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The infant mortality rate (IMR)—probability of dying before
one year of age expressed per 1000 live-births—and under-
five mortality rate (USMR)—probability of dying between
birth and age 5 expressed per 1000 live-births—have been
used as measures of children’s well-being for many years.
The International Conference on Primary Health Care held
in Alma Atain 1978 was the first global forum to consider
how child mortality could be reduced by systematic
development of a primary health care system. Since then,
the United Nations has been actively involved in reducing
IMR and USMR in developing countries. To this end, the
plan of action adopted at the International Conference on
Population and Development (ICPD) held in Cairoin 1994
incorporates the reduction of maternal and child mortality.

In India, during 1968-70, the level of IMR was stable at
130 deaths per 1000 live-births. Following the Alma Ata
declaration of 1978, the Government of India envisaged a
national goal for the attainment of an IMR of 60 by the year
2000. Since then, substantial resources have been put into
the child survival programmes over the past 25 years. The
Sixth and Seventh Five-Year Plans had aimed at nationwide
programmies to realize this goal. The twenty-point programme
included, as a key component, rapid improvement in the
conditions of women and children. In 1979, the Expanded
Programme of Immunization (EPI) was established to provide
tetanus toxoid (TT) vaccine to pregnant women, and BCG,
DPT, polio and measles vaccine to children. The Universal
Immunization Programme (UIP) and oral rehydration therapy
(ORT) were both launched in 1985 and the Safe Motherhood
Programme initiated during the Eighth Plan were prominent
components of the Family Welfare Programme. In the early
1990s, these programmes were integrated and further
strengthened to shape the Child Survival and Safe Motherhood
(CSSM) Programme. In 1994, the CSSM Programme was
further expanded to the Reproductive and Child Health
(RCH) services. These programmes had the desired effect of
reducing child mortality and improving child health as

*|nstitute for Research in Medical Statistics, ICMR, New Delhi

TIndian Statistical Institute, Kolkata
e-mail: arvindpandey@vsnl.net

NCMH Background Papers—Burden of Disease in India

evidenced from the child mortality statistics of 1978-2002.
The National Population Policy (2000) and National Health
Policy (2002) addressed the issues of child survival and
maternal health, and increased the outreach and coverage
of the comprehensive package of RCH services through the
government as well as the voluntary non—-government sector
together in partnership.

The USMR, including infant, neonatal and child mortality
rates, started declining since the late 1970s and until 1993
the rate of decline was substantial. The decline was, however,
slow during 1993-98 (Fig. 1). The country’s goal to achieve
aU5MR of less than 100 per 1000 live-births and reducing
the IMR to less than 60 per 1000 live-births by the year 2000
could not be achieved despite improved interventions and
anincrease in the overall resources. In the present scenario
of IMR (2002), 25 per 1000 newborns died within the first
week of birth; 40 per 1000 newborns died before reaching
the age of 1 year and 85 per 1000 newborns died before
reaching the age of 5 years. The major uncertainty seems
to be whether the IMR is approaching a limiting value. This
value does not have an ultimate cap that will hold forever.
Perhaps the progress in reducing mortality in early infancy
is possible with innovative interventions for newborn care.
Nevertheless, the IMR and USMR have become increasingly
important indicators that need to be monitored.

The present investigation aimed to study the changes in
each of the components of under-five mortality during the
period 1978-2002; to analyse the factors associated with
the apparent stagnation of the child mortality rate in India;
and to develop projection scenarios of the IMR and USMR
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Fig. 1 Trends in the infant mortality rate for 1910-2002, India
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by States by the year 2016. The study examines the impact
of utilization of antenatal and natal services on neonatal
mortality. It also looks into the levels of IMR and USMR
among socially and economically disadvantaged groups.
Besides, the study tries to examine the reasons for the slowing
down of the rate of decline in child mortality in recent years
by analysing the prevalence of high-risk births among
advantaged/disadvantaged groups and relating the same to
differentials in the utilization of health care services.

Data

Primarily, two sources of data have been used for the
analysis. The Sample Registration System (SRS) under the
Registrar General of India provides the estimates of births
and deaths at State/national level. The estimates of mortality
indicators are used to study the levels and trends in child
mortality prevailing during 1978-2002 and also to predict
the IMR and USMR. The study has also used data from two
rounds of the National Family Health Surveys (NFHS)
conducted during 1992-93 (NFHS-1) and 1998-1999
(NFHS-2). The data in NFHS-1 were collected from a
probability sample of 89,777 ever-married women aged
13-49 years from 24 States including the National Capital
Territory of Delhi. In NFHS-2, information was collected
from asample of 89,199 ever-married woman aged 15-49
years from all 26 States including Chhattisgarh, Jharkhand
and Uttaranchal. Both the surveys included women who
were the usual residents of the sample households or visitors
who stayed in the sample households the night before the
interview, and these women were referred to as eligible women.

Methods

Estimation of trends in components of child mortality

Trends in infant mortality were estimated by fitting a
regression line to the relation between observations of IMR
and time for each State and for India, allowing the rate of
change of mortality to vary according to the number of
independent observations available. The methodology is
described in detail in Hill et al. 1997. The regression line
shown below includes an underlying date variable, i.e.
calendar year and additional variables measuring time
since a series of knot dates (in the present analysis, 1982,
1987,1992 and 1997). The definition of a knot is based on
the idea that each five-year period of vital registration
defines a particular slope. The rate of change of IMR can
change at each knot. The equation is:

|n(nqo)i = b0+ b,* date + b,* pOStkl + b3* pOStk2 t... 18
where {date —k,if date > k|

ostk = !
POsHa 0,otherwise

k,=1982,1987,1992 and 1997

*=indicates multiplication

The rate of change is b, during 1977-82, (b, + b.) during
1982-87, (b, + b, + b;) during 1987-92, (b, + b, + b; + b,)
during 1992-97and (b, + b, + b;+ b, + bs) during 1997-2002.

The average annual rate of change in IMR is:

(/) (N((Gy 1) / (o o))

where [n] and [n-1] refer to the nth five-year period and
the five-year period immediately preceeding it, respectively.
A similar procedure is used to obtain the average annual
rate of change in early neonatal, neonatal and USMR.

Absolute changes in early neonatal, neonatal, IMR and
U5MR are calculated as 7 days90[n] ~ 7 days90[n-1] , 28 days 90[n]
—28 days90[n-1], 190[n] — 190[n-1] @nd 590[n] — 590[n-1] -

Early neonatal mortality rate (Early NMR) and USMR
are computed as follows:

Perinatal mortality rate — stillbirth rate
1—(Stillbirth rate/1000)

According to the Reed—Merrel formula the USMR =
where a =0.008.

Because of the non-availability of mortality data for the
period 1970-1980 for West Bengal and Bihar, the above
indicators could not be calculated for the same period.
Similarly, due to non-availability of SRS data for J&K since
1990, J&K is excluded from the analysis.

Early NMR =

Estimation of components of child mortality using
NFHS-2 data

In the NFHS-2, all eligible women were asked to provide
information on complete birth history, which included sex,
month and year of birth, and survival status for each live-
birth. The information on age at death was recorded in
days for children who had died in the first month of life; in
months for children who had died after the first month but
before completion of their second birthday, and in years for
children who had died at later ages. However, for children
who had died after their second birthday, the imputed values
of age at death in months were provided. Detailed
information on antenatal, delivery and postnatal care were
also obtained only for the two most recent births which
occurred to eligible women during the three years preceding
the survey.

The present study excluded births that occurred during
the month of survey from the analysis (time 0O refers to the
last day of the month preceding the survey, referred to
hereafter as the reference date). A child born on or before the
reference date and who died during the month of interview
was considered alive as on the reference date. The number
of children exposed to the risk of death in the age segment
(0, 60) months during the ten years preceding the reference
date were those who were born during the ten years preceding
the reference date or who were born during 10-14 years
preceding the reference date and were alive at the beginning

NCMH Background Papers—Burden of Disease in India



154

Pandey, Bhattacharya, Sahu, Sultana

of the 120th month, measured from the reference date.

The levels of neonatal, postneonatal and child mortality
across categories of selected predictor variables are based
on birth histories of eligible women and their records
mentioned above. Children of eligible women who were
ever exposed to the risk of death between age 0 and 60
months during the ten years preceding the reference date are
considered. The study also examined the effects of health
care received by mothers during pregnancy and at delivery
on neonatal and postneonatal mortality using information
relating to the two most recent births that occurred to eligible
women during the thirty-five months preceding the survey
date. For each age segment (0, 1), [1, 12) and [12, 60)
months, afile of children who were ever exposed to the risk
of death during the past ten years in the corresponding age
segments was created from the birth histories. In each file,
the record of each child included age at entry into the age
interval, age at exit from the age interval, which was either
due to death or censoring (an outcome associated with exit
time wherein O means censored and 1 means death), and
selected characteristics of the child and his/her mother, and
the household.

For each category of predictor variables and for each
age-segment (a , a,) months, i.e. (0, 1), [1, 12) and [12, 60)
months, the probability of surviving over the interval, given
that the child survived at least first a_ months adjusted for
a specified number of covariates at their mean values, are
obtained. The adjustment is made by estimating a stratified-
on-group Cox-regression model. In stratified Cox regression,
the hazard (in deviation form) at age ‘a’ for a child in the
ith category of a factor, which has q categories, is given by:

hi(a) = h*oi(a)exp{B1(Z1_Z1*) + Bz(zz_zz*) t..t Bk (Zk_zk*)};
i=1,2,..,Q

where, z, z,, ..., Z,_ are covariates for which the above
relation isdescriptive, are z}, z, ..., 2%, respectively averages
ofz,z, ..., z of children born at a particular moment.

hOi*(a) = hOl(a)eXp {Blzl* + BZZZ* .t Bkzk*}l and

h,, (@) is the baseline hazard.
The coefficients B¢, B,, ----Bi are assumed to be the same
regardless of category but the baseline hazard h is allowed
to be category-specific. hy(t) is the baseline hazard for
children belonging to ith category of the predictor variable
for whom z= zj*(j= 1,2...,Kk).

For a child belonging the ith category of the factor, the
probability of surviving over the age interval [a , a) is:

S*[(ay, 2] =expl- | % (D), 1= 1,2, .. q

The averages of covariates for children born ata particular
time are taken as averages of covariates for children born
to eligible women during the 35 months preceding the
reference date. The unadjusted conditional survival

probabilities over different age intervals for each category
of a predictor variable are obtained separately by using the
Kaplan—Meier method. For each child at the country level,
a weight was used for tabulation and hazard model (Cox
regression) analysis.

Projection

A time series structure analysis is carried out by applying
the autoregressive integrated moving averages (ARIMA)
model to the IMR and USMR to forecast beyond the series
up to 2016. This technique allows for description of the
degree of auto-explanation between observations based on
the parameter p associated to auto-regressiont; d specifies
the number of times the series is to be differentiated in order
to become stationary; and q indicates the number of moving
average terms.

Time series IMR, (USMR,), t=1977, 2002 which is non-
stationary, is converted into a stationary series through a
two-step transformation process. First, the seriesis transformed
by taking its natural logarithm; the second step involves
successive differencing of the transformed series. If we define
the observed series IMR, (USMR,) at time tas Y, and define
another transformed series Z;= In (Y), the series Z, is an
ARIMA (p,d,q) , and it may be expressed as:

o(B)(1-B)Z =8+ 6(B) &
where
q)(B) = 1 - q)]_B - q)sz - ...q)po
8(B) =1-6,8-6,8B2-...6,8"
and
BZ,, = Zt
The estimated future values of Z, are converted into those
of Y,to obtain the predicted values.

Results and discussion

Trends in child mortality

The level of IMR declined from about 220 deaths per 1000
live-births per year at the time of India’s Independence to
about 130 during the 1960s and remained stable at the
same level for a decade. It started declining further after
1978 (Fig. 2). The momentum of decline continued until
1993 and the rate was halved during 1978-1993. The lowest
decline was noticed in 1992-97. The IMR was found to be
stagnating at around 72-74 per 1000 live-births during
1992-97 and this was followed by a slow pace of decline.
Thus, India could not achieve the goal of reducing the IMR
to less than 60 per 1000 live-births by the year 2000.
The State-wise average annual rates of change and
absolute change in early neonatal, neonatal, infant and
under-five mortality rates over the 25-year period 1977-

The parameter provides information concerning the order of structural dependence existent between adjacent observations, indicating the existence of autocorrelation
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Fig. 2 Fitted trends in early neonatal, neonatal, infant and under-five
mortality rates, India 1977—2002

Sources:

1. Under-five mortality rate: Sample Registration System, 1977—2002

2. Infant mortality rate: Sample Registration System, 1977—2002

3. Neonatal mortality rate: Sample Registration System, 1977—2002

4. Early neonatal mortality rate: Sample Registration System, 1977—-2002

2002 are provided in Tables 1a—1d while the levels of still-
birth rates, early neonatal mortality rates, neonatal mortality
rates and post-neonatal mortality rates are given in Appendix
1, Table A1.1 and the levels of IMR, child mortality rates
(,0,) and USMR are provided in Appendix 1, Table A1.2.
The levels, rates of change and absolute change in IMR and
US5MR over the 25-year period from 1977 to 2002 are
summarized as box plots for major States of India (Figs 3a—
3c). It may be observed that the IMR was continuously
declining in every five-year period between 1977 and 2002;
it declined from 130 infant deaths per 1000 live-births in
1977 to 63 infant deaths per 1000 live births in 2002, with
the sharpest decline of 4.3% during 1977-1982 and 4.5%
during 1987-1992. The average annual rates of change and
absolute change corroborate these findings. The absolute
decline in IMR was, however, not uniform during 1977-
2002. The highest decline was 25 infant deaths per 1000 in
1977-82 followed by 19 infant deaths per 1000 during
1987-92. The lowest decline of only 4 infant deaths per
1000 was observed during 1992-97. Within India, there are
large differences in IMR among States; States have shown
a decline in the levels of IMR over time but the pace of
decline varies from one State to the other. Kerala had the
lowest IMR in 1977, at 47 infant deaths per 1000 live-births,
which fell to 10 infant deaths per 1000 live births in 2002,
again the lowest among the States. UP had the highest level
in 1977 (atabout 177 per 1000 live-births), which fell to 79
per 1000in 2002, again the second-highestamong the States.
The most dramatic decline in absolute values occurred in
Gujarat, Tamil Nadu and Punjab—the level of IMR in these
States was about 138, 103 and 105, respectively in 1977 and
fell to 60, 44 and 51, respectively in 2002. The absolute
decline in IMR was between 59 and 69 in Madhya Pradesh,

AndhraPradesh, Orissa, Punjab, Bihar, Gujarat and Tamil
Nadu, around 50 in Haryana, Himachal Pradesh and Assam,
around and below 40 in Maharashtra, J&K, West Bengal
and Karnataka (Tables 1c—d).

Out of 16 major States, 9 experienced systematic decline
in IMR during 1977-2002 (1982-2002 for West Bengal)
(Table 1d). Of the 7 remaining States, the average annual
rate of change during 1982-87 was positive (about 1%) in
three States (AP, Assam and Rajasthan); during 1992-97 it
was a little above zero (0.3%) in Assam, Bihar and Haryana,
and about 1% in Rajasthan. If we ignore the small amount
of positive value of the average annual rate of change in
these States during the aforesaid period (which could be due
to one or more reasons of underreporting of early infant
deaths, sampling fluctuations, stagnation rates during these
periods), we could say that 14 out of 16 States showed more
or less declining trends in IMR over the past 25 years.
Himachal Pradesh and Karnataka showed a declining trend
since 1987, Karnataka experienced the highest decline in
the average annual rate of change of 6% while the figure for
India was 1.2% during the period 1992-97.

In summary, in the past 25 years, the most precipitous
declinein IMR occurred during the period 1977-82 (adrop
of 25 points) and during 1987-92 (adrop of 16 points). The
smallest decline was seen during 1992-97 (8 points) (Appendix
1, Table A1.2). The highest decline in the absolute value of
IMR occurred in Andhra Pradesh, Himachal Pradesh,
Maharashtra, Punjab and Rajasthan during 1977-82; Assam,
Bihar, Gujarat and Uttar Pradesh during 1987-92; Orissa
during 1992-97; Haryana, Kerala, Tamil Nadu during
1977-82 and 1987-92; and Karnataka during 1977-82 and
1992-97.

In Madhya Pradesh, the decline in the absolute value of
IMR and the average annual rate of change in IMR during
the periods 1977-1982 to 1997-2002 was small. In Uttar
Pradesh, a rapid decline in the absolute value as well as
average annual rate of change of IMR was observed during
the consecutive five-year period from 1977-82 to 1987-92
(Tables 1b and 1d). The average annual rate of change in
U5MR and IMR were more or less the same during each
five-year period except during 1987-92 and 1997-2002,
which indicated a faster decline in child mortality compared
to IMR during the three periods (Table 1b). Also, during
1982-87 and 1997-2002, the annual rate of decline in
neonatal mortality rate (NMR) was faster than the decline
in IMR (Tables 1a and 1b) and the average rate of decline
in early neonatal mortality was faster than the neonatal
mortality rate, indicating relatively greater improvement
in early neonatal mortality as compared to late neonatal
mortality, and in neonatal mortality than post-neonatal
mortality during the said periods. All the States experienced
a substantial decline in infant and child mortality during
1978-93. Orissa had the highest points and Kerala the
lowest. Orissa, Rajasthan and Uttar Pradesh exhibited declines
in child mortality of at least 100 points. The IMR in India
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Table 1a. Average annual rates of change in mortality according to five-year periods by States and India

Percentage decline in

Early neonatal mortality

Neonatal mortality

State/India 1977-82 1982-87  1987-92 1992-97 1997-2002 1977-82 1982-87  1987-92  1992—97  1997-2002
Andhra Pradesh -11.1 3.2 —2.0 0.1 -5.9 -9.3 0.8 -3.1 -0.2 3.4
Assam -25 76 -13.5 6.1 -3.6 -25 23 -8.2 0.9 2.1
Bihar NA —4.2 24 1.1 —4.4 NA 2.1 -6.3 0.9 -3.6
Gujarat -0.3 -3.2 —6.1 05 0.2 —-14 -3.0 7.1 -04 —-0.1
Haryana -14 -2.0 —2.1 36 -7.6 =35 -3.6 -33 1.2 -38
Himachal Pradesh —-6.6 36 -5.9 -1.3 -3.0 —6.6 36 5.9 -13 -3.0
Karnataka —2.6 48 1.0 -4.3 —4.0 —4.1 36 -0.4 -5.9 0.4
Kerala 1.0 -6.2 -7.8 -3.1 -7.0 —4.2 —4.9 -114 -0.5 —4.6
Madhya Pradesh 3.4 -5.5 24 0.6 -6.3 -0.1 -3.0 -0.7 —-0.6 —4.1
Maharashtra =37 -29 -1.4 -2.3 —4.9 —4.0 -25 22 —4.4 24
Orissa 0.9 -0.4 0.6 -1.2 -2.6 1.1 -0.7 -1.0 -3.6 2.1
Punjab -3.6 -3.6 -3.6 4.4 —2.6 -6.9 -39 -3.3 -0.5 1.6
Rajasthan —4.2 22 22 23 -6.9 —4.2 1.7 —5.1 1.3 -34
Tamil Nadu -34 0.7 =37 -1.4 -9.6 —4.6 -2.0 -3.8 24 -4.3
Uttar Pradesh 4.4 -9.4 -1.3 -0.3 -39 1.9 -5.9 -5.0 2.7 -1.0
West Bengal NA -10.1 34 -2.1 -5.8 NA -7.0 0.3 -3.2 -4.0
India -15 -3.8 -1.2 0.6 -6.3 -32 =27 -35 —1.1 -3.0
Table 1b. Average annual rates of change in mortality according to five-year periods by States and India
Percentage declinein
Infant mortality Under-five mortality

State/India 1977-82 198287  1987-92 1992-97 1997-2002 1977-82  1982-87  1987-92  1992-97  1997-2002
Andhra Pradesh -9.8 1.3 -3.8 -1.2 0.0 -9.7 04 -7.9 -1.1 24
Assam =31 1.0 —6.4 0.3 -15 1.3 -1.2 —4.3 -29 -2.0
Bihar NA -0.7 —7.6 04 -33 NA -17 -10.1 20 -8.8
Gujarat -39 -1.9 -9.2 0.1 —0.6 5.1 25 -84 -17 -1.8
Haryana =32 -1.8 —4.8 03 -1.8 -7.0 -14 -5.8 14 -52
Himachal Pradesh —6.6 36 -5.9 -1.3 -3.0 -5.8 08 —7.7 —07 —6.9
Karnataka -4.9 24 -0.6 —6.0 12 —4.5 0.1 -3.1 -5.5 -12
Kerala -74 -32 —12.7 -0.3 -5.7 -5.6 -6.7 -15.7 038 -8.38
Madhya Pradesh 24 2.1 -2.0 -2.6 23 —4.3 -1.0 —4.9 3.1 —4.0
Maharashtra -5.2 2.2 -3.1 -3.0 -1.3 -5.3 -3.1 —6.6 -3.8 -32
Orissa -1.8 -1.2 -1.6 =37 -14 22 0.8 —4.9 -2.8 -38
Punjab -75 =34 -32 —1.1 -0.2 -9.3 -0.7 —6.5 -16 -0.8
Rajasthan -5.6 09 -55 09 2.1 =31 -0.7 -8.0 04 5.2
Tamil Nadu —4.3 2.3 -6.3 -0.5 -33 —4.7 -6.0 -9.2 -17 -35
Uttar Pradesh 22 -33 -6.7 2.1 -0.7 -5.0 -1.8 —7.6 -18 —4.0
West Bengal NA -3.8 -17 -39 -15 NA -6.5 —4.7 -19 -7.3
India —4.3 -1.9 —4.5 -12 23 —4.3 -1.9 -6.9 -1.0 -5.1

declined by 63 points (51%) from 129in 1976 to 63 in 2002
(SRS) (Appendix 1, Table A1.3). However, during the same
period, the post-neonatal component declined (54%o) slightly
more thanthe NMR (Appendix 1, Table A1.4), which declined
by 48%, resulting in an increase in the share of the NMR
in the IMR. The trend suggested that with the progressive
decline in IMR, the share of the NMR would increase. The
child mortality declined by 76 points (78 in rural) from 98
in 1976 to 22 in 2002 (Appendix 1, Table A1.2). Much of
the decline in IMR, which occurred due to faster decline in
post-neonatal mortality, is attributed to improvements in
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general nutrition, environmental sanitation and immuniza-
tion coverage.

Some determinants of child health: An evaluation of
their effects

The complex setting and the interaction of social, economic,
biological and demographic factors in developing countries
often act as detriments to maternal, infant and child survival
in the population (Govindasamy and Ramesh 1997;
Govindasamy et al. 1993). Mosley and Chen (1984) have
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Table 1c. Absolute change in components of under-five mortality rate according to five-year periods by States and India

Absolute change in

Early neonatal mortality

Neonatal mortality

State/India 1977-82 1982-87  1987-92 1992-97 19972002 1977-82 198287  1987-92  1992-97  1997-2002
Andhra Pradesh -27.0 6.4 —4.0 0.1 -9.9 -32.3 23 -8.2 —04 -7.5
Assam —49 17.2 -26.9 10.0 -6.3 -8.9 7.8 —24.6 22 -5.2
Bihar NA -8.2 —4.0 1.7 —6.4 NA —6.5 -16.0 20 7.4
Gujarat -0.8 —74 —11.4 0.8 0.3 -5.3 -10.0 -18.2 -0.9 -0.3
Haryana 24 -3.0 -2.9 5.2 -10.0 -10.8 -9.3 71 25 —7.2
Himachal Pradesh -29.0 -5.6 2.5 —42 -85 -29.0 144 225 —4.2 -85
Karnataka —4.4 84 20 2.1 —12.1 -10.3 8.8 -1.0 —135 0.8
Kerala 0.9 —4.9 —4.3 -1.3 2.3 -5.6 -5.3 -8.2 —0.2 21
Madhya Pradesh 8.4 —12.9 52 14 -13.0 -0.2 -10.8 -2.3 -1.9 -11.8
Maharashtra -7.3 —4.9 2.1 -3.2 —5.6 -114 —6.0 —4.7 -8.0 -3.6
Orissa 2.1 -1.0 14 2.9 -5.6 45 -2.9 -3.7 —125 -6.3
Punjab —45 -55 -39 47 -3.0 —18.2 -7.8 -55 -0.7 25
Rajasthan -9.1 45 —44 47 —12.7 —14.2 55 —14.8 35 -8.6
Tamil Nadu 77 14 -7.3 -2.3 -12.6 -14.9 5.4 -9.1 -5.0 7.4
Uttar Pradesh 13.1 -25.0 -2.0 25 -1.2 9.0 —25.8 -16.1 -89 472
West Bengal NA 15.8 44 -2.9 -5.3 NA —16.9 05 —6.0 5.1
India -3.6 17 22 1.1 97 -11.6 -8.6 94 —2.6 —6.4
Table 1d. Absolute change in components of under-five mortality rate according to five-year periods by States and India
Absolute change in
Infant mortality Under-five mortality

State/India 1977-82 1982-87  1987-92 1992-97 19972002 1977-82 198287  1987-92  1992-97  1997-2002
Andhra Pradesh —49.2 53 —145 -39 -0.1 -804 24 —42.9 —4.6 -94
Assam -16.7 5.0 -28.4 1.2 -55 114 -10.3 -335 —185 114
Bihar NA -36 -31.8 1.3 -10.7 NA -16.8 —74.6 12.0 —44.4
Gujarat -23.4 -9.8 —-36.4 -0.3 -1.9 -52.6 -21.3 —54.6 -8.7 -85
Haryana —16.6 -8.1 —18.6 1.0 -5.9 —60.8 -9.6 -337 72 -24.8
Himachal Pradesh -29.0 145 225 —4.2 -85 —-38.8 49 —38.4 -2.9 —22.9
Karnataka —185 87 23 -19.1 35 -29.8 0.4 —1741 —24.5 —45
Kerala -14.8 —49 —13.2 -0.3 -35 -179 —15.7 -21.6 08 —6.7
Madhya Pradesh —-16.9 -13.3 —11.1 —13.0 -10.4 -56.5 —114 —48.9 —24.9 -27.0
Maharashtra -22.1 -7.6 -95 -7.9 -3.2 -36.3 —17.3 -29.2 —127 -9.1
Orissa —12.7 -76 -97 -19.3 —6.4 -22.9 75 —44.1 —20.8 -23.7
Punjab -35.0 —12.2 -94 -3.0 —0.6 —67.6 —4.0 -30.3 —6.1 2.7
Rajasthan -335 46 -25.9 39 -8.3 -34.8 -7.0 —66.2 26 -31.1
Tamil Nadu -20.8 -9.3 —20.6 -15 -8.2 -39.7 -39.2 —40.9 -5.6 -10.4
Uttar Pradesh -17.7 -23.3 -37.2 -9.2 —4.0 —70.9 -21.9 —72.7 34 —42.4
West Bengal NA -12.0 -75 -10.5 -5.3 NA -36.1 —27.0 -10.9 —22.3
India -25.2 -9.7 —19.4 —44 -7.8 —43.6 -16.8 —42.7 -5.9 247

identified a set of 14 intermediate variables which directly
influence the risk of morbidity and mortality. They grouped
14 variables into five factors: maternal factors, environ-
mental contamination with infectious agents, nutrient
deficiency, injury and personal illness. The effects of social,
economic, cultural and geographical variables are said to
operate through these biomedical factors to exert an impact
on mortality. Maternal factors include mother’s age, parity
and birth interval. First-born children, children born to
very young or very old mothers and those from closely

spaced pregnancies generally have a higher mortality rate
than others (Boerma 1987; Boerma and Bicego 1992; Fauveau
etal. 1988; Hobcraft 1987; Pandey et al. 1998). Low birth-
weight babies are subjected to a higher risk of dying than
babies of normal birth weight. However, survival of such
children could be affected through the quality of care—
both prenatal and postnatal.

It is well documented that children belonging to a
disadvantaged group, i.e. born in families or to women with
low socioeconomic status are at greater risk of mortality
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Fig. 3a Infant and under-five mortality rates by five-year periods, 1977-2002
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Fig. 3c Absolute change in infant and under-five mortality rate by five-year periods, 1977—2002

than those born in an advantaged group. Low socioeconomic
status through intermediate variables leads to the proximal
causes of death (nearer in time to the terminal event) such
as undernutrition, infectious diseases and injury (Black et
al. 2003). We focus here on the following:

« Levelsofexcess of child mortality among high-risk births

« Effect of socioeconomic status on components of child
mortality. Four indicators—place of residence, caste,
mother’s education and standard of living index are
considered to represent the social and economic status of
a child. Place of residence is considered as an indicator
because health services are more easily accessible in
urban rather than in rural areas.

» Effects of breastfeeding practices on post-neonatal mortality

« Effectsof the use of antenatal care services, immunization
with tetanus toxoid and consumption of iron—folic acid
during pregnancy on infant mortality.

The NFHS-2 data have been used to study the effects of
high-risk births, social status and utilization of MCH on
child mortality. The NFHS-1 data are used to study the
effect of breastfeeding on post-neonatal mortality.

High-risk births and child mortality

As mentioned above, age of the mother at the time of birth

has an important bearing on the survival of the child. Those
mothers who give birth or become pregnant before they
attain full physical growth tend to have a greater risk of
complications during pregnancy or childbirth. Children born
to mothers who were under the age of 20 years or 35 years
and above are likely to have a higher risk of mortality. An
analysis of the NFHS-2 estimates of the level of neonatal,
post-neonatal and infant mortality by age of mothers at the
time of birth has shown that too early or too late child-
bearing has an effect on child mortality. Age of the mother
at birth and birth order may have independent effects on
neonatal and post-neonatal mortality. Children of birth order
2-3 have the lowest neonatal mortality rate whereas those
of birth order 1 have the lowest post-neonatal and child
mortality rates. Children of birth order 4 and above have the
highest neonatal as well as post-neonatal and child mortality
rates. The effect of length of preceding birth interval on
infant survival is substantial—neonatal, post-neonatal and
child mortality are almost double among children born
after a birth interval of less than 2 years as compared to
those born after two years (Pandey et al. 2004). Low birth-
weight babies (less than 2500 g) are subjected to a higher
risk of dying than babies of normal birth weight. In India,
a large proportion (about 70%) of births is conducted at
home and babies are not likely to be weighed. We have
therefore taken the perceived size of the baby (large, average,
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small and very small) as a proxy for birth weight and
estimated the neonatal and post-neonatal mortality according
to the size of the baby. By and large, neonatal mortality
among babies of small and very small sizes at birth is
almost twice as high as that among babies whose size at
birth was average. Estimated neonatal mortality by the
size of the baby after adjusting for the sociodemographic
and antenatal health care factors also shows the same pattern
(Table 2).

Income/standard of living index

Income is considered to serve as an indicator of children’s
consumption of calories and nutrients, use of medical systems
and adult supervision, all of which affect their health. WHO
has acknowledged that the health status of an individual is
influenced by social and economic circumstances, over
which individuals have little control (Victora et al. 2003).
Measham et al. (1999) have documented an inverse
relationship between per capita income and IMR. Non-
income factors are found to play asignificantrole in lowering
the IMR, i.e. the effect of technological progress (including
access to preventive and curative health services) on lowering
the IMR has been found to be the strongest with the magnitude
of decline being 20% between 1975 and 1990.

The NFHS did not collect information on income; instead,
it collected information on a household’s level of wealth,
mainly in the form of a stock of assets of a particular type.
The standard of living index (SLI) of households—a measure
of socioeconomic status— is constructed based on the scores
assigned to type of house, type of toilet facility, source of
lighting, main fuel for cooking, source of drinking water,
separate room for cooking, ownership of house, ownership
of agricultural land, ownership of irrigated land, ownership
of livestock and ownership of durable goods (I1PSand ORC
Macro 2000). Households are classified into three categories
according to the standard of living index score as low,
medium and high. Children born in households belonging
to a low SLI are more likely to have higher exposure to
diseases than those born in households with a high standard
of living. The level of neonatal mortality in households with
low SL1is 19% higher than that in households with medium
SLI, and itis 90% higher than that in households with high
SLI (Table 2).

Post-neonatal mortality in low SLI households was 38%
higher than that of medium SLI households and 175% higher
than that of high SLI1 households. Similarly, child mortality
in households with low SLI1 was 74% and 400% higher than
that in medium and high SLI households. It may however
be mentioned that SLI affects mortality through a number
of intermediate variables and by including them in the
hazard model will ultimately reduce the impact of SLI. The
unadjusted mortality rates show a rapid decline across the
three groups of SLI. However, the adjusted effects of SL1 are
much smaller: negligible in the case of neonatal mortality.
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Place of residence

Research on child mortality in India has shown that mortality
is lower in urban areas. One of the frequently mentioned
possible causes is the relatively greater availability of
medical services and their quality. Large differences in
neonatal, post-neonatal and child mortality between rural
and urban areas may be due to factors closely related to
certain development activities and services available in
urban and not in rural areas (Fig. 4). Urban populations
benefit more from better health resources, but they also
have a higher standard of living, more knowledge about
seeking help when itis needed, and are better educated than
rural dwellers. Also, the proportion of socially disadvantaged
groups (SC/ST population) and high-risk births are lower
inurban areas. When mother’s education and mother’s age
at childbirth, standard of living of households, child’s sex,
preceding birth interval, mother’s exposure to media and
caste are controlled, the gap between urban and rural
mortality is considerably reduced.

Mother’s education

In developing countries including India, mother’s education
has been considered to have a strong effect on the mortality
of young children (Das and Dey 2003; Khasakhala 2003;
Rama Rao et al. 1997). Educated mothers are more likely
than non-literate mothers to ensure a healthy environment,
nutritious food, and have better knowledge about
reproductive health at conception and health care facilities
for their children. As aresult, literate mothers give birth to
healthier babies because they themselves tend to be healthier
and are likely to experience lower mortality among their
children at all ages. The level of mother’s education is
inversely related to the level of child mortality. The higher
the educational level of mother the lower the level of
neonatal, post-neonatal and child morality. The IMR and
the child mortality rate (CMR) are higher (44% and 112%,
respectively) for children born to illiterate mothers than for
children born to just-literate ones (who are literate but less
than middle school completed) (Table 2). It is almost one-
and-a-half times higher in case of IMR and five times higher
in case of CMR among children born to illiterate mothers
ascompared to children born to mothers who have completed
middle school and above. The differences in adjusted
mortality rates between children born to mothers belonging
to two consecutive educational levels remain high. Thus,
it can be summarized that mother’s education emerges as
an important factor associated with USMR and also has an
effect on post-neonatal mortality rate (PNMR).

Caste

Membership of the head of the household to an SC/ST is
known to affect many aspects of the life of their families,
particularly survival of the newborn. Such effects reflect
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Table 2. Per cent distribution of births during the 35 months preceding the reference date, and unadjusted and adjusted neonatal, post-neonatal, infant, and child
mortality rates for the ten-year period preceding the reference date by selected background characteristics of mother, India

Percentage of births
during the 35 months
preceding the Unadjusted Adjusted
Characteristic feferencedale  NMR  PNMR  IMR  CMR  USMR NMR  PNMR  IMR  CMR  USMR
Place of residence
Rural 77.7 2 28 81 31 107 4 21 62 20 80
Urban 223 3 15 49 16 K73 18 2 17 63
Mother's education (completed
years of education)
0 54.4 57 2 89 %6 120 49 28 76 29 102
17 2.2 42 20 62 17 77 3B 19 5% 18 73
8+ 234 27 11 37 6 43 P 15 43 9 51
Caste
SC/ST 302 % 31 8 23 104 43 21 62 19 81
OBC/Others 69.8 46 24 69 37 103 3 10 59 21 69
Standard of living index of
the households
Low 36.3 57 3 0 40 125 2 25 66 28 2
Medium 475 48 24 2 23 » 40 21 60 18 7
High 16.2 0 12 2 8 49 3 17 55 11 65
Sex of the child
Female 481 45 27 72 3 101 K14 2 57 2 e
Male 519 51 24 75 2 A 43 20 62 17 78
Preceding birth interval for
birth order two or more
<24 months 244 67 37 104 3 144 63 K3 % # 126
24 months+ 756 K7 21 53 24 76 31 20 50 21 70
Birth order of the child
1 292 53 2 75 17 0 46 17 63 1 73
2-3 435 42 23 &4 26 9 % 20 5 21 75
4-5 174 47 28 75 K3 110 37 24 60 2 &
6+ 99 6 40 105 43 148 54 37 89 3B 123
Mother’s age at the time
of first birth
<20 51.7 62 29 9 23 110 49 21 68 13 81
20-34 481 40 14 % 11 &4 40 14 53 9 62
35+ 0.2 50 NC NC NC NC 7 NC NC NC NC
Mother’s age at birth order
two or more
<20 12.0 66 2 B 37 129 K3 28 62 24 8
20-34 824 42 P 67 29 B 3 2 59 23 81
35+ 56 63 3B 101 40 135 55 2 76 3 124
Mother's exposure to the media
No 455 5% K% 8 3B 121 3 25 62 26 87
Yes 545 4 19 60 17 75 40 20 59 16 74

NMR: neonatal mortality rate; PNMR: post-neonatal mortality rate; IMR: infant mortality rate; CMR: child mortality rate; USMR: under-5 mortality rate;

NC: Calculation not done because of small number of deaths

differences in lifestyle based on traditions or beliefs and
practices related to childbearing, childbirth, childfeeding
and health care. These may affect the child’s health and
accessibility of health facilities and services. Each of the
components of under-five mortality is higher among SC/ST

families than among families which belong to OBC or
other castes. However, between caste groups, the differences
in adjusted mortality rates are much smaller than the
difference between the unadjusted mortality rates.

NCMH Background Papers—Burden of Disease in India



162 Pandey, Bhattacharya, Sahu, Sultana
250
Under-five mortality rural
200 —
o 150 — Infant mortality rural
@©
= Under-five mortality urban
8
S
=
100 -  Neonatal mortality rural
Infant mortality urban
Earl
Y neonatal Mortality ryrgy
50 — Neonatal mortality urban
Early neonatal mortality urban
0 —

T T
1980 1985

T T T
1990 1995 2000

Year

Fig. 4 Trends in early neonatal, neonatal, infant and under-five mortality rates by residence, India, 1977—-2002

Mother’s exposure to the media

Mother’s exposure to the media should tend to reduce the
mortality of children because such women are more likely
to have access to information on ways of enhancing maternal
and child health care. Exposure to the mass media is an
indicator of the economic status of the household as well.
The level of neonatal mortality exhibits the expected
relationship; itis higher for children of mothers who are not
exposed to the mass media. However, when the effects of
other variables are controlled, the effect of the mass media
is negligible. In fact, the neonatal mortality is likely to be
affected by endogenous variables as well as biological
factors. As expected, post-neonatal and child mortality is
consistently higher for children whose mothers are not
exposed to the mass media even after controlling for the
effects of other variables.

Child’s sex

Mortality during the neonatal period is expected to be
higher among male children than among female children
as during the neonatal stage males are more prone to death
than females due to their biological constitution. The NMR
is higher among male than among female children. Son
preference in apatriarchal society like India affects it through
parental care during infancy through postnatal care. The
post-neonatal and child mortality rates among female
children are 13% and 50%o higher, respectively, than among
male children (Table 2).

SRS data show that the ratio of female to male IMR for
India was less than unity during 1981 (0.981) and 1991
(0.988), whereas during 1998 it exceeded unity. In other
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words, during 1981 and 1991 more male than female infants
died whereas the reverse was true for the year 1998. The
ratios of female to male mortality in India have not only
been invariably in favour of males but they have also been
larger than what was observed during infancy. Over time,
these gaps have further widened. During the early 1980s, an
additional 366 female children 1-4 years of age died for
every 1000 deaths among male children. The excess of
female child deaths increased by 405 in the next five
years and widened further to 463 during 1993-97 (Usha
2004).

Prenatal care and child mortality reduction

Further, we examine the effect on neonatal and post-neonatal
mortality of programmatic factors such as antenatal and
delivery care, especially the number of antenatal check-ups
during pregnancy, immunization of women against tetanus
during pregnancy, full consumption of iron—folic acid (IFA)
tablets or syrups during pregnancy, and delivery in amedical
facility. Ideally, antenatal care (ANC) should monitor a
pregnancy for signs of complications, detect and treat pre-
existing and concurrent problems of pregnancy, and provide
advice and counselling on preventive care, diet during
pregnancy, delivery care, postnatal care and related issues
(IIPS & ORC Macro 2000). Infant mortality is lower (48%b)
among children whose mothers received 3 or more ANC
check-ups as compared to those children born to mothers
who either did not receive any ANC check-up or received
less than 3 (Table 3). The effect of ANC visits on survival
during the post-neonatal period is more pronounced than
during the neonatal period. The adjusted effect is a little
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Table 3. Percent distribution of births during the 35 months preceding the reference date, and unadjusted and adjusted neonatal, post-neonatal and infant
mortality rates for the three-year period preceding the reference date by selected characteristics, India

Percentage of births Unadjusted Adjusted
during the 35 months
Characteristic preceding the reference date NMR PNMR IMR NMR PNMR IMR
Antenatal care visits made by
mothers during pregnancy
0-2 55.3 45 29 73 K3 % 60
3+ 447 ) 13 3 2 13 41
Full consumption of iron—folic acid
tablets or syrups
No 202 K% 25 56 2 21 48
Yes 79.8 2 14 40 27 13 40
Mother received at least two injections
during pregnancy
No 31.9 52 3 83 49 2 63
Yes 68.1 2 16 2 27 15 2
Place of delivery
Institutional 33.9 K] 14 5 3 16 53
Home or others 66.1 31 2 5 R 19 50
Size of the baby at birth
Large/very large 14.0 K] 16 49 33 14 47
Average 61.3 27 20 46 2 17 43
Small/very small 246 5 2 80 50 18 67

lower than the unadjusted effect. Because utilization of
ANC services is correlated with receipt of tetanus toxoid
(TT) injections, consumption of IFA tablets or syrups and
the socioeconomic background characteristics, these are
included in the model for estimating adjusted effects
(Table 3).

Tetanus is a major cause of neonatal mortality in
developing countries. Pregnant women require two injections
of TT to protect their newborns. It is observed that if the
mother is immunized with TT during pregnancy, the
likelihood of both neonatal and post-neonatal death is
reduced to half. Even after controlling for sociodemographic
characteristics and other ANC variables, the adjusted effect
of TT immunization to pregnant women on neonatal
mortality remained more or less the same. The finding
reinforces the importance of TT immunization for pregnant
women as this reduces infant and under-five mortality in
general and neonatal mortality in particular.

Iron deficiency anaemia among mothers isamajor threat
to safe motherhood and to the health and survival of the
infant because it contributes to low birth weight, lowered
resistance to infection and impaired development. Supple-
mentary iron in the form of tablets or syrup is the simplest
method of preventing iron deficiency when the requirement
is higher over a relative short period of time as in pregnancy
and lactation. In India the provision of IFA tablets to pregnant
and lactating mothers to prevent anaemia forms anintegral
partofthe RCH Programme. Though the effect of consumption

of IFA tablets or syrups is observed to be small during the
neonatal period, it is quite high during the post-neonatal
period. The adjusted post-neonatal mortality is 40% lower
among children whose mothers consumed IFA tablets or
syrups than those children whose mothers did not.

Itis assumed that children bornin institutions are likely
to have a better sanitary environment and health care
assistance, and thereby have lower neonatal, post-neonatal
and infant mortality rates. In India, two-thirds of deliveries
take place at home. Some States in India have a high
percentage of institutional deliveries (93% in Kerala, 79%
in Tamil Nadu and around 50% in Gujarat, Maharashtra,
Andhra Pradesh and Karnataka). The effect of place of
delivery on neonatal mortality is observed in States where
institutional deliveries are higher. In States where facilities
for institutional deliveries are lacking, women delivering in
institutions are mostly from a high socioeconomic status.

Breastfeeding practices and child mortality

An analysis of the NFHS-1 (1992-93) was carried out to
estimate the effect of breastfeeding practices on mortality
over the period of infancy (IRMS 2004). It found that the
risk of dying during the age segment (1, 6) months was
lowest for children breastfeeding and having plain water
only compared to the children who were given other types
of breastfeeding (Table 4). In the age segment (1, 6) months
breastfeeding and plain water only appear to be more
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Table 4. Death rates (per 1000 person-years) in different age segments of the first year of life according to type of breastfeeding exposure by selected

characteristics irrespective of the level of PNMR*, NFHS-1

Death rate (per 1000 person-years) during the period child was under

Period
of exposure Breast- Non-
(no.of months  Exclusive feeding Full Breast- exclusive No
Characteristics/ Age preceding the breast- + water breast- feeding + breast- breast-
category (inmonths) survey) feeding feeding  supplements  feeding feeding Total
All 1-6 0-12 65.1 135 392 356 232 1774 422
612 0-24 1144 14.9 355 11.6 124 47 212
Standard of living index
Low 1-6 0-12 629 11.0 396 58.4 294 317.0 487
6-12 0-24 87.6 335 139 145 81.1 249
Medium/high 1-6 0-12 701 15.6 40.5 25.3 202 1142 384
6-12 0-24 1451 145 369 10.7 115 31.8 188
Residence
Urban 1-6 0-12 53.8 38 235 254 138 817 273
612 0-24 100.5 11.6 276 121 120 14.0 15.2
Rural 1-6 0-12 67.4 16.7 433 394 265 253.3 46.7
6-12 0-24 116.6 15.6 37.0 15 125 64.1 230
Mother’s education
lliterate 1-6 0-12 69.1 16.6 442 49.3 294 350.2 51.3
612 0-24 1265 18.7 425 12.8 145 69.4 26.2
Literate, < middle school 1-6 0-12 52.3 23 246 11.0 6.6 136.3 236
complete 612 024 61.1 23 11.2 10.2 8.7 327 13.0
Middle school complete 1-6 0-12 548 29.6 254 19.3 52 264
and above 612 024 296 0.0 438 9.1 8.0 18.4 10.5
Caste
Scheduled caste 1-6 012 61.8 15.2 38.1 299 220 154.0 393
6-12 024 109.6 122 31.9 10.8 111 374 18.7
Scheduled tribe 1-6 012 55.2 6.2 305 299 12.3 431.7 372
6-12 024 88.3 17.9 331 6.6 10.3 110.3 239
Others 1-6 0-12 88.9 9.7 51.0 812 377 243.7 62.3
6-12 0-24 154.0 255 542 203 218 63.9 342

*North-eastern States are excluded

beneficial than breastfeeding with supplements, which
contradicts the concluding remarks of Anandiah and Choe
(2000). The results show that any type of breastfeeding
during [1, 6) months and non-exclusive breastfeeding during
[6, 12) months reduces the instantaneous risk of mortality.
However, during the age segment [1, 6) months the risk of
death of children receiving breast milk with plain water
only was lower compared to children receiving only breast
milk, as well as children receiving breast milk with
supplementary food.

A large number of factors other than breastfeeding may
affect the post-neonatal mortality rate. The multivariate
hazard model with provision of time-dependent covariates
was used to compare the effects of exclusive breastfeeding,
breastfeeding and water only, and not breastfeeding with
respect to breastfeeding with supplements after controlling
for the effects on mortality of potentially confounding

variables. The results of the hazard analysis revealed that
though the relative risk of death of children currently receiving
only breast milk at any given age ‘a’ (1<a<6 months)
compared to children currently receiving breast milk plus
food supplements at that age is higher, the relative risk of
death of children currently receiving breast milk plus plain
water only at any given age between 1 and 6 months was
much lower compared to children currently receiving breast
milk and food supplements (Table 5).

UNICEF and WHO recommend that children should be
exclusively breastfed for about 6 months, and complementary
foods should begin at around 6 months of age, and that
breastfeeding should continue well into the second year of
life and beyond. Analysis of the NFHS-1 data revealed that
during the early post-neonatal period, if breastfeeding was
supplemented with plain water then the mortality was lowest
compared to other types of breastfeeding practices. One of

1A breastfeeding child given plain water only was also considered as non-exclusively breastfeeding.
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Table 5. Proportional hazards analysis of different types of breastfeeding practices on mortality for the age groups 1—4 and 4—6 months for births with an exposure
inthe aforesaid age group during 12 months and for age groups 6—9, 9—12 months for births with an exposure in the aforesaid age group during 24 months preceding

the survey by different background characteristics, NFHS-1

Children belonging to the age group (in months)

Hazard ratio
Variable Reference category Category 14 4-6 6-9 9-12
Type of breastfeeding Breastfeeding + supplements  Exclusive breastfeeding indicator 0.90 1.65 478 10.80
(Breastfeeding + water) indicator 0.29* 0.64 0.69 1.33
Not breastfeeding indicator 5.54* 3.94* 6.36* 3.82*
Place of residence Rural Urban 1.14 0.58 0.85 1.19
Mother's age at birth 20—34 years Less than 20 years 1.58" 0.48 0.79 0.91
35 years or more 1.49 1.39 1.95* 237"
Mother's education Illiterate Literate, <middle school complete 0.50* 0.41* 0.66 0.95
Middle school complete andabove ~ 0.35 057 0.38 0.62
Mother's occupation Non-gainful occupation Gainful occupation 1.72* 0.96 1.14 1.51
Interval since last birth First birth/preceding birth Preceding birth interval less 2.01* 1.60 1.69" 1.591
interval 2 years or more than 2 years
Antenatal and natal care No Yes 0.63* 0.73 0.49* 0.33*
Size of the baby Medium/large Small 1.92 2.54* 1.65* 1.33
Standard of living index Low Medium/high 1.05 1.95 1.02 0.99

Note: Statistical significance: *p<0.05, **0.05<p<0.10, unmarked coefficients are not significant

the possible reasons could be that children on exclusive
breastfeeding were possibly not getting the minimum
required water that is essential for maintaining body fluids
and they might get dehydrated thus leading to death whereas
children on water supplements were able to maintain the
fluid level leading to better survival. Mortality among young
post-neonates receiving food supplements along with breast
milk was higher than those who were exclusively breastfed.
This reflects the fact that supplementary food given to children
is neither sufficient in quantity nor nutritive enoughin relation
to the requirement. Studies conducted in different parts of
the country reported that dehydration following diarrhoea
was a major cause of post-neonatal mortality. Transmission
of bacilli causing diarrhoea and related illnesses is
primarily through food and water. Solid foods given during
the second half of the post-neonatal age become a major
cause of diarrhoea.

Inequalities in utilization of RCH services

Evaluating the impact of the RCH Programme is a daunting
task. With increasing resources being spent to hasten
improvement in maternal and child health conditions, there
is a need to evaluate these efforts on a regular basis. The
most common approach to the evaluation of MCH prog-
rammes is to measure the services reported by these
programmes and their complementary activities—number
of pregnant women who received ANC check-ups, were
immunized against TT and received an adequate quantity
of iron; number of children immunized, age at immuniza-
tions, awareness among mothers about the causes and
treatment of diarrhoea, knowledge of mothers about the
symptoms of ARI, place of treatment, etc. Such knowledge
is essential to reformulate the intervention strategies and

theirimplementation, identify new thrust areas and introduce
new approaches to achieve optimum results. Service statistics
generate data on a yearly basis on programme inputs and
outputs such asimmunizations, institutional deliveries, care-
seeking indicators, etc. These data are generated from
institutions which are covered under the Programme and
do notinclude the inputs and outputs, and the outcomes of
the private and voluntary sectors. Thus, most of the published
indicators have limited value in assessing outputs and
outcomes. Furthermore, outcomes and outputs are sometimes
overstated. For example, throughout the 1990s, the reported
DPT3 rate for India as a whole was around 90% (Claeson
etal. 1999), but the DPT3 coverage was found to be only
52% in the NFHS-1 and NFHS-2 (11PS 1995, IIPS & ORC
Macro 2000). Similarly, the Multi-indicator Cluster Survey
in 2000 (MICS 2000) gave the DPT3 coverage as 47%.
Inthe absence of reliable service statistics on the utilization
and quality of health care services, it was somewhat difficult
to attribute the trends in improvement in child health
conditions and reduction in child mortality to programme
inputs. Two rounds of the NFHS conducted in 1992-93
(NFHS-1) and 1998-99 (NFHS-2) created a landmark in
the field of data collection on various aspects of health and
family welfare. The main objective was to provide reliable
and high-quality data on anumber of issues required for the
development, monitoring and evaluation of programmes.
To explore the possible reasons for the slowing down of the
decline in child mortality we have analysed the extent of
utilization of antenatal, natal and postnatal care services
among children who were born during the three years
preceding the survey for NFHS-2 and four years preceding
the survey for NFHS-1. We have also analysed the
differentials in the nutritional status, family planning
acceptance and reproductive health problemsamong women
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inthe study population. The effect of programmatic factors,
such as antenatal and delivery care, immunization of pregnant
women against tetanus, full consumption of IFA tablets or
syrups and delivery inamedical facility on neonatal mortality
have been estimated using the NFHS-2 data. Table 6 presents
the differentials of prenatal, natal and postnatal care,
nutritional status, knowledge of mothers about treatment of
diarrhoea, etc. Table 7 presents the status of fertility, family
planning and nutrition, and the reproductive health problems
of mothers, etc.

ANC check-ups

According to NFHS-2, in India only about two-thirds of
mothers received ANC during pregnancy, and only 44%
received 3 or more check-ups. The above figure has not
undergone any change since NFHS-1. Women who did not
receive antenatal check-ups are mostly older women, those
having high parity, from rural areas, ST, illiterate and poor
women. Check-ups during the first trimester were about
twice as common in urban areas as in rural areas (I1PS,
1995; 1IPS & ORC Macro 2000). The effectiveness of
antenatal check-ups in ensuring safe motherhood depends
in part on the tests and measurements done and the advice
given during the check-ups. The NFHS-2 results show that
most of these tests were performed at least 1.5 times more
frequently for mothers living in urban areas than for those
living in rural areas.

Tetanus toxoid

The proportion of mothers who received two or more TT
injections during their pregnancy rose from 55% to 67%
between the NFHS-1 to NFHS-2. Coverage (two or more
injections) was found to be lower for births to women 35
years of age and above than to younger women;
varying inversely by birth order, literacy level of the mother,
standard of living; rural and urban areas, and for births to
SC mothers.

Institutional deliveries

Deliveries in health facilities in India have increased from
26% during NFHS-1 to 34% during NFHS-2. Itis largely
assumed that children born in health care institutions are
more likely to get a better sanitary environment and receive
the required health care assistance, and thereby tend to
have lower neonatal mortality than those born at home.

Iron and folic acid supplements

For India as awhole, iron—folic acid (IFA) coverage improved
slightly from 52% in NFHS-1 to 58% in NFHS-2. Some of
this improvement may be due to the fact that IFA syrup was
included in the measurement of IFA coverage in NFHS-2
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but not in NFHS-1. Only 66% of mothers received an
adequate supply and consumed all of it, 16%6 received but
did not consume all that was supplied.

Vaccinations

The percentage of children fully vaccinated in the age
group of 12-23 months in NFHS-1 and NFHS-2 were 35.4%
and 42.0%, respectively. The percentage of those vaccinated
was higher among urban than rural children. A strong
positive relationship of children’s immunization coverage
was observed with mother’s education and standard of
living. ST children were less likely to be fully vaccinated
than SC children and those of other castes.

Diarrhoea

Deaths from acute diarrhoea are most often due to
dehydration and loss of water and electrolytes. Nearly all
dehydration-related deaths can be prevented by prompt
administration of rehydration solutions. One major goal of
the ‘Oral Rehydration Therapy Programme’ is to increase
awareness among mothers and communities about the cause
and treatment of diarrhoea. The percentage of children
under 3 years of age who suffered from diarrhoea in the
two-week period before the survey was 10% in the NFHS-
1 and 19% in NFHS-2. However, because of seasonal
variations in the prevalence of diarrhoea, the NFHS-1 and
NFHS-2 rates cannot be compared. The prevalence among
children of mothers with high school or higher education
and children living in households with a high standard of
living (NFHS-2) was lesser than that among other children.
Sixty-two per cent of mothers who had given birth during
the three years preceding the survey (NFHS-2) knew about
ORS packets; against only 43% in NFHS-1. Knowledge
was considerably lowamong rural, illiterate and ST mothers.
However, ORT is a stop-gap measure that does not always
manage to compensate for the lack of safe drinking water
and clean living conditions, which in many places appear
to remain unattainable goals. To assess the possible impact
of ORT in reducing deaths due to diarrhoea, it is equally
important to know the practices with regard to the food and
fluids usually given to children during diarrhoea. Rural,
illiterate and ST mothers were much less likely to report
correctly (NFHS-2) that children with diarrhoea should be
given more to drink. Among children who suffered from
diarrhoea during the two weeks preceding the survey, 61.2%
in NFHS-1 and 63.2% in NFHS-2 were taken to a health
facility. Again, the percentage taken to a health facility
was much higher for urban than rural children, and children
of more educated mothers. The percentage was particularly
low for ST children and for children living in households
with a low SLI.



Table 6. Description of ANC care, natal and PNC, prevalance of ARI and diarrhoea and their treatment, India

Mother’s education
Literate, High Caste
Place of residence <Middle Middle school Other  Standard of living index
NFHS _— school school  complete than
Characteristic round Al Urban Rural lliterate  complete complete andabove SC ST SC,ST Low  Medium High
Antenatal check-ups
Percentage of mothers who received three or more 1 436 66.0 37.0 29.0 57.0 79.0 320 320 480 280 66.0 69.0
antenatal check-ups during pregnancy 2 438 69.0 37.0 26.0 55.0 77.0 350 350 480 310 450 71.0
Percentage of mothers who received no antenatal 1 368 178 424 488 19.9 98 42 422 523 34.0
check-ups during pregnancy 2 340 136 39.8 484 19.3 135 58 382 431 311 451 32.8 124
Tetanus toxoid vaccinations
Percentage of mothers who received two or more 1 538 744 47.7 40.3 719 84.3 915 474 3441 573 390 75.0 78.0
TT injections during pregnancy 2 668 81.9 62.5 547 784 842 912 648 464 705 554 68.7 875
Percentage of mothers who received no TT 1 300 194 447 517 209 10.0 4.4 454 562 357
injections during pregnancy 2 241 99 282 35.3 125 75 3.0 258 387 212 3441 22.3 6.4
Place of delivery and birth attendent at time of delivery
Percentage of institutional deliveries 1 355 170 56.0 11.8 37.8 554 75.3 160 9.1 292 110 48.0 230
2 336 650 25.0 174 434 55.1 75.0 268 1741 380 185 349 646
Percentage of home deliveries attended by 1 352 220 39.1 41.8 30.2 204 105 395 418 387 — — —
trained birth attendent 2 350 188 396 447 284 210 11.8 377 444  3B0 435 43 175
Consumption of iron—folic acid tablets or syrups
Percentage of mothers given IFA tablets during pregnancy
During four years preceding the survey 1 505 687 451 38.3 66.6 772 85.6 442 402 528 510 49.0 59.0
During three years preceding the survey 2 576 757 525 43.6 704 785 86.5 546 486 602 46.0 59.4 79.2
Among those who received IFA during pregnancy
percentage who consumed all the supply 2 805 832 794 76.3 80.7 815 88.7 762 820 815 7741 80.2 86.1
Percentage of children age 12—23 months who received all vaccinations
Al 1 354 507 309 240 46.9 60.3 70.0 268 248 382 — — —
2 420 605 36.6 278 52.3 62.7 727 402 264 451 304 432 647
None 1 300 164 34.0 40.1 16.9 8.2 42 369 418 274
2 144 640 167 212 8.0 46 14 151 242 125 208 13.1 4.0
Percentage of children who were ill with diarrhoea’ during the two weeks preceding the survey
Among all children under four years of age 1 100 880 104 10.3 104 9.6 8.3 14 99 98 — — —
Among all children under three years of age 2 192 196 19.0 20.1 19.8 18.6 15.0 198 211 187 199 19.7 16.1
Percentage of diarrhoea cases taken to a health facility or provider
Among all children under four years of age 1 612 68.7 59.3 58.0 66.0 67.5 70.9 612 515 624 — — —
Among all children under three years of age 2 634 752 59.9 58.5 65.2 742 78.2 546 522 65.1 555 65.1 772
Percentage of children who were ill with ARI during the two weeks preceding the survey
Among all children under four years of age 1 65 51 6.9 65 7.7 59 46 68 6.1 65 — — —

(Cont.)



Table 6 (cont.). Description of ANC care, natal and PNC, prevalance of ARI and diarrhoea and their treatment, India

Mother's education
Literate, High Caste
Place of residence <Middle Middle school Other  Standard of living index

NFHS - school school complete than
Characteristic round All  Urban Rural lliterate ~ complete  complete  andabove SC ST  SGC, ST Low  Medium  High
Among all children under three years of age 2 193 162 203 206 203 18.8 138 196 224 189 210 194 157
Percentage with AR taken to a health facility or provider
Among all children under four years of age 1 663 77.1 63.9 62.4 704 720 84.9 640 591 676 — — —
Among all children under three years of age 2 64.0 7541 61.4 58.3 69.5 76.3 770 603 504 675 551 674 76.9
Percentage of children who were classified as undernourished according weight for age
Weight - for - height
Among children under under four years of age
Percentage below —3 SD *** 1 206 148 224 247 16.7 124 78 237 253 195 — — —
Among children under under three years of age
Percentage below —3 SD *** 2 180 116 19.9 241 13.1 10.8 5.8 212 260 156 253 165 6.7
Percentage of having iron-deficiency anaemia by degree of anaemia
Children age 6—35 months with any anaemia 2 743 708 75.3 78.2 74.6 69.7 61.9 783 798 724 787 735 67.3
Percentage of births during three years preceding the survey
Birth order
4+ 1 31.0 241 329 385 236 124 74 - - = — — —

2 275 192 299 382 19.6 9.3 46 315 340 253 367 257 1.7
Preceding birth interval
Less than 24 months 1 269 288 26.3 258 287 306 303 272 265 — — — —

2 283 294 279 275 300 31.3 278 273 293 284 272 289 293
Note:

*Children who were fully vaccinated, i.e. those who received BCG, measles and three doses of DPT and polio vaccine (excluding polio 0)

'Diarrhoea includes blood also
“*Includes children who were below —3 SD from the International Reference Population Median.

Sources: International Institute for Population Sciences (IIPS). National Family Health Survey India, 1992—93 (NFHS-1), International Institute for Population Sciences, Mumbai, 1995
International Institute for Population Sciences (IIPS) and ORC Macro. National Family Health Survey (NFHS-2), India, 1998—99. Mumbai: IIPS; and Maryland, USA: ORC Macro; 2000



Table 7. Description of various characteristics of fertlity, family planning, nuitritional and reproductive health problems among mothers, India

Mother's education Caste
Place of residence Literate, Midale High Standard of living index
NFHS _— <middle school school  school complete OBC/
Characteristic round All Urban Rural lliterate  complete complete  andabove SC ST others Low Medium High
Median age at first marriage among women age 2049 years
Current age
2049 years 1 16.1 18.1 15.5 15.0 16.8 18.4 213 150 15.8 16.3 — — —
2 164 184 158 — — — — — — — — — —
Total fertility rate
During three years preceding the survey 1 34 27 37 40 3.0 25 2.2 39 36 33 — — —
2 29 23 3.1 35 26 23 20 32 341 — 34 29 2.1
Contraceptive method
Percentage of currently married women 1 36.3 45.3 33.1 315 448 424 45.0 317 308 376 — — —
using any modem method 2 428 512 399 392 497 446 4741 40.1 352 447 355 43.35 31
Percentage of ever married women with BMI below 18.5 kg/n
Among ever married women? 2 35.8 22.6 40.6 426 32.6 28.0 178 421 46.3 329 481 35.6 17.3
Percentage of having iron-deficiency anaemia by degree of anaemia
Percentage of ever married women with 2 518 457 539 558 50.1 48.0 403 560 64.9 49.0 60.2 50.3 419
any anaemia
Symptoms of reproductive health problem
Percentage of ever married women reporting 2 365 331 364 373 36.2 343 280 361 302 35.1 374 36.3 30.6
any abnormal vaginal dischage or symptoms
of urinary tract infection’
Percentage of currently married women 2 39.2 36.7 40.1 40.8 39.9 38.6 324 39.9 420 38.7 413 40.1 34.0
reporting any reproductive health problem
Home visits by a health or famiy planning worker
Percentage of ever married women who had 2 13.0 10.0 14.0 115 15.9 17.0 126 134 17.9 124 142 13.3 10.3
atleast one visitin the 12 months preceding
the survey
Percentage who know two or more signs for medical treatment of diarhoea*
Among mothers with births during the three 2 3741 37.1 37.1 349 38.3 421 414 375 35.1 372 — — —

years preceding the survey
Percentage of mothers with births who know about ORS packets

At least one birth during the four years 1 427 556 389 318 56.4 62.7 754 33 26.8 459
preceding the survey

At least one birth during the three years 2 624 758 586 512 723 772 865 593 513 64.8
preceding the survey

Reported quantity (of ORS) to be given to drink during diarrhoea

More amount 2 294 368 2713 222 32.0 51.1 265 220 31.3 —

*Diarrhoea includes blood also
'Includes pain or burning while urinating or more frequent or difficult urination. 2 Excluded women who were pregnant and women with a birth in the preceding two months

Sources: International Institute for Population Sciences (IIPS). National Family Health Survey India, 1992—93 (NFHS-1), International Institute for Population Sciences, Mumbai, 1995
International Institute for Population Sciences (IIPS) and ORC Macro. National Family Health Survey (NFHS-2), India, 1998—99. Mumbai: 1IPS; and Maryland, USA: ORC Macro; 2000
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Acute respiratory infection

Small variations in the prevalence of ARI by most of the
background characteristics was observed. ARl was somewhat
more common among children living in rural areas than
those living in urban areas. Children of mothers with at
least middle school education seemed to have a lower
occurrence of ARI than children of those educated below
middle school. The prevalence of ARI was higher among
childrenin ST households and those having a low standard
of living. The percentage of children with ARI taken to a
health facility or provider has a strong positive relationship
with the mother’s educational attainment and household
standard of living. By caste/tribe, this percentage is lower
for SC and ST than other backward classes or ‘others’. By
place of residence, urban children were taken more often to
a health facility or provider than rural children.

Low birth weight

The NFHS-1 and NFHS-2 had taken the perceived size of
the baby (large/very large, average and small/very small),
as the proxy for birth weight, and provided estimates of
NMR, PNMR and IMR according to the size of the baby.
The percentage of children with a small size or who were
very small at birth was found to be higher among mothers
belonging to socioeconomically disadvantaged households
than among socioeconomically advantaged ones.

Nutritional status of the children

Nutrition has an important bearing on maternal and child
health. Inadequate or unbalanced diets and chronic illness
are associated with poor nutrition among children. Diarrhoea
and dehydration may be underlying causes of death among
children who have low levels of nutrition than among better-
nourished children. Malnutrition is precipitated and
aggravated by diarrhoea through inadequate absorption of
nutrients from the food. The proportion of children under
4 years of age in NFHS-1 and under 3 years of age in
NFHS-2 who were severely undernourished was 20.6%
(according to weight for age) and 18.0%, respectively.
Further, anaemia among young children can result in
impaired cognitive performance, behavioural and motor
development and scholastic achievement, as well as
increased morbidity from infectious diseases (Seshadri 1997).
According to NFHS-2, among children 6-24 months of
age, 74% had some level of anaemia; 23% were mildly
anaemic, 46% were moderately anaemic and 5% severely
anaemic, confirming the findings of Stoltzfus and Deyfuss
(1998) that one of the most vulnerable groups among children
is the age group of 6-24 months. Undernutrition and a high
level of anaemia were found to be higher among rural
children, children whose mothers were illiterate, children
belonging to the SC and ST and poor children.
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Family planning

The reduction in maternal and child mortality can be
achieved by promoting family planning spacing methods,
which help in reducing high-risk pregnancies (pregnancy at
younger ages and closely spaced pregnancies), while terminal
methods, which greatly help in reducing pregnancies of a
higher order and in older women. Comparison of the results
of the NFHS-2 with NFHS-1 for current contraceptive use
revealed an 18% increase in the use of modern methods of
contraceptives in 67 years’ time. A low rate of increase
between the two surveys could be due to a shift from
traditional target systems of family planning to a target-
free approach and integrating such services into health
programmes. The percentage of couples currently using
contraceptives was found to increase with education and
standard of living; it was lowest among women from the SC
and highest among women who did not belong to the SC
and ST; and higher among urban women as compared to
rural women.

Nutritional status of women

The nutritional status of and level anaemia in children
were strongly related to the nutritional status of and level
of anaemia in the mother. The NFHS-2 provided information
on body mass index (BMI), ameasure of nutritional status,
and prevalence of anaemia among ever-married women
15-49 years of age. The BMI, which is used to assess both
thinness and obesity (defined as the weight in kilograms
divided by the height in meters squared [kg/m?]), was
obtained for ever-married women who were non-pregnant
at the time of the survey and those who had not given birth
during the two months preceding the survey. Chronic energy
deficiency is usually indicated by a BMI of less than 18.5.
Thirty-six per cent of women had a BMI below 18.5,
indicating a high prevalence of nutritional deficiency.

Anaemia among women may have detrimental effects
on their health and that of their children, and may become
an underlying cause of maternal and perinatal mortality.
Anaemia results in an increased risk of premature delivery
and low birth weight. The overall prevalence of anaemia
among women, as reported in NFHS-2, was 52%. The
prevalence of mild, moderate and severe anaemia was,
respectively, 35%, 15% and 2%. The prevalence of anaemia
and low BMI were both considerably higher for rural women,
for SC/ST women and inversely related to educational level
and SLI. Though differences in the prevalence of anaemia
by background characteristics was observed, itwas substantial
for every population group.

Disadvantaged and advantaged groups

Inequalities in child health are well documented in NFHS-
1 and NFHS-2. Data reveal that disadvantaged/vulnerable
groups are less likely to receive child survival interventions
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that can prevent the most common diseases. It is well-
documented (Victora et al. 2003) that children from poor
households are more likely to be exposed to many disease
agents and have lower resistance to those risks and become
sick vis-a-vis children from richer households.

The disadvantaged group consists of people belonging to
the lowest socioeconomic rungs of society. They have low
levels of literacy, a low standard of living, are less exposed
to media, and thus have low concern about health care. This
gets reflected in under-usage of proper medical services, low
nutritional imbalance and poor personal hygiene. Thus
higher rate of mortality among the disadvantaged may be
due to inequalities in coverage of preventive interventions.
These reasons may also be responsible for the slowing down/
stagnation of the decline in infant and child mortality. The
differentials in the level of child mortality within and between
States may be due to varying proportions of disadvantaged
groups. Therefore, further reductionin IMR and CMR can
be realized by improving the delivery of RCH services in
communities with a relatively high IMR. A healthy child
requires many coordinated preventive and therapeutic
interventions and these demand renewed action.

Projection

The National Population Policy (2000) has set the goal to
reduce the IMR to less than 30 by the year 2010. This
necessitates projecting the IMR and USMR for India up to
2016. Assuming that in the immediate future, the mortality
will continue to follow the prevailing trend, the projected
figures and values of IMR and USMR up to 2016 for India
are presented in Figs 5 and 6 (Tables 8 and 9), respectively.
It appears that without further intervention, India will not
be able to achieve the set target of an IMR of less than 30
by 2010. However, despite the inherent limitations of SRS
data, the declining trend observed for IMR in the present
study can be considered valid.
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Fig. 5 Forecast of infant mortality rate of India for 2003—2016

Mortality forecasts largely depend on the factors asso-
ciated with child mortality. Therefore, one way to improve
the mortality forecasts is to gain insight into the causes and
predictors of mortality. If the risk profile of the current
cohortcompared to previous cohorts is determined, then the
forecasts will improve. Mortality projections based on several
covariate alternatives should be obtained. These alternatives
should cover a realistic future-related range of variation in
programme-related aspects. However, the number of alter-
natives should not be so large that it creates confusion and
complications in using the mortality projections.

Conclusion

The foregoing analysis shows that the under-five mortality
in India and its States has declined during the period 1978-
2002. However, the pace of decline has not been constant,
it has sometimes been slow and stagnated, and at times
even increased. Such ascenario generates curiosity to unearth
the factors that might have played a role in the decline of
child mortality in the country and in some of the major
States. Disparities observed in child mortality might be
explained, to some extent, by the differences in the socio-
economic status of mothers and households. Analysis of
two rounds of the NFHS-1 and NFHS-2 depicted an inverse
relationship between child mortality and socioeconomic
factors including education of mother and standard of living
of the household. However, a keen observation of child
mortality data revealed that the differences in child mortality
continued even after controlling for the effect of socio-
economic status of the household. Such ascenario necessitates
examination of the differences in child mortality among the
socially and economically vulnerable/disadvantaged groups.
We can attribute the differences in child mortality to complex
set of social, economical and biological factors affecting
the same. In addition, the decline in child mortality could
also be aresult of programme factors such as public health
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Fig. 6 Forecast of under-five mortality rate of India for 2003—2016

NCMH Background Papers—Burden of Disease in India



Table 8. Predicted values of infant mortality rates and associated 95% confidence intervals using the ARIMA model by States and India, 203—2016

State

Fitted

ARIMA

model

IMR
Values

g

2004

2005

5

n
8
<

2009

2010

2011

2012

2013

2014

2015

2016

Andhra Pradesh

Assam

Bihar

Gujarat

Haryana

Himachal Pradesh

Karnataka

Kerala

Madhya Pradesh

Maharashtra

Orissa

Punjab

Rajasthan

0,1,1)

©1,1)

0,1,1)

©1,1)

©1,1)

(0,1,1)

©,1,1)

(0,1,1)

0,1,1)

©,1,1)

01,1

©,1,1)

0,1,1)

Predicted
LCL
UCL

Predicted
LCL
UCL

Predicted
LCL
UCL

Predicted
LCL
UCL

Predicted
LCL
UCL

Predicted
LCL
UCL

Predicted
LCL
UCL

Predicted
LCL
UCL

Predicted
LCL
UCL

Predicted
LCL
UCL

Predicted
LCL
UCL

Predicted
LCL
UCL

Predicted
LCL
UCL

BLBRX2RFLERSLIBRIBIS

LB

BRIZOVERIFTEY/SIR

SN BIRLNBEEN IR v oRETNBBEBIIBREEISETIIIBES

82

LARN G BEBIRG B E R I IR0 o FHBRELEILTERELBELBERIIEGS

B BESCIREREBBIR o BERRRLIBLELFIIBISEBRBIRAI/H

BRBLBEBIBSEBIBBIIAZ 0 o BBILRIRBERESEETRESIBLIRZRIBE

BEABERBIIRRB RN 20 ABS RS ERIABBBIRSERIG2|E

BLABRBBERIIELEBRBIS L, uVEEABEBEBoBRIIREE2RIKS

BERIBEBBIBBRIVBSI L VREIISIBERBARSIBIREZIRS

47
31
7

BEBIBBBRYIIEBBIBIZraVREFIRE2HABRBRIBERSS

46
0
7
57

=

LE2ZRYIBINIBRI VB 0w ABIRREBEZ R5IBEX
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=
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Table 8 (cont.). Predicted values of infant mortality rates and associated 95% confidence intervals using the ARIMA model by States and India, 2003—2016

Fitted Years
ARIMA IMR
State model Values 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Tamil Nadu 0,1,1) Predicted 43 2 4 K] 3 37 36 # 3 K% 31 0 29 28
LCL K] 37 K3 K x 31 29 28 27 2 24 23 2 2
uCL 48 47 47 46 45 4 43 2 41 40 K} 3B 3B 37
Uttar Pradesh (0,1,1)  Predicted 7 74 2 70 63 66 &4 62 60 58 57 55 53 52
LCL 70 66 62 5 5 53 51 48 46 4 2 4 K} 37
uCL 4 s # 8 & 81 80 79 78 7 75 74 73 7
West Bengal 0,1,1) Predicted 47 46 4“4 43 2 4 40 30 37 % b K K 3
LCL 43 2 40 K] 3B 37 36 b K] 3 K% 31 31 K]
uCL 51 50 48 47 46 45 43 2 4 40 K} 3B 37 kS
India 01,1 Predicted 61 60 58 5 5 53 52 50 49 48 46 45 4 2
LCL 58 5 53 51 49 47 45 44 2 41 K} 3B 37 K3
uCL 65 64 63 62 61 60 59 58 57 55 ) 53 52 51
ARIMA: autoregressive integrated moving averages; LCL: lower confidence level; UCL: upper confidence level
Table 9. Predicted values of under-five mortality rates and associated 95% confidence intervals using the ARIMA model, India, 2003—2016
Fitted ARIMA U5SMR Year
model values 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
0,1,2) Predicted & 81 78 75 72 69 67 &4 62 60 53 55 53 51
LCL 76 74 71 68 66 &4 61 59 57 5% 53 51 49 47
uCL 89 8 8 & 79 76 73 70 63 65 63 61 58 5

ARIMA: autoregressive integrated moving averages; LCL: lower confidence level; UCL: upper confidence level
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reforms, access and quality of health care services and
community mobilization. Several studies indicate that health
care interventions are determinants of the variations in
infant and child mortality.

The trend in IMR for the country over the past 25 years
revealed that the share of neonatal morality has remained
more or less constant butan appreciable decline is observed
in case of post-neonatal mortality. Usually any intervention
programme targeted at reducing child mortality shows its
impact first on post-neonatal mortality and later on early
and late neonatal mortality. This is expected as most of our
programmes, such as the EPI (Expanded Immunization
Programme) started in 1978 to combat infectious diseases
such as polio, etc. among children were targeted at reducing
child mortality during the post-neonatal stage. Thus, new
intervention programmes need to focus more on lowering
neonatal mortality. This could be done to a large extent by
strengthening antenatal, natal and delivery care inter-
ventions. During the 1970s, 40% of neonatal deathsin rural
areas and 25% in urban areas were due to tetanus. By
focusing on strategies to increase institutional deliveries,
births attended by trained birth attendants and coverage of
two doses of TT immunization to pregnant mothers, deaths
due to tetanus have declined from 14% in 1978 to less than
5% in the early 1990s and 1% in the late 1990s.

Further, arapid decline observed in IMR and under-five
mortality during 1980-90 was followed by a period of
stagnation from 1993, as it was hovering around 72 per
thousand live-births (GOI 2000). The stagnation during this
period may indicate that the programmes addressing
reduction in child mortality were not effective in reducing
the IMR as a large proportion of infants were dying in the
neonatal stage. Thus, programmes such as RCH Programme,
immunization programme and ICDS were not really oriented
towards capturing infants dying during the neonatal stage.
The other reason for the stagnation in IMR could be the lack
of access to health and other types of services by dis-
advantaged/vulnerable groups.

The IMR and child mortality projected up to 2016 show
that India might not be able to achieve the set target of an
IMR of 30 by 2010 without making concerted efforts to
improve the content and quality of RCH services and
concentrate on community mobilization strategies. In
addition, economic and social reforms should be com-
mensurate with programme interventions bringing about
an appreciable reduction in IMR and child mortality in the
near future.

References

Anandiah R, Choe MK. Are the WHO guidelines on breastfeeding
appropriate for India. National Family Health Survey Subject
Reports No. 16, Mumbai: International Institute for Population
Sciences; Honolulu: East West Center; 2000.

Black RE, Morris SS, Bryce J. Child survival I: Where and why are 10
million children dying every year. The Lancet 2003;36:2226-34.

NCMH Background Papers—Burden of Disease in India

Boerma JT, Bicego GT. Preceding birth interval and child survival:
Searching for pathways of influence. Studies in Family Planning
1992;23:243-56.

Burkhalter BR, Galway SO, Rustein SO, Smith SM. Incidence of
high-risk births in seven developing countries, Rosslyn, Virginia:
Center for International Health Information; 1991.

Claeson M, Bos ER, Mawji T, Pathmathan |. Reducing child mortality
in India in the new millennium. Bulletin of the World Health
Organization 2000;78:1192-9.

Claeson M, Bos E and Pathmanathan. Reducing child mortality. The
International Bank for Reconstruction and Development, The
World Bank, Washington 1999, ISBN 1-932126-27-9.

Cox DR. Regression models and life tables. Journal of the Royal
Statistical Society (Series B) 1972;34:97-9.

Das NP, Dey D. Understanding the causative factors behind stalling
of infant mortality in India during the recent period. Demography
India 2003;32:249-74.

DWCS & UNICEF (2001), Multiple Indicator Survey, 2000, UNICEF,
New Delhi.

Fauveau V, Koenig M, Chakraborty J, Chowdhury A. Causes of
maternal mortality in rural Bangladesh: 1976-1985. Bulletin of
the World Health Organization 1988;66:643-51.

Govindasamy P, Ramesh BM. Maternal education and the utilization
of maternal and child health services in India. National Family
Health Survey Subject Report No.5. Mumbai: International
Institute for Population Sciences; and Calverton, Maryland:
Macro International; 1997.

Govindasamy P, Stewart MK, Rutstein SO, Boerma JT, Sommerfelt
AE. High-risk births and maternity care. DHS Comparative
Studies, No 8. Columbia, Maryland: Macro International Inc:,
1993.

Government of India. Family Welfare Programme in India, Year Book,
1996-97. New Delhi: Ministry of Health and Family Welfare
(MOHFW), Department of Family Welfare; 1998.

Government of India. Newborn health: Key to child survival. New
Delhi: Child Health Division, Department of Family Welfare;
Ministry of Health and Family Welfare; 2000.

GOl. Department of Women and Child Development United Nations
Children’s Fund. Multiple Indicator Survey (MICS-2000). India
Summary Report, December 2001.

Hill K, Pandey R, Jone G. Trends in the infant and child mortality,
1960-65. New York: UNICEF; 1997.

Hobcraft J. Does family planning save children’s lives? Paper presented
at the International Conference on Better Health for Women
and children through Family Planning, Nairobi, Kenya, October:
5-9, 1987.

Institute for Research in Medical Statistics. An examination of WHO
Guidelines for Exclusive Breastfeeding in relation to Child Survival
in India, IRMS, ICMR, New Delhi, 2004.

International Institute for Population Sciences (1IPS). National Family
Health Survey India, 1992-93 (NFHS-1). Mumbai: International
Institute for Population Sciences; 1995.

International Institute for Population Sciences (I11PS) and ORC Macro.
National Family Health Survey (NFHS-2), India, 1998-99.
Mumbai: IIPS; and Maryland, USA: ORC Macro; 2000.

Khasakhala AA. Effect of maternal education on infant survival in
rural Kenya. Demography India 2003;30:93-106.

Measham A, Rao KD, Jamison DT, Wang J, Singh A. The performance
of India and Indian states in reducing infant mortality and
fertility, 1975-1990. Report prepared for the World Bank.
Economic and Political Weekly 1999;34:1359-67.

Mosley WH, Chen LC. An analytical framework for the study of
child survival in developing countries. In: Mosley WH, Chen LC
(eds). Child survival strategies for research. Population and
Development Review 1984;10:24-5.



Components of under-five mortality trends, current stagnation and future forecasting levels

175

National Health Policy. Department of Family Welfare, Ministry of
Health & Family Welfare, Government of India, New Delhi,
2002.

National Population Policy, Department of Family Welfare, Ministry
of Health & Family Welfare, Government of India, New Delhi,
2000.

Pandey A, Choe MK, Luther NY, Sahu D, Chand J. Infant and child
mortality in India. National Family Health Survey Subject Reports
No. 11, International Institute for Population Sciences, Mumbai,
India and East-West Center Program on Population, Honolulu,
Hawaii, USA, 1998.

Pandey A, Bhattacharya BN, Sahu D, Sultana R. Are too early, too
quickly and too many births the high risk births: An analysis of
infant mortality in India using National Family Health Survey,
Demography India 2004;33:127-56.

Rama Rao S, Pandey A, Shajy KI. Child mortality in Goa: A cross—
sectional analysis. Social Biology 1997;44:101-10.

Registrar General of India. Sample Registration System. Annual Reports.
New Delhi: Office of the Registrar General, 1977-2002.

Seshadri S. Nutritional anaemia in South Asia. In: Gillespie G (ed).
Malnutrition in South Asia: A regional profile. Kathmandu:
Regional Office for South Asia, UNICEF; 1997.

Stolfus RJ, Deyfuss ML. Guidelines for the use of iron supplements to
prevent and treat iron deficiency anaemia. International
Nutritional Anemia Consultative Group. Washington, DC:
International Life Sciences Institute Press; 1998.

Usha R. Emerging issues from declining fertility in India. In: Roy TK,
Guruswamy MK, Arokiasamy P (ed). Population, health and
development in India: Changing perspective. New Delhi: Rawat
Publisher; 2004:291-322.

Victora CG, Wagstaff A, Schellenberg JA, Gwatkin D, Claeson M,
Habicht J. Applying an equity lens to child health and mortality:
More of the same is not enough. Lancet 2003;362:
24-32.

Appendix 1

Table A1.1 Stillbirth rate and components of infant mortality rate, India, 1970—2002

Stillbirth rate Early neonatal mortality rate Neonatal mortality rate Postneonatal mortality rate
Year Total Rural Urban Total Rural Urban Total Rural Urban Total Rural Urban
1970 NA NA NA NA NA NA 69 72 46 61 &4 45
1971 18 18 13 37 K} 23 75 81 45 5 57 K14
1972 18 19 14 33 K3 23 2 7 45 63 73 40
1973 18 18 15 K] K] 23 63 2 43 66 71 4
1974 17 18 13 » 3B 24 70 76 41 56 60 3
1975 18 19 13 B 41 24 78 & 46 62 67 3
1976 18 19 1 50 59 3 7 & 49 52 56 3
1977 16 17 9 49 L) 27 &0 8 2 50 52 K?)
1978 15 16 10 48 53 23 77 & B 50 52 %
1979 13 13 9 47 50 0 2 78 2 48 52 0
1980 11 12 8 45 43 2 69 76 KY 45 48 %
1981 11 11 6 4 43 25 70 76 K} 41 4“4 24
1982 9 10 5 45 43 2 67 73 K} 33 41 2
1983 9 9 8 45 49 27 67 74 K¢ 3B 40 27
1984 10 11 8 4 43 28 66 2 40 3 41 2
1985 10 11 9 K 42 2 60 67 K< 37 40 2%
1986 10 11 9 3B 2 24 60 66 36 37 K] 2
1987 13 14 10 3 4 23 58 &4 3 3B 4 27
1988 14 14 12 37 40 23 57 62 K3 3B 40 2
1989 13 13 11 b 3B 2 56 62 31 K3 %6 26
1990 12 12 11 37 40 23 53 57 31 27 2 2
1991 11 11 10 » K} 23 51 55 K% 2 31 21
1992 12 12 10 K3 K¢ 24 50 5% 3 29 31 20
1993 11 1 9 K] 3B 2 47 B2 28 2 2 16
1994 9 7 15 K73 %6 24 43 52 K< 26 28 20
1995 9 9 9 K3 K¢ 23 48 5% 2 2 2 19
1996 9 9 9 K3 37 23 47 50 2 2 7 17
1997 9 9 9 K3 K] 2 46 51 2 ) % 19
1998 9 9 8 K] 37 2 45 49 27 27 2 18
1999 10 11 8 K] 37 2 45 49 2 24 2 16
2000 8 9 7 K% K3 19 4 49 27 23 ) 16
2001 9 10 8 27 0 17 40 44 5 26 28 17
2002 9 9 7 5 2 16 40 4 24 24 26 16

Source: Sample Registration System, 1970—2002
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Table A1.2 Selected indicators of under-five mortality by residence, India, 1970—-2002

Child mortality rate Under-five mortality rage
Infant mortality rate (1000* ,0,) (1000*q,)

Year Total Rural Urban Total Rural Urban Total Rural Urban
1970 129 136 0 122 137 66 235 255 150
1971 129 138 & 117 127 74 231 247 150
1972 139 150 & 131 144 71 252 272 150
1973 134 143 8 113 124 63 232 250 146
1974 126 136 74 111 123 59 223 242 128
1975 140 151 & 119 132 69 243 263 147
1976 129 139 &0 113 121 o4 227 243 139
1977 130 140 81 111 124 50 227 247 127
1978 127 137 74 102 114 ) 216 236 124
1979 120 130 2 B 110 4 206 226 113
1980 114 124 65 86 % 43 190 208 106
1981 110 119 87 B 37 188 205 97
1982 105 114 65 &8 % 37 179 199 100
1983 105 114 66 76 86 3 173 190 102
1984 104 113 66 B 107 47 188 208 110
1985 97 107 59 87 100 2 176 196 9
1986 % 105 62 80 91 40 168 186 100
1987 % 104 61 74 8 2 162 181 87
1988 A 102 62 67 70 2 154 165 0
1989 91 B 58 53 62 5 140 154 81

1990 80 8 50 48 5 4 124 136 73
1991 80 87 53 49 ) 5 125 136 7
1992 7 8 53 50 56 24 125 136 75
1993 74 & 45 41 47 21 12 125 65
1994 74 80 5 2 47 25 113 123 76
1995 74 80 48 4 49 2 114 125 72
1996 72 7 46 4“4 50 4 13 123 69
1997 71 7 45 2 47 19 110 121 &4
1998 72 7 45 3B 4“4 18 107 17 62
1999 70 75 4“4 2 K3 14 97 109 57
2000 74 43 27 2 14 B 103 56
2001 66 2 2 2 3 13 B 102 5
2002 63 69 40 4 27 1 8 A 50

Source: Sample Registration System, 1970—2002
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Table A1.3 Percentage of early neonatal deaths among neonates, percentage of neonatal deaths among infants and percentage of infant deaths among under-five
deaths, India, 1970-2002

Early neonatal mortality as a NMR as a percentage of IMR IMR as a percentage of under-five
percentage of NMR (1000*,q,) mortality
Year Total Rural Urban Total Rural Urban Total Rural Urban
1970 NA NA NA 53.1 532 51.1 549 53.4 60.0
1971 486 485 50.7 58.3 58.4 55.4 55.9 55.8 54.8
1972 46.8 46.3 50.2 515 51.1 52.8 55.3 552 56.8
1973 495 499 477 509 50.4 534 57.7 573 60.9
1974 50.9 50.0 58.8 55.6 557 55.4 56.5 56.2 577
1975 489 486 51.7 55.9 55.8 55.0 57.7 574 57.0
1976 65.2 711 67.3 597 597 61.3 56.8 57.1 57.7
1977 61.0 60.9 64.1 61.7 62.9 51.9 573 56.7 63.6
1978 61.9 61.9 61.7 60.9 622 514 58.7 58.1 59.8
1979 65.5 65.0 705 59.8 59.9 58.7 58.3 575 63.8
1980 64.8 64.1 706 60.8 61.0 60.0 59.9 59.6 61.8
1981 63.6 63.4 66.1 63.3 63.5 61.6 58.9 58.1 64.2
1982 67.0 66.4 72.3 63.6 64.1 595 58.6 572 65.4
1983 66.5 66.2 69.3 64.1 64.7 597 60.8 59.9 64.6
1984 66.7 66.2 706 63.3 63.7 60.1 55.5 545 60.1
1985 63.4 63.1 65.1 61.8 62.5 56.5 55.3 543 59.7
1986 64.0 63.7 66.1 62.0 62.6 58.4 573 56.3 62.2
1987 65.3 65.0 68.5 60.7 61.2 546 58.5 574 69.9
1988 64.4 64.1 66.7 60.4 60.8 55.8 60.9 62.0 69.2
1989 62.0 61.7 63.8 62.0 63.4 54.1 65.2 63.7 713
1990 705 702 75.3 65.6 66.7 61.8 64.6 63.2 68.6
1991 69.8 69.7 724 63.9 63.7 60.8 64.1 63.9 68.7
1992 726 723 732 63.3 63.1 62.3 63.3 62.4 704
1993 723 77 771 63.6 63.8 63.1 65.9 65.5 69.3
1994 71.1 69.9 732 64.5 65.0 62.7 65.4 65.1 68.7
1995 744 743 779 64.9 65.0 60.4 64.6 64.1 66.2
1996 75.1 747 829 65.3 64.9 60.9 63.6 62.4 66.9
1997 75.7 746 78.0 64.8 66.2 57.8 64.8 63.8 708
1998 756 755 815 62,5 63.6 60.0 67.4 65.7 724
1999 75.6 755 786 64.3 65.3 63.6 719 69.0 773
2000 727 714 704 64.7 66.2 62.8 72.7 716 76.7
2001 67.5 68.2 68.0 60.6 61.1 595 713 704 772
2002 675 65.9 66.7 635 63.8 60.0 741 734 80.0

Calculated values
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Table A1.4 Percentage distribution of mothers according to selected characteristics, NFHS-1 and NFHS-2

Mother’s education

Literate,  Middle

<middle  school Caste
NFHS  Place of residence school  complete 0BC/ Standard of living index

Characteristics round Rural Urban lliterate complete andabove ~ SC/ST ~ Others  Low  Medium  High

Percentage of mothers who received 1 53 47 43 57 70 ) 46 51 49 59
any iron—folic acid tablets or syrups 2 53 76 2 71 83 % 60 47 60 79
during pregnancy

Percentage of mothers who received 3 1 37 66 29 57 I 2 48 28 06 Y
or more antenatal check-ups during 2 K14 69 2 55 7 K3 48 31 45 7
pregnancy

Percentage of babies having very 1 2 2 2 23 2 21 21 2 20 25
small/small size at time of birth 2 25 2 2 2 19 2 24 2 25 19

Percentage of mothers received 2 1 48 73 40 68 86 41 59 K} 75 78
or more tetanus toxoid injections 2 63 & 54 78 8 59 7 56 69 87
during pregnancy

Percentage of mothers whose 1 2 16 23 2 14 23 20 23 18 19
age was <20 years at time of birth 2 25 18 24 29 17 25 23 25 25 15

Percentage of births of order two 1 3B b 40 35 0 3 % 40 3 2
or more and the length of the 2 17 17 17 18 14 17 16 16 17 16
preceding birth interval <24 months

Percentage of births of order four 1 2 2 3B 24 9 K 28 B 19 13
ormore 2 K] 19 3 20 7 2 2 K§ 2 12

Sources: International Institute for Population Sciences (IIPS). National Family Health Survey India, 1992—93 (NFHS-1), International Institute for Population
Sciences, Mumbai, 1995

International Institute for Population Sciences (lIPS) and ORC Macro. National Family Health Survey (NFHS-2), India, 1998—99. Mumbai: IIPS; and
Maryland, USA: ORC Macro; 2000
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