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Abstract

While developing a child health index is of interest, it is particularly important in the
Indian context, because of a high burden of poor child health, the disparities in child
health between different social, economic, and geographical regions and the absence
of such a comprehensive index. This paper focuses on the development and valida-
tion of a Child Health Index (CHI) for India. Using publicly available data at the dis-
trict level and principal component analysis, this index is composed of 16 variables
representing six domains namely socio-cultural, child health status, determinants of
child health (both risk and protective factors), household environment and health
system and policy. Several statistical tests were conducted to provide internal and
external validation. The application to predict child mortality confirmed its valida-
tion. This study thus provides a new tool for characterising child health and detect-
ing child health inequalities at a district level in India. Consequently, it can be used
by policymakers, health service providers and other stakeholders involved in child
welfare to monitor and improve child health over time and space.
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Highlights

o The existing Indian health indices need a social determinant framework and inclusion
of different stages of life.

o Proposed Child Health Index (CHI) is based on 16 indicators measuring parameters
impacting birth, infancy, and childhood.

e CHI has a strong theory-base, uses reliable indicators representing various
complexity of child health, at small geographical level, it is computed using a
robust statistical methodology.

o CHI provides ranking for all districts of India. Based on the ranking policy makers
can prioritize geographical areas for action and focus on indicators that falter in the
area.

Keywords Child health - Health indicators - Index - Health determinants - India

1 Introduction

Recent development in the measurement of population health involves the creation
of composite health indices which, as the name suggests, are composed of multi-
ple indicators. These composite indicators provide a more holistic understanding
of population health than measuring health based on individual indicators, such as
mortality and morbidity rates. Many health indices have been created mainly in the
developed countries (See Ashraf et al., 2019; Kaltenthaler et al., 2004; WHO, 2018
for a review of literature on health indices), leaving the global South, and especially
India, without the benefit of such fine-grained measures. In India too, some attempts
have been made to develop health indices targeted for India as whole and for differ-
ent target groups (Sehgal et al., 2023).

Protecting and improving the health of children is vital not only for the long-term
effects on their own health but also for the whole population and the health of the
next generation (Rigby, 2005). It becomes additionally important because of their
inability to ‘act as self-advocates’ (Rigby et al., 2003). It is well documented that
child health is influenced by multiple factors. These factors include social determi-
nants of health (e.g. socioeconomic conditions), health outcomes (e.g., infectious
diseases) and health system characteristics (e.g., access to care) (Spencer, 2018;
Tarazi et al., 2016; Marmot, 2005). A composite child health index developed from
multiple indicators can help identify potential health disparities, pinpoint areas that
need improvement, and set priorities for interventions. Additionally, this index can
be used to monitor the effectiveness of interventions, track changes in health over
time, and enable policy makers to make informed decisions based on accurate data.

While developing a child health index is of interest, it is particularly important
in the Indian context, mainly because of the high burden of poor child health and
the disparities in child health between different social, economic, and geographi-
cal regions. In addition, the bulk of research in this area has been carried out on
European and US data (Kohler, 2016; Kohler & Eriksson, 2018; Rigby, 2005; Rigby
et al., 2003; Moore et al., 2007). A composite child health index developed for use
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in a developed country may not be suitable for use in a developing country such as
India due to the different factors that affect child health. In developing countries,
access to healthcare and nutrition can be more limited, and poverty and inequal-
ity more prevalent, meaning that the factors that influence child health are more
complex and varied (Balarajan et al., 2011; Goli & Arokiasamy, 2014; Goli et al.,
2013; Kumar et al., 2013; Reddy, 2012; Pathak et al., 2010). The limited attempt
in India has used a complex methodology and state level data (Satyanarayana et al.,
1995). This may, in part, be due to the challenge of (1) collecting information at a
smaller administrative unit such as the district level and (2) translating various child
health domains into characteristics that can be measured. Thus, there is a paucity
of examples that replicate the international experience of comprehensive indexes in
the Indian context. Therefore, policy makers in India (and elsewhere) have an inad-
equate knowledgebase to draw on to make informed decisions.

In India, Satyanarayana et al. (1995) developed a comprehensive index, the Index
of Child Mortality. The Index was designed for monitoring the health status of chil-
dren for longitudinal assessment and comparison between states. Using data on five
indicators (under-five mortality rate, infant mortality rate, neonatal mortality rate,
perinatal mortality rate, and stillbirth rate) obtained from the Sample Registration
System, and factor analysis, the index that provided a comprehensive picture of child
mortality. While this was a good start in the development of an index for cross-sec-
tional comparison across states and longitudinal monitoring of trends in child health
status, many other indicators such as age-appropriate health morbidities (e.g., diar-
rhoea, acute respiratory illness), gender-based health inequities (e.g., immunisation),
and accessing health service for children (e.g., post-natal care) were not included.
Moreover, the tedious statistical computations prohibited the widespread use of this
comprehensive index of child mortality.

Critical steps in the creation of any index is to: articulate why one indicator was
chosen, a rationale articulating the link between indicators and the broader concepts
they represent, the basis of those choices, and a consideration of the ease of compu-
tation (Kohler, 2016; McQuinn et al., 2020). Availability and accuracy of data is one
of many considerations, but that must be embedded within a theoretical justification.
In case of a child health index, the indicators should also represent ‘different stages
of early child development’ (Kaks & Malqvist, 2021). Acknowledging the impor-
tance of local geography for public policy (Kim et al., 2019), it is important to meas-
ure the child health index at a low administrative unit such as districts. In India, any
index based on an administrative unit above district level risks masking areas of dis-
parity and diversity of need. It is equally important to measure the indicators using
the same data set so that inferences can be drawn with confidence without ascribing
the results to the differences in data quality and methods.

Using the latest round of nationally representative survey the National Fam-
ily Health Survey (NFHS 5) in 2015-16, this paper presents the development and
validation for a child health index for India (International Institute for Popula-
tion Sciences, 2021). We examine the geographical variation in the Indian Child
Health Index across 707 districts of India. Our choice of indicators was based on
previous research on the child health and child health indices (Kaks & Malqvist,
2021; Kohler, 2016; Kohler & Eriksson, 2018; Rigby, 2005; Rigby et al., 2003;
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Satyanarayana et al., 1995; Selmani et al., 2021; Moore et al., 2007; WHO, 2014a).
While selecting the individual indicators, we also chose variables that we could
measure and interpret objectively with a well-defined hypothetical relationship
(either positive or negative) with the child health index.

2 Data and Methods
2.1 Data

This study involved analysis of district level information corresponding to house-
holds from the latest round of the NFHS-5. The district was chosen as a unit of
analysis because of the large intra-state differences in child health across India
(TIPS, 2017; Singh et al., 2011). Additionally, in India policies are implemented by
the deputy commissioner in collaboration with the local Member of the State Leg-
islative Assembly (Swaminathan et al., 2019) making the district level even more
important for assessing the need for and impacts of health interventions.

The NFHS-5, the most recent wave in the NFHS series, is a nationally representa-
tive survey. It was conducted in all States and Union Territories using a format very
similar to that of the Demographic and Health Surveys (DHS), modified to meet
Indian conditions and the needs of policy makers and programme planners (Interna-
tional Institute for Population Sciences, 2021). The NFHS-5 covers all 707 districts
as per the 2011 census of India and provides high-quality, up-to-date information on
all the key variables. The survey covered a representative sample of 636,699 house-
holds, 724,115 women, and 101,839 men. This is a reliable data source, has been
recently collected, and is used for planning and policy making by the government at
the state and national level (International Institute for Population Sciences, 2021).

The survey was conducted by a non-government, independent institution. Hence,
the reported data are less likely to be influenced by state administration or commu-
nity level influences. Further details regarding the survey are available from National
Family Health Survey, India (International Institute for Population Sciences, 2021).

2.2 Measures

We drew on the work done in Europe (Kéks & Malqvist, 2021; Kohler, 2016;
Kohler & Eriksson, 2018; Rigby, 2005; Rigby et al., 2003), India (Satyanarayana
et al., 1995) and recommendations from WHO (2014a) to incorporate some India
specific indicators to reflect its developing country status (Table 1). While we
retained all four domains (health outcomes, risk factors, protective factors, access
and utilisation of care and support) with indicators specific to India from the
European index, we included an additional domain (household environment). The
main criteria for inclusion of indicators were: availability of data at the district
level from the same data source to avoid quality bias, relevance for child health
in the Indian context and repetition of the analysis over time to track changes
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in child health. Following Kéaks and Malqgvist (2021), we included indicators to
represent different stages of child development, i.e., birth, infancy (1-12 months)
and early childhood (1-5 years).

The six domains broadly capture a wide range of variables relating to socio-
cultural, child health status, both protective and risk factors affecting child health,
household environment and health system and services. Table 1 provides description
of each indicator included in the index as well as the hypothesized direction of their
association with the overall child health.

The first domain, Socio-cultural, includes variables which are proxies of socio-
economic factors. There is empirical evidence indicating the importance of socioe-
economic factors and material well-being for child health and in relation to access-
ing health services as well (Karlsson et al., 2020; Goli & Arokiasamy, 2014; Goli
et al., 2013).

The second domain, Child health, includes the percentage of children with diar-
rhoea and with acute respiratory infection (ARIs). Childhood diarrhoea and acute
respiratory infections are a major public health concern worldwide, leading to high
mortality and morbidity in children under five (WHO, 2015). For example, globally,
childhood diarrhoea is the second leading cause of mortality in children under five
(WHO, 2018), while ARI constitutes 20% of under-five mortality (Pinzén-Rondén
et al., 2016). Both diarrhoeal disease and ARI among children are also associated
with many health outcomes including malnutrition in children (WHO, 2013, 2018).
While India has made considerable progress in reducing infant and child mortality
over the past 20 years, episodes of preventable diseases like diarrhoea and pneumo-
nia remain high (IIPS, 2017).

The third domain, Child health determinants, includes the risk factors such as
stunting, wasting, underweight, anaemia and protective factors such as percentage of
children breastfed at 4 months and percentage of children fully immunised. Anthro-
pometric measures of nutrition are considered important indicators of child health
(Striessnig & Bora, 2020) as they are causally linked not only to infant mortality
(Liu et al., 2016) but also are shown to be the underlying causes of child mortality
due to diarrhoea, pneumonia, malaria or measles occurring in the developing world
(Caulfield et al., 2004). Similarly, Child immunization (Hasan et al., 2020) and
breastfed at 4 months are important indicators of child nutritional status and form
the fourth domain, Health determinants- Protective factors.

The fifth domain, Household environment, includes drinking water, sanitation
facilities, and cooking fuel. There is research evidence that drinking water and
sanitation facilities are associated with childhood diarrhoea (Lakshminarayanan &
Jayalakshmy, 2015). Clean fuel for cooking avoids deaths by indoor air pollution
which is a significant cause of pneumonia in LMICs (WHO, 2014b). The sixth
and last domain relates to Health system and services. This last domain includes
percentage of households with a health insurance/financing scheme, children who
received postnatal care from a health personnel within 2 days of delivery and
births taking place in institutions. These variables serve as proxies to access and
utilisation of care and a viable health system. Coverage of health services is an
important policy intervention for reducing inequities in maternal and child health
(Victora et al., 2005). Some variables were reverse coded prior to PCA to ensure
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that a high score was positive. For example, a high score of wasting indicated poor
health while a high score on not wasted indicated better health.

Some indicators in the six domains were reverse coded for analytical purpose to
make the relationship of all the indicators with the Child Health Index operate in the
same direction (higher score of all indicators reflect poorer health). For example,
indicators such as high percentage of children who received postnatal care from a
medical professional indicate better child health, but a high percentage of an indica-
tor such as stunting indicates poor child health. For this purpose, the direction of
9 indicators was reversed by subtracting the percentage of the indicator from 100.
The indicators that were reversed were: women’s education, breastfeeding, immuni-
sation, drinking water, toilet facility, cooking fuel, health insurance, postnatal care,
and institutional births. Reverse coding of these indicators meant a higher score indi-
cated poor health. Additionally, the indicator sex ratio at birth for children born in
the last five years (females per 1,000 males) was reversed to males per 1000 females
so that a higher sex ratio indicated poor child health.

2.3 Methods

Principal component analysis (PCA) was used to combine the indicators into a sin-
gle health index. Thus, the index is derived using weight calculated by PCA accord-
ing to the variability in the indicators. PCA is a useful technique which reduces the
large number of dimensions, referred to as the principal components. These princi-
pal components are less in number than the original dimensions and explain most
of the variation in the data set. The higher the collinearity between the indicators,
the higher is the variance captured by the first principal components (Abdi & Wil-
liams, 2010; Jolliffe, 2002). PCA has been used to objectively compute the weights
for indicators for developing country indices by Prinja et al. (2017) and Doke
(2018). Preliminary examination of data was done to assess whether the underlying
assumption for PCA have been met before constructing the index. These include the
following:

2.4 Handling Missing Values: Missing Values of Indicator was Set to National
mean

Assessing outliers, and linearity: Various procedures were used to check for outliers,
and linearity of association between the variables. These included boxplots, histo-
grams, and descriptive statistics (e.g., means and maximum and minimum values).
See Supplementary Table 1. We also used log transformed data to address skewed
data and to confirm normality.

Standardising the variables: The next step was to standardise the data to a com-
mon scale, so they have mean zero and standard deviation of one, hence a vari-
ance of one. Since different indicators had a variety of measurement units - such
as number, percent, and ratio -standardisation was applied to remove the imbalance
created in the contribution of variables due to unit difference. If the data were not
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standardised, then the variables with higher variance would have contributed more
to identifying the principal components than those with lower variance.

2.5 Computing the Correlation Matrix, Eigenvalues and Eigenvectors

The correlation matrix was computed to observe the association between the varia-
bles. The results are presented in Supplementary Fig. 1. Once the correlation matrix
is calculated, the eigenvectors and eigenvalues were computed. The eigenvectors
inform the directions of the new data, while the eigenvalues represent the magni-
tude of these directions. Both eigenvector and eigenvalue go hand in hand with each
eigenvector having an eigenvalue describing the magnitude. The eigenvector with
the highest eigenvalue represents the direction of maximum variance. Eigenvectors
give the weights to be used in the linear transformation of the original variables
and eigenvalues tell how much variance is explained by those transformed variables.
Supplementary Tables 2 and Supplementary Table 3 present the eigenvalues and
eigenvectors respectively.

2.6 Selecting the Ideal Number of Principal Components

The next step was to determine the number of the principal components for dimen-
sionality reduction. This was done by selecting the eigenvectors with the highest
eigenvalues, as these represent the directions that explain the most variance in the
dataset. Eigenvalue (the variance extracted by the components) (Supplementary
Table 2) and the visual inspection of the scree plot (Supplementary Fig. 2) were
used to decide the number of principal components to be retained for computing the
Child Health Index. A score for each district was computed by multiplying the value
of each principal component with proportion of weights (eigenvalue) explained
(Supplementary Table 2) by that principal component.

Compute the Child Health Index: We used PCA to construct the Child Health
Index by combining indicators into a single, composite index. Each column in Sup-
plementary Table 3 represents the eigenvectors which give the weights to be used in
the linear transformation. Thus, seven scores were created for each district-one for
each principal component- by multiplying the respective standardized value of each
indicator/variable with the proportion of the weights explained by each of the princi-
pal components. Seven scores were computed in this manner. The seven scores were
summed to create one final score for each district. The final score for the district
defines the CHI rank.

For example, Scorel =0.39*standardized value of education+0.00 * standard-
ized value of sex ratio+0.21* standardized value of diarrhea+0.15* standardized
value of ARI+0.34* standardized value of stunting+0.25* standardized value of
wasting +0.35* standardized value of underweight+0.27* standardized value of
anemia+0.22* standardized value of breastfeeding+0.11 * standardized value of
immunization +0.02* standardized value of drinking water+0.35* standardized
value of toilet facility +0.26* standardized value of cooking fuel+0.04* standard-
ized value of health insurance + 0.24* standardized value of postnatal care +0.30*
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standardized value of institutional births* (4.328/ (4.328+1.767+1.511+1.166+1
.162+0.937+0.883));

Final score =scorel + score2 + score3 + score4 + score5 + scoreb + score7.

After creating the final score, the districts were classified into tertiles of three
equal sized groups.

To quantify the extent of variability in child health within each state, Coefficient
of Variation (CV) was computed for each state using district level Child Health
Index rank. CV was calculated by dividing between-district standard deviation by
the state’s average Child Health Index rank and multiplying the fraction by 100. A
large CV indicates greater dispersion around the mean Child Health Index.

2.7 Validity and Robustness
2.7.1 Internal Consistency of Constructed Child Health Index

The internal consistency of the Child Health Index was tested by Cronbach’s alpha
coefficient to judge the internal consistency of the variables. The closer the coef-
ficient is to one, the better the verification that the variables were homogeneous.
A Cronbach coefficient value of >0.70 is considered highly reliable (Nunnally &
Bernstein, 1994).

2.7.2 External Validation of the Child Health Index

In the absence of any existing district level health index for all the districts of India,
testing external validity was a challenge. Therefore, to assess the external validity of
Child Health Index, Pearson’s correlation coefficient between the constructed Child
Health Index and under five child mortality for the same year at the state level was
estimated. The state level rank was computed by calculating the arithmetic average of
Child Health Index using the ranks of the district within each state. We used NFHS-
5, state level data, to obtain under five child mortality (USMR), presented in Fig. 1.
For all analyses statistical software, SAS release: 9.04.01M7P08062020 was used.

3 Results

3.1 Descriptive Statistics of Variables used in the Construction of Child Health
Index in India

Descriptive statistics of the indicators included in the Child Health Index are pro-
vided in Supplementary Table 1. On average, 40% of women had 10 years or more of
schooling. However, the indicator values varied greatly between districts. Sex ratio at
birth for children born in the last five years (females per 1,000 males) was 944.

The overall prevalence of diarrhoeal disease and acute respiratory infection
among children aged below 5 years was 6.5% and 2.5% respectively. Considering
the nutritional statuses, 33.5%, 18.5%, 29.5% and 66.8% of children were identified
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to be stunted, wasted, underweight and anaemic, respectively. About 44.8% of chil-
dren under age 3 were breastfed within 1 h of births while 44.8% children aged 12 to
23 years of age were fully immunised.

Most of the households had an improved source of drinking water (97.7%) and an
improved toilet facility (68.2%). Around 54% of the houses used clean cooking fuel.
Approximately 40.2% households had a member with health insurance. Most child
births (78.9%) received care from trained medical professional within 48 h of deliv-
ery and a large proportion of deliveries (88.6%) took place in a health care providing
institution.

Correlations between 16 indicators included in the Child Health Index are
shown in Supplementary Fig. 1. A positive correlation implies that the magni-
tude in the variable pair increases and decreases together. On the other hand,
a negative correlation indicates that the magnitude in a variable pair differs in
opposite directions, i.e., increase (decrease) in magnitude in one variable tends
to decrease (increase) the other variable. The correlation between the indicators
is mainly weak or modest and in the expected direction. Wasting and stunting
are highly correlated with underweight (r=0.72 and r>=0.70 respectively).
Women’s education had a moderate negative correlation with stunting (r’=-
0.54), underweight (1>=—0.53), toilet facility (r>=0.58), clean cooking fuel
(r>=0.65), and institutional delivery (r>=0.42). At the other end of the scale,
sex ratio, ARI, breastfeeding, immunisation, drinking water and health insur-
ance were either not correlated significantly to any other indicator or weakly
correlated with other indicators such as diarrhoea, toilet facility, and cooking
fuel.

3.2 Principal Component Analysis (PCA) & Computing the Child Health Index

Using all 16 indicators, PCA was carried out to determine weights for each indica-
tor and to summarize the indicators into a single score to compute the rank of the
district. Supplementary Table 2 shows the eigenvalues of the first seven principal
components. By inspecting the scree plot (Supplementary Fig. 2), we determined
the point where the slope of the curve clearly levelled off (the ‘elbow’), and by using
the variance explained (at least 5% of variance explained) (Supplementary Table 2)
we determined the number of components that should be retained by the analysis.
After examining the scree plot, only seven components that had an eigenvalue of
one or more, and explained at least 5% of the variance, were extracted for analy-
sis. These seven principal components explain nearly 73% of the total variation in
the data (Supplementary Table 2). For example, first principal component explains
nearly 27% of the variation and the second principal component explains nearly 11%
of variation. The third component explains nearly 9% of the variation. The fourth
and fifth component accounted for 7% of the variance each, and the sixth and sev-
enth principal component explained 5% of the variance each.

The Eigenvector matrix in Supplementary Table 3, presents Eigenvector/ weights
assigned to each indicator in each of the principal component. A positive value of
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Eigenvector/ weights indicates that a variable and a principal component are posi-
tively correlated, that is, an increase in one result signals an increase in the other.
Negative value of the Eigenvector/ weight indicates a negative association. Large
(either positive or negative) weight indicate that a variable has a strong effect on
that principal component. The weights of each indicator vary on each principal
component.

As shown in Supplementary Table 3, first principal component assigns large
positive weights for the indicators: women’s education, proportion of children with
stunting, underweight, improved toilet facility.

The second principal component assigns large positive weights to: access to clean
cooking fuel, postnatal care, institutional births; and negative weights to wasting,
underweight, and anaemia.

The large positive weights were assigned by principal component third to prev-
alence of diarrhoea, ARI, and health insurance and negative weights to drinking
water. Principal component fourth assigned large positive weights to health insur-
ance and negative to sex ratio and immunization.

Principal component fifth assigned large positive weights to sex ratio, diarrhoea,
ARI and improved drinking water and negative to breast feeding, and health insur-
ance. Principal component sixth assigned largest weights to immunization. Principal
component seventh assigned largest positive weights to sex ratio, and health insur-
ance and negative to immunization.

After combining all the seven scores as described in the methodology, the dis-
tricts were grouped into low, middle, and high tertiles based on the score created for
each district. The three groups were Child Health Index <235 rank, Child Health
Index 235-470 rank, and Child Health Index>470 rank denoting the states that
lead, intermediate and lag. Thus, a lower value denotes better health and lower child
health ranking. This approach is similar to HDI grouping countries in to four quar-
tiles (United Nations Development Programme, 2022).

3.3 Internal Consistency

The computed Cronbach coefficient alpha was 0.7662, which suggested internal
consistency and appropriateness of the PCA methodology, as the value of Cronbach
coefficient alpha was greater than the suggested value of 0.70 given for comparison
postulated by Nunnally and Bernstein (1994).

3.4 External Validation

In the absence of a district-level measure for validation of CHI, we used USMR, a
popular state-level indicator for measuring child health. Table 2 presents the Child
Health Index rank, the USMR, and the coefficient of variation of the CHI for each
state. The CHI correlation with USMR was 0.736. This figure indicates a positive
relationship between CHI and USMR, supporting an indication of construct validity.
A scatter plot (Fig. 1) helps visualize this moderately strong positive relationship
between the CHI and USMR.
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Fig. 1 Plot of mean CHI and USMR for states/ UTs

3.5 Child Health Index: District and State Level Variations

The state level CHI rank showed wide differences between states (Table 2). Of all
the states and union territories, Goa from the West and Kerala, Puducherry, Lak-
shadweep, and Tamil Nadu from the South depict the best Child health as indicated
by their lower rank and lower score. Bihar, Jharkhand, Uttar Pradesh from the North,
Tripura from the Northeast and West Bengal from the East depict the worst child
health.

Wide variation in CHI between states and within several states (i.e. district level)
can also be noted in the box plots in Fig. 2. In a box plot, the horizontal line drawn
through the box is at the median. The whiskers start from each quartile to the mini-
mum or maximum value of the CHI for each state, the length of the box shows the
width of the range of CHI rank within the state. Analysing Table 2; Figs. 2 and 3
together shows that in states like Kerala and Tamil Nadu, districts exhibit low CHI
ranks (ranging from 6 to 56 and 2 and 155 respectively), suggesting better health.
However, both states display a moderately high coefficient of variation (CV) with
Kerala at 55 and Tamil Nadu at 88, indicating significant inter-district variation. On
the other hand, districts in states such as Bihar and Jharkhand have high CHI ranks,
indicating poorer health, with ranks ranging from a minimum of 551 to a maximum
of 707, and a low CV of 6 (Bihar) and 15 (Jharkhand), meaning all the districts are
clustered together in the poor spectrum of health (Table 2; Fig. 3).

@ Springer



M. Sehgal et al.

670

91 0€ g€ I 132 69 €T at 79€¢ 6 ndiuey
(43 0s LS oLl 799 8 w 01¢ 59 iz yreSsmeyy)
SI 0€ €1 L€ Lig 9T 1z 162 €5 z pyepe
vl 0¢g SL 0T 0r9 o 0z £LT 009 0¢ eyereuey
S 61 S LY1 695 8¢ 61 £LT 11s 07 Jnuysey % nwwef
€1 6C 8 611 58 Ly 81 0ST 50S 1€ eueduelo,
1z L€ 19 wi Lzg 0L Ll vET LST € 1[oAR TeSeN eipeq
w 8¢ £ 96 657 6 91 see oTH €€ ueyseley
b 1 s SI1 80€ 9 St 0ze 9be v wppLs
0€g 9 6 01 8¢y 08 Il €1z 85¢ €1 puEgyeren )
z 6C w 88 gee L €1 [k 65T zl ysopeid [eyorwIH
81 €€ 65 ! T6€ 81 a 61 £Lg w qefung
T 6¢ L9 L2l €29 9% I 061 LLS w euekIeH
6 5T LL Tl 8z¢ % 01 S81 €87 € IeqOdIN 2 UBWEpUY
L1 1€ 8T s 99T €6 6 81 €L1 I q12d JO LON
8 T LL wi 0¥ 6¢ 8 81 ¥9¢ 8 weIozIp
0T s¢ ss 86 £6¢ €5 L 6L1 ove €1 ysopeid eIypuy
VN s8 s8 9 s8 0 I yresipuey)

L w@ 88 It Ss1 z S 9 €8T (43 npEN [T,
VN 8¢ 8¢ ¥ 8¢ 0 I doampeysye]

I v 101 o€ 19 I € o€ 09 b K1zayonpng
z S Y il 9 9 z 9C 0s b1 e[eIoy
€ I 811 8T b b I T o z oD

THD UI UOTELIEA S1INSI(]
WNSN AQYuey  WNSA  JOIWDYE0D A PIS WnwWiXely  wnwiupy  JHD Aqyuey  JHO Uedy  oSuey  jo saquinyN SN

AIASN [AS] 2Jels pue (THD [QAS] 9Je)s JopI1o Surpuadse ur paSuerre) THD LN0/I0IS T d]qelL

pringer

As



671

Assessing Child Health in India: Development and Validation...

€€ 9 9 o LOL 1SS 9¢ 999 961 8¢ Teyrg
6C S SI 68 90L 9LE e 16S 0ge vT pueypIeyf
ve 09 0T LOT 0L ST 143 ors 9Ly SL ysopeid Ienn
8T 54 T LTT 43 T €€ 8y (1]87 3 eanduy,
o1 ST ¥4 $59 £0C 43 9% (457 0T [eSuag 1soM
ST 6¢ (44 101 649 L¥T 1€ 14 0or €€ wessy
9T ov €T S0l 109 SLT 0¢ (997 *143 1 eAereySo
£ 6% €€ 871 TL9 001 6T 8t TLS IS ysopeld eAypey
61 €€ 3 9¢1 929 961 8¢ (0147 ocy 11 pue[eseN
€ 8¢ or L91 0.9 09 LT (a4 019 €€ terefng
11 8T 4 761 689 8% 9T 69¢ 19 9¢ eNYSEIRYRIN
LT 8% (47 0ST 629 8% ST 433 886 0¢ eUSIPO
9 61 43 [ 661 SIl T L€ 8¢ 0T Yysopeld [eyorunry
THD uI uonereA SI0INSI
ANSN Agyuey  JINSN JOIuRye0) A PIS  WNWIXE[N  wnwiuiyN - [HD AQuey  [HD UBON  eSuey  jo IoquinN alg

(ponunuoo) zs|qey

pringer

As



672 M. Sehgal et al.

Box Plots for the Child Healh Index by state
1 is the best and 707 is the worst rank
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Fig.2 Box plot showing variation in CHI between and within states/UTs
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Table 3 provides a comparison of the States based on the number of districts into
lead, intermediary, and lagged on CHI. This Table clearly demonstrates within-state
disparities in child health. While 100% of districts in some states such as Kerala
and Tamil Nadu fall under lead state (i.e., their CHI value is below 234), 100% in
progressing states (e.g., Ladakh with a CHI value falling between 234 and 470), on
the other extreme, 100% districts in some states such as Bihar are laggards (i.e., their
CHI value is above 470). 56% of districts in the lead states come from Tamil Nadu
(14%), Rajasthan (9%), Haryana (8%), Karnataka (7%), and Punjab, Kerala, and Tel-
angana (with 9% each). On the other hand, Uttar Pradesh (24%), Bihar (16%), Mad-
hya Pradesh (10%) and Jharkhand (9%) make up of approximately 60% of lagged
states (Fig. 4).

3.6 Predicting the Child Health Index

The correlation matrix in Supplementary Table 4 shows the key indicators are
positively related to CHI. Strong positive correlation of CHI was noted with a few
indicators in each domain. From the health determining risk factor domain, stunt-
ing had moderately strong correlation ((r*=0.69) and underweight (*=0.61); from
the health system and policy domains - prompt postnatal medical care and institu-
tional delivery had strong correlation at around r*=0.68 and r*=0.60 respectively;
likewise, women’s education from the socio-cultural domain had r*=0.67; from
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Child Health Index
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Fig.4 Map showing districts of India classified by ranking of CHI

the health protective factors of household environment domain. The indicators of
improved toilet facilities and clean cooking fuel had a moderate-strong correlation
at 0.58 and 0.68 respectively, however, health status indicators of diarrhoea and ARI
have weak correlation (*=0.37 and 0.31 respectively) with CHI.

4 Discussion

The aim of the paper was to develop and validate a comprehensive and multidi-
mensional Child Health Index specifically tailored for assessing child health at
the district level in India, using a Principal Component Analysis (PCA) frame-
work. The motivation behind creating such an index was to provide a holistic and
comprehensive tool that captures important aspects of a child’s life, allowing ser-
vice and policy organizations to monitor, improve and promote children’s health
and well-being at the district level. To achieve this goal, we focused on selecting
indicators that were based on established research and evidence, ensuring their
relevance and reliability in measuring various dimensions of child health. We
used data from a single publicly available data source to ensure consistency and
comparability across districts. The resulting CHI was comprehensive, covering a
wide range of dimensions that influence child health, such as sociocultural dimen-
sions, health determinants, the household environment, health system and policy.
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Table 3 CHI ranking at district level grouped into leading, intermediate, and lagging category

Rank Districts
Leading Intermediate 3 Lag-
ging
<235 235-470 >470
States/UTs N 234 236 237 707
Andaman & Nicobar N 2 1 . 3
Column Percent® 1 0 . 0
Row Percent® 67 33 . 100
Andhra Pradesh N 9 . 13
Column Percent® 2 . 2
Row Percent® 69 31 . 100
Arunachal Pradesh N 4 12 4 20
Column Percent® 2 5 2 3
Row Percent® 20 60 20 100
Assam N 17 16 33
Column Percent® 7 7 5
Row Percent® 52 48 100
Bihar N 38 38
Column Percent® 16 5
Row Percent® . 100 100
Chandigarh N 1 1
Column Percent® 0 0
Row Percent® 100 . . 100
Chbhattisgarh N 10 11 6 27
Column Percent® 4 5 3 4
Row Percent® 37 41 22 100
Dadra Nagar Haveli N 1 2 3
Column Percent® 0 1 . 0
Row Percent® 33 67 . 100
Goa N 2 2
Column Percent® 1 0
Row Percent® 100 . . 100
Gujarat N 4 16 13 33
Column Percent® 2 7 5 5
Row Percent® 12 48 39 100
Haryana N 19 2 1 22
Column Percent® 8 1 0 3
Row Percent® 86 9 5 100
Himachal Pradesh N 6 6 12
Column Percent® 3 3 . 2
Row Percent® 50 50 . 100
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Table 3 (continued)
Rank Districts
Leading Intermediate 3 Lag-
ging
<235 235-470 >470
Jammu & Kashmir N 8 9 3 20
Column Percent® 3 4 1 3
Row Percent® 40 45 15 100
Jharkhand N 2 22 24
Column Percent® 1 9 3
Row Percent® . 8 92 100
Karnataka N 16 7 7 30
Column Percent® 7 3 3 4
Row Percent® 53 23 23 100
Kerala N 14 14
Column Percent® 6 2
Row Percent® 100 . 100
Ladakh N 2 2
Column Percent® 1 0
Row Percent® . 100 100
Lakshadweep N 1 1
Column Percent® 0 0
Row Percent® 100 . . 100
Madhya Pradesh N 5 22 24 51
Column Percent® 2 9 10 7
Row Percent® 10 43 47 100
Mabharastra N 11 13 12 36
Column Percent 5 6 5 5
Row Percent® 31 36 33 100
Manipur N 1 9
Column Percent® 0 1
Row Percent® 11 89 100
Meghalaya N 5 11
Column Percent® 2 3 2
Row Percent® 45 55 100
Mizoram N 6 2 8
Column Percent® 3 1 1
Row Percent® 75 25 100
NCT of Delhi N 9 2 11
Column Percent® 4 1 2
Row Percent® 82 18 100
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Table 3 (continued)

Rank Districts

Leading Intermediate 3 Lag-

ging
<235 235-470 >470
Nagaland N 1 6 4 11
Column Percent® 0 3 2 2
Row Percent® 9 55 36 100
Odisha N 7 17 6 30
Column Percent® 3 7 3 4
Row Percent® 23 57 20 100
Puducherry N 4 . . 4
Column Percent® 2 . . 1
Row Percent® 100 . . 100
Punjab N 15 7 . 22
Column Percent® 6 3 . 3
Row Percent® 68 32 . 100
Rajasthan N 20 13 . 33
Column Percent® 9 6 . 5
Row Percent® 61 39 . 100
Sikkim N 2 2 . 4
Column Percent® 1 1 . 1
Row Percent® 50 50 . 100
Tamil Nadu N 32 . . 32
Column Percent® 14 . . 5
Row Percent® 100 . . 100
Telangana N 15 14 2 31
Column Percent® 6 6 1 4
Row Percent® 48 45 6 100
Tripura N 7 8
Column Percent® 0 . 3 1
Row Percent® 13 . 88 100
Uttar Pradesh N 1 18 56 75
Column Percent® 0 8 24 11
Row Percent® 1 24 75 100
Uttarakhand N 6 13
Column Percent® 3 . 2
Row Percent® 46 54 . 100
West Bengal N 1 9 10 20
Column Percent® 0 4 4 3
Row Percent® 5 45 50 100

#All percent are rounded to the nearest integral value
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The Cronbach coefficient alpha (0.7662) suggested internal consistency and
appropriateness of the PCA methodology. The external validity of the CHI was
demonstrated by its association with USMR (correlation of CHI with USMR was
0.736). While under 5 mortality is a significant indicator of child health, it is
important to recognize that under 5 mortality is not a comprehensive measure of
child health per se but rather it adds another critical dimension to the assessment
of child health. It primarily focuses on the outcome of health, which is mortality,
within a specific age group. Given the global reduction in mortality and chang-
ing patterns of health outcomes, the Child Health Index offers an additional and
valuable perspective. This approach goes beyond the traditional single indicator
like under 5 mortality. Instead, it provides a more nuanced and holistic view of
child health. The availability of representative data sub-nationally and over time
through the National Family and Health Survey allows for the examination of spa-
tial and temporal variations in the Child Health Index. Furthermore, the Indian
Child Health Index could serve as a valuable reference tool for other Asian coun-
tries with comparable health challenges and sociocultural backgrounds. Given the
availability of indicators used in computing the Child Health Index from Demo-
graphic and Health surveys (known as the National Family Health Survey in
India), these countries can create their own indices by leveraging the experience
and methodology used in developing the Indian Child health Index.

The use of the Child Health Index in India provides an opportunity to rank dif-
ferent districts based on their performance in child health for the first time. This
ranking sheds light on significant geographical variations, inter-district dispari-
ties, and inequities in child health outcomes across the country. The findings from
the index reveal that districts in the southern region such as Kerala and Tamil
Nadu tend to show higher levels of child health, indicating relatively better health
outcomes for children in those areas. In contrast, districts in the East regions,
namely Bihar, Uttar Pradesh and Jharkhand depict worse child health. Even in
states that are generally considered to have better overall child health, such as
Kerala and Tamil Nadu, there are large differences in child health outcomes
among districts. The high Coefficient of Variation (CV) values in these states
(CV of 88 for Kerala and 55 for Tamil Nadu) emphasize the significant disparities
that exist within leading states. On the other hand, states like Bihar, Jharkhand,
and Uttar Pradesh exhibit less variation, but unfortunately, they are all placed in
the “lagged” state category, indicating significant challenges in these regions.
Although the creation of district-level health indices has been acknowledged in
previous research (Prinja et al., 2017; Satyanarayana et al., 1995; Sekhar et al.,
1991), a comprehensive ranking of health across all districts in India, including
child health ranking at the All-India level, remains unavailable. Previous attempts
to calculate district-level rankings in health have been limited, often focusing on
only one or two states and considering restricted indicators, such as health per-
formance (Sharma et al., 2019), universal health coverage (Prinja et al., 2017), or
health infrastructure (Anand, 2014). As a result, it becomes challenging to com-
pare our study’s findings with those done by others.

The finding that all districts in Bihar fall under the “lagged” state category high-
lights the critical need for targeted interventions and resource allocation in this state
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to improve child health outcomes. The substantial inter-district variations in child
health performance indicate that the quality of child health services and other deter-
minants of child health can vary widely even within the same state. By identify-
ing districts with better and worse child health outcomes, policymakers and health
authorities can prioritize resources and implement strategies to address the specific
challenges faced by different regions. Reducing inter-district and inter-state dispar-
ities in child health is essential for promoting equitable and sustainable improve-
ments in the well-being of children across India. Therefore, the Child Health Index
could facilitate a graded response, and enable the retargeting of resources even in
such states where districts have very similar rankings.

Addressing inter-district variations in child health in India requires a multi-fac-
eted and targeted approach. Policy measures should focus on addressing the under-
lying determinants of child health and providing comprehensive and accessible
healthcare services. The results from our study show that stunting (both a cause and
condition), should prompt postnatal care, institutional delivery, women’s education,
improved toilet facilities and clean cooking fuel. Implementing policies that address
these social factors can have a positive ripple effect on child health.

While our study on Child Health Index in India offers a significant contribution
to the field, it has some limitations that warrant consideration. First, the index pro-
vides only a relative measure of inequality between districts, but it does not offer
information on absolute levels of health risk, health system performance, or health
status. Hence, while the index allows for comparison and ranking of districts, it may
not provide a clear picture of the specific health challenges faced by each district in
absolute terms. Second, certain indicators, such as household-level crowding (as an
indicator of poverty), percentage of children with low birth weight, and data segre-
gated by gender, could provide valuable insights into the social determinants of child
health and disparities between different population groups. The absence of such
data limits the comprehensive understanding of child health issues and hinders the
development of targeted interventions. Third, the study’s reliance on data from the
National Family Health Survey (NFHS-5) introduces potential limitations related
to self-reported data and recall or reporting bias. These limitations might affect the
accuracy and reliability of the indicators used in the index. Fourth, developing the
index at the district level offers valuable insights into regional disparities. However,
some districts in India are large and populous, potentially containing pockets of sig-
nificantly different health outcomes. Creating the index at a smaller area level, such
as the municipality or block level, could provide a more detailed understanding of
local differences and better inform localized interventions. Finally, the study’s find-
ings are based on data from a specific time (NFHS-5), and child health outcomes
may vary over time due to changes in policies, programs, and socioeconomic fac-
tors. Regular updates of the index using recent data are necessary to track progress
and identify emerging health issues.

Despite the limitations, the development of the Child Health Index in India has
several notable strengths that make it a valuable tool for addressing child health
challenges in India. By using publicly available data, considering different life
stages, and providing district-level comparisons, the index allows for a compre-
hensive assessment of child health across the country. Regular monitoring using
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the index, along with ongoing refinement and validation, can lead to evidence-
based policies and targeted interventions to improve child health outcomes and
promote equity in child health across India.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s12187-024-10112-x.
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