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Introduction: Home birth is described as a delivery that takes place at home
without the presence of a skilled birth attendant. In 2017, nearly 295,000
mothers died from various pregnancy and childbirth-related problems,
accounting for approximately 810 maternal deaths per day. Therefore, this
study aims to investigate the spatial distributions of home birth and associated
factors in Ethiopia using the Performance Monitoring for Action Survey (PMAS)
2019) to get information that helps to take geographic-based interventions
and can assist health planners and policymakers in developing particular
measures to reduce home deliveries.

Method: In PMA-ET 2019, a community-based cross-sectional study was
conducted in collaboration with Addis Ababa University, Johns Hopkins
University, and the Federal Ministry of Health from September 2019 to
December 2019, in Ethiopia. A multi-stage cluster sampling procedure was
employed to draw from the stratified 2019 PMAS sample. A weighted total of
5,796 women were included in this study. ArcGIS version 10.7 software was
used to visualize the spatial analysis. In addition, STATA version 14 of the
statistical software was used for multilevel analysis The Bernoulli model was
applied using Kulldorff's SaTScan version 9.6 software to identify significant
purely spatial clusters for home delivery in Ethiopia. Intra-class Correlation
Coefficient (ICC), Likelihood Ratio (LR) test, Median Odds Ratio (MOR), and
deviance (—2LLR) values were used for model comparison and fitness.
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Adjusted Odds Ratios (AOR) with a 95% Confidence Interval (Cl) and p-value <0.05
in the multilevel logistic model were used to declare significant factors associated
with home delivery.

Result: The spatial distribution of home delivery was non-random in Ethiopia.
Statistically significant high hotspots of home delivery were found in Somali,
Afar, Sidama, most of South Nation Nationality and People Region (SNNP), most
parts of Amhara, south west Ethiopia, and Oromia region. In the multilevel
logistic regression model; Women from the lowest wealth quintile were 1.68
times [AOR =1.68; 95% Cl: 1.31, 2.15] higher odds of giving birth at home as
compared to their counterparts. Regarding maternal educational status, mothers
who had no education, primary education, and secondary education had 9.91
times [AOR =9.91, 95% CI: 5.44, 18.04], 6.62 times [AOR =6.62, 95% ClI: 3.65,
12.00] and 2.99 times [AOR =299, 95% CI: 1.59, 5.63] higher odds of giving
birth at home compared to mothers who attained higher education,
respectively. In addition, community-level factors were significantly associated
with home delivery, women who had high community-level poverty were 1.76
times [AOR =1.76; 95% Cl: 1.14, 2.72] higher odds of home delivery compared
to women who had low community-level poverty.

Conclusion: Home delivery was statistically found to be a significantly high hot
spot in Somalia, Afar, Sidama, most of the South Nation Nationality and People
area (SNNP), most of Amhara, southwest Ethiopia, and the Oromia region of
Ethiopia. Significant factors associated with home delivery in Ethiopia were
women with lower levels of education, poor wealth, living in rural areas, high
levels of community poverty, divorced or separated widowed marital status, and
older maternal ages. Therefore, health institutions, health professionals, National
and regional policymakers health planners community leaders and all
concerned should give priority to the identified hot spot clusters to design an
effective intervention program to reduce home delivery.

KEYWORDS

home delivery, spatial variation, reproductive age women, Performance Monitoring for
Action, PMAS, Ethiopia

birth at home (4). Reducing the proportion of home births is a
key strategy for lowering the maternal death rate (3).

Home birth is described as a delivery that takes place at home
without the presence of a skilled birth attendant (midwife, nurse,
or doctor) (1). Maternal health is a top concern in the global
health agenda (2). Though the majority of maternal deaths are
preventable, women lose their lives due to complications related to
pregnancy and childbirth every minute of every day, somewhere in
the world (3). In 2017, nearly 295,000 mothers died from various
pregnancy and childbirth-related problems, accounting for
approximately 810 maternal deaths per day in the world (3).
Except for a few countries (Benin, Namibia, Zimbabwe, and
Vietnam), the wuse of professional care during delivery is
significantly lower in Sub-Saharan Africa and South/Southeast
Asia, according to findings from levels and trends in the use of
maternal health services in developing nations (4). In Ethiopia, the
percentage of women who gave birth at home was highest in the
Afar and Somali regions (89.6 percent and 81.7 percent,
respectively), while just 3.3 percent of Addis Ababa residents gave

Abbreviations

Complications associated with pregnancy and childbirth account
for considerable pregnancy and childbirth-related fatalities and
disabilities worldwide, particularly in underdeveloped nations (5).
Prolonged/obstructed labor, complications from a botched abortion,
bleeding, malaria during pregnancy, anemia, and sepsis are the
leading causes of death (5). Obstetric complications such as
maternal morbidity and mortality are a result of home birth (6).
The burden of home delivery, particularly unattended delivery,
is not simply a mother health issue; it also results in perinatal
and neonatal illness and mortality (7). In-home deliveries
were found to have a 21% higher perinatal mortality rate
than institutional deliveries (8). On the other hand, home
deliveries are linked to infection and other negative neonatal
and maternal outcomes (7).

Several studies evidenced that, educational status of women
(7, 9-14), cultural factors (10, 11, 14, 15), region (9), parity (9),
limited access to health facilities (10, 11), poor quality of care

AIC, Akakian Information Criteria; AOR, Adjusted Odds Ratio; CI, Confidence Interval; ANC, Antenatal Care; EAs, Enumeration Areas; PMAS, Performance
Monitoring for Action Survey; LLR, Log-Likelihood Ratio; ICC, Intraclass Correlation; MOR, Median Odds Ratio; PCV, Percentage Change in Variance; SNNP,

south nations and nationalities people.
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(10, 11), lack of transportation (10, 11, 16), age (4, 12, 13, 15, 17),
marital status (16), environment (4, 18), distance to the health
facility (3, 7, 9, 11, 16, 19), source of information (3, 7, 9, 16),
antenatal care visit (3, 9-11, 20), birth order (9, 10), wealth
index (9, 10, 12, 21), place of residence (3, 4, 9, 11, 13, 20),
religion (9, 10, 15),employment of women and husband (4),
knowledge on place of delivery (3, 12, 13, 20), Unplanned
pregnancy (7) and decision on place of delivery (3, 12, 14) were
statistically significant predictors of home delivery.

The existing literature on home deliveries in Ethiopia has
primarily utilized the Ethiopian Demographic and Health Survey
(EDHS) dataset (9), but a spatial analysis of the more recent
PMA-ET 2019 data is lacking. This study aims to fill this gap by
examining the spatial variation of home deliveries across Ethiopia
and identifying the individual and community-level factors
associated with this outcome. Using advanced spatial modeling
techniques, the researchers will uncover the geographic patterns
and clustering of home births, providing valuable insights into
the regional differences. Furthermore, the study will contrast
these findings with previous research, highlighting any changes
over time and the implications for targeted maternal health
interventions. By leveraging the newer PMA-ET 2019 dataset,
this study promises to offer a comprehensive understanding of
the spatial determinants of home deliveries in Ethiopia,
ultimately informing more effective, evidence-based policies and
programs to improve maternal and child health outcomes.
Therefore, this study aims to investigate the spatial distributions
of home birth and associated factors in Ethiopia using the
Performance Monitoring for Action Survey (PMAS) 2019.

Conceptual framework

This of different
literature and includes both individual-level and community-

conceptual framework is composed
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level factors (Figure 1) that affect spatial variation home
delivery among reproductive age group women.

Methods
Study design and study period

The PMA Ethiopia 2019 Cross-sectional Household and
Female survey generated secondary data in the study. The period
of this cross-sectional study was September 2019 to December
2019 (22).

Study area

Ethiopia was the site of the investigation. The Horn of Africa is
where Ethiopia is situated. Situated between 30 and 48°E, and 30
and 140N on the African continent, Ethiopia is the second most
populous country. Ethiopia has 133,352,010 people living there
as of 2024; according to World Meter’s elaboration of the most
recent United Nations data, 77.9% of them reside in rural
regions (23). It consists of two city administrative areas (Addis
Ababa and Dire-Dawa) and eleven regional states [Tigray, Afar,
Ambhara, Benishangul-Gumuz, Gambella, Harari, Oromia, Somali,
southwest Ethiopia, Sidama, and Southern Nations, Nationalities,
and People’s Region (SNNP)] (Figure 2).

Study and source of population

Women who had given birth within the five years before
each recent birth survey comprised the study population. All
Ethiopian women in the reproductive age range (15-49) formed
the source population.

Community-level factors

e Place of residence

e Region

¢ Community-level education
e Community-level poverty

FIGURE 1

Home delivery

Individual-level factors

T

e Matemal age

e  Matemal educational status
e Matemnal marital status

e Household wealth status

Conceptual framework for home delivery among reproductive age women. Adopted from (3, 4, 12, 13, 20)
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study area(ethiopia)

Oromia
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Shape file source: CSA, Ethiopia, 2021;

url:http://africaopendata.org/dataset/ethiopia-shapefiles

FIGURE 2
Map of study area (Ethiopia).

Samp“ng technique and sample size postpartum women residing in the EAs were identified as eligible
participants in the panel survey. Altogether, 265 Enumeration

A multi-stage cluster sampling procedure was employed to  Areas (EAs), or geographic sampling units, were drawn
draw a probability sample of households and women of separately from rural and urban strata within the Tigray,
reproductive age from the stratified 2019 PMA-ET sample. Using ~ Amhara, Oromia, and South Nation, Nationalities, and Peoples
a screening question form, all pregnant or immediately = (SNNP), whereas randomly selected with probability proportional
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to size within Afar region without rural or urban stratification. All
EAs were drawn from urban areas without stratification since
Addis Ababa is exclusively urban. All women aged 15-49 who
were either permanent residents of the selected households or
visitors who slept in the household the night before the survey
were eligible to be interviewed. A weighted 5,796 reproductive
age group women who had a complete answer to all variables of
interest from the total of 8,837 women participants in PMA-ET
2019 were selected.

Variable of study

Outcome variable
The outcome variable taken as a binary response woman gave

»

birth at home and others home coded as “1” which is home
delivery, and women gave birth to different governmental health
facilities, private health facilities, and non-governmental health

facilities coded as “0” which is health facility delivery.

Independent variable

The independent variables were residence, maternal age,
women’s educational status, wealth status, parity, marital status,
region, community-level poverty, and literacy.

Operational definition

Community level poverty

Number of female household members from the lowest and
poorest wealth index categories. High poverty levels were defined
as those who fall at or above the median value of the variables,
whereas low poverty levels are defined as those who fall below
the median value of the variables. Since the normalcy test of
community-level poverty is skewed (the Jarque-Bera test’s p-value
was less than 0.05, indicating a skewed distribution), the median
is utilized as the cut point in this case.

Community level literacy

percentage of mothers and other caregivers who have completed
primary school and higher. We classified this literacy at
the community level in a manner that was comparable to
that of poverty.

Data collection producer

Three separate research activities comprise PMA-Ethiopia, a
five-year (2019-2023) project executed in collaboration with
Addis Ababa University, Johns Hopkins University, and the
Federal Ministry of Health. These include yearly cross-sectional
surveys of women aged 15-49, longitudinal surveys of women
who are pregnant or have recently given birth, and annual
service delivery point surveys of health facilities (22). The
Johns Hopkins School of Public Health received an online
application through https://www.pmadata.org/data/available-
datasets/request-accessdatasets, which was utilize to retrieve the
PMA-Ethiopia datasets.

Frontiers in Global Women's Health
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Data quality control

The PMA Ethiopia fieldwork training started with a training
of the entire field staff. The training started with a training
of trainers (TOT) held from July 31st to August 3rd, 2019 in
Addis Ababa. Throughout the training, all field staff were
evaluated based on their performance on several written and
phone-based assessments and class participation. All training
participants were given in-depth instructions on survey protocols,
the questionnaires, and guidance for conducting interviews
using an Android phone. The resident enumerator training was
conducted primarily in Ambharic, whereas some small group
sessions were conducted in Afan, Oromo, and Tigrigna (22).
Data was extracted by using a checKklist, cleaned, and recorded by
using STATA software. Weighted values were used to ensure the
representativeness of the sample data, weights through sample
weight (FQweight) variable were calculated in each reproductive
age group women PMA-ET.

Data management and analysis

We conducted data analysis using SaTScan 9.6, ArcGIS 10.7,
and STATA 14. Before conducting any statistical analysis, the
data was weighted using the primary sampling unit, strata, and
sampling weight (household sample weight) to ensure survey
representativeness and instruct STATA to take the sampling
design into account when calculating standard errors to produce
accurate statistical estimates.

Spatial autocorrelation analysis

Using Arc GIS 10.7 software, we evaluated whether home

delivery in Ethiopia is dispersed, clustered, or randomly
distributed using the spatial autocorrelation (Global Moran’s I)
statistic measure. If Moran’s I value is zero, it indicates randomly
distributed, close to +1 indicates clustered, and close to —1 shows

dispersed home delivery (24).

Getis-Ord Gi* hot spot and cold spot
analysis

By calculating Gi* statistics for each area, Getis-Ord Gi*
statistics were used to examine how spatial autocorrelation varies
depending on the research location. For a p-value <0.05 at 95 CI,
the Z-score was computed to verify the statistical significance
of clustering. It is verified as a cold spot if the Z-score is less
than —1.96 and as a hotspot area if it is larger than +1.96.
Statistical output with high Gi* shows “hot spot” areas, whereas
low Gi* means “cold spot” areas (25). The hot spot areas showed
that there is a high proportion of home delivery and the cold
spot showed that there is a low proportion of home delivery.

frontiersin.org
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Spatial interpolation

Using sampled clusters, unsampled areas’ home delivery is
predicted using the spatial interpolation technique (26). We
employed the geostatistical ordinary Kriging spatial interpolation
approach with ArcGIS 10.7 software to anticipate unsampled
clusters. Home delivery is known for all enumeration areas in
each PMAS survey year, yet it is also interesting to know about
home delivery for other Ethiopian sites that were not selected.

Spatial scan statistics

Using SaTScan version 9.6.1 software, the geographical locations
of the statistically significant spatial window for home delivery were
ascertained using a model spatial Kuldorff’s Scan statistics based on
Bernoulli (27). The Bernoulli model was applied by using Kuldorff’s
method for purely spatial analysis because the outcome variable has
a Bernoulli distribution. According to the Bernoulli model, the
women who deliver babies at home were referred to as the case
and the women who deliver babies at a facility as the control
group. This scanning window advances over the study area. Using
999 Monte Carlo replications’ value of p-values and likelihood
ratio tests, the most likely clusters were found by comparing them
to the maximum spatial cluster size of less than 25% of the
population. ArcGIS software version 10.7 was utilized to map the
cluster and attribute of home delivery provided by SaTScan™,
and we used non-overlapping choices by SaTScan version 9.6.1 to
generate secondary clusters.

Multilevel analysis

The PMA data had a hierarchical nature, this could violate the
independence of observations and equal variance assumption of the
traditional logistic regression model. This implies that there is a
need to take into account the between-cluster variability by using
advanced models. Therefore, a multilevel logistic regression model
(both fixed and random effect) was fitted. Since the outcome
variable was binary, standard logistic regression and multilevel
logistic regression models were fitted. In the multilevel logistic
regression model, we ran four models to estimate both fixed effects
of the individual and community-level factors and random
intercept of between-cluster variation. The first null or
unconditional model contained no predictor variable used to
decompose the amount of variance between cluster levels. The
second model consisted of only individual-level factors, whereas the
third model had only community-level variables. The final model

controlled both individual and community factors (full model).

Intra-class correlation coefficient (ICC) and
median odds ratio (MOR)

The Intra-Class Correlation (ICC) was used to express the
random effects, or the amount of community variation, which
are measures of variation in home delivery among communities
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or clusters. To determine whether there was variability or a
clustering effect, the median odds ratio (MOR) was provided.
When two clusters or EAs are randomly selected, it is defined as
the median value of the odds ratio between the cluster with high
odds of maternal home delivery and the cluster with lower odds
of maternal home delivery (28).

The Likelihood Ratio (LR) test and deviance (—2LLR) values
were utilized to evaluate model comparison and fitness since the
models were nested (29). Accordingly, a mixed-effect logistic
regression model (both fixed and random effect) was selected as
the best-fitted model since it had the highest LLR and lowest
deviance value. Variables with p-value <0.2 in the bi-variable
analysis were considered in the multivariable logistic regression
model. Adjusted Odds Ratios (AOR) with a 95% Confidence
Interval (CI) and p-value <0.05 in the multilevel logistic model
were used to declare significant factors associated with home delivery.

Results

Sociodemographic characteristics and
distribution of home delivery among
reproductive age group women in Ethiopia,
PMA-ET 2019

Table 1 displays the absolute frequencies, percentages, and

distributions of home deliveries among women in the
reproductive age group according to various socio-demographic
factors, along with associated data. The study comprised 5,796
participants in total, weighted for inclusion. 2,519 (43.46%) of
the 5,796 women gave birth at home. Out of the study
participants, over 2,493 (43.06%) women were between the 25-34
age range, with a mean age of 28.4 (+0.8) years. The majority of
participants—3,658 (63.12%) were from rural areas and 4,991
(86.11%) were married. Home delivery was associated with
women’s age: 1,242 (54.67%) of women between the ages of 35
and 49 were more delivered at home than those between the ages
of 15 and 24 (35.69%); rural inhabitants were more delivered at
home than urban residents (386, 18.05%), with 2,133 (58.31%).
Furthermore, there was a substantial correlation between wealth
and home delivery: 542 women in the wealthiest class gave birth
at home, but only 1,448 women (67.70%) in the lowest-income
class did so. Education also showed a similar pattern: 688
(36.16%) of women with only a primary degree, 80 (11.63%) of
women with a secondary degree, and 21 (4.69%) of women with

a higher degree gave birth at home (Table 1).

Prevalence of home delivery in Ethiopia

In Ethiopia, the prevalence of home delivery was 43.46% (95%
CI: 42.18, 44.71). There were regional differences: home delivery
was most common in the Afar, Ambhara, Tigray, Oromia,
Somalia, and SNNP regions, while it was least prevalent in
Harari, Addis Abeba, and the Dire Dawa administrative zone of
Ethiopia (Figure 3).
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TABLE 1 Sociodemographic characteristics and distribution of home delivery among reproductive age group women in Ethiopia, PMA-ET 2019
(n=5,796).

Variables Weighted frequency Percent Home delivery

(\[¢) Yes
3,277 (56.54%) 2,519 (43.46%)

Age (in years)

15-24 1,031 17.78% 663 (64.31%) 386 (35.69%)
25-34 2,493 43.06% 1,584 (63.54%) 909 (36.46%)
35-49 2312 39.19% 1,030 (45.33%) 1,242 (54.67%)
Educational status

No education 2,756 47.55% 1,026 (37.23%) 1,730 (62.77%)
Primary 1,904 32.85% 1,216 (63.87%) 688 (36.16%)
Secondary 688 11.87% 608 (88.77%) 80 (11.63%)
Higher 448 7.73% 427 (95.31%) 21 (4.69%)
Wealth index

Poor 2,139 36.90% 691 (32.30%) 1,448 (67.70%)
Middle 1,027 17.71% 498 (48.49%) 529 (51.51%)
Rich 2,629 45.35% 2,087 (79.38%) 542 (20.62%)
Marital status

Single 72 1.24% 55 (76.39%) 17 (23.61%)
Married 4,991 86.11% 2,843 (56.96%) 2,148 (43.04%)
Divorced 508 8.76% 291 (57.28%) 217 (42.72%)
Widowed 225 3.88% 88 (39.11%) 137 (60.89%)
Parity

Prim parous 1,301 22.45% 977 (75.10%) 324 (24.90%)
Multi parous 4,385 75.66% 2,266 (51.68%) 2,119 (48.32%)
Grand-multi parous 110 1.90% 34 (30.91%) 76 (69.09%)
Community level literacy

Low level 2,820 48.65% 1,095 (38.83%) 1,725 (61.17%)
High level 2,976 51.35% 2,182 (73.32%) 794 (26.68%)
Community level poverty

Low level 3,039 52.43% 2,276 (74.89%) 763 (25.11%)
High level 2,757 47.57% 1,001 (36.31%) 1,756 (63.69%)
Residency

Urban 2,138 36.88% 1,752 (81.95%) 386 (18.05%)
Rural 3,658 63.12% 1,525 (41.69%) 2,133 (58.31%)
Region

Tigray 740 12.76% 537 (72.57%) 203 (27.43%)
Afar 309 5.33% 68 (22.01%) 241 (77.99%)
Amhara 1,060 18.28% 516 (48.68%) 544 (51.32%)
Oromia 1,173 20.23% 565 (48.17%) 608 (51.83%)
Somalia 143 2.46% 51 (35.66%) 92 (64.34%)
Benishangul 185 3.19% 99 (53.51%) 86 (46.49%)
SNNP 1,085 18.71% 558 (51.43%) 527 (48.57%)
Gambella 255 4.39% 173 (67.84%) 82 (32.16%)
Harari 224 3.86% 158 (70.54%) 66 (29.46%)
Addis Ababa 410 7.07% 380 (92.68%) 30 (7.32%)
Dire dawa 212 3.65% 172 (81.13%) 40 (18.87%)
Spatia[ autocorrelation (G[oba[ Moran'’s |) delivery among Ethiopian women of reproductive age was
ana[ysis clustered with a Z-score of 8.40 and a Global Moran’s I of

0.75 (p-value 0.0001), suggesting that the likelihood that
Moran’s 1 value was used to calculate the global spatial  this clustered pattern is the product of random chance is less
statistics. Figure 4 illustrates how the spatial variation in-home  than 1%.
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Getis-Ord Gi* hot spot and cold
spot analysis

The women’s hot and cold spots for home delivery were
determined using the Getis-Ord Gi* analysis. A “hotspot” is
indicated by a high Gi* statistical output, whereas a “cold spot”
is indicated by a low Gi*. Red dots indicate high hot locations
for home delivery, and green dots indicate low hot spots for
home delivery at the 95 percent statistical significance level.
Figure 5 illustrates the results of the spatial analysis at the cluster
level. The results indicate that central and east Ambhara region,
South West Ethiopia, Somalia, Afar, Sidama, and Benishangul
Gumize region of Ethiopia had statistically significant high
hotspots for home delivery; on the other hand, most of Addis
Ababa, Harare, Dire Dawa, Tigray, Gambella, and Benishangul
Gumize region of Ethiopia had statistically significant low
hotspots for home delivery.

Spatial interpolation

In this study, home delivery in unobserved areas was predicted
using the standard Kriging spatial interpolation technique. The
expected home delivery increases from green to red-colored
locations in PMA 2019 based on standard Kriging analysis.
High-risk locations of anticipated home delivery were shown the
red color, and low-risk zones were indicated the green colors.
Figure 6 shows that compared to other regions, Afar, the
majority of Oromia, Somalia, the Nation Nationality and People
Region (SNNP),
southwest region of Ethiopia were expected to be more

the majority of Ambhara, Sidama, and the

dangerous for home delivery.
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Spatial scan statistics of home delivery

As shown in Table 2, primary and secondary significant
clusters were detected using purely spatial cluster analysis that
incorporated a total of 265 enumeration area ID (EA-ID). From
the result of Kuldorffs Scan analysis, we identified 8(eight)
spatial clusters, from which five of them were statistically
significant p-value < 0.05.

Its primary cluster, the red color ring spatial window, was
typically located in the country’s center, which includes Sidama,
the majority of Somalia, Oromia, and a small portion of the
Harari region. The center of this spatial window was 6.053746 N,
41.346590 E, with a radius of 365.77 km. The log-likelihood ratio
(LLR) was 100.98, and the relative risk (RR: 1.64), at p <0.001, was
recorded. Figure 7 and Table 3 demonstrated that women who
were inside the spatial window had a 1.64-fold increased likelihood
of giving birth at home compared to those who were outside of it.
Similarly, the Amhara and afar regions are encompassed by the
peony pink hue spatial window, which has a radius of 233.20 km
and a log-likelihood ratio (LLR) of 65.73 relative risk (RR: 1.45), at
p<0.001. The spatial window was centered at 11.362599 N,
39.242708 E. According to the data, women who were inside the
spatial window were 1.45 times more likely to give birth at home
than those who were outside of it. The yellow hue geographical
window, which has a radius of 87.20 km and a log-likelihood ratio
(LLR) of 25.27 relative risk (RR: 1.64), at p <0.001, is centered at
6.498462 N, 36.622146 E. It includes parts of the SNNP region
and southwest Ethiopia. According to the data, women who were
inside the spatial window were 1.64 times more likely to give birth
at home than those who were outside of it.

In addition, medium Apple color geographical window, which
has a radius of 16.49 km and a log-likelihood ratio (LLR) of 14.20
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Spatial distribution of home delivery among reproductive age group women in Ethiopia, PMA-ET 2019.

relative risk (RR: 1.92), at p <0.001, is centered at 7.657565 N,
37.657432 E. It includes smallest parts of the SNNP region.
According to the data, women who were inside the spatial
window were 1.92 times more likely to give birth at home than
those who were outside of it. Northern regions of the afar region
were covered by the Cretan Blue color spatial window, which has
a radius of 23.48km and a center position of 13.937987 N,
39.966918 E. The log-likelihood ratio (LLR) was 12.19 relative
risk (RR: 1.67), with a p-value of less than 0.001. It was shown
that the risk of home birth was 1.67 times higher for women
who were inside the spatial window than for those who were
outside of it. Refer to Table 3 and Figure 7.

Multilevel analysis

Factor associated with home delivery in Ethiopia
The random effect analysis

Table 4 displays the random effect model. According to the null
factors account for approximately

model, community-level

Frontiers in Global Women's Health

41.53% of the total variation in home delivery. Different clusters
had different home delivery rates, as indicated by the null
model’s highest MOR value (3.93). Additionally, the final model
(Model 4) with the greatest PCV (64.61%) shows that both
individual and community-level characteristics accounted for
64.61% of the variation in home delivery across neighborhoods.
The best-fitting mode was identified as Model 4, which had the
lowest deviation (5,968) and the highest Log likelihood (—2,984)
among the models used to verify the fitness of the model.

Fixed effect analysis

Model IV was used to evaluate the fixed effects, as indicated in
Table 5 after it had been adjusted for individual and community-
level factors. The individual and community-level factors were
significant for home delivery in the multivariable mixed-effect
binary logistic regression. Maternal education, wealth index,
parity, age, and marital status, for example, were all significant
individual-level predictors of home delivery. Place of residence,
community poverty, and region were significant community-level
factors influencing home delivery in Ethiopia.
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Hotspot analysis of home delivery among reproductive-age women in E thiopia, PMA 2019
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Hot spot analysis of home delivery among reproductive-age women in Ethiopia, PMA-ET 2019.

Regarding individual-level factors, compared to women aged
15-24, women in the 35-49 age range had a 2.29 [AOR=2.29,
95% CI: 1.80, 2.92] times higher likelihood of giving birth at
home. Divorced or separated women had 1.95 times [AOR=
1.95, 95% CI: 1.50, 2.54] and widowed women had 2.96 times
[AOR =2.96, 95% CI: 2.02, 4.34] higher odds of becoming home
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delivery mothers than did married women. Regarding maternal
educational status, mothers who had no education, primary
education, and secondary education had 9.91 times [AOR =9.91,
95% CI: 5.44, 18.04], 6.62 times [AOR=6.62, 95% CI: 3.65,
12.00] and 2.99 times [AOR=2.99, 95% CI: 1.59, 5.63] higher
odds of giving birth at home compared to mothers who attained
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Interpolation analysis of home delivery among reproductive-age women in Ethiopia, PMA 2019
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FIGURE 6

Interpolation of home delivery among reproductive-age women in Ethiopia, PMA-ET 2019.

higher education, respectively. Women who had multiparous were
1.41 times [AOR = 1.41, 95% CI: 1.14, 1.74] more likely to deliver at
home as compared to primiparous.

Women from the lowest wealth quintile were 1.68 times
[AOR=1.68; 95% CI: 1.31, 2.15] higher odds of giving birth at
In addition,
community-level factors were significantly associated with home
delivery, women who had high community-level poverty were

home as compared to their counterparts.

Frontiers in Global Women'’s Health

1

1.76 times [AOR=1.76; 95% CI: 1.14, 2.72] higher odds of
home delivery compared to women who had low community-
level poverty. Regarding regions, women have higher odds of
giving birth at home than in Tigray in Afar, Amhara, Oromia,
Somali, Benishangul, and SNNP (6.59 [AOR=6.59, 95% CI:
2.48, 17.49], 2.11 [AOR=2.11, 95% CIL 1.22, 3.63], 3.48
[AOR=3.48, 95% CI: 2.04, 5.92], 7.12 [AOR=7.12, 95% CI:
2.57, 19.71], 2.67 [AOR=267, 95% CL 1.00, 7.07], and 237
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[AOR =2.37, 95% CI: 1.36, 4.11], respectively. For women residing
in Gambella, Harrari, Addis Ababa, and Dire Dawa, there was not
a significant difference in the place of delivery as compared to
Tigray (Table 5).

TABLE 2 Kuldorff’s scan statistics using the Bernoulli model summary.

Kuldorff's Scan statistics using the Bernoulli model summary

Number of location (EA-ID) 265

Total number of population 5,829
Total number of case 2,544
Percent case in area 43.6

10.3389/fgwh.2024.1474762

Discussion

According to the current study, the overall prevalence of home
delivery in Ethiopia was 43.46% (95% CI: 42.18, 44.71). This
finding is lower than the pocket study done in Kenya (67.3%)
(21), in Ethiopia report from EDHS 2016 (73.44%) (18) and a
pocket study done in Arbaminch zuria woreda (79.4%) (30), a
study conducted in Anlemo District, southern Ethiopia (49.3%)
(31), in Ghana (59%) (1). Whereas, this result is higher than the
Arbaminch town Ethiopia (33.2%) (32). The discrepancy might
be the study area, setting differences, cultural attitude toward

Gambela

0 115 230

SaT Scan Analysis of home delivery among reproductive age group in E thiopia, PMA 2019
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Spatial SaTScan analysis of home delivery among reproductive age group women in Ethiopia, PMA-ET 2019.
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TABLE 3 Significant clusters of home delivery among reproductive age women, PMAS 2019.

Type of cluster # Cluster location # Pop # Case RR LLR Coordinate/radius p-value
Primary cluster 39 939 608 1.64 100.98 (6.053746 N, 41.346590 E)/365.77 km <0.001
Secondary cluster 1 58 1313 755 145 65.73 (11.362599 N, 39.242708 E)/233.20 km <0.001
Secondary cluster 2 171 120 1.64 2527 (6.498462 N, 36.622146 E)/87.20 km <0.001
Secondary cluster 3 2 42 35 1.92 14.20 (7.657565 N, 37.657432 E)/16.49 km <0.005
Secondary cluster 4 72 52 1.67 12.19 (13.937987 N, 39.966918 E)/23.48 km <0.005

LLR, Log-Likelihood ratio; RR, Relative Risk.

TABLE 4 Model comparison and model fitness for multilevel logistic
regression analysis.

Parameters Null Model | = Model Il | Model Il
model

Random effect

Community 2.32 125 0.88 0.82

variance [1.83,2.94] | [0.96, 1.63] | [0.67,1.14] | [0.63, 1.06]

ICC% 41.53% 27.6% 21.1% 20.0%

MOR 3.93 2.88 2.42 2.33
[3.50, 4.42] | [2.53,329] | [2.06,2.75] | [2.04,2.65]

PCV% 1 46.12% 62.01% 64.61%

Model comparison

AIC 6,750 6,546 6,115 6,022

BIC 6,763 6,646 6,208 6,201

LLR 3,373 —3,258 3,042 —2,984

Deviance 6,746 6,516 6,084 5,968

AIC, Akaike’s information criterion; BIC, Bayesian information criterion; LLR, Log
likelihood; MOR, Median Odd Ratio; ICC, Intra-class Correlation Coefficient and PCV
(Proportional Change in Variance).

health facility delivery, and infrastructure difference (access to the
health facility and road) (9).

In this study, spatial analysis showed the presence of spatial
heterogeneity using a significant positive spatial autocorrelation
identified by Moran’s I statistic as well as the significant local
clusters identified by Getis-Ord Gi* analysis across the region.
The spatial distribution of home delivery in Ethiopia was
clustered (non-random), with higher levels of correlation in-
home delivery rates between Ethiopian regions. The majority of
Ambhara, South West Ethiopia, Somalia, Afar, Sidama, and the
Oromia area were shown to be statistically significant high
hotspots for home delivery. Additionally, SaTScan analysis was
used to evaluate the Getis-Ord analysis’s hot spot region
detection, and the results of the analysis provide confirmation. A
prior study across Ethiopian areas revealed a considerable
clustering of home delivery. The regions of Afar, Oromia, SNNP,
and Somalia were determined to be hotspots for home delivery
(9). The possible geographical variation of home delivery in the
regions of Ethiopia might be sociodemographic factors, cultural
behaviors to health facility delivery, and different infrastructures
across the regions of Ethiopia.

In multilevel analysis, non-educated, primarily educated, and
secondary educated women were more likely to deliver at home
as compared to tertiary-educated women.This finding is
supported by different studies conducted in Ethiopia (7, 9), in
Tanzania (12). The possible reason could be education could

influence women’s overall empowerment enhancing their ability

Frontiers in Global Women's Health

to have self-determination, access to information, and financial
freedom to support themselves by taking transport to a health
facility and pay for (if applicable) services, as well as to easily
absorb health messages through the media and from health
professionals (11). In addition, mothers living in rural areas were
more likely to deliver at home. This finding collaborated with
studies elsewhere (3, 4, 13). This result may be due to rural
inhabitants usually having no or little access to maternal health
and family planning programs as compared to urban residents
(33). Furthermore, the reason for these might be due to the fact
that in rural areas proportion of mothers with education is low,
inaccessibility of services with long distances and transport, and
mothers do not have better decision-making autonomy and
better access to information than in urban mothers (13).
Maternal older age was significantly associated with the risk of
home delivery in Ethiopia. This finding is supported by a study
conducted in Bure district, East Guji, Ethiopia (34), a qualitative
study conducted in south Ethiopia (35), and a study conducted
in Kenya (36). The possible reason could be that younger
mothers are more likely to give birth in contemporary medical
facilities, whereas older mothers may rely on traditional methods.
Additionally, the risk of giving birth at home was associated with
women who were single or who had previously been married.
This finding is supported studies conducted in Kenya (37),
Nigeria (38), and Rwanda (39). The
surrounding illegitimate births may be the reason for the low
societal acceptance of unmarried status. Similarly, single women

social stigmatism

could feel less independent, alone, or unmotivated to seek
medical care (40, 41).

In this study, women who had poor and high community-level
poverty were more likely to give birth at home compared to their
counterparts. This finding is supported by other studies done in
Ethiopia (9, 10), Tanzania (12) and Kenya (21). The explanation
for this could be that although government institutions in
Ethiopia offer free expert delivery services, there could be related
fees that only women from the wealthiest families can afford,
both directly and indirectly. This could be due to community
knowledge of health facility delivery and behavioral factors. In
addition, women in low-income households might not be able to
cover the family’s expenses or the costs associated with giving
birth, including transportation (4). Regarding region, mothers
who live in Afar, Amhara, Oromia, SNNP, Benishangul, and
Somali regional states of Ethiopia have highest odds of giving
birth at home than in Tigray, which is consistent another study
has been done in Ethiopia (9). This could be due to variations in
infrastructure, social and cultural characteristics, and access to
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TABLE 5 Multivariable multilevel logistic regression analysis of both individual and community-level factors associated with home delivery in Ethiopia.

Characteristics Model | Model Il (95% ClI AOR)

Model Il (95% CI AOR) Model IV (95% CI AOR)

Maternal age

15-24 1 1
25-34 1.03 [0.83, 1.28] 1.11 [0.90, 1.38]
35-49 2.08 [1.63, 2.65]** 2.29 [1.80, 2.92]**

Marital status

Married 1 1

Single 1.48 [0.73, 3.01] 1.75 [0.85, 3.62]
Divorced/separated 1.73 [1.33, 2.24]*** 1.95 [1.50, 2.54]***
Widowed 2.72 [1.86, 3.96]*** 2.96 [2.02, 4.34]

Education status

Higher education

1

1

No education

12.30 [6.79, 22.28]**

9.91 [5.44, 18.04]***

Primary education

7.59 [4.20, 13.71]**

6.62 [3.65, 12.00]***

Secondary education

3.13 [1.67, 5.85]**

2.99 [1.59, 5.63]***

Wealth status

Rich 1 1

Poor 2.68 [2.14, 3.37]%** 1.68 [1.31, 2.15]***
Middle 1.76 [1.40, 2.20]** 1.18 [0.93, 1.50]
Parity

Prim parous

1

1

Multi parous

1.43 [1.16, 1.76]***

1.41 [1.14, 1.74]%*

Grand-multiparous

1.70 [1.04, 2.80]

1.60 [0.98, 2.62]

Community level factors

Place of residency

Urban

1

1

Rural

3.06 [2.00, 4.69]*

2.05 [1.30, 3.22]**

Community level literacy

High level

1

1

Low level

1.68 [1.17, 2.40]*

1.37 [0.94, 2.00]

Community level poverty

Low level

1

1.00

High level 2.22 [1.48, 3.33]** 1.76 [1.14, 2.72]*
Region

Tigray 1 1

Afar 544 [2.11, 14.01]* 6.59 [2.48, 17.49]%*
Ambhara 1.96 [1.17, 3.30]* 2.11 [1.22, 3.63]*
Oromia 2.59 [1.56, 4.31]** 3.48 [2.04, 5.92]*
Somali 6.95 [2.59, 18.66]* 7.12 [2.57, 19.71]%
Benishangul 2.74 [1.08, 6.95]* 2.67 [1.00, 7.07]*
SNNP 2.02 [1.19, 3.42]** 2.37 [1.36, 4.11]**
Gambella 1.83 [0.53, 6.32] 3.32 [0.86, 12.14]
Harari 1.01 [0.26, 3.85] 1.29 [0.32, 5.15]
Addis Ababa 0.64 [0.29, 1.43] 0.78 [0.34, 1.79]
Dire dawa 0.79 [0.21, 2.94] 0.89 [0.23, 3.48]
*(P <0.05).
*(P<0.01).
(P <0.001).

health services. Another reason could be that, in comparison to
other areas, the maternal health facilities in the Tigray area are
more readily available and easily accessible (11, 42). Identifying
the high-risk areas of home delivery in regions of Ethiopia could
be used to target intervention for home delivery reduction in
high-risk areas. Therefore, identifying the spatial distribution and
determinants of home delivery would help health planners and
policymakers in Ethiopia.
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Strength and limitation of the study

The huge dataset from the PMA survey and the national
representativeness of the study are its main advantages. To
consider cluster correlations, multilevel multivariable analysis was
employed. In addition to predicting unsampled/unmeasured
portions of the nation, the spatiotemporal analysis was utilized to
identify hotspot locations and most likely clusters. Nevertheless,
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this study’s limitation is that the PMA 2019 data do not include
information on media exposure, husband education, employment
status, decision-making, perceived distance from the health
facility, or other variables that may partially influence the
delivery location. As with previous cross-sectional data, the PMA
data do not support a causal connection. As such, these
limitations need to be taken into account in any interpretation or
conclusion drawn from this work.

Conclusions

Ethiopia has a high home childbirth prevalence. The results of
this study can be used to the spatial variation in home birth among
Ethiopian women in the reproductive age group. Home delivery
was statistically found to be a significantly high hot spot in
Somalia, Afar, Sidama, most of the South Nation Nationality and
People area (SNNP), most of Amhara, southwest Ethiopia, and
the Oromia region of Ethiopia. Significant factors that predicted
home delivery in Ethiopia were women with lower levels of
education, poor wealth, living in rural areas, high levels of
community poverty, divorced or separated widowed marital
status, and older maternal ages. To alleviate home delivery,
spatiotemporal clusters around the nation allow for timely spatial
targeting considerations. Therefore, to create an efficient
intervention program to decrease home delivery, national and
regional authorities, as well as health planners, should prioritize

the identified hot spot clusters.
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