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tality. The risk of under-five mortality decreased with an increase in mother’s schooling.
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Introduction

The twentieth century marked a substantial decline in under-five mortality rates across
all countries, including India (Deribew et al., 2007). The global under-five mortality rates
declined by half from 91 deaths per 1,000 live births in 1990 to 43 deaths per 1000 live
births in 2015 (Yaya et al., 2018). However, the difference in under-five mortality rates
between developed countries and low- and middle- income countries (LMICs) is still
high (GHO, 2021). The risk of under-five mortality in LMICs is ten times higher than
that in developed countries (Kayode et al., 2012). The developing countries still have a
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long way to go to reduce under-five mortality and achieve Goal 3.2 of the Sustainable
Development Goals: reducing under-five mortality to 25 per 1000 live births (Assem-
bly, 2017). Under-five mortality is also a major concern in India. Although India has cut
down its under-five mortality rate by half, from 69 deaths per 1000 live births in 2008
to 36 deaths per 1000 live births in 2018 (SRS, 2013, 2018), it could not achieve Goal
4 of the Millennium Development Goals (International Institute for Population Sci-
ences (IIPS) and ICF, 2017). Despite this significant decrease in the under-five mortal-
ity rate, one in every 28 children dies within five years of birth at the national level. In
urban India, the ratio is one in every 39 children, and in rural India, it is one in every
25 children. Likewise, the under-five mortality rate varies considerably across the differ-
ent states of India, with the central Indian states bearing a considerably high burden of
under-five mortality compared to the south Indian states (SRS, 2018).

One plausible factor that prevents India from achieving the Millennium Develop-
ment Goals may be the presence of regional and socioeconomic inequalities in mortality
within the country. Dyson and Moore (1983) introduced the north—south divide in the
Indian demography based on fertility and mortality. The north had high birth and death
rates while the south had comparatively lower birth and death rates. A considerable vari-
ation in the under-five mortality rate across the Indian districts was also reported by
Bora and Saikia (2018). They suggest providing particular focus in two northern states
of India, namely, Chhattisgarh and Uttar Pradesh in dealing with child mortality. A
recent study by Bora (2020) suggests prioritizing region-specific interventions such as
economic, maternal education, and infrastructural development policies in the coun-
try’s north, central, and northeast regions. Studies have also revealed inadequate access
to healthcare services, low female literacy and poor household socioeconomic status as
important factors that affect the health status of the children in India (Pathak & Singh,
2011; Po & Subramanian, 2011; Ram et al., 2013; Singh et al.,, 2011). It is, therefore, nec-
essary to identify the mortality scenario among the marginalized or more impoverished
strata of the population, communities and geographic regions for reducing the under-
five mortality rates to a desirable level (Antai, 2011). The high prevalence of under-five
mortality could also be attributed to unobserved differences between or within commu-
nities. There is substantial evidence that the health outcomes of the children are influ-
enced by both individual and community-level characteristics in LMICs (Adedini et al.,
2015; Deribew et al., 2007; Kayode et al., 2012; Kumar et al., 2012; Rudan et al., 2010; You
et al,, 2015). Unfortunately, these studies only account for the information on the event’s
occurrence or non-occurrence (Alotaibi et al., 2020; Niragire et al., 2011). There have
been several attempts to study the impact of regional or community characteristics on
risk factors of under-five mortality in India (Arulampalam & Bhalotra, 2006; Bora, 2020;
Gupta et al., 2016; Singh et al., 2011). These studies showed the significant contribution
of community or regional factors affecting under-five mortality. However, these studies
did not consider the information on time-to-event or time-to-death of the child and did
not account for censoring.

Time-to-event data differ from other types of data as they consider both the occur-
rence or non-occurrence of the event and the time when the event occurred. Stand-
ard regression models allow only accounting for information on whether the event
has occurred or not. They do not consider the time of occurrence of an event, due
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to which they do not account for censoring. Censoring occurs when the study par-
ticipants do not experience the event during the study period. The Cox proportional
hazard model is the most popular model to address censoring (Cox, 1972). However,
the Cox model fails to provide unbiased estimates when the observations are depend-
ent. The dependency in the observation results in underestimated standard errors,
and, in the case of non-linear models such as Cox proportional hazard models, the
estimated parameters are both biased and inconsistent (Trussell & Rodriguez, 1990).
A new dimension of studying child survival and under-five mortality based on frailty
models have been adopted recently (Alotaibi et al., 2020; Niragire et al., 2011). The
frailty model can assess and account for cluster-level variations of under-five mortal-
ity with information on the time-to-death of the child. These models are a generaliza-
tion of the multivariable survival regression models, which can consider the impact of
the presence of latent factors affecting the estimates of the model (Duchateau & Jans-
sen, 2007; Gutierrez, 2002). This model is generally used when individuals or groups
of individuals share unobserved frailty. It can be considered as a random-effect model
version of the survival regression model. Therefore, it has the added advantage of esti-
mating similarity in group characteristics considering the time-to-event information.
The model’s ability to identify the impact of the community characteristics on the
estimates of under-five mortality with time-to-event information will facilitate in re-
evaluating the current policies and programmes targeted at reducing under-five mor-
tality in the country (Alotaibi et al., 2020).

The study of the effect of community clustering of under-five mortality has its implica-
tions in both research and policy. It will help determine the cause of mortality, account-
ing for correlated observations of children from the same community. Having identified
the gaps in the existing literature, our study aims to determine whether there are depend-
encies between individuals within the same community, that is, to check if the children
share similar frailty within the community. In addition, our study aims to determine
the risk factors of under-five mortality adjusted for the unobserved community effects
in India and its six state-regions. We employed a parametric shared frailty modelling
approach using data from the most recent round of the National Family Health Survey,
conducted in India in 2015-2016, for which unit-level data are in the public domain.

Methods and materials

Data

Data from the National Family Health Survey, 2015-2016 (NFHS-4), have been used
for the study. NFHS-4 is a large-scale sample survey conducted across all the 36 states
and union territories of India. NFHS-4 used a two-stage stratified sampling design
to collect information from the study respondents. In the first stage, a total of 28,586
Primary Sampling Units (PSUs) were selected with probability proportional to the
PSU size. Twenty-two households were selected with systematic sampling from the
selected PSUs in the second stage. Overall, 699,686 women in the age group 15 to 49,
residing in 601,509 surveyed households were interviewed, with a response rate of
96.7%. See IIPS & ICF (2017) for detailed information on sampling procedures and
data collection of NFHS-4.
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Analytical sample

The study included 233,763 children born to women in the age group 15 to 49 years,
in the 5 years preceding the survey. Of these, 10,604 children died within five years of
birth. Stillbirth, abortion, and miscarriages were not included in the study.

Outcome variable

The outcome of interest is the time-to-death of the children before their fifth birth-
day. Children who died within five years of birth were considered to have had the
event and were coded as 1. While those children who survived until 59 months were
censored and coded as 0. In NFHS-4, the information on child survival was collected
retrospectively by interviewing the mother. The “age-at-death” of the child obtained
from the mother was used as the time-to-death in the study.

Explanatory variables

Explanatory variables included in the study are broadly classified as maternal and
child characteristics. The mother-related explanatory variables are—mother’s age at
first birth (less than 18 years, 19 to 24 years, 25 to 29 years and 30 years and above),
mother’s schooling (no schooling, primary, secondary and higher), mother’s mari-
tal status (currently married and not currently married), wealth quintiles (poorest,
poorer, middle, richer and richest), religion (Hindu, Muslim and others), and caste
(scheduled caste (SC), scheduled tribe (ST) and others). The child-related explanatory
variables are type of birth (singleton birth and multiple births), sex of the child (male
and female), birth order (1, 2, 3—4 and 5 and above), birthsize (less than average, aver-
age and above-average), previous birth interval (first-order birth, less than 12 months,
12 to 23 months, 24 to 35 months, 36 to 47 months, 48 to 59 months, 60 to 85 months
and 86 months and above), mode of delivery (non-caesarean and caesarean), assis-
tance during delivery (skilled personnel and unskilled personnel) and history of sib-
ling’s death (yes and no).

During the survey, information on the child’s size at birth was collected by inter-
viewing the mothers as very large, larger than average, average, smaller than average,
and very small (IIPS & ICF, 2017). For simplicity in analysis and interpretation, we
categorized child’s size at birth into three categories: less than average, average, and
above average. Skilled personnel assisting the delivery includes doctors, nurses, aux-
iliary nurse midwives, midwives, and lady health visitors. Wealth quintiles are already
estimated and given in the dataset.

Analytical procedure

A parametric shared frailty modelling approach was adopted in the study. Frailty can
be considered as an unobserved random factor that affects the hazard function of
an individual or a group of individuals (Wienke, 2014). The concept of frailty can be
traced to Greenwood and Yule’s (1920) work on “accident proneness”. However, Vau-
pel et al. (1979) first introduced the term frailty in a univariate survival model. The
extension of the model to measure correlation in survival data in Clayton (1978) and
Clayton and Cuzick (1985) laid the foundation for considerable development in this
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area. This method has recently been adopted to study child survival in LMICs (Alo-
taibi et al., 2020; Niragire et al., 2011).

Importantly, frailty cannot be directly estimated from the data; rather, it is assumed to
follow a distribution with mean = 1and variance = 6. If an individual’s frailty is less than
1, the individual is less likely to be frail and vice versa (Clayton & Cuzick, 1985; Gutier-
rez, 2002; Hougaard, 1986; Vaupel et al., 1979). Sometimes, it may so happen that two
or more individuals share the same frailty value. Sharing these frailty values brings on a
dependency between those individuals. In our study, frailty is modelled according to the
number of communities. Community, in our study, is defined on the basis of the num-
ber of Indian states and union territories and whether the respondents were residing in
urban or rural places of residence. Therefore, we had 64 communities inclusive of all 36
states and union territories of India. We considered every possible way to ensure that
the shared frailty models used in the study are not merely a consequence of how the data
are organized rather than representing a substantive assumption about the source of the
frailty (Gutierrez, 2002). Therefore, we fit two sets of models under a couple of assump-
tions. The first set of models assumed that there were no community variations. The sec-
ond set of models assumed that there is community variation which was accounted for
by assigning a frailty distribution. The models were fitted with three hazard distribu-
tions, namely, exponential, Weibull and Gompertz. Thus, we had six models specified
for the study. The models were compared using Bayesian Information Criteria (BIC) and
Akaike Information Criteria (AIC). The model having the smallest value of BIC or AIC
was considered the best model for the study.

Models without shared frailty
If T is the random time-to-failure (time-to-death of a child before his/her fifth birthday),
then the generalized hazard model without shared frailty is defined as,

hi(t) = ho(t)eP™, (1)

wherei = 1,2,...,nand k(t) is the baseline hazard function. X; is the vector of covar-
iate belonging to the i individual and g is the standard regression parameter. The haz-
ard function is assumed to follow exponential, Gompertz or Weibull distribution in our
study.

Models with shared frailty

Assume the #z individuals were divided into k groups, and, for every kth group, an unob-
served frailty parameter u; is defined (j =12,..., k). Then the generalized shared frailty
model with T as the random time-to-failure (time-to-death of a child before his/her fifth
birthday) is defined as:

h,’,’ (tlu/) = Mjho(t)eﬂxi/, (2)

where j =1,2,...,k and k() is the baseline hazard function. Xj; is the vector of
covariates belonging to the i individual in /% group and B is the standard regression
parameter.

For an exponential hazard distribution, /¢ (¢) = 1 and thus, (2) is defined as:
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h,‘,‘ (tluj) = ujeﬂxif.

For a Gompertz hazard distribution, /1o(t) = ! and thus, (2) is defined as:
hij(tluj) = ujePXie?!, where p is the shape parameter.

For a Weibull hazard distribution, /1g(¢) = pt? ! and thus, (2) is defined as:
hj (L‘Iuj) = uje’sxiiptp_l, where p is the shape parameter.

Both the parameters, § and p are estimated from the data.

Test for equality of survival curve

Unlike the Cox model, which assumes the covariates act proportionately on hazard func-
tion, the parametric survival models assume a particular distribution whose parameters
depend on the covariates (Gutierrez, 2002; Wienke, 2014). Here we adopted a paramet-
ric model approach assuming a particular distribution for hazard function, and there-
fore, we used the log-rank test to compare the equality of survival curve across two or
more groups of population rather than to test for proportionality. The log-rank test is a
method that tests the hypothesis of no difference between two or more survival distribu-
tions at any point in time. The method is best suited for comparing survival distributions
from data with censored observations (Bland & Altman, 2004; Harrington, 2014). The
survival functions were estimated using the Kaplan Meier method.

We estimated the under-five mortality rate using the “syncmrates” package in STATA.
The package is meant for estimating under-five mortality rates using the synthetic cohort
probability method (Masset, 2016; Rutstein & Rojas, 2006). It also provides the 95% con-
fidence interval (CI) for the estimated under-five mortality rates.

First, statistical analysis was conducted at the national level. To understand the
regional disparity in risk factors affecting under-five mortality, separate statistical analy-
sis was conducted for the six state-regions of India. See Additional file 1: Appendix S1
for details of states included in the six state-regions. As the association between previ-
ous birth interval and under-five mortality risk may be modified by mother’s age at first
birth, we performed a sensitivity analysis to examine the plausible influence of a moth-
er’s age at first birth on the relationship between previous birth intervals and under-five
mortality. Additionally, we performed a sensitivity analysis to compare the effects of
birthsize and birthweight on under-five mortality. This was done to ensure that the use
of birthsize as a proxy of birthweight does not change the results. All analyses presented
in the paper are appropriately weighted and adjusted for the complex survey design used
in NFHS-4. All our statistical analyses were performed in STATA 16.0.

Results

Sample characteristics

Table 1 shows the percentage distribution of 233,763 births by maternal and child
characteristics for India and its six state-regions. Sixty-two percent of births occurred
to mothers whose age at first birth was between 19 and 24 years. The percentage of
births reported by mothers who had attained no schooling, primary, secondary, and
higher was 32%, 15%, 44%, and 9%, respectively. The percentage of births by mothers’
schooling differed by state-regions. Ninety-eight percent of births occurred to cur-
rently married mothers. The percentage share of births decreased as the household
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Table 1 Percentage distribution of 233,763 births by maternal and child characteristics for India and
its six state-regions

India North Central East Northeast West South
N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Maternal characteristics

Age at first birth (in years)

Less than 18 53,340 7506 (17.24) 14,656 14,152 8617 (25.36) 3841 (22.77) 4568 (19.30)
(22.82) (22.08) (28.69)

1910 24 144,235 27,898 44,110 29,861 17,808 10,262 14,296
[61.70] [64.06] [66.44] [60.55] [52.42] [60.85] [60.40]

151029 29,557 6843 [15.71] 6525[9.83] 4381[8.88] 5551[16.34] 2287[13.56] 39701[16.77]
[12.64]

30and 6631 (2.84) 1302(299) 1095 (1.65) 926 (1.88) 1997 (5.88)  475(2.82) 836 (3.53)

above

Level of schooling

No school- 74,456 13,373 25,999 22,015 7047 (20.74) 2994 (17.75) 3028 (12.79)

ing (31.85) (30.71) (39.16) (44.64)

Primary 34,097 5698 (13.08) 11,022 6798 (13.78) 6149 (18.10) 2296 (13.61) 2134 (9.02)
(14.59) (16.60)

Secondary 103,976 18,995 23,894 18,094 18,613 9967 (59.10) 14,413
(44.48) (43.62) (35.99) (36.69) (54.79) (60.89)

Higher 21,234 (9.08) 5483 (1259) 5471(8.24) 2413(4.89) 2164 (6.37) 1608 (9.53) 4095 (17.30)

Marital status

Currently 230,093 43,137 65,630 48,728 32,672 16,573 23,353

married (98.43) (99.05) (98.86) (98.80) (96.17) (98.27) (98.66)

Not cur- 3670(1.57)  412(0.95) 756 (1.14) 592 (1.20) 1301 (3.83) 292 (1.73) 317 (1.34)

rently

married

Wealth index

Poorest 63,473 5008 (11.50) 23,174 24,748 7071 (20.81) 2285(13.55) 1187 (5.01)
(27.15) (34.91) (50.18)

Poorer 55,430 8227 (18.89) 15,947 12,109 11,362 3655 (21.67) 4130 (17.45)
(23.71) (24.02) (24.55) (33.44)

Middle 46,161 9307 (21.37) 10,937 6713 (13.61) 8182 (24.08) 4077 (24.17) 6945 (29.34)
(19.75) (16.47)

Richer 38,031 9359 (21.49) 8701 (13.11) 3974 (806) 5075(14.94) 3832 (22.72) 7090 (29.95)
(16.27)

Richest 30,668 11,648 7627 (11.49) 1776 (3.60) 2283 (6.72) 3016(17.88) 4318(18.24)
(13.12) (26.75)

Religion

Hindu 168,443 30,187 56,473 39,538 9575 (28.18) 13,755 18,915
(72.06) (69.32) (85.07) (80.17) (81.56) (79.91)

Muslim 36,455 9251 (21.24) 9494 (1430) 7414 (15.03) 4829 (14.21) 2087 (12.37) 3380 (14.28)
(15.59)

Christian 19,571 (8.37) 84(0.19) 196 (0.30) 1016 (2.06) 16,733 200 (1.19) 1342 (5.67)

(49.25)

Others 9294 (3.98) 4027 (9.25) 223(0.34) 1352 (2.74) 2836 (8.35) 823(4.88) 33(0.14)

Caste

Scheduled 43,857 10,116 13,661 10,463 1906 (5.61)  2322(13.77) 5389(22.77)

Caste (18.76) (23.23) (20.58) (21.21)

Scheduled 48,962 4631 (10.63) 10,499 7734 (15.68) 20,723 3529(20.92) 1846 (7.80)

Tribe (20.95) (15.82) (61.00)

Others 140,944 28,802 42,226 31,123 11,344 11,014 16,435
(60.29) (66.14) (63.61) (63.10) (33.39) (65.31) (69.43)
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Table 1 (continued)

India North Central East Northeast West South
N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Child characteristics

Sex

Male 121,972 23,180 34,837 25,569 17,407 8805 (52.21) 12,174
(52.18) (53.23) (52.48) (51.84) (51.24) (51.43)

Female 111,791 20,369 31,549 23,751 16,566 8060 (47.79) 11,496
(47.82) (46.77) (47.52) (48.16) (48.76) (48.57)

Type of birth

Singleton 229,855 42,825 65,242 48,409 33,516 16,594 23,269

birth (98.33) (98.34) (98.28) (98.15) (98.65) (98.39) (98.31)

Multiple 3908 (1.67) 724 (1.66) 1144 (1.72)  911(1.85) 457 (1.35) 271 (1.61) 401 (1.69)

birth

Birth order

1 85,097 16,686 21,902 16,787 12,122 6897 (40.90) 10,703
(36.40) (38.32) (32.99) (34.04) (35.68) (45.22)

2 71,527 13,901 19,176 14,290 9097 (26.78) 5836 (34.60) 9227 (38.98)
(30.60) (31.92) (28.89) (28.97)

3to4 57,322 10,065 17,881 13,502 8905 (26.21) 3519(20.87) 3450 (14.58)
(24.52) (23.11) (26.93) (27.38)

5andabove 19,817 (848) 2897 (6.65) 7427 (11.19) 4741(9.61) 3849(11.33) 613(3.63) 290 (1.23)

Birthsize

Less than 33,759 5533(12.71) 10,184 7102 (1440) 6431(18.93) 2259(13.39) 2250(9.51)

average (14.44) (15.34)

Average 160,057 32,769 46,990 33,524 21,874 10,354 14,546
(68.47) (75.25) (70.78) (67.97) (64.39) (61.39) (61.45)

Above aver- 39,947 5247 (12.05) 9212 (13.88) 8694 (17.63) 5668 (16.68) 4252 (25.21) 6874 (29.04)

age (17.09)

Previous birth interval

First-order 85,779 16,856 22,056 16,909 12,201 6950 (41.21) 10,807

birth (36.69) (38.71) (33.22) (34.28) (35.91) (45.66)

Less than 2638 (1.13) 464 (1.07) 988 (1.49) 613 (1.24) 266 (0.78) 120(0.71) 187 (0.79)

12 months

12 to 37,184 7086 (16.27) 12,176 7759 (15.73) 4463 (13.14) 2381 (14.12) 3319(14.02)

23 months  (15.91) (18.34)

24 to 47,098 8444 (19.39) 14,796 10,480 6176 (18.18) 3257(19.31) 3945 (16.67)

35 months  (20.15) (22.29) (21.25)

36to 26,566 4706 (10.81) 7734 (11.65) 6223(12.62) 3960 (11.66) 1825(10.82) 2118(8.95)

47 months  (11.36)

48 to 14,396 (6.16) 2569 (5.90) 3887 (5.86) 3229(6.55) 2486(7.32) 983(5.83) 1242 (5.25)

59 months

60 to 12,852 (5.50) 2231(5.12) 3184 (4.80) 2717(551) 2660(7.83) 849 (5.03) 1211 (5.12)

85 months

86 months 7250 (3.10) 1193 (2.74)  1565(2.36) 1390(2.82) 1761 (5.18) 500 (2.96) 841(3.55)

and above

Mode of delivery

Non-Caesar- 202,681 37,037 60,636 44,571 30,410 14,080 15,947

ean (86.70) (85.05) (91.34) (90.37) (89.51) (83.49) (67.37)

Caesarean 31,082 6512 (14.95) 5750 (8.66) 4749(9.63) 3563(1049) 2785(16.51) 7723 (32.63)
(13.30)

Assistance during delivery

Skilled 181,262 36,600 48,430 36,749 22,057 14,761 22,665

personnel (77.54) (84.04) (72.95) (74.51) (64.93) (87.52) (95.75)

Unskilled 52,501 6949 (15.96) 17,956 12,571 11,916 2104 (12.48) 1005 (4.25)

personnel  (22.46) (27.05) (25.49) (35.07)

Page 8 of 30



Meitei et al. Genus (2022) 78:18 Page 9 of 30

Table 1 (continued)

India North Central East Northeast West South
N (%) N (%) N (%) N (%) N (%) N (%) N (%)

History of sibling’s death

No 207,020 39475 55,267 43,002 30,965 15,735 22,576
(88.56) (90.65) (83.25) (87.19) (91.15) (93.30) (95.38)

Yes 26,743 4074 (9.35) 11,119 6318(12.81) 3008 (8.85) 1130(6.70) 1094 (4.62)
(11.44) (16.75)

Total 233,763 43,549 66,386 49,320 33,973 16,865 23,670

Not currently married includes widowed, separated and divorced; skilled Personnel includes doctors, nurses, auxiliary nurse

midwives, midwives, and lady health visitors

wealth quintile increased. However, there exists a regional difference in the percent-
age of births by different wealth quintile. Seventy-two percent of the births belonged
to Hindu households. Around 19% and 21% of births occurred in SC and ST house-
holds, respectively.

Male births outnumbered female births at the national level and in all the six state-
regions. The percentage of male birth ranged from 51% in the northeast region to
53% in the north region. About 98% of the births were singleton birth. A little more
than one-third (36%) of the births were first-order births and 31% were second order
birth. Eight percent of births were fifth or higher order births. The percentage of first-
order births ranged between 33% in the central region and 45% in the south region.
The percentage of second order births ranged between 27% in the northeast region
and 39% in the south region. The percentage of fifth or higher order births ranged
between 1% in the south region and 11% in the northeast and central regions. Major-
ity of births were of average birthsize. Less than 15% of births had less than average
birthsize. The percentage of the births with average birthsize ranged between 61% in
the west region and 75% in the north region. Majority of births (20%) in our sample
were born with a birth interval of 24 to 35 months. The percentage of births with a 24
to 35 months birth interval ranged between 17% in the south region and 22% in the
central region. Similarly, the percentage of births with a previous birth interval of less
than 12 months ranges between 1% in the west region and 2% in the central region.
A large majority of births occurred through a non-caesarean mode of delivery. A lit-
tle more than three-fourths of the births were assisted by skilled personnel. Eleven
percent of births had a history of sibling’s death. Five percent of births in the south
region had a history of sibling’s death. In comparison, 17% and 13% of the births in
the central and east regions had a history of sibling’s death, respectively.

Variations in estimated under-five mortality rates

Figure 1 shows the estimated under-five mortality rates for India and its six state-
regions. India’s estimated under-five mortality rate was 51 (95% CI: 49.9-53.1) deaths
per 1000 live births. The estimated under-five mortality rates varied considerably by
the state-regions. With 74 (95% CI: 71.5-76.7) under-five deaths per 1000 live births,
the central region had the highest estimated under-five mortality rate; whereas, with
33.7 (95% CI: 30.7-41.3) and 34.1 (95% CI: 29.5—38.8) under-five deaths per 1000 live
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Fig. 1 Estimated under-five mortality rates for India and its six state-regions

births, the south and the west regions had the lowest estimated under-five mortality
rates, respectively. The estimated under-five mortality rates for north and northeast
regions were 45.1 (95% CI: 42.5-48.4) and 50.4 (95% CI: 46.4—55.3) deaths per 1,000
live births, respectively.

Table 2 shows the estimated under-five mortality rates by selected child characteris-
tics, such as sex of the child, type of birth, birth order, birthsize, previous birth inter-
val, mode of delivery, assistance during delivery, and history of sibling’s death. The
estimated under-five mortality rate was lower for females (48.1, 95% CI: 45.8-50.4)
than males (53.4, 95% CI: 51.2-55.7). The estimated under-five mortality rates were
also lower for females than for males in the east, northeast, west, and south regions.
The estimated under-five mortality rate among multiple births was 211.4 (95% CI:
194.1-228.7) deaths per 1,000 live births compared to 48.2 (95% CI: 46.7-49.6) deaths
per 1,000 live births among the singleton births. The estimated under-five mortal-
ity rates varied considerably by birth order. The estimated under-five mortality rates
among births of 1, 2, 3 to 4 and 5 and above birth orders were 49.2 (95% CI: 46.5—
52.0), 40.1 (95% CI: 37.9-42.4), 55.9 (95% CI: 52.8—59.1) and 89.5 (95% CI: 83.0-95.9)
deaths per 1000 live births, respectively. The estimated under-five mortality rate
among babies less than average size at birth was significantly higher than the rates
among babies who were of average and above-average size at birth. The estimated
under-five mortality rates among births with birthsize less than average, average and
above-average were 104.0 (95% CI: 98.6-109.3), 42.0 (95% CI: 40.2—-43.7) and 44.6
(95% CI: 41.4—47.8) deaths per 1,000 live births, respectively. An interesting picture
emerges when we look at the estimated under-five mortality rates by preceding birth
intervals. The estimated under-five mortality rate was highest for birth intervals less
than 12 months. The estimated under-five mortality rates declined with an increase
in the birth interval until 48—59 months, after which the estimated under-five mor-
tality rates increased. A similar pattern was observed in all the six state-regions. The
estimated under-five mortality rate was significantly higher among non-caesarean
births (54.4, 95% CI: 52.7-56.2), births assisted by unskilled personnel (77.0, 95% CI:
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73.4-80.6), and births having a history of sibling’s death (116.9, 95% CI: 111.3-122.6).
A similar pattern was observed in all the six state-regions.

Selecting the best model

The AIC and BIC values for different models are shown in Table 3. While M;, M,, and
M; represent the models without a frailty distribution, M,, M;, and Mg represent the
models with gamma shared frailty distribution. A comparison of the AIC and BIC val-
ues across the models indicates that models with gamma shared frailty distribution per-
formed better than their counterparts with similar hazard distributions. Notably, model
M, with exponential hazard distribution without frailty performed the worst. Similarly,
among the models with shared frailty distributions, M, performed the worst. Model M,
with Weibull hazard distribution and gamma shared frailty distribution had the smallest
AIC and BIC values. As M appeared to be the best fit among the six models, subsequent
analyses and interpretations are based on models with Weibull hazard distribution and
gamma shared frailty distribution.

Determinants of under-five mortality

Table 4 shows the hazard ratios of under-five mortality by maternal and child character-
istics in India and its six state-regions based on the Weibull survival model with gamma
shared frailty.

At the national level

Births occurred to mothers whose age at first birth was less than 18 years were more
likely to die before their fifth birthday (HR=1.08, 95% CI: 1.02-1.14) than those to
mothers whose age at first birth was between 25 and 29 years. Compared to births
occurred to a mother with no formal schooling, births occurred to a mother with sec-
ondary (HR=0.90, 95% CI: 0.85-0.94) and higher (HR=0.70, 95% CI: 0.63-0.78) level
of schooling had less chances of dying before their fifth birthday. Births that occurred to
widows, divorced or separated mothers were 1.16 (95% CI: 1.01-1.34) times as likely as
births that occurred to currently married mother to die before the fifth birthday. Com-
pared to births that occurred to mothers belonging to poorest wealth quintile, births
that occurred to mothers belonging to middle (HR=0.89, 95% CI: 0.84—0.95), richer
(HR=0.79, 95% CI: 0.73-0.86) and richest (HR =0.60, 95% CI: 0.55-0.67) wealth quin-
tiles were less likely to die before five years of age. Births in other caste families were less

Table 3 Selecting the best model

Model AIC BIC

M hazard distribution = Exponential 186,1304 1864724
M, (hazard distribution = Gompertz) 159,074.1 1594264
M3 (hazard distribution = Weibull) 134,622.3 134,974.6
My (hazard distribution = Exponential 185,671.7 186,024.0
MS (hazard distribution = Gompertz) 158,681.2 159,043.9
Mg (hazard distribution = Weibull) 134,237.5 134,600.2
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likely to die before their fifth birthday than those belonging to a SC family (HR=0.93,
95% CI=0.88-0.98).

Female births were less likely to die before their fifth birthday than male births
(HR=0.86, 95% CI: 0.83-0.89). Multiple births were 4.26 (95% CI: 3.93—-4.62) times as
likely as singleton births to die before the fifth birthday. Births with less than average
birthsize were 2.17 times (95% CI: 2.07-2.27) more likely to die before the fifth birthday
than births with average birthsize. While births with above-average birthsize were 1.21
times (95% CI: 1.15-1.28) more likely to die within the first five years of life. Compared
to births with previous birth interval 36 to 47 months, births with birth interval less than
12 months (HR=3.54, 95% CI: 3.14-3.98), 12 to 23 months (HR=1.77, 95% CI: 1.64—
1.92), 24 to 35 months (HR=1.14, 95% CI: 1.05-1.24), 60 to 85 months (HR=1.19, 95%
CI: 1.07-1.34) and 86 months and above (HR=1.76, 95% CI: 1.56—2.00) were more likely
to die within five years of birth. Caesarean births and births attended by a skilled birth
attendant were less likely to die within five years of birth. Births with a history of sibling’s
death were more likely to die than those with no history of sibling death (HR =2.35, 95%
CI: 2.24-2.47).

At the state-region level

Multiple births, birthsize less than average, and history of sibling’s death were associ-
ated with elevated risk of under-five mortality in all the six state-regions of India. Mul-
tiple births were 3 to 4 times as likely to die within the first five years of life as singleton
births. Likewise, births with below average birthsize were over 2 times as likely to die
within the first five years of life as births with average birthsize. Births in a family with
a history of sibling’s death were twice more likely to die within the first five years of life
than those without a history of sibling’s death in the north, central and east regions and
three times more likely in the northeast, west and south regions. Births with very short
birth intervals (< 12 months) and very large birth intervals (> 85 months) were associated
with higher risk of under-five mortality in all the six state-regions. Except for the south
state-region, births with a birth interval of 12 to 23 months had higher chances of dying
within five years of birth. Births with a birth interval of 24 to 35 months were more likely
to die in the north and central state-regions. Except for the north region, male births
were more likely to die within the first five years of life than female births.

The association of maternal programme related factors with under-five mortality was
not uniform across the six state-regions. Births delivered through the caesarean mode
of delivery had a lower risk of under-five mortality only in the north, east and north-
east state-regions. Likewise, births assisted by unskilled health personnel had a higher
risk of under-five mortality only in the central, east, west and south state-regions. Moth-
er’s socioeconomic characteristics were also not uniformly associated with under-five
mortality in the six state-regions. For example, children of mothers with a higher level
of schooling had lower risk of under-five mortality compared with children of mother
with no schooling in the north, central, east, and south state-regions. Likewise, births
in richer and richest wealth quintile households were less likely to die within five years
of birth than those born in the poorest wealth quintile households in the north, central,
east, and south state-regions.
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Survival curve

Figure 2 shows the Kaplan—Meier survival curves for under-five mortality by sex of the
child, type of birth, birth order, birthsize, previous birth interval, mode of delivery, assis-
tance during delivery, and history of sibling’s death. The log-rank test for equality of sur-
vival curves for two or more categories of a variable was also estimated. The p-values
are also provided against the variables in Fig. 2. The log-rank test was significant for all
the variables indicating that the survival curves were different. Female births had better
chances of survival within the first five years of birth than male births. Likewise, sin-
gleton births had better chances of survival compared to multiple births. While second
order births had the best survival probability, births with birth order 5 or more had the
lowest survival probability. Birth interval less than 12 months had the lowest survival
probability, while birth interval with 36 to 47 months and 48 to 59 months had the high-
est survival probability. The survival probability with 60 to 83 months birth interval was
lower than birth intervals with 36 to 47 months and 48 to 59 months. The survival prob-
ability of birth interval with 84 months and above was higher than the birth interval of
12 to 23 months but lower than the birth interval of 24 to 35 months. Caesarean births,
births assisted by skilled health personnel, and births having no history of sibling’s death
had a higher probability of survival than their counterparts.

Community clustering of under-five mortality

The parameter In(#) in Table 4 shows the variation in unobserved effects on under-five
mortality explained by assigning a frailty term. The parameter was estimated with the
null-hypothesis that 8 = 0. The log-likelihood ratio test for & = 0 was significant for
India and the other five state-regions, namely, north, central, east, northeast, and west,
indicating that the characteristics affecting the probability of under-five mortality may

be similar within the community.

Sensitivity analysis

Table 5 shows the hazard ratios of under-five mortality by previous birth intervals
according to the mother’s age at first birth in India. The risk of under-five mortality is
higher among those with birth intervals lesser or higher than 36 to 47 months for chil-
dren born to mothers whose age at first birth was lower than 30 years. However, this
relationship was not evident among children of mothers whose age at first birth was
30 years or higher.

Table 6 shows the hazard ratios of under-five mortality by birthweight. The risk of
under-five mortality is higher among those with birthweight lesser than 2500 g and
4000 g or more. This result is similar to results obtained using birthsize: the risk of
under-five mortality is higher among those births who were of less than average birth-
size or above-average birthsize. Hence, our results are robust to the choice of birthsize or
birthweight.

Discussion

This is the first study to discuss the effect of community dependency on under-five mor-
tality in India and its six state-regions accounting for censoring. The presence of com-
munity dependencies results in the underestimation of the standard error of the estimate
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Table 6 Hazard ratios of under-five mortality by birthweight in India

Birthweight HR? 95% Cl

Less than 2500 g 2.33** 2.17 2.50

2500-2999 g ®
3000-3999 g 0.99 0.92 1.06
4000 g and above 2.34%* 2.09 263

HR, hazard ratio; Cl, confidence interval; ** p-values <0.01 and * 0.01 < p-values < 0.05

@ Adjusted for maternal characteristics viz. age at first birth, level of schooling, marital status, wealth status, religion, caste
and child characteristics viz. sex, type of birth, birth order, previous birth interval, mode of delivery, assistance during
delivery, and history of sibling’s death

(Trussell & Rodriguez, 1990). Our study provides a more robust estimate of under-five
mortality by adjusting the unobserved community effects using the information on the
time-to-death of the child. We used a Weibull hazard model with gamma shared frailty
to understand the impact of unobserved community effects on the risk factors of under-
five mortality. The result showed that except for south India, children born in the same
communities in India and other five state-regions, namely, north, central, east, north-
east, and west regions shared similar characteristics of under-five mortality. Several
studies have documented the effects of community characteristics on under-five mor-
tality in India (Bora, 2020; Gupta et al., 2016; Kravdal, 2004; Kumar et al., 2012; Singh
et al.,, 2011). However, these studies neither considered the time-to-death information
nor accounted for censoring. Identifying the robust estimate of under-five mortality risk
factors considering the impact of unobserved community factors is necessary to make
target-oriented policies and programmes to reduce under-five mortality rates in India.

The risk of under-five mortality decreased with an increase in mother’s school-
ing. At the national level, births that occurred to mothers with secondary or higher
schooling had lower risk of under-five mortality compared with mothers with no
schooling. The relationship between mother’s schooling and risk of under-five mortal-
ity among their children was seen in the north, central, west, and south regions. This
finding is consistent with the past Indian studies (Basu & Stephenson, 2005; Caldwell,
1994; Mandal & Chouhan, 2020; Mandal et al., 2019; Rajna et al., 1998; Vikram &
Vanneman, 2020). In fact, earlier studies have argued that the importance of moth-
er’s schooling in reducing child mortality in India is becoming more potent over time
(Bourne & Walker, 1991; Kravdal, 2004; Singh et al.,, 2011).

Female births were less likely to die within the first five years of life compared with
male births in our study. The finding is consistent across the other five state-regions
except for the north region. This finding is interesting given that India is still marked
by considerable son preference. Our finding is in contrast to that in the earlier studies
that show a higher risk of under-five mortality among female children compared to
male children (Arnold et al., 1998; Arokiasamy, 2004; Das Gupta & Mari Bhat, 1997).
Only Ladusingh and Singh (2006), in their study on north-eastern states of India,
reported a female advantage in survival in the first five years of life. Such a reversal
in the trend could indicate that the postnatal discrimination against female children
is reducing in the country. In addition, due to the declining fertility and availability
of sex-detection technology, the postnatal discrimination against female children is
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shifting to prenatal discrimination against the female foetus, a point that was also
noted by Bhat and Zavier (2003). In such a situation, more and more female children
are likely to be born in small families and are wanted.

We found a U-shaped relationship between preceding birth interval and under-five
mortality. The under-five mortality risks were lowest among births with birth inter-
vals of 36 to 47 months and 48 to 59 months. The mortality risks were much higher
among children with birth intervals less than 36 months and greater than 59 months;
mortality risks being considerably higher among births with birth intervals less than
36 months. The U-shaped relationship between previous birth interval and under-
five mortality was prominent among children of mothers whose age at first birth was
below 30 years. Our finding is in complete alignment with the WHO recommenda-
tion of a three to five years interval between two consecutive births (World Health
Organization, 2007). Our finding is also in alignment with other studies that have
found a substantially higher risk of infant mortality among births with birth inter-
vals less than three years (Molitoris et al., 2019; Rutstein, 2005). While the mortality
risk plateaued after birth intervals of 36 months, according to Rutstein (2005), the
mortality risks increased after 59 months in our study. Our findings also add to a rela-
tively small body of research that shows that birth intervals longer than 60 months are
disproportionately associated with higher risk of adverse maternal outcomes, which
are known to be associated with foetal loss, low birthweight birth, preterm birth, and
mortality in first few years of life (Conde-Agudelo & Belizdn, 2000; Conde-Agudelo
et al.,, 2006, 2012; Skjerven et al., 2002; Zhu et al., 1999). Our study also adds to Bar-
clay et al. (2020), who found effects of very long birth intervals (> 60 months) on out-
comes, such as preterm birth, low birthweight and hospitalization during childhood.
Hanley et al. (2017) also found that birth intervals longer than 60 months increased
the risk of low-birth-weight babies.

Death of a preceding sibling was associated with higher risk of under-five mortality,
net of other independent variables. This relationship was seen in all the six state-regions
of India. This finding is consistent with the earlier studies’ findings that reported the
association of death of a preceding sibling with that of subsequent infant death after con-
trolling for maternal-level unobserved heterogeneity (Arulampalam & Bhalotra, 2006,
2008). Given that 11% of the births in India during the five years preceding NFHS-4
occurred to mothers who had experienced death of a child in the past, there is an urgent
need for policy makers and programme managers to focus on such mothers and births.
Our study also calls for greater focus on low-birth-weight babies as these babies com-
prised 18% of total live births in India (IIPS & ICF, 2017). In our study, multiple births
were also more likely to die before their fifth birthday. Multiple births were at higher
risk of death at 2, 7, and 42 days after delivery in Bills et al. (2018). Since multiple births
are relatively uncommon (about 2%) in India, the mortality burden of multiple births is
likely to be small.

Earlier studies on child mortality have indicated the Muslim mortality advantage
in India despite Muslim parents being poorer and less educated than Hindu parents
(Bhalotra & Van Soest, 2008; Bhalotra et al., 2010; Bhat & Zavier, 2005; Deolalikar, 2008;
Geruso & Spears, 2014; Shariff, 1995). However, we did not find any Muslim under-
five mortality advantage at the national level. We found a Muslim under-five mortality
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advantage only in the east region, where Muslim children were only 0.86 times as likely
as Hindu children to die within five years of birth. On the contrary, we found a Muslim
under-five mortality disadvantage in the central region. The estimated under-five mor-
tality rates from NFHS-4 also indicate closing Hindu and Muslim mortality gaps at the
national level (IIPS & ICF, 2017). These findings clearly indicate towards the reversal of
Muslim under-five mortality advantage—that was present for many decades in India.
Similarly, we find a diminishing of Scheduled Castes or Scheduled Tribes under-five
mortality disadvantage in all the six state-regions of India. This finding is also in contrast
to previous studies that highlighted the Scheduled Castes and Scheduled Tribe’s mor-
tality disadvantage with respect to child mortality (Bora et al., 2019; Dommaraju et al.,
2008; Subramanian et al., 2006; Vishwakarma et al., 2020).

The reversal in mortality advantage or disadvantage for some of these groups may be
attributed to the Government of India’s greater focus on improving the health of the
poor and the marginalized population subgroups. The ambitious National Rural Health
Mission (NRHM), now known as National Health Mission (NHM), was launched in
2005 to improve the health of the poor and the marginalized population subgroups, such
as rural poor, scheduled castes or tribes, women, children, etc. (National Health Por-
tal, 2018). Another aim of the NRHM was to bring architectural corrections in the pub-
lic health system of the country. Janani Suraksha Yojana (JSY), now strengthened and
renamed as Janani Shishu Suraksha Karyakram (JSSK), is an important programme that
aims at promoting institutional delivery among pregnant women belonging to the poor
and the marginalized subgroups to effectively reduce maternal and neonatal mortality
(National Health Portal, 2015). Since its implementation, the institutional delivery has
increased manifold (institutional deliveries have risen sharply from 39% in 2005-2006
to 79% in 2015-2016 (IIPS & ICF, 2017)). Studies have also shown that such a sharp
increase in institutional deliveries was accompanied by a significant decline in perina-
tal and neonatal deaths in India (Goudar et al.,, 2015). Socio-economic gaps in other
maternal and child health care services utilization have also narrowed down over the
last two decades (IIPS & ICF, 2017). Another important intervention in this direction
is the Mahatma Gandhi National Rural Employment Guarantee Act (MGNREGA,
2005). MGNREGA provides legal guarantee for at least 100 days of employment every
year at minimum wages for at least one able-bodied person in every rural poor house-
hold (https://nrega.nic.in/amendments_2005_2018.pdf). Limited research shows that
MGNREGA has positive and significant effects on women’s participation in household
decision-making (De Mattos & Dasgupta, 2017). Participation in MGNREGA was also
associated with reduced infant malnutrition in Rajasthan, India (Nair et al., 2013).

Limitations

Our study has a few limitations. First, our study is based on the retrospective survey
data on child survival collected by interviewing women in the age group 15 to 49 years.
Owing to the retrospective nature of the data, there is a possibility of recall bias when
mothers retrospectively report the age-at-death of their children. The precision in the
information on age-at-death of the child is important in establishing the actual pro-
portion of deaths in a specific age group in order to have an accurate overall estimate
of mortality (Alexander & Alkema, 2018). To reduce the recall bias, we restricted our
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analysis to births during the five years preceding the NFHS-4. Second, we could not
include birthweight in the regressions because of the large number of missing cases.
However, the exclusion of birthweight was compensated by including birthsize in the
regression models. Although birthsize is a subjective measure, some earlier studies have
shown that birthsize is a good proxy of birthweight in developing countries like India
(Mani et al., 2012; Singh & Tripathi, 2013; Titaley et al., 2010). And, the sensitivity analy-
sis also reveals no difference in using birthsize as a proxy of birthweight. Third, we could
not include variables related to antenatal care in the regression models; the information
related to antenatal care was collected only in reference to the most recent birth in the
five years preceding NFHS-4. Finally, owing to inadequate sample size, we could not per-
form the sensitivity analysis for different state-regions.

Conclusion

We extended and updated the literature on under-five mortality by examining the fac-
tors associated with under-five mortality in India using information on over 0.23 mil-
lion births that occurred during the 5 years preceding NFHS-4. NFHS-4 is India’s most
recent population representative household survey for which unit-level data are avail-
able in the public domain. Such a large sample size offered us a unique opportunity to
examine the associations in each of the six state-regions separately. Moreover, we used
advanced statistical models, such as the Weibull hazard model with gamma shared
frailty, to understand the impact of unobserved community effects on the risk factors
of under-five mortality. By doing so, we were able to show that births share similar char-
acteristics of under-five mortality within the community, a finding that has rarely got
attention in the existing literature. In addition, we were able to demonstrate the effects of
variables such as birth interval and multiple births effectively. We were also able to show
how the association of certain variables, such as sex of the child, religion and caste, with
under-five mortality has changed over the last decade. Our study complements exist-
ing literature by providing a more robust estimate of under-five mortality risk factors
for India and its six state-regions. The model’s ability to account for censoring makes
the estimates more robust than the estimates from the previous studies. By doing sepa-
rate analysis for state-regions, we were able to identify factors that may contribute to the
reduction in under-five mortality in these specific regions. Since the factors associated
with under-five mortality were not necessarily the same across the six state-regions of
India, adopting a uniform approach in dealing with under-five mortality in India may
not benefit all the regions equally.
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