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Abstract

Introduction

Antenatal care(ANC) is the gateway of the continuum of reproductive health care,
offering a framework for complication prevention, screening, diagnosis, and health
promotion.

Objective

This study examined trends, disparities and associated factors of ANC utilization
(ANC4+ and ANC8+) among urban women in Ethiopia between 2000 and 2019.

Methods

We analyzed five rounds of Ethiopian Demographic and Health Surveys (2000-2019)
data, disaggregated by wealth, education, and region using Stata version 16.1. Mul-
tilevel logistic regression model was used to identify factors associated with four-plus
and eight-plus ANC utilization. Adjusted odds ratios (AORs) with 95% confidence
intervals were reported, with statistical significance set at p<0.05.

Results

ANCA4 + utilization increased from 43.1% in 2000 to 58.7% in 2019. while, ANC8 + uti-
lization declined from 11.4% to 3.6%. Among the urban non-poor, ANC4 +rose from
60.5% to 81.8% compared to 37.8% to 48.7% among the urban poor. Regional
disparities were pronounced: Addis Ababa showed the highest ANC4 +use (72% to
82%), but a decline in ANC8+ (38% to 10%). Somali region had the lowest ANC4+
(9% to 24%,) utilization, though it increased from 9% in 2000 to 24% in 2019 and
Gambella had the lowest ANC8 + utilization. Wealth disparities were strong, with
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non-poor women more likely to utilize ANC4+ (AOR= 2.43; 95% CI: 2.12-2.78) and
ANC8+ (AOR= 3.02; 95% ClI: 2.49-3.65) than poor women. Education also signifi-
cantly associated: women with secondary or higher education had greater odds of
ANC4+ (AOR= 3.02; 95% CI: 2.54—-3.59) and ANC8+ (AOR= 2.13; 95% CI: 1.63—
2.78). Women aged 30-34 years had higher odds of utilizing ANC4+ (AOR= 2.89;
95% ClI: 2.10-3.98) and ANC8+ (AOR= 2.22; 95% CI: 1.37-3.59). Weekly media
exposure was positively associated with ANC4+ (AOR= 1.53; 95% CI: 1.28-1.83).

Conclusion

Significant disparities in ANC (ANC4+ and ANCB8+) utilization persist across wealth,
education and regions in urban Ethiopia. Wealth status was the strongest predictor,
with non-poor women steadily advantaged. Maternal education, age, media expo-
sure, and marital status also showed positive associations, while regional disparities
persisted, with Addis Ababa outperforming other urban areas. Improving ANC uptake
requires targeted interventions for urban poor women, alongside media-based aware-
ness and educational initiatives.

Introduction

According to the World Health Organization (WHO), maternal health refers to the
well-being of women throughout pregnancy, childbirth, and the postpartum period [1].
Maternal health services are crucial, as they can save millions of lives among women
of reproductive age [2]. However, about 800 women worldwide die daily from preg-
nancy or childbirth complications, with an estimated 287,00 deaths occurring in 2021
[3]. Ninety-nine percent of maternal deaths take place in developing nations, while
more than half of these fatalities take place in sub-Saharan Africa (SSA). Ethiopia

is responsible for nearly 3.6% of maternal deaths in the world [4]. The high rate of
maternal deaths is due, in part, to unequal access to services for maternal health,
and it emphasizes the wealth gap [2].

The under-utilization of maternal health service, particularly in developing countries,
is responsible for the high rate of maternal mortality. Maternal health services utilization
refers to how often pregnant women use antenatal care(the gateway for reproductive
health services, and it is a vital component of the reproductive healthcare continuum
that offers a framework for critical healthcare functions such as complication prevention,
screening, diagnosis, and health promotion), delivery, and postnatal care services [5].

Despite significant investments in maternal health services over the past 25 years,
including prioritization within the national reproductive health strategy, utilization
remains low in Ethiopia. This gap between service availability and utilization contributes
to the country’s persistent maternal health challenges [6]. On the other hand, despite
their demonstrated value in reducing obstetric risks [7,8], not all urban residents utilize
ANC services [9]. In line with this, it can be more difficult for low-income urban pop-
ulations, especially those residing in slum areas and squatter settlements, to access
quality maternal health services.

PLOS One | https://doi.org/10.1371/journal.pone.0337241

November 24, 2025 2/19




PLO\Sﬁ\\.- One

A study from Ghana indicates that compared to non-slum areas, maternal health service coverage is substantially lower
in urban slums. Between 2018 and 2021, the attendance of antenatal care, in particular, has dramatically decreased in
slum districts as compared to non-slum districts [10].

The sustainable development goal (SDG) emphasized health target 3, aiming to ensure healthy lives and well-being for
all. Achieving this requires addressing social determinants of health, particularly in rapidly growing urban areas of low and
middle-income countries(LMICs), where inequities, slum proliferation and limited resource disproportionately affect moth-
ers and children [11]. To lessen the significant and growing inequalities in urban areas, which are caused by an increasing
number of urban poor people in Ethiopia, improved access to basic healthcare services is required. The Federal Ministry
of Health (FMOH) developed the Urban Health Extension Program (UHEP) in 2009 to address the distinct and changing
health issues the urban populations face [12].

Several studies on interventions for maternal and newborn babies have demonstrated that the provision of ade-
quate ANC brings with it a positive impact on pregnancy outcomes, through early diagnosis and appropriate manage-
ment. About 39% of neonatal mortality is reduced due to the provision of adequate ANC to women in Sub-Saharan
Africa [13-16].

The World Health Organization in its earlier guideline recommended that every pregnant woman with a normal preg-
nancy in middle and low-income countries attend at least four ANC visits, and the revised new guideline for safe preg-
nancy outcomes recommended women to attend eight or more ANC visits [5]. However, many women in low-income
countries, particularly in SSA, have limited access and low maternal health service utilization [17]. Several studies have
attempted to identify the factors associated with the low utilization of ANC4+ [16,18-21]. Age [16,18—22], Women’s edu-

factors attributed to less than the recommended number of ANC utilization are quite substantial across regions and sub-
populations [18,24].

There is indeed a paucity of information on trends and disparities in antenatal care (ANC) utilization in Ethiopia when
disaggregated by urban settings, particularly in relation to both the conventional ANC4+ and the newly recommended
ANCB8 +models. Most existing studies either focus on national averages or emphasize rural contexts, leaving urban-
specific evidence limited despite rapid urbanization and widening inequities in service access. To address this gap, this
study aimed to examine trends, disparities, and associated factors of ANC4+ and ANCS8 + utilization in urban areas of Ethi-
opia, using the EDHS series from 2000 to 2019.

Materials and methods
Study area and context

This study focused on the urban areas of Ethiopia, using data from the Ethiopian Demographic and Health Survey(EDHS)
conducted between 2000 and 2019. Ethiopia is administratively divided into nine regional states and two city administra-
tions, with urban areas spanning major cities and towns across these regions.

Study design
This study employed a cross-sectional design using EDHS conducted in 2000, 2005, 2011, 2016, and 2019(Mini DHS).

Data sources

The study used data from 2000 to 2019 EDHS which was obtained from the DHS Program (www.dhsprogram.com)
following the required registration and approval process. The surveys are nationally representative and provides
estimates of key health and demographic indicators at national and regional levels. The EDHS employs a two stage
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stratified cluster sampling design, first selecting enumeration areas(EAs) within each stratum (urban and rural) using
probability proportional to size, followed by systematic random sampling of households within the selected EAs. Eli-
gible participants include women aged 15—-49 years and men aged 15-59 years residing in the selected households.
For this analysis, the inclusion criteria were women of reproductive age (15-49 years) living in urban areas who had
at least one live birth within the five years preceding the survey. Women from rural clusters and those with incomplete
or missing information on key study variables were excluded. Individual records (IR files) on women aged 15—-49 years
were used for this analysis. Details on the EDHS study methods are published by Ethiopia’s Central Statistics Agency
[25-28].

Variables and measurements

Receipt of ANC was defined as a woman reporting any facility-based ANC visit during the pregnancy of the most recent
live birth. The primary outcome variables were ANC utilization, assessed at two thresholds: The first outcome was whether
women had at least four ANC visits as “yes” (2 4 visits) or “no” (0-3 visits), reflecting the previous WHO recommendation.
The second outcome was whether women had at least eight ANC visits, categorized as “yes” (28visits) or “no” (0—7 visits),
in line with the updated WHO guideline [5]. It was calculated as the percentage of pregnant women who attended four or
more or eight or more ANC visits in a given year of the total number of pregnant women aged 15-49 years surveyed in the
same year. Trends of ANC service utilization were stratified by wealth status, education status, and region. Wealth status
was computed using the country-specific and urban/rural-adjusted wealth quintiles variable (v190a), designed by the DHS
team [29]. Then, based on the median wealth index categorized into urban poor and urban non-poor. Maternal educational
status was categorized into three categories: no education, primary education, and secondary and higher education. The
sub-national regions include nine regions and two city administrations; no sequence was shown in sub-national region
segregation.

Data processing and analysis overview

We used a four-step process: The first involved data assembly, recoding, and harmonizing the DHS datasets. Second, we
used descriptive statistics to summarize the Socio-demographic characteristics of the study sample and the distribution of
ANC4+ and ANC8 + utilization. This includes calculating frequencies and percentages for categorical variables. Third, we
conducted a bivariate logistic regression analyses to assess the crude association between each independent variable
and ANC4+ and ANCS8 + utilization. Fourth, we fitted a multilevel logistic regression model using the variables identified
from the univariate analysis. Analyses were conducted in STATA 16.1 (StataCorp, 2016. Stata Statistical Software version
16.1, College Station, Texas, USA), adjusting for survey design (svyset with clusters, individual sampling weights, and
stratification). Finally, 95% CI was computed to measure statistical significance and p-value of <0.05 was used to declare
statistical significance.

Multilevel regression analysis (MLRA). The study used multilevel regression analysis methods to account for
the hierarchical nature of the DHS data by categorizing the outcome variable into binary response. The hierarchical
structure of the data follows an individual’'s (level 1) who are nested within communities (level 2) S1 Fig. The level
1 model represents the relationships among the individual-level variables and the outcome variable, while the level
2 model examines the influence of community-level factors on the outcome variable. The target population was
all women aged 15—49 years in randomly selected households across urban areas in nine regions and two city
administratives. All urban women aged 15—49 years considered in the series of EDHS were eligible for this study. A
total of 6366 urbanite women participated in the five rounds of the EDHS survey were considered for Antenatal care
utilization analysis.

According to the current WHO recommendation, a woman is said to utilize optimal ANC if she has eight or more ANC
visits at a health facility, but, it is challenging to achieve the eight visit, while ANC4 remains sub-optimal [5]. Accordingly,
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this study examined both ANC4+ and ANCS8 + utilization as reported across the survey period. The response variable (Yic),
four or more ANC, eight or more ANC utilization, is a binary outcome variable and is categorized as:

Yic — 1, if a woman has 4 or more ANC visits, eight or more ANC
~ 10, if less than 4 or no ANC visits, less than eight or no ANC

The null model is used to decompose the total variation into women-level like (education, wealth status, age, mar-
ital status, family size, child birth order, working status) and cluster-level (region, religion, year) variations. In the
random intercept model, the intercept term is the only random effect; the group differs concerning the average value
of the response variable, and the slope is assumed to be fixed across all the regions. The random coefficient model
allows the explanatory variables to have different effects for different regions. The functional forms were described
below.

Logit(rij) = o+ uoj Null model
Logit(mij) = Bo+ >_h_, BhXhij + uoj Random intercept model
Logit(mij) = Bo+ S_h_, BhXhij + >h_, puhjXhij + uoj Random coefficient model

Where: i=1, 2, 3,....:nj and j=1, 2,...; 11, T, is the probability of attending four or more ANC for i women in j*" region,
B0 is the population average of the transformed probabilities, B,, h=1; 2;...; p are fixed slope for p explanatory vari-
ables, Xhij; h=1; 2;...; p are explanatory variables at women level and regional level; Uhj; h=1; 2;...; p are random
slope for p explanatory variables and u, is the random effect. u, ND(0; & 2), (ZZj_) MND (0,,,; €,,.). Furthermore, o+

b_, BhXhij are assumed to be fixed, and "7 _, BuhjXhij + uoj are assumed to be random. The Inter-class Correlation
Coefficient (ICC) under the null model is computed as: ICC = ;%24 where ¢,? is women-level variance, which is
assumed to be fixed to %= 3:29, and o ? is regional-level variance, which is obtained from the analysis. The
model-building strategy is exploratory and aims to assess how the inclusion of variables and their interactions impacts
model improvement. The model-building process was described in S2 Fig. The parameters of the model were esti-
mated by the maximum likelihood method. Model selection was done using Akaike’s information criteria (AIC) and
Bayesian information criteria(BIC).

Four models having variables of interest were fitted. Model 1: It is the null model, used to check the variability among
the communities without inserting exposure variable. It's the first step in MLRA used to provide evidence of whether the
data has justifiable evidence to assess the random effects at the community level. Model 2: It is a multivariate model
adjustment for individual-level variables that were significant at the bivariate MLRA level. It was built by a stepwise regres-
sion analysis technique, which enables the removal of independent variables that become insignificant during the insertion
of every other independent variable into the model. Hence, independent variables that were significant in model 2 (i.e.,
individual-level variables model adjustment) were considered candidates for the final model. Model 3: It is a multivariate
model adjustment for community-level variables that were significant at the bivariate MLRA level. All independent vari-
ables that were statistically significant in model 3 (community-level variables model adjustment) were included in the final
model as potential candidates.

Model 4: It is a multivariate MLRA model adjustment of the outcome variable against predictor variables, which were
statistically significant either at the individual or community level model adjustments. In this model, Variables were catego-
rized as community-level or individual-level factors. Community-level factors were survey year, religion, place of previous
residence and region; individual-level factors were wealth status, maternal education, maternal age, birth order, partner’s
educational level, sex of the household head, marital status, husband/partner’s educational level, family size, number of
living children, exposure to mass media and working status
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Parameter estimations

The measures of association (fixed-effects) estimate the associations between the likelihood of ANC4 +/ANCS + utilization
and various explanatory variables measured using an adjusted Odds Ratio (AOR) with their 95% Confidence Intervals
(Cls). The measures of variation (random effects) were reported as the intra-community correlation coefficient (ICC),
which is the percentage variance explained by the higher level (community level variables). Change in Community Vari-
ance (CV), expresses the change in the community-level variance between the empty model (Model 1) and the subse-
quent models.

Multicollinearity

The presence of multicollinearity was checked among independent variables using the Variance Inflation Factor (VIF) at
the cut-off point of 10. Factors containing a VIF value of less than 10 indicate the absence of multicollinearity. All the vari-
ables included in the analysis had a VIF of less than three, indicating the absence of multicollinearity.

Fitness of the model

Akaike Information Criterion (AIC) was used to estimate the goodness of fit of the adjusted final model in comparison to
the preceding models (individual and community level model adjustments). The AIC value for each subsequent model was
compared, and the model with the lowest value was considered to be the best-fit model and identify determinant factors of
ANC4+ and ANC8 +service utilization.

Ethics approval and informed consent

As this study involved secondary analysis of publicly available, de-identified data from the EDHS, the requirement for par-
ticipant consent was waived by the ethics committee of Addis Ababa University. The original DHS surveys received ethical
approval from the Ethiopian Public Health Institute Research Ethics Review Committee, the Institutional Review Board of
ICF International, and the U.S. Centers for Disease Control and Prevention (CDC). During each survey, informed verbal
consent was obtained from all eligible participants prior to the interviews. For respondents younger than 18 years, paren-
tal or guardian consent was obtained in accordance with national and international ethical guidelines. All EDHS datasets
are fully anonymized before being made publicly accessible. Permission to use the datasets for the present analysis was
obtained from the DHS Program (www.dhsprogram.com) following the required registration and approval procedures.

Results
Sociodemographic characteristics of the study participants

The pooled mean age of study participants from all the survey year was 28.56+(0.14), Concerning the age distribution of
the study participants from all the survey years, the highest proportions (34.8%) of women were in the age group of 25-29
years followed by (19.2%) aged between 30—34 years. Among the study participants 86.5% of them were married. Con-
cerning the education of the study sample from all the survey years, 34.0% of them attended primary education. Nearly
half (46.8%) of husbands/partners attended a secondary or higher education level. Over half of the study participants were
Orthodox Christians follower (56.9%). Nearly three-quarter (73.9%) of the households were headed by males, and 20.4%
of them were between the ages of 30-34. Approximately 66.3% of the study sample belonged to a low wealth status, and
59.5% of the study sample were not working during the survey period (Table 1).

Exposure to media outlet

The analysis of media exposure among the study sample from the EDHS 2000-2016 reveals notable patterns in the per-
centage of newspaper/magazine reading, listening radio, and watching television. Over the years, watching TV show the
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Table 1. Socio-demographic characteristics of the study sample from all the survey years,
Ethiopian Demographic Health Survey 2000-2019 (n=6366).

Variables Categories Frequency | Percentage
Age of women in a complete year 15-19 287 4.2
20-24 1426 21.9
25-29 2156 34.8
30-34 1282 19.2
35-39 860 13.0
40-44 280 5.3
45-49 75 1.6
Marital status Never married 139 2.0
Married/Cohabitation 5455 86.5
Divorced/Separated/Widowed | 772 11.5
Respondents’ Highest level of No education 1980 32.5
education Primary 2023 34.0
Secondary/higher 2363 33.5
Sex of household head Male 4461 73.9
Female 1905 26.1
Age of household head in a complete | 15-19 35 0.4
year 24-24 387 6.1
25-29 1149 19.5
30-34 1302 20.5
35-39 1218 18.4
40-44 813 12.9
45-49 490 8.1
50+ 972 14.1
Husband/partner’s educational level No formal education 1035 221
Primary 1430 31.1
Secondary/higher 2613 46.8
Religion Orthodox 3205 56.4
Muslim 2291 24.4
Protestant 806 18.1
Others 64 1.1
Wealth status Urban poor 3418 66.5
Urban non-poor 2948 33.5
Working status Not working 3301 59.5
Working 2061 40.5

https://doi.org/10.1371/journal.pone.0337241.t001

most significant increase, more than tripling over the 15 years (12.7% to 58.4%). The least used media outlet was reading
newspaper/magazine changing from 5.0% to 8.7% over 15 years. On the other hand, listening to the radio slightly remain
similar over the 15 years (30.3% to 32.7%. When considering all forms of media outlet, slightly increased over time from
10.1% to 28.5% as shown in S3 Fig.

Reproductive health characteristics and service utilization

The reproductive health characteristics of the study sample using data from all survey rounds(pooled) of EDHS 2000—
2019 revealed that a significant proportion of respondents, 44.8%, had their first birth between the ages of 15 and 19.
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Approximately 40.1% of women initiated their first antenatal care (ANC) visit during the second or third month of preg-
nancy, while a smaller percentage, 4.6%, sought ANC within the first month. More than half of the respondents, 58.9%,
delivered in health facilities; however, a substantial 41.1% of births still occurred at home. Regarding the sex of the
children, the distribution between male and female children was relatively balanced, with males constituting 51.0% and
females 49.0%. Additionally, over half of the respondents, 55.4%, reported having one or two living children(Table 2).

Regional disparities and trends in antenatal care utilization

The data reveals key trends in antenatal care (ANC) across urban Ethiopia from 2000 to 2019, highlighting improved
ANCA4+ (four or more visits) coverage in most regions through 2016, followed by a slight decline to 59% by 2019. Addis
Ababa consistently led, peaking at 89% in 2016, while regions like Tigray and Benishangul also showed strong gains. In
contrast, Somali and Afar remained low, with Somali dropping to 24% in 2019. ANC8 + utilization remained low throughout,
rarely surpassing 30%. Addis Ababa demonstrated the highest early rates (38—42%) but dropped to 10% by 2019. Dire
Dawa maintained relatively better coverage, while most other regions stayed below 10%, with national ANC8 + utilization
falling from 15% in 2005 to just 4% in 2019 S4 Fig.

Trends of antenatal care utilization in urban Ethiopia

Four or more antenatal care utilization was increased from 43.1% (95% CI: 38.3—48.5) in (2000), to 54.6% (95% CI: 49.8—
59.2) in (2005) with an annual change of 5.3%, but, changed from 54.6% in 2005 to 45.5% in 2011 with an annual

change of —2.8%. ANC4 + utilization during the last 20 years changed from 43.1% (95% CI: 38.3—48.5) in 2000 to 58.7%
(95% CI: 52.9-64.2) in 2019, with an average annual change of 0.82%. Eight or more ANC utilization was changed from
11.4%(95% CI: 8.9, 14.8) in (2000) to 15.4% (95%Cl: 12.7-18.5%) in 2005, with annual change of 7.0%, but changed
from 15.4% in 2005 to 9.8% in 2011 with annual change of —6.1%. Eight or more ANC utilization during the last 20 years
changed from 11.4% (95% CI: 8.9—14.8) in 2000, to 3.6% (95% CI: 2.4-5.4) in 2019, with an average annual change of
-0.4% (Table 3)

Table 2. Reproductive health characteristics of the study sample from all survey
round(pooled), EDHS 2000-2019.

Variables Categories Frequency Percentage
Age of respondent at first birth 9-14 348 6.6
15-19 2694 44.8
20-24 2317 35.6
25-29 774 10.4
30+ 236 2.6
Timing of first ANC check up In the 1% one month 347 4.6
2-3months 2,379 401
4months 1,220 24.3
5-9months 1,314 31.1
Place of Delivery Home 2,043 411
Health facility 4,326 58.9
Sex of child Male 3260 51.0
Female 3109 49.0
Number of living children No child 117 1.9
1-2 child 3783 55.4
3+child 2469 42.7

https://doi.org/10.1371/journal.pone.0337241.t002
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Table 3. Trends of ANC4+ and ANC8 + utilization in Urban Ethiopia from EDHS 2000-2019.

Year ANCA4 + utilization at Annual % changes 95%ClI ANCS8 + utilization at Annual % changes 95%CI
national level(urban) in ANC4+ national level(urban) in ANC8+

2000 43.1% - 38.3%-48.5% 11.4% - 8.9% - 14.8%

2005 54.6% 5.3% 49.8%-59.2% 15.4% 7.0 12.7% -18.5%

2011 45.5% -2.8% 41.2%-49.9% 9.8% -6.1 7.9% - 12.2%

2016 62.7% 7.4% 57.9%-67.2% 10.4% 1.2 8.4% - 12.6%

2019 58.7% -21% 52.9%-64.2% 3.6% -21.9 2.4% - 5.4%
Average annual change 0.8 -0.4

https://doi.org/10.1371/journal.pone.0337241.t003

As shown in S5 Fig, from 2000 to 2019, ANC4 + utilization increased among both urban poor and urban non-poor
women, with the urban poor rising from 37.8% to 48.7% (a 28.8% increase), and the urban non-poor from 60.5% to 81.8%
(a 35.2% increase). In contrast, ANC8 + utilization declined significantly for both groups: among the urban poor, it dropped
from 7.8% to just 0.6% (a 92.3% decrease), while among the urban non-poor, it fell from 23.3% to 10.5% (a 54.9%
decrease.

Maternal education serves as an important equity stratifier, highlighting both absolute and relative differences in ante-
natal care (ANC) utilization. Among women with secondary or higher education, the proportion reporting ANC4 + visits
increased from 60.9% in 2000 to 81.3% in 2019, representing an overall increase of 33.5%. In contrast, ANC8 + utiliza-
tion in this group declined significantly from 18.7% to 6.2% over the same period, a 66.8% decrease. For women with no
formal education, ANC4 + utilization also showed improvement, rising from 25.1% in 2000 to 43.0% in 2019, an overall
increase of 71.3%. However, ANC8 + coverage in this group dropped from 3.5% to 1.6%, reflecting a 54.3% decrease
S6 Fig.

Factors Associated with ANC utilization

Factors Associated with ANC4 + utilization. The factors that are significantly associated with ANC4 + utilization
from pooled data of the EDHS 2000-2019, were women’s age, marital status, pregnant women'’s education, partner/
husband’s educational level, wealth status, family size, mass media exposure, and childbirth order (p<0.05). Women
aged 30-34 years showed the highest ANC4 + utilization with significant differences across age groups (p<0.002). The
proportion of ANC4 + utilization was higher among married women as compared to unmarried women. The proportion of
respondents reporting four or more antenatal utilization increased with higher educational attainment (71.4% for those
attended secondary or higher education as compared to 33.1% with no education. Similar patterns were observed for
husband/partner education; women whose partners had secondary or higher education reported a higher proportion of
ANCA4 + utilization. Similarly, at least once a week media exposure was associated with an increased in the four or more
antenatal care utilization (P-value< 0.000) (Table 4).

In urban settings, poor women had significantly lower ANC4 + utilizations (41.9%) than urban non-poor women (74.5%)
(p<0.001). Regarding birth order, first mother had the highest ANCA4 + utilization (57.9%), with significant variations across
different birth orders (p<0.000). There were significant regional disparities that existed in ANC4 + utilization (P-value<
0.000), with Addis Ababa reporting the highest (83.0%) and the Somali region reporting the lowest (22.0%). There was
a noticeable trend over the years, with highest ANC4 + utilization in 2016, with significant differences across years at
(P-value< 0.000) (Table 4).

Factors Associated with ANC8 + utilization. The factors that are significantly associated with ANC8 + utilization
were the age of women, pregnant women’s education, partner/husband’s educational level, wealth status, mass media
exposure, working status, and childbirth order (p<0.001). Women aged 30-34 years showed the highest (11.8%)
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Table 4. Differences in ANC4+ and ANCS8 + utilization status across different categories of exposure variables and their Chi-square test of
association in Urban Ethiopia from pooled data of EDHS 2000 to 2019.

Variables Categories ANC4+ Chi-Square | ANC8+ Chi-Square
No Yes (p-value) No Yes (p-value)
N(%) N(%) N(%) N(%)
Sex of household head Male 2173(46.2) | 2533(53.8) | 2.5(0.111) 4271(90.7) | 435(9.3) 2.5(0.115)
Female 832(50.1) | 828(49.9) 1476 (88.9) | 184(11.1)
Age of the mother 15-19 160(59.7) 109(40.3) |3.5(0.002) | 257(95.4) 12(4.6) 3.6(0.002)
24-24 673(48.2) 723(51.8) 1293(92.6) | 104(7.4)
25-29 1026(46.4) | 1187(53.6) 1966(88.9) | 247(11.1)
30-34 507(41.5) 714(58.5) 1077(88.2) | 144(11.8)
35-39 372(44.8) | 457(55.2) 750(90.6) 78(9.4)
40-44 198(58.9) 138(41.1) 305(90.8) 31(9.2)
45-49 68(66.9) 34(33.1) 99(97.3) 3(2.7)
Marital status Never married 79(62.3) 48(37.7) 16.9(0.000) | 107(84.4) 20(15.6) 1.5(0.229)
Married/Cohabitation 2481(45.0) | 3026(55.0) 4976(90.4) |531(9.6)
Divorced/Separated/Widowed | 445(60.7) | 287(39.3) 664(90.7) 68(9.3)
Respondents’ level of education | No education 1384(66.9) |686(33.1) |91.9(0.000) |2003(96.8) |67(3.2) 57.1(0.000)
Primary 1012(46.7) | 1155(53.3) 1964(90.6) |203(9.4)
Secondary/higher 608(28.6) 1521(71.4) 1780(83.6) | 349(16.4)
Husband/partner’s level of No education 1445(54.4) | 1212(45.6) | 25.5(0.000) |2544(95.8) | 113(4.2) 59.0(0.000)
educational Primary 749(50.6) | 731(49.4) 1355(91.5) | 125(8.5)
Secondary/higher 811(36.4) 1418(63.6) 1848(82.9) |381(17.1)
Wealth status Urban poor 2461(58.1) | 1771(41.9) | 205.4(0.000) | 4045(95.6) | 186(4.4) 169.1(0.000)
Urban non-poor 544(25.5) 1590(74.5) 1702(79.7) | 433(20.3)
Family size 1-5 1738(44.8) | 2145(55.2) | 7.2(0.007) 3505(90.3) | 377(9.7) 0.005(0.98)
6+ 1267(51.0) | 1216(49.0) 2241(90.3) |243(9.7)
Exposure to Mass Media Not at least once a week 2690(50.5) | 2636(49.5) | 41.8(0.000) |4922(92.4) |404(7.6) 95.2(0.000)
At least once a week 315(30.2) 725(69.8) 825(79.3) 215(20.7)
Working status Currently not working 2068(47.6) | 2279(52.4) |0.2(0.627) 3990(91.8) | 356(8.2) 18.4(0.000)
Currently working 937(46.4) 1082(53.6) 1757(87.0) | 263(13.0)
Birth Order 1 808(42.1) 1109(57.9) | 14.3(0.000) | 1707(89.0) |210(11.0) |5.4(0.001)
2-3 1129(44.3) | 1420(55.7) 2265(88.9) | 284(11.1)
4-5 489(48.3) 522(51.7) 930(92.1) 81(7.9)
6+ 579(65.1) 310(34.9) 845(95.0) | 44(4.9)
Religion Orthodox 1494(41.6) | 2097(58.4) | 11.8(0.000) |3146(87.6) | 445(12.4) | 14.6(0.000)
Muslim 836(53.9) 715(46.1) 1456(93.9) | 95(6.1)
Protestant 622(53.9) 532(46.1) 1075(93.2) |78(6.8)
Others 52(74.4) 18(25.6) 68(98.4) 1(1.6)
Region Addis Ababa 182(17.0) |884(83.0) |48.2(0.000) | 733(68.9) 332(31.1 | 52.1(0.000)
Afar 50(58.1) 36(41.9) 81(94.8) 4(5.2)
Amhara 725(55.2) 588(44.8) 1253(95.4) | 60(4.6)
Benishangul Gumuz 30(46.9) 34(53.1) 62(96.1) 3(3.9)
Dire Dawa 34(35.8) 62(64.2) 83(85.8) 14(14.2)
Gambella 26(53.5) 23(46.5) 48(98.3) 1(1.7)
Harari 19(40.9) 27(59.1) 39(84.6) 7(15.4)
Oromia 998(55.5) | 800(44.5) 1706(94.9) |92(5.1)
SNNPR 504(54.1) | 428(45.9) 890(95.5) | 42(4.5)
Somali 257(78.0) 73(22.0) 322(97.5) 8(2.5)
Tigray 180(30.7) | 406(69.3) 529(90.3) 57(9.7)
(Continued)
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Table 4. (Continued)

Variables Categories ANC4+ Chi-Square | ANC8+ Chi-Square
No Yes (p-value) No Yes (p-value)
N(%) N(%) N(%) N(%)
Survey Year 2000 686(56.2) 534(43.8) |11.6(0.000) |1075(88.1) |145(11.9) |12.6(0.000)
2005 388(45.5) 466(54.5) 723(84.6) 131(15.4)
2011 872(54.5) 729(45.5) 1444(90.2) | 158(9.8)
2016 487(37.3) 819(62.7) 1171(89.7) | 135(10.3)
2019 571(41.3) 813(58.7) 1334(96.4) |50(3.6)

https://doi.org/10.1371/journal.pone.0337241.t004

ANCS8 + utilization with significant differences across age groups (p<0.002). The proportion of respondents reporting

>8 antenatal care utilization increased with higher educational attainment. Similar patterns were observed for partner/
husband’s education; women whose partner had secondary or higher education reported a higher (16.4%) proportion of
>8 ANC utilization. Similarly, at least once a week media exposure was associated with an increased (20.7%) in the eight
or more antenatal care utilization (P-value< 0.000) (Table 4).

In urban settings, poor women had a significantly lower proportion of ANC8 + utilization (4.4%) than urban non-poor
women (20.3%) (p<0.000). working status also mattered, as currently working women showed higher (13.0%) ANC8 + uti-
lization than non-working women (8.2%) (p<0.000). Regarding birth order, first time and two-three times mothers had the
highest (11.1%) ANCS8 + utilization, with significant variations across different birth orders (p<0.001). There were signifi-
cant regional disparities that exist in ANC8 + utilization (P-value< 0.000), with Addis Ababa reporting 31.1%. There was a
noticeable trend over the years, with decreasing ANC8 + utilization from 2000 to 2019, the highest (15.4) ANC8 + utilization
observed in 2005 with significant differences across years (Table 4).

Multilevel analysis of Antenatal care utilization from pooled data of 2000-2019 EDHS

Multilevel binary logistic regression was carried out to identify factors associated with four plus and eight plus visits

of antenatal care utilization (ANC4+ and ANC8+). Of the community-level factors examined, religion and geographic
area(region) were statistically significantly associated with ANC4+ and ANCS8 + utilization in final model and survey year
was also considered as level two variable associated with ANC4+ and ANC8 + utilization. Of the individual-level factors,
age of respondent, pregnant women's education, partner/husband’s educational level and, wealth status showed statisti-
cally significant associations with ANC4+ and ANC8 + service utilization in the final model. On the other hand, size of the
family, marital status, birth order of the child and exposure to mass media showed statistically significant association with
ANCA4 + service utilization.

Women aged 30-34 had over 2 times the odds of attending ANC4+ (OR= 2.22; 95% CI: 1.60-3.08) compared to 15-19
years, with 40—44 group had three times higher odds (AOR=3.3; 95% CI: 1.50-3.58). In contrast, women in age group
45-49 years did not demonstrate statistically significant differences in ANC4 + utilization. With regard to ANCS8 + utilization,
women aged 30-34 years had 1.2 times higher odds (AOR= 1.77; 95% CI: 1.08-2.90) compared to 15-19 years, with
40-44 age group had 2 times higher odds (AOR= 2.11; 95% CI: 1.12-3.97) of ANCS8 + utilization compared to 15-19 years’
group.

Women who attained secondary and higher educational levels had 2.6 times higher odds of utilizing ANC4 +service as
compared to women who haven’t been in formal education (OR=2.62; 95% CI: 2.19-3.14). For ANC8 +, the odds of uti-
lizing ANC8 +were 2 times (AOR= 2.13; 95% CI: 1.63-2.78) higher for those who attended secondary and higher educa-
tional level. Similarly, women whose husband/partner attained secondary and higher educational level had 1.8 times(OR=
1.81; 95% CI: 1.50-2.19) and 1.6 times (OR=1.56; 95% CI: 1.20-2.02) higher odds of utilizing ANC4+ and ANC8 + ser-
vices as compared to women whose husband/partner had no formal education, respectively.
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Urban non-poor women had substantially higher odds of both ANC4+ (AOR=1.65; 95% CI: 1.42—1.90) and ANC8+
(AOR= 1.96; 95% ClI: 1.60—2.40) compared to their urban poor counterparts. On the other hand, mass media utiliza-
tion was associated with ANC4 + utilization. Women who exposed to mass media at least once a week had 1.5 times
higher odds of utilizing ANC4 + service as compared to women who had not been exposed to media at least once a week
(OR=1.52; 95% CI: 1.27-2.82). Furthermore, mothers who had first birth order were 1.55 times (OR= 1.55; 95% CI:
1.16—2.07) more likely to utilize ANC4+ as compared to reference group. Women from smaller families (1-5 members)
had 21% higher odds of ANC4 utilization as compared to those from larger families (6 + members) (OR= 1.21; 95% CI:
1.06-1.40). Concerning marital status, married or cohabiting women were two times (OR= 2.0; 95% CI: 1.31-3.07) more
likely to utilize ANC4+ as compared to never-married women.

After controlling for other variables, the odds of a woman in the Somali region utilizing four or more antenatal care were
reduced by 88% than a woman living in Addis Ababa (OR= 0.12; 95% CI: 0.09-0.17). On the other hand, the odds of a
woman in the Gambella region utilizing four or more antenatal care were reduced by a dramatic 96% (AOR= 0.04; 95%
ClI: 0.02-0.10). Furthermore, Women who identify as Protestant (AOR= 0.72; 95% CI: 0.58-0.90) and those belonging
to other religions (AOR= 0.52; 95% ClI: 0.29-0.93) had significantly lower odds of attending at least four antenatal care
(ANC) visits compared to Orthodox women. Additionally, Muslim women were less likely to complete eight or more ANC
visits (AOR= 0.80; 95% CI: 0.65-0.99).

Regarding the survey year, by 2016, the odds of ANC4 + utilization had nearly doubled (AOR=1.97) and peaked to
(AOR= 2.73) in 2019, indicating steady progress in ANC4 + uptake, while on the other hand, the odds of ANC8 + utilization
were significantly lower in both 2016 (AOR=0.66) and 2019 (AOR=0.55) compared to the year 2000(Table 5). For model
selection Akaike Information Criterion(AIC) was used, as presented in (Table 6).

Discussions

This study was conducted to examine trends and disparities of ANC service utilization in urban Ethiopia over the last 20
years using EDHS data. In this study, ANC4 + utilization increased from 43.1% in 2000 to 58.7% in 2019, which means
that coverage increased by 15.6 percentage points over the five survey periods. As compared to Nigeria, in this study,
ANCA4 utilization showed an increment while it slightly decreased in Urban Nigeria from 77.6% in 2013 to 76.1% in 2018
[30]. The increment in Ethiopia may be partly explained by the implementation of the urban health extension program by
the Ministry of Health and partner organizations working on maternal health in the country, through health information
campaigns about the importance of antenatal care in reducing the complications related to pregnancy, but the overall level
of ANC4 + utilization remain lower than the Nigerian study, this could be as result of period of the two studies.

On the other hand, the findings of this study revealed a significant decrease in the utilization of eight or more antenatal
care (ANC8+) visits, from 11.4% in 2000 to 3.6% in 2019, reflecting a 7.8 percentage points reduction over five survey
rounds. This trend is particularly concerning in light of global efforts to enhance maternal health. One possible explana-
tion for this decline is the adoption of the WHO’s Focused Antenatal Care (FANC) model, which was promoted during the
survey period by the World Health Organization (WHO) and adopted in many low- and middle-income countries, including
Ethiopia. However, in 2016, WHO revised its guidelines and introduced a new antenatal care model recommending a
minimum of eight ANC contacts [5]. Despite the launch of this new model, the current findings suggest that its impact had
not yet materialized by the time of the 2019 survey. This may reflect a lag in policy adoption, health system readiness, or
community-level awareness of the updated guidelines.

Between 2000 and 2019, notable variations in the use of ANC4+ among women aged 15—-49 were noted by geographic
region and socioeconomic background. ANC4 + utilization increased from 60.5% in 2000 to 81.8% in 2019, with an aver-
age annual change of 1.1% per year among the urban non-poor. It shows a slight change (37.8% to 48.7%) among the
urban poor over the twenty years’ period with an average annual change of 0.6%. This finding implies that there are urban
ANC4 + utilization disparities. Even if the maternal health services are provided for free in the governmental facilities of
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Table 5. Multilevel Logistic regression results of individual and community level factors associated with ANC4+ and ANC8 +service utilization
among women aged 15- 49 years in urban Ethiopia from pooled 2000-2019 EDHS data by socioeconomic and demographic subgroups, EDHS

2000- to 2019.

ANC4+ ANC8
Variable CCategories Null Model | Model Il | Model Ill Null Model| Model | AOR(95% | Model I Model lll
Model | AOR(95% CI) AOR(95%| AOR(95% ClI) Cl) AOR(95% | AOR(95% Cl)
Cl) Cl)
Individual-level variables
Age of women | 15-19 - 1 - 1 - 1 - 1
20-24 - 1.55(1.16-2.07)* | — 1.43(1.08-1.92)* | — 1.22(0.77-1.95) - 1.17(0.73-1.87)
25-29 - 2.15(1.60-2.88)* | — 1.79(1.33-2.41)* |- 1.66(1.05-2.64)* | — 1.45(0.91-2.31)
30-34 - 2.89(2.10-3.98)* | — 2.22(1.60-3.08)* | — 2.22(1.37-3.59)* | — 1.77(1.08-2.90)*
35-39 - 3.03(2.15-4.27)* | — 2.18(1.54-3.10)* | — 2.12(1.27-3.54)* | — 1.56(0.93-2.64)
40-44 3.18(2.07-4.87)* 3.32(1.50-3.58)* 2.79(1.49-5.19)* 2.11(1.12-3.97)*
45-49 2.00(1.06-3.78)* 1.35(0.71-2.56) 2.08(0.76-5.73) 1.62(0.58-4.54)

Pregnant Wom-
en’s Education

No Education

1

1

1

Primary - 1.85(1.59-2.15)* | — 1.57(1.35-1.84)* | — 1.46(1.13-1.88)* | — 1.49(1.15-1.93)*
Secondary/Higher - 3.02(2.54-3.59)* | — 2.62(2.19-3.14)* | — 1.99(1.54-2.58)* | — 2.13(1.63-2.78)*
Husband/part- | No Education - 1 1 - 1 1
ner's education | primary - 1.26(1.06-1.48)* 1.48(1.23-1.79)% | - 1.43(1.11-1.83)* 1.08(0.82-1.44)
Secondary/Higher - 1.33(1.13- 1.56)* 1.81(1.50-2.19)* | — 1.91(1.54- 2.36)* 1.56(1.20-2.02)*
Birth order 1 - 2.34(1.77-3.10)* | — 1.55(1.16-2.07)* | — 2.06(1.38-3.08* - 1.45(0.95-2.21)
2-3 - 1.79(1.40-2.28)* | — 1.32(1.03 1.70)* | — 1.73(1.19-2.51)* | — 1.39(0.94-2.07)
4-5 - 1.46(1.16-1.84)* | — 1.25(0.98-1.58) | — 1.55(1.05-2.29)* | — 1.43(0.96-2.14)
6+ - 1 - 1 - 1 - 1
Family size 1-5 - 1.27(1.10-1.45)* 1.21(1.06 —.40)* NI
6+ 1 1
Marital status Never married - 1 — 1 NI
Married/Cohabitation - 1.96(1.30-2.96)* | — 2.00(1.31-3.07)*
Divorced/Separated/ - 1.26(0.82-1.93) |- 1.28(0.82-1.98)
Widowed
Wealth status Urban poor - 1 - 1 - 1 - 1

Urban non-poor

2.43(2.12-2.78)*

1.65(1.42—1.90)*

3.02(2.49-3.65)*

1.96(1.60-2.40)*

Working status

Currently not working

NI

1

1

Currently working

1.05(.89-1.24)

1.06(0.89-1.25)

Media exposure

Not at least once a week

1

1

1

1

At least once a week

1.53(1.28-1.83)*

1.52(1.27 —.82)*

1.31(1.09-1.58)*

1.12(0.93 -1.35)

Community level variables
Religion Orthodox 1 1 1 1 1
Muslim - - 0.57(0.49-0.66)* 0.87(0.74-1.02) | — - 0.54(0.44-0.66)* | 0.80(0.65-0.99)*
Protestant | — - 0.73(0.60-0.91)* 0.72(0.58-0.90)* | — - 1.12(0.85-1.47) | 1.08(0.82-1.44)
Others - - 0.58(0.34-1.01) 0.52(0.29-0.93)* | — - 0.47(0.16-1.42) | 0.38(0.12-1.18)
Region Addis - - 1 1 - - 1 1
Ababa
Afar - - 0.17(0.12-0.24)* 0.25(0.18-0.35)* | — - 0.19(0.11-0.32)* | 0.30(0.17 - 0.51)*
Amhara - - 0.17(0.13-0.23)* 0.27(0.20-0.36)* | — - 0.11(0.06-0.18)* | 0.17(0.10 - 0.29)*
Ben Gumz | — - 0.22(0.15-0.32)* 0.39(0.27-0.56)* | — - 0.09(0.04-0.18)* | 0.17(0.08 - 0.35)*
Dire Dawa |- - 0.43(0.35-0.54)* 0.51(0.40-0.64)* | — - 0.41(0.32-0.53)*| 0.50(0.39- 0.64)*
Gambella |- - 0.20(0.15-0.27)* 0.31(0.23-0.42)* | — - 0.03(0.01-0.06)* | 0.04(0.02 - 0.10)*
Harari - - 0.34(0.27-0.43)* 0.31(0.24-0.39)* | — - 0.46(0.35-0.59)* | 0.43(0.33- 0.56)*
Oromia - - 0.18(0.13-0.23)* 0.24(0.18-0.32)* | — - 0.12(0.07-0.18)*| 0.17(0.11 -0.28)*
SNNPR - - 0.20(0.15-0.28)* 0.31(0.22-0.43)* | — - 0.12(0.07-0.20)* | 0.21(0.12 -0.35)*
Somali - - 0.06(0.04-0.08)* 0.12(0.09-0.17)* | — - 0.08(0.04-0.14)* | 0.14(0.08- 0.27)*
Tigray - - 0.43(0.33-0.58)* 0.65(0.49-0.87)* | — - 0.22(0.16-0.32)* | 0.31(0.22-0.45)*
(Continued)
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Table 5. (Continued)

ANC4+ ANCS8
Variable CCategories Null Model | Model Il | Model Ill Null Model| Model | AOR(95% | Model I Model lll
Model | AOR(95% CI) AOR(95%| AOR(95% ClI) Cl) AOR(95% | AOR(95% Cl)
Cl) Cl)
Survey Year 2000 - - 1 1 - - 1 1
2005 - - 1.62(1.32-2.00)* 1.38(1.13-1.70)* | — - 1.26(0.98- 1.63) | 1.03(0.79-1.34)
2011 - - 1.54(1.27-1.87)* 1.25(1.03-1.52)* | — - 1.30(1.02-1.66)*| 1.14(0.88-1.47)
2016 - - 2.54(2.09-3.09)* 1.97(1.62-2.41)* |- - 0.86(0.67- 1.10) | 0.66(0.50-0.85)*
2019 - - 2.15(1.72-2.70)* 2.73(2.11-3.54)* | — - 0.52(0.38-0.72)* 0.55(0.37- 0.82)*
Intercept 1.75 0.06 3.70(3.07-4.47)* 0.18(0.10-0.32)* | 0.14 0.01 0.05(0.41-0.62)* | 0.07(0.03-0.13)*
(1.59-1.94)* | (0.04-0.10)* (0.12— (0.01-0.02)*
0.16)*

Note **: indicates significance level at P-value<0.05, NI: Variable not included the model.

https://doi.org/10.1371/journal.pone.0337241.t005

Table 6. Model Diagnostics and Fit Indices of ANC4+ and ANC8 + Service utilization among women aged 15-49 years in urban Ethiopia from
pooled EDHS 2000 to 2019.

Model fitness summary for ANC4 +analysis Model fitness summary for ANC8 +analysis
Model Evaluation Metrics Null Model Model | Model I Model Il Null Model Model | Model I Model
]
Final
Random effect result
ICC 18.30% 8.60% 6.80% 3.30% 24.80% 13.60% 7.00% 5.80%
Model fit statistics
Log-likelihood -4093.3 -3602.8 -3721.9 -3418.9 -2547.3 -2310.5 -2276.6 -2167.1
AIC 8190.5 72445 7481.9 6911.9 5098..6 4657 4591.1 44041
BIC 8204.1 7379.7 7610.3 7161.9 5112.1 4778.7 4719.6 4640.7

https://doi.org/10.1371/journal.pone.0337241.t006

Ethiopia, women are not equally utilizing the services. Several reasons may explain this gap. For instance, poor people
spend more time on activities that generate income needed for daily living than on accessing health services [31]. On the
other hand, the time spent waiting in a health facility and the indirect costs related to travel to the health facility discourage
poor people from seeking antenatal care. Similarly, significant associations between antenatal care and household wealth
status were reported by other studies in Ethiopia [10,19]. Our finding is also similar to other studies reporting that higher
incomes are associated with better health-seeking practice and good health status [16]. On the other hand, ANC8 + utili-
zation showed a substantial decline among both urban non-poor and urban poor women between 2000 and 2019. Among
the urban non-poor, utilization dropped from 23% to 10.5%, representing a 54.9% decrease. Among the urban poor, it
declined even more sharply from 7.8% to 0.6%, marking a 92.3% reduction. These findings highlight growing disparities
in antenatal care utilization with urban population, with urban poor experiencing the steepest decline. In this study, mater-
nal education was significantly associated with utilization of both ANC4+ and ANC8 + services. About 71.4% of women
who attended at least four ANC visits and 16.4% of those who completed eight or more visits had attained a secondary or
gests that education can promote individual health-seeking behavior and, ultimately, increased utilization. The existing evi-
dence indicates that educated mothers may be more likely to be informed about the benefits of antenatal care utilization.
Although many studies have emphasized the advantages of urban residence in accessing and utilizing maternal health
services [16,21,23,30]; the present study reveals that urban living alone does not ensure equitable utilization of antenatal
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care (ANC) services. The findings show a significant disparities based on wealth status. Specifically, 74.5% of urban
non-poor women accessed at least four ANC visits (ANC4+), compared to only 41.6% of urban poor women. The gap

is even wider for eight or more ANC visits (ANC8+), with 20.3% of urban non-poor women meeting this threshold, while
only 4.4% of urban poor women did the same. These findings highlight that, despite geographic proximity to healthcare
facilities, socioeconomic inequality within urban settings remains a major barrier to accessing essential maternal health
services. Wealth status clearly emerges as a stronger determinant of ANC utilization than urban residence alone. This
underscores the need for targeted interventions within urban areas that address the specific challenges faced by econom-
ically disadvantaged women. In this study, no difference was observed between currently working and not working women
in ANC4 + utilization. This may indicate that ANC4 + utilization is more influenced by the economic status of the women
than their current working status in the urban context. This finding is consistent with another study from Nigeria [30]. In
contrast, a study conducted in Delta State, Nigeria, found that employed women had significantly higher odds of utilizing
antenatal care services compared to their unemployed counterparts [32].

There was a marked disparity in antenatal care (ANC) utilization across subnational regions. Addis Ababa had the
highest coverage, with 83.0% of women receiving ANC4+ and 31.1% receiving ANC8 +, far surpassing other regions.
Relatively higher utilization was also observed in Tigray (69.4% ANC4 +, 9.7% ANC8+), Dire Dawa (64.2%, 14.2%), and
Harari (59.1%, 15.4%), though none showed a statistically significant difference compared to Addis Ababa. Still, Addis
Ababa had a 19.8 percentage-point advantage over Tigray, and a 73.5% disparity was observed between the highest and
lowest performing regions. At the lower end, Somali region reported only 22.0% utilization, while Gambella recorded only
1.7% ANCS8 + utilization, highlighting significant regional disparities. These patterns reflect differences in infrastructure,
health service availability, and socio-cultural barriers influencing maternal health-seeking behavior, particularly in under-
served regions such as the Somali, Afar, and Gambella regions. Similar intra-country disparities have been observed in
Nigeria and the Democratic Republic of Congo [33,34], likely reflecting similar socio-economic challenges and regional
inequalities in health service delivery. Multilevel binary logistic regression showed that the age of the pregnant women,
educational status of the pregnant women, child birth order, family size, marital status, wealth status, religion and region
revealed statistically significant associations with four plus antenatal care utilization. For instance, pregnant women whose
age lies between 30-35 years were two times more likely to utilize) than mothers who were aged 15-19 years. This is
also similar for those aged between 35—-39 years. The significant association between maternal age and ANC4 + utilization
in this study echoes findings from urban settings in Nigeria and Kenya, where older women are more likely to seek com-
prehensive antenatal care due to increased health awareness and perceived benefit of frequent ANC attendance [20,35].
However, the plateauing effect among women aged 45—49 years may reflect declining perceived necessity or health sys-
tem engagement in later reproductive years.

The other factor that is significantly associated with ANC4 + utilization is education; mothers who attended secondary
and higher levels of education were nearly three times more likely to utilize ANC4+ than mothers with no formal educa-
tion. This finding is consistent with studies from Tanzania and Uganda, where higher education attainment among women
directly correlated with increased health service uptake [36,37]. The higher odds of ANC4 + utilization among women with
secondary or higher education suggest that education not only empowers women to make informed health choices but
may also facilitate better utilization of health care and increased health literacy.

The wealth status of a woman is also significantly associated with ANCA4 + utilization. Urban non-poor women were almost
twice more likely to utilize AN4+ than urban poor women. The positive association between urban non-poor and ANC4 + uti-
lization is in line with the study conducted in Ghana and South Africa, where economic empowerment translated into greater
access to health services [16,38]. In contrast, urban poor women face economic barriers despite geographic proximity
to health facilities, underscoring the importance of addressing indirect costs like transportation and opportunity costs related
to healthcare access. On the other hand, women from the urban poor often engage in various income-generating activities to
cope with the high cost of living in urban areas. The need to earn a livelihood can severely limit their availability and ability to

PLOS One | https:/doi.org/10.1371/journal.pone.0337241 November 24, 2025 15/19




PLO\Sﬁ\\.- One

access maternal health services, including antenatal care. As a result, poor women may prioritize immediate financial needs
over their health, leading to inadequate use of antenatal care. Media exposure is significantly associated with ANC4 + utili-
zation. Women who were exposed to media at least once per week were 1.52 times more likely to utilize ANC4+ than their
counterparts. This finding aligns with findings from Malawi and Rwanda, where regular media exposure has been shown to
increase health knowledge and promote positive health-seeking behavior [21,39]. This highlights the importance of health
communication strategies in urban settings to bridge knowledge gaps and encourage ANC4 + utilization.

Other factors significantly associated with ANC4 + utilization were marital status, childbirth order, and family size. Marital
status played an important role, married women were found to be two times more likely to utilize AN4 + compared with
those who were never married. This finding is also supported by the study from Kenya [20], which suggests that marital
support may enhance access and the likelihood of seeking maternal health services. Women experiencing their first birth
were 1.55 times more likely to engage in ANC4 + utilization compared to those having six or more children. This could
indicate that first-time mothers may be more motivated to seek medical support during pregnancy, possibly due to a lack
of prior experience [16]. On the other hand, women with a smaller family size were 1.21 times more likely to utilize ANC4+
than those with six or more family size. This could indicate that large family sizes might create resource constraints or
reduce the perceived importance of extensive prenatal care [38]. Overall, these factors highlight the complex interplay
between social and family dynamics in shaping maternal health service utilization, particularly the utilization of ANC4 +.

The analysis also revealed several key determinants associated with the utilization of eight or more antenatal care
(ANCS8+) visits. Maternal age was positively correlated with increased ANCS8 + utilization. Women aged 30-34 years and
40-44 years had nearly twice odds of ANCA4 + utilization compared to the reference group of 15-19 years. This trend
aligns with findings from other studies [32] indicating that older women are more likely to seek comprehensive antenatal
care. On the other hand, Maternal education was a significant predictor of ANC8 + utilization. Women with higher educa-
tional attainment were more likely to attend eight or more ANC visits. This is consistent with existing literature that under-
scores the role of maternal education in enhancing health-seeking behaviors [20,40]. In line with this wealth Status played
a crucial role in determining ANC8 + utilization. Women from urban non-poor had higher odds of attending eight or more
ANC visits, reflecting the influence of financial resources on access to healthcare services [38]

Women who follow Protestant, Muslim, or other religions exhibited reduced odds of utilizing ANC4 +, with Muslim
women showing particularly lower odds of attending ANCS8 + visits. This may be linked to cultural or religious norms that
prioritize same-sex healthcare providers. These preferences, combined with potential gender imbalances in the healthcare
workforce, could contribute to lower utilization of ANC services within the religious communities. These are also supported
by different studies [41,42].

Generally, this study highlights the multifaceted nature of ANC utilization in urban Ethiopia, influenced by individual,
economic, and regional factors. Addressing these disparities requires tailored interventions that enhance health educa-
tion, reduce economic barriers, and improve service delivery, particularly in underserved regions. Future research should
explore context-specific strategies to enhance equitable access to maternal health services across diverse urban settings.

Strengths and limitations

The Ethiopian Demographic Health Survey is a nationally representative household survey implemented regularly and
provides health information nationally, and data is analyzed using a multilevel model to identify the individual and com-
munity level factors. However, EDHS data collections were subject to several sources of bias. One of them is reliance on
self-reports of ANC service utilization, with the possibility of recall bias.

Conclusions

This study showed a positive trend in the utilization of four or more antenatal care (ANC4+) visits among urban women,
increasing from 43.1% in 2000 to 58.7% in 2019. However, the utilization of eight or more ANC visits (ANC8+) declined
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significantly, from 11.4% in 2000 to 3.6% in 2019. These trends underscore persistent disparities in ANC utilization based
on wealth status, educational level, marital status, media exposure, and geographic location. To improve ANC4+ and
ANCS8 + utilization, particularly among urban poor women, targeted intervention, media awareness creation, and educa-
tional initiatives should be prioritized. Additionally, addressing economic barriers and fostering collaboration among stake-
holders will be crucial in promoting equitable access to antenatal care services.

Supporting information
S1 Fig. Hierarchical data structure.
(TIF)

S2 Fig. Model-building process for a two-level hierarchical model.
(TIF)

S3 Fig. Trends in exposure to different forms of media outlet among women in urban Ethiopia, EDHS 2000-2016.
(TIF)

S$4 Fig. Regional Disparities and Trends in ANC4+ and ANC8 +Antenatal Care Utilization in Urban Ethiopia, from
EDHS 2000-2019.
(TIF)

S5 Fig. Trends of ANC4+ and ANCS8 +service utilization by years and wealth status in urban Ethiopia from EDHS
2000-2019.
(TIF)

S6 Fig. Trends of ANC4+ and ANCS8 +service utilization by years and educational level in urban Ethiopia from
EDHS 2000-2019.
(TIF)

S1 File. Dataset used for ANC4_ANC8 Analysis.
(DTA)

Acknowledgments

The authors would like to thank major DHS center for sharing the data used for the analysis for free. We would also
acknowledge Addis Ababa University, school of Public Health and individuals who were directly or indirectly participated in
the preparation of this manuscript.

Author contributions

Conceptualization: Worku Dechassa Heyi, Wubegzier Mekonnen Ayele, Dessalegn Y. Melesse.
Data curation: Worku Dechassa Heyi, Wubegzier Mekonnen Ayele, Dessalegn Y. Melesse.
Formal analysis: Worku Dechassa Heyi, Wubegzier Mekonnen Ayele, Dessalegn Y. Melesse.
Investigation: Worku Dechassa Heyi, Wubegzier Mekonnen Ayele.

Methodology: Worku Dechassa Heyi, Wubegzier Mekonnen Ayele, Dessalegn Y. Melesse.
Project administration: Worku Dechassa Heyi.

Software: Worku Dechassa Heyi, Wubegzier Mekonnen Ayele, Dessalegn Y. Melesse.
Supervision: Wubegzier Mekonnen Ayele, Dessalegn Y. Melesse.

PLOS One | https:/doi.org/10.1371/journal.pone.0337241 November 24, 2025 17/19



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0337241.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0337241.s002
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0337241.s003
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0337241.s004
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0337241.s005
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0337241.s006
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0337241.s007

PLO\Sﬁ\\.- One

Validation: Worku Dechassa Heyi, Wubegzier Mekonnen Ayele.

Visualization: Worku Dechassa Heyi, Dessalegn Y. Melesse.

Writing — original draft: Worku Dechassa Heyi, Wubegzier Mekonnen Ayele, Dessalegn Y. Melesse.

Writing — review & editing: Worku Dechassa Heyi, Wubegzier Mekonnen Ayele, Dessalegn Y. Melesse.

References
1. World Health Organization WHO. Improving maternal and newborn health and survival and reducing stillbirth. 2023.
2. World Health Organization WHO. Maternal mortality fact sheet. Am J Surgery. 2023;13:574-5.
3. Alkema L, Chou D, Hogan D, Zhang S, Moller A-B, Gemmill A, et al. Global, regional, and national levels and trends in maternal mortality between

10.

1.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

1990 and 2015, with scenario-based projections to 2030: a systematic analysis by the UN Maternal Mortality Estimation Inter-Agency Group. Lan-
cet. 2016;387(10017):462—-74. https://doi.org/10.1016/S0140-6736(15)00838-7 PMID: 26584737

World Health Organization. Trends in maternal mortality 2000 to 2020: estimates. Geneva: WHO. 2021. https://www.who.int/reproductivehealth/
publications/maternal-mortality-2000-2017/en/

World Health Organization (WHO). WHO recommendations on antenatal care for a positive pregnancy experience. 2016.

Kifle D, Azale T, Gelaw YA, Melsew YA. Maternal health care service seeking behaviors and associated factors among women in rural Haramaya
District, Eastern Ethiopia: a triangulated community-based cross-sectional study. Reprod Health. 2017;14(1):6. https://doi.org/10.1186/s12978-016-
0270-5 PMID: 28086926

Barros FC, Zulfiqar AB, Maneesh B, N HT, Victora CRCE, G RG. Global report on preterm birth and stillbirth (3 of 7): evidence for effectiveness of
interventions. BMC Pregn Childbirth. 2010;10(S1):1-36.

Darmstadt GL, Bhutta ZA, Cousens S, Adam T, Walker N, de Bernis L, et al. Evidence-based, cost-effective interventions: how many newborn
babies can we save?. Lancet. 2005;365(9463):977-88. https://doi.org/10.1016/S0140-6736(05)71088-6 PMID: 15767001

Awasthi S, Agarwal S. Determinants of childhood mortality and morbidity in urban slums in India. Indian Pediatr. 2003;40(12):1145-61. PMID:
14722365

Dwomoh D, Iddi S, Afagbedzi SK, Tejedor-Garavito N, Dotse-Gborgbortsi W, Wright J, et al. Impact of Urban Slum Residence on Coverage of
Maternal, Neonatal, and Child Health Service Indicators in the Greater Accra Region of Ghana: an Ecological Time-Series Analysis, 2018-2021. J
Urban Health. 2024;101(Suppl 1):45-56. https://doi.org/10.1007/s11524-023-00812-0 PMID: 37973697

World Health Organization, UN Habitat. Global report on urban health: equitable, healthier cities for sustainable development. 2016. http://www.
who.int/about/licensing/copy-right_form/index.html

FMOH. Health sector transformation plan Il 2020-2025. 2024.

Moller A-B, Petzold M, Chou D, Say L. Early antenatal care visit: a systematic analysis of regional and global levels and trends of coverage from
1990 to 2013. Lancet Glob Health. 2017;5(10):€977-83. https://doi.org/10.1016/S2214-109X(17)30325-X PMID: 28911763

Tekelab T, Chojenta C, Smith R, Loxton D. The impact of antenatal care on neonatal mortality in sub-Saharan Africa: A systematic review and
meta-analysis. PLoS One. 2019;14(9):e0222566. https://doi.org/10.1371/journal.pone.0222566 PMID: 31518365

Tekelab T, Chojenta C, Smith R, Loxton D. Factors affecting utilization of antenatal care in Ethiopia: A systematic review and meta- analysis. 2019;1-24.

Andegiorgish AK, Elhoumed M, Qi Q, Zhu Z, Zeng L. Determinants of antenatal care use in nine sub-Saharan African countries: a statistical analy-
sis of cross-sectional data from Demographic and Health Surveys. BMJ Open. 2022;12(2):e051675. https://doi.org/10.1136/bmjopen-2021-051675
PMID: 35149562

Woldegiorgis MA, Hiller J, Mekonnen W, Meyer D, Bhowmik J. Determinants of antenatal care and skilled birth attendance in sub-Saharan Africa: a
multilevel analysis. Health Serv Res. 2019;54(5):1110-8. https://doi.org/10.1111/1475-6773.13163 PMID: 31090931

Tripathi V, Singh R. Regional differences in usage of antenatal care and safe delivery services in Indonesia: findings from a nationally representa-
tive survey. BMJ Open. 2017;7(2):e013408. https://doi.org/10.1136/bmjopen-2016-013408 PMID: 28159851

Rosario EVN, Gomes MC, Brito M, Costa D. Determinants of maternal health care and birth outcome in the Dande Health and Demographic Sur-
veillance System area, Angola. PLoS One. 2019;14(8):€0221280. https://doi.org/10.1371/journal.pone.0221280 PMID: 31437180

Adow |, Mwanzo |, Agina O, Wanzala P, Kariuki J. Uptake of antenatal care services among women of reproductive age in Mandera County, Kenya.
Afr J Health Sci. 2020;33(1):56-69.

Wang Y, Etowa J, Ghose B, Tang S, Ji L, Huang R. Association Between Mass Media Use and Maternal Healthcare Service Utilisation in Malawi. J
Multidiscip Healthc. 2021;14:1159-67. https://doi.org/10.2147/JMDH.S304078 PMID: 34045863

Ali SA, Dero AA, Ali SA, Ali GB. Factors Affecting the Utilization of Antenatal Care among Pregnant Women in Moba LGA of Ekiti State, Nigeria. Int
J Tradit Complement Med. 2016;2(2):41-5.

El-Khatib Z, Kolawole Odusina E, Ghose B, Yaya S. Patterns and Predictors of Insufficient Antenatal Care Utilization in Nigeria over a Decade:
A Pooled Data Analysis Using Demographic and Health Surveys. Int J Environ Res Public Health. 2020;17(21):8261. https://doi.org/10.3390/
ijerph17218261 PMID: 33182288

PLOS One | https://doi.org/10.1371/journal.pone.0337241 November 24, 2025 18719



https://doi.org/10.1016/S0140-6736(15)00838-7
http://www.ncbi.nlm.nih.gov/pubmed/26584737
https://www.who.int/reproductivehealth/publications/maternal-mortality-2000-2017/en/
https://www.who.int/reproductivehealth/publications/maternal-mortality-2000-2017/en/
https://doi.org/10.1186/s12978-016-0270-5
https://doi.org/10.1186/s12978-016-0270-5
http://www.ncbi.nlm.nih.gov/pubmed/28086926
https://doi.org/10.1016/S0140-6736(05)71088-6
http://www.ncbi.nlm.nih.gov/pubmed/15767001
http://www.ncbi.nlm.nih.gov/pubmed/14722365
https://doi.org/10.1007/s11524-023-00812-0
http://www.ncbi.nlm.nih.gov/pubmed/37973697
http://www.who.int/about/licensing/copy-right_form/index.html
http://www.who.int/about/licensing/copy-right_form/index.html
https://doi.org/10.1016/S2214-109X(17)30325-X
http://www.ncbi.nlm.nih.gov/pubmed/28911763
https://doi.org/10.1371/journal.pone.0222566
http://www.ncbi.nlm.nih.gov/pubmed/31518365
https://doi.org/10.1136/bmjopen-2021-051675
http://www.ncbi.nlm.nih.gov/pubmed/35149562
https://doi.org/10.1111/1475-6773.13163
http://www.ncbi.nlm.nih.gov/pubmed/31090931
https://doi.org/10.1136/bmjopen-2016-013408
http://www.ncbi.nlm.nih.gov/pubmed/28159851
https://doi.org/10.1371/journal.pone.0221280
http://www.ncbi.nlm.nih.gov/pubmed/31437180
https://doi.org/10.2147/JMDH.S304078
http://www.ncbi.nlm.nih.gov/pubmed/34045863
https://doi.org/10.3390/ijerph17218261
https://doi.org/10.3390/ijerph17218261
http://www.ncbi.nlm.nih.gov/pubmed/33182288

PLO\Sﬁ\\.- One

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Guliani H, Sepehri A, Serieux J. Determinants of prenatal care use: evidence from 32 low-income countries across Asia, Sub-Saharan Africa and
Latin America. Health Policy Plan. 2014;29(5):589-602. https://doi.org/10.1093/heapol/czt045 PMID: 23894068

Central Statistical Agency. Ethiopia DHS 2000. Central Statistical Agency. 2000. http://www.dhsprogram.com/pubs/pdf/FR118/FR118.pdf

Central Statistical Agency, ORCM. Ethiopia Demographic and Health Survey 2005. Heal San Fr [Internet]. 2005;(September):[446]. Available from:
http://www.measuredhs.com/pubs/pdf/FR179/FR179[23June2011].pdf

Central Statistical Agency [Ethiopia], ICF International. Ethiopia Demographic and Health Survey 2011. 2011.

Central Statistical Agency AAE, ICF TDP R Maryland U. Ethiopia demographic and health survey key indicators. 2016.
Rutstein SO, Johnson K. The DHS Wealth Index. DHS Comp Reports No 6. 2004;(March):1-71.

Adewuyi EO, Auta A, Adewuyi MI, Philip AA, Olutuase V, ZhaoY, et al. Antenatal care utilisation and receipt of its components in Nigeria: Assessing
disparities between rural and urban areas-A nationwide population-based study. PLoS One. 2024;19(7):e0307316. https://doi.org/10.1371/journal.
pone.0307316 PMID: 39008484

Faye CM, Wehrmeister FC, Melesse DY, Kavao M, Mutua K, Maiga A, et al. Large and persistent subnational inequalities in reproductive, mater-
nal, newborn and child health intervention coverage in sub-Saharan Africa. 2020;:1-9.

Ahuru R, Omon JI. Predictors of antenatal care utilization in primary healthcare centers in eight rural communities in Delta State, Nigeria. African J
Heal Econ. 2019;8(June):1-22.

Ononokpono DN, Odimegwu CO. Determinants of Maternal Health Care Utilization in Nigeria: a multilevel approach. Pan Afr Med J. 2014;17 Suppl
1(Suppl 1):2. https://doi.org/10.11694/pam;j.supp.2014.17.1.3596 PMID: 24643545

Okoli C, Hajizadeh M, Rahman MM, Khanam R. Geographical and socioeconomic inequalities in the utilization of maternal healthcare services in
Nigeria: 2003-2017. BMC Health Serv Res. 2020;20(1):849. https://doi.org/10.1186/s12913-020-05700-w PMID: 32912213

Adedokun ST, Uthman OA. Women who have not utilized health service for delivery in Nigeria: Who are they and where do they live?. BMC Preg-
nancy Childbirth. 2019;19(1):1-14.

Ngowi AF, Mkuwa S, Shirima L, Ngalesoni F, Frumence G. Determinants of focused antenatal care utilization among women in Simiyu region Tan-
zania. SAGE Open Nursing. 2023;9.

Sserwanja Q, Mukunya D, Nabachenje P, Kemigisa A, Kiondo P, Wandabwa JN, et al. Continuum of care for maternal health in Uganda: A national
cross-sectional study. PLoS One. 2022;17(2):e0264190. https://doi.org/10.1371/journal.pone.0264 190 PMID: 35202413

Dahab R, Sakellariou D. Barriers to Accessing Maternal Care in Low Income Countries in Africa: A Systematic Review. Int J Environ Res Public
Health. 2020;17(12):4292. https://doi.org/10.3390/ijerph17124292 PMID: 32560132

Aboagye RG, Seidu A-A, Ahinkorah BO, Cadri A, Frimpong JB, Hagan JE, et al. Association between frequency of mass media exposure and
maternal health care service utilization among women in sub-Saharan Africa: Implications for tailored health communication and education. PLoS
One. 2022;17(9):€0275202. https://doi.org/10.1371/journal.pone.0275202 PMID: 36174071

Tarekegn SM, Lieberman LS, Giedraitis V. Determinants of maternal health service utilization in Ethiopia: analysis of the 2011 Ethiopian Demo-
graphic and Health Survey. BMC Pregnancy Childbirth. 2014;14:161. https://doi.org/10.1186/1471-2393-14-161 PMID: 24886529

Okedo-Alex IN, Akamike IC, Ezeanosike OB, Uneke CJ. Determinants of antenatal care utilisation in sub-Saharan Africa: a systematic review. BMJ
Open. 2019;9(10):e031890. https://doi.org/10.1136/bmjopen-2019-031890 PMID: 31594900
Montafiez-Hernandez JC, Alcalde-Rabanal JE, Nigenda-L6épez GH, Aristizabal-Hoyos GP, Dini L. Correction to: Gender inequality in the health

workforce in the midst of achieving universal health coverage in Mexico. Hum Resour Health. 2020;18(1):44. https://doi.org/10.1186/s12960-020-
00486-8 PMID: 32532302

PLOS One | https:/doi.org/10.1371/journal.pone.0337241 November 24, 2025 19/19



https://doi.org/10.1093/heapol/czt045
http://www.ncbi.nlm.nih.gov/pubmed/23894068
http://www.dhsprogram.com/pubs/pdf/FR118/FR118.pdf
http://www.measuredhs.com/pubs/pdf/FR179/FR179[23June2011].pdf
https://doi.org/10.1371/journal.pone.0307316
https://doi.org/10.1371/journal.pone.0307316
http://www.ncbi.nlm.nih.gov/pubmed/39008484
https://doi.org/10.11694/pamj.supp.2014.17.1.3596
http://www.ncbi.nlm.nih.gov/pubmed/24643545
https://doi.org/10.1186/s12913-020-05700-w
http://www.ncbi.nlm.nih.gov/pubmed/32912213
https://doi.org/10.1371/journal.pone.0264190
http://www.ncbi.nlm.nih.gov/pubmed/35202413
https://doi.org/10.3390/ijerph17124292
http://www.ncbi.nlm.nih.gov/pubmed/32560132
https://doi.org/10.1371/journal.pone.0275202
http://www.ncbi.nlm.nih.gov/pubmed/36174071
https://doi.org/10.1186/1471-2393-14-161
http://www.ncbi.nlm.nih.gov/pubmed/24886529
https://doi.org/10.1136/bmjopen-2019-031890
http://www.ncbi.nlm.nih.gov/pubmed/31594900
https://doi.org/10.1186/s12960-020-00486-8
https://doi.org/10.1186/s12960-020-00486-8
http://www.ncbi.nlm.nih.gov/pubmed/32532302

