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Abstract: Antenatal care (ANC) is a critical intervention in reducing maternal and neonatal mortality, particularly in
low-resource settings. Despite global recommendations by the World Health Organization (WHO) for at least four ANC visits
during pregnancy, the utilization of ANC services remains suboptimal in Somalia. This study investigates the key maternal risk
factors affecting ANC utilization among 294 mothers in Mogadishu, Somalia, using Bayesian logistic regression. The objective
of this study was to identify sociodemographic and maternal factors that significantly influence ANC attendance. The findings
reveal that higher maternal age and greater parity were significantly associated with decreased ANC utilization. Conversely,
higher educational attainment and employment status were positively correlated with increased ANC visits. The analysis also
demonstrated that women with higher levels of education, especially those with secondary or tertiary education, were more
likely to attend ANC visits as recommended. Additionally, socioeconomic factors such as household income and
decision-making autonomy played an important role in ANC utilization. The Bayesian model displayed excellent convergence
and predictive accuracy, highlighting the complex, multifactorial nature of ANC utilization. These results emphasize the
importance of improving access to healthcare services, educational interventions, and economic empowerment to enhance
maternal health outcomes. The study also emphasizes the potential of Bayesian methods in providing valuable insights for
policymakers in fragile healthcare systems, such as that of Somalia.
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1. Introduction
Maternal health is a critical global issue, underscored by

alarmingly high maternal mortality rates in various regions.
According to a 2021 World Health Organization (WHO)
report, preventable maternal deaths related to pregnancy and
childbirth claim over 800 women’s lives daily [1]. In
developed countries, access to basic healthcare transforms
childbirth into a positive and fulfilling experience. In stark
contrast, many women in developing nations face suffering,
health complications, and even death during pregnancy
[2]. Implementing simple, affordable maternal care services
like Antenal Care (ANC) could significantly reduce these
pregnancy-related fatalities [3]. Despite a notable increase
in ANC utilization in underdeveloped regions, only a small

fraction of pregnant women attends the recommended four
ANC consultations [4].

Antenatal care encompasses routine visits to healthcare
providers during pregnancy, allowing for monitoring of
pregnancy progress, early detection of potential complications,
and essential health education [5]. As one of the ”four
pillars” of safe motherhood initiatives, ANC plays a vital
role in promoting maternal and infant health during pregnancy
and the early postpartum period. High-quality ANC services
enhance survival rates and overall health for both mothers and
their babies. Furthermore, these visits foster communication
between women and healthcare providers, increasing the
likelihood of using skilled birth attendants [3].

The WHO’s focused ANC model previously recommended
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at least four ANC visits for healthy pregnancies [24]. However,
the 2016 WHO guidelines expanded this to a minimum of
eight visits to improve care quality, reduce stillbirth risks,
and ensure positive pregnancy experiences [23]. Yet, many
countries, particularly in developing regions, still adhere to the
outdated four-visit model [6]. Additionally, pregnant women
in these regions, including Somalia, often begin ANC later
than recommended [5].

Globally, while 86% of pregnant women access ANC
with skilled personnel at least once, only 65% receive the
recommended four visits [7]. In developing regions like sub-
Saharan Africa and South Asia, where maternal mortality
rates are fourteen times higher than in high-income countries,
only 52% and 46% of pregnant women, respectively, receive
adequate ANC. In sub-Saharan Africa, about 80% attend at
least one ANC visit, but only 52% complete the recommended
four visits [6].

Somalia, with one of the highest maternal mortality ratios
in sub-Saharan Africa, has yet to meet the recommended
ANC visit guidelines [8]. The country experiences high rates
of maternal and newborn deaths, compounded by low ANC
utilization [5]. With a maternal mortality rate of 692 deaths
per 100,000 live births, the urgent need for improved maternal
healthcare services is evident [26]. The Somalia Demographic
and Health Survey [25] reveals that only 31% of women aged
15 − 49 received ANC from skilled personnel during their
last pregnancy, with just 24% attending the recommended four
or more visits. Furthermore, only 26% of pregnant women
received at least one ANC visit in a timely manner [25].

Research in sub-Saharan Africa has identified various
sociodemographic factors impacting ANC utilization,
including age, education, geographical location, parity, marital
status, and wealth status [11]. For instance, studies from
Ethiopia and other parts of sub-Saharan Africa indicate
that poorer women are less likely to receive ANC due to
financial constraints, lack of skilled providers in rural areas,
and inadequate health services [3, 10]. In Kenya, a study
employing logistic regression highlighted the significant
influence of socioeconomic and demographic characteristics
on maternal healthcare utilization [9]. However, this research
did not explore the relative contributions of these factors
using Bayesian logistic regression, which can provide deeper
insights.

Given the limited health research capacity in logistic
regression study [8], there is a lack of studies modeling
ANC utilization and identifying key maternal risk factors
using Bayesian methods. This study aims to fill that gap
by employing a Bayesian approach to identify the critical
determinants of ANC utilization in Mogadishu, Somalia. The
insights gained will be crucial for enhancing maternal health
services, improving utilization rates, and ultimately reducing
maternal mortality rates.

2. Methods and Materials

2.1. Study Area

The study area for this research is SOS Hospital, located in
Mogadishu, Somalia. SOS hospital is a prominent healthcare

facility that serves a diverse population within the capital city,
providing various medical services, including antenatal care,
maternal health services, and emergency care. Established to
address the healthcare needs of the community, SOS hospital
plays a crucial role in enhancing health outcomes for mothers
and children in the region. The hospital is equipped with
trained medical personnel and essential resources, ensuring
quality care for its patients. Its strategic location within
Mogadishu allows for accessibility to a significant number
of residents, making it an essential institution for healthcare
delivery in the area. The study will focused on understanding
antenatal care utilization among mothers accessing services at
SOS Hospital, highlighting the challenges and determinants
that influence their healthcare experiences.

2.2. Study Design and Data Source

This study used a cross-sectional design that comprised of
women in the reproductive age group (15 to 49 years old),
residing in Mogadishu city, and who attend ANC from SOS
hospital. A semi-structured questionnaire was designed and
confidentiality was assured to the participants. To ensure that
the questions were clear and could be understood by both
the enumerators and the respondents, the questionnaire was
pretested and further refined based on the results.

2.3. Sample Size Calculation and Sampling Technique

The sample size was determined using Cochran’s (1977)
formula, which is widely used for calculating sample sizes
when dealing with large populations:

n =
Z2 ∗ p∗(1− p)

e2

Where: n is the sample size, Z is the Z-score corresponding
to the desired confidence level (1.96for95% confidence), p
is the estimated proportion of pregnant women utilizing ANC
services. According to the Somali Demographic and Health
Survey [25], only 24%(p = 0.24) of pregnant women had four
or more antenatal care visits for their most recent live births,
1− p is the acceptable deviation from the assumed proportion,
which is (1 − 0.24 = 0.76), is the margin of error (typically
5%), Therefore, by substituting the variables and calculating
the sample size,

n =
1.962 ∗ 0.24∗(1− 0.24)

0.052
= 280

Adding 5% of 280 pregnant mothers (thus 280 ∗ 0.05 =
14), to compensate non-response rate during data collection, a
total sample size of 294(280 + 14 = 294) pregnant mothers
was recruited for the study. The study used consecutive
sampling because it involves recruiting all of the people from
an accessible population who meet the eligibility criteria over
a specific time interval, or for a specified sample size [12].
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2.4. Bayesian Logistic Regression Model

In this study, the effect of the independent variables on the dependent variables were investigated using Bayesian logistic
regression model since the dependent variable was a binary variable ( 0= not attended ANC services at a least 4 times) and (1=
attended ANC services at least 4 times)

Yi =

{
1, if the ith woman utilizing atleast 4 ANC services
0, if the ith woman not utilizing atleast 4 ANC services.

(1)

2.4.1. Model Specification
The Bayesian logistic regression model expresses the

probability that woman utilizing at least 4 ANC services (i.e
Yi = 1)

P (Yi = 1|Xi) =
1

1 + e−(β0+β1Xi1+β2Xi2+···+βkXik)
(2)

In this study, Yi is assumed to hava a Bernoulli distribution.
The logit transformation is therefore as follows:

logit(P (Yi = 1|Xi)) = log

(
P (Yi = 1|Xi)

1− P (Yi = 1|Xi)

)
= β0 + β1Xi1 + β2Xi2 + · · ·+ βkXik (3)

where:
P (Yi = 1|Xi), the probability that the ith woman utilizing

at least 4 ANC.
1−P (Yi = 1|Xi), the probability of ith woman not utilizing

at least 4 ANC.
Xi1, Xi2, · · · .Xik, the independent variables (maternal age,

parity, education level, socioeconomic status, and access to
healthcare).
β0 the intercept and β1, β2, · · · , βk, the coefficients for the

corresponding independent variables.

2.4.2. Prior Distribution
In Bayesian analysis, prior distributions are specified for

each parameter:

βj ∼ N(µβj , σ
2
βj), for, j = 1, 2, · · · , k (4)

This study assumes that each βj is normally distributed with
mean µβj and variance σ2

βj . Non-informative priors was used,
where µβj = 0 and σ2

βj is large (1000), indicating little prior
knowledge about the parameter values.

βj ∼ N(0, 1000), for, j = 1, 2, · · · , k (5)

where, the intercept β0, and β1, β2, · · · , βk regression
coefficients for non-informative priors.

2.4.3. Likelihood Function
In Bayesian analysis, the likelihood function reflects

information about the parameters contained in the data, and
the prior distribution, which quantifies what is known about
the parameters before observing data [13]. The likelihood
function represents the probability of the observed data given
the parameters:

L(Yi|Xi, β) = P (Yi = 1|Xi, β)
Yi × (1− P (Yi = 1− P (Yi = 1|Xi, β))

1−Yi (6)

substituting for P (Yi = 1|Xi, β)

L(β|Y,X) =

n∏
i=1

 1

1 + e
−(β9+

k∑
j−0

βjXij)


Yj

×

 e
−(β9+

k∑
j−0

βjXij)

1 + e
−(β9+

k∑
j−0

βjXij)


1−Yj

(7)

2.4.4. The Posterior Distribution
The posterior distribution combines the prior distribution

with the likelihood function using Bayes‘ theorem:

P (β|Y,X) =
P (Y |X,β) ∗ P (B)

P (Y |X)
(8)

Where, P (β|Y,X) is the the posterior distribution of the

parameters β given the observed data Y andX , P (Y |X,β) the
likelihood of the data given the parameters β, P (β) the prior
distribution of the parameters β, and P (Y |X) the marginal
likelihood, which ensures the posterior distribution integrates
to 1.

In Bayesian inference, the marginal likelihood P (Y |X) is
often ignored due to it′ s difficult to compute. Therefore,
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P (β|Y,X) ∝ P (Y |X,β)× P (β) (9)
This means the posterior distribution is proportional to the

product of the likelihood observed from the collected data and
the prior distribution.

2.4.5. Posterior Predictive Distribution
The posterior predictive distribution was used to predict the probability of ANC utilization for new data (Xnew) :

P (Ynew = 1|Xnew, Y,X) =

∫
P (Ynew = 1|Xnew, β)× P (β|Y,X)dβ. (10)

where, P (Ynew = 1|Xnew, Y,X) is the predicted probability for the new observation given the parameters β, P (Ynew =
1|Xnew, β) the posterior distribution of the parameters based on the observed data Y and X .

The posterior predictive distribution was computed using Markov Chain Monte Carlo (MCMC) sampling methods, allowing
samples to be drawn from the posterior distribution of β.

P (Ynew = 1|Xnew, Y,X) =
1

N

N∑
s=1

P (Ynew = 1|Xnew, β
(s)) (11)

Where β(s) are samples drawn from the posterior
distribution P (β|Y,X) and S is the number of posterior
samples used.

2.5. Descriptive Statistics

Data was entered into Microsoft Excel, coded, cleaned, and
finally imported into R-software version 4.4.2 for analysis.
The researcher used Bayesian Logistic Regression analyses
to identify the key maternal risk factors of ANC service
utilization among mothers in Mogadishu, Somalia.

Table 1 presents the socio-demographic characteristics of
the respondents. The average age of the participants was 28
years, with 31.6% of mothers falling within the 25 − 29 year
age range, closely followed by 27.9% aged 20 − 24 years. In
terms of marital status, a substantial majority of respondents
were married (70.1%), while 19.4% were divorced, 7.1%
were widowed, and the remaining 3.4% identified with other
marital statuses. t Regarding educational attainment, 30.6% of
mothers reported no formal education, 20.4% had completed
primary education, 30.6% possessed secondary education,
and 18.4% had achieved tertiary education. For parity, the
distribution of children among respondents indicated that
37.1% had 0− 2 children, 43.2% had between 3− 5 children,
and 19.7% had six or more children.

Occupationally, the majority of mothers were housewives
(51.7%), followed by 17.3% who were unemployed, 19.0%
who were employed in various sectors, and 11.9% who were
self-employed.

Table 1. Socio-Demographic Characteristics of the Respondents.

Variables Categories Frequency Percentage

Age of mother 15-19 18 6.1

20-24 82 27.9

25-29 93 31.6

30-24 62 21.1

55-39 39 13.3

Variables Categories Frequency Percentage

Marital staus Married 206 70.1

of mothers Divorced 57 3.4

Widowed 21 7.1

Others 10 3.4

Education level No formal education 90 30.6

of mothers Primary 60 20.4

Secondary 82 27.9

Parity 0-2 109 37.1

3-5 127 43.2

6or more 58 197

Occupation House wife 152 51.7

Unemployed 51 17.3

employed 56 19.0

Self employed 35 11.9

Monthly family < $200 80 27.2

Income $(300 < 400) 135 45.9

$400 − $600 51 17.3

> $600 28 9.5

Decision making Myself 224 76.2

on ANC my spouse 41 13.9

other family member 29 9.9

In relation to family income, a significant proportion of
mothers (45.9%) reported a monthly income ranging from
$200 to $400 per month. Additionally, 27.2% had an income
below $200, 17.3% earned between 400 and $600 , and
the remaining 9.5% reported an income exceeding $600.
Finally, regarding decision-making processes for ANC, a
notable majority (76.2%) indicated that they made decisions
independently. In contrast, 13.9% of mothers cited their
spouse as the decision-maker, while 9.9% identified another
family member as influential in the decision-making process.
Table 2 summarizes the responses of participants regarding the
accessibility of ANC services. The majority of respondents
(85.0%) resided in urban areas, while 15.0% lived in rural
areas. When examining the distance to ANC services, 17.0%
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of respondents reported living less than 1 km from the
nearest facility, with 42.5% residing between 1 − 5 km away.
Additionally, 28.2% lived 6 − 10 km from ANC services,
and 12.3% reported a distance greater than 10km. In terms
of transportation methods utilized to access ANC services,
62.2% of mothers relied on public transport, 23.8% traveled
on foot, and 14.0% used private vehicles. Regarding waiting
times at ANC facilities, 13.6% of respondents indicated wait
times of less than 30 minutes, 59.5% reported wait times
between 30 minutes and 1 hour, and 26.9% experienced wait
times exceeding 1 hour. When asked about the cost of
ANC services, a notable proportion of respondents (69.4%)
perceived the cost as inexpensive, while 30.6% considered it
to be expensive. Finally, the quality of ANC services was
evaluated by respondents, with 16.3% rating the services as
excellent, 72.8% as good, 9.2% as fair, and 1.7% as poor.
Figure 1 shows the number of respondents who had attended
ANC visits per WHO recommendations. The results showed
that a significant number of mothers 60% attended ANC while
the rest, 40%, did not. Figure 2 reports the various reasons
that the respondents provided to explain why they did not visit
ANC services. These barriers included the long distance to
the ANC services, financial constraints, long-lasting waiting
time for the services, lack of knowledge about ANC services,
and cultural or family restrictions. All Rhat values were 1.00
or very close to it, alongside high BulkESS and TailESS
values, which confirm the convergence and stability of the
model. Consequently, these results demonstrate a significant
decline in ANC utilization among older maternal age cohorts,
particularly for those aged 30− 49, while younger age groups
did not present significant deviations from the reference group.

Table 2. Means of access to ANC.

Variables Categories Frequency Percentage

1Residence Urban 250 85.0

Riral 44 15.0

Distance to ANC < than 1km 50 17.0

services 1-5 km 1.25 42.5

6-10 km 83 28.5

more than 19km 36 12.3

Means of transport waking 70 23.8

to ANC Public means 183 62.2

10 Private 41 14.0

Waiting time < 30 minutes 40 13.6

for ANC services 3-1nour 1.75 59.5

more than 1 hour 36 26.9

Cost of ANC services inexpensive 204 69.4

Expenxive 90 36.6

Quality of Excellent 48 16.3

services Goodo 32.4 72.8

Fair 27 9.2

Poor 5 1.7

Figure 1. The Proportion of mothers who visited ANC at least four visits.

Figure 3 illustrates the posterior distributions and trace plots
for the intercept and the effects of the specified age groups
(20 − 24, 25 − 29, 30 − 34, and 35 − 49 years) on ANC
utilization. The posterior distributions indicate that most
estimates for the age groups cluster around zero or slightly
negative, suggesting minimal or weak effects relative to the
reference age group. The coefficients for older age groups
(30 − 34 and 35 − 49) display more pronounced negative
distributions, further indicating a lower likelihood of ANC
utilization compared to the 15 − 19 age group. The trace
plots demonstrate effective mixing and stable sampling across
chains, affirming model convergence and the reliability of the
results.

Figure 2. Barriers to ANC utilization.

2.6. Bayesian Analysis

Table 3 presents Bayesian estimates quantifying the
relationship between maternal age and ANC utilization, using
the 15− 19 age group as the reference category. The intercept
estimate (β0 of 0.23(95% CI: −0.59 to 1.04) represents the
baseline log odds of ANC utilization for this reference group.
Mothers aged 20 − 24 experienced a modest, non-significant
increase in ANC utilization, with an estimate of 0.34(95% CI:
−0.56 to 1.26). In contrast, those aged 25 − 29 exhibited a
significant negative association with ANC utilization (estimate
= −0.70, 95% CI: −1.62 to −0.20). Notably, substantial
negative associations were observed in the 30−34 and 35−49
age groups, with estimates of−1.21(95% CI:−2.16 to−0.24)
and −1.05(95% CI: −2.05 to −0.01), respectively. These
findings indicate a decreased likelihood of ANC utilization
in these older maternal age groups compared to the reference
category.
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All Rhat values were 1.00 or very close to it, alongside
high BulkESS and TailESS values, which confirm the
convergence and stability of the model. Consequently, these
results demonstrate a significant decline in ANC utilization

among older maternal age cohorts, particularly for those aged
30 − 49, while younger age groups did not present significant
deviations from the reference group.

Table 3. Bayesian estimates quantifying the relationship between maternal age and ANC utilizatio.

Variables Categories Estimates Est.Error 95% CI Rhat Bulk Tail

Lower Upper ESS ESS

β0 Intercept 0.23 0.42 -0.59 1.04 1.01 1236 1389

Age 15-19(ref) 1.00

20-24 0.34 0.47 -0.56 1.26 1.10 1372 1897

25-29 -0.70 0.473 -0.62 -0.20 1.01 1350 1441

30-34 -1.21 0.49 -2.16 1.00 1441 1801

35-49 -1.05 0.52 0.52 -2.05 1.00 1514 2109

Figure 3. Posterior Distributions and Trace Plots of Age Groups.

Table 4 presents Bayesian estimates for the relationship
between parity and ANC utilization, with a parity of 0-2
serving as the reference category. The intercept β is estimated
at 0.19(95%CI : −0.14 to 0.52), reflecting the baseline
log-odds of ANC utilization for women with 0 − 2 previous
births. For women with a parity of 3− 5, the estimate is -0.64
(Est. Error = 0.23, 95% CI: −1.09 to −0.19), indicating a
statistically significant decrease in ANC utilization compared
to the reference group. Moreover, for women with a parity
of 6 or more, the estimate is −0.99 (Est. Error = 0.32, 95%
CI: −1.62 to −0.37), demonstrating an even stronger negative
association with ANC utilization. All Rhat values are 1.00, and
the high Bulk Effective Sample Size (ESS) and Tail ESS values
confirm model convergence and stability, indicating reliable
results. These findings suggest that higher parity is linked to
lower ANC utilization.

Figure 4 illustrates the posterior distributions and trace
plots for the Bayesian model’s intercept and parity group

coefficients regarding ANC utilization. Each density plot
showcases the posterior distribution, highlighting the range
and central tendency of each coefficient, while the trace
plots display the sampling progression across four chains.
The intercept exhibits a distribution centered around positive
values, consistent with the estimate presented in Table 4,
indicating a baseline propensity for ANC utilization in the
reference parity group (0− 2). In contrast, the coefficients for
Parity 3− 5 and Parity 6 or more reveal negative distributions,
reinforcing the negative association between higher parity and
ANC utilization. The trace plots demonstrate well-mixed and
stable chains for all coefficients, further confirming model
convergence. Table 4 provides insightful Bayesian estimates
regarding the relationship between ANC utilization and the
educational background of mothers. The intercept of the
model indicates the baseline log-odds of ANC utilization for
mothers without any formal education, estimated at −1.27.
This estimate falls within a 95% credible interval . of −1.71
to −0.83, suggesting that ANC utilization is significantly
lower in this group compared to those with formal education.
The model further delineates the effects of education on
ANC utilization. For mothers who have completed primary
education, the estimate is -0.19, accompanied by a 95% CI
of −0.93 to −0.50. This minimal yet statistically significant
improvement in ANC utilization relative to the uneducated
cohort suggests that even a primary education can confer
some benefits in accessing antenatal care services. Notably,
the impact of higher education becomes more pronounced.
Mothers with secondary education exhibited a considerable
increase in ANC utilization, reflected by an estimate of 2.81
and a credible interval ranging from 2.17 to 3.47. This strong
positive association underscores the critical role that secondary
education plays in enhancing access to and utilization of ANC
services.
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Table 4. Estimates regarding the relationship between ANC and educational background.

Variables Categories Estimates Est.Error 95% CI Rhat Bulk Tail

Lower Upper ESS ESS

β0 Intercept -1.27 0.23 =0.21 -0.83 1.00 2775 2855

level No formal education 1.00

Primary -0.19 0.37 -0.93 -0.50 1.00 3047 3058

Secondary 2.81 0.33 2.17 3.47 1.00 3087 3249

Tertiary 1.85 0.53 1.21 2.51 1.00 3075 3321

Figure 4. Posterior Distributions and Trace Plots Parity Group

Moreover, mothers with tertiary education also
demonstrated a positive association with ANC utilization, with
an estimate of 1.85 and a CI of 1.21 to 2.51. Although this
impact is significant, it is slightly less robust than that observed
for mothers with secondary education, indicating that while
higher education continues to be beneficial, the transition from
secondary to tertiary education may yield diminished returns
in terms of ANC utilization.

The model’s convergence is supported by Rhat values of
1.00 and robust Bulk Effective Sample Size and Tail Effective
Sample Size. These statistics affirm the reliability of the
estimates, indicating that the model has adequately converged
and provides stable parameter estimates.

Figure 5 visualizes this analysis through posterior
distributions and trace plots for the intercept and each
educational category’s effects (primary, secondary, and
tertiary). The unimodal and symmetric nature of these
posterior distributions suggests that the estimates for each
parameter are well-defined and reliable. The effect of primary
education centers near zero, indicating a minimal impact
compared to secondary and tertiary education, which show
pronounced positive effects, suggesting means around 3.0 and

2.0, respectively.
The trace plots further enhance the credibility of these

findings, illustrating good mixing across the four chains
without evidence of convergence issues or autocorrelation.
Collectively, these results advocate that higher education
levels, particularly secondary and tertiary, are significantly
correlated with increased utilization of antenatal care.

Figure 5. Posterior Distributions and Trace Plots Education Levels

Such insights may guide public health strategies aimed
at improving maternal health outcomes through educational
interventions. Table 5 presents a Bayesian analysis examining
the relationship between ANC utilization and various socio-
economic predictors. The intercept (β0) is estimated at−1.53,
indicating a baseline level of ANC utilization when all other
predictors are at their reference categories. Notably, being
unemployed is associated with a decrease in ANC utilization
by 0.36 compared to housewives. Conversely, employed
and self-employed individuals exhibit significant increases in
ANC utilization, with estimates of 2.99 and 2.72, respectively,
suggesting that employment status substantially enhances the
likelihood of attending ANC services.

Table 5. ANC utilization and various socio-economic predictors.

Variables Categories Estimates Est.Error 95% CI Rhat Bulk Tail

Lower Upper ESS ESS

β0 Intercept -1.53 0.32 -2.20 0.92 1.00 3098 3198

Occupation House wife 1.00
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Variables Categories Estimates Est.Error 95% CI Rhat Bulk Tail

Lower Upper ESS ESS

Unemployed -0.36 0.37 -1.10 0.34 1.00 7230 3334

Employed 2.99 0.39 2.25 3.78 1.00 6336 3265

self employed 2.72 0.44 1.87 3.62 1.00 5827 3067

Monthly Income < $200(ref) 1.00

< $200 0.61 0.33 -0.03 1.29 1.00 4041 3177

$200 − $400 0.25 0.42 0.62 1.06 1.00 4813 3075

$400 − $600 1.11 0.51 0.12 2.12 1.00 5253 3625

Decision on ANC Myself(ref) 1.00

Myselfd -0.34 0.39 -1.10 0.44 1.00 6334 3245

My spouse -0.09 0.43 -0.94 0.73 1.00 6154 3339

Table 6. Bayesian Impact Analysis of Delayed ANC Initiation on Maternal Health Outcomes.

Variables Categories Estimates Est.Error 95% CI Rhat Bulk Tail

Lower Upper ESS ESS

β0 Intercept 1.22 0.25 0.74 1.74 1.00 1947 1934

Delayed ANC First Trimmester(ref) 1.00

Second trimmster -2.48 0.32 -3.10 -1.86 1.00 1947 1907

Third trimmester -2.67 0.33 -3.34 -2.04 1.00 1975 2191

Regarding monthly income, individuals earning above $600
demonstrate a noteworthy increase of 1.11 in ANC utilization
relative to those earning less than $200. This finding
indicates a trend toward higher ANC utilization as income
rises. Decision-making authority also plays a role; women
who make their own decisions about ANC utilization serve
as the reference group, while decision-making by spouses or
other family members shows marginal negative associations
with ANC attendance (β = −0.34 and −0.09, respectively),
although these effects are not strongly significant.

The Rhat values, all around 1.00, indicate good convergence
of the Bayesian model, with robust estimates supported by the
Bulk and Tail Effective Sample Sizes (ESS). Figures 6 − 7
illustrate the posterior distributions and trace plots for the
socio-economic predictors. The density plots reveal central
tendencies and variability of each coefficient, while the trace
plots confirm convergence stability across four Markov Chain
Monte Carlo (MCMC) chains.

The intercept’s distribution is centered on a negative value,
aligning with preliminary findings, which suggest a baseline
inclination toward low ANC utilization in the reference group.
Employment status, with posterior means around 3.5 for
employed and 3.0 for self-employed women, indicates a
strong positive correlation with ANC utilization. In contrast,
the unemployed group’s distribution is centered near zero,
signaling a weaker connection.

Income levels reveal that women earning above $600
display a substantial positive association with ANC utilization,
while those in the $400 − $600 range show modest positive
effects. In contrast, women earning $200 − $400 exhibit
distributions closer to zero, indicating less pronounced ANC
use. The coefficients for decision-making authority held by
”My spouse” or ”Other family members” are also near zero,

highlighting a potential minor reduction in ANC access when
decision-making is external to the woman.

Figure 6. Predicted Maternal Health Outcomes Based on Timing of ANC Initiation.

Figure 6 visualizes the predicted probabilities of positive
maternal health outcomes based on ANC timing. Women who
initiated ANC in the first trimester had the highest probability
of favorable outcomes (around 0.8), while delays to the second
and third trimesters significantly reduced these probabilities,
highlighting the negative impact of late ANC initiation.

3. Discussion of Findings
This study utilized Bayesian logistic regression to analyze

ANC utilization against various maternal risk factors in
Mogadishu, Somalia. The dataset comprised 294 mothers,
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and the analysis identified that maternal age, education level,
parity, socioeconomic status, and healthcare access emerged as
significant determinants of ANC service utilization.

The findings reveal that maternal age correlates significantly
with ANC attendance. Specifically, younger mothers (ages
15 − 24) demonstrated higher rates of ANC utilization
compared to their older counterparts. This observation
aligns with existing research in sub-Saharan Africa, where
younger women tend to initiate and maintain ANC visits
more consistently [14, 15]. The trend may be attributed
to heightened pregnancy-related concerns and increased
awareness gained through contemporary health education
initiatives.

Additionally, these results are consistent with studies
conducted in Nepal where maternal age significantly
influenced ANC attendance [6]. Targeted ANC education
programs for younger mothers may have resulted in this
increased utilization, emphasizing a potential gap in outreach
to older women, who may rely on past childbirth experience
rather than formal healthcare support.

Parity also exhibited a significant relationship with ANC
service utilization, corroborating findings from prior research
[20, 21]. The study showed that mothers experiencing
their first or second pregnancies were more likely to access
ANC services compared to those with six or more children.
This pattern is echoed in findings from Ethiopia, where
women with multiple previous pregnancies often perceive
ANC as less critical, drawing on past experiences instead of
consistently seeking healthcare for each pregnancy [16]. The
demands associated with larger families may contribute to
decreased healthcare attendance as mothers juggle increased
responsibilities and time constraints. Educational attainment
emerged as another pivotal factor influencing ANC service
utilization. The study uncovered that mothers with primary
education were less likely to utilize ANC services compared
to those with secondary education or higher. This disparity
suggests that mothers with limited or no formal education face
barriers in seeking maternal healthcare, largely due to a lack
of knowledge concerning maternal health and ANC services.
Similar findings were reported by [17], who noted that women
with higher educational levels are more likely to complete the
recommended four ANC visits. Educated women generally
demonstrate greater awareness of healthcare services and
their benefits, indicating that enhancing women’s education
can significantly improve health-seeking behaviors. These
findings are consistent with research conducted in Pakistan,
which illustrated that higher education levels positively
influence health-seeking behaviors and enable women to exert
greater control over their pregnancies [18].

Furthermore, the study highlighted a strong association
between socioeconomic status and ANC utilization in
Mogadishu. Specifically, the occupation and income level of
mothers were found to significantly impact ANC attendance.
Notably, over half of the respondents (51.6%) identified as
housewives and did not attend ANC services, underscoring
a potential link between occupation and healthcare access.
Similar conclusions were drawn in Ghana, where maternal

occupation was deemed a significant predictor of ANC
attendance [19]. Furthermore, economic factors played a
critical role, as 27.3% of respondents reporting a household
income below $200 did not utilize ANC services. This
trend reflects the financial barriers that often accompany
ANC access, which includes both direct costs (e.g., service
fees) and indirect costs (e.g., transportation). Research by
[18] substantiated these findings, indicating that women from
higher-income households were three times more likely to
receive ANC services compared to those from lower-income
households.

Additionally, geographic proximity to healthcare facilities
was identified as a significant predictor of ANC utilization
in this study. Findings revealed that women residing 6 − 10
km or more than 10 km from ANC centers were considerably
less likely to attend the recommended number of ANC
visits. This outcome is consistent with research conducted
in Kenya and Uganda, where increased distance to health
facilities negatively impacted ANC attendance, attributable
to higher transportation costs and the time burden associated
with lengthy travel [22]. Overall, the results underscore that
both distance and travel time significantly influence maternal
health service utilization, revealing the critical importance of
geographic accessibility in enhancing ANC utilization.

In summary, this study underscores the complex interplay
between maternal characteristics, sociodemographic factors,
and ANC service utilization. These findings highlight
the need for targeted interventions that address educational
gaps, socioeconomic barriers, and accessibility challenges,
ultimately promoting improved maternal healthcare outcomes
in Mogadishu and similar contexts.

4. Conclusion

Based on the results, the study concluded that maternal
age, educational level, parity, socioeconomic status, and
healthcare access significantly influenced the likelihood of
ANC utilization. The Bayesian analysis provided robust
insights into how maternal age, parity, education level,
socioeconomic status, and healthcare access influence ANC
attendance. Women with higher educational attainment,
younger, lower parity, and better socioeconomic status were
more likely to utilize ANC services, while Women aged 30 −
34 and 35− 49 years, those with higher parity, and those with
no formal education were less likely to attend ANC services.

Abbreviations
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