, where the z-score shows the strength of clustering, while the p-value indicates the level of statistical significance. 
When examining the output, the presence of significant positive and negative z-scores shows hotspots and cold spots, respectively [29]. 

3.3. Spatial regression analysis 

Both Ordinary least squares (OLS) and Geographical weighted regression (GWR) techniques were introduced to assess the spatial 
relationship between ESI and its determinants making sure that there is no stationary of ESI, which was confirmed by the global spatial 
autocorrelation. The outcome predictor was the percentage of early sexual initiation at each EA level. 

OLS is a regression model that operates on a global scale, estimating the relationship between the outcome and explanatory 
variables through a single equation. It assumes that each variable’s coefficients are homogenous and do not vary across different 
locations within the study area [30]. It was applied in order to identify the variables which cause spatial heterogeneity and to select the 
right predictors. After fitting the OLS model the assumptions were checked and GWR was applied. 

Geographically Weighted Regression investigates relationships between variables in the regression model that differ over space 
[31]. Even though Koenker’s studentized Breusch-Pagan (BP) p-value was insignificant, we proceeded to the GWR model to examine 
how the association between the dependent and independent variables differs across various locations. It considers the spatial 
proximity of data samples and assigns different regression parameters to each observation in the study area [32]. 

The performance of the models was compared by corrected Akaike Information Criteria (AICc) and adjusted R2. Lower AICc value 
and higher adjusted R2 value yields better model performance. To provide the geographic weighting in the model, a spatial kernel was 
used. As the observations were clustered, an adaptive kernel was utilized. To make the model less complex; the AICc, which utilizes the 
minimized AICc value, was used to find the bandwidth [33]. 
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4. Results 

4.1. Descriptive results 

The study consisted of a weighted sample of 11,775 women of reproductive age was included in the study. The majority of them 
(80.7 %) were residents of rural areas. More than half (59.3 %) of the women did not have a formal education. More than three-fourths 
of the women are followers of Orthodox Christianity (43.2 %) and Muslim (32.8 %). Most of the participants were aged 25–34. 
Approximately 18.9 % of women are classified in the poorest household index quintile, while 23.4 % are in the richest quintile. Only 
3.3 % of them were never married (single) while 85 % are currently married. 11.6 % did not have children while 18.7 % had seven and 

Table 1 
Descriptive characteristics of the study participants in Ethiopia, 2016.  

Variables Weighted frequency Percentage 

Religion Orthodox 5084 43.2 % 
Protestant 2551 21.7 % 
Muslim 3866 32.8 % 
Others 274 2.3 % 

Current age 15–24 2760 23.4 % 
25–34 4873 41.4 % 
≥35 4142 35.2 % 

Number of children No child 1371 11.6 % 
1-3 Children 4803 40.8 % 
4-6 Children 3401 28.9 % 
≥7 children 2200 18.7 % 

Marital status Single 390 3.3 % 
Married 10009 85.0 % 
Widowed 415 3.5 % 
Divorced 961 8.2 % 

Alcohol intake No 7453 63.3 % 
Yes 4322 36.7 % 

Chew khat No 10090 85.7 % 
Yes 1685 14.3 % 

Cigarette smoking No 11682 99.2 % 
Yes 93 0.79 % 

Education level No education 6982 59.3 % 
Primary 3420 29.04 % 
Secondary 825 7.0 % 
Higher 548 4.7 % 

Wealth index Poorest 2228 18.9 % 
Poorer 2258 19.2 % 
Middle 2307 19.6 % 
Richer 2230 18.9 % 
Richest 2752 23.4 % 

Working status No 7723 65.6 % 
Yes 4052 34.4 % 

Ever heard of STI No 800 6.8 % 
Yes 10975 93.2 % 

Media exposure No 7430 63.1 % 
Yes 4345 36.9 % 

Region Tigray 854 7.3 % 
Afar 108 0.92 % 
Amhara 2859 24.3 % 
Oromia 4465 37.9 % 
Somali 356 3.03 % 
Benishangul 127 1.08 % 
SNNPR 2325 19.7 % 
Gambela 36 0.31 % 
Harari 30 0.25 % 
Addis Ababa 550 4.7 % 
Dire Dawa 65 0.55 % 

Residence Urban 2279 19.4 % 
Rural 9496 80.6 % 

Community media exposure No 6175 52.4 % 
Yes 5600 47.6 % 

Community wealth index Poor 6279 53.3 % 
Not poor 5496 46.7 % 

Community education level No 6834 58.0 % 
Yes 4941 42.0 % 

STI: Sexually Transmitted Infections. 
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above children. Around 36.7 % consume alcohol, 14.3 % chew khat, and 0.79 % smoke cigarettes (Table 1). 

4.2. Prevalence of early sexual initiation of women in Ethiopia 

In Ethiopia, the prevalence of early sexual initiation of women was 75.3 % (95%CI: 74.6 %, 76.1 %). The region with the highest 
prevalence of women’s ESI was Amhara, where it was recorded at 86.4 %. On the other hand, the lowest prevalence was seen in Addis 
Ababa, at 51.1 %. 

4.3. Factors associated with early sexual initiation of women in Ethiopia 

After fitting the bi-variable mixed-effect Poisson regression with robust variance to measure the relationship between the outcome 
and each independent variable, we fitted four models in the multivariable regression. The ICC in the null model was 11.5 % (95%CI: 

Table 2 
Multilevel multivariable robust Poisson regression analysis of early sexual initiation of women in Ethiopia, 2016.  

Variable Null model Model 2 APR(95%CI) Model 3 APR(95%CI) Model 4 APR(95%CI) 

Marital Status 
Single  1  1 
Married  1.24 (1.13,1.37)  1.20 (1.09,1.33) 
Widowed  1.27(1.15,1.42)  1.23(1.12,1.37) 
Divorced  1.30(1.18, 1.43)  1.24(1.12,1.37) 
Chew khat 
No  1  1 
Yes  1.04(0.99, 1.08)  1.05(1.01,1.09) 
Education level 
None  1  1 
Primary  0.99(0.96, 1.01)  0.99(0.96,1.01) 
Secondary  0.78(0.73, 0.83)  0.78(0.74,0.83) 
Higher  0.51(0.46, 0.56)  0.52(0.47,0.57) 
Wealth index 
Poorest  1  1 
Poorer  1.03(0.99, 1.06)  1.03(1.00,1.07) 
Middle  1.02(0.99, 1.06)  1.03(0.99,1.07) 
Richer  1.03(0.98,1.07)  1.04(1.00,1.09) 
Richest  0.94(0.90,0.99)  1.07(1.01,1.13) 
Working status 
No  1  1 
Yes  0.99(0.97, 1.02)  1.00(0.98,1.02) 
Media exposure 
no media exposure  1  1 
Has media exposure  0.97 (0.94,0.99)  0.98(0.96,1.01) 
Region 
Tigray   1 1 
Afar   1.04(0.99,1.10) 1.04(0.99,1.10) 
Amhara   1.05(1.00,1.10) 1.05(1.00,1.09) 
Oromia   0.95(0.90,1.00) 0.92(0.88,0.98) 
Somali   0.83(0.79,0.89) 0.83(0.78,0.88) 
Benishangul gumuz   0.99(0.94,1.05) 0.98(0.93,1.04) 
SNNPR   0.85(0.79,0.90) 0.84(0.79,0.89) 
Gambella   0.99(0.93,1.07) 1.04(0.98,1.11) 
Harari   0.94(0.87,1.02) 0.93(0.86,0.99) 
Addis Ababa   0.73(0.67,0.79) 0.79(0.73,0.86) 
Dire Dawa   0.93(0.86,0.99) 0.90(0.84,0.96) 
Residence 
Urban   1 1 
Rural   1.18(1.11, 1.24) 1.08(1.02,1.15) 
Community media 
Not Exposed   1 1 
exposed   0.97(0.93,1.00) 0.97(0.94,1.01) 
Community wealth 
Poor   1 1 
Not poor   0.99(0.96,1.03) 0.98(0.95,1.03) 
Community Education 
No   1 1 
Yes   0.99(0.96,1.02) 1.02(0.98,1.04) 
Intercept 0.75(0.74,0.77) 0.65(0.59,0.72) 0.73(0.68,0.79) 0.65(0.57,0.74) 
Log-likelihood − 11327.32 − 11178.41 − 11221.86 − 11140.54 
Deviance 22654.64 22356.82 22443.72 22281.08 

APR: Adjusted Prevalence Ratio. 
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9.9 %, 13.2 %) which shows about 12 % of the variation in ESI was due to cluster variation. The 4th model was the best-fitted model as 
it resulted in the highest log likelihood and lowest deviance. In the multivariable multilevel Poisson regression analysis with a robust 
variance; marital status, wealth index, khat chewing, education level, residence, and region were significantly associated (p-val-
ue<0.05) with women’s ESI. 

The prevalence of ESI in women who were married, widowed, or divorced was increased by 1.2 times (APR = 1.20, 95%CI: 1.09, 
1.33), 1.23 times (APR = 1.23, 95%CI: 1.12, 1.37) and 1.24 times (APR = 1.24, 95%CI: 1.12, 1.37), respectively than single women. 
Women who chew khat had 1.05 times higher prevalence of ESI in comparison to those who did not chew khat (APR = 1.05, 95%CI: 
1.01, 1.09). The prevalence of ESI among women who have secondary and above education was declined by 22 % (APR = 0.78, 95%CI: 
0.74, 0.83) and 48 % (APR = 0.52, 95%CI: 0.47, 0.57), respectively than those without formal education. Being from the poorer, 
richer, and richest household wealth index has 1.03 (APR = 1.03, 95%CI: 1.00, 1.07), 1.04 (APR = 1.04, 95%CI: 1.00, 1.09) and 1.07 
(APR = 1.07, 95%CI: 1.01, 1.13) times increased prevalence of ESI than those from the poorest household, respectively. The preva-
lence of ESI was 1.08 times (APR = 1.08, 95%CI: 1.02, 1.15) higher among women from rural residents than urban residents. Women 
who are from Amhara region had 1.05 (APR = 1.05, 95%CI: 1.00, 1.09) times increased prevalence of ESI, while those from Somali, 
Oromia, Benishangul, SNNPR, Harari, Dire Dawa, and Addis Ababa had 17 % (APR = 0.83, 95%CI: 0.78, 0.88), 8 % (APR = 0.92, 95% 
CI: 0.88, 0.98), 2 % (APR = 0.98, 95%CI: 0.93, 1.04), 16 % (APR = 0.84, 95%CI: 0.79, 0.89), 7 % (APR = 0.93, 95%CI: 0.86, 0.99), 10 
% (APR = 0.90, 95%CI: 0.84, 0.96) and 21 % (APR = 0.79, 95%CI: 0.73, 0.86)lower prevalence of ESI, respectively as compared to 
Tigray region (Table 2). 

4.4. Spatial distribution of early sexual initiation 

Tigray, Amhara, Afar, Gambella, Beneshangul Gumuz, central parts of Oromia, and northern parts of SNNPR showed the highest 
prevalence of ESI (Fig. 1). 

Spatial autocorrelation shows that there is a clustering effect in the distribution of ESI. The p-value of Moran’s index which is 
0 (<0.05) is descriptive of clustering in the distribution (Fig. 2). It has a z-score of 21.36. 

Significant hotspot areas of ESI were located in Western and Southern Tigray, most parts of Amhara, Southern, central, and Western 
Afar, Eastern Gambella, and northwestern SNNPR. Areas exhibiting significant cold spots were spotted in Addis Ababa, Central and 
Eastern Oromia, Dire Dawa, Harari, and the northern part of Somalia (Fig. 3). 

4.5. The ordinary least squares regression analysis 

Multicollinearity between independent factors was evaluated using the mean Variance Inflation Factor (VIF) resulting from OLS. 
Each variable resulted in VIF<10 independently with a minimum of 1.06 and a maximum of 2.68. With an adjusted R-squared value of 

Fig. 1. The spatial distribution of early sexual initiation of women in Ethiopia, 2016.  
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0.298, the model was able to explain approximately 29.8 % of the variation in early sexual initiation with AICc of − 597.4. As the 
Jarque-Bera statistics become significant, it indicates that the spatial distribution of the residuals is skewed or deviates from a normal 
distribution. The Koenker statistics did not show any significant results which is indicative of homogeneity between the study areas. 
Because of the insignificant value of Koenker statistics, we will consider the joint F statistics to determine the overall model signifi-
cance and it was statistically significant. 

The spatial autocorrelation conducted on the regression residuals showed a statistically significant Z-score of clustering which 
shows a key variable is missed and the OLS model is misspecified. So we can proceed to the GWR model despite the insignificant 
Koenker statistics value to have a more localized insight (Table 3). 

In the OLS model, there was a significant association between ESI and proportion of those who: are rural residents, single, and 
uneducated. 

4.6. The geographically weighted regression analysis result 

The GWR analysis demonstrated an enhancement in the OLS model, as evidenced by a decrease in the AICc value from − 597.4 for 
OLS to − 700.9 for GWR. The observed difference of 103.5 indicates that the GWR model provides better explanation for the spatial 
heterogeneity of early sexual initiation. The proportion of women of reproductive age who: are rural residents, have no formal ed-
ucation, and single shows statistically significant geographical variability even though Koenker’s BP was statistically insignificant 
which implies the OLS model resulted in variables that do not vary in space. In addition to this, by utilizing GWR the model’s capacity 
to elucidate ESI is enhanced, as evidenced by an adjusted R-squared value of 0.426. This shows the inclusion of GWR in the analysis 
enhanced the explanatory power of the OLS model by approximately 13 % (Table 4). 

The GWR model utilized a uniform bandwidth of 619 for all covariates to simulate all processes at the same spatial scale. So, in 

Fig. 2. The global spatial autocorrelation analysis of early sexual initiation of women in Ethiopia, 2016.  
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order to inform the construction of parameter estimates in each local regression point it considers 619 nearest neighbors. Table 5 
presents the summary statistics for the estimated coefficients of the local terms (GWR), along with the corresponding bandwidth. 

The proportions of women who are not married have a negative relationship with the proportion of ESI. As the percentage of 
women who are not married increased, the occurrence of ESI decreased. Fig. 4 indicates a map of the coefficients for the marital status 
of being not married; showing that being not married was a negative and strong predictor of ESI in Tigray, central and western parts of 
Afar, northern and southern parts of Amhara, Addis Ababa, central Oromia, some parts of northern SNNPR and northern Somali. The 

Fig. 3. The Getis-Ord Gi statistical analysis of hotspots of early sexual initiation of women in Ethiopia, 2016.  

Table 3 
Results of the Ordinary Least Square regression analysis.  

Variable Coefficient Robust_SE Robust_t statistics Robust_probability VIF 

Intercept 0.63 0.02 33.57 0.000000a – 
The proportion of unmarried women − 0.31 0.07 − 4.24 0.000030a 1.56 
Proportion of Khat chewing 0.04 0.03 1.19 0.231227 1.06 
Proportion of poorest wealth index 0.0019 0.02 0.09 0.931340 1.59 
Proportion of rural residence 0.14 0.02 6.92 0.000000a 2.29 
The proportion of uneducated women 0.07 0.03 2.03 0.042810a 2.68  

OLS regression diagnostics 

Number of observations 622 Adjusted R2 0.298 
Joint F-statistics 53.9 Prob(>F), (8613) degree of freedom 0.000000a 

Joint Wald statistics 273.9 Prob (>chi-squared) [6], degree of freedom 0.000000a 

Koenker (BP) statistics 6.37 Prob (>chi-squared) [6], degree of freedom 0.271585 
Jarque–Bera 39.5 Prob (>chi-squared) [2], degree of freedom 0.000000a 

VIF: Variance Inflation Factor, SE: Standard Error. 
a p-value <0.05. 

Table 4 
Model comparison of ordinary least square and geographic weighted regression.  

Model Comparison parameter OLS GWR 

AICc − 597.4 − 700.9 
Adjusted R-squared 0.298 0.426 

AICc: Akaike Information Criteria. 
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geographic region represented by the points colored in red shows the largest coefficient value for the proportion of ESI. Similarly being 
not married was a moderate and negative predictor of ESI in certain parts of Amhara, southern Afar, eastern Oromia, eastern SNNPR, 
and central Somali. At last, it was a weak and negative predictor of the outcome in Beneshangul Gumuz, Gambella, western and 
southeastern SNNPR, southern Somali, southern Oromia, and central Amhara. 

There is a positive relationship between the proportion of women residing in rural areas and proportion of early sexual initiation 
(Fig. 5). When the percentage of women who are rural residents increased, the occurrence of ESI also increased. As the proportion of 
those who live in rural residents increased, the percentage of ESI also showed a strong increment in Addis Ababa, central Oromia, 
northern SNNPR, western Beneshangul Gumuz, Gambella, Somali, and southern Amhara. Living in rural areas was a moderate and 
positive predictor of ESI in southern Afar, southern Amhara, Dire Dawa, Harari, northern Somali, eastern and northwestern SNNPR, 
and southern Beneshangul Gumuz. Finally being a resident of rural areas was a weak and positive predictor of ESI in Tigray, Afar, most 
parts of Amhara, northeastern Beneshangul Gumuz, some parts of western Oromia, and some parts of northwestern SNNPR. 

There is both a positive and negative relationship between the proportion of women without formal education and the proportion 
of early sexual initiation (Fig. 6). This shows when the percentage of women who have no formal education increased, the occurrence 
of ESI also increased for the positive relationship. For the negative relationship, when the proportion of those without formal education 
increased, the occurrence of ESI decreased. Strong negative correlations, where the proportion of increment of women who have no 
education resulted in decrement of the percentage of ESI, were observed in western Beneshangul Gumuz, most parts of Gambella, and 
western SNNPR. Strong positive correlations where the proportion of increment of uneducated women resulted in an increment of 
percentage of ESI were observed in Tigray, Amhara, Afar, Addis Ababa, some parts of eastern Oromia, and Somali. Being uneducated 
was a moderate and positive predictor of ESI in central Oromia, northern SNNPR, Dire Dawa, Harari, and most parts of Somalia. A 
value of 0 indicates being uneducated has no effect on ESI in southern Somali, southern and western Oromia, eastern SNNPR, and 
southern Beneshangul Gumuz. 

Table 5 
Summary of the GWR model results among predictors of ESI.  

Variable Mean STD Min Median Max Bandwidth 

Intercept − 0.763 0.149 − 1.184 − 0.742 − 0.560 619 
The proportion of unmarried women − 0.418 0.043 − 0.538 − 0.409 − 0.342 619 
Proportion of Khat chewing 0.100 0.056 0.028 0.097 0.250 619 
Proportion of poorest wealth index 0.054 0.067 − 0.091 0.082 0.147 619 
Proportion of rural residence 0.599 0.104 0.455 0.581 0.799 619 
The proportion of uneducated women 0.366 0.152 0.011 0.365 0.623 619  

Fig. 4. Not married women GWR coefficients for predicting early sexual initiation of women in Ethiopia, 2016.  
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Fig. 5. Rural resident’s GWR coefficients for predicting early sexual initiation of women in Ethiopia, 2016.  

Fig. 6. Women who have no education GWR coefficients for predicting early sexual initiation of women in Ethiopia, 2016.  
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5. Discussion 

The prevalence of ESI of women in Ethiopia was 75.3 % (95%CI: 74.6 %, 76.1 %). The possible reasons that may contribute to the 
higher prevalence observed are high rates of early marriage, traditional norms about gender roles and expectations, inadequate access 
to education and comprehensive sexual education as a result of cultural taboos that forbid discussing sexuality, gender-based violence, 
poverty, and limited economic opportunities. 

The study determines spatial patterns and non-stationary ESI of women in Ethiopia. The spatial distribution of ESI was clustered or 
not random which is in line with similar research works from Ghana and Nigeria [34,35]. The hotspot areas were detected in Western 
and Southern Tigray, majority of the Amhara region, Southern, Central and Western Afar, Eastern Gambella, and North Western 
SNNPR. This is because the commonest cause of ESI in Ethiopia, that is child marriage in which girls before the age of 18 get married, is 
specifically clustered in the regions mentioned above. A study focused on examining the spatial distribution and factors influencing 
early marriage in Ethiopia [36,37] found that Amhara, Afar, Tigray, and Gambella regions had significant hotspot areas for early 
marriage. Amhara region accounts for the highest prevalence of child marriage, which is 48.6 %, which is considered a way of pro-
tecting a girl’s honor and reputation. The most common age for a girl in the Amhara region to marry is 12 [38,39]. 

One of the variants of geographic weighted regression is a Multiscale Geographically Weighted Regression (MGWR) which avoids a 
single spatial scale and allows covariate-specific bandwidth. Standard GWR makes the assumption that processes being modeled take 
place at the same spatial scale by finding a “best-on-average” scale of relationship [40]. 

In this GWR analysis with a similar spatial scale of 619 bandwidth, factors significantly associated with hotspot areas of ESI were: 
being unmarried, rural residence, and having no formal education of the women. The association between unmarried women and the 
proportion of ESI in Tigray, central and western parts of Afar, northern and southern parts of Amhara, Addis Ababa, central Oromia, 
some parts of northern SNNPR, and northern Somali is negative. This is because for young people to have sexual relations, marriage is 
the only acceptable way by the community. Many women will be forced into marriage at a very young age which leads to early sexual 
initiation as they cannot decide about their sexual health [41,42]. Therefore, being unmarried decreases early sexual debut than those 
who are married. 

As the percentage of women who live in rural residents increases, so does the proportion of early sexual initiation in Addis Ababa, 
central Oromia, northern SNNPR, western Beneshangul Gumuz, Gambella, Somali, and southern Amhara. This is because of lack of 
access to a variety of reproductive and sexual health-related information and comprehensive sex education among those residing in 
rural areas [43]. There is both a positive and negative relationship between being uneducated women and early sexual initiation in 
different geographic areas. As the number of women without an education rises in Tigray, Amhara, Afar, some areas of eastern Oromia, 
and Somali, there is an increment in the proportion of people who are involving in sexual relationship at young age. This can be 
attributed to the fact that there is a high proportion of early marriage in the above regions and if women are uneducated, they will not 
have the ability and skill to decide wisely regarding when and whom to marry which increases the proportion of ESI [44]. When the 
proportion of uneducated women increased, the percentage of ESI showed a decrement in western Beneshangul Gumuz, most parts of 
Gambella, and western SNNPR. This might be because school youths will be more exposed to peer pressure, substance utilization, and 
watching pornography than the educated ones which leads to ESI [45]. 

In the multivariable multilevel Poisson regression analysis with a robust variance, variables that had a significant association with 
ESI were; Marital status, khat chewing, education level, wealth index, region, and residence. 

Women who are married, divorced, or widowed had an increased prevalence of ESI compared to single women. This is in line with 
studies conducted in Ethiopia [46–48]. The possible explanation is many Ethiopian girls get married earlier before turning 18 and 40 % 
of girls below 18 years and 14 % below the age of 15 are married [49]. Those who chew khat have an increased risk of being in ESI than 
those who don’t chew khat. This is supported by studies from Ethiopia [2,17,50,51]. This is because as Khat is a stimulant, it results in a 
decrease in self-control which leads to risky sexual behaviors including ESI. Its psychoactive effect contributes to risky sexual behavior 
by increasing disinhibition and impulsivity which increases sexual involvement. In Ethiopia, khat is a common and also legal sub-
stance, and everyone has access to it [52,53]. 

The proportion of ESI was lower among women who are on secondary or higher education level than those with no formal edu-
cation. This is supported by researches conducted in Ethiopia [48,54], Kenya [55], South Africa [56], Nigeria [57] and South Korea 
[58]. Those who are better educated have a decreased risk of ESI. That is explained by an understanding of ESI-associated risks, 
resisting peer pressure, making better decisions, and engaging themselves in positive relationships [59]. Compared to the Tigray 
region, women from the Amhara region have a higher risk of ESI; in contrast, women from Somali, Oromia, SNNPR, Harari, Dire Dawa, 
and Addis Ababa have a lower risk of ESI. 

Rural residents have increased risk of ESI than women resided in urban. This is in accordance with some studies [48,60,61]. This 
might possibly be a result of a lack of access to sex education and an open discussion about sexual health. ESI has higher acceptance in 
rural communities which increases peer pressure and engagement in early sexual engagement. Another significant statistical rela-
tionship was also observed between the household wealth index and ESI. Women from poorer, richer, and richest households have an 
increased risk of ESI than the poorest ones and this is in line with a research from Peru [62]. 

5.1. Strengths and limitations of the study 

This study utilized a nationally representative data obtained from DHS. To make generalization about the findings at the national 
level, a multilevel analysis was conducted. The geographically weighted regression assists policymakers in making spatial-based public 
health interventions. Causal inferences cannot be established as the data was cross-sectional. It was also prone to recall bias as data was 
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collected based on prior experience. 

6. Conclusion 

Ethiopia has a high rate of early sexual initiation of women and a statistically significant spatial distribution of ESI was observed 
across Ethiopian regions. Hotspot areas of ESI which are significant were identified in Western and Southern Tigray, most parts of 
Amhara, Southern, Central and Western Afar, Eastern Gambella, and North Western SNNPR. In the Geographically weighted 
regression; being single, rural residence, and having no formal education of the women were identified as a statistically significant 
explanatory variables. In the multivariable multilevel Poisson regression with a robust variance; region, residence, khat chewing, 
education level, wealth index, and marital status were significantly associated with ESI. Hence, the government should make in-
terventions in public health that specifically target hotspot areas of ESI by improving access to health care services and education 
(specifically in rural), developing a comprehensive sexual education, implementing policies and laws that outlaw early marriage and 
mass community-based programs to increase awareness about the importance of delaying sexual activity. 
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