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Abstract

Background: High-quality prenatal care has a significant positive impact on maternal and infant health as it helps
timely diagnosis and treatment of pregnancy complications.

Objective: To examine factors associated with the utilization of maternal health care using the optimal count
regression model.

Methods: A sample of 16,314 women of reproductive ages (15-49) was used. Andersen and Newman’s behavioral
model of health services utilization was employed for the selection of covariates. Poisson, negative binomial, zero-
inflated Poisson, zero-inflated negative binomial (ZINB), Poisson hurdle, and negative binomial hurdle models were
fitted and compared to identify the best model. Maternal health care utilization is found associated with maternal age
and education, area of residence, domestic violence, the income level of family, access to media, knowledge about
AIDS, parity, birth order, and having a child who later died.

Results: ZINB model is found to be best fitted for the observed data resulting strong influence of mother’s education
and income level of the family on maternal health care utilization.

Conclusion: Interventions to improve maternal care services utilization should address individuals and systems to

reduce social and economic marginalization.
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Maternal health care must be focused to reduce morbidity
and mortality of mothers and newborns. Maternal health
is an indicator of safe pregnancy, risk-free childbirth, and a
step toward a healthy childhood and prosperous life. There is
evidence that pregnancy-related complications cause maternal
mortality and disabilities [1]. Large variations of maternal
mortality ratios represent the consistent gap in health index

between developing and developed countries, specifying
the dilapidated condition of maternal health care in some
developing countries [2]. The Universal Declaration of
Human Rights states that special care and assistance should be
privileges for pregnant women [3]. The significance of maternal
health care was initially acknowledged in 1987 internationally,
and a progressive campaign on safe motherhood is continued
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by several organizations subsequently [4]. More than 50% of
all maternal deaths occurred in only six countries, worldwide,
including Pakistan where the maternal mortality rate is 276
deaths per 100,000 births reflecting the dire condition of
maternal health care [5, 6]. Pakistan is yet a far way to achieve
the millennium development goals in maternal health. A reason
for this failure is that maternal health care plans have failed to
identify the factors that restrict access to pregnancy-related
care for women belonging to the social and economic edges
of a specific community. Concern has been discussed about
the potential determinants of maternal health care utilization
across geographical areas. Although research in Pakistan has
reported significant socioeconomic factors of maternal health
care utilization employing descriptive analyses of covariates,
there have been little investigations that could precisely explore
the significant causes of this issue using complex statistical
methodology [7, 8]. This study examines the predisposing,
enabling, and pregnancy-related characteristics of the health
behavior model developed by Andersen and Newman using
six highly recommended complex count data models for a
deeper and precise understanding of maternal health care
utilization model.

Methods

Non-parametric tests including Mann—Withney and Kruskal—
Wallis tests are used for the bivariate analysis of the number
of maternal care visits. Count regression models including
Poisson [9, 10], negative binomial (NB) [11-13], zero-infla-
ted Poisson (ZIP), zero-inflated negative binomial (ZINB),
Poisson hurdle (PH), and negative binomial hurdle (NBH)
regression model are fitted to identify the significant factors
associated with maternal care services utilization. Akaike’s
information criterion (AIC) is used for assessment and com-
parison of models.

The data of Pakistan used for this study are obtained from
UNICEF’s Multiple Indicator Cluster Survey (MICS). This
survey was conducted in 2014 with the support of the Bureau
of Statistics Punjab, Bureau of Statistics Sindh, Government
of the Punjab, and Government of Sindh, Pakistan. MICS is an
international program to conduct surveys to collect internati-
onally comparable measures on a wide range of demographic
indicators related to women. The secondary dataset of two
provinces of Pakistan (Punjab and Sindh) is used for analyses.
In this study, women aged 15—49 are included who had preg-
nancy during the last 2 years before the conduct of the survey.
Hence, 16,314 women with complete data of relevant factors
are included in the analysis.
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Variables

The outcome factor in this study is the number of maternal
health care visits utilized by pregnant women. The zero
count of maternal visits shows non-use of maternal services.
Maternal services utilization is examined regarding pre-
disposing, enabling, and pregnancy-related features of the
health behavior model developed by Andersen and Newman.
Province, woman’s age, educational level, husband’s age,
domestic violence, area, and province and are considered as
predisposing factors. Income level, experience of a child’s
death, access to media, and AIDS awareness are characterized
as enabling features. Pregnancy-related factors include desire
for pregnancy, parity, and birth order.

Results

Bivariate analysis

Table 1 represents the descriptive statistics of predisposing,
enabling, and pregnancy-related features of the sample.
Kruskal-Wallis test shows that maternal care utilization is sig-
nificantly associated with income level. Mann—Whitney test
establishes the significant association of maternal care utili-
zation with the province, woman’s age, woman’s educational
attainment, area, domestic violence, access to media, AIDS
awareness, an experience of a child’s death, desire for preg-
nancy, parity, and birth order.

Figure 1 represents that zero counts showing that the
non-use of maternal care has the highest proportion than all
positive counts. The likelihood ratio test for overdispersion
between Poisson and negative binomial distribution shows a
¥ test-statistics = 6113 with a critical value test statistics = 2.7
and P < 0.001 which is strong evidence of overdispersion in
the observed data.

Model comparison

For all count regression models including NB, ZINB, NBH,
Poisson, ZIP, and PH, the values of AIC are computed, and the
comparison is presented in Figure 2.

The graphical representation of model assessment
criteria demonstrates the difference between performance
and accuracy of different count models. Figure 2 shows that
models based on NB distribution have higher efficiency with
a low value of AIC. This is the indication of overdispersion
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Table 1. Characteristics of the study sample (N =16,314) and signifi-
cance of maternal care visits between subgroups

Predisposing N (%) Median P
characteristics (P25-P75)
Province*

Punjab (Pakistan) 10,278 (63) 3(2-6) <0.01
Sindh (Pakistan) 6,036 (37) 2(1-5)

Age*

< 20 years 1,773(10.9) 3(1-5) <0.01
> 20 years 14,541 (89.1) 3(1-5)
Education level*

lllterate 8,499 (52.1) 2(0-4) <0.01
Literate 7.815(479) 4(3-7)

Area*

Urban 5813(35.6) 4(2-7) <0.01
Rural 10,501 (64.4) 2(1-4)
Husband'’s age*

<30 years 6,760 (41.4) 3(1-5) <0.32
> 30 years 9,554 (58.6) 3(1-6)
Domestic violence*

Yes 8,667 (46.9) 2(1-4) <0.01
No 7,647 (53.1) 4(2-7)

Income level®

Low 7,772 (47.6) 2(0-3) <0.01
Middle 3,539(21.7) 3(2-5)

High 5003 (30.7)  5(3-8)

Access to media*

Yes 9,934(60.9) 2(0-4) <0.01
No 6,380(39.1) 4(2-6)

AIDS awareness*

Yes 5497 (33.7) 5(3-8) <0.01
No 10,817 (66.3)  2(1-4)
Experience of a child’s death*

Yes 3,591 (2.0) 2(1-5) <0.01
No 12,723 (78) 3(1-6)

Desire for pregnancy*

Yes 14,345 (87.9) 3(1-5) <0.01
No 1,969 (12.1) 3 (1-5)

Parity*

Primipara 3,583 (22) 4(2-7) <0.01
Multipara 12,731 (78) 3(1-5)

Birth order*

<4 12,185 (74.7) 3(2-6) <0.01
>4 4,129 (25.3) 2(0-4)

*Mann-Whitney test.
fKruskal-Wallis test.

in the data. Both NBH and ZINB models show nearly similar
performance, and hence, any of these models can be used as a
final model. Hence, the ZINB model is further fitted as a final
model for factor selection for the present data.
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Figure 1. Frequency distribution of maternal care visits in Pakistan.
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Figure 2. The modeling accuracy of count regression models over the
data of maternal health care services utilization.

Zero-inflated negative binomial regression

Table 2 represents the estimates of odds for the ZI (logistic)
regression component and count (NB) regression component
of the ZINB regression model. The ZI component refers to
the logistic model which predicts the probability of use versus
non-use of maternal care services. The ZI regression compo-
nent shows that the education level of women, the income
level of family, access to media, AIDS awareness, desire for
pregnancy, parity, and birth order are significant factors of
maternal health care services utilization.

Furthermore, the results of the ZI component show that
unwanted pregnancy increases the odds of not utilizing mater-
nal care services by 24%. It is found that middle and high-
income levels decrease the odds of non-use of maternal care
services by 47% and 69%, respectively.

The count regression component refers to the NB model
employed for positive counts. The count component shows
that age, education level of women, area, domestic violence,
the income level of family, access to media, AIDS awareness,
an experience of a child’s death, parity, and birth order are
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Table 2. Parameter estimates and 95% confidence interval (Cl) estima-
tes for ZINB model on maternal care utilization

Coefficients Zero-inflated Count
regression regression

Intercept 0.12 (0.07-0.18) 3.85(3.59-4.13)
Province (Punjab) Ref Ref

Sindh 0.95 (0.83-1.09) 1.02 (0.99-1.05)
Age (< 20 years) Ref Ref

> 20 years 1.13(0.87-1.48) 1.13(1.08-1.18)*
Education level (llliterate) Ref Ref
Literate 0.43 (0.35-0.54)* 1.15(1.12-1.19)*
Area (Urban) Ref Ref

Rural 0.89 (0.75-1.06) 0.94 (0.92-0.97)*
Domestic Violence (No) Ref Ref

Yes 1.06 (0.92-1.22) 0.91 (0.89-0.93)*
Income level (Low) Ref Ref

Middle 0.53 (0.43-0.65)* 1.25(1.20-1.29)*
High 0.31(0.23-0.42)* 1.56 (1.50-1.62)*
Access to media (No) Ref Ref
Yes 0.52 (0.45-0.60)* 1.07 (1.04-1.10)*
AIDS Awareness (Yes) Ref Ref

No

Experience of a child'’s

1.75 (1.36-2.24)*

0.86 (0.83-0.88)*

death (Yes) Ref Ref
No 1.13(0.97-1.32) 0.90 (0.87-0.93)*
Desire for pregnancy (Yes) Ref Ref
No 1.24 (1.03-1.49)* 1.03 (0.99-1.07)
Parity (Primipara) Ref Ref
Multipara 1.59 (1.28-1.99)* 0.85 (0.83-0.88)*
Birth order (<4) Ref Ref

>4

1.41(1.21-1.64)*

0.90 (0.87-0.93)*

*P < 0.05.

significant factors of maternal health care services utilization.
Further analysis shows that the expected number of maternal
care visits for women aged < 20 years is 13% higher than the
average visits of women >20 years. Similarly, 15% higher
average maternal care visits are observed for literate women.

Discussion

This article considers several count data models to examine
factors associated with maternal health care visits using a
dataset with overdispersion and inflated with zeros from
UNICEF’s MICS 2014 in Pakistan. Six count regression
models are compared in terms of AIC. The model compari-
son identifies that ZINB and NBH models are better fitted for
modeling the observed data with excess zeros and overdisper-
sion but ZINB was the best choice due to easy interpretation
and understandability.
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Poisson and NB models are insufficient in the presence of
excess zero counts. A past study has reported the performance
of count models for health data concluding the ZINB model
to be best fitted for overdispersed and zero-inflated response
variables [11]. However, in the presence of overdispersionand
excess of zeros, the NBH model is a better choice compared to
other zero adjusted models [14].

Several studies have been conducted to examine the
association of maternal care utilization with different factors.
The present study shows that consistent with the general
findings of earlier studies, the likelihood of maternal care
utilization is influenced by the levels of maternal education
and maternal age [15, 16]. Rural area resident women show a
reduced average number of visits for maternal care. Previous
studies showed that women of rural areas had fewer maternal
visits compared to women of urban areas. Women with
advanced aged husbands show increased expected positive
counts of antenatal care visits for the present analysis. A
previous study showed that older husbands increased antenatal
care utilization for their wives for rural and urban areas [17].
The current results show that domestic violence decreases
the average of attending maternal care visits. Past research
reported that abused women were less likely to have adequate
prenatal care visits [18]. The expected number of antenatal care
visits increases with increasing income levels. Past evidence
supported that increase in income level of family raised the
probability of antenatal care utilization [15, 19]. Affirming
to past studies access of women toward media significantly
increased the chances of greater use of antenatal care visits
[20, 21]. Consistent with previous research studies desirability
of pregnancy is found significantly associated with antenatal
care utilization [15, 17]. Birth order ranking is found associated
with the use and non-use as well as frequency of maternal care
visits for the observed data. Previous studies explained the
possible reason for this association including the cognition
and confidence gained from previous birth experiences [22].
Multiparae women consumed less average of antenatal care
visits for the observed data. Past research has been proven
for Asia and Sub-Saharan Africa [15, 23]. Women who had
not experienced the death of a child had reduced expected
maternal care visits. Consistent with this result, previous
terminated pregnancy or child death is associated with an
increased number of maternal care visits [24].

Conclusion

This study attempts to compare models to handle count data
with overdispersion and excess of zeros to efficiently deter-
mine the factors associated with maternal health care uti-
lization. ZINB regression model is found best fitted for the
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observed zero-inflated count data. It presents a key advan-
cement for the analysis of health care utilization data. It is
recommended, based on study findings, that interventions
to improve maternal care services utilization should address
individuals and systems to reduce social and economic mar-
ginalization.
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