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Abstract:

Ante-natal Care (ANC) refers to a series of sequential check-ups
of pregnant women to ensure the health of mother and child.
This paper undertakes an analysis of the uptake of ANC services
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using geo-spatial techniques in rural India, a fast-growing country
with poor maternal and child health indicators. It is an important
problem in countries with poor maternal health indicators
where ensuring a continuum of care is an important challenge
before policymakers. We have used data from the fourth round
of District-level Household and Facility Survey, Annual Health
Survey for 2012, and District Census Handbooks. Spatial lag
and semi-parametric Geographically Weighted Regression
models have been estimated. Results reveal the presence of
statistically significant spatial clusters. They are formed through
spatial diffusion processes. The study recommends location-
specific policies to ensure a continuum of care, while globally
ensuring adequate availability of medical staff.

Keywords: ante-natal care; maternal health; spatial analysis;
geographically weighted regression model; India

1. Background

Despite attaining rapid economic growth in the past two decades,
India has failed to attain the Millennium Development Goal of
reducing maternal mortality rates by three quarters between
1990 and 2015. A key determinant of maternal health is the
level, quality and continuity of ANC services. Such services refer
to preventive healthcare services in the form of regular check-
ups that allow doctors or midwives to treat and prevent potential
health problems throughout the course of the pregnancy and to
promote healthy lifestyles that benefit both mother and child. The
India Fact Sheet of National Family Health Survey (Government
of India, 2016) shows that while 55% of pregnant women had
one ANC check-up, 45% went on to take at least four check-ups,
and only 17% took the full ANC check-up. The fourth wave of
the District-level Household and Facility Survey (DLHS4) reports
that, in rural India, while 85% of pregnant women receive at least
one ANC check-up, only 59% receive the minimum recommended
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three ANC check-ups. Given the sequential and time-bound
nature of ANC services, it is important to ensure continuum of
care in the availing of such services (Gayawan et al., 2014). This
paper examines district-level variations in drop-out from availing
ANC in rural India using geo-spatial techniques.’

Research on the utilisation levels of ANC services in India have
identified education and awareness (Chandhiok et al., 2006),
socio-religious identity, the autonomy of women, mass media
exposure and birth order (Singh et al., 2012), deprivation level
(Mohanty, 2012), age (Roy et al.,, 2013), place of residence
(Chauhan & Kumar, 2016), and economic status (Paudel et al.,
2014) as important demand-side correlates of low utilisation of
ANC services (Awasthi et al., 2016). Supply-side factors (such
as availability of medical and para-medical personnel and all-
weather roads) are also important determinants in the uptake of
maternal care (Ghosh et al., 2015).

In recent years, spatial techniques have been used to map
spatial patterns in diseases (Berchuck et al., 2019; Cameletti
et al., 2019; De Mello-Sampayo, 2016; Ejigu et al., 2020); they
have also been used to identify regional variations in provisioning
of maternal care services in countries like France (Charreire &
Combier, 2009), Ethiopia (Asnake, 2016; O’Meara et al., 2013),
Nigeria (Gayawan et al.,, 2014), and Indonesia (Charreire &
Combier, 2009). Analysis of spatial variations in the utilisation
of ANC services can provide government, policymakers and
stakeholders with focused evidence to maximize the provision
of ANC services to women in different localities, by designing

1. The focus on rural areas may be justified on four grounds: firstly,
district-wise data for ANC services are available only for rural
India; secondly, the geographical size of urban areas is small and
discontinuous, so that identifying spatial variations between urban
areas will not be easy; thirdly, there are substantial regional variations
in the delivery of health services in rural areas; fourthly, educational
levels and awareness is lower in rural areas.
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public health interventions to meet the special needs of each
region (Yeneneh et al., 2018). In India, however, the choice of
the individual as the level of analysis in the majority of studies
has resulted in a failure to examine regional variations in the
uptake of ANC services using spatial methods.

This paper proposes to address two deficiencies of present
studies on the utilisation of ANC services. Firstly, in contrast
to existing studies on levels of utilisation of ANC services in
India, the study focuses on dropouts or discontinuity in availing
of the minimum recommended ANC services. It is defined as
the difference in the percentages of women availing of the first
ANC check-up and those availing of at least three ANC check-
ups (the standard norm at the time of the survey). Secondly, the
study proposes to use spatial econometric models to examine
the relationship between uptake of ANC services and demand
and supply-side variables. Specifically, it proposes to bring out
local level relationships that are hidden in aggregative non-
spatial and even standard spatial models using Geographically
Weighted Regression (GWR) models.

The rest of the paper is structured as follows: Section 2 describes
the variables used in the analysis and their sources. The next
section presents the findings of our analysis. The final section
discusses the implications of our findings and discusses possible
policy strategies.

2. Materials and methods

2.1 Data

In spatial analysis choice of units is an importantissue (O’Sullivan
& Unwin, 2010). Districts—the smallest administrative unit for
which maternal health indicators are available in India—are
taken as the unit of analysis.? District-level data is obtained from

2. Districts are administrative divisions lying between states and
Community Development Blocks, comprising both villages, towns and
cities. They comprise both rural and urban areas. In 2011, there were
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the District Census Handbooks (2011), District-Level Household
Survey (fourth Round, 2012)3 and Annual Health Survey (2012).
Table 1 lists the variables used in the study, defines them and
identifies their sources.

Table 1: Variables used, definitions and sources

Group \ Variables Sources

Maternal health care services (Used to construct dependent variables)

Percentage of pregnant women Annual Health Survey and

who received at least one ANC District-Level Household
check-up (ANYANC) Survey fourth round (DLHS-
Percentage of pregnant women 4) District Fact Sheets

who had three or more ANC (http://bit.ly/2qfx2yY and
visits (ANC3) http://bit.ly/2qc899t)

Demographic variables (Predictor variables)

Mean household size (HOUSEHOLD Annual Health Survey and
SIZE) DLHS-4 District fact sheets
Log of sex ratio at birth (CHILD SEX (http://bit.ly/2qgfx2yY
RATIO), defined as number of gifls  gnd

per 1000 sons http://bit.ly/2qc899t)

Mean age at first marriage

for women (MEAN AGE OF

MARRIAGE)

Percentage of ever-married women  Census 2011

with at least matriculate education (http:/bit.ly/2puRwIL,
(10 years of schooling) (MATRIC) http://bit.ly/2qcitxU
Percentage of female workers in total and

working population (FEMALE WFPR) ki :
Percentage of socially disadvantaged http://bit ly/2qtwATi)
groups (Scheduled Castes,
Scheduled Tribes, and Muslims)

in total population (PERCENT OF
DISADVANTAGED GROUPS)

641 districts; currently, they number 775. Their area varies widely
from 9 square kilometers to 45,652 square kilometers.

3. We preferred the DLHS data to the more recent fifth wave of the
Demographic Health Survey (2019-20) as the latter does not match
with the rest of the data (relating to 2011-12).
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Group \ Variables Sources

Standard of living (Used to create predictor variable: Index for ASSET)

Percentage of households with Census 2011
radio/transistor (http://bit.ly/2gfyQbc)
Percentage of households with

television

Percentage of households with
mobile phones

Percentage of households with
bicycle

Infrastructure (Used to create predictor variable: Index for

INFRASTRUCTURE)
Percentage of households avail- District Census Hand-
ing of banking services (BANK) books
Percentage of villages with (http://bit.ly/2qCmKf9)

all-weather roads (ROAD)

Health care infrastructure (Used to create predictor variables:
Indices for HEALTH STAFF and GRASSROOT MEDICAL STAFF)

Number of in-station doctors District Census Hand-
at Primary Health Centres per books
100,000 persons (http://bit.ly/2qCmKf9

Number of in-station para-med-
ical staff at Primary Health Cen-
tres per 100,000 persons

Number of in-station para-med-
ical staff at Sub-Centres per
100,000 persons

Percentage of villages with Ac-
credited Social Health Activists or
ASHAs

Percentage of villages with
Nutritional Centres-Anganwadi
Centres




Group \ Variables Sources

Urban spill over (Predictor variable)

Mean distance of villages from Estimated from data on
town weighted by female pop- distance of village from
ulation (DISTANCE BETWEEN nearest town, and popula-
TOWN & VILLAGE) tion of female population in

village provided in District
Census Handbooks
(http://bit.ly/2qCmKf9)

Note: The Indian health care system is a four tiered system. At the village
level, sub-centres provide basic health facilities; at higher levels, health
care is provided by the primary health centres and community health
centres. At the district-level, district hospitals operate. At the top of the
system is the multi-speciality hospitals located in the capital city of each
state. ASHAs are female grass root health workers who motivate women
to adopt maternal and child health care services. Anganwadis are centres
providing care for mothers and young children in a rural India under the
Integrated Child Development Scheme.

The study variable (ANCGAP) is defined as “Percentage of women
who undergo at least one ANC check-up (ANYANC) but not all
three (ANC3)”. Mathematically, the measure is given by: ANCGAP
= ANYANC — ANC3. Principal Component Analysis is carried out
to reduce the dimension of the matrix of independent variables
and reduce the chances of multicollinearity. Factor scores are
normalised from 0 to 100 to create the following indices:

1. ASSET: Normalised factor scores of the asset index, capturing
a household’s economic status. It is calculated by combining
the percentage of households with radio, television, mobile
phones and cycles.

2. HEALTH STAFF: This index captures institutional health
infrastructure in rural India. It is calculated using data for number
of in-station doctors at Primary Health Centres per 100,000
persons, number of in-station para-medical staff at Primary
Health Centres per 100,000 persons, and number of in-station
para-medical staff at Sub-Centres per 100,000 persons.



3. GRASSROOT MEDICAL STAFF: This is an index of the
availability of grassroots maternal and child health workers. It
is created by combining the data for percentage of villages with
Accredited Social Health Activists or ASHAs and percentage of
villages with Nutritional Centres-Anganwadi Centres.

4. INFRASTRUCTURE: This is the normalised factor score
representing public infrastructure in rural India. It combines
percentage of households availing of banking services and
percentage of villages with all-weather roads.

The rest of the predictor variables include: Mean household size
(HOUSEHOLD SIZE), log of sex ratio at birth (CHILD SEX RATIO),
Mean age at marriage for girls (MEAN AGE OF MARRIAGE),
percentage of ever-married women with at least matriculate
education (10 years of schooling) (MATRIC), percentage of female
workers in total working population (FEMALE WFPR), percentage
of backward section (Scheduled Castes, Scheduled Tribes, and
Muslims) in total population (PERCENT OF DISADVANTAGED
GROUPS), Mean distance of villages from town weighted by
female population (DISTANCE BETWEEN TOWN & VILLAGE).
Table 2 presents summary statistics for the predictor variables.

Table 2: Summary statistics for explanatory variables

Variable Observations Mean S.D. Min. Max. Global Moran’s |
CHILD SEX RATIO 590 686 007 663 713 05165
HOUSEHOLD SIZE 590 475 064 280 630 0.7071
MEAN AGE OF MARRIAGE 590 2070 161 1645 2850  0.6531
MATRIC 590 1214 7.85 0.74 50.01 0.7397
FEMALE WFPR 590 3842 1525 828 7923  0.7212
PERCENT OF 590 4419 2256 7.86 99.26  0.6765
DISADVANTAGED GROUP

ASSET Index 590 48.89 2159 0.00 100.00  0.5412
INFRASTRUCTURE index 590 5428 20.13 0.00 100.00  0.6459
HEALTH STAFF index 590 1012 866 0.00 80.83 04927

GRASSROOT MEDICAL 590 79.19  13.71 30.12 100.00 0.4704
STAFF index

DISTANCE 590 2110 13.10 0.00 168.08  0.47.02
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Since the analysis is confined to rural areas and as such areas
comprise only a minuscule portion of union territories, all union
territories have been dropped when undertaking the analysis.
Andaman and Nicobar Islands and Lakshadweep islands have
also not been included in the analysis. Both archipelagos are
tiny (8,250 km2 and 39 km2, respectively, comprising 0.25% and
0.001% of the Indian area); their population is also very small
(3,81,000 and 64,000, respectively, comprising 0.03% and.01% of
India’s population). Neither the Annual Health Survey nor DLHS-4
was undertaken in Gujarat or Jammu and Kashmir. For Gujarat,
unit-level data from the DLHS-3 (carried out during 2007-08) is
used to estimate figures for maternal health for the districts. The
quality of data on Jammu and Kashmir is unreliable for Census
and earlier rounds of the DLHS (Guilmoto; Rajan, 2013); so, the
study left out Jammu and Kashmir from the analysis.

2.2 Methodology

The analysis starts with an examination of variations in utilisation
of ANC services and resultant discontinuity (ANCGAP) by major
geographical regions using a choropleth map. It shows the
spatial distribution of ANCGAP over districts. Global Moran’s
| is estimated to test whether the spatial distribution data has a
pattern, or whether it is random. It is given by:

N _ _
> W (x. —x)(X, —X
2 2 Wm0
when N is the number of spatial units indexed by i and j; x is

the variable of interest; Wij is a matrix of row standardised spatial
weights with zeroes on the diagonal, and W is the sum of all Wjj.

The formation of the spatial weight matrix is an important step in
this exercise. As the geo-references in our data are given in the
form of administrative boundaries and assume the form of irregular
polygons, contiguity-based weights using the queen criterion are
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appropriate (O’Sullivan and Unwin 2010).# The common practice
of row standardising Wij, to ensure that the sum of the weights for
each row equals unity, is followed (Moscone et al., 2007).

The values of Moran’s | are important because it gives an overall
indication of whether there is clustering in the regions being
studied. Moran’s |, however, does not allow the identification of
the presence (or absence) of significant spatial clusters for each
location. Nor does it indicate the type of autocorrelation (Anselin,
1995). Therefore, Local Indicators of Spatial Association (LISA)
are employed to test the null hypothesis of spatial randomness
by comparing the values in a given location with values in
neighbouring regions (Anselin, 1996). A modified Moran | statistic
(Anselin, 1995) aimed at identifying LISA can be calculated as:

So @
so that 1= leﬁl [3].

There are N numbers of Local Moran’s li, which are interpreted
using two types of LISA maps. The LISA significance map
shows the statistical significance level at which each region can
be regarded as making a meaningful contribution to the global
autocorrelation outcome. The LISA cluster map, on the other hand,
examines the type of spatial autocorrelation, by distinguishing
between four cases (Messner & Anselin, 2004). Two of these
categories indicate positive autocorrelation (0 <1, < 1), viz. when a
location with an above-average value surrounded with neighbours
with above-average values (high-high; HH), or when a location
with below-average value surrounded with below-average
values (low-low; LL). In contrast, negative spatial autocorrelation

4. The queen criterion is somewhat more encompassing and defines
neighbours as spatial units sharing a common edge or a common
vertex (Anselin & Rey, 2014).
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(-1 < I, < 0) refers to a geographic distribution of values when
a high value (above-average) is surrounded by low neighbours
(high-low; HL) and vice versa (low-high; LH). The cluster map
allows the identification of clusters contributing most strongly to
the global outcome and identify the nature of the interaction.

A high value of Moran’s I, however, need not necessarily be
produced by spatial interactions for the phenomenon being studied;
it may also be a result of spatial patterning of the covariates of
the phenomenon being studied (Sarrias, 2017). To rule this out,
and establish that spatial patterns are caused by interactions
between the study variable across districts, an appropriate
regression model that links ANCGAP to the explanatory variables
is estimated. The Ordinary Least Square (OLS) model, however,
ignores spatial interactions. Such interactions can be introduced
by assuming that values of ANCGAP and/or error terms of the
regression model are influenced by their value in neighbouring
areal units. If the dependent variable is spatially dependent on
the explanatory variables, the Classical OLS model yields biased
estimates, while, in the case of spatial dependence in the error
terms, OLS results are inefficient (Anselin, 1995, 2001; Anselin et
al., 1996; Anselin & Rey, 2014). To take into account such spatial
dependency either spatial lags should be incorporated in the
dependent variable (spatial lag model), or moving averages of the
error term should be taken (spatial error model), or both (spatial
autoregressive moving average model). The general form of the
model is:
Y = pWY + XB + AWn + ¢ [4]

when
Y is the vector of district-wise gap,
W is the spatial weight matrix, formed by using the Queen’s

contiguity criterion,
X is the matrix of explanatory variables,
B is the vector of regression coefficients,
n is the spatial error term, and
€ is the classical error term.
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When p = n = 0, this model is the traditional Classical Linear
Regression Model. If p # 0 and n = 0, the model becomes the
spatial lag model, while it becomes the spatial error model when
p = 0and n # 0. Diagnostic tests, based on the Lagrange Multiplier
and their robust variants, indicate which model is appropriate
(Anselin & Rey, 2014).

Although global parameters provide a useful overview of the overall
situation, the isotropic conceptualisation of space is adequate
in representing local conditions only when such conditions do
not vary substantially over the study area. As spatial variations
of the local observation increases, however, the reliability of
the global observations as representative of local conditions
decreases (Fotheringham et al., 2002). Given the heterogeneity
between Indian districts, the use of a global spatial model may
be questioned. In such cases, GWR models, with coefficients
that vary geographically, may be used to reflect the district-level
heterogeneity in our data (Fotheringham et al., 2017; Nakaya et
al., 2009). It may be represented as:

n = ZkBk (u;, vi) Xy =X B) 5]

where Xy and B, is the kth explanatory variable and its coefficient,
respectively. In this model, the coefficients vary with the
geographical coordinates of the locality [u, = (u;, v;)]. The GWR
model will yield n-values of each coefficient. This feature of the
model facilitates mapping and spatial analysis of the coefficients.
It is also possible to undertake statistical tests of which coefficient
is ‘global’ (Nakaya et al., 2009). This enables estimation of a semi-
parametric variant of the GWR model, permitting some coefficients
to be constant, while others vary globally. The semi-parametric
GWR model takes the form (Nakaya et al., 2009):

i = Zk Br (g, vi) Xy + Zllen [6]

In this model, there will be n-estimates of coefficients of the ‘local’
variables, while the remaining variables, having a global effect,
with a single coefficient.
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The exploratory spatial analysis is undertaken using Luc
Anselin’s GeoDa Version 1.2, while the econometric analysis was
undertaken in R (using the package spdep, developed by Roger
Bivand) and compared with estimates from the alpha version
of Anselin’s GeoDa Space; the GWR4 software (developed by
Tomoki Nakaya, Martin Charlton, Chris Brunsdon, Paul Lewis,
Jing Yao and A. S. Fotheringham) was used to estimate the GWR
model.

3. Results

Figure 1 shows the percentage of pregnant women who received
an ANC check-up (ANYANC) and who took all three ANC check-
ups (ANC3). The percentage of women who receive at least
one ANC check-up is quite high, with relatively little inter-district
variation (85.3% at the all-India level, with a standard deviation of
15.6). It is lowest in the North-eastern region (72.1%), followed
by the Western (75.2%) and Northern regions (78.1%).5 The
percentage of women who go on to receive the recommended
three ANC check-ups is, however, much less (58.8%); inter-district
variation is also high (standard deviation is 21.3). Values of ANC3
are low in regions, except in Southern and Eastern India. At the
all-India level, the drop-out level (ANCGAP) is 26.6%. It is highest
in the states of Bihar, Jharkhand, Madhya Pradesh, Chhattisgarh
and Rajasthan, the drop-out rate is substantial (35.4%), while
southern states perform best (their drop-out rate is 15.8%).

5. The states are grouped on the basis of cultural similarity and
contiguity into six regions: South (Andhra Pradesh, Karnataka, Tamil
Nadu, Kerala, and Pondicherry), West (Gujarat, Maharashtra, Goa,
Daman and Diu), North-east (Nagaland, Manipur, Arunachal Pradesh,
Meghalaya, Mizoram, and Sikkim), East (West Bengal, Odisha,
Assam, and Tripura), North (Punjab, Haryana, Delhi, Uttarakhand, and
Himachal Pradesh) and BIMARU or Central region (Bihar, Jharkhand,
Chattisgarh, Madhya Pradesh, Rajasthan, and Uttar Pradesh), based
on a study by Karve (1993).
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Figure 1: Variations in ANYANC, ANC3, and ANCGAP
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3.1 Exploratory spatial analysis

The regional pattern for the dropouts (ANCGAP) is visible in the
quantilechoropleth map (Figure 2a)—northern and central states
like Bihar, Jharkhand, Chhattisgarh, Rajasthan, Uttar Pradesh,
Uttarakhand, and western Madhya Pradesh have particularly
high drop-out rates, and Gujarat and the zone from southern
Maharashtra to Kerala, including Karnataka, have a low drop-
out rate. This implies a clear dichotomy between Northern and
Southern India, in line with the North-South divide observed in
earlier studies (Dyson & Moore, 1983).

Figure 2: Univariate spatial analysis of ANCGAP

(a) Quantile map: (b) LISA cluster map:
ANCGAP ANCGAP
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The possibility of spatial clusters is signified by the high value of
Global Moran’s | (0.65, Prob <0.001). This is not compatible with
a notion of spatial randomness (Anselin et al., 2002).The LISA
cluster map (Figure 2b) indicates statistically significant spatial
clusters. The northern cluster (indicated by red) belongs to the
High-High category; it implies that a high value of ANCGAP in
one district is associated with high values in neighbouring districts
also. These are the hotspot districts, where not only are drop-out
rates high but appear to be spatially related. It is on this cluster that
policymakers should focus on. In the remaining clusters indicated
by blue low values of ANCGAPare associated with low values in
contiguous districts.They are mainly located in the southern and
western part of India. Possible reasons for the clusters are poor
health infrastructure, lack of awareness and cultural resistance
in the northern areas(Ghosh et al., 2020; Jat et al., 2011);
southern India, on the other hand, has a higher proportion of
educated women, better autonomy of women, societies are more
progressive and health facilities are more developed (Mistry et al.,
2009; Navaneetham & Dharmalingam, 2002).

3.2 Spatial regression results

To rule out clustering between the correlates of ANCGAP in
adjacent districts, the following spatial econometric model is
estimated:

ANCGAP = pWY + XB + AWn + ¢

where the X-matrix is formed of the study variables identified
earlier (CHILD SEX RATIO, HOUSEHOLD SIZE, MEAN AGE
OF MARRIAGE, MATRIC, FEMALE WFPR, PERCENT OF
DISADVANTAGED GROUPS, ASSET Index, INFRASTRUCTURE
Index,HEALTH STAFF Index, GRASSROOT MEDICAL STAFF
Index, and DISTANCE BETWEEN TOWN & VILLAGE). Except
for HOUSEHOLD SIZE and PERCENT OF DISADVANTAGED
GROUPS, all variables are hypothesised to be negatively related
to ANCGAP.
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Table 3: Spatial diagnostics and selection of appropriate model

Spatial diagnostics Model 1 Model 2
Value P-value  Value P-value

Moran’s | (error) 16.22 0.00 16.24  0.00
Lagrange Multiplier-Lag (LMp) 292.48 0.00 315.70  0.00
Robust LM-Lag (LM,*) 55.52 0.00 65.39  0.00
Lagrange Multiplier-Error (LM, ) 237.06 0.00 250.33  0.00
Robust LM-Error (LM, ) 0.09 0.76 0.02 090
Lagrange Multiplier-SARMA (LM;) ~ 292.58 0.00 315.72  0.00
Appropriate model Spatial Lag Spatial Lag

The spatial diagnostics given in Table 3 indicate that the spatial lag
model, reported in Table 4 (Model 1), is appropriate. The coefficient
for spatial effect (p) is statistically significant at 1% level. This
confirms the hypothesis that space is an important determinant
of discontinuity in availing ANC services. Thus, discontinuities
in a district are affected by the situation in contiguous districts.
But, the coefficient of only household size (HOUSEHOLD SIZE),
among the other covariates, is statistically significant. A possible
reason is a correlation among the explanatory variables (see
Appendix Table A1). A parsimonious model (MODEL 2), therefore,
was estimated; it includes—apart from the spatial lag—the four
variables, CHILD SEX RATIO, HOUSEHOLD SIZE, MEAN AGE
OF MARRIAGE, and HEALTH STAFF Index. Spatial diagnostics
(Table 3) indicate that the spatial lag model is again the appropriate
model. Results (Table 4, Model 2) reveal that all the variables,
including p (coefficient for spatial lag), are statistically significant.

Table 4: Results of spatial autoregressive model for ANCGAP

Variable Spatial Model 1 Spatial Model 2

B z Prob. B z Prob.
CONSTANT 9243 187 006 |8421 1.83 0.07
P 0.64 231.88 0.00 0.65 253.31 0.00
CHILD SEX RATIO -16.09 -229 0.02 [-16.32 -2.50 0.01

18



Variable

Spatial Model 1

Spatial Model 2

B z Prob. B z Prob.
MAGE 095 289 0.00 093  3.03 0.00
HOUSEHOLD SIZE 340 3.74 0.00 403 485 0.00
FEMALE WFPR -0.02 -043 0.67 - - -
MATRIC -0.12 -1.42 0.16 - - -
INDEX FOR HEALTH -0.11 -150 0.13 | -0.13 -2.23 0.03
STAFF
GRASSROOT MEDICAL | -0.05 -1.25 0.21 - - -
STAFF Index
INFRASTRUCTURE Index| -0.01 -042 0.68 - - -
ASSET Index 0.02 069 049 - - -
DISTANCE BETWEEN -0.06 -1.36 0.17 - - -
TOWN & VILLAGE
PERCENT OF -0.01 -0.34 0.74 - - -
DISADVANTAGED GROUPS
N 590 - - 590 - -
Degrees of freedom 577 - - 584 - -
F (Wald) 290.82 - 0.00 |318.33 - 0.00
Log Likelihood ratio F2277.21 - - }2280.34 - -
R2 - - - - - -
Pseudo-R2 0.59 - - 0.59 - -
Spatial Pseudo-R2 0.39 - - 0.38 - -
Akaike Information 4582.40 - - 4574.70 - -

Criterion

In spatial models the marginal effect is given by

dy

OXx

=[1-pW]'XB = XB+pWXB+p W XB+p’W’XB+... [7]

Thus, the marginal effect is a function of the value of X not only at
that location but also of at neighbouring locations, at neighbours
of the neighbours, and so on, with a distance decaying effect
(Matthews 2006: 164-165). The estimated marginal effects (Table
5) reveal that indirect effects are lower than direct effects. Thus,
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the marginal effect is highest for CHILD SEX RATIO, which has
the highest direct effect.

Table 5: Marginal effects of spatial models

Variables Spatial Model 1 Spatial Model 2
Direct Indirect Total | Direct Indirect Total
CHILD SEX RATIO -18.03 -26.94 -4497 |-18.39 -28.77 -47.16
MEAN AGE OF MARRIAGE | 1.07 159 266 | 1.04 163 268
HOUSEHOLD SIZE 3.81 570 951 | 454 711 1165
FEMALE WFPR -0.02  -0.03 -0.05 - - -
MATRIC 013  -020 -0.34 - - -
HEALTH STAFF Index -012 -018 -029 | -0.14 -0.22 -0.37
GRASSROOT MEDICAL | -0.05 -0.08 -0.13 - - -
STAFF Index
INFRASTRUCTURE Index | -0.01  -0.02 -0.04 - - -
ASSET Index 0.02 0.03 0.05 - - -
DISTANCE BETWEEN -0.06 -0.10 -0.16 - - -
TOWN & VILLAGE
PERCENT OF -0.01  -0.01 -0.02 - - -
DISADVANTAGED GROUPS

3.3 Results of GWR model

The spatial lag model presents a bird’s eye view of the spatial
processes and effects of explanatory variables in determining
the level of ANCGAP. It identifies important determinants of the
discontinuity in availing of ANC services. The GWR4 model,
particularly its semi-parametric variant, informs policy makers
about regional variations in the impact of the enabling the
introduction of region specific policies. We have estimated
Model 2 using the GWR method as Model 1 demonstrates multi-
collinearity. The model is estimated using a bandwidth of 2.656,
selected using the Golden Section Search criterion (Greig, 1980).
The results of the geographical variability of local coefficients—
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the DIFF statistic is 0.71, -37.40, -10.36 and -20.10 for HEALTH
STAFF, CHILD SEX RATIO, MEAN AGE OF MARRIAGE
and HOUSEHOLD SIZE, respectively—indicate that only the
coefficient of HEALTH STAFF does not vary over space.® The
coefficient of HEALTH STAFF (availability of doctors and para-
medical staff in the primary and Community Health Centers) is
-1.31 (with S.E. = 0.60 and t = -2.17). The results make intuitive
sense as the availability of medical staff is important in all regions.
The impact of CHILD SEX RATIO, which is a proxy for social
attitudes, should vary across regions depending upon the nature
of society and education levels; similarly, the negative impact of
household size on uptake of ANC services may be moderated by
level of economic development, transport connectivity, availability
of medical facilities in the neighbourhood, and active role played
by grass-root health workers, like Accredited Social Health
Activists (ASHAS).

The summary results of the semi-parametric GWR model are
given in the top panel of Table 6. Both R2 and adjusted-R2 falls
slightly (to 0.59 and 0.55, respectively); simultaneously, AIC rises
marginally to 4569.70. The mean and median values of each of the
coefficients varying across space are of the same sign; however,
their value decreases in contrast to the global estimates (Table 6).

Table 6: Summary results of GWR model

Variable Mean STD Lower Median Upper  Inter- Robust
Quartile Quartile Quartile
Range
Intercept 26.36 8.57 23.73 28.76 3238 8.66 6.42
CHILD SEX RATIO -1.90 386 -435 -1.85 022 457 3.39
MEAN AGE OF 132 339 -092 056 354 446 3.31
MARRIAGE
HOUSEHOLD SIZE 554 446 257 545 975 717 532

6. If the DIFF statistic is between 0 and 1, the hypothesis of no local
variations is weakly rejected; in case it is between 1 and 2, the
hypothesis is strongly rejected (Nakaya, 2015).
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Variable Mean STD Lower Median Upper  Inter- Robust

Quartile Quartile Quartile
Range
HEALTH STAFF -0.40 249 -205 -097 045 250 1.85
Intercept 26.10 850 24.05 2816 3226 821 6.09
CHILD SEX RATIO -1.87 382 416 -182 010 425 3.15
MEAN AGE OF 143 364 -072 049 353 425 315
MARRIAGE
HOUSEHOLD SIZE 559 440 262 536 972 710 526

Note: Robust STD is given by (Inter-quartile range / 1.349)

The results of the 591 GWR regression models are reported in
Supplementary Tables. Figure 3 maps variations in the coefficients of
the semi-parametric form of the GWR model and local R2. Clear spatial
patterns are visible. For instance, the values of coefficients for CHILD
SEX RATIO is highest (in absolute terms) in the central part of India,
ranging from Gujarat to the North-eastern states. On the other hand,
coefficients of MEAN AGE OF MARRIAGE and HOUSEHOLD SIZE are
high in Western and Central-Eastern regions of India, respectively. It may
also be seen that the mean values of the GWR coefficients are higher
than the coefficients of the spatial lag model.

Figure 3: Quantile maps of geographically weighted regression
coefficients and local R?

(a) Coefficient of CHILD SEX RATIO (b) Coefficient of HOUSEHOLD SIZE
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4. Discussion

This study advocates a shift from the current focus on ensuring
high levels of availing ANC services to ensuring continuity in
the utilisation of such services. Such continuity is observed to
be determined by both spatial contiguity effects (viz. conditions
in neighbouring areas) and the influence of covariates. The
impact of a strong health infrastructure is constant determinant
of dropout rates across space. In contrast, the impact of child sex
ratio, household size and mean age at first marriage varies across
regions. Specifically, discontinuities in the utilisation of ANC
services are more likely in areas characterised by low sex ratio at
birth, high age at marriage, large families, and where doctors are
not available.

It is well-documented that the unavailability of doctors affects
the uptake of full ANC and results in an increase in the gap
between uptake of any ANC and full ANC (Ghosh et al., 2015).
Although hardly any study has incorporated sex ratio at birth as an
explanatory variable in modelling the gap between uptake of any
ANC and full ANC, this study demonstrates that son preference
possibly enhances the utilisation of ANC. Although earlier studies
have observed an inverted—U shape relationship between age at
marriage and utilisation of ANC (Gupta et al., 2010), we found that
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the gap between utilisation of any ANC and full ANC increases
significantly with age at marriage. Pregnancy at a higher age
could be associated with obstetric complications (Lampinen et
al., 2009) and such women may not likely to receive full ANC
plausibly because of social stigma associated with pregnancy
complications in rural areas. Women who belong to large families
could be overburdened with household chores and would lack time
to complete the prescribed number of ANC check-ups (Roy et al.,
2017). In the Central-Eastern parts of the country, for instance,
farm-based households require a higher number of household
members. In these households, women's engagement in the
household chores is high, while individual autonomy in decision-
making is low, which could restrict the uptake of three ANC and
thus enhances the gap between one ANC and three ANC.

Such effects, however, do not vary uniformly across regions. This
is logically consistent and implies that improving the supply-side to
remove deficiencies in health infrastructure should be taken up as
a national priority (Saprii et al., 2015). In contrast the influence of
the variables determining demand for ANC services (MEAN AGE
OF MARRIAGE, CHILDSEX RATIO and HOUSEHOLD SIZE)
varies across regions. While MEAN AGE OF MARRIAGE exerts
a stronger influence in Western India, for instance, HOUSEHOLD
SIZE is a more important factor underlying drop-out in Eastern
India. Policymakers may reconsider the rationality of the current
maternal health policy focussing on under-performing states
and shift to targeting clusters of districts. While the launching of
Aspirational District Programme’ by the Government of India in
2018 seems to be a significant step in this direction, the strategy
could further be refined as indicated in the present findings.
Components of the big push would include vigorous implementation

7. Under the scheme, districts with poor performance in five dimensions
(Health and Nutrition, Education, Agriculture and Water Resources,
Financial Inclusion and Skill Development and Infrastructure) are
targeted to ensure convergence with other districts.
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of the faltering Mother and Child Tracking System® (Gera et al.,
2015; Nagarajan et al., 2016) by revamping the current Health
Management Information System® and measures to increase
demand for maternal healthcare services. The latter may consist
of generation of demand for rights and better services, leverage of
intermediaries to legitimise the demands of poor and marginalised
women, sensitisation of leaders and health providers to women'’s
needs (Papp et al., 2013), promotion of women’s self-help
groups to enhance female autonomy, and improvement of social
networks (Dutta et al., 2021). The higher marginal effects of the
GWR model, compared to the spatial lag model, indicate that
such a strategy should yield high dividends—as, given spatial
dependence between districts, such a big push should diffuse
over the hotspot cluster, and enable attainment of the Sustainable
Development Goals related to maternal health. Such a shift will
enable policymakers to address the unique needs of localities and
incorporate spatial interdependencies in their policies.

The spatial lag model suggests the possible diffusion of health
seeking behaviour of pregnant women over space (Matthews,
2006). The diffusion process remains a black box whose mechanics
must be analysed for effective policy-making. It is possible that
factors like scepticism about health service quality and socio-
cultural notions may be relevant in this context (Vellakkal et al.,
2017). Unless these forces are identified, they will act as obstacles
to government measures to ensure continuity in the utilisation of
ANC services. This is a possible research extension that is best

8. The Mother and Child Tracking System is a web-based system of
storing information on health care services provided to mothers and
children. Each individual is assigned an unique number which enables
them to be tracked and their health monitored at any health center in
India.

9. The Health Management Information System is an online system in
which every public health care unit provides information on services
provided through a national portal. Private units are covered, but do
not generally report.
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addressed by micro-level studies in the relevant clusters.

5. Conclusion

In recent years, the issue of continuum of care (World Health
Organization, 2005) has emerged as an important factor affecting
the quality of delivery of maternal health care services. Despite
its importance, national-level studies on the regional variations in
continuum of care are absent. This study, based on discontinuity
in the uptake of ANC is, therefore, a preliminary step to address
this lacuna. This study underlines the importance of increasing
medical and para-medical staff at the grass-root level to ensure
continuity in the utilisation of ante natal services. Apart from
such supply side initiatives, locality-specific measures are also
necessary to create the demand for ante natal services. Without
a holistic policy addressing both the demand and supply side
attaining the Sustainable Development Goals with respect to
improving maternal and child health will remain difficult.
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