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Abstract

Background: Antenatal care (ANC) provides preventive, promotive, and curative services during pregnancy and
contributes to improved maternal and neonatal outcomes. Despite its benefits, ANC utilization remains suboptimal
in Nigeria. Due to this public health importance, there is a need to identify factors associated with ANC utilization
using appropriate statistical model.

Objective: This study compared Poisson compound models to determine the most suitable model for antenatal care
visits and its associated factors in Nigeria.

Methods: This study used secondary data from the 2024 Nigeria Demographic and Health Survey (NDHS). The
outcome variable was the number of antenatal care visits. Four count regression models were fitted: Poisson
Regression, Zero-Inflated Poisson (ZIP), Negative Binomial (NB), and Zero-Inflated Negative Binomial (ZINB)
models. Model comparison was based on Deviance (Akaike Information Criterion (AIC), and Bayesian Information
Criterion (BIC). Incidence Rate Ratios (IRR). P-value <0.05 was considered statistically significant.

Results: The Zero-Inflated Negative Binomial model produced the lowest Deviance (61964.5), AIC (62030.5), and
BIC (62278.7) values compared with the other models, indicating the best fit for antenatal care utilization. ANC
utilization was associated with maternal age, geopolitical zone, residence, education, religion, marital status,
employment, birth order, partner’s education/occupation, wealth, and healthcare distance (IRR=0.843—-1.788;
p<0.05).

Conclusion: The ZINB model was the most appropriate model for antenatal care visits in Nigeria. The findings also
emphasize the need for robust analytical approaches in evaluating maternal healthcare utilization patterns in
developing countries with limited health resources.
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Introduction

Antenatal care (ANC) is an essential
program  for  delivering  preventive,
promotive, and curative health services
during pregnancy. ['?! Ninety five percent of
global maternal deaths occur in low- and
middle-income countries. B4 Timely and
adequate utilization of maternal healthcare
services, particularly antenatal care, can
substantially  reduce  pregnancy-related
morbidity and mortality. > In this bid, the
World  Health  Organization (WHO)
recommends a minimum of eight ANC
contacts. ['1 The ANC package includes
clinical assessments, nutritional support,
immunization, and health education. [>¢]
Furthermore, adequate ANC utilization has
been associated with increased likelihood of
skilled birth attendance and improved
continuity of care. [:*]

Despite the benefits of ANC, it’s utilization
in many sub-Saharan African countries,
including Nigeria remains suboptimal. [+
Nigeria ranks among the countries with the
highest maternal mortality ratios worldwide.
(3101 Completion of the recommended
number of ANC visits in Nigeria remains
low; reflecting gaps in access, quality, and
continuity of care. [*!!) Factors influencing
antenatal care utilization in Nigeria and
similar settings include socio-demographic,
economic, reproductive and health system,
and access to mass media. [12-18]

Barriers to adequate antenatal care
utilization include financial constraints,
transportation challenges, and disparities in
healthcare infrastructure particularly in rural
and underserved communities. [7-'1 Late
initiation of ANC and irregular attendance
further undermine the effectiveness of

maternal health interventions. [11:16:20.21]

Several studies have assessed the suitability
of count regression models for analysing
healthcare utilization data characterized by
excess zeros and over-dispersion. Yusuf et
al.l?2l  examined antenatal care (ANC)
utilization in Nigeria using data from the
2013 Nigeria Demographic and Health
Survey (NDHS). The study compared Zero-
Inflated Poisson (ZIP), Zero-Inflated
Negative Binomial (ZINB), Hurdle Poisson
(HP), and Hurdle Negative Binomial (HNB)
models and found that the ZINB model
provided the best fit for ANC utilization
data based on Akaike Information Criterion
(AIC) and Bayesian Information Criterion
(BIC) values. 129301

Similarly, Bekalo and Kebede [?*! evaluated
alternative count regression models and
reported  that
outperformed conventional Poisson and
Negative Binomial models when the data
contained a substantial proportion of zero
observations. Their findings emphasized the
importance of accounting for excess zeros in
healthcare utilization studies.

zero-inflated models

In Nigeria, Bassey et al. ?* applied Zero-

Inflated Poisson and Zero-Inflated Negative
Binomial models to maternal healthcare
utilization data. The study concluded that
zero-inflated models provided a more
realistic ~ representation of  healthcare
utilization behaviour than traditional count
regression models. Abu Bakar et al. [*!
investigated outpatient healthcare utilization
using national survey data and observed that
healthcare utilization data frequently violate

the equidispersion assumption of the
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Poisson model. The study therefore
recommended the use of advanced count
regression models capable of addressing
over-dispersion and excess zeros.

Furthermore, Lee et al. 29 assessed the
performance of Negative Binomial and
Zero-Inflated Negative Binomial models in
analysing medical count data. The findings
showed that the ZINB model performed
better when the outcome variable exhibited
both excess Zeros and over-
dispersion.Overall,  empirical  evidence
suggests that advanced count regression
models, particularly the Zero-Inflated
Negative Binomial model, often outperform
the conventional Poisson regression model
when analysing healthcare utilization data
characterized by excess zeros and over-
dispersion. However, empirical studies
comparing Poisson, Negative Binomial,
Zero-Inflated Poisson, and Zero-Inflated
Negative Binomial models using recent
ANC utilization data in Nigeria remain
limited. This gap justifies the need for
further comparative assessment of these
models to determine the most appropriate
model for ANC utilization data. The
objective of this study was to compare these
count regression models and identify the
most appropriate model for antenatal care
visits in Nigeria.

Methods

The dataset for this study was the secondary
data of the Nigeria Demographic and Health
Survey (NDHS), 2024. The sampling frame
for the 2024 Nigeria Demographic and
Health Survey (NDHS) was derived from
the updated cartographic frame developed

for Nigeria’s forthcoming first fully digital
Population and Housing Census. The
country is divided into 36 states and the
Federal Capital Territory (FCT), constituting
a total of 37 subnational units. Each state is
further segmented into local government
areas (LGAs), which are subsequently
divided into localities.

The 2024 NDHS adopted a stratified two-
stage sampling design. Stratification was
carried out by separating each of the 36
states and the FCT into urban and rural place
of residence resulting in 74 distinct sampling
strata. Within each stratum, samples were
drawn independently using a two-stage
selection procedure. Poisson regression is
the traditional and most commonly used
model for identifying factors associated with
count data such as the number of antenatal
care (ANC) visits. However, the application
of Poisson regression may be inadequate
when over-dispersion exists, that is, when
the variance of the outcome variable exceeds
its mean. Under such circumstances,
alternative count regression models that can
accommodate over-dispersion and excess
zeros, including the Negative Binomial (NB),
Zero-Inflated Poisson (ZIP), and Zero-
Inflated Negative Binomial (ZINB) models,
become more appropriate.

The detailed study design and sampling
procedures used in this study are fully
documented in the National Population
Commission and ICF (2024) Nigeria
Demographic and Health Survey (NDHS)
final report. [?7]

The number of antenatal visits for this study
is a count data, so this study made use of
count regression models: Poisson, Zero-
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inflated Poisson, Negative Binomial and
Zero-inflated Negative Binomial
models.?43%  The criteria for model
comparison  were Deviance, Akaike
Information Criterion (AIC), and Bayesian
Information Criterion (BIC). The model that
gives the smallest value of these criteria
denotes the best model of them all. The
parameters for the models, incidence rate
ratios (IRR) and confidence intervals at 95%
level were stated. SPSS statistical software
package, and R- programming language
were used for the analysis.

Poisson Regression Model

Yi ~ Poisson(wi); log(w) = oo + B1Xs; +
BoXoi + ... + Bkai

Where: Yi represents the count response
variable (Number of antenatal care visits).®
Wi is the expected count for observation I; oo
is the intercept; B ... Pk are regression
coefficients.

Xi ... X are independent variables.

The Poisson regression model assumes that
the mean and variance of the count variable
are equal.

Zero-Inflated Poisson (ZIP) Regression
Model

PYi=0)=pi+(1-p) 7 PYi=y)=(l

—; MY
—p) [ ML y>0
IOg(ui) = Bo + Blei + .+ BiXi; IOgit(pi) =
Wo+ w11+ ... + ®nZmi

Where: p; represents the probability of
excess zeros; |l is the mean count; [
parameters are coefficients for the count
model; o parameters are coefficients for the
zero-inflation model; X and Z are
explanatory variables. The ZIP model is

appropriate when the data contain more
zeros than expected under a standard
Poisson distribution.

Negative Binomial Regression Model

Yi~ NB(p, 9); log(pi) = o + iXiui + f2Xoi
+ ...+ Bkai

Where: Y; is the count outcome variable;
is the expected mean count; ¢ is the
dispersion  parameter; [  coefficients
represent the effects of predictors; The
Negative Binomial model is used when
overdispersion exists, meaning the variance
exceeds the mean.

Zero-Inflated Negative Binomial (ZINB)
Regression Model

P(Yi=0)=pi+ (1 —pi) NB(Yi=0); P(Yi=Yy)
=1 —p) NB(Yi=y), y>0
IOg(ui) =Bo+ Blei + .+ BieXi; logit(pi) =
Wo+ Wi+ ... + ®nZmi

Where: p; denotes the probability of
structural zeros; ; is the expected count; ¢ is
the dispersion parameter; p and ® are
vectors of regression coefficients; The ZINB
model is suitable for count data
characterized by both overdispersion and
€XCess Zeros.

Poisson regression is the traditional and
most commonly used model for identifying
factors associated with count data such as
the number of antenatal care (ANC) visits.
However, the application of Poisson
regression may be inadequate when over-
dispersion exists, that is, when the variance
of the outcome variable exceeds its mean.
Under such circumstances, alternative count
regression models that can accommodate
over-dispersion and excess zeros, including
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the Negative Binomial (NB), Zero-Inflated
Poisson (ZIP), and Zero-Inflated Negative
Binomial (ZINB) models, become more
appropriate.??)  Poisson and Negative
Binomial models are widely used for count
data analysis. When excess zeros are present,
Zero-Inflated Poisson and Zero-Inflated
Negative Binomial models provide more
flexible alternatives for modeling count
outcomes.

Results

Table I shows the result of the criteria used
to identify the best model for ANC
utilization. All the parameters for Model 4
(Zero-inflated Negative Binomial Model)
consistently showed lowest values.

Table I: Comparison of Models of ANC Factors

Table II shows the Poisson model of ANC
Women aged 25-49 years
demonstrated significantly higher ANC
utilization than women aged 15-19 years,
with IRRs ranging from 1.111 to 1.190.
Women in the South West had the highest
ANC utilization (IRR=1.872; 95% CI:
1.817-1.927). Urban residence significantly
increased ANC utilization by 6.9%
(IRR=1.069; 95% CI: 1.048-1.091). Women
with no education had significantly lower
ANC utilization (IRR=0.685; 95% CI:
0.658-0.713). Rich women had 20.7%
higher ANC utilization compared with
women in the middle wealth category
(IRR=1.207;  95% CI. 1.178-1.237).
Increasing birth order reduced ANC
utilization (IRR=0.979; 95% CI: 0.972-
0.987).

factors.

Model Parameters Model 1 Model 2 Model 3 Model 4
Deviance 72076.4 62944.2 64957.6 61964.5
AIC 72076.4 63008.2 65021.6 62030.5
BIC 72371.6 63248.9 65262.3 62278.7

Model 1: Poisson; Model 2: Zero Inflated Poisson, Model 3: Negative Binomial; Model 4: Zero inflated Negative Binomial; AIC:

Akaike Information Criterium; BIC: Bayesian Information Criterium.
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Table II: Poisson Model of ANC Factors

Variables Estimates p-value IRR 95% Confidence Interval

Lower Upper

Age group: 15-19 (Ref.)

20-24 0.071 0.004 1.074 1.023 1.126
25-29 0.105 0.000 1.111 1.056 1.169
30-34 0.146 0.000 1.157 1.092 1.225
35-39 0.171 0.000 1.186 1.111 1.266
40-44 0.174 0.000 1.190 1.103 1.283
4549 0.166 0.001 1.181 1.067 1.306
Geopolitical Zone: North Central (Ref.) 1.000

North East 0.232 0.000 1.261 1.223 1.300
North West -0.035 0.000 0.966 0.937 0.995
South East 0.399 0.000 1.490 1.443 1.540
South South 0.355 0.000 1.426 1.380 1.473
South West 0.627 0.000 1.872 1.817 1.927
Residence: Rural (Ref.) 1.000

Urban 0.067 0.000 1.069 1.048 1.091
Education: Tertiary/ Higher (Ref.) 1.000

No Education -0.379 0.000 0.685 0.658 0.713
Primary -0.163 0.000 0.850 0.818 0.882
Secondary -0.062 0.000 0.940 0916 0.964
Religion: Catholic (Ref) 1.000

Islam 0.038 0.033 1.039 1.003 1.076
Other Christians 0.028 0.063 1.028 0.998 1.059
Traditionalist/others 0.070 0.266 1.073 0.948 1.214
Age of Respondent at first birth 0.003 0.029 1.003 1.000 1.006
Marital Status: Married (Ref.) 1.000

Never in Union/ Widow -0.194 0.000 0.824 0.793 0.856
Respondent currently working: No (Ref.) 1.000

Yes 0.107 0.000 1.113 1.092 1.134
Birth Order Number -0.021 0.000 0.979 0.972 0.987
Partner’s Education: Secondary (Ref.) 1.000

Tertiary of Higher Education 0.038 0.001 1.039 1.015 1.063
No Education -0.334 0.000 0.716 0.694 0.739
Primary Education -0.079 0.000 0.924 0.895 0.954
Partner’s Occupation: Not working (Ref.) 1.000

Working -0.028 0.222 0.972 0.931 1.017
Wealth-index: Middle (Ref)) 1.000

Poor -0.186 0.000 0.830 0.807 0.853
Rich 0.188 0.000 1.207 1.178 1.237
Radio frequent use: No (Ref.) 1.000

Yes 0.038 0.000 1.039 1.020 1.058
Distance to Health Facility: barrier (Ref.) 1.000

Not a big problem 0.119 0.000 1.126 1.104 1.149
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Table III: Zero-Inflated Poisson Model of ANC Factors
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Table I'V: Negative Binomial Model of ANC Factors in Nigeria

Variables Estimates p-value IRR 95% Confidence
Interval
Lower Upper
Age group: 15-19 (Ref.)
20-24 0.030 0.444 1.031 0.954 1.114
25-29 0.051 0.233 1.053 0.968 1.145
30-34 0.097 0.050 1.102 1.000 1.215
35-39 0.113 0.050 1.119 1.000 1.253
40-44 0.102 0.133 1.108 0.969 1.266
4549 0.092 0.307 1.096 0.919 1.307
Geopolitical Zone: North Central (Ref.) 1.000
North East 0.331 0.000 1.392 1.322 1.466
North West 0.006 0.813 1.006 0.957 1.057
South East 0.407 0.000 1.502 1.412 1.598
South South 0.340 0.000 1.405 1.319 1.496
South West 0.634 0.000 1.885 1.776 1.999
Residence: Rural (Ref.) 1.000
Urban 0.070 0.000 1.073 1.034 1.113
Education: Tertiary/ Higher (Ref.)
No Education -0.411 0.000 0.663 0.616 0.713
Primary -0.162 0.000 0.851 0.791 0.914
Secondary -0.069 0.012 0.933 0.884 0.985
Religion: Catholic (Ref.)
Islam 0.019 0.568 1.020 0.954 1.090
Other Christians 0.029 0.330 1.029 0.972 1.090
Traditionalist/others -0.013 0.905 0.987 0.797 1.223
Age of Respondent at first birth 0.004 0.208 1.004 0.998 1.009
Marital Status: Married (Ref.)
Never in Union/ Widow -0.198 0.000 0.821 0.765 0.880
Respondent currently working: No (Ref.)
Yes 0.121 0.000 1.129 1.092 1.166
Birth Order Number -0.011 0.095 0.989 0.976 1.002

Partner’s Education: Secondary (Ref)

Tertiary of Higher Education 0.039 0.102 1.039 0.992 1.088
No Education -0.360 0.000 0.698 0.664 0.733
Primary Education -0.059 0.045 0.943 0.891 0.999
Partner’s Occupation: Not working (Ref.)

Working -0.033 0.375 0.968 0.900 1.041
Wealth-index: Middle (Ref))

Poor -0.212 0.000 0.809 0.773 0.846
Rich 0.185 0.000 1.203 1.150 1.258

Radio frequent use: No (Ref.)
Yes 0.051 0.005 1.052 1.015 1.090

Distance to Health Facility: barrier (Ref.)
Not a big problem 0.141 0.000 1.151 1.113 1.191
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Table III shows the Zero-inflated Poisson
model of ANC factors. Women living in the
South West had significantly higher ANC
utilization (IRR=1.764; 95% CI: 1.712-
1.817). Urban residence increased ANC
utilization by 3.5% (IRR=1.035; 95% CI:
1.014-1.056). Women with no education
had substantially lower ANC utilization
compared with women with tertiary
education (IRR=0.875; 95% CI: 0.841-
0.911). Women currently working had 3.9%

higher ANC utilization (IRR=1.039; 95% CI:

1.019-1.059). Women who reported that
distance to health facility was not a major
problem had significantly lower ANC
utilization (IRR=0.011; 95% CI: 1.030-
1.073).

Table IV shows the Negative Binomial
Model of ANC Factors. Women living in the
South West had significantly higher ANC
utilization (IRR=1.885; 95% CI: 1.776—
1.999). Urban residence increased ANC
utilization by 7.3% (IRR=1.073; 95% CI:
1.034-1.113). Women with no education
had substantially lower ANC utilization
compared with women with tertiary
education (IRR=0.663; 95% CI: 0.616—
0.713). Women currently working had
12.9% higher ANC utilization (IRR=1.129;
95% CI:  1.092-1.166). Women who
reported that distance to health facility was
not a major problem had significantly higher
ANC utilization (IRR=1.151; 95% CI:
1.113-1.191).

Table V shows the Zero-Inflated Negative
Binomial regression model of antenatal care
(ANC) utilization among women in Nigeria.
Compared with women aged 15-19 years,

women aged 25-29 years had an 8.8%
higher rate of ANC utilization (IRR=1.088;
95% CI: 1.018-1.164). Similarly, women
aged 30-34 years, 35-39 years, and 4044
years demonstrated 10.3% (IRR=1.103;
95% CI: 1.023-1.190), 12.8% (IRR=1.128;
95% CI.  1.035-1.229), and 14.5%
(IRR=1.145; 95% CI: 1.036-1.266) higher
rates of ANC utilization, respectively.
However, women aged 20-24 years and 45—
49 years did not differ significantly from
women aged 15-19 years in ANC utilization.
Geopolitical zone was  significantly
associated with ANC utilization. Relative to
women residing in the North Central zone,
women in the South East had a 34.7%
higher rate of ANC utilization (IRR=1.347,
95% CI: 1.291-1.407), while women in the
South South and South West exhibited
40.6% (IRR=1.406; 95% CI: 1.346-1.468)
and 78.8% (IRR=1.788; 95% CI: 1.718-
1.861) higher rates of ANC utilization,
respectively. Conversely, women in the
North West had a significantly lower rate of
ANC utilization by 10.8% compared with
those in the North Central zone (IRR=0.892;
95% CI: 0.857-0.928).

Women  residing in  urban  areas
demonstrated a 3.6% higher rate of ANC
utilization compared with women in rural
areas (IRR=1.036; 95% CI: 1.009-1.064).

Educational attainment showed a significant
inverse association with reduced ANC
utilization among women with lower
educational levels compared with women
who attained tertiary education. Women
with no formal education had a 15.7% lower
rate of ANC utilization (IRR=0.843; 95% CI:
0.801-0.887), while women with
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primary and secondary education had 10.2%
(IRR=0.898; 95% CI: 0.854-0.943) and
5.6% (IRR=0.944; 95% CI: 0.912-0.977)
lower rates of ANC utilization, respectively.

Religion was also associated with ANC
utilization. Compared with Catholic women,
women who identified as Other Christians
had a significantly higher rate of ANC
utilization by 4.6% (IRR=1.046; 95% CI:
1.006-1.087). However, no statistically
significant differences were observed among
Muslim women or Traditionalist/other
religious groups relative to Catholics.

Age at first birth was not significantly
associated with ANC utilization (IRR=1.002;
95% CI: 0.998-1.006).

Marital status significantly influenced ANC
utilization. Women who were never in union
or widowed had a 7.9% lower rate of ANC
utilization compared with married women
(IRR=0.921; 95% CI: 0.875-0.969).

Employment status of respondents was
significantly ~ associated ~ with ~ ANC
utilization. Women who were -currently
working demonstrated a 4.6% higher rate of
ANC utilization compared with women who
were not working (IRR=1.046; 95% CI:
1.020-1.072).

Birth order was inversely associated with
ANC utilization. For every unit increase in
birth order, the rate of ANC utilization
decreased by 1.5% (IRR=0.985; 95% CI:
0.975-0.995).

Partner’s educational attainment

significantly influenced ANC utilization.

Compared with women whose partners had
secondary education, women whose partners
had no formal education demonstrated a
12.5% lower rate of ANC utilization
(IRR=0.875; 95% CI: 0.841-0.910), while
those whose partners had primary education
had a 4.7% lower rate of ANC utilization
(IRR=0.953; 95% CI: 0.914-0.993). No
statistically ~ significant difference was
observed among women whose partners had
tertiary education.

Partner’s occupation was significantly
associated with ANC utilization. Women
whose partners were working had a 7.6%
lower rate of ANC utilization compared with
women whose partners were not working
(IRR=0.924; 95% CI: 0.870-0.981).

Household wealth status significantly
predicted ANC utilization. Compared with
women from middle-income households,
women from poor households had a 9.4%
lower rate of ANC utilization (IRR=0.906;
95% CI: 0.875-0.939), whereas women
from rich households demonstrated a 12.8%
higher rate of ANC utilization (IRR=1.128;
95% CI: 1.093—-1.164).

Frequency of radio use was not significantly
associated with ANC utilization (IRR=1.015;
95% CI: 0.991-1.040).

Perceived distance to a health facility
significantly influenced ANC utilization.
Women who reported that distance to a
health facility was not a major problem
demonstrated a 6.2% higher rate of ANC
utilization compared with women who
perceived distance as a barrier (IRR=1.062;
95% CI: 1.034-1.091)
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Table V: Zero-Inflated Negative Binomial Model of ANC Factors in Nigeria

Variables Estimates p-value IRR 95% Confidence Interval
Lower Upper
Age group: 15-19 (Ref.)
20-24 0.059 0.069 1.061 0.995 1.130
25-29 0.085 0.014 1.088 1.018 1.164
30-34 0.098 0.011 1.103 1.023 1.190
35-39 0.120 0.006 1.128 1.035 1.229
40-44 0.136 0.008 1.145 1.036 1.266
4549 0.124 0.070 1.132 0.990 1.294
Geopolitical Zone: North Central (Ref.)
North East 0.059 0.114 0.967 0.928 1.008
North West 0.085 0.000 0.892 0.857 0.928
South East 0.098 0.000 1.347 1.291 1.407
South South 0.120 0.000 1.406 1.346 1.468
South West 0.136 0.000 1.788 1.718 1.861
Residence: Rural (Ref)
Urban 0.035 0.009 1.036 1.009 1.064
Education: Tertiary/ Higher (Ref.)
No Education -0.171 0.000 0.843 0.801 0.887
Primary -0.108 0.000 0.898 0.854 0.943
Secondary -0.057 0.001 0.944 0912 0.977
Religion: Catholic (Ref)
Islam 0.041 0.081 1.042 0.995 1.091
Other Christians 0.045 0.024 1.046 1.006 1.087
Traditionalist/others 0.086 0.333 1.090 0916 1.297
Age of Respondent at first birth 0.002 0.245 1.002 0.998 1.006
Marital Status: Married (Ref.)
Never in Union/ Widow -0.083 0.001 0.921 0.875 0.969
Respondent currently working: No (Ref.)
Yes 0.045 0.000 1.046 1.020 1.072
Birth Order Number -0.015 0.003 0.985 0.975 0.995

Partner’s Education: Secondary (Ref)

Tertiary of Higher Education 0.021 0.165 1.022 0.991 1.053
No Education -0.134 0.000 0.875 0.841 0.910
Primary Education -0.048 0.023 0.953 0.914 0.993
Partner’s Occupation: Not working (Ref.)

Working -0.079 0.009 0.924 0.870 0.981
Wealth-index: Middle (Ref.)

Poor -0.098 0.000 0.906 0.875 0.939
Rich 0.120 0.000 1.128 1.093 1.164

Radio frequent use: No (Ref.)
Yes 0.015 0.225 1.015 0.991 1.040

Distance to Health Facility: barrier (Ref.)
Not a big problem 0.060 0.000 1.062 1.034 1.091
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Discussion

Zero-Inflated Negative Binomial provided
the best fit for antenatal care (ANC)
utilization based on AIC, BIC, and deviance,
indicating excess zeros and overdispersion
in the data, consistent with previous studies.
(22281 Maternal age, geopolitical zone,
residence, education, religion, marital status,
employment, birth order, partner’s education
and occupation, wealth index and distance to

health facilities predicted ANC utilization.

Women aged 2544 years had higher ANC
utilization than adolescents aged 15-19
years, consistent with findings from Nigeria
and sub-Saharan Africa. 52151 Younger
women often experience poor autonomy,
limited finances, stigma, and inadequate
knowledge of pregnancy complications.
Recent Nigerian evidence also reported
lower ANC use among adolescent mothers
because of socioeconomic vulnerability and
poor healthcare access. 2]

Women residing in the South West, South
South, and South East demonstrated higher
ANC utilization than those in the North
West. These disparities reflect differences in
education, healthcare infrastructure, culture,
and economic development. [13.14]
evidence similarly documented lower
adequate ANC attendance in northern
Nigeria. 1?1 Urban residence also
significantly increased ANC utilization,
likely because urban women have better

Recent

access to healthcare facilities, transportation,
skilled providers, and health information.
Earlier Nigerian studies and recent
nationwide evidence reported poorer ANC
access among rural women. [11:13.17:32]

Maternal education strongly predicted ANC
utilization, with women lacking tertiary
education showing lower utilization.
Previous  studies similarly identified
education as a major determinant of
maternal healthcare-seeking behaviour. 12714
Education improves health knowledge,
decision-making, and economic
empowerment. Partner’s education also
positively influenced ANC attendance,
consistent with findings from Jigawa State,
Nigeria. BY

Economic status significantly influenced
ANC utilization. Women from poorer
households consistently recorded lower
utilization, while richer women utilized
ANC more frequently. Financial barriers
such as transportation, consultation fees, and
medication costs remain important obstacles
to maternal healthcare access in Nigeria.
Similar findings have been reported
previously. 513211 Employment  also
increased ANC utilization, likely through
improved financial autonomy and exposure
to health information, supporting earlier
evidence on women’s empowerment and
maternal healthcare utilization. 18

Higher birth order reduced ANC utilization,
possibly  because multiparous women
perceive less need for repeated visits. [15:1¢]
Distance to healthcare facilities also
influenced utilization, as transportation
difficulties and poor healthcare distribution
continue to limit access. [!71 Radio exposure
improved ANC attendance in some models,
highlighting the importance of health
(18] The consistency of
findings across all models strengthens the
reliability of these determinants, while the
Zero-Inflated Negative Binomial model

communication.
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provided more robust estimates for excess
zero ANC counts. 32!

Conclusion

Zero-Inflated Negative Binomial model
fitted ANC utilization in Nigeria than other
models considered in the study. Improving
ANC utilization in Nigeria requires
multidimensional interventions targeting
socioeconomic  inequalities, educational
disadvantage, regional disparities, and
healthcare accessibility barriers. Policies
aimed at improving female education,
poverty reduction, transportation systems,
rural healthcare infrastructure, and women’s
economic empowerment may substantially
improve maternal healthcare utilization.
Strengthening health promotion campaigns
through community engagement and mass
media may also improve awareness
regarding the benefits of timely and
adequate ANC attendance. Given Nigeria’s
persistently high maternal mortality burden,
improving ANC utilization remains essential
for achieving Sustainable Development Goal
3 and reducing preventable maternal and
neonatal deaths.
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