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Abstract

In Cameroon, major inequalities exist in women's access to antenatal care (ANC), yet underlying circumstance drivers
remain understudied. Using recently available Demographic and Health Survey data, we conducted multilevel model
and spatial analyses to identify circumstance factors driving ANC disparities across the country’s diverse regions.
Drawing on a novel integration of theoretical frameworks, we evaluated how circumstances like geographic, eco-
nomic and educational barriers combined to shape inequities. Both Shapley and Fields decomposition techniques
apportioned contributors to ongoing inequality. Results from our study provide the first direct comparison of these
approaches in Cameroon, finding a strong positive correlation between methods. Our findings show that ANC
utilization overall was suboptimal, varying substantially between urban and rural areas. Key circumstance factors
which disproportionately constrained disadvantaged groups opportunities for care included household wealth, level
of education of the woman and spouse, and place of residence. Policy-relevant insights emerge from disentangling
multifaceted opportunity gaps. Targeted interventions should address modifiable barriers facing underserved popula-
tions to promote more equal maternal health nationwide. Our multidisciplinary analytical approach offers lessons

for analysing complex health disparities in diverse low-resource settings.
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Graphical abstract

Inequality in opportunity of access to antenatal care in Cameroon: multilevel modelling, spatial
analysis and decomposition methods

Context

Methods

Results

In its report on recommendations for
antenatal care for a positive pregnancy
experience, WHO (2016) envisions a
world in which “every pregnant woman
and child receives quality care
throughout pregnancy, during childbirth
and during the postnatal period”.

Cameroon is one of the countries in sub-
Saharan Africa where the Maternal
Mortality Ratio remains worrying despite
the commitments made and the actions
carried out by stakeholders (CDHS,
2018). The CDHS (2018) report points
out that 72% of women declared having
encountered at least one difficulty in
accessing healthcare.

Using recently available Demographic
and Health Survey data, we conducted
multilevel model and spatial analyses to
identify circumstance factors driving ANC
disparities across the country's diverse
regions. Drawing on a novel integration
of theoretical frameworks, we evaluated
how circumstances like geographic,
economic and educational barriers
combined to shape inequities. Both
Shapley and Fields decomposition
techniques apportioned contributors to
ongoing inequality.
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to promote more equal maternal health nationwide. ..

Conclusion: Our findings show that ANC utilization overall was suboptimal, varying substantially between urban and rural areas. Key circumstance factors which
disproportionately constrained disadvantaged groups' opportunities for care included household wealth, level of education of the woman and spouse, and place of residence.
Policy-relevant insights emerge from disentangling multifaceted opportunity gaps. Targeted interventions should address modifiable barriers facing underserved populations
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1 Introduction

Maternal mortality has dropped significantly around the
world in recent years. In effect, falling from 342 to 211
maternal deaths per 100,000 live births between 2000 and
2017, the global maternal mortality rate has thus fallen
by 38% over this period (WHO, 2019). However, despite
this improvement, around 830 women still die worldwide
every day from preventable causes related to pregnancy
or childbirth (WHO, 2019). Unfortunately, the majority
of deaths occur in low-income countries (86% in South
Asia and Sub-Saharan Africa), with more than half (66%)
in Sub-Saharan Africa. For women in these countries, the
lifetime risk of dying during pregnancy or childbirth is 1
in 37 compared to 1 in 4800 in Europe and North Amer-
ica (WHO, 2019).

Improving maternal health was one of the eight Mil-
lennium Development Goals (MDGs) adopted by the
international community in 2000. Under the fifth MDG,
signatory countries pledged to reduce by three quarters
the maternal mortality. Noting the possible accelera-
tion of the decline in maternal mortality, the countries
pledged to continue the efforts undertaken within
the framework of the Sustainable Development Goals
(SDGs). In this regard, the third SDG aims to “ena-
ble everyone to live in good health and to promote the

well-being of all at all ages” This objective, combined
with the tenth on the reduction of inequalities within
countries and between countries, aims not only to pro-
mote the health of populations, but also health equity.

Pregnancy and childbirth are the main factors of high
maternal mortality. In its report on recommendations
for antenatal care (ANC) for a positive pregnancy expe-
rience, WHO (2016) envisions a world in which “every
pregnant woman and child receives quality care through-
out pregnancy, during childbirth and during the postna-
tal period”. Antenatal care is therefore an essential link in
the continuum of maternal health care and is essential for
reducing maternal and perinatal mortality. According to
Wagstaft (2004), approximately 74% of maternal deaths
can be avoided if access to antenatal care and services
is universal. Moreover, according to Chakraborty et al.
(2003), antenatal care tends to improve the use of post-
natal care and services. It is therefore crucial to improve
and make equitable access to antenatal care (particularly
in developing countries) in order to substantially reduce
maternal and neonatal mortality.

Until 2015, the World Health Organization (WHO)
recommended that pregnant women make at least four
antenatal visits during their pregnancy, with the first visit
taking place between the eighth and sixteenth week of
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amenorrhea. In 2016, this recommendation was reviewed
to at least eight antenatal visits to a qualified professional,
the first taking place before the twelfth week.

Cameroon is one of the countries in sub-Saharan
Africa where the Maternal Mortality Ratio (MMR)
remains worrying despite the commitments made and
the actions carried out by stakeholders. Falling from 689
to 474 maternal deaths per 100,000 births between 1998
and 2004, Cameroon’s maternal mortality rate was over
782 in 2011 and then fell to 467 in 2018 (National Insti-
tute of Statistics (Cameroon) and ICF, 2020). Moreover,
this same survey shows that the coverage of antenatal
care by trained health personnel is 87%, out of which 65%
of women made at least four antenatal visits, and for 41%
of the latter, the first antenatal visit took place in the first
trimester of pregnancy.

Overall, although these indicators have relatively
improved in Cameroon, significant disparities persist in
the country, not only between regions, but also between
different social and economic groups. In addition, many
barriers prevent women from accessing health care, espe-
cially during pregnancy and childbirth. The CDHS-V
(2018) report (National Institute of Statistics (Cameroon)
and ICF, 2020) points out that 72% of women declared
having encountered at least one difficulty in accessing
health care. The problems were observed more in rural
areas (82%) than in urban areas (65%); more among
women in the lowest quintile (88%) than among those in
the highest quintile (56%); more among women with no
level of education (85%) than among those at university
level or beyond (51%).

The disparities observed can be a source of inequality
between citizens and therefore arouse a feeling of social
injustice. It therefore deserves particular attention from
both the scientific community and political decision-
makers. The study of the sources of unequal access to
antenatal care thus takes on its full importance in the
development of policies and programs based on scientific
evidence. This will improve access and especially equity
in the use of this care and consequently improve mater-
nal health and also infant and child health in the country.

Building on the social welfare function of Sen (1976),
and recent developments of Roemer (1998), De Barros
et al. (2009) developed the concept of Human Opportu-
nity Index (HOI). They used this index to determine the
degree of accessibility and to quantify the disparities in
access opportunities to certain basic social services in
Latin America. For Roemer (1998), inequalities can come
either from effort factors or from circumstantial factors.
Effort factors are factors for which the individual is held
responsible: inequalities due to these factors are con-
sidered justifiable (but not always desirable) and should
be rewarded. Circumstantial factors rather speak of
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inequalities of opportunity that are treated as sterile, use-
less, inequitable and should be compensated by society
(Peragine, 2004; Roemer, 2001).

In order to better guide the decision-making of gov-
ernments with a view to reducing these inequalities of
opportunity, this article aims to identify the explanatory
factors of disparities in access to antenatal care in Cam-
eroon. It is articulated in three sections. The first section
is devoted to the literature review. The second section
presents the methodology and the data. The results are
presented in the third section and discussed in the fourth
section.

2 Literature review

2.1 Theoretical revue

Pregnancy is a special state of health. Indeed, it is not a
disease, but the fragility it causes exposes the pregnant
woman to the development of certain diseases that can
be fatal for her and/or for the baby she is carrying. The
request for antenatal care is therefore intended to be
a somewhat specific form of request for care, involving
both preventive and curative care. Thus, the pregnant
woman faces two alternatives given the resources at her
disposal and the constraints to which she is subjected: to
seek antenatal health care from a professional, or not to
seek it.

From the 1970s, Grossman, particularly in his semi-
nal article of 1972, contributed the most to the idea that
health is an economic good and underlined the need to
separate the production of care and the health produc-
tion. Grossman’s approach is based on the maximization
of a utility function under budget, time and individual
preference constraints. He developed two sub-models:
one treats health as an investment good that increases
the production and earning capacity of the individual,
while the other treats it as a consumer good improving
the level of usefulness of life. In the latter model, the level
of health of an individual is not exogenous to him, but
depends, at least in part, on the resources allocated to his
production.

Cropper (1977) thinks that preventive care allows indi-
viduals to identify their state of health and therefore to
seek curative care. He considers preventive care as neces-
sary investment inputs for increasing the stock of health
capital and reducing the probability of disease. Viscusi
(1990) on the other hand points out the importance of
uncertainty in the face of health risk. He showed that
individuals do not always correctly assess the importance
of health risks, even in the presence of “perfect” informa-
tion on these risks. These individuals may thus be led to
make choices of non-prevention, due to individual fac-
tors relating in particular to the variability of preferences.
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As Bodjongo (2021) points out, when the individual
controls the risk, the information has an influence on the
demand for prevention, but the main concern is to know
the type of information to be provided to individuals to
encourage them to preventive behaviour towards health
risks. According to Kenkel (1990), the best-informed
consumers will make health investment decisions based
on the perceived marginal benefit—cost comparison.
The latter will therefore tend to resort to preventive care
because they do not underestimate the marginal product
of medical care.

The question of inequality constantly returns to
the heart of political debates. According to Majnoni
d’Intignano and Ulmann (2001), there are three princi-
ples of equality: the utilitarian principle, the liberal prin-
ciple and the theory of social justice. Utilitarians favour
equal distribution among all according to the Marxist
principle: “to each according to his needs” On the con-
trary, liberals attack to respect individual preferences
according to the “to each according to his rights” prin-
ciple. The theory of social justice, for its part, finds its
foundations in the universal uncertainty about the future
and responds to the Rawlsian principle: “to each accord-
ing to his merit”.

Since 1971, Rawls is indeed one of the philosophers
who has contributed the most to the theory of social jus-
tice. Following his work in 1971, it has become reasonable
to consider the evaluation of social situations no longer
in terms of individual utility, but in terms of resources
and opportunities. To him, the optimal distribution of
primary goods, in particular basic social services such
as health services, should be as equal as possible in the
sense that inequality can only be tolerated if it acts for the
benefit of the most disadvantaged. He also considers that
the efforts of individuals must have an impact on their
social situation.

Sen (1980) has been interested in equality of ability.
Instead of measuring opportunities in terms of good or
well-being like Rawls, he proposed functionings. For him,
having a capacity amount to being able to exercise a set
of functionings, representing for him what a person man-
ages to achieve with what he possesses. He considers that
if abilities are uniformly distributed, then the remaining
inequality may be due to individual preferences.

According to Roemer’s (1998), inequality of opportu-
nity refers to differences in life chances or outcomes for
individuals that are due to factors outside of their control
or choice, such as the socioeconomic status they were
born into. In this study, we focus on Roemer’s (1998)
“Circumstances versus Effort” framework, an approach
to equality which is based on the idea that the sources of
an individual’s desired outcome, such as good health, can
be separated into circumstances and efforts. Particularly,
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we used the “Circumstances” component of the frame-
work which, for him, are the factors beyond an individ-
ual’s control, and inequalities arising from such factors
should be compensated. Contrarily, he considers effort
to be affected by individual preferences and choices, and
inequalities arising from different efforts are morally and
normally acceptable.

2.2 Empirical review

Studies on the explanatory factors of access to health care
in general and on the care during pregnancy in particular
involve several disciplines, including medicine, demog-
raphy, sociology, anthropology and economics. Thus, the
approaches can be different and we distinguish, among
others, the care demand approach, the supply approach
and the global approach which is a combination of these
two.

According to the approach relating to demand, the
explanatory factors of access to care are considered
through the characteristics of pregnant women or those
of the households in which these women live. These
include socio-economic characteristics, in particular the
standard of living of the household, the level of educa-
tion of the woman and/or that of the head of the house-
hold, the place of residence, exposure to the media, age
and parity of women, subscription to insurance, religion
(Andrade et al., 2012; Balde, 2020; Prusty et al., 2015;
Sarode, 2010; Tsafack & Kasiwa, 2013; Vecino-Ortiz,
2007; Wado, 2018).

In the supply approach, the availability and character-
istics of health services influence the use of care. In other
words, the non-existence of the supply, its insufficiency
and/or its characteristics influence the demand for care.
The therapeutic choices of pregnant women are designed
to depend on the effectiveness of the care supplied, the
travel distance to the antenatal care service, the waiting
time between arrival at a health facility and consulting a
medical personnel, the cost of the services and the quality
of the interaction between the therapist and the patient
(Dahab & Sakellariou, 2020; Sibiya, 2018; Wilunda et al.,
2017; Nyathi et al., 2017; WHO, 2006). However, due to
the quality of the data available in several countries, there
are fewer studies relating to the supply approach than
those relating to the demand approach.

The World Bank report on equity and development in
2006 led to the popularization and implementation of
the concept of equal opportunity in basic social services.
However, although health care is essential for the fulfil-
ment and improvement of the quality of life of popula-
tions, work relating to the introduction of the concept of
inequality of opportunity in the field of access to health
care is relatively rare, particularly with regard to access to
antenatal care, even more so in developing countries.



Youmbi et al. Swiss Journal of Economics and Statistics (2024) 160:5

According to Mujaddad and Anwar (2020), the socio-
economic factors that contribute significantly to the
inequality of opportunity for access to antenatal care in
the districts of Punjab in Pakistan are: education of the
head of household, level household wealth, place of resi-
dence and characteristics of the woman such as her age
and access to the media. They further showed that demo-
graphic factors such as birth order and birth interval con-
tribute significantly to inequality of opportunity. Other
household characteristics such as ethnicity and gender of
the household head did not make a significant contribu-
tion in many districts. For Tsawe et al. (2020), inequal-
ity of opportunity has declined over time in Sierra Leone.
Antenatal services were the most egalitarian among
other maternal and reproductive health indicators. The
standard of living of the household, the level of education
of the woman and the place of residence are the factors
contributing the most to the inequality of opportunity to
use maternal and reproductive health services.

In this paper, we rely on the “Circumstances” compo-
nent of Roemer’s (1998) “Circumstances versus Effort”
framework mentioned and described in the last para-
graph in Sect. 1.1. The relative contribution of each cir-
cumstance variable to the inequality of opportunity is
crucial in identifying which underlying inequalities mat-
ter most. The Shapley value (Shapley, 1953) methodology,
which is computed using the dissimilarity index, is gener-
ally used to quantify this relative contribution. Later on,
Fields (2003) proposed a procedure which is rather based
on decomposing the total variation in the log-odds of
access to a given service. As at now, we are not aware of
any study which tries to compare (theoretically or empir-
ically) these two different decomposition methodologies,
hence, a secondary objective of this paper.

< Pr(Yij = 1|XL'1'1,XL'1'2, e !Xijkx I,[,)
1-—- PV(YI',' = 1|X,','1,X,'}'2, ce rXijkr L[])
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country provided for each woman to use at least four
ANC. The CDHS-V (2018) report was also written in
this logic. As a result, very few women made eight visits
during pregnancy. Indeed, 264 out of the 4700 women
in our database made at least eight visits, which is a
proportion of 5.6%. Hence, we resorted to the variable
taking the value 1 if the pregnant woman has had at
least four consultations and the first during the first tri-
mester of pregnancy, and 0 otherwise (CDHS-V (2018)
report). Prior to identifying significant correlates of
access to antenatal care in Cameroon, Chi-squared
tests of independence were conducted between access
to antenatal care and each of the circumstance vari-
ables, ignoring, at first site, the clustered nature of the
data. To better appreciate such dependence, univariate
logistic mixed regression models with random inter-
cepts for enumeration areas were also performed, with
the results represented in the form of unadjusted odds
ratios.

3.2 Measurement of the Human Opportunity Index
for access to antenatal care

The Human Opportunity Index (HOI) combines into a
unique indicator two main components: the average cov-
erage rate of the access to antenatal care, and the Dissim-
ilarity Index (D-index) that quantifies the inequality of
opportunity in access to antenatal care for each circum-
stance variable (De Barros et al., 2009). The D-index is
estimated in three steps. In the first step, given a set of k
circumstance variables Xjj1, Xjjo, . . ., Xjjx, the probability
Pjj of a pregnant woman i in a given enumeration area j
to have access to antenatal care is estimated according to
a logistic mixed regression model of the form:

k
) = /30 + Z ,BrXijr + Uj, (1)

r=1

3 Methodology
3.1 Relationship between access to antenatal care
and other covariates

Based on the WHO standard for antenatal health, we
created a binary response variable Y that represents
access to antenatal care. It takes into account the num-
ber of antenatal consultations with a health profes-
sional and whether the first consultation took place
during the first trimester of pregnancy. We remark here
that the WHO recommendations on prenatal care were
certainly revised in 2016 (WHO, 2016), but the appli-
cation of these recommendations was not automatic
throughout the national territory. Indeed, at the time of
the survey in 2018, the standard in force in most of the

where U; is assumed to be an unobserved zero mean
Gaussian random effect for the enumeration area j, with
common variance O'LZI, that is U ~ N(0, GLZI), j=1...,m,
and the Uj/s are independent from each other. The vec-
tor of k + 1 coefficients B = (B, ..., Bx) is estimated via
maximum likelihood using the glmer function in the R
package 1me4. The model adjusting for sample weights
by introducing the weights variable provided by DHS
into our models through the weights argument in the
glmer function to help produce estimates that are rep-
resentative of the target population. The expression for
the likelihood is an integral over the random effects space
which is approximated here using adaptive Gauss-Her-
mite quadrature with 25 quadrature points. In the second
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step, the estimated coefficients obtained from the model
are used to predict the probability of access to antenatal
care for each woman i in a given enumeration area j in
the sample, that is:

~ ko ~
exp(Bo + > BrXiyr + U))

Do r=1
1+ exp(Bo + 0oy BrXyr + Up)
where ,E = (,B\o, cey ,gk) is the maximum likelihood esti-

mate of f and LAI] is the predicted random effect for
enumeration area j, for j =1,...,m, with m the total
number of enumeration areas. Finally, using these pre-
dicted probabilities, the World Bank, 2006) defines the
D-index which, in this context, is given by the formula:

1 T
D= 7;22%

where P, the average frequency (called hereafter average
coverage rate) of access to antenatal care in the sample, is
given by:

"

p— m o~
P:E , E wiiPij,
j=1

i=1

with #; the sample size for enumeration area j and

wij = 1/N where N = Zj’ilnj is the total sample size.
Following De Barros et al. (2009), the D-index measures
the dissimilarity in access to antenatal care for groups
defined by circumstance characteristics compared with
the overall coverage rate of the population as a whole. It
can be interpreted as the proportion of opportunities that
needs to be redistributed across the groups of circum-
stances in order to ensure equal opportunity of access to
antenatal health care for all pregnant women. This index
ranges between 0 and 1 (or 0 and 100 as a percentage). A
D-index of zero indicates perfect equality, implying that
access to antenatal care is the same among the general
population no matter one’s particular circumstance. In
contrast, a D-index of one (or 100%) indicates extreme
inequality, implying that a group is completely excluded
from the access.

Posterior to estimating the average access to antenatal
health care P and the dissimilarity D-index, the Human
Opportunity Index (HOI) is then computed according to
the formula:

HOI = P(1 — D),

where D is the D-index. From the formula, HOI will gen-
erally lie between 0 and P, that is 0 < HOI < P. When
the coverage rate P is close to HOI (D close to 0), the
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distribution of opportunities is fair. When the difference
between the two is significant, the gap reflects inequal-
ity (World Bank, 2016). Thus, intervention can aim to
increase coverage (P) or to reduce dissimilarity (D). The
HOI is therefore a synthetic measure of the inequality
of opportunity in access to basic services. This index is
inspired by Sen (1976) and argues that a development
process in which society tries to provide basic opportuni-
ties equally, requires ensuring that the majority of indi-
viduals have access to these development opportunities.
It requires a better distribution across disadvantaged
groups. The HOI makes it possible to address the follow-
ing concerns:
(i) How many opportunities are available (basic ser-
vice coverage rate)?
(i) How equitably are these opportunities distributed
(i.e. whether the distribution of basic service cover-
age is related to exogenous circumstances)?

3.3 Decomposition of the inequality in opportunity

To capture the contribution of each circumstance in
this inequality, different methods have been proposed,
depending principally on the nature of the dependent
variable. In this article, we present the decomposition
methods in Shapley (1953) and Fields (2003) for binary
outcomes in logistic mixed regression models and com-
pare the results obtained empirically through a correla-
tion test. The former uses the D-index as computed in
Sect. 2.2, while the latter is based on decomposing the
total variation in the log-odds of access to antenatal care.
We implement these decompositions methods in the R
version 4.1.2 software.

3.3.1 Shapley decomposition of inequality in opportunity:
an adaptation to clustered data

The idea behind applying the Shapley decomposition is to
identify how much the measure of inequality of opportu-
nity will change when adding a circumstance to different
pre-existing set of circumstances. The change in inequal-
ity as a result of adding (or dropping) a circumstance
appears to be a reasonable indicator of the contribution
of the circumstance to inequality of opportunity (Hoyos
and Narayan, 2012). Following Shapley (1953), the mar-
ginal impact of a given circumstance c, is estimated
according to the equation:

_ ISIINT = 18] = 1)!
D= TN [D(S U {cr}) — D(S)),
SEN/(cr)
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where N is the set of all the circumstances, S is a subset of
N, D(S) is the D-index estimated, as in Sect. 2.2, from all
circumstances in S, D(S U {¢,}) is the D-index estimated
from all circumstances in S and the circumstance c,, with
r =1,...,k, while|.| represents cardinality and |S|! repre-
sents the factorial of |S|. Note that ) . D, = D(N), hence,
the contribution of a circumstance ¢, to the D-index is
estimated by:

,érCOV (Xijrr log (Zl']‘) )
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enumeration area. The part of the inequality explained by
the k circumstance variables is then given by

k
Var(log(Z;)) — Cov(lllog(Zy)) = Y BrCov(Xiy log(Zy).
r=1
Hence, the rth circumstance’s contribution to this part
of inequality in opportunity is 8,Cov(Xj;, log(Z;)). Thus,
the fraction of the contribution of the rth circumstance
to this part is then given by the equation:

,3,Cov (X,jr, log (Zij) )

C}" = N N N = A N N N ’ (9)
Var <log (Zi/)> — Cov(Uj,log (Zij)) Zl,le ﬂrCov(Xijr, log (Zij)) - Cov(Uj, log (Zi/)>
D, ) where C; is the percentage of the contribution of circum-
Oc, = D(N)’Wlthz 0, = 100%. stance r to the inequality of opportunity and ), C, = 1.
r

3.3.2 Fields decomposition of inequality in opportunity:

an adaptation to clustered data
Following Fields (2003), the calculation of the relative
contributions of the circumstances variables to the ine-
quality is done according to the steps that follow. First, a

. Pjj . .
ratio Z;; = —p- representing the relative odds of Y;; = 1
ij
(access to antenatal care) against Y;; =0 (no access) is
defined. Thus, the higher Z;; is, the greater the odds that

the pregnant woman will have access to antenatal care.
An estimate Z;; of Z;; is given by the equation:

k
log(Zy) = Bo+ 3 By + U @
r=1

where Er is the estimate of B, for model (1). Hence, Zj
depends on fo, the circumstances Xjj1, Xy, . .., X;x and

. . fop . Py .
the predicted random intercept U;. Since Z;; = 1—p- is a
q
monotonic increasing function in the probabilities Py,

the inequality of the estimated variable 2,7 will be equiva-
lent to the inequality of the predicted probability Pj.
Thus, the inequality of opportunity explained by the cir-
cumstance variables can be measured by calculating the
inequality of the variable Z;;. Secondly, taking the vari-
ance of both sides of (2), we get, following Fields (2003)
and Son (2013):

k
Var (log(Zy) ) = Y. BCov(X;,log(Zy)) + Cov(l, log(Zy)),
r=1

which decomposes the inequality in opportunity (meas-
ured by variance of logarithms) in terms of the contri-
butions made by each of the individual circumstance
variables and the random intercept term which is

We note here that the significance of the random inter-
cept for the multivariate mixed logistic regression model
was checked via the likelihood-ratio test, by comparing
the mixed model with an ordinary logistic regression
model through the anova function in the R package
stats. We remark that the mixed model analysis applied
to the Fields decomposition approach can also give, as
bi-product, an estimate of the percentage contribution
of enumeration area C, to the total inequality

as C, = Cov(llj,log(Zy)/Var (log(Zy) ). This gives an

advantage of the Fields approach over the Shapley
approach where an estimate of the contribution of the
enumeration area random effects may not be plausible.

3.3.3 Acluster bootstrap resampling plan for estimating
confidence intervals for the shapley and fields
decomposition of inequality in opportunity

Nonparametric bootstrap confidence intervals estimates

for the decompositions of inequality in opportunity can

be computed using the Cluster Bootstrap Resampling plan
described in Field and Welsh (2007). The resampling boot-
strap is computed here as follows:

1. Assume the data set (Yo Xy Xz X _

—1,..4,n/,j=1,“.,m
has m clusters (enumeration areas) numbered from 1
to m. Generate randomly with replacement a sample
of size m from these clusters numbers, that is

1* ..., m"
2. Create a  bootstrap  sample  data  set
(}/ij’Xijl»Xijzy e ’Xijk)i:L...,nj,jzl*,.“,m* from the orig-

inal data. Compute the Shapley or Fields decomposi-
tion D, using this data set.

3. Repeat Steps 1 and 2 a large number of times, say, R
times (we considered R = 1000) to get B bootstrap
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estimates Dy, ..
position.

4. A 95% confidence interval estimate for the Shapley or
Fields decomposition estimate D by the 2.5 and 97.5
percentiles of the sample of B bootstrap samples will
be:

., Dp of the Shapley or Fields decom-

Closo,r (D> = [D;,0.025, Dr,0.975],

where D,, is the empirical quantile of order «
in the sampleD;,...,Dg, gotten from the ordering
Dy < D) < -+ < D of that sample. A more accurate
bias corrected and accelerated (Bca) method (Efron and
Tibshirani, 1993; Davison and Hinkley, 1997) produces an
interval based on different sample quantiles that depend
on the data. The Bca method is the default method in
most software packages as it generally produces narrower
intervals. One can also get asymptotic variances follow-
ing Bigotta et al. (2015).

3.4 Source of data

This study uses data from the fifth Cameroon Demo-
graphic and Health Survey (CDHS-V) carried out in 2018
(the latest so far) by the National Institute of Statistics
(INS) in close collaboration with the Cameroon Ministry
of Public Health (National Institute of Statistics (Cam-
eroon) and ICF, 2020).

The survey used a two-stage stratified sampling design
to produce statistically representative estimates at the
national, regional and urban/rural levels (National Insti-
tute of Statistics (Cameroon) and ICF, 2020). In the first
stage, enumeration areas (EAs) were selected from a
master sampling frame constructed from the 2005 Cen-
sus. A total of 670 EAs were selected, with probabilities
proportional to size. In the second stage, a complete
household listing operation was carried out in all of the
670 selected EAs. A fixed number of 28 households were
then systematically selected from each cluster or EA. All
women aged 15-49 who were either permanent resi-
dents of the selected households or visitors present in the
household on the night before the survey were eligible
to be interviewed. The women’s questionnaire gathered
information on reproductive health, maternal and child
health, nutrition, etc. Weighting was used in the analy-
sis to account for the sampling design and to ensure the
results were representative of the population of Cam-
eroon. The weighting variable is provided by DHS.

We used the individuals’ recode file format of the DHS
in this research. A total of 4700 women identified in 469
of the 470 randomly selected enumeration areas were eli-
gible for this study. These are women aged between 15
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Fig. 1 Study zone: Map of Cameroon showing the ten regions
of the country with the main cities (Yaoundé and Douala)

and 49, and their spouses aged between 15 and 64. They
are women in a couple or marriage relationship and have
given birth at least once in the last 5 years preceding the
survey. Information on ANC attendance is provided only
for the most recent live birth within the 5-year recall
period (CDHS-V (2018) report). The country has 10
regions plus the cities of Yaoundé and Douala previously
excluded from the Center and Littoral regions, respec-
tively (CDHS-V (2018) report). Figure 1 shows the study
area.

3.5 Description of variables
The dependent variable retained in the context of this
study is “Access to antenatal care” noted later Access to
ANC, already defined above as Y};. Data from the CDHS-
V (2018) show that only 35.8% of pregnant women have
access to antenatal care. We note for this variable 4700
observations and 24 (0.51%) missing values. No imputa-
tion was performed on this variable. Inspired by the defi-
nitions of Roemer (1998), Checchi and Perragine (2005),
and the existing literature on inequality of opportunity,
the circumstance variables retained here are presented in
the following table:

According to the CDHS-V report, the insecurity situ-
ation in the South-West region made it impossible to
cover all the areas of the region. Hence, the data for this
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Table 1 Circumstance variables considered for this study
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Variables Description

Region
and Littoral regions, respectively

Place of residence
Woman's age

There are 12: the 10 regions (or areas of study) plus the cities of Yaoundé and Douala previously excluded from the Center

These are urban and rural areas. Each enumeration area has a rural part and an urban part
[t ranges between 15 and 49 years old; it is an indicator of the level of risk of pregnancy. These ages are grouped into seven

classes: 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49

Religion

A distinction is made between Catholics, Protestants, other Christians, Muslims, animists and those who have no defined

belief. The first three modalities will be grouped together to form the Christian modality

Household wealth
Woman's education
Parity

We distinguish the modalities Very poor, Poor, average, rich and very rich
It takes the modalities: No level, Primary, Secondary, Higher
May help to suspect a possible link between family planning problems and access to health care during pregnancy. Four

classes are made up: the primiparous class (1 child), the pauciparous class (2-3), the multiparous class (4-5) and the large

multiparous class (more than 6 children)
Partner’s education
Household head gender

Partner’s age
classes: 15-24, 25-34, 35-44, 45-54, 55-64

Distance to health facility
lem, not a big problem

Enumeration area

It takes the modalities: No level, Primary, Secondary, Higher
It permits to handle who takes the decisions in the household. It takes two values: male and female
[t ranges between 15 and 64 years old; it is an indicator of the level of risk of pregnancy. These ages are grouped into five

It was asked to pregnant women if distance to health facility constitutes a big problem. It takes two modalities: big prob-

The variable characterizing clusters in the study sample

region are not representative of the entire region but
essentially reflect the urban location. As in Pons-Duran
et al. (2019), “female education” will be retained as a cir-
cumstance variable in the context of this work (Table 1).

4 Results
4.1 Association between access to ANC and some
circumstances
Table 2 presents the results of descriptive analyses of
access to ANC according to the socioeconomic charac-
teristics of the woman, those of her partner and those
of the household in which she lives. It reports the pro-
portions and number of women who had access to ANC
according to the different circumstance variables. These
associations are supported by Chi-squared tests of inde-
pendence, with significance level set at 5%. Access to
ANC was found to be significantly dependent on all those
circumstances.

Access to ANC was highest in the city of Yaoundé
(66.2%), followed by the city of Douala (65.8%), then the
regions of Littoral (46.1%) and West (45.7%), while the
least access was observed in the North (14.9%), Adamawa
(22.6%) and Far North (22.5%) regions. The propor-
tion of women having access to ANC was significantly
higher among women living in urban areas (48.2%) than
among those living in rural areas (25.9%). Access to ANC
increased significantly with the standard of living of the
household: 15% among the poorest, 26.4% among the
poor, 31.6% among the middle, 48.8% among the rich
and 66.2% among the very rich. Also, the proportion of

women having access to ANC increased with the level
of education of the woman: 14.3% among women with
no level of education, 31.3% among those with a pri-
mary level, 49.4% among those with a secondary level
and 72.8% among those with a higher education level.
Similarly, trends were observed with the level of educa-
tion of the partner. Access to ANC was also found to be
greater among Christians (42%), than among animists
(22.5%) and muslims (22.7%). Access to ANC was greater
when the head of household was a woman (41.6%), com-
pared to when the head was a man (35.1%). Within the
age range from 15 to 39 years, the proportion of women
with access to ANC increased with the woman’s age: 26%
among the 15-19 age group, 35.0% among the 20-24
group, 35.1% among the 25-29 age group, 38.2% among
the 30-34 age group and 38.4% among the 35-39 age
group. A decline in this proportion was observed above
40 years, with 35.2% among the 40-44 age group and
23.3% among the 45-49 age group. Similarly trends were
observed with the age of the partner with a peak at the
group 45-54 years. Among the women who declared dis-
tance to be a problem for access to health facility, only
27.2% of women actually had access to ANC during preg-
nancy, as oppose to 42.9% of women for whom distance
was not a big problem.

Table 3 presents unadjusted and adjusted correlates
of access to ANC based on univariate and multivariate
logistic mixed regression analyses, respectively. Based
on the Akaike information criterion for variable selec-
tion through the stepcAIC function in the R package
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Table 2 General characteristics of the study population with respect to access to ANC
Access No Yes Individuals P-value
Region Adamawa 305 (77.4) 89 (22.6) 396 <0.0001
Centre (without Yaounde) 294 (59.5) 200 (40.5) 494
Douala 97 (34.2) 7 (65.8) 287
East 300 (68.6) 7(31.4) 438
Far-North 535 (77.5) 5(22.5) 690
Littoral (without Douala) 146 (53.9) 5(46.1) 272
North 519(85‘1) 91 (14.9) 610
North-West 51(63.2) 88(36.8) 241
South 240 (60.3) 158 (39.7) 400
South-West 52(59.8) 35(40.2) 88
West 247 (54.3) 208 (45.7) 455
Yaounde 107 (33.8) 210 (66.2) 329
Place of residence Rural 1901 (74.1) 666 (25.9) 2572 <0.0001
Urban 1092 (51.8) 1017 (48.2) 2128
Household wealth Poorest 773 (85.0) 136 (15.0) 9N <0.0001
Poorer 777 (73.6) 278 (26.4) 1056
Middle 731 (68.4) 338(31.6) 1071
Richer 460 (51.2) 438 (48.8) 909
Richest 252 (33.8) 493 (66.2) 753
Partner’s education No education 776 (86.6) 120 (13.4) 899 <0.0001
Primary 1057 (70.7) 437 (29.3) 1497
Secondary 942 (53.8) 809 (46.2) 1763
Higher 128(32.8) 262 (67.2) 392
Woman's education No education 986 (85.7) 165 (14.3) 1152 <0.0001
Primary 1062 (68.7) 483 (31.3) 1552
Secondary 878 (50.6) 856 (49.4) 1746
Higher 67 (27.2) 179 (72.8) 250
Religion Animist 62 (77.5) 18 (22.5) 80 <0.0001
Christian 1844 (58.0) 1334 (42.0) 3201
Muslim 1027 (77.3) 302 (22.7) 1330
Other 60 (67.4) 29 (326) 89
Household head gender Female 371 (584) 264 (41.6) 635 0.0018
Male 2622 (64.9) 1419 (35.1) 4065
Woman's age 15-19 292 (73.7) 104 (26.3) 398 0.0007
20-24 628 (65.1) 337(34.9) 971
25-29 807 (62.9) 476 (37.1) 1292
30-34 640 (61.5) 400 (38.5) 1042
35-39 417 (61.7) 259 (38.5) 679
40-44 170 (64.9) 92 (35.1) 264
45-49 39(72.2) 15 (27.8) 54
Parity 1 460 (59.7) 310 (40.3) 779 <0.0001
[2-3] 1021 (59.6) 693 (40.4) 1722
[4-5] 774 (65.2) 413 (34.8) 1192
6+ 738 (73.4) 267 (26.6) 1007
Partner’s age 15-24 152 (70.7) 63 (24.3) 215 <0.0001
25-34 1040 (61.9) 639 (38.1) 1679
35-44 1131 (62.8) 671(37.2) 1802
45-54 515(32.7) 1061 (67.3) 1576
55-64 155 (76.0) 49 (24.0) 204
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Table 2 (continued)
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Access Yes Individuals P-value
Distance to health facility Not a big problem 1502 (57.1) 1127 (42.9) 2648 <0.0001
Big problem 1491 (72.8) 556 (27.2) 2052

cAIC4, while controlling for multicollinearity using vif
function in the package car and global significance
of each correlate through the anova function in the R
package stats, the final model excluded three circum-
stances in the underlying multivariate logistic mixed
regression model: “Place of residence’, “Household head
gender” and “Partner’s age”.

In univariate logistic mixed regression analyses,
unadjusted correlates of access to ANC included
“Region”, “Place of residence”, “Household wealth’,
“Partner’s education’, “House”, “Woman’s education’,
“Parity”, “Woman’s age’, “Religion” and “Distance” In
multivariate logistic mixed regression analysis, com-
pared with living in the Adamawa region, women living
in Yaoundé were more likely to having access to ANC
(Odds Ratio [OR] =1.53, 95% Confidence Intervals [CI]
1.00-2.33, p-value=0.0493), as oppose to lesser odds
for those living in South—-West (OR=0.44, CI 0.25-
0.79, p-value=0.0057) and the North (OR=0.55, CI
0.37-0.81, p-value =0.0024).

The odds of access to ANC increased significantly with
increased household wealth. With women from very
poor households as reference, women from poor house-
hold had the least odds of access to ANC (OR=1.34, CI
1.03-1.76, p-value =0.0305), followed by those living in
middle, rich and very rich households with respective
odds of 1.42 (CI 1.08-1.88, p-value=0.0136), 2.16 (CI
1.6-2.92, p-value= <0.0001), and 3.02 (CI 2.15-4.25,
p-value= <0.0001).

Similar trends were also observed with the level of
education of the woman and that of her partner. Com-
pared to women with no level of education, increasing
odds of access to ANC were observed for women with
primary (OR=1.45, CI 1.12-1.88, p-value=0.0047),
secondary (OR=1.83, CI 1.38-2.44, p-value<0.0001)
and higher level of education (OR=2.41, CI 1.54—
3.78, p-value=0.0001). Also, compared to women
whose partners had no level of education, increas-
ing odds of access to ANC were observed for women
whose partners had primary (OR=1.34, CI 1.02-1.76,
p-value=0.0357), secondary (OR=1.80, CI 1.35-
2.39, p-value=0.0001) and higher level of education
(OR=2.09, CI 1.42-3.08, p-value =0.0002).

Compared to women in the 15-19 years age group,
women in the 20-24, 25-29, 30-34, 35-39 and 40-45

age groups observed increasing odds of access to ANC,
respectively, 1.29 (CI 0.95-1.74, p-value=0.0987), 1.48
(CI 1.08-2.03; p-value=0.0161), 1.63 (CI 1.16-2.31;
p-value=0.0054), 1.86 (CI 1.27-2.71; p-value=0.0014),
1.82 (CI 1.16-2.85; p-value =0.0085) and 2.01(CI 0.96—
4.23; p-value=0.0657). Additionally, access to ANC
decreased with increased parity. Finally, compared
to women for whom distance was not a big problem,
those who indicated that distance was a big problem
observed a lesser odds of access to ANC with value 0.75
(CI 0.64-0.87; p-value=0.0001).

4.2 Spatial analysis of measures of inequality

of opportunity in access to antenatal care
Table 4 shows that overall, the opportunity for women
to have access to antenatal care was low and inequitable
in Cameroon.

The average coverage of access to antenatal care in
Cameroon was estimated at 35.93% (P = 0.3593), while
23.97% of available antenatal care should be redis-
tributed in order to establish, for all women, equal
opportunities to have access to antenatal care during
pregnancy (D = 0.2397), hence a Human Opportunity
Index of the order of 27.32% (HOI = 0.2732). In addi-
tion, Moran Index revealed a significant spatial auto-
correlation of the rate of coverage of access to ANC in
Cameroon (p-value <0.001). On the other hand, no sig-
nificant spatial autocorrelations were observed for the
Human Opportunity Index and the Dissimilarity Index
(p-value > 0.05).

The coverage rate (P), D — index and HOI were also
estimated separately for each of the regions in the study
zone. These measures are displayed spatially in Fig. 2.
The square boxes in those figures represent the towns of
Yaoundé and Douala in the Centre and Littoral regions,
respectively. We used a unique colour scheme so as to
show a higher value as the colour gets darker.

Figure 2a presents the variations of the coverage rate of
access to ANC across the regions of Cameroon. Figure 2a
(as in Table 2) shows that the northern part of the coun-
try is globally a vulnerable group in terms of access to
ANC (vulnerable groups are those with coverage rate less
than the average coverage rate of P = 35.93%). Indeed,
Table 2 reports 14.36%, 22.39% and 22.69% of access to
ANC, respectively, for the North, the Adamawa and
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Table 3 Unadjusted and adjusted correlates of access to ANC based on univariate and multivariate logistic mixed regression (with
random intercepts for enumeration areas) analyses, respectively

Circumstance variables Category Unadjusted odds-ratio Adjusted odds-ratio
OR 95% Cl p-value  OR 95% ClI p-value

Region (Ref=Adamawa) Centre (without Yaounde) 24 1.62-3.56 <0.0001 111 0.76-1.62 0.5938
Douala 671  439-10.24 <0.0001 136 0.88-2.09 0.1674
East 154 1.02-2.30 00381 089 061-132 0.5693
Far-North 097  0.66-141 0.8559 1.1 0.77-1.56 0.6167
Littoral (without Douala) 308  2.00-4.75 <0.0001 1.18 0.77-1.8 0.4446
North 058 0.38-0.88 00097 055 0.37-081 0.0024
North-West 196 1.25-3.06 0.0032 082 0.53-1.26 0.3596
South 227  151-342 00001 087 0.58-1.28 04721
South-West 216 1.19-394 00117 044 0.25-0.79 0.0057
West 285 1.93-421 <0.0001 1.2 0.83-1.75 03312
Yaounde 6.77  446-10.28 <0.0001 153 1.00-233 0.0493

Place of residence (Ref=Rural) Urban 3.04 249-373 <0.0001

Household wealth (Ref=Very poor) Poorer 194  151-251 <0.0001 134 1.03-1.76 0.0305
Middle 261 2.02-3.39 <0.0001 142 1.08-1.88 0.0136
Richer 533  4.1-695 <0.0001 216 1.6-292 <0.0001
Very rich 1124  854-14.86 <0.0001 3.02 2.15-425 <0.0001

Partner’s education (Ref=No level) Primary 24 1.88-3.08 <0.0001 134 1.02-1.76 0.0357
Secondary 478  3.75-6.11 <0.0001 180 1.35-239 0.0001
Higher 1059  7.68-14.63 <0.0001 209 142-3.08 0.0002

Woman's education (Ref=No level) Primary 266  2.13-333 <00001 145 1.12-1.88 0.0047
Secondary 548  4.39-6.87 <0.0001 183 1.38-244 <0.0001
Higher 1512 1056-21.82 <0.0001 241 1.54-3.78 0.0001

Religion (Ref=Animist) Christian 193  1.06-3.65 0.0351 1.02 056-187 0.9426
Muslim 0.8 0.44-1.54 04976 0.75 040-1.38 0.3558
Other 142 064-3.19 03937 095 042-2.12 0.8907

Household head gender (Ref=Female) Male 087 0.71-1.06 0.1684

Woman's age (Ref=15-20 years) 20-24 129  096-1.73 0.0879 129 095-1.74 0.0987
25-29 139 1.04-1.85 00248 148 1.08-2.03 0.0161
30-34 142 1.06-191 00183 163 1.16-231 0.0054
35-39 142 1.04-193 00279 186 1.27-2.71 0.0014
40-44 123 084-18 02882 182 1.16-2.85 0.0085
45-49 117 056-235 0.6657 2.01 0.96-4.23 0.0657

Parity (Ref=1) [2-3] 093 076-1.13 04656 081  0.65-1.01 0.0623
[4-5] 076 0.61-0.94 0.0120 068 0.52-0.89 0.0043
6+ 058 0.46-0.73 <0.0001 059 043-0.80 0.0008

Partner’s age (Ref=15-24 years) 25-34 135  0.96-1.91 0.0903
35-44 131 093-1.85 0.1276
45-54 124 0.86-1.80 0.2585
55-64 0.9 0.55-1.46 0.6655

Distance to health facility (Ref=Not a big problem) A big problem 058 05-067 <0.0001 075 0.64-087 0.0001

NB: The enumeration areas random intercept variance for the multivariate mixed logistic regression model is 0.084, which is significantly different from 0 according to
the likelihood-ratio test (p-value =0.0129) through the anova function in the R package stats

the Extreme-North regions. Higher coverage rates were
observed in Littoral (without Douala) with 47.33%, South

(45.19%) and in Center (without Yaoundé) with 40.93%.

As expected, the cities of Yaoundé and Douala had the
highest coverage rates, 67.0% and 66.18%, respectively.
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Table 4 Inequality of opportunity in access to antenatal care in Cameroon and Moran’s index values by indicator parameter and

spatial independence test

Indicator parameter Estimate Moran’s | Standard deviation P-value
Observed Expected
P 0.3593 -0326 -0.111 0.059 0.0003
p¥ —-0338 -0.111 0.060 0.0002
D — index 0.2397 —-0.215 -0 0.059 0.0791
D — index* —0.147 -0 0.056 0.5270
HOI 02732 —-0.215 -0.11 0.059 0.0791
HO® —0.180 -0 0.057 0.2300

Unstarred values indicate that the Centre and Littoral regions do not include the main towns (Yaoundé and Douala, respectively), while starred values indicate that

the results for the Centre and Littoral regions are actually those for the main towns
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Fig. 2 Variations in coverage rate, inequality in access to ANC and HOI across regions in Cameroon based on the CDHS-V (2018) data. Legend The
main towns of Yaoundé and Douala are represented by square boxes in the Centre and Littoral regions, respectively

Figure 2b presents spatial variations in the inequality
of access to ANC across regions in the country. Inequal-
ity of opportunity in access to ANC was least in the main
towns of Yaoundé (8.62%) and Douala (10.0%). The high-
est inequalities were observed in Adamawa (35.91%),
then North (31.67%) and East (29.12%) regions. The
D-index was lowest in the South (15.22%), then North-
West (17.29%) and the Center (without Yaoundé) with
18.68%.

According to Fig. 2c, HOI was lowest in the Adamawa
(22.86%), followed by the North (24.37%) and the East
(25.28%) regions. Conversely, HOI was highest in the
South, North West and Centre (without Yaoundé), with
values of 30.23%, 29.50% and 29.0%, respectively. Apart
from these, the cities of Yaoundé and Douala had the
highest HOI scores (32.58% and 32.10%, respectively).

4.3 Decomposition of the inequality of opportunity
in access to antenatal care in Cameroon: a comparison
of shapley and fields decomposition methods
The decomposition of the inequality of opportunity
makes it possible to estimate the level of contribution of
each circumstance factor to the inequality.

Using the Akaike information criterion for variable
selection through the stepcAIC function in the R pack-
age cAIC4, while controlling for multicollinearity using
vif function in the R package car and global signifi-
cance of each correlate through the anova function in
the R package stats, the final model excluded three cir-
cumstances in the underlying logistic mixed regression
model: “Place of residence’, “Household head gender”
and “Partner’s age”
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Table 5 Contributions of circumstances to inequality of opportunity in access to antenatal care in Cameroon
Circumstance Shapley Fields
Contribution (%) 95% Cl Contribution (%) 95% ClI
Region 17.07 15.34-20.31 15.82 9.12-24.17
Household wealth 21.81 18.47-24.51 2838 19.34-35.36
Partner’s education 18.24 14.13-19.69 18.08 9.33-25.94
Woman's education 18.29 15.78-21.24 19.99 10.93-29.43
Parity 514 3.97-7.20 423 1.482-7.20
Woman's age 3.02 2.19-5.02 2.00 0.76-5.09
Religion 822 6.87-10.36 5.94 1.94-10.21
Distance 8.21 6.37-10.88 556 2.22-9.35
40
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Fig. 3 Percentage contribution of circumstance variables to inequality based on Shapley and Fields decomposition methods

Table 5 and Fig. 3 show contributions of the different
circumstances based on Shapley and Fields decompo-
sition techniques, alongside 95% bootstrap percentile
confidence intervals based on 1000 bootstrap samples.
The Pearson’s product-moment correlation test [after
Shapiro—Wilk normality tests which confirmed Gaussi-
anity of the distributions of the two decompositions
(Shapley: W=0.891, p-value=0. 2416; Fields: W =0.905,
p-value=0.3232)] was used to compare decomposi-
tions from both approaches. The results show a strong
positive linear correlation between Fields and Shapley
decompositions of inequality of access to ANC in Cam-
eroon (Pearson’s correlation=0.973, CI 0.856-0.995,

p-value <0.0001). Both approaches show that “Household
wealth” is the circumstance that contributes the most to
the inequality of opportunity of access to ANC in Came-
roon [21.81% (CI 18.47-24.51) for Shapley versus 28.38%
(CI19.34-35.36) for Fields]. That was followed by “Wom-
an’s education” [18.29% (CI 15.78 -21.24) for Shapley and
19.99% (CI 10.93-29.43) for Fields] and “Partner’s educa-
tion” [18.24% (CI 14.13-19.69) for Shapley and 18.08%
(CI 9.33-25.94) for Fields]. The “Region of residence”
also markedly contributed to inequality, with 17.07% (CI
15.34 -20.31) for Shapley and 15.82% (CI 9.12-24.17) for
Fields. The circumstances “Religion’, “Distance’; “Parity”
and “Woman'’s age” (in decreasing order) contributed the



Youmbi et al. Swiss Journal of Economics and Statistics (2024) 160:5

15 20 25 30
l l l

Shapley decomposition
10

T T T T T T T
0 5 10 15 20 25 30

Field decomposition
Fig. 4 A plot of Shapley against Fields values

least to the inequality of opportunity in access to antena-
tal care in Cameroon.

Though a strong positive linear correlation between
Shapley and Fields decomposition methods, Fig. 4 shows
that the relation may not actually be linear. In effect,
Shapley values tend to be higher than Fields values when
contributions were small, more or less equal when con-
tributions were moderate, while Fields values tend to be
slightly higher than Shapley values when contributions
were high. These can be observed from Table 5 and Fig. 3.
Additionally, Shapley confidence intervals tend to be nar-
rower than Fields. However, it is known in the literature
that variance of logs is not a ‘good’ measure of inequality
as it fails to satisfy some desirable properties of inequality
measures, in particular the ‘transfers’ principle (Cowell,
1988; Foster & Ok, 1999). On the other hand, the Fields
approach has an advantage over the Shapley approach in
estimating the contribution of the enumeration area ran-
dom effects in a mixed model setting.

5 Discussion

Household wealth was found to be the factor contribut-
ing the most to the inequality of opportunity in access
to antenatal care in Cameroon. The cost of care could
therefore constitute a source of exclusion for the poor-
est: the poorer a woman is, the lesser she will use health
services during pregnancy. Financial wealth thus allows
pregnant women to meet the costs of health care dur-
ing pregnancy and to better monitor them. This result
is in line with those in Mamadou Saliou Balde and Balde
Saliou (2020), Dahad and Sakellariou, (2020), Prusty et al.
(2015), Kochou and Rwenge (2014), Nanfosso and Kawasi
(2013), Andrade et al. (2012), Singh et al., (2011), Sirpe
(2011), Pathak et al. (2010).
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The levels of education of the woman and the spouse
also play an important role in this inequality. It was
observed that the more these levels of education increase,
the higher the chances of access to ANC. The significance
of these circumstances highlights the role of education,
not only in the perception of the importance of antena-
tal consultations, but also in its impact on socioeconomic
status, which can promote access to basic social services
like antenatal care. Indeed, education facilitates com-
munication with the medical staffs, limits the frustra-
tions that the pregnant woman could experience during
the various visits, and allows better compliance with the
prescriptions of the health staff. This affirms the results
of Balde (2020), Wado (2018), Tsafack and Kasiwa (2013),
Andrade et al. (2012), Sarode (2010) and Vecino-Ortiz
(2007). However, given that the education years for preg-
nant women and their spouses may be over and it will
be hard for them to go back to school, “awareness cam-
paigns” on health concerns may be useful. Educating cou-
ples through information campaigns specifically targeted
towards expectant mothers and their spouses may go a
long way towards improving the health status and health
follow-up of future mothers.

The region of residence also contributed largely to
the inequality of opportunity to have access to antena-
tal care in Cameroon. This result could raise not only
the problem of habits and customs relatively specific to
each region, but also the problem of the distribution of
infrastructures and human resources in health across
the national territory. The latter may force many women
either to limit or delay their use of antenatal health ser-
vices or to seek alternatives that are more accessible to
them, including traditional care or care from individuals
with questionable qualifications.

Distance to health facilities also contributed quite
significantly to inequality of access. Women who indi-
cated that distance was not a big problem to them were
more likely to have access to ANC services compared to
women for whom distance was a big problem. This find-
ing ties with that in Wilunda et al. (2017), Nyathi et al.
(2017), Dahab and Sakellariou (2020) and Sibiya (2018).

Parity and age were the circumstances which con-
tributed the least to inequality. Access to antenatal care
was positively linked to the woman’s age and negatively
linked to the number of live births she has already had.
Indeed, older women are more likely to develop compli-
cations before, during or after childbirth, hence the need
for better care during pregnancy. These results confirm
those in Eloundou and Yaye (2017), Vecino-Ortiz (2007)
and Chakraborty et al. (2003). Also, the more children a
woman had, the lesser she used antenatal care during her
pregnancy. This could be because the woman may feel
she has gained experience with her previous pregnancies,



Youmbi et al. Swiss Journal of Economics and Statistics (2024) 160:5

and tend either not to make the recommended number
of consultations with a health professional, or to resort to
this treatment late.

6 Conclusion

For any woman, giving birth to a child should be a nor-
mal situation, a source of joy and a moment of social
fulfilment. Unfortunately, due to the great disparities in
access to health care during pregnancy, it still happens
that in Cameroon some women give lives at the risk of
their own. Addressing this issue is part of the 2030 plan
of action for humanity adopted by the United Nations
General Assembly in 2015. By focusing on two Sustain-
able Development Goals: SDG 3 (ensure healthy lives
and promote well-being for all at all ages) and SDG 10
(reduce inequality within countries and from one country
to another), this work aimed at assessing the inequality of
opportunity in access to antenatal care in Cameroon and
determining the circumstances that are the sources of
this inequality. Using data from the 2018 CDHS-V, after a
descriptive analysis of the characteristics of women with
access to antenatal care, the Human Opportunity Index
was constructed and, using Fields’ and Shapley’s method-
ology, the contribution of the circumstance variables to
the inequality of opportunity in access to antenatal care
in Cameroon was evaluated.

These analyses show that access to health care during
pregnancy is not only low, but also inequitable in Cam-
eroon. Though the Shapley and Fields decomposition
methodologies used to determine the level of contribu-
tions of the different circumstances are different, our
analysis shows that both results were comparable. We
recall that the former decomposition relies on the dissim-
ilarity index, while the latter is based on decomposing the
total variation in the log-odds of access to antenatal care.
To the best of our knowledge, this is the first study which
tries to compare results from these two decomposition
methods. Further investigations need to be performed to
validate the correlation between the two methods.

Results from this study show that the main circum-
stances that explain this inequality of opportunity are the
standard of living of the household, the level of education
of the pregnant woman and that of her spouse, the region
of residence, distance to health facilities, the age of the
woman and the parity reached.

In order to improve access to antenatal care and sig-
nificantly reduce inequality in access to antenatal care
in Cameroon, the government may have to strengthen
its actions, for example, further reducing cost of ANC,
or even making it free, especially for the most disadvan-
taged. In addition, the government should strengthen
measures to facilitate access to education for all,
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especially for women. The government and its partners
may also raise public awareness of good practices in
reproductive health, especially young women. Moreover,
further reflection should enable the government and its
partners to carry out targeted actions, particularly for the
North and South-West regions. As distance also consti-
tutes a major barrier to access ANC services, the adop-
tion of urgent measures, such as increasing the number
of health facilities and access roads to those facilities may
help reduce this barrier.
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