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ABSTRACT

Objectives

In India there has been a decline in overall under-five mortality, with some states still showing very high
mortality rates. It is argued that there is family clustering in mortality among children aged <5 years.We
explored the effects of programmable (proximate) determinants on under-five mortality by accounting for
family-level clustering and adjusting for background variables using Cox frailty model in rural Empowered
Action Group states (EAG) in India and compared results with standard models.

Methods
Analysis included 13,785 live births that occurred five years preceding the National Family Health Survey-3 (2005-
06).The Cox frailty model and the traditional Cox proportional hazards models were used.

Results

The Cox frailty model showed that mother’s age at birth, place of delivery, sex of the baby, composite variable
of birth order and birth interval, baby size at birth, and breastfeeding were significant determinants of under-
five mortality, after adjusting for the familial frailty effect. The hazard ratio was .41 (95% CI=1.14—-1.75) for
children born to mothers aged 12-19 years compared to mothers aged 20-30 years, .42 (95% CI=1.12-1.79)
for small-sized than average-sized babies at birth,and 102 (95% CI=81-128) for non-breastfed than breastfed
babies. Children had significantly lower mortality risks in the richest than poorest wealth quintile. The familial
frailty effect was 2.86 in the rural EAG states.The hazard ratios for the determinants in all the three models
were similar except the death of a previous child variable in the Cox frailty model, which had the highest R?
and lowest log-likelihood.

Conclusions and Public Health Implications

While planning for the child survival program in rural EAG states, parental competence which explains the
unobserved familial effect needs to be considered along with significant programmable determinants. The
frailty models that provide statistically valid estimates of the covariate effects are recommended, when
observations are correlated.

Key Words
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Introduction

Reducing under-five mortality is now a global
concern. In 2001 as part of the Millennium
Development goals (MDG) for health, nations
pledged to ensure a two-thirds reduction in under-
five mortality between 1990 and 2015M1 and at
once a series of articles in Lancet by the Bellagio
Study Group described various aspects of child
survival® 345 €, Although under-five mortality is
declining worldwide as a result of socioeconomic
development and implementation of child survival
interventions, nearly 8.8 million children die
every year before their fifth birthday. India alone
accounted for 21% of the world’s under-five deaths
occurring in 20081 owing to its large population.
In India, states such as Assam, Arunachal Pradesh,
Bihar, Chhattisgarh, Jharkhand, Madhya Pradesh,
Orissa, Rajasthan, Uttar Pradesh, have higher
Under-five mortality than the rest of India. The
national average for under-five mortality is 74 per
000, The Ministry of Health and Family Welfare,
India, established Empowered Action Group (EAG)
in 2001 to have special focus by monitoring and
facilitating the attainment of national health goals
on some of these states which are demographically
lagging behind. The EAG states constitute 45% of
the total population of India and also have higher
neonatal and infant mortality rates.

In developing countries, efforts have been
made during the past three decades to reduce
child  mortality. Despite
development and implementation of child survival
interventions, prevailing high mortality may be due
to the heterogeneity. This might have considerable
implication for reproductive health and child
survival programs’.. Studies on determinants of
child mortality have mainly used either logistic
regression or Cox proportional hazards model
assuming that the outcomes are independent. To
find more accurate estimates for the determinants
of child mortality that has critical implications

socioeconomic
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for resource allocation for child
survival, sibling structures in child mortality data
from demographic surveys have been treated as
multivariate failure time datal'® "2 3] As failure
time data, many attempts have been made to
extend the Cox proportional hazards model. In
this context, the variance-corrected Cox model
has received much attentiont'* *l. In the variance-
corrected Cox model, regression parameters of

improving

the determinants are estimated by ignoring intra-
family correlation but adjusted for in the inference
procedure; however, it ignores the variation of
underlying risk among families. To overcome this,
multivariate failure time data are modeled by an
unobserved random quantity called frailties!'®l.
These frailties are common to observations from
the same cluster and assumed to follow a given
statistical distribution, known as multivariate
random effects model or Cox frailty model.

In India, studies on child mortality have mainly
addressed the role of maternal, socioeconomic and
health-related determinantsl® '” '8l These studies
were restricted to the analysis of mortality risks in
children at individual level and not considered the
correlation among children of the same family. We
also want to emphasize those determinants which
are nearer in time to the outcome and can be
modified by program than those which are remote
or far apart in time to the outcome of concern.The
former covariates are referred to as programmable
determinants and the latter as background variables.
Therefore, we aimed to identify the programmable
determinants of under-five mortality using Cox
frailty model to account for sibling-level correlation
for providing valid estimates needed for policy-
decision making.In order to appreciate the influence
of sibling-level correlation over the estimates of the
determinants of under-five mortality, the results of
Cox frailty model were compared with the Cox
proportional hazards model and variance-corrected
Cox model.
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Methods

Data Sources

The third round of National Family Health
Survey-3 (NFHS-3) in India was completed during
2005-06 covering a nationally representative
sample of ever married women aged 15-49 years.
This survey collected data on fertility, family
planning, infant and child mortality, maternal
and child health, etc. using a two-stage sample
design in rural areas for each state of India. The
first stage involved selection of primary sampling
units, i.e., villages, with probability proportional
to population size and the second stage involved
systematic
each selected village®®. The response rates for
household and eligible women identified in the
household were 98.5% and 95.5% respectively.
The rural data of NFHS-3 for eight EAG states,
viz., Bihar, Chhattisgarh, Jharkhand, Madhya
Pradesh, Orissa, Rajasthan, Uttar Pradesh and
Uttarakhand were combined and analyzed to
identify the determinants of under-five mortality.
In rural EAG states, retrospective maternity
history was collected from 24,507 women
aged 15-49 years. A total of 14,184 live births
occurred within five years preceding the survey
and mortality experience of 13,785 children were
analyzed in this study. In 399 cases the information
was missing on some of the variables used in
the analysis. Of these 13,785 live births, 1,068
children died before reaching their fifth birthday.

selection of households within

Study Variables
The primary outcome, mortality,
was defined as time to death of a live born baby
before his/her fifth birthday. Available potential
predictors!'”! of child survival as summarized in
the conceptual framework of Mosley and Chen*
was considered and grouped into programmable
(proximate) determinants and background variables.
Programmable determinants included mother’s
age at birth, delivery assistance, place of delivery,

under-five
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mode of delivery, combined variable of birth order
and birth interval, survival status of previous child,
maternal subjective assessment of baby’s size
at birth, sex of the baby and ever breastfeeding;
and the background variables included region
(eight states), religion, caste, mother’s education,
mother’s occupation, household wealth index,
number of children in the family and desired time
for pregnancy.

Analytical Models: Traditional Cox
Proportional Hazards Model, Multivariate
Cox Variance-Corrected and Frailty Models
The variance-corrected and frailty hazard models
are multivariate not only in the usual sense of having
multiple predictors, but also in the sense of having
multiple responses, that is, responses from more
than one child in the family.

Cox Proportional Hazards model:
Mathematically, it is written as

h(6) = hy(6) eXp(B 2), £ > 0, oo ()

Where, h(t) is an unspecified baseline hazard
function and [ denote the vector of the true
regression coefficients for covariates z,, (k=1, 2, ...,
p)- We could obtain an estimator [3 of [ based on
the working assumption that the under-five deaths
in each family were independent of one another.

Cox variance corrected model:

We supposed that conditional on covariate vector
(z,), the marginal hazard function h, (t) for failure
time of the k™ child in the i family, (k = 1,2,3,....K;
i = 1,2,3,..,n) with the usual proportional hazards
form and is given by

h,(6) = hy(€) exp(B 2,),€ > 0, wverervrrrer Q)

We could obtain an estimator B of B based on the
working assumption that the under-five deaths
in each family were independent of one another.
But the equation (2) assumes that the births are
related and hence adjusts for it in the inference,
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that is, the standard error by means of sandwich-
type estimators!'®! and so it is called as variance
corrected models.

Cox frailty model

For the frailty model, we supposed that conditional
on the frailty, v, the hazard function h, (t) for the
failure time of the k™ children in the i"" family

(k = 1,2,3,....K; i = 1,2,3,.,n) follows the usual
proportional hazards form and is given by:
h, (t) =h, (©) v, exp(B’z,), t > 0, woerrrrrrs (3)

Where, v, group-level (family) frailty. These frailties
are unobservable, assumed to be independent and
identically distributed with unit mean and unknown
variance 0. Each family could have different values
of random effects and the variability in the vs
reflect heterogeneity of risks between families. If
the variance of the random effect (frailty) is 0, then
children from the same family are independent. The
variance of the random effect lies between 0 and a.
A larger variance implies greater heterogeneity in
frailty across families and greater correlation among
children belonging to the same family. The frailty
(family) often assumed to follow gamma distribution
for the sake of computational convenience and
convergencel?" 22 21 and this model is expected to
yield correct z-ratios, on which researchers rely
heavily for their conclusions!'?.

Equations (2) and (3) reduce to the traditional
Cox Proportional if the
responses from each child in the family are assumed
to be independent.

Hazards model®¥,

Statistical analysis

The complete data for all the EAG states were
downloaded from Demographic Health Survey
data distribution system website: http://www.
measuredhs.com.  All the variables were read
and coded using Stata 9.0 (College Station, Texas,
USA). The under-five mortality rate (U5MR) and
its 95% Cl with respect to potential determinants
influencing under-five mortality was calculated.

www.mchandaids.org |

We identified potential determinants of under-
five mortality using three models: the traditional
Cox proportional hazards model, the variance-
corrected Cox proportional hazards model,and the
Cox frailty model. Univariate models were fitted
followed by multivariate models. Programmable
determinants adjusted for background
factors in the multivariate analysis in all the three
models. The model performance was assessed
using R-square and log-likelihood. The results were
reported as hazard ratio (95% Cl). The value of
p<0.05 was considered statistically significant. The
R-software (version 2.11.1,2010,The R foundation
for Statistical Computing) was used to fit all the
models.

were

Results

The trends in under-five mortality rates by major
states in rural India for five years preceding the
NFHS-1 (1992-92) and NFHS-3 (2005-06) are given
in Table 1. Among the EAG states, no change in
under-five mortality was found in Chhattisgarh and
the highest decline in mortality (38.1%) was found
in Bihar between the two surveys. The percentage
decline in under-five mortality in rural India was
31.3 between the two surveys.

The distribution of live births by family is shown
inTable 2. More than one third (41%) of the families
contributed two or more children to the sample.
About 40 percent of the total 13,785 children did
not have sibling. A total of 1,068 under-five deaths
occurred to 969 (10%) families.

The number of live births and under-five
mortality with respect to the background factors
and programmable determinants are shown in Table
3. One third of the total live births were from Uttar
Pradesh; only 36.4 percent live births belong to
scheduled caste (21.3%) and scheduled tribes (15.1
%) and mothers of two-thirds of the live births
were illiterate. The under-five mortality (per 1,000
live births) was 86.9 in Uttar Pradesh, 89.9 among
scheduled caste mothers, 86.7 among illiterate
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mothers, 81.7 among families with more than two
children, 87.9 in the poorest wealth quintile, 104.2
among children born to mothers’ aged 12-19 years,
139.3 in mothers having previous birth interval of
less than two years and parity more than three, |07
among small sized babies, and 143 among children
with history of dead sibling, which were having very
high under-five mortality than their counterparts.
The results of programmable determinants of
under-five deaths adjusting for the background
variables using all the three models are given inTable
4. The estimates are exactly the same in Models |
and 2; only standard errors are corrected in Model
2, and in Model 3, both estimates and standard
errors are corrected. The determinants found to be
significant in Model | were also significant in Model
3 except death of a previous child and in Model 2
except mother’s age at birth. In the frailty model,
the mortality hazards for children born to mothers
aged 12-19 years at birth were .41 (95% CI: I.14,
1.75) times higher than children born to mothers
aged 20-30 years at birth and in the variance-
corrected model, the hazard ratio (1.19) for the
same variable was not statistically significant. The
mortality hazard for the female child has increased
from 17% to 22% when unobserved familial effect
Small size babies at birth
had 42% excess hazard than the average size
babies at birth. The mortality hazards for first-
born children and fourth-or-higher birth order
children with preceding birth interval of less than
two years were 2.04 (95% CI: 1.52, 2.73) and 2.42
(95% Cl: 1.84, 3.18) times the hazard for second
or third birth order children with a longer birth
interval (p< 0.001). Infants who were not breastfed
had significantly higher hazard of death (HR = 102;
95% Cl: 81, 128) than those who were breastfed.

is taken into account.
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The hazard ratio was 44% lower in non-institutional
than institutional deliveries.

EAG states as a background variable was
significantly associated with under-five mortality.
The State, Uttarakhand, was selected as the
reference category due to low under-five mortality
rates among the EAG states.The hazard ratios were
increased in all the EAG states except Jharkhand
after adjustment for programmable determinants
and other background variables. However, the
adjusted hazard ratios were statistically significant
for only Madhya Pradesh, Chhattisgarh, Rajasthan,
Orissa and Uttar Pradesh. The other background
variables such as caste, mother’s education and
household wealth index were significantly associated
with under-five mortality as shown in Table 4.

Most proximate
determinants are similar across the three types of
models but the most notable finding is the change
in the effect of the death of a previous child variable.
The multiplicative effect of this variable changes
from an 86% excess risk to an 18% reduction in risk
(albeit not statistically significant) when unobserved
familial effect is taken into account as a gamma
frailty. The gamma frailty is 2.86 which means that
larger unmeasured familial effect is present and is
statistically significant (p<0.001).

In general, the z-statistics (not shown here) are
found to be smaller in the random-effects/frailty
model than in the traditional Cox and variance-
corrected Cox models except for some of the
covariates.

The R? and log likelihood/I-likelihood are
preferred for comparing the three models. The
Cox frailty model was considered the best model
as it had the highest R? and lowest log likelihood
compared to the other two models.

hazard ratios for the
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Table I.  Trends in Under-Five Mortality Rates by Major States in Rural India for Five Years Preceding the NFHS-
I (1992-93) and NFHS-3 (2005-06)

Under-five mortality rates per 1000 live
births for five years preceding the survey

States NFHS-1 NFHS-3 Percentage
(1992-93) (2005-06) Decline
Andhra Pradesh 97.1 73.8 24.0
Arunachal Pradesh* 72.0 87.7 -21.8
Assam 146.1 86.8 40.6
Bihar 139.2 86.2 38.1
Chhattisgarh 96.7 96.4 0.3
Delhi* 83.1 46.7 43.8
Goa 38.0 15.3 59.7
Guijarat 108.2 71.5 339
Haryana 107.0 61.2 42.8
Himachal Pradesh 71.0 447 37.0
Jammu & Kashmir 61.2 51.2 16.3
Jharkhand 112.8 101.2 10.3
Karnataka 94.4 61.5 34.9
Kerala 385 15.5 59.7
Madhya Pradesh 162.2 104.3 357
Maharashtra 8l.1 58.7 27.6
Meghalaya™ 86.9 70.5 18.9
Mizoram* 29.3 529 -80.5
Nagaland* 20.7 64.7 -212.6
Manipur* 61.7 41.9 32.1
Orissa 135.1 97.1 28.1
Punjab 71.8 53.0 26.2
Rajasthan 107.5 87.4 18.7
Tamil Nadu 98.0 43.2 55.9
Tripura*® 104.6 59.2 -434
Uttarakhand 96.4 65.1 325
Uttar Pradesh 154.2 100.0 35.1
West Bengal 104.0 64.1 384
EAG States as a whole 160.5 93.7 41.6
India as a whole 119.4 82.0 31.3

*Data represent under-five mortality rates for the complete states
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Table 2.  Distribution of Live Births by Family
Children Deaths per Family Percent of Percent of
Total Children | Total Deaths

0 I 2 3 Total

I 5,297 263 5,560 40.3 24.6

2 2,768 438 37 3,243 47.1 47.9

3 322 163 33 0 518 1.3 21.4

4 I I 17 6 45 1.3 59

5 0 I 0 0 I 0.0 0.7

Total 8,398 876 87 6 9,367 100.0 100.0

Percent of total children 85.9 12.2 1.7 0.2 100.0

Percent of total deaths 0.0 82.0 16.3 1.7 100.0

Discussion

The primary goal of the study was to assess the
determinants of under-five mortality by applying
an appropriate model to account for sibling-level
correlation and thus provide valid estimates for
correct statistical inference needed for policy-
decision making. We found that children born in
Chhattisgarh had higher risk of dying before age
five, followed by children born in Uttar Pradesh
and Madhya Pradesh. These states require health
interventions that target under-five mortality
reduction, particularly in rural areas. Next, mother’s
education and wealth index emerge as powerful
background covariates of under-five mortality in the
EAG states, for the reason that both are known to be
associated with better child care practices. Thus, the
study urges the policy makers to focus on educating
illiterate mothers about the child care; however,
policy aiming at improving maternal education and
poverty reduction is needed for sustainability.

We know that changes in the z statistics depend
on the size of the parameter estimates along with
the magnitude of the standard error.
the z-statistics are smaller in magnitude in frailty
model as compared to other models which we also

In general
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observed in our results, clearly indicating that the
sample of correlated observations contains less
information than the independent sample. We also
observed higher z-statistics for some covariates as
observed by Sastryl'?, for example, mother’s age at
birth of 12-19y (Z,, ,..; =313 vs.Z, .., = 1.98)
in the Cox frailty model than the traditional Cox
model.

The assumption of the Cox Proportional
Hazards model is likely to be incorrect if we
suspect that siblings share environmental or
genetic influences beyond explicit covariates
included in the modell'l. To account for this
correlation, if we correct the standard error
alone, it might lead to the biased inference,
casting doubt especially on the more marginally
significant results. The covariate,
age 12-19 years at child birth, was found to
be marginally significant in the traditional Cox
model and was statistically not significant in
the variance-corrected Cox model. However,
this variable was highly significant in the Cox
frailty model which reiterates the importance
of simultaneous correction of both parameter
estimates and the standard error when analyzing
correlated observations.

maternal
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The next interesting aspect of the paper is
estimates of the observed covariate effects.There
were remarkably stable in all the three models
except survival status of previous child variable.
This has been already noted in previous studies!'®
' 121 that the positive effect of this variable
indeed acts as a proxy in the traditional Cox
model. As pointed out by Guo and Rodriguez
G the hazard ratio of less than one in frailty
model suggests that the death of a previous child
lowers the risk of the surviving siblings through
less competition for family resources or inducing
changes in the parental behavior since death is
A non-protective role of
institutional deliveries in the present study was
found as pointed out by Titaley et al®®! and this
might be complicated deliveries brought to the
institution with three delays.

Estimation of family influences is difficult in that
familial effects other than general socioeconomic
status are very difficult to observe. Clustering of
deaths in families was explained in rural Punjab!
and in Guatemalan families!'” by household’s
economic status and mother’s education. We
found high variance of unobserved familial effect
of 2.86 in the rural area of EAG states even
after taking into account all possible cultural and
socio-economic variables. This large unobserved
heterogeneity at family level could be a result of
greater variability in child care practices, health
care and mother’s personal abilities!'®l. Also the
female child is more likely to die before reaching
age five than the male child which might be related
to behavioral and environmental factors® %1, Thus,
parental competence, genetic and other factors
like nutritional deficiency, personal illness of the
child etc which were not included in the present
study might be the explanation for the family
frailty in these rural EAG states.

a traumatic event.

Conflicts of Interest: None.

The strengths of this study are the use of
nationally representative survey of NFHS-3
(2005-06) data and the application of the Cox
frailty model to estimate unbiased parameter
estimates for determinants after accounting for
familial effect. However, the cross-sectional nature
of our study is its main limitation. The study
should therefore be interpreted with caution.The
variable, breastfeeding, was not considered as a
time-dependent covariate due to methodological
difficulty of the frailty model.

Conclusions and Public Health
Implications

In conclusion, this paper confirms the hypothesis
that the risk of under-five death among families
is heterogeneous and
associated  with

identifies determinants
deaths. Many
determinants can be modified by child survival
programs to enhance child survival, such as
intensive antenatal and delivery care to young
pregnant women and women having parity of more
than two with preceding birth interval of less than
two years; providing ideal nutritional supplement to
infants who are small and or very small at the time
of birth; improving mother’s child care practices
by health education if mother has lost previous
child; and reemphasizing exclusive breastfeeding for
six months with introduction of complementary
feeding at appropriate time.
correlated observations, the Cox frailty models
are recommended for providing statistically valid
estimates of the effects of proximate determinants
after adjusting for the background variables and
unobserved random effects.

under-five

In the setting of
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