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Infant and Child Mortality
In India

Abstract. This Subject Report examines infant and child mortality and their determi-
nants for India as a whole and for individual states, using data from the 1992-93
National Family Health Survey. Neonatal (first month), postneonatal (age 1-11 months),
infant (first year), and child (age 1-4 years) mortality are estimated, as well as the
effects of socioeconomic background characteristics, demographic characteristics,
and mother’s health-care behaviour, using information from women’s birth histories
pertaining to children born during the 12-year period before the survey.

Infant mortality declined 23 percent in India between 1981 and 1990, and child
mortality declined 34 percent during the same period. Nevertheless, mortality rates
are still high. Among children born during the 12 years before the survey, 88 out of
1,000 are estimated to die during the first year of life, and 121 are estimated to die
before reaching age five. In recent years, infant and child mortality have declined in
every state. These declines have been consistently largest for child mortality and
smallest for neonatal mortality. Apart from these consistent trends, however, there are
substantial variations among individual states. For example, infant mortality is less
than 40 per 1,000 in Kerala and Goa but more than 120 per 1,000 in Orissa and Uttar
Pradesh.

Sex differentials in infant and child mortality reflect strong son preference in
many states. Most states exhibit excess male mortality during the neonatal period but
excess female mortality during childhood. The only exceptions are Tamil Nadu and
Kerala. In the country as a whole, female child mortality is 40 percent higher than male
child mortality. The sex differentials in infant and child mortality suggest that son pref-
erence and discrimination against female children are very strong in northern states
but minimal or nonexistent in southern states.

Among socioeconomic background characteristics, urban/rural residence,
mother’s exposure to mass media, and use of clean cooking fuel are found to have
substantial unadjusted effects on infant and child mortality, but these effects are much
smaller when the effects of other socioeconomic variables and basic demographic
factors are controlled. Mother’s literacy, access to a flush or pit toilet, household head’s
religion and caste/tribe membership, and economic level of the household (indicated
by ownership of consumer goods) have substantial and often statistically significant
adjusted effects on infant and child mortality. Both unadjusted and adjusted effects of
most of these background characteristics are largest for child mortality and smallest
for neonatal mortality.

In general, demographic characteristics have substantial adjusted effects on
mortality before age five. The adjusted effects are not very different from the unad-
justed effects (i.e., the introduction of controls makes little difference) except in the
case of birth order and mother’s age at childbirth. Adjusted neonatal mortality de-
creases with increasing birth order, whereas adjusted postneonatal and child mortal-
ity increase with increasing birth order. The combination of effects on neonatal mortality
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and postneonatal mortality results in a U-shaped relationship between birth order and
infant mortality, with third-order births showing the lowest mortality. Mother’s age un-
der 20 at childbirth is associated with much higher mortality of first-born children.
Among second and higher-order births, the relationship between mother’s age at child-
birth and mortality is U-shaped. Children born after a short birth interval, children who
are followed by a next birth within a short interval, and children with an older sibling
who died all experience much higher mortality before age five than do other children.
Controlling for other variables does not change the effects of these factors very much.

Among variables indicating mother’s health-care behaviour, mother’s tetanus
immunization during pregnancy has a strong association with reduced neonatal mor-
tality.

This study provides information for health planners and managers responsible
for programmes to reduce infant and child mortality. Encouraging mothers to space
births by intervals of at least 24 months will greatly enhance the survival of children.
Minimizing the number of births to very young mothers (under age 20) and avoiding
high-order births will also substantially enhance survival chances of children during
the first five years of life. Family health programmes should emphasize tetanus immu-
nization for all pregnant mothers. They should also identify families that have already
experienced infant or child death and should provide them with intensified maternal

and child health services.
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Preface

This Subject Report is a product of the Project to Strengthen the Survey Research
Capabilities of the Population Research Centres (PRC) in India, more commonly known
asthe PRC project. A major component of thisproject isthe 1992—-93 National Family
Health Survey (NFHS). Findings from the NFHS provide the basis for this report.

TheMinistry of Health and Family Welfare (M OHFW) launched the PRC project
in 1991. The MOHFW designated the International Institute for Population Sciences
(I1PS), Mumbai, asthe nodal agency to provide coordination and technical guidanceto
the NFHS. Various consulting organizations collected survey data during 1992-93in
collaboration with Population Research Centres in each state. Basic survey reports
and summary reports for India as a whole and for 25 states (including Delhi, which
recently attained statehood) were published during 1994-95. The East-West Center
(Honolulu, Hawaii, U.S.A.) and Macro International (Calverton, Maryland, U.S.A.)
provided technical assistancefor all survey operations. The United States Agency for
International Development (USAID) provided funding for the project.

Upon completion of the basic survey reports and summary reportsin December
1995, the NFHS data were released to the scientific community for further study. As
part of thisfurther research and as a continuation of the PRC/NFHS project, a Subject
Reports series has been established. The present Subject Report on infant and child
mortality in Indiaisthe 11thinthis series.

This Subject Report isadirect outcome of aWorkshop on Determinants of |nfant
and Child Mortality in India, held 13 November to 3 December 1996 at |1 PSin Mumbai.
The participants were Moneer Alam (Population Research Centre, Institute of Eco-
nomic Growth, Delhi), Bashir Ahmad Bhat (Population Research Centre, University
of Kashmir, Srinagar), Jagdish Chand (Popul ation Research Centre, Himachal Pradesh
University, Shimla), Manoj Kumar Chatterjee (Popul ation Research Centre, L ucknow
University, Lucknow), Rita Gawari (Population Research Centre, Punjab University,
Chandigarh), S. Gunasekaran (Population Research Centre, Gandhigram Institute of
Rural Health and Family Welfare Trust, Tamil Nadu), Jyoti S. Hallad (Population
Research Centre, J. S. S. Institute of Economic Research, Dharwad), D. R. Joshi
(Population Research Centre, Mohanlal Sukhadia University, Udaipur), R. B. Mehta
(Population Research Centre, Patna University, Patna), Rajnikant Patel (Population
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Research Centre, M. S. University of Baroda, Vadodara), Anjali Radkar (Population
Research Centre, Gokhale Institute of Politics and Economics, Pune), M. M. Krishna
Reddy (Population Research Centre, Andhra University, Visakhapathnam), Damodar
Sahu (International Institute for Population Sciences, Mumbai), M. Johnson Samuel
(Population Research Centre, Institute for Social and Economic Change, Bangalore),
Seema Sharma (Popul ation Research Centre, Centrefor Research in Rural and Indus-
trial Development, Chandigarh), P. B. Sudev (Popul ation Research Centre, University
of Kerala, Thiruvananthapuram), Satyanarayan Swain (Population Research Centre,
Utkal University, Bhubaneswar), R. B. Upadyay (International Institute for Popula-
tion Sciences, Mumbai), Arvind Pandey (International Institute for Population Sci-
ences, Mumbai), Norman Y. Luther (East-West Center, Honolulu), and Minja Kim
Choe (East-West Center, Honolulu). V. Jayachandran (Research Officer, I nternational
Institute for Population Sciences, Mumbai) and R. S. Hegde (Accountant, Interna-
tional Institute for Population Sciences, Mumbai) provided special assistance during
theworkshop.

Gayle Yamashita, VictoriaHo, Judith Tom, Jonathan Chow, and Noreen Tanouye
provided computer programming and research assistance for this report, and David
Cantor provided helpful technical advice. Robert D. Retherford and Vinod Mishra
read earlier drafts of the manuscript and provided useful comments. Sidney B. Westley
provided editorial assistance, and Loraine N. Ikedaand O. P. Sharmaprovided assis-
tance with printing and distribution.
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1 Introduction

India’'s 1992-93 National Family Health Survey (NFHS) collected information on
fertility, family planning, and maternal and child health from ever-married women
age 13-49. The survey covered 25 states, including the former Union Territory of
Delhi, which has since attained statehood. Not covered were Sikkim, the Kashmir
region of the state of Jammu and Kashmir, and the smaller union territories. The
areas covered by the survey account for 99 percent of the country’s population.

Birth histories collected from women during the survey provideinformation for
theanalysisof infant and child mortality. Basic resultsfrom the survey, including some
statisticson infant and child mortality, were published in anational report and 20 state
reports. These statistics include levels and trends of mortality before age five and
differentials in mortality by selected socioeconomic, demographic, and health-care
characteristics. They are based on deaths that occurred during the five-year period
beforethe survey.

The current report provides more detail son infant and child mortality in Indiaas
awholeand inthe mgjor states. The main purposeisto estimate and interpret adjusted
(net) effectsoninfant and child mortality of socioeconomic characteristics of mothers
and househol ds, demographic characteristics of children, and health-care behaviour of
mothers. Understanding the relationships between these factors and infant and child
mortality can provide valuable information for social scientists, policymakers, and
health professionalswho are concerned with improving the survival of young children
inlndia

Because many factors associated with variationsin infant and child mortality are
interrelated, it is important to attempt to isolate the effects of individual variables.
Hazard regression models (Cox 1972) allow usto estimate the adjusted effect of each
variablewhile controlling for the effects of other factorsthat are associated with infant
and child mortality. Because major causes of death differ substantially at different
ages, the effects on mortality of factors we examine are expected to be quite different
for children of different ages. The hazard models, therefore, are estimated separately
for three ageintervals. the neonatal period (first month), the postneonatal period (1-11
months), and childhood (12-59 months).

Results from the estimated hazard models are transformed into familiar mea-
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sures of mortality, namely neonatal mortality, postneonatal mortality, infant mortality
(first year of life), and child mortality. The effect of afactor is presented in terms of
differentialsin mortality between categories of that factor. For example, the effect of
mother’s literacy is presented in the form of estimates of neonatal, postneonatal, in-
fant, and child mortality for children of illiterate and literate mothers, with all other
variables controlled by setting them at their mean values in the underlying hazard
regressions. These other variables include year of child's birth, child's sex, mother’s
ageat childbirth, urban/rural residence, household head’sreligion and caste/tribe mem-
bership, ownership of household goods, and sel ected housing characteristics.

Estimates are presented for states aswell asfor the whole country. The states of
Indiadiffer widely inlevelsof mortality, levelsof socioeconomic development, andthe
strength of maternal and child health programmes. Thusthe effects of socioeconomic,
demographic, and health-care factors vary by state. State-level results are presented
for all states except the small states in the northeast region—Arunachal Pradesh,
Manipur, Meghalaya, Mizoram, Nagaland, and Tripura. Because the samples from
these states are very small, mortality estimates are unreliable due to large sampling
errors. These states areincluded, however, in the analyses for Indiaas awhole.

Chapter 2 describesthe data and methods used and includes descriptive statistics
of al the variables used in the analysis. Chapter 3 presents life-table estimates of
mortality under agefive. Chapters4 through 7 report the main findings: trendsand sex
differentialsin infant and child mortality (Chapter 4), effects of socioeconomic back-
ground characteristicsoninfant and child mortality (Chapter 5), effectsof demographic
characteristicson infant and child mortality (Chapter 6), and effects of mother's health-
care behaviour on neonatal mortality (Chapter 7). Chapter 8 summarizes the results
presented in previous chapters and discussestheir policy implications.



2 Data and Methods

DATA

Data for the NFHS were collected in 1992-93 from a probability sample of 89,777
ever-married women age 1349 residing in 88,562 househol ds. All women surveyed by
the NFHS were asked to provide a complete birth history, including sex, date of birth,
and survival statusfor each live birth. For children who had died, age at death was also
collected, recorded in days for children dying in the first month of life, in months for
children dying after the first month but before their second birthday, and in years for
children dying at later ages.

A file of children was created from these birth histories. The record of each child
includes selected characteristics of his/her mother and household. Some child-specific
variables are extracted or generated and added to the child record. They include year of
birth, sex, birth order, mother’s age at childbirth, length of preceding birth interval,
number of deceased older siblings, whether afollowing birth occurred beforethe survey
and, if so, the length of the following birth interval, survival status of the child at the
time of the survey, and age at death if the child died. Children from multiple births are
excluded from our analysis. The unit of analysisin this report is the child. More than
one child may have the same mother and same head of household.

Because we must useinformation on children of mothers age 13-49 at the time of
survey, children in our sample who were born many years before the survey do not
constitute a representative sample but rather are biased by their mother’s age at child-
birth. For example, among children born 20 years before the survey, our data include
only those whose mothers were age 29 or younger at the time of their birth. In order to
minimizethis potential sourceof bias, thisanalysisislimited to children bornin Decem-
ber 1979 or later. Thusit includesall children born during the 12-year period beforethe
survey. The exact duration of coverage varies depending on the survey date, but no
children born earlier than 13 yearsand 10 months before survey areincluded. Asshown
inthelast column of Table 2.1, this subsample consists of 163,316 children. Chapter 7
is based on more recent births, namely 55,571 children born during approximately the
four-year period before the survey—nbirths since 1 January 1988 for states where the
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Table 2.1 Overview of NFHS: Month and year of field work, unweighted numbers of
households and women surveyed, unweighted number of children in the birth
histories, and unweighted number of children in the subsample used for analysis, by
state

Month and year of Number of  Number of
field work Number of Number of  children in  children in
households women birth subsample
State From To surveyed surveyed histories for analysis
India 4/92 9/93 88,562 89,777 275,172 163,316
North
Delhi 2/93 5/93 3,577 3,457 9,869 6,040
Haryana 1/93 4/93 2,735 2,846 8,864 5,758
Himachal Pradesh 6/92 10/92 3,119 2,962 8,516 4,708
Jammu region of
Jammu and Kashmir 5/93 7193 2,839 2,766 8,407 4,935
Punjab 7193 9/93 3,213 2,995 8,846 5,417
Rajasthan 12/92 5/93 5,014 5,211 16,372 10,363
Central
Madhya Pradesh 4/92 8/92 5,857 6,254 19,962 12,039
Uttar Pradesh 10/92 2/93 10,110 11,438 40,811 25,130
East
Bihar 3/93 6/93 4,748 5,949 19,072 12,132
Orissa 3/93 6/93 4,602 4,257 12,934 7,892
West Bengal 4/92 7192 4,238 4,322 13,039 7,367
Northeast
Arunachal Pradesh 5/93 6/93 961 882 2,728 1,973
Assam 12/92 3/93 3,255 3,006 10,409 6,501
Manipur 3/93 5/93 1,086 953 3,207 2,022
Megalaya 4/93 6/93 992 1,137 3,562 2,295
Mizoram 5/93 6/93 1,087 1,045 3,086 1,826
Nagaland 5/93 6/93 1,060 1,149 3,676 2,218
Tripura 2/93 4/93 1,139 1,100 3,569 2,104
West
Goa 12/92 2/93 3,741 3,141 8,656 4,144
Gujarat 2/93 6/93 3,875 3,832 11,240 6,447
Maharashtra 11/92 3/93 4,063 4,106 11,941 6,837
South
Andhra Pradesh 4/92 7192 4,208 4,276 11,517 6,310
Karnataka 11/92 2/93 4,269 4,413 13,512 7,815
Kerala 10/92 2/93 4,387 4,332 10,784 5,635
Tamil Nadu 4/92 7192 4,287 3,948 10,693 5,408

survey was conducted in 1992 and births since 1 January 1989 for states where the
survey was conducted in 1993. This smaller subsample is used because data on the
health-care behaviour of motherswere collected only for these births.

The sample design for some states is self-weighting, but in other states certain
sectors of the population, such as urban areas, are over-sampled. It is, therefore, nec-
essary to use weights to restore the correct proportions. All statistics after Table 2.1
make use of weighted numbers. Different sets of weightsare required at the state and
national levelsbecause sampling fractionsvary from state to state. Thus each child has
two weights, onethat isused when the unit for tabul ation isthe state and another when
the unit is the whole country. A typical table in this report contains results both for
Indiaas awhole and for individual states. In such atable, the national results use the
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national weights, and theindividual state resultsusethe state-level weights. Thesample
design for the survey is discussed in more detail in the original NFHS report (11PS
1995).

Three questionnaires were used in the NFHS—one for villages (administered
only inrura areas), onefor households, and onefor ever-married women within house-
holds. Three datafiles correspond to these three questionnaires—the village datafile,
the household datafile, and the individual datafile. For our analysis, selected house-
hold characteristics were merged into the individual data files for each woman in a
household. These household characteristics are thereligion and schedul ed-caste/tribe
membership of the household head, accessto aflush or pit toilet, use of clean cooking
fuel, and ameasure of household economic status derived from the ownership of se-
lected consumer goods. The child file used in this report was created from this aug-
mented individual datafile.

LIFE-TABLE AND HAZARD MODELS

First, we compute cohort measures of mortality. In other words, wefollow the children
in our subsample from birth and compute probabilities of dying during consecutive
ageintervals, using thetraditional actuarial life-table method. Thelife-table computa-
tion uses 10 age intervals: 0 months, 1-2 months, 3-5 months, 6-8 months, 9-11
months, 12—17 months, 18-23 months, 24-35 months, 36-47 months, and 48-59
months. From these, the following commonly used measures of mortality during in-
fancy and childhood are computed. Results are shown and discussed in Chapter 3.

Neonatal mortality: The probability of dying in thefirst month of life
Postneonatal mortality:  The probability of dying in the 2nd through 11th month
Infant mortality: The probability of dying before the first birthday

Child mortality: The conditional probability of dying between the first and

fifth birthday for those who survive the first year
Under-five mortality: The probability of dying before thefifth birthday

By these definitions, infant mortality equal s the sum of neonatal mortality and post-
neonatal mortality.

Themain purpose of thisreport isto measure the adjusted effect of each covariate
(i.e., each predictor variable) of mortality, controlling for the effects of other variables.
We accomplish thisin Chapters 4 through 7 using hazard regression, which isamul-
tivariate statistical method for survival analysis. A hazard model may be thought of as
amultivariate extension of thelife table, combining the regression model with cohort
life-table analysis. In a hazard model we assume that the hazard rate (instantaneous
probability of dying) depends on the values of the covariates. The usua form of the
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relationship between the hazard rate and the covariatesis similar to that of amultiple
regression with a transformed hazard function as the dependent variable. The exact
mathematical form of the hazard model is not given here. Interested readers may con-
sult Retherford and Choe (1993, Chapter 8).

Thisreport does not show the hazard regression coefficients. Instead, wetrans-
form the hazard-model results into a simple cross-tabulation format using multiple
classification analysis (MCA). Multiple classification analysisis analogous to com-
puting the predicted value of the dependent variable for a given set of values of the
predictor variables after a regression model is estimated. From a hazard model, in-
stead of one dependent variable we estimate a life table. Once the hazard regression
coefficients are estimated, we can compute alife table for any given set of values of
the covariates. Such aset of valuesistransformed into arelative risk when combined
with the estimated coefficients. Then the relative risk is applied to the baseline life
table (using the cohort life table described earlier as the baseline) to produce a pre-
dicted lifetable. From the predicted life table, we obtain age-specific mortality rates.
We produce one M CA table for each covariatein the hazard model. In an MCA table,
the predicted mortality rate iscomputed for different categories of the covariate while
holding the other predictor variablesin the hazard model constant at their mean val-
ues.

Separate hazard model sare estimated for threetypes of mortality: neonatal, post-
neonatal, and child mortality. Modelsfor postneonatal mortality begin with estimates
of the conditional probability of dying in the second through el eventh month after birth
among those who survivethefirst month of life. These estimates are multiplied by the
probability of surviving the first month to give postneonatal mortality, which is the
probability of dying in the second through eleventh month among all births.

Infant mortality is estimated as the sum of neonatal mortality plus postneonatal
mortality. If werun ahazard model for Indiaasawhole, we use the national means of
the variables and the national life table for the MCA table computation; if we run a
hazard model for a state, we use the means and life table for that state. For a more
detailed explanation of the use of multiple classification analysisin conjunction with
hazard models, see Retherford and Choe (1993, Chapter 8).

COVARIATES OF INFANT AND CHILD MORTALITY

We consider anumber of covariates (predictor variables) of infant and child mortality
inthisreport. They are child'syear of birth, child's sex, a set of socioeconomic back-
ground characteristics, a set of demographic characteristics, and a set of variables
indicating mother’s health-care behaviour.

Mortality has been declining all over theworld, partly asaresult of advancesin
medical knowledge and technology aswell asimprovement in living conditions. The
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child’syear of birth mainly capturesthisgeneral trend in mortality. For both biological
and behavioural reasons, mortality depends greatly on the age and sex of individuas
(United Nations Secretariat 1988). We examinethe effect of child’ssex oninfant and child
mortality to seewhether son preferenceresultsin sex differentialsin mortdity in Indiathat
aredifferent from the general pattern observed in most other popul ations.

Infant and child mortality are determined by both the biological endowment of
children at birth and their environment after birth. In devel oping countries, background
characteristics such as mother’s literacy, urban/rura residence, and household eco-
nomic status are likely to affect achild’s condition at birth aswell asits environment,
thus affecting infant and child mortality (Hobcraft, McDonald, and Rutstein 1984;
Mosley and Chen 1984; United Nations 1985; 1991; 1998).

Typically, alarge proportion of neonatal mortality in developing countriesisdue
to tetanus. Background characteristics can have strong effects on neonatal mortality
by affecting both exposureto neonatal tetanus and its prevention. Exposure to tetanus
is closely related to the living conditions of the household, which are largely deter-
mined by background characteristics. Prevention of tetanus can be achieved by ante-
natal immunization and by sanitary handling of the umbilical cord immediately after
birth. Thesefactorsarelikely to berelated to such background characteristicsasmother’s
literacy and urban/rural residence.

After the neonatal period, postneonatal and child mortality are caused mainly by
childhood diseases and accidents. Whether children becomeill dependsto some extent
ontheir nutritional level, their environment, and their mothers’ preventive health-care
behaviour. When they do becomeill, their survival dependslargely on the knowledge
and behaviour of the adultswho carefor them and on their accessto health-carefacili-
ties. These factors are related in turn to background characteristics. The risk of acci-
dent isalso closely related to background characteristics (Mosley and Chen 1984). In
general, background characteristics are expected to have stronger effects on postneo-
natal and child mortality than on neonatal mortality because the primary causes of
death change as children age, from factors related mostly to biological conditionsto
factorsrelated mostly to their environment.

Some characteristics of children arerelated to mother’ sfertility behaviour, such
as mother’s age at childbirth, child's birth order, and previous and following birth
intervals. These characteristics are known to affect neonatal, postneonatal, infant, and
child mortdity in developing countries (Hobcraft, McDona d, and Rutstein 1985; Palloni
and Milman 1986; Retherford et al. 1989; United Nations 1994). First-born children
and children of high birth orders are known to experience higher mortality than chil-
dren of birth orderstwo to four. Children born to women under age 20 and over age 35
areknown to have higher mortality than those born to mothers age 20-34, most likely
because a woman's physical condition is most favorable to childbearing during her
twentiesand early thirties.
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Short birth intervals increase mortality of children in two ways. Children born
after ashort interval are likely to have mothersin poor health, and such children tend
to havelow birthweight and increased chances of neonatal mortality. Short birth inter-
valsalso result in families with many children of similar ages. Thisincreases compe-
tition for family resources and attention and al so increases exposure toinfectious child-
hood diseases. Children born to families in which a child has already died are more
likely to diein childhood than are other children, probably because the conditionsthat
caused the death of an older sibling affect the newborn child aswell.

Careful monitoring of mother’s health and growth of the fetus during pregnancy
can identify potential complications during pregnancy, thusimproving child survival
after birth. Supplemental intake of vitamins and minerals during pregnancy enhances
fetal growth and improvessurvival chancesafter birth. Furthermore, mother’stetanus
immuni zation during pregnancy can sharply reduce risks of mortality dueto neonatal
tetanus. Also, timely check-ups of mother and baby after birth can improve survival
chancesof children.

Maternal and child health servicesin India are designed to provide basic health
services to vulnerable groups of pregnant women through programmes such as the
Minimum Needs Programme, the Child Survival and Safe Motherhood Programme,
and the Reproductive and Child Health Programme (11PS 1995; Ministry of Health
and Family Welfare 1998). Resultsin thisreport include estimated effects of women's
health-care behaviour—such as antenatal visits, tetanus immunization, and place of
delivery—on neonatal mortaity. Theseresultswill be useful both in evaluating current
maternal and child health programmes and in providing guidelinesfor the future.

MODEL SPECIFICATIONS AND DESCRIPTIVE STATISTICS
OF COVARIATES

In thisanalysis, we estimate the unadjusted effect of each variable on neonatal, post-
neonatal, and child mortality using hazard model sthat include just one predictor vari-
able. Adjusted effects of each variable are estimated by three sets of hazard models.
Thefirst set isused to estimate adjusted effects of child’syear of birth, child’ssex, and
socioeconomic background characteristics. Chapters 4 and 5 discuss the results of
these models. The second set of hazard models is used to estimate effects of demo-
graphic characteristics, asdiscussed in Chapter 6. Although mother’sage at childbirth
isincluded in thefirst set of hazard models, we do not discussiits effect until Chapter
6. Thethird set of hazard model sisused to estimate the effects of mother'shealth-care
behaviour, as discussed in Chapter 7.

Table 2.2 shows the list of variables used in the first set of hazard models and
their representations. We combine household head' sreligion and caste/tribe member-
ship to create anew set of categories. Because members of scheduled castesand sched-



19

National Family Health Survey Subject Reports, No. 11

Table 2.2 Variables used in the hazard models for estimating effects of year of birth,
child's sex, and background characteristics

Variable

Representation in hazard model

Child's year of birth
Child's sex

Mother’s age at childbirth
Residence

Mother’s literacy

Quantitative variable

One dummy variable (male; female)

Quantitative variable (age in completed years) and its square
One dummy variable (urban; rural)

One dummy variable (literate; illiterate)

Religion-caste/tribe membership Three dummy variables indicating four categories of household
head (Hindu and neither scheduled caste nor scheduled tribe;
Hindu and either scheduled caste or scheduled tribe; Muslim;
other religion)

One dummy variable (listens to radio or watches television at
least once a week; does neither)

One dummy variable (own, shared, or public flush or pit toilet;
other)

One dummy variable (electricity, gas, biogas, coal, charcoal,
kerosene; other)

Quantitative variable (sum of points as follows: 4 for car; 3 each
for refrigerator, TV, VCR/VCP, motorcycle/scooter; 2 each for
sewing machine, sofa set, fan, radio/transistor, bicycle; 1 for
clock/watch)

Mother’s exposure to mass media
Toilet facility
Type of cooking fuel

Ownership of goods score

uled tribes are predominantly Hindu (94% of those in a scheduled caste and 89% of
thosein ascheduled tribe), we replace two variablesindicating religion and caste/tribe
by asingle variable called “religion-caste/tribe membership”. This variable has four
categories. (1) Hindu and neither scheduled caste nor scheduled tribe (Hindu-non-
caste/tribe), (2) Hindu and either scheduled caste or scheduled tribe (Hindu-caste/
tribe), (3) Muslim, and (4) other religions. Thissimply separatesthe largest category
of the original religion variable, Hindu, into two categories according to whether a
household head bel ongs to a scheduled caste or ascheduled tribe. The other two reli-
gion categories, Muslim and other religions, remain unchanged.

We create a score measuring household economic statusin terms of ownership of
household goods by adding the following points: 4 for acar; 3 each for arefrigerator,
atelevision, aV CR/V CP, or amotorcycle/scooter; 2 each for asewing machine, asofa
set, a fan, a radio/transistor, or a bicycle; and 1 for a clock/watch. The maximum
possible score for ahousehold is 27, and the minimum possible scoreis zero. We use
this score as anindicator of the standard of living of the household.

As mentioned earlier, separate hazard models are applied to three age-specific
mortality measures. neonatal mortality, postneonatal mortality, and child mortality.
Neonatal and postneonatal mortality analyses usethe 163,260 childrenin the subsample
born in December 1979 or later for whom all predictor variables are defined. The
analysisof child mortality isbased on the 138,414 children from the same subsample
who survived thefirst year of life.

Of course, somechildrenweredtill livingin oneof theseage periodsat thetimeof the
survey. We cannot know whether such children will survivetheir current age period or not.
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Table 2.3 Percentage distribution of children by year of birth, child's sex, mother’s age at childbirth,

and background characteristics, for children born in December 1979 or later, by state

Year of birth Mother’s age at childbirth  Residence Mother
Sex is is is

State 1979-83 1984-87 1988-93 male <18 18-34 >34 urban illiterate
India 29 34 37 51 12 83 5 23 70
North

Delhi 26 33 41 53 7 90 3 92 47

Haryana 27 32 41 52 9 87 4 24 70

Himachal Pradesh 29 34 37 52 6 90 4 8 52

Jammu region 28 31 42 53 6 89 5 13 63

of Jammu and Kashmir

Punjab 28 32 39 53 4 93 3 26 57

Rajasthan 30 36 34 53 n 83 6 17 86
Central

Madhya Pradesh 31 34 35 52 13 82 5 21 79

Uttar Pradesh 28 33 39 52 8 84 8 18 81
East

Bihar 27 33 40 51 n 83 6 13 82

Orissa 28 33 39 52 12 84 4 15 67

West Bengal 31 35 34 50 17 79 4 23 59
Northeast

Assam 29 35 36 51 15 80 4 9 65
West

Goa 33 32 35 50 4 90 6 a7 36

Gujarat 28 32 39 51 7 89 3 32 63

Maharashtra 29 33 38 51 18 80 2 38 54
South

Andhra Pradesh 31 36 34 50 23 75 2 25 73

Karnataka 30 34 37 51 18 79 3 29 68

Kerala 32 32 36 51 6 90 4 26 17

Tamil Nadu 32 33 35 50 10 87 3 34 52

Inlifetableand hazard modd analysis, such casesarecalled ‘ censored’, and their mortal-
ity isestimated statistically. For further detailson handling censored casesin life-tableand
hazard-model analysis, see Retherford and Choe (1993, chapters 7 and 8).

Table 2.3 givesdescriptive statistics for these variables. In the subsamplewe use
for hazard regression analysis, numbers of children born during three time periods—
1979-83, 198487, and 1988 or after—make up 29, 34, and 37 percent of the sample,
respectively. Fifty-one percent of childreninthe subsampleare male, whichisconsis-
tent with the normal sex ratio. The proportion of male children tends to be high in
northern states, however, especially in Delhi, Jammu region, Punjab, and Rajasthan.
In each of these states, 53 percent of children aremale. It is possiblethat somefemale
children are missing from the birth histories in these states, especially if they died at
very young ages. The proportion of male children is quite low (50 percent) in West
Bengal, Goa, Andhra Pradesh, and Tamil Nadu.

Twelve percent of children werebornto mothersunder age 18. The proportion of
children born to very young mothers is highest in Andhra Pradesh, Karnataka,
Maharashtra, and West Bengal. Only a small proportion of children were born to
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Table 2.3, continued

Region-caste/tribe of head Mother is Have Use Ownership score of
exposed accessto clean of household goods
Hindu Hindu Other to mass sanitary cooking

State non-SC/ST SC/ST Muslim religion media toilet fuel 04 59 10-14 15-27
India 59 21 15 5 44 25 18 64 22 9 5
North

Delhi 73 7 14 6 83 83 86 16 26 28 30

Haryana 59 28 6 7 56 23 18 33 34 21 12

Himachal Pradesh 68 28 2 2 61 10 13 48 31 17 4

Jammu Region of

Jammu and Kashmir 52 22 21 5 67 14 23 37 32 20 1

Punjab 22 17 2 59 60 34 26 23 31 26 20

Rajasthan 53 40 6 2 26 17 9 67 20 9 4
Central

Madhya Pradesh 57 35 6 2 36 17 13 65 20 1 5

Uttar Pradesh 62 19 18 1 30 19 10 64 24 8 4
East

Bihar 63 16 19 1 25 14 13 75 17 5 3

Orissa 68 29 2 2 38 11 11 70 22 6 2

West Bengal 54 15 29 2 52 28 27 67 24 7 3
Northeast

Assam 43 19 34 5 33 44 5 80 13 5 2
West

Goa 63 6 7 24 83 40 46 34 25 18 23

Gujarat 67 21 10 2 48 30 32 57 25 1 7

Maharashtra 58 16 17 10 58 35 36 59 23 12 6
South

Andhra Pradesh 67 20 10 3 64 22 19 69 19 8 4

Karnataka 64 18 15 3 61 26 17 67 20 8 5

Kerala 43 6 33 18 74 69 8 58 27 9 6

Tamil Nadu 67 20 7 6 70 29 21 61 23 11 4

mothers over age 34. Just under one-fourth of the children covered inthisanalysis
livein urban areas, and just over three-fourthslivein rural areas. A large major-
ity (70 percent) have motherswho areilliterate. Eighty percent of childrenlivein
households where the head is Hindu, and 25 percent of these household heads
belong to a scheduled caste or a scheduled tribe. Fifteen percent of the children
live in households where the head is Muslim, and the remaining 5 percent livein
householdswhere the head is of another religion—primarily Sikh, Buddhist, Jain,
or Christian.

Somewhat less than half of the children have mothers who listen to radio or
watchtelevision at |east once aweek. One-fourth livein househol dsthat have accessto
aflush or pit toilet, and lessthan one-fifth livein householdsthat use arelatively clean
fuel for cooking—electricity, gas, biogas, coal, charcoal, or kerosene. Scores measur-
ing household ownership of consumer goods are generally low. Sixty-four percent of
children livein householdswith ascore of lessthan 5; only 5 percent livein househol ds
with a score of 15 or higher.
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Table 2.3 shows that the distribution of children by socioeconomic background
characteristics varies considerably by state. Delhi, Goa, and Maharashtra have the
largest proportionsliving in urban areas. In Rajasthan, Bihar, and Uttar Pradesh, more
than 80 percent of children have illiterate mothers. By contrast, only 17 percent of
children haveilliterate mothersin Kerala.

In Delhi, Himachal Pradesh, Orissa, Gujarat, Andhra Pradesh, and Tamil Nadu,
morethan two-thirds of sample children livein householdswhose heads are Hindu and
do not belong to a scheduled caste or tribe. In Punjab, Kerala, and Assam, less than
half of the sample children livein such households. The proportion of childrenlivingin
households whose heads are Hindu and belong to a scheduled caste or tribe ranges
from 7 percent or lessin Delhi, Goa, and K eralato more than 25 percent in Rajasthan,
Orissa, Madhya Pradesh, Haryana, and Himachal Pradesh. The proportion of sample
children living in Muslim households ranges from 2 percent in Himachal Pradesh,
Punjab, and Orissato morethan 20 percent in Assam, Kerala, West Bengal, and Jammu
region. In 10 of the 19 states, only 3 percent or less of children live in a household
whose head isnot Hindu or Muslim. In Punjab, however, thisgroup isamajority of 59
percent, mostly made up of children living in households whose heads are Sikhs. The
proportion isalso substantial in Goa, Kerala, and Maharashtra, ranging from 10 to 24
percent. Most of these household heads are Christian.

In Delhi and Goa, more than 80 percent of children have mothers who listen to
radio or watch television at least once aweek, whereas in Bihar, Rajasthan, and Uttar
Pradesh the proportion is 30 percent or less. The household characteristics of accessto
aflush or pit toilet, use of a clean cooking fuel, and ownership of consumer goods
show very largevariations by state, reflecting diverse economic conditions. Morethan
80 percent of sample children in Delhi livein households with accessto aflush or pit
toilet, compared with less than 20 percent in Himachal Pradesh, Orissa, Jammu re-
gion, Bihar, Rajasthan, Madhya Pradesh, and Uttar Pradesh. Delhi also has by far the
highest proportion of children living in households that use a clean cooking fudl, fol-
lowed by Goa; thelowest proportionsarein Assam, Kerala, Rgjasthan, Uttar Pradesh,

Table 2.4 Additional variables used in the hazard models for estimating effects of
demographic characteristics

Variable Representation in hazard model

Birth order Only for births of order 2 and higher: four dummy variables
indicating five categories (2, 3, 4, 5, = 6)

Previous birth interval Only for births of order 2 and higher: one dummy variable indicating
whether interval is <24 months or not (yes; no)

Whether child has deceased Only for births of order 2 and higher: one dummy variable (yes; no)

older sibling
Following birth A set of dummy variables indicating monthly status of whether a

following birth has occurred or not (yes; no)
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Table 2.5 Percentage distribution of children by additional variables included in
the hazard models for estimating effects of demographic characteristics, for births
during the 12 years before the NFHS, by state

Mother’s age at childbirth

Number

State <18 18-19 >20 of children
Birth order 1

India 34 26 40 43,636
North

Delhi 18 23 59 1,842

Haryana 27 31 42 1,536

Himachal Pradesh 17 30 53 1,413

Jammu region of Jammu and Kashmir 17 23 60 1,388

Punjab n 26 63 1,545

Rajasthan 32 26 42 2,524
Central

Madhya Pradesh 40 27 33 2,921

Uttar Pradesh 29 30 40 5,487
East

Bihar 38 28 34 2,898

Orissa 34 26 40 2,141
West Bengal 45 24 31 1,980
Northeast

Assam 48 20 33 1,513
West

Goa 8 9 83 1,390

Gujarat 19 28 53 1,875

Maharashtra 41 23 36 2,028
South

Andhra Pradesh 54 21 25 1,882

Karnataka 43 24 33 2,174

Kerala 13 20 67 2,085

Tamil Nadu 23 26 51 1,786

and Orissa. In Assam, Andhra Pradesh, Karnataka, Rajasthan, and the three eastern
states of Bihar, Orissa, and West Bengal, at | east two-thirds of children livein house-
hol ds with ownership-of-consumer-goods scores of lessthan 5. By contrast, in Delhi,
Goa, and Punjab, at least 20 percent of children livein householdswith scoresof 15 or
higher.

The adjusted effects of demographic characteristics are estimated from hazard
models that include the variables listed in Table 2.2 and Table 2.4 as predictor vari-
ables. Table 2.5 shows descriptive statistics of the demographic variables. Women
begin childbearing early in India. In the country as awhole, 34 percent of first-born
children were born to mothers under age 18. Children in this category range from
more than 40 percent in Andhra Pradesh, Assam, West Bengal, Karnataka,
Maharashtra, and M adhya Pradesh to lessthan 15 percent in Goa, Punjab, and Kerala.
The fertility of Indian women is also characterized by rapid family building. In the
country as awhole, one-third of second and higher-order births occurred within 24
months of the previous birth. This proportion does not vary much from state to state.
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Table 2.5, continued

Mother’s age % previous % with
Birth order at childbirth birth deceased Number
- interval older of

State 2 3 4 5 =26 <20 20-34 =35 <24months siblings children
Birth order 2 or higher
India 31 24 17 1 17 13 80 7 33 34 118,506
North

Delhi 39 26 16 8 1 8 87 5 34 23 4,150

Haryana 33 26 17 10 14 11 84 5 36 32 4,182

Himachal Pradesh 37 271 17 9 10 8 86 5 33 25 3,253

Jammu region of Jammu 32 25 17 12 15 8 86 6 33 23 3,507

and Kashmir

Punjab 38 28 17 9 8 6 20 4 37 19 3,839

Rajasthan 29 28 18 12 16 12 79 8 32 25 7,787
Central

Madhya Pradesh 29 24 17 12 18 15 79 6 33 38 9,047

Uttar Pradesh 25 21 17 13 24 8 81 10 34 45 19,464
East

Bihar 27 23 18 13 18 1 81 8 30 36 9,157

Orissa 33 25 17 10 14 13 82 5 30 37 5,688

West Bengal 32 23 16 11 18 17 77 6 29 34 5,320
Northeast

Assam 25 22 17 13 23 16 78 6 36 38 4,938
West

Goa 41 27 16 8 9 6 86 8 31 16 2,711

Gujarat 36 26 17 10 1 9 86 5 34 28 4,543

Maharashtra 37 27 16 9 1 21 76 2 34 25 4,761
South

Andhra Pradesh 38 28 16 9 10 24 72 3 28 26 4,365

Karnataka 3% 25 16 10 15 20 75 5 33 32 5573

Kerala 49 25 10 6 10 6 87 6 29 14 3,501

Tamil Nadu 41 27 14 9 9 1 84 5 30 28 3,574

The hazard model s used to estimate the effects of mother's health-care character-
istics on neonatal mortality are based on variableslisted in Table 2.2 plus additional
variables listed in Table 2.6. Table 2.7 shows the percentage distribution of these
additional variablesamong children born during the four-year period beforethe NFHS.
In Indiaasawhole, about half of children have mothers who made antenatal visitsto
doctors or health centres, and slightly more than half have mothers who received the
recommended two doses of tetanus vaccine during pregnancy. Level of antenatal care
variesgreatly from stateto state, however. In general, antenatal careisrelatively good
in the southern and western states and poor in most states of the central, east, and
northeast regions. Exceptionsinclude West Bengal where the preval ence of antenatal
careissomewhat higher than in the other eastern states. Statesin the north show large
variations in antenatal care. In Delhi and Punjab the prevalence of antenatal careis
very high, but in Rajasthan it isvery low.
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Table 2.6 Additional variables used in the hazard models for estimating effects of
mother's health-care characteristics

Variable Representation in hazard model

Number of antenatal visits by mother Quantitative variable

Number of tetanus injections received One dummy variable (less than two injections; two or more
during pregnancy injections)

Place of delivery of child One dummy variable (medical facility; home)

Table 2.7 Percentage distribution of children by additional variables included in
the hazard models for estimating effects of mother's health-care characteristics,
for births during the four-year period before the NFHS, by state

Percent with Percent with Percentdelivered  Number
mother with any mother with =2 in medical of

State antenatal care tetanus injections institutions children
India 49.3 53.3 25.4 55,571
North

Delhi 80.9 729 44.8 1,987

Haryana 67.3 63.5 16.7 1,841

Himachal Pradesh 72.7 47.2 15.9 1,720

Jammu region of Jammu 78.5 68.8 21.4 1,596

and Kashmir

Punjab 86.6 83.1 24.9 1,619

Rajasthan 239 28.2 11.3 3,438
Central

Madhya Pradesh 36.3 42.7 16.0 4,097

Uttar Pradesh 30.1 36.4 11.2 9,615
East

Bihar 27.3 30.2 12.3 3,799

Orissa 38.9 53.9 14.6 2,362
West Bengal 68.3 70.0 315 2,494
Northeast

Assam 44.3 32.9 11.2 2,341
West

Goa 94.0 84.8 87.0 1,425

Gujarat 51.1 63.1 35.8 2,074

Maharashtra 69.6 714 43.5 2,576
South

Andhra Pradesh 66.8 75.1 328 2,078

Karnataka 64.7 69.2 37.7 2,831

Kerala 97.3 91.1 86.7 1,990
Tamil Nadu 78.1 90.1 63.6 1,852

In India as a whole, about three-quarters of children were delivered at home.
More than half were delivered at medical facilitiesin Kerala, Goa, and Tamil Nadu,
and nearly half were delivered at medical facilitiesin Delhi and Maharashtra.

Thereliability of mortality estimates calculated from retrospective birth histories
depends on how completely births and deaths of children are reported and how accu-
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rately the dates of birth and ages at death are recorded. Generally, the NFHS data are
considered reasonably accurate (11PS 1995). Some noticeabl e exceptions will be dis-
cussed in the course of thisreport. The national and state NFHS reports contain addi-
tional details about the accuracy of the data.

It should be noted that the socioeconomic background characteristics used for
thisanalysisdescribe conditions at thetime of the survey, which may be different from
the conditions at the time of birth of each child. For example, it is possible that women
have changed their residence and that their housing characteristics have changed since
thebirth of somechildrenincluded inthe analysis. For such children, the measurement
of background characteristics will not be accurate, and the resulting effects of those
characteristics will be somewhat biased. The extent of such changes should not be
large enough, however, to serioudly affect the estimated relationshipsfor populations
of children asawhole.



3 Cohort Life-Table Estimates
of Mortality before Age Five

This chapter gives commonly used indicators of mortality before age five, based on
cohort life-table computations, as basic measures of infant and child mortality. Cohort
life tables are computed by following the children in our subsample from birth and
computing the probabilities of dying during consecutive age intervals, using the tradi-
tiona actuarial life-table method. The life-table computation uses age intervals of 0
months, 1-2 months, 3-5 months, 6-8 months, 9-11 months, 12-17 months, 18-23
months, 24-35 months, 36-47 months, and 48-59 months. As mentioned earlier, the
life-table computation islimited to children born since December 1979. Wefirst cal cu-
late probabilities of survival (I(x) valuesin conventional life-table notation) at ages 1,
3,6,9, 12,18, 24, 36, 48, and 60 monthsin terms of the number of survivors per 1,000
births (i.e., the life table radix, 1(0), is set to 1,000). Age-specific cohort mortality
measures (deaths per 1,000) can then be computed from these probabilities of survival
asfollows:

Neonatal mortality: 1,000 -1(2)

Postneonatal mortality: (1) —1(12)

Infant mortality: 1,000 -1 (12)

Child mortality: 1,000 * [1(12) - 1(60)] / 1(12)
Under-five mortality: 1,000 —1 (60)

Table 3.1 shows probabilities of survival to selected ages, and Table 3.2 shows
mortality for selected age intervals estimated by cohort life tablesfor Indiaand for 19
states. Under-five mortality is quite high in India but varies widely by state. In the
country asawholeduring the 12-year period beforethe survey, 121 per 1,000 birthsare
estimated to have died before age five. In Uttar Pradesh, Madhya Pradesh, Assam,
Orissa, and Bihar, estimated under-five mortality is even higher, ranging from 137 to
166 per 1,000 births. By contrast, under-five mortality in Keralaand Goaisless than
50 per 1,000 births. Other states with levels of under-five mortality less than 100 per
1,000 births are Punjab, Maharashtra, Jammu region, Delhi, Himachal Pradesh, Tamil
Nadu, and Andhra Pradesh.
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Table 3.1 Life table estimates of probabilities of survival to selected ages up to age five years for births

during the 12 years before the NFHS, by state

Survival probability by age in months

State 0 1 3 6 9 12 18 24 36 48 60
India 1,000 946 936 928 919 912 903 899 891 884 879
North
Delhi 1,000 956 958 951 943 936 931 929 925 923 920
Haryana 1,000 955 945 937 925 918 910 905 898 894 890
Himachal Pradesh 1,000 963 956 945 936 934 928 925 922 917 914
Jammu Region of Jammu 1,000 965 958 951 947 943 938 934 929 926 924
and Kashmir
Punjab 1,000 967 958 952 947 944 936 935 931 928 927
Rajasthan 1,000 960 951 943 933 927 914 912 904 898 896
Central
Madhya Pradesh 1,000 943 929 918 908 901 886 881 871 861 855
Uttar Pradesh 1,000 928 915 904 891 880 866 861 850 840 834
East
Bihar 1,000 943 933 924 914 902 893 888 880 870 863
Orissa 1,000 934 919 904 892 873 870 869 864 859 856
West Bengal 1,000 944 935 928 922 918 913 908 901 894 893
Northeast
Assam 1,000 945 930 919 911 907 897 890 877 862 855
West
Goa 1,000 974 969 968 965 963 961 960 957 955 955
Gujarat 1,000 951 941 936 929 924 914 911 901 896 894
Maharashtra 1,000 963 954 950 947 944 938 937 930 927 923
South
Andhra Pradesh 1,000 951 942 934 928 924 918 917 912 904 902
Karnataka 1,000 949 939 933 927 923 915 912 905 890 895
Kerala 1,000 977 974 972 969 968 965 964 961 959 958
Tamil Nadu 1,000 954 946 940 934 929 922 918 912 908 905

Notes: Survival probabilities are expressed as numbers of survivors per 1,000 births. Results are not shown for the northeastern states of

Arunachal Pradesh, Manipur, Meghalaya, Mizoram, Nagaland, and Tripura. See text.

Figure 3.1 shows estimated infant (0—11 months) and child (12-59 months) mor-
tality for Indiaand for individual states, ordered by thelevel of infant mortality. Con-
sistent with findingsin the basic NFHS reports, Orissa has the highest level of infant
mortality of any state, but arelatively low level of child mortality, ranking fifth from
the lowest among the 19 states analysed here. Assam, in contrast, has an unusually
high level of child mortality compared with other states that have a similar level of
infant mortality. Although some studies have cited factors that could explain the ex-
ceptionally high level of infant mortality in Orissa (Institute for Research in Medical
Statistics 1993), the age pattern of mortality suggests that there may be some
misreporting of age at death, resulting in overestimation of infant mortality and under-
estimation of child mortality. According to thelife-table estimatesfor Orissashownin
Table 3.1, the survival ratedrops by an unusually large magnitude between ages 9 and
12 months, followed by only a small drop after age 12 months. This suggests that
some child deathsthat occur at ages 12—15 months are reported asinfant deaths occur-
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Table 3.2. Life table estimates of mortality for selected age intervals, for births
during the 12 years before the NFHS, by state

Neonatal Postneonatal Infant Child Under-5
State mortality mortality mortality mortality mortality
India 54 35 88 36 121
North
Delhi 35 29 64 17 80
Haryana 45 37 82 30 110
Himachal Pradesh 37 29 66 21 86
Jammu region of Jammu and Kashmir 35 22 57 21 77
Punjab 33 23 56 18 73
Rajasthan 41 33 73 33 104
Central
Madhya Pradesh 57 42 99 51 145
Uttar Pradesh 73 48 120 52 166
East
Bihar 57 41 98 44 137
Orissa 66 61 127 20 144
West Bengal 56 26 82 28 108
Northeast
Assam 55 38 93 58 145
West
Goa 26 11 37 8 45
Gujarat 49 28 77 32 106
Maharashtra 37 19 56 22 77
South
Andhra Pradesh 50 26 76 25 98
Karnataka 51 26 77 30 105
Kerala 23 9 32 10 42
Tamil Nadu 46 24 71 26 95

Note: Mortality is specified as the number of deaths per 1,000 children at risk.

ring at ages 9-11 months, resulting in an overestimation of the infant mortality rate
and an underestimation of the child mortality rate.

Figure 3.2 shows neonatal and postneonatal mortality for India and for indi-
vidual states, ordered by the level of infant mortality. Normally, neonatal mortality is
considerably higher than postneonatal mortality, but for Delhi, Himachal Pradesh,
Rajasthan, Haryana, and Orissa, the two mortality estimates appear unusually close.
Itislikely that neonatal mortality isunderreported in these states, postheonatal mortal -
ity is overreported, or both. Neonatal mortality can be underreported if children who
die during the neonatal period are omitted from birth histories. Postneonatal mortality
can be overreported by misreporting age at death, specifically by reporting deathsthat
occur shortly after age 12 months as occurring before 12 months.

The age pattern of mortality variesaccording to thelevel of mortality. Figure 3.3
shows life-table estimates of survivors at selected ages per 1,000 births for Indiaand
for two states: Uttar Pradesh, which has the highest under-five mortality, and Kerala,
which has the lowest. The figure shows that mortality differences between states are
much larger at older ages than at younger ages. In Uttar Pradeshthesurvival ratio drops
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steeply throughout the five-year period, but in Keralathe survival ratio changes very
little after the neonatal period. Thisis as expected because many of the risks of post-
neonatal and child mortality can be reduced by improvements in environment and
health-care behaviour, whereas many risks of neonatal mortality have genetic origins
and are difficult to reduce.

In summary, infant and child mortality in Indiatend to be high. Out of 1,000 live
birthsin the country asawhol e, 88 children are expected to die during thefirst year of
life and 121 before reaching age five. There are large variations in infant and child
mortality by state, particularly among children at older ages. Under-five mortality in
Uttar Pradesh, for example, is nearly four times the level in Kerala. Although the
NFHS data on child deaths and ages at death are considered very good, in some states
reporting of deaths may not be compl ete, and reported ages at death may beinaccurate.
For example, neonatal mortality may be underreported in some states, and the very
high level of infant mortality in Orissamay be due partly to overestimation.



4 Effects of Child's Year of Birth
and Sex on Infant and Child
Mortality

In this chapter we examine the unadjusted and adjusted effects of child'syear of birth
and sex on neonatal, postneonatal, infant, and child mortality. The unadjusted effects
are estimated from hazard model sthat include only the onefactor under examination.
The adjusted effects are estimated from model s that include the variable under exami-
nation (child's year of birth or sex) plus socioeconomic characteristics and mother’s
age at childbirth as predictor variables. Chapter 2 provides afull description of these
variables and their descriptive statistics (Tables 2.2 and 2.3). Estimates of neonatal,
postneonatal, and infant mortality are expressed as number of deaths during a speci-
fied ageinterval per 1,000 births. Estimates of child mortality are expressed as number
of deaths per 1,000 children who survivethefirst year of life. Asdiscussed in Chapter
2, neonatal mortality, postneonatal mortality, and child mortality are estimated by three
separate setsof hazard models, and infant mortality is estimated asthe sum of neonatal
and postneonatal mortality.

CHILD'S YEAR OF BIRTH

Theeffect of child’syear of birth asestimated from ahazard model can beinterpreted
asamortality trend, but with two cautionary notes. As discussed earlier, mortality in
the distant past is based on a somewhat biased sample, due to truncation of mother’s
age at childbirth. There are aso indications that the NFHS data suffer from some
underreporting of deaths that occurred in the past, especialy deaths of very young
children. These datadeficienciesarelikely to result in adight underestimation of any
mortality decline, especialy for neonatal mortality in some states. The unadjusted and
adjusted effects of year of birth are nearly identical, so we present and discussonly the
adjusted effectshere.

Asshownin Table4.1, neonatal mortality declined substantially in Indiaduring
the 1980s (18 percent in nineyears). It declined in every state except Rajasthan, where
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Table 4.1 Adjusted neonatal, postneonatal, infant, and child mortality, by year of birth and by state

Year of birth

Neonatal mortality Postneonatal mortality
State 1981 1984 1987 1990 1981 1984 1987 1990
India 60* 56* 53* 49* 42* 38* 33* 30*
North
Delhi 43* 38* 34* 31* 28 29 29 30
Haryana 54* 49* 44* 40* 36 37 37 37
Himachal Pradesh 43 39 36 33 40* 33* 27* 22*
Jammu region of Jammu and Kashmir  46* 40* 34* 30* 35* 27* 20* 15*
Punjab 36 34 33 31 27 25 23 21
Rajasthan 40 40 41 41 29 31 34 36
Central
Madhya Pradesh 65* 60* 55* 51* 58* 47* 38* 31*
Uttar Pradesh 87* 78* 70* 63* 61* 53* 46* 40*
East
Bihar 61 58 56 54 52* 45* 40* 34*
Orissa 69 67 66 64 85* 70* 58* 48*
West Bengal 64* 59* 54* 49* 32* 28* 25* 22*
Northeast
Assam 58 56 55 53 42 39 37 34
West
Goa 34* 29* 25* 21* 11 11 11 11
Gujarat 56 52 48 44 29 28 27 26
Maharashtra 38 37 37 36 25* 21* 18* 16*
South
Andhra Pradesh 53 51 49 46 30 27 25 23
Karnataka 58* 53* 49* 45* 40* 31* 24* 18*
Kerala 29 25 22 20 10 9 9 8
Tamil Nadu 48 a7 46 45 30* 26* 23* 20*

Infant mortality Child mortality

State 1981 1984 1987 1990 1981 1984 1987 1990
India 102* 94* 86* 79* 44* 38* 33* 29*
North
Delhi 71" 67" 63" 60" 16 17 17 17
Haryana ao" 85" 81" 77 36 32 28 25
Himachal Pradesh 83p 72° 63° 55p 34* 24* 18* 13*
Jammu region of Jammu and Kashmir ~ 82* 67* 55* 45* 35* 25% 18* 13*
Punjab 63 59 55 52 24 20 17 14
Rajasthan 69 71 74 77 35 34 33 32
Central
Madhya Pradesh 123* 107+ 94* 82* 66* 55*% 46* 39*
Uttar Pradesh 148* 131* 117* 103* 69* 57* 48* 40*
East
Bihar 113 104¢ 96P 89° 54* 48* 41* 36*
Orissa 154p 137pP 123¢ 112 20 20 20 20
West Bengal 96* 87* 79* 72* 34 29 25 22
Northeast
Assam 100 96 91 87 67 61 55 50
West
Goa 45" 40" 36" 32" 10 9 7 7
Gujarat 86" 80" 75" 70" 28 31 34 36
Maharashtra 62° 59r 55°P 52°r 27 24 21 19
South
Andhra Pradesh 83 78 74 69 34* 27* 21* 17*
Karnataka 98* 84* 73* 64* 43* 34* 27* 21*
Kerala 38 35 31 28 13 11 9 7

Tamil Nadu 78° 73° 69°r 65° 44 30* 21* 14*
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it hasremained virtually constant. As mentioned earlier, the Rajasthan datamay suffer
from some unreported deaths, particularly for earlier birth cohorts, which would result
in an underestimation of mortality decline. The declinein neonatal mortality isstatis-
tically significant for Indiaand for eight states: Delhi, Haryana, Jammu region, Madhya
Pradesh, Uttar Pradesh, West Bengal, Goa, and Karnataka. The decline is substantial
but not statistically significant in Himachal Pradesh, Gujarat, and Kerala. The states
with the largest percentage decline in neonatal mortality during the 1980s are Goa,
Jammu region, Kerala, Uttar Pradesh, and Delhi.

Postneonatal mortality shows a decline of slightly greater magnitude than neo-
natal mortality. For India as a whole, Table 4.1 shows that adjusted postheonatal
mortality declined by 29 percent in nine years (from 42 deaths per 1,000 births in
1981 to 30 deaths per 1,000 birthsin 1990). Postneonatal mortality declined in every
state except in Rajasthan, whereit increased, and in Delhi, Haryana, and Goa, where
it remained virtually constant. The unexpected pattern in Rajasthan may be due to
erroneous data. The decline is statistically significant for India and for 10 states:
Himachal Pradesh, Jammu region, Madhya Pradesh, Uttar Pradesh, Bihar, Orissa,
West Bengal, Maharashtra, Karnataka, and Tamil Nadu. In three other states (Punjab,
Assam, and Andhra Pradesh), the decline is substantial but not statistically signifi-
cant. The states showing the sharpest percentage decline in postneonatal mortality
during the 1980s are Jammu region, Karnataka, Madhya Pradesh, Himachal Pradesh,
and Orissa.

Combining neonatal and postneonatal mortality, adjusted infant mortality in In-
diadeclined by 23 percent in nine years (from 102 to 79 deaths per 1,000 births). It

Notes to Table 4.1:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. For adjusted rates, the hazard regressions include the following
control variables: child’s sex, mother’s age at childbirth and its square, residence, mother’s literacy, religion-caste/
tribe membership of household head, mother's exposure to radio or television, and household toilet facilities, cooking
fuel, and economic level (ownership of goods). When calculating adjusted rates, the control variables are set at their
mean values for the specific group of children under consideration. For neonatal, postneonatal, and infant mortality
rates, this group includes all children in India or a specified state who were born in December 1979 or later. For child
mortality rates, it includes all children in India or a specified state who were born in December 1979 or later and who
survived the first year of life.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.
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also declined in most states. These declinesare statistically significant for Indiaand for
most states.”

Therateof declinein child mortality issimilar to therate of declinein postneona-
tal mortality. Adjusted child mortality in India declined by 34 percent in nine years
(from 44 to 29 deaths per 1,000 births). The declineis statistically significant for India
and for eight states: Himachal Pradesh, Jammu region, Madhya Pradesh, Uttar Pradesh,
Bihar, Andhra Pradesh, Karnataka, and Tamil Nadu. It is substantial but not statisti-
caly significantin Haryana, Punjab, West Bengal, and Assam. The stateswith thegreatest
percentage decline in child mortality during the 1980s are Tamil Nadu, Jammu region,
Himachal Pradesh, Karnataka, Andhra Pradesh, and Kerala. By contrast, child mortality
does not appear to have declined in Gujarat, Delhi, or Orissa.

CHILD’S SEX

In most populations, male mortality is higher than female mortality at amost all ages
(Heligman 1983; United Nations Secretariat 1988). In South Asia, however, female
mortality is higher than male mortality at many ages (Ghosh 1987; Office of the Reg-
istrar General, India 1994; Pebley and Amin 1991; Preston 1990), especially during
the postneonatal and childhood periods. Excess female mortality at postneonatal and
childhood agesin Indiaand other South Asian countriesis believed to result from son
preference, which leadsto differential treatment of sonsand daughtersin termsof food
alocation, prevention of diseases and accidents, and treatment of illness (United Na-
tions 1998). In India, many researchers have documented evidence of son preference
and discrimination in caring for sons and daughters (Basu 1989; Das Gupta 1987;
Muhuri and Preston 1991). Studies on infant and child mortality in India also docu-
ment large variations among states in the degree of son preference and associated ex-
cess female child mortality (Arnold, Choe, and Roy 1998; I1PS 1995; Mutharayappa
et a. 1997).

As discussed earlier, biological differences between the sexes tend to result in
higher male mortality than female mortality, while parental preference for male chil-
dren tends to result in higher female mortality. Biological conditions affect mortality

1. In Table 4.1 and subsequent tables, infant mortality is calculated as the sum of neonatal mortality and
postneonatal mortality, which are estimated by separate hazard models and multiple classification analysis.
We interpret the effect of a factor to be statistically significant at the 5 percent level if that factor is
statistically significant for at least one model. In Table 4.1 and the following tables, an asterisk (*)
indicates that the underlying factor is statistically significant in both the neonatal and the postneonatal
mortality models. An ‘n’ indicates that the underlying factor is statistically significant in the neonatal
mortality model only, and a ‘p’ indicates that the underlying factor is statisticaly significant in the
postneonatal mortality model only.
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most strongly during the neonatal period, and parental care affects mortality most
strongly during early childhood. In stateswith strong son preference, wewould expect
somewhat higher male mortality than female mortality during the neonatal period and
excessfemale mortality among children at older ages.

Our analysis shows that there are hardly any differences in unadjusted and ad-
justed sex differentialsin mortality, either for Indiaor for individual states. Thisisnot
surprising because child’s sex isnot correlated with any of the socioeconomic charac-
teristicsused as predictor variablesin thisanalysis. Our discussion of sex differentials
will, therefore, belimited to the adjusted mortality estimates.

Figure 4.1 shows that female mortality in Indiais 14 percent lower than male
mortality during the neonatal period, whichisconsistent with expectations. During the
postneonatal period, however, female mortality is 19 percent higher than male mortal -
ity. Combining neonatal and postneonatal mortality, infant mortality showslittle dif-
ferenceby sex. Femalesare at the greatest disadvantage at ages 1-4, when their risk of
dying exceedsthat of males by 40 percent.

Table 4.2 shows adjusted neonatal, postneonatal, infant, and child mortality by
sex for Indiaand for 19 states. The adjusted effect of child's sex on infant and child
mortality variesby child’sage and by state. During the neonatal period, male mortality
ishigher than female mortality in every state, but the extent of the differencesand their
statistical significance vary. Excess male neonatal mortality islarge and Statitically sig-
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Table 4.2 Adjusted neonatal, postneonatal, infant, and child mortality, by child’s sex
and by state

Child’s sex
Neonatal mortality Postneonatal mortality

State Female® Male Female® Male
India 50 58* 38 32*
North

Delhi 34 36 34 25%
Haryana 43 48 a7 30*
Himachal Pradesh 33 42 34 25
Jammu region of Jammu and Kashmir 33 37 27 18*
Punjab 31 35 25 21
Rajasthan 38 43 38 29*
Central

Madhya Pradesh 53 62* 46 38*
Uttar Pradesh 71 74 57 41*
East

Bihar 51 63* 45 37*
Orissa 64 68 59 63
West Bengal 54 57 25 28
Northeast

Assam 49 62* 38 37
West

Goa 21 33* 11 11
Gujarat 44 54 30 25
Maharashtra 30 45* 21 18
South

Andhra Pradesh 44 56* 27 25
Karnataka 45 56* 27 25
Kerala 19 28* 8 10
Tamil Nadu 41 52* 22 26

Infant mortality Child mortality

State Female® Male Female® Male
India 87 90* 42 30*
North

Delhi 68 61° 22 13*
Haryana 89 78° 43 21*
Himachal Pradesh 67 67 26 17
Jammu region of Jammu and Kashmir 60 55p 27 16*
Punjab 56 57 21 15
Rajasthan 76 71° 41 28*
Central

Madhya Pradesh 99 100* 56 47*
Uttar Pradesh 128 115 68 40*
East

Bihar 96 100* 54 36*
Orissa 123 130 24 16*
West Bengal 79 85 33 23*
Northeast

Assam 87 99n 60 56
West

Goa 32 44 8 8
Gujarat 74 79 38 28*
Maharashtra 51 63" 25 19
South

Andhra Pradesh 71 81" 27 23
Karnataka 72 81" 34 27
Kerala 28 38" 9 10

Tamil Nadu 63 79" 24 28
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nificant in all statesin the south but small and not statistically significant in all states
inthe north. In other regions, Madhya Pradesh, Bihar, Assam, Goa, and Maharashtra
show alargeand statistically significant sex differential in neonatal mortality, whereas
in Uttar Pradesh, Orissa, and West Bengal, the sex differential is small and not statis-
tically significant.

Sex differentialsin postneonatal mortality show contrasting patterns. Tamil Nadu,
Kerala, West Bengal, and Orissa show excess male postneonatal mortality. Inall other
states, female postneonatal mortality isthe same as or higher than male postneonatal
mortality. Postheonatal mortality is higher for females than for malesin al northern
and central statesandin Bihar inthe east. Thedifferenceisgtatistically significantinall of
these states except Himachal Pradesh and Punjab. Intheremaining states, the sex differen-
tial in postneonatal mortality issmall and not statistically significant.

Because neonatal and postneonatal mortality typically have opposite patterns,
infant mortality in most states shows little difference by sex. Infant mortality is sub-
stantially higher for females in Haryana and Uttar Pradesh but higher for malesin
Kerala, Tamil Nadu, and Goa.

In Tamil Nadu and Kerala, child mortality is higher for males than for females,
and in Goa child mortality isidentical for both sexes. As shown in Figure 4.2, child
mortality ishigher for femalesin al other states, although the degree of excessfemale
mortality varieswidely—from 7 percent in Assam to 105 percent in Haryana. None of
the statesin the southern region show statistically significant excessfemale child mor-
tality. Among the five stateswith the greatest excessfemale child mortality, four arein
the north: Haryana, Delhi, Jammu region, and Himachal Pradesh. Althoughthe NFHS
datado not show astatistically significant excessin female child mortality in Himachal

Notes to Table 4.2:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. For adjusted rates, the hazard regressions include the following
control variables: year of birth, mother’s age at childbirth and its square, residence, mother’s literacy, religion-caste/
tribe membership of household head, mother's exposure to radio or television, and household toilet facilities, cooking
fuel, and economic level (ownership of goods). When calculating adjusted rates, the control variables are set at their
mean values for the specific group of children under consideration. For neonatal, postneonatal, and infant mortality
rates, this group includes all children in India or a specified state who were born in December 1979 or later. For child
mortality rates, it includes all children in India or a specified state who were born in December 1979 or later and who
survived the first year of life.

TReference category in the underlying hazard regression.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the

5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.
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Pradesh or Punjab, these states have unusually large proportions of male children,
suggesting that some femal e children who have died are missing from the birth histo-
ries collected during the survey.

Our results show that excess female mortality tends to be higher in northern
states, where the traditional family system is strongly patriarchal, than in southern
states with less of a patriarchal tradition. The strong patriarchal tradition in northern
Indiaincludes customs related to marriage, living arrangements, support for elderly
parents, and funeral ritualsthat assign many privileges and duties exclusively to sons
(Arnold, Choe, and Roy 1998; Caldwell, Reddy, and Caldwell 1989; Dyson and Moore
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1983; Kapadia 1966; Karve 1965; Kishor 1995; Koenig and Foo 1992). At marriage,
dowry payments impose a heavy financial burden on the parents of girls, while after
marriage wivestypically move in with their husbands' families, weakening tieswith
their own parents. Such customs may cause parentsto desire more sonsthan daughters
and to discriminate against daughters, and this in turn may result in excess female
postneonatal and child mortality.

It will bedifficult to eliminate son preference and associated excessfemal e child
mortality quickly in Indiabecause long-standing traditions are slow to change. Some
observers have noted, however, that the degree of son preference may be declining
somewhat (Visaria1994). Maternal and child health programmesthat provide supple-
mental nutrition and basic health careto all children, regardless of sex, may aso help
reduce excess female child mortality (Pebley and Amin 1991). In areas with high ex-
cessfemale child mortality, family health programmes should pay particul ar attention
to providing basic health care and supplemental nutrition to girls.



5 Effects of Socioeconomic
Characteristics on Infant
and Child Mortality

Inthischapter we examine the unadjusted and adj usted effects of socioeconomic char-
acteristics on neonatal, postneonatal, infant, and child mortality. We estimate the ad-
justed effects of socioeconomic variables using hazard model swith the predictor vari-
ableslisted in Table 2.2. We expect that the adjusted effects of most socioeconomic
variableswill be smaller than the unadjusted effects because the socioeconomic char-
acteristics we examine tend to be correlated with each other. For example, women
who livein urban areas are more likely to be literate, to have accessto aflush or pit
toilet, to use clean cooking fuel, and to own arelatively large number of household
goods.

URBAN/RURAL RESIDENCE

In developing countries, living conditions are generally worsein rural areasthanin
urban areas, and health-care facilities are less readily available and tend to be of
poorer quality. These differencesusually result in higher infant and child mortality in
rural areasthan in urban areas. Most of the results reported here follow this general
pattern, but many results are not statistically significant because NFHS samplesin
urban areas tend to be small.

As shown in Table 5.1, unadjusted neonatal mortality is higher in rural areas
than in urban areas in all states but Goa. The unadjusted effect of urban/rural resi-
dence is quite large and statistically significant for India and for 12 states. In the
remaining seven states, unadjusted neonatal mortality ishigher inrural areasthanin
urban areas, but the differences are not statistically significant. The adjusted effects
are much smaller than the unadjusted effects. For Indiaasawhole, the adjusted effect
isnegligibleand not statistically significant. It isstatistically significant in only three
states: Haryana, Uttar Pradesh, and Orissa. Adjusted neonatal mortality is substan-
tially higher inrural areasthanin urban areasin Punjab and Bihar, but the differences
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are not statistically significant. In Goa, adjusted neonatal mortality is higher in urban

areasthan in rural areas, and the difference is statistically significant. The results for

Goa should be interpreted with caution, however, because they are based on avery

small number of deaths due to low levels of fertility and mortality in that state. Ad-

justed neonatal mortality is higher in urban areas than in rural areas in a few other
states, but the differences are not statistically significant.

Unadjusted postneonatal mortality ishigher in rural areasthan in urban areasin
Indiaasawholeandin all states except West Bengal and Goa, wherethereisno urban/
rural difference. Thedifferencesare statistically significant for the country asawhole
and for nine states. The adjusted effects of residence on postneonatal mortality are
much smaller, however, and are statistically significant only in Madhya Pradesh and
Uttar Pradesh. Although not statistically significant, the differencesin adjusted post-
neonatal mortality by residence are substantial in Delhi and Jammu region. In West
Bengal, Goa, Haryana, Orissa, Assam, Gujarat, Maharashtra, Kera a, and Tamil Nadu,
adjusted postneonatal mortality ishigher in urban areasthanin rural areas, but none of
these differencesis statistically significant.

Unadjusted infant mortality is higher in rural areasthan in urban areasfor India
and for all states except Goa, where infant mortality is higher in urban areas. The
adjusted effects of residence oninfant mortality are much smaller than the unadjusted
effects.

The unadjusted effect of urban/rural residence on child mortality is very large.
Unadjusted child mortality in Indiais nearly twice as high in rural areas asin urban
areas, and thisdifferenceis statistically significant. Similar large, statistically signifi-
cant differences are observed in nine states. The adjusted effect is much smaller. For
the country asawhole, adjusted child mortality isonly 16 percent higher inrura areas
than in urban areas. The adjusted effect of urban/rural residence on child mortality is
only statistically significant for India and for Rajasthan. Adjusted child mortality is
substantially higher inrural areasthan in urban areasin Uttar Pradesh, Andhra Pradesh,
and Tamil Nadu, but results for these states are not statistically significant.

Three general patternsemerge:

1. Although there are large differences in unadjusted infant and child mortality be-
tween rural and urban areas, most of these differences disappear when we control
for the effects of other variables. This contrast between strong unadjusted effects
and weak adjusted effects suggeststhat most of the urban/rural differenceininfant
and child mortality is due to factors closely related to residence rather than to
residenceitself.

2. The adjusted effect of urban/rural residence on mortality tends to increase with
child's age. For Indiaas awhole, the adjusted effect of residence on neonatal and
postneonatal mortality isvery small and not statistically significant, while the ad-
justed effect on child mortality islarger and statistically significant.
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Table 5.1 Unadjusted and adjusted neonatal, postneonatal, infant, and child mortality, by residence and
by state

Residence
Neonatal mortality Postneonatal mortality
Unadjusted Adjusted Unadjusted Adjusted
State Rural® Urban Rural® Urban Rural® Urban Rural® Urban
India 59 38* 54 52 39 24* 35 33
North
Delhi 41 35 37 35 42 28 41 28
Haryana 53 28* 51 32* 38 34 35 42
Himachal Pradesh 38 30 38 33 31 13* 29 24
Jammu region of Jammu and Kashmir 37 27 36 31 24 11* 24 11
Punjab 37 24* 36 27 25 18 23 22
Rajasthan 41 38 40 41 36 20* 34 29
Central
Madhya Pradesh 62 42* 56 62 50 22* 45 32*
Uttar Pradesh 82 42* 76 57* 53 31* 51 37*
East
Bihar 61 35* 58 48 43 29* 41 41
Orissa 70 48* 69 50* 63 51 59 70
West Bengal 58 50 53 66 26 26 24 34
Northeast
Assam 56 49 55 61 39 28 37 42
West
Goa 22 33* 19 37* 11 11 9 13
Gujarat 54 39* 46 55 32 20* 26 31
Maharashtra 41 31* 33 44 24 14* 17 24
South
Andhra Pradesh 55 36* 50 49 27 23 26 26
Karnataka 56 39* 50 51 30 19* 27 24
Kerala 24 22 23 26 9 8 9 10
Tamil Nadu 51 38* 44 50 25 23 22 29
Infant mortality Child mortality
Unadjusted Adjusted Unadjusted Adjusted
State Rural® Urban Rural® Urban Rural® Urban Rural® Urban
India 98 62* 89 85 42 21* 37 32*
North
Delhi 83 63 79 63 19 17 17 17
Haryana 91 62" 86 74" 33 22 29 34
Himachal Pradesh 69 43p 67 58 23 8 21 20
Jammu region of Jammu and Kashmir 61 37° 60 42 23 12 22 16
Punjab 62 420 59 50 20 13 17 21
Rajasthan 77 59r 74 69 40 14* 37 20*
Central
Madhya Pradesh 112 64* 101 94p 64 23* 52 48
Uttar Pradesh 134 73* 127 94* 58 31* 53 46
East
Bihar 104 63* 99 89 a7 28* 44 44
Orissa 133 98" 128 120" 20 16 19 27
West Bengal 84 76 77 100 31 18* 29 25
Northeast
Assam 94 78 92 103 61 36* 57 63
West
Goa 33 43" 29 50" 8 8 7 9
Gujarat 86 59* 72 87 8 8 7 9
Maharashtra 65 44* 50 68 26 18 21 24
South
Andhra Pradesh 82 59" 76 75 32 12* 28 16
Karnataka 86 58* 77 76 35 22* 31 29
Kerala 33 30 31 35 11 6 10 8

Tamil Nadu 76 61" 66 79 34 15* 30 19
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3. Urban/rural residence tends to have a statistically significant or substantial effect
oninfant and child mortality, after adjusting for other factors, in those stateswhere
mortality levelsare high.

MOTHER’S LITERACY

In developing countries, mother’s educational level, asindicated here by literacy sta-
tus, tendsto have astrong effect on the mortality of young children (Govindasamy and
Ramesh 1997; Hobcraft, McDona d, and Rutstein 1984; M od ey and Chen 1984; United
Nations 1985; 1991; 1998). Literate mothers usually give birth to healthier babies
because they themselves tend to be healthier than motherswho are illiterate. In addi-
tion, literate mothers are more likely to provide their children with a healthy environ-
ment and nutritiousfood than areilliterate mothers, even when other conditionsaresimilar.
Ladtly, literate mothersarelikely to have moreinformation about health-carefacilitiesand
to have more influence within the family in deciding to take sick children for trestment.
Thesetraitsarelikely toresultinlower mortdity of children at al agesunder five (Caldwell
1994; Cleland and Kaufman 1993; World Bank 1993).

Numerous arguments support adirect causal relationship between mother’slit-
eracy and infant and child mortality. Some studies, however, indicate that the causal
relationship isnot clear, but rather that mother’sliteracy is often just agood indicator
of other socioeconomic factors that affect infant and child mortality directly (Desai
and Alva 1998; Hobcraft 1993). Results reported here bear directly on this debate.

As shown in Table 5.2, the unadjusted effect of mother’s literacy on neonatal
mortality islarge and positivefor Indiaand for all statesexcept Himachal Pradesh and

Notes to Table 5.1:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. For adjusted rates, the hazard regressions include the following
control variables: child’s sex, year of birth, mother’s age at childbirth and its square, mother’s literacy, religion-caste/
tribe membership of household head, mother's exposure to radio or television, and household toilet facilities, cooking
fuel, and economic level (ownership of goods). When calculating adjusted rates, the control variables are set at their
mean values for the specific group of children under consideration. For neonatal, postneonatal, and infant mortality
rates, this group includes all children in India or a specified state who were born in December 1979 or later. For child
mortality rates, it includes all children in India or a specified state who were born in December 1979 or later and who
survived the first year of life.

TReference category in the underlying hazard regression.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.
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Table 5.2 Unadjusted and adjusted neonatal, postneonatal, infant, and child mortality, by mother’s
literacy and by state

Mother's literacy

Neonatal mortality Postneonatal mortality
Unadjusted Adjusted Unadjusted Adjusted
State llliterate™ Literate llliterate’ Literate llliterate™ Literate llliterate™ Literate
India 63 37* 58 45* 44 20* 40 25*
North
Delhi 45 28* 36 34 42 21* 30 29
Haryana 51 34* 48 40 44 24* 41 29
Himachal Pradesh 34 41 32 44 42 19* 38 21*
Jammu region of Jammu and Kashmir 38 31 35 36 24 18 20 25
Punjab 37 29 32 34 26 20 20 27
Rajasthan 40 45 40 47 36 19* 34 27
Central
Madhya Pradesh 65 36* 62 44* 53 18* 49 23*
Uttar Pradesh 80 47* 7 56* 55 27* 52 33*
East
Bihar 59 48* 55 69 47 21* 44 30*
Orissa 70 58* 70 59 74 40* 69 46*
West Bengal 70 40* 64 46* 30 22* 27 26
Northeast
Assam 61 45* 58 50 43 29* 39 34
West
Goa 46 19* 35 22 19 8* 12 10
Gujarat 64 31* 54 41 39 15* 32 21*
Maharashtra 48 27* 44 30* 28 12* 23 15*
South
Andhra Pradesh 56 35* 51 45 29 19* 28 21
Karnataka 62 33* 55 42* 35 14* 31 18*
Kerala 34 22* 24 23 20 8* 12 8
Tamil Nadu 59 36* 53 40 31 19* 28 21
Neonatal mortality Postneonatal mortality
Unadjusted Adjusted Unadjusted Adjusted
State llliterate™ Literate |llliterate™ Literate llliterate™ Literate llliterate™ Literate
India 107 57* 98 70* 49 18* 42 24*
North
Delhi 87 49*% 66 63 31 10* 23 13
Haryana 95 58* 89 69 41 14* 35 21
Himachal Pradesh 76 60r 70 65° 32 13* 23 19
Jammu region of Jammu and Kashmir 62 49 55 61 27 13* 20 21
Punjab 63 48 53 61 28 10* 20 16
Rajasthan 76 64 73 74 38 15* 35 26
Central
Madhya Pradesh 118 54* 111 67* 66 21* 57 36*
Uttar Pradesh 135 74* 129 89* 60 27* 55 39
East
Bihar 106 69* 98 99p 53 18+ 48 28*
Orissa 144 99* 139 105° 27 10* 23 14
West Bengal 100 62* 20 72" 36 19* 31 24
Northeast
Assam 104 74* 97 85 7 34* 66 45*
West
Goa 65 27* 48 32" 16 6* 10 7
Gujarat 103 46* 87 62r 43 21* 36 28
Maharashtra 76 39* 68 45* 34 13* 28 17*
South
Andhra Pradesh 85 54* 79 66 32 12* 27 19
Karnataka 97 47* 87 60* 44 14* 39 18*
Kerala 54 29* 36 32 27 8* 20 8*

Tamil Nadu 90 54* 81 61 40 16* 33 20*
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Rajasthan, where the relationship is in the opposite, unexpected, direction. Thesere-
sultsare statistically significant for Indiaand for every state except Himachal Pradesh,
Rajasthan, Jammu region, and Punjab. The adjusted effect of mother’sliteracy issmaller
inevery case. Thus part of the unadjusted effect of mother’sliteracy on neonatal mor-
tality is dueto other variablesin the model that are correlated with mother’sliteracy.
The adjusted effect remains statistically significant, in the expected direction, for India
and for Madhya Pradesh, Uttar Pradesh, West Bengal, Goa, Maharashtra, and
Karnataka. The effect is substantial but not statistically significant in Orissa, Gujarat,
and Tamil Nadu. Contrary to expectations, adjusted neonatal mortality is higher for
children of literate mothersin Jammu region, Punjab, Bihar, Himachal Pradesh, and
Rajasthan. None of these differencesis statistically significant, however. In fact,
it is very unlikely that the true level of neonatal mortality is higher for children
whosemothersareliterate. Rather, theseresultsare more likely dueto underreporting
of neonatal deathsin familieswherethe mother isilliterate.

Unadjusted postneonatal mortality ishigher for children of illiterate mothersthan
for children of literate mothersin Indiaasawholeand in all states. Thedifferencesare
statistically significant in every state but Jammu region and Punjab. These differences
become much smaller after adjusting for other socioeconomic variables, but they are
still substantial for Indiaand for most states. They remain statistically significant for
India and for Himachal Pradesh, Madhya Pradesh, Uttar Pradesh, Bihar, Orissa,
Gujarat, Maharashtra, and Karnataka. In Haryana, Andhra Pradesh, and Tamil Nadu,
the differences are large but not statistically significant. In Jammu region and Punjab,
adjusted postneonatal mortality ishigher for children of literate mothers. Aswith neo-
natal mortality, this unexpected result islikely dueto dataerrors.

Notes to Table 5.2:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. For adjusted rates, the hazard regressions include the following
control variables: child’s sex, year of birth, mother’s age at childbirth and its square, residence, religion-caste/tribe
membership of household head, mother's exposure to radio or television, and household toilet facilities, cooking fuel,
and economic level (ownership of goods). When calculating adjusted rates, the control variables are set at their
mean values for the specific group of children under consideration. For neonatal, postneonatal, and infant mortality
rates, this group includes all children in India or a specified state who were born in December 1979 or later. For child
mortality rates, it includes all children in India or a specified state who were born in December 1979 or later and who
survived the first year of life.

TReference category in the underlying hazard regression.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.
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Combining neonatal and postneonatal mortality, adjusted infant mortality in In-
diais 40 percent higher for children of illiterate mothers than for children of literate
mothers. It is also substantially higher in most states.

Asexpected, unadjusted child mortality is higher for children of illiterate moth-
ersthanfor children of literate mothersin Indiaand in all states, and all the differences
are statistically significant. The adjusted effects are much smaller, but they remain
substantial and statistically significant for Indiaand for eight states: Madhya Pradesh,
Uttar Pradesh, Bihar, Assam, Maharashtra, Karnataka, Kerala, and Tamil Nadu. Ad-
justed child mortality isalso substantially higher for children of illiterate mothersin all
other states except Himachal Pradesh, Jammu region, and Punjab, although these re-
sultsare not statistically significant.

In summary, mother’s literacy emerges as an important factor associated with
mortality during the first five years of life, especially after the first month. The unad-
justed effects on postheonatal and child mortality are very large and statistically sig-
nificant in nearly all states, while the adjusted effects remain strong and statistically
significant in about half of the states. Controlling for other variables, mother’sliteracy
still hasasubstantial and statistically significant adjusted effect on neonatal, postneo-
natal, and child mortality in Indiaas awhole and in Uttar Pradesh, Madhya Pradesh,
Maharashtra, and Karnataka. The adjusted effect is statistically significant for both
postneonatal and child mortality in Bihar. It is significant for one age group and sub-
stantial but not significant for the other two in Orissa, Gujarat, and Tamil Nadu.

HOUSEHOLD HEAD’S RELIGION AND CASTE/TRIBE MEMBERSHIP

Religion and membership in a scheduled caste or scheduled tribe is known to affect
many aspects of lifein Indiaand islikely to affect levels of infant and child mortality
aswell. Some of the effect of religion and caste/tribe membership on mortality may be
due to differencesin life-style based on traditions and beliefs. Such differences may
include customary practicesrelated to childbirth, infant feeding, and health care, and
these should have an effect on infant and child mortality independently of other vari-
ables. Part of the effect of religion and caste/tribe membership on mortality, however,
may be dueto other, related, socioeconomic conditions.

Table 5.3 shows unadjusted and adjusted neonatal, postneonatal , infant, and child
mortality for four groupsof children, based on thereligion and caste/tribe membership
of their household head: Hindu-non caste/tribe, Hindu-caste/tribe, Muslim, and other
religions. Children from Hindu-caste/tri be househol ds have the highest unadjusted neo-
natal mortality of the four groups, both in the country as a whole and in 12 states.
Children in Muslim househol ds have the highest unadjusted neonatal mortality in six
states. Children in households of other religions have the lowest unadjusted neonatal
mortality in India as awhole and in 12 states, while children in Muslim households
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have the lowest unadjusted neonatal mortality in six states. It is somewhat surprising
that the Hindu-caste/tribe group has the lowest neonatal mortality in Delhi because
members of schedul ed castes and tribes generally havelow socioeconomic statusand
high mortality. Thisunexpected result may be dueto thefact that many Delhi residents
who are members of scheduled castes or tribes are civil servants.

Thereligion and caste/tribe membership of the household head hasamuch smaller
effect on neonatal mortality after adjusting for other variables. The greatest contrast
between unadjusted and adjusted effectsrelates to the difference between the Hindu-
non caste/tribe and the Hindu-caste/tribe groups. The unadjusted differencein neona-
tal mortality between these two groupsis large and statistically significant for India
and for eight states, but the adjusted differenceisnot significant for Indiaor for five of
the eight states. Thisfinding indicates that children in Hindu-caste/tribe households
often experience higher neonatal mortality than other children primarily because they
are disadvantaged in terms of other variables, such as mother’sliteracy or household
economic status (indicated by ownership of consumer goods), rather than because of
their household's caste/tribe affiliation per se.

Similar to theresultsfor neonatal mortality, the Hindu-caste/tribe group hasthe
highest unadjusted postneonatal mortality in India as a whole and in 15 out of 19
states. Childrenin Muslim househol ds have the highest unadjusted postneonatal mor-
tality in three states. Haryana, Jammu region, and Kerala. The adjusted effect of
religion-caste/tribe membership is considerably smaller, but the rank ordering of the
four groups does not change much. The group with the highest postneonatal mortality
remains the same after adjusting for other variablesin all but four states.

In the country as awhole and in 13 states, children in househol ds whose heads
belong to other religions have the lowest unadjusted postneonatal mortality. Children
from Muslim households have the lowest unadjusted postneonatal mortality in three
states, and children from Hindu-non caste/tribe households have the lowest unad-
justed postneonatal mortality intwo states. Adjustment for other variablesonly changes
the ranking in two states: Uttar Pradesh and Karnataka.

Combining neonatal and postneonatal mortality, infant mortality in Indiaishighest
among the Hindu-caste/tribe group, followed by Hindu-non caste/tribe, Muslim, and
other religions. There are some variationsin this ranking, however, at the state level.
Thedifferencesin adjusted mortality are substantially smaller than the differencesin
unadjusted mortality, especially the difference between the Hindu-caste/tribe group
and the Hindu-non caste/tribe group.

Children from Hindu-caste/tribe househol ds have the highest unadjusted child
mortality in Indiaand in 14 states. Adjusting for other variables haslittle effect on the
ranking of the four groups except to reduce the difference between the Hindu-caste/
tribe and the Hindu-non caste/tribe groups. The Hindu-caste/tribe group hasthe highest
adjusted child mortality in the country as awhole and in nine states, the Muslim and
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Table 5.3 Unadjusted and adjusted neonatal, postneonatal, infant, and child mortality, by household
head's religion and membership in a scheduled caste or scheduled tribe and by state

Religion and caste/tribe membership of household head

Unadjusted Adjusted

Hindu, not Hindu, Other Hindu, not Hindu, Other
SCor ST' SCor ST Muslim religion SCor ST' SCor ST Muslim religion

Neonatal mortality

India 54 64* 48* 33* 55 56 50* 40*
North

Delhi 36 19 55* 20 36 16* 48 26

Haryana 42 52 54 37 43 48 55 41

Himachal Pradesh 37 37 43 27 37 38 47 31

Jammu region of Jammu and Kashmir 35 30 44 29 36 30 41 33

Punjab 32 42 10 32 38 40 9 31

Rajasthan 39 48* 22* 17 39 48* 22* 18

Central

Madhya Pradesh 59 59 44 33 61 54 52 46

Uttar Pradesh 76 87* 54* 34* 75 77 61* 45

East

Bihar 53 69* 59 62 53 66* 61 66

Orissa 69 62 54 60 71 57* 55 64

West Bengal 52 75* 57 38 55 64 54 43

Northeast

Assam 55 53 62 27* 57 51 61 28*
West

Goa 32 73* 29 12* 32 46 20 15*
Gujarat 49 61* 40 9 50 51 46 16

Maharashtra 36 46 31 38 38 38 32 40

South

Andhra Pradesh 50 71* 23* 59 50 65* 26* 58

Karnataka 51 63 41 32 51 58 42 42

Kerala 23 28 29 16 24 24 28 17

Tamil Nadu 46 63* 20* 50 47 53 23 56

Postneonatal mortality

India 34 45* 30* 20* 35 39* 30* 25*
North

Delhi 30 41 34 8* 31 33 26 13
Haryana 35 43 47 21 39 38 38 23
Himachal Pradesh 27 34 29 17 29 30 26 20
Jammu region of Jammu and Kashmir 20 22 27 14 20 22 26 17
Punjab 23 29 28 21 27 24 33 21
Rajasthan 33 38 20 5 34 35 20* 6
Central

Madhya Pradesh 41 51* 17* 35 43 44 24* 45
Uttar Pradesh 47 65* 38* 29 48 58* 39* 40
East

Bihar 38 48 44 39 39 44 44 42
Orissa 58 74* 32 22 61 65 32 23
West Bengal 25 30 27 14 27 27 26 16
Northeast

Assam 36 41 41 24 38 38 39 24
West

Goa 13 39 7 6 13 24 5 8
Gujarat 26 41* 17 17 27 33 19 30
Maharashtra 22 25 9* 20 23 20 10* 21
South

Andhra Pradesh 26 32 23 9 27 30 25 9
Karnataka 24 35* 26 22 25 31 27 31
Kerala 5 6 16* 13* 5 5 16* 14*

Tamil Nadu 24 28 18 23 25 23 20 27
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Religion/caste-tribe membership of household head

Unadjusted Adjusted
Hindu, not Hindu, Other Hindu, not Hindu, Other
SCor STt SCor ST Muslim religion SCor ST" SCor ST Muslim religion

Infant mortality

India 89 109* 77 54* 90 95P 80* 65*
North

Delhi 66 60 90" 28 68 49" 75 39
Haryana 78 96 101 59 82 86 93 64
Himachal Pradesh 65 72 73 44 66 68 73 51
Jammu region of Jammu and Kashmir 55 53 72 43 57 51 66 50
Punjab 55 71 38 53 65 64 42 52
Rajasthan 72 85" 43" 23 73 83" 42* 24
Central

Madhya Pradesh 100 110p 61° 68 103 98 76° 91
Uttar Pradesh 123 151* 92* 63" 123 136P 100* 85
East

Bihar 92 1a7n 103 101 93 111" 105 107
Orissa 127 135 85 82 132 1220 87 87
West Bengal 77 105" 84 52 82 92 80 59
Northeast

Assam 91 94 103 51" 94 90 100 52"
West

Goa 45 112* 36 19" 45 70 25 23"
Gujarat 75 103* 57 26 77 84 65 46
Maharashtra 58 71 40°p 58 60 58 42¢ 60
South

Andhra Pradesh 76 102" 45" 68 77 95" 51" 67
Karnataka 75 98r 67 54 76 88 69 72
Kerala 28 34 46°P 28 29 29 43p 30°r
Tamil Nadu 70 91" 38" 73 47 53 23 56
Child mortality

India 33 51* 32 25% 35 42* 33 32
North

Delhi 19 19 15 6 19 13 11 12
Haryana 25 48* 36 21 27 40* 27 22
Himachal Pradesh? 19 32* 3 — 21 28 2 —
Jammu region of Jammu and Kashmir 19 26 27 5 21 24 22

Punjab 12 18 28 21 16 13 29 21
Rajasthan 30 44* 24 8 31 40* 26 11
Central

Madhya Pradesh 48 73* 11* 71 51 60 18* 103*
Uttar Pradesh 50 75* 40* 32 51 65* 42 52
East

Bihar 41 54* 46 22 43 50 45 24
Orissa 16 36* 21 12 17 31* 19 11
West Bengal 23 39* 34* 28 24 32 33 32
Northeast

Assam 46 71* 68* 69 52 68 59 70
West

Goa 9 6 31* 5 8 3 29* 6
Gujarat 34 44 15* 13 35 36 15* 22
Maharashtra 20 35* 14 44* 21 28 13 43*
South

Andhra Pradesh 24 37* 21 6 24 29 30 6
Karnataka 31 40 24 11 31 35 25 16
Kerala 10 11 10 8 11 8 9 9
Tamil Nadu 25 40* 12 26 26 30 16 32
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other-religion groups each have the highest adjusted child mortality in four states, and
the Hindu-non caste/tribe group has the highest adjusted child mortality in two states.
The other-religion group hasthe lowest adjusted child mortality in Indiaand in seven
states, the Muslim group has the lowest adjusted child mortality in seven states, the
Hindu-caste/tribe group has the lowest adjusted child mortality in three states, and the
Hindu-non caste/tribe group hasthe lowest adjusted child mortality in two States.

Thus the effect on mortality of religion and scheduled caste/tribe membership
varies according to child's age. During the neonatal period, religion has a substantial
adjusted effect on mortality, but scheduled caste/tribe membership does not. In the
country asawholeand in several states, the differencesin adjusted neonatal mortality
between the two Hindu groups tend to be smaller than the differences between these
groups and the other two religious groups. During the postneonatal and childhood
periods, by contrast, the adjusted effect of scheduled caste/tribe membership isstrong,
reflectedinrelatively large differences between the two Hindu groups.

The substantial effect of religion on adjusted neonatal mortality callsfor anin-
depth investigation of customs related to childbirth and care of newborns. For ex-
ample, it is possible that some practices common among Hindus are associated with
increased risk of neonatal tetanus. The three religious groups, excluding the Hindu-
caste/tribe group, do not differ much in adjusted child mortality in the country as a
whole, but variations are observed in most states. Some of these state variations need
to be interpreted with caution because sample sizes for some religious groups are
small.

Notes to Table 5.3:

SC = scheduled caste. ST = scheduled tribe.

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. For adjusted rates, the hazard regressions include the following
control variables: child’s sex, year of birth, mother’s age at childbirth and its square, residence, mother's literacy,
mother's exposure to radio or television, and household toilet facilities, cooking fuel, and economic level (ownership
of goods). When calculating adjusted rates, the control variables are set at their mean values for the specific group
of children under consideration. For neonatal, postneonatal, and infant mortality rates, this group includes all children
in India or a specified state who were born in December 1979 or later. For child mortality rates, it includes all children
in India or a specified state who were born in December 1979 or later and who survived the first year of life.
tReference category in the underlying hazard regression.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.

an Himachal Pradesh, respondents in the 'other religion' category were too few for a reliable estimation of child
mortality, so this state was excluded from the analysis of child mortality.
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Some of the differencesin postneonatal and child mortality related to member-
ship in a scheduled caste or tribe can be explained by differences in other socioeco-
nomic characteristics, such asmother’sliteracy, accessto aflush or pit toilet, use of a
clean cooking fuel, or ownership of household goods. Neverthel ess, substantial differ-
ences remain that are not explained by these other variables. These results call for
further study on scheduled caste/tribe customs related to child care.

MOTHER’S EXPOSURE TO MASS MEDIA

Other things being equal, amother’s exposure to radio and television may reducethe
mortality of her children because women who are exposed to massmediaarelikely to
have access to information on health-care services and ways of enhancing maternal
and child health. Mother’s exposure to mass mediamay also act asan indicator of the
economic status of the household. In this analysis, awoman is considered to be ex-
posed to mass mediaif shelistensto radio or watchestelevision at |east once aweek.

Table 5.4 shows unadjusted and adjusted mortality according to mother’s expo-
sureto mass media. Unadjusted neonatal mortality exhibitsthe expected relationship:
it is higher for children whose mothers are not exposed to mass mediain Indiaas a
whole and in all states except Rajasthan. These results are statistically significant for
Indiaand for 11 states. After adjusting for other socioeconomic factors, the effect of
mother’s mass media exposure is much smaller and is not statistically significant in
India or in most states. The only state where mother’s exposure to mass media has a
statistically significant adjusted effect in the expected direction is Himachal Pradesh.
In Rajasthan and Tamil Nadu, the adjusted effect is statistically significant but in the
unexpected direction: neonatal mortality ishigher for children whose mothers are ex-
posed to mass media.

The unadjusted effects of mother’s media exposure on postneonatal mortality
areintheexpected directionfor Indiaand for all statesexcept Tamil Nadu and Andhra
Pradesh. These results are statistically significant for India and for 12 states. The
adjusted effectstend to be much smaller and are only statistically significant for India
and for Tamil Nadu. In the country as a whole, children of mothers who are not
exposed to mass media have higher postneonatal mortality, but in Tamil Nadu the
opposite pattern is observed. This unexpected result for Tamil Nadu is not easily
explained.

Combining neonatal and postneonatal mortality, the unadj usted effect of mother’s
exposure to mass media on infant mortality islarge for Indiaand for most states, but
the adjusted effect issmall. In Indiaas awhole, infant mortality isslightly higher for
children whose mothers are not exposed to mass mediaafter adjusting for other socio-
economic factors. Again, Tamil Nadu shows an unexpected result, with higher infant
mortality among children whose mothers are exposed to mass media.



54

National Family Health Survey Subject Reports, No. 11

Table 5.4 Unadjusted and adjusted neonatal, postneonatal, infant, and child mortality, by mother's

exposure to radio or television and by state

Mother listens to radio or watches television at least once a week

Neonatal mortality

Postneonatal mortality

Unadjusted Adjusted Unadjusted Adjusted

State No’ Yes No’ Yes Nof Yes Nof Yes
India 61 45% 55 52 43 26* 36 33*
North

Delhi 59 31* 45 33 a7 26* 26 30
Haryana 47 44 40 50 42 33 35 39
Himachal Pradesh 41 35 46 33* 35 26 28 30
Jammu region of Jammu and Kashmir 39 34 37 34 26 20 23 21
Punjab 39 30* 33 33 32 18* 26 21
Rajasthan 38 47* 38 49* 36 25* 32 34
Central

Madhya Pradesh 64 47* 58 56 49 32* 41 44
Uttar Pradesh 80 58* 74 69 53 38* 47 50
East

Bihar 60 49* 55 62 46 28* 41 41
Orissa 67 65 64 70 68 50* 58 65
West Bengal 65 49* 58 54 29 24 27 26
Northeast

Assam 58 50 54 59 42 30* 38 36
West

Goa 38 24* 28 26 17 10 11 11
Gujarat 64 37* 52 45 39 19* 30 25
Maharashtra 42 34 34 39 25 16* 18 20
South

Andhra Pradesh 59 45* 51 49 26 26 23 28
Karnataka 59 46* 49 52 34 22* 27 26
Kerala 29 22 23 23 14 8* 9 9
Tamil Nadu 48 45 37 51* 22 25 17 28*

Infant mortality Child mortality
Unadjusted Adjusted Unadjusted Adjusted

State No’ Yes No’ Yes Nof Yes Nof Yes
India 105 71* 91 85p 48 24* 38 33*
North

Delhi 106 58* 71 63 27 15* 13 18
Haryana 89 77 75 89 44 22* 37 25
Himachal Pradesh 76 61 74 62" 36 14* 26 18
Jammu region of Jammu and Kashmir 65 54 61 55 34 16* 25 19
Punjab 71 48* 59 54 31 13* 17 18
Rajasthan 74 72* 70 84n 37 24* 33 36
Central

Madhya Pradesh 112 79* 99 100 68 32+ 52 50
Uttar Pradesh 132 96* 121 119 60 36* 51 52
East

Bihar 106 77* 96 103 52 26* 44 42
Orissa 134 115° 122 135 22 16 17 26
West Bengal 94 72" 85 80 32 24 26 29
Northeast

Assam 100 80r 92 95 81 29* 68 41*
West

Goa 55 340 40 37 17 ™ 11 8
Gujarat 103 56* 82 70 42 25* 33 32
Maharashtra 67 49° 53 59 33 16* 25 20
South

Andhra Pradesh 85 71" 74 77 26 24 18 29*
Karnataka 94 68* 76 77 41 25% 30 30
Kerala 44 29 32 32 19 8* 15 8
Tamil Nadu 71 70 54 79* 33 23 22 28
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Unadjusted child mortality is consistently higher for children whose mothersare
not exposed to mass mediathan for other children. This effect is statistically signifi-
cant for India and for al states except Orissa, West Bengal, Andhra Pradesh, and
Tamil Nadu. The adjusted effect on child mortality is much smaller than the unad-
justed effect and is only statistically significant (and in the expected direction) for
Indiaand for Assam. In the country as awhole, mother’s exposureto radio or televi-
sion hasadlightly stronger adjusted effect on child mortality than on either neonatal or
postneonatal mortality. In Andhra Pradesh, the adjusted effect is statistically signifi-
cant but in the unexpected direction.

For India, the adjusted effect of mother’s exposure to mass mediais negligible
for neonatal mortality, small but statistically significant for postneonatal mortality,
and dlightly larger and statistically significant for child mortality. Thus the effects of
mother’s exposure to mass mediaon mortality at various ages are quite similar to the
effects of urban/rural residence.

ACCESS TO A FLUSH OR PIT TOILET

Accessto aflush or pit toilet is potentially avery important determinant of infant and
child mortality in developing countries. Children in householdsthat lack such access
could have higher exposure than other children to diseases such astetanus and diges-
tive disorders (Puffer and Serrano 1978; United Nations 1985).

As shown in Table 5.5, unadjusted neonatal mortality is higher for children in
householdsthat do not have accessto aflush or pit toilet, bothin Indiaasawhole and
in al states. The difference is statistically significant for India and for all states except

Notes to Table 5.4:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. For adjusted rates, the hazard regressions include the following
control variables: child’s sex, year of birth, mother’s age at childbirth and its square, residence, mother's literacy,
religion-caste/tribe of household head, and household toilet facilities, cooking fuel, and economic level (ownership of
goods). When calculating adjusted rates, the control variables are set at their mean values for the specific group of
children under consideration. For neonatal, postneonatal, and infant mortality rates, this group includes all children in
India or a specified state who were born in December 1979 or later. For child mortality rates, it includes all children in
India or a specified state who were born in December 1979 or later and who survived the first year of life.

TReference category in the underlying hazard regression.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.
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Table 5.5 Unadjusted and adjusted neonatal, postneonatal, infant, and child mortality, by type of toilet

facility and by state

Has access to own, shared, or public flush or pit toilet

Neonatal mortality

Postneonatal mortality

Unadjusted Adjusted Unadjusted Adjusted

State No' Yes No' Yes Nof Yes Nof Yes
India 63 34* 57 44* 41 21* 36 31*
North

Delhi 47 33 37 35 45 27* 28 29
Haryana 52 28* 48 38 40 28* 37 37
Himachal Pradesh 38 33 37 40 32 14* 29 31
Jammu region of Jammu and Kashmir 37 29 35 40 23 16 20 34
Punjab 38 25* 33 33 30 14* 28 16*
Rajasthan 41 38 41 39 37 19* 33 31
Central

Madhya Pradesh 65 32* 60 44 49 19* 44 34
Uttar Pradesh 82 42* 76 59*% 53 32* 47 50
East

Bihar 62 33* 59 46 44 25* 40 47
Orissa 71 38* 71 37* 64 40* 59 71
West Bengal 66 36* 62 42* 31 18* 30 19*
Northeast

Assam 64 46* 62 47* 46 29* 43 32*
West

Goa 33 19* 26 27 16 6* 12 10
Gujarat 61 29* 51 45 37 14* 30 23
Maharashtra 45 26* 42 30 26 11* 21 17
South

Andhra Pradesh 56 31* 51 44 28 22 25 30
Karnataka 58 33* 51 51 30 18* 24 33
Kerala 31 21* 26 22 16 7* 13 8
Tamil Nadu 53 33+ 46 47 26 20 23 26

Infant mortality Child mortality
Unadjusted Adjusted Unadjusted Adjusted

State No’ Yes No' Yes Nof Yes Nof Yes
India 104 55* 93 75* 44 19* 36 34
North

Delhi 91 60* 66 64 32 15* 20 16
Haryana 93 56* 84 75 37 15* 33 23
Himachal Pradesh 69 47° 66 71 26 3* 25 4
Jammu region of Jammu and Kashmir 59 45 55 75 22 13 20 24
Punjab 67 39* 61 49p 24 10* 19 16
Rajasthan 78 57° 74 70 40 13* 35 25
Central

Madhya Pradesh 114 51* 104 78 68 15*% 54 40
Uttar Pradesh 135 74* 123 109" 59 29* 52 48
East

Bihar 107 57 99 93 48 25* 42 59
Orissa 135 78* 130 108" 22 9* 19 22
West Bengal 97 54* 93 60* 36 15*% 32 19
Northeast

Assam 110 75* 106 79* 72 44* 59 56
West

Goa 48 25* 37 37 13 4* 10 6
Guijarat 98 43* 80 68 41 19* 33 30
Maharashtra 71 37* 62 a7 27 16* 20 26
South

Andhra Pradesh 84 53n 76 74 30 13* 21 40
Karnataka 88 51* 75 84 36 19* 29 34
Kerala 46 28* 39 30 16 8* 12 9
Tamil Nadu 80 52" 70 73 31 17* 21 41*




57

National Family Health Survey Subject Reports, No. 11

Himachal Pradesh, Jammu region, and Rajasthan. The adjusted effect ismuch smaller,
however, and is only statistically significant (in the expected direction) for Indiaand
for Uttar Pradesh, Orissa, West Bengal, and Assam. The adjusted effect is substantial
but not statistically significant in Haryana, Madhya Pradesh, Bihar, and Maharashtra.
In some states, adjusted neonatal mortality ratesare higher for children in households
with accessto aflush or pit toilet than for children in househol dswithout such access,
but none of these resultsis statistically significant.

Unadjusted postneonatal mortality is higher for children in households that do
not have access to a flush or pit toilet, both in India and in al states. This result is
statigtically significant for Indiaand for al states except Jammu region, AndhraPradesh,
and Tamil Nadu. Differences in adjusted postneonatal mortality are much smaller.
They are statistically significant, however, and in the expected direction for Indiaand
for Punjab, West Bengal, and Assam. The difference is also substantial in Madhya
Pradesh but not statistically significant.

Reflecting the pattern of neonatal and postneonatal mortality, infant mortality is
higher for children in householdsthat do not have accessto aflush or pit toilet than for
children in householdsthat have such access.

Unadjusted child mortality ishigher for children in househol dswithout accessto
aflush or pit toilet than for children in househol ds with accessto such afacility, both
inIndiaasawholeandin all states. Thisresult is statistically significant for Indiaand
for al states except Jammu region. Differences in adjusted child mortality are much
smaller. Adjusted child mortality is substantially higher in househol ds without access
to aflush or pit toilet in Haryana, Himacha Pradesh, Rgjasthan, Madhya Pradesh, and
West Bengal, but theseresultsare not statistically significant. Theadjusted effect on child

Notes to Table 5.5:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. For adjusted rates, the hazard regressions include the following
control variables: child’s sex, year of birth, mother’s age at childbirth and its square, residence, mother's literacy,
religion-caste/tribe of household head, mother's exposure to radio or television, and household cooking fuel and
economic level (ownership of goods). When calculating adjusted rates, the control variables are set at their mean
values for the specific group of children under consideration. For neonatal, postneonatal, and infant mortality rates,
this group includes all children in India or a specified state who were born in December 1979 or later. For child
mortality rates, it includes all children in India or a specified state who were born in December 1979 or later and who
survived the first year of life.

TReference category in the underlying hazard regression.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.
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mortality is statistically significant only in Tamil Nadu but in the unexpected direc-
tion: Child mortality ishigher in househol dswith accessto aflush or pit toilet thanin
households without such access. This unexpected result isdifficult to explain.

In summary, the adjusted effect on mortality of household accessto aflush or pit
toilet is strongest for the neonatal period and becomes weaker at later ages. The ad-
justed effect tendsto be statistically significant in states with relatively high levels of
neonatal mortality: Uttar Pradesh, Orissa, West Bengal, and Assam. This pattern sug-
geststhat the lack of accessto aflush or pit toilet is associated with increased risk of
neonatal tetanus.

USE OF A CLEAN COOKING FUEL

For the purpose of this analysis, electricity, gas, biogas, coal, charcoal, and kerosene
are considered clean cooking fuels. Unclean fuels are wood and dung. The type of
cooking fuel used in ahousehold could affect infant and child mortality in two ways.
First, if children spend a great deal of time where cooking takes place, the use of a
cooking fuel that emits harmful smoke could elevate their risk of respiratory disease
and hence mortality (Mishraand Retherford 1997). If thisisan important hazard, then
the effect of cooking fuel oninfant and child mortality should be substantial, even after
controlling for other socioeconomic variables. Secondly, thetype of cooking fuel used
may be an indicator of ahousehold's general economic status. If thisisthe case, then
we would expect to see a strong unadjusted rel ationship between the type of cooking
fuel used and infant and child mortality, but the adjusted effect would be substantially
reduced.

Table 5.6 showsthat unadjusted neonatal mortality islower for childrenin house-
holds that use a clean cooking fuel, both in India as a whole and in al states. This
result is statistically significant for Indiaand for all states except Himachal Pradesh,
Rajasthan, Orissa, Assam, and Kerala. Controlling for the effects of other variables
reduces the effect of clean cooking fuel in most states. The adjusted effect remains
statistically significant only for Indiaand for Madhya Pradesh, Bihar, and Karnataka.
It is substantial but not statistically significant in Himachal Pradesh, Jammu region,
Rajasthan, and Guijarat.

Unadjusted postneonatal mortality isalso lower for children in households that
useaclean cooking fuel inIndiaand in al states. Thiseffect isstatistically significant
for Indiaand for all states except Punjab, West Bengal, Andhra Pradesh, and Kerala.
In most cases, however, the adjusted effect ismuch smaller, and itisonly statistically
significant in Karnataka and in Uttar Pradesh. In Uttar Pradesh the effect is in the
unexpected direction: Adjusted postnheonatal mortality ishigher for childrenin house-
holds that use a clean cooking fuel. Thisfinding is difficult to explain. The effect of
using aclean cooking fuel is substantial and in the expected direction, but not statisti-
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cally significant, in Himachal Pradesh, Jammu region, Rajasthan, Orissa, Assam, and
Maharashtra.

Combining resultsfor neonatal and postneonatal mortality, adjusted infant mor-
tality ismoderately lower for children from householdsthat use a clean cooking fuel,
bothin Indiaand in most states. In Uttar Pradesh, however, the use of aclean cooking
fuel isassociated with higher infant mortality.

The use of aclean cooking fuel has alarge unadjusted effect on child mortality
in Indiaand in al states. This result is statistically significant for India and for al
states except Delhi, Himachal Pradesh, Jammu region, Goa, and Kerala. After adjust-
ing for other variables, however, the effects are much smaller. The adjusted effectsare
only statistically significant for India and for Madhya Pradesh. The effects are sub-
stantial but not statistically significant in Rajasthan, Bihar, Orissa, Andhra Pradesh,
and Tamil Nadu.

In summary, after controlling for the effects of other variables, use of aclean
cooking fuel does not appear to have a strong effect on mortality under age five.
Results vary widely, however, by child’'s age and by state. Curiously, for Indiaas a
whole, use of a clean cooking fuel appears to have the strongest effect on mortality
during the neonatal period.

OWNERSHIP OF HOUSEHOLD GOODS

TheNFHS survey collected information on the ownership of selected household goods,
from which we have constructed a composite score as shown in Table 2.2. Scoresfor
individual households can rangefrom 0to 27, but alarge majority (64 percent) of the
children covered in the NFHS come from househol ds with an ownership score of less
than 5. Only 5 percent come from householdswith ascore of 15 or higher (Table 2.3).
Thisscore can beregarded as an indicator of the economic status of ahousehold. Itis
expected to have a strong effect on infant mortality and an even stronger effect on
child mortality.

As shown in Table 5.7, unadjusted neonatal mortality decreases as the owner-
ship scoreincreases. Thisresult is statistically significant for Indiaand for all states
except Jammu region and Orissa. Himachal Pradesh and Rajasthan are exceptions: In
these states higher ownership scores are associated with higher unadjusted neonatal
mortality, but the relationship is not statistically significant. The adjusted effects of
ownership of household goods are much smaller. They are only statistically signifi-
cant for Indiaand for Delhi, Bihar, Kerala, and Tamil Nadu. Punjab, Assam, Gujarat,
Andhra Pradesh, and Karnataka show a sharp decline in adjusted neonatal mortality
with increasing ownership of household goods, but therelationship isnot statistically
significant.
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Table 5.6 Unadjusted and adjusted neonatal, postneonatal, infant, and child mortality, by type of fuel

used for cooking and by state

Uses electricity, gas, biogas, charcoal, or kerosene

Neonatal mortality

Postneonatal mortality

Unadjusted Adjusted Unadjusted Adjusted

State No’ Yes No’ Yes Nof Yes Nof Yes
India 60 33* 55 47* 39 20* 35 32
North

Delhi 48 33* 37 35 40 28* 26 29
Haryana 51 26* 46 41 40 26* 37 37
Himachal Pradesh 39 28 39 25 33 11* 32 15
Jammu region of Jammu and Kashmir 39 26* 39 26 25 14* 24 15
Punjab 38 22* 35 27 25 19 21 30
Rajasthan 41 34 42 31 36 12* 34 21
Central

Madhya Pradesh 64 27* 61 37* 46 23* 40 51
Uttar Pradesh 77 43* 72 78 50 33* 46 63*
East

Bihar 62 31* 60 40* 44 26* 42 36
Orissa 67 55 65 76 65 33* 63 43
West Bengal 61 44* 57 54 28 23 26 26
Northeast

Assam 57 35 55 53 40 12* 39 19
West

Goa 31 21* 30 23 15 7* 12 10
Gujarat 63 29* 54 40 38 14* 29 24
Maharashtra 44 27* 39 34 27 11* 23 14
South

Andhra Pradesh 55 33* 49 52 28 20 26 26
Karnataka 59 24* 55 34* 32 10* 29 15*
Kerala 25 12 24 22 9 7 8 21
Tamil Nadu 53 28* 48 41 27 16* 25 20

Infant mortality Child mortality
Unadjusted Adjusted Unadjusted Adjusted

State No’ Yes No’ Yes Nof Yes Nof Yes
India 99 53* 90 79" 43 16* 37 31*
North

Delhi 88 61* 64 64 26 16 15 17
Haryana 91 52* 83 78 36 14* 30 29
Himachal Pradesh 72 39r 71 40 23 12 19 43
Jammu region of Jammu and Kashmir 63 40* 63 41 23 14 19 26
Punjab 62 41" 56 58 23 9* 18 19
Rajasthan 77 47° 76 52 39 8* 35 21
Central

Madhya Pradesh 110 50* 102 88" 64 12* 56 30*
Uttar Pradesh 127 76* 118 141p 56 28* 51 60
East

Bihar 106 56* 101 76" 49 21* 46 31
Orissa 133 89r 128 119 23 7* 21 10
West Bengal 89 67" 83 80 31 20* 26 31
Northeast

Assam 96 477 94 73 63 12* 58 49
West

Goa 46 29* 42 32 11 5 9 7
Gujarat 100 43* 83 64 41 20* 33 31
Maharashtra 71 38* 62 48 28 15*% 24 19
South

Andhra Pradesh 82 53" 75 78 34 7* 29 14
Karnataka 90 34* 84 49* 35 15* 30 32
Kerala 34 20 32 43 10 5 10 9
Tamil Nadu 80 43* 73 62 34 9* 29 18
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Unadjusted postneonatal mortality decreases substantially with increasing own-
ership of household goods, bothin Indiaand in all states. All these results are statisti-
cally significant. The adjusted effects are somewhat smaller but remain statistically
significant for India and for Delhi, Haryana, Punjab, Uttar Pradesh, Bihar, Orissa,
Maharashtra, and Tamil Nadu. In Rgjasthan, Madhya Pradesh, Assam, Gujarat, Andhra
Pradesh, and Karnataka the adjusted effects are substantial but are not statistically
significant.

Reflecting the effects on neonatal and postneonatal mortality, unadjusted infant
mortality declines substantially with increasing ownership of household goodsin India
andin al states. Adjusted infant mortality also declines with increasing ownership of
household goods, both in Indiaand in all states, but the effect is much smaller.

Unadjusted child mortality declineswith increasing ownership of household goods
inIndiaand in al states. Thisresult is statistically significant for Indiaand for every
state. The adjusted effect is somewhat smaller, but it remains statistically significant
for Indiaand for al states except Haryana, Rajasthan, West Bengal, Goa, and Kerala.
In Kerala, adjusted child mortality increases dightly with increasing ownership of
household goods, but the relationship is not statistically significant.

In conclusion, the economic status of ahousehold, as measured by ownership of
househol d goods, appearsto be animportant determinant of infant and child mortality,
particularly as children get older. For India as a whole, the difference in adjusted
mortality between children in househol dswith ownership scores of 0 and scoresof 15
ranges from 8 deaths per 1,000 births for neonatal mortality to 14 per 1,000 for post-
neonatal mortality and 29 per 1,000 for child mortality.

Notes to Table 5.6:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. For adjusted rates, the hazard regressions include the following
control variables: child’s sex, year of birth, mother’s age at childbirth and its square, residence, mother's literacy,
religion-caste/tribe of household head, mother's exposure to radio or television, and household toilet facilities and
economic level (ownership of goods). When calculating adjusted rates, the control variables are set at their mean
values for the specific group of children under consideration. For neonatal, postneonatal, and infant mortality rates,
this group includes all children in India or a specified state who were born in December 1979 or later. For child
mortality rates, it includes all children in India or a specified state who were born in December 1979 or later and who
survived the first year of life.

TReference category in the underlying hazard regression.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.
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Table 5.7 Unadjusted and adjusted neonatal, postneonatal, infant, and child mortality, by household

economic level as indicated by ownership of goods and by state

Ownership of good score?

Unadjusted Adjusted

0 5 10 15 0 5 10 15
Neonatal mortality
India 66* 51* 40* 31* 56* 53* 50* 48*
North
Delhi 63* 48* 37* 28* 52* 43* 36* 31*
Haryana 56* 49* 42* 37* 47 46 45 44
Himachal Pradesh 35 37 39 41 32 37 42 49
Jammu region of Jammu and Kashmir 40 37 34 31 33 35 37 39
Punjab 50* 40* 32* 26* 44 38 32 28
Rajasthan 40 41 42 43 41 40 40 40
Central
Madhya Pradesh 69* 55* 44* 36* 57 57 57 57
Uttar Pradesh 88* 70* 55* 43* 75 72 69 66
East
Bihar 67* 50* 37* 28* 65* 52* 41* 33*
Orissa 69 64 60 56 62 68 76 84
West Bengal 70* 51* 36* 26* 59 55 51 47
Northeast
Assam 62* 49* 39% 31* 59 52 45 39
West
Goa 45* 33* 24* 18* 32 29 26 23
Gujarat 72* 48* 33* 22* 57 49 42 36
Maharashtra 47* 36* 28* 21* 40 37 34 31
South
Andhra Pradesh 62* 45* 33* 24* 54 48 42 37
Karnataka 66* 47* 34* 24* 57 49 43 37
Kerala 33* 23* 16* 11* 30* 23* 18* 13*
Tamil Nadu 65* 43* 29* 19* 63* 44* 30* 21*
Postneonatal mortality
India 47* 33* 23* 16* 39* 34* 29* 25*
North
Delhi 90* 55* 33* 20* 92* 55*% 33* 20*
Haryana 57* 43* 32* 24* 55* 42* 32* 25*
Himachal Pradesh 41* 30* 22% 16* 31 29 27 26
Jammu region of Jammu and Kashmir 28* 23* 19* 16* 24 22 21 19
Punjab 46* 32* 22* 15*% 45* 32* 22* 15*
Rajasthan 40* 31* 23* 18* 36 32 27 24
Central
Madhya Pradesh 57* 39* 27* 19* 47 41 36 31
Uttar Pradesh 63* 45* 32* 23* 58* 46* 37* 29*
East
Bihar 55% 33* 20* 12* 52* 34* 22* 15*
Orissa 78* 53* 36* 24* 73* 55* 41* 31*
West Bengal 32* 25* 19* 15* 29 25 23 20
Northeast
Assam 45* 32* 23* 16* 40 35 32 28
West
Goa 24* 15* 10* 6* 17 13 10 8
Gujarat 47* 27* 16* 9* 35 27 22 17
Maharashtra 32* 19* 11* 6* 26* 19* 14* 10*
South
Andhra Pradesh 31* 24* 19* 15* 31 24 19 15
Karnataka 38* 24* 15* 10* 31 25 20 16
Kerala 15* 9* 5* 3* 14 9 6 4
Tamil Nadu 34* 23* 16* 11* 36* 23* 14* o*
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Table 5.7, continued

Ownership of good score?

Unadjusted Adjusted

0 5 10 15 0 5 10 15
Infant mortality
India 113* 84* 63* 47 95* 87* 80* 73*
North
Delhi 154* 103* 70* 48* 144* 99* 69* 50*
Haryana 113* 92* 74* 61* 102° 88r 770 69°
Himachal Pradesh 76° 67° 61° 57°p 63 66 70 74
Jammu region of Jammu and Kashmir 68° 60r 53r 477 57 57 57 58
Punjab 96* 72* 54* 41* 89° 69° 54¢ 43
Rajasthan 80P 71° 65° 61° 77 72 68 64
Central
Madhya Pradesh 125* 95* 71* 54* 104 98 93 88
Uttar Pradesh 151* 115* 88* 67* 133 118° 106° 95p
East
Bihar 122* 83* 57* 40* 117+ 86* 63* 47*
Orissa 147p 117° 96° 81p 135° 123 117° 115
West Bengal 102* 75* 55* 41* 87 80 73 67
Northeast
Assam 107* 81* 61* 46* 99 87 76 67
West
Goa 69* 48* 34* 24* 49 42 36 31
Gujarat 119* 76* 49* 31* 91 76 64 53
Maharashtra 79*% 55*% 39* 28* 66° 56°P 477 41P
South
Andhra Pradesh 92* 70* 53* 40* 86 72 61 51
Karnataka 103* 71* 49* 34* 88 74 62 53
Kerala 48* 32* 21* 14* 440 32" 23" 17
Tamil Nadu 99* 66* 44* 29* 98* 66* 45* 30*
Child mortality
India 58* 33* 18* 10* 47* 34* 24* 18*
North
Delhi 58* 34* 20* 11* 51* 31* 19* 12*
Haryana 54* 37* 25* 17* 35 31 29 26
Himachal Pradesh 52* 23* 10* 4* 41* 22% 12* 6*
Jammu region of Jammu and Kashmir 39% 25% 16* 10* 35* 24* 16* 11*
Punjab 67* 34* 17* 8* 67* 33* 17* 8*
Rajasthan 43* 31* 22* 16* 36 33 29 26
Central
Madhya Pradesh 90* 46* 23* 12* 70* 49* 34* 23*
Uttar Pradesh 80* 48* 28* 16* 73* 48* 32+ 21*
East
Bihar 64* 33* 17* o* 60* 35* 21* 12*
Orissa 31* 16* 8* 4* 29* 16* 9* 5*
West Bengal 40* 24* 14* 8* 34 25 18 14
Northeast
Assam 91* 39* 16* * 75* 46* 28* 17*
West
Goa 20* 12* 7 4* 12 10 8 6
Gujarat 53* 33* 20* 12* 46* 33* 23* 16*
Maharashtra 40* 21* 11* 6* 33* 22% 14* o*
South
Andhra Pradesh 43* 20* o* 4* 43* 20* 9* 4*
Karnataka 48* 27* 15* 9* 41* 28* 19* 13*
Kerala 14 9 6 4 9 10 10 11

Tamil Nadu 48* 23* 11 * 5* 43* 24* 13* ™
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SUMMARY

The unadjusted effects of socioeconomic characteristics oninfant and child mortality,
asestimated by hazard models, are consistent with findings based on period lifetables
that are given in the NFHS reports. Rural residence, mother’s illiteracy, household
head’sHindu religion and membershipin ascheduled caste or scheduled tribe, mother’s
lack of exposure to mass media, household’slack of accessto aflush or pit toilet, use
of unclean cooking fuel, and low ownership of household goods—all these variables
are associated with high infant and child mortality when we examine each variable one
at atime. In other words, all of these variables have strong unadjusted effectson infant
and child mortality.

An examination of both unadjusted and adjusted effects of socioeconomic char-
acteristics on infant and child mortality leads to three general observations. First, al-
though al the variables have strong and statistically significant unadjusted effects on
mortality, their adjusted effects are much smaller and are often not statistically signifi-
cant. Second, the effects of most socioeconomic characteristicsare smallest during the
neonatal period and largest during childhood. There are some exceptions. For example,
religion-caste/tribe and accessto aflush or pit toilet have stronger effects on neonatal
mortality than on postneonatal or child mortality. Thethird general observationisthat
adjusted effects of socioeconomic characteristicstend to be stronger in stateswith high
levelsof mortality.

Some of the variables examined here have stronger adjusted effectsthan others.
Mother’sliteracy and ownership of household goods have particularly strong adjusted

Notes to Table 5.7:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. For adjusted rates, the hazard regressions include the following
control variables: child’s sex, year of birth, mother’s age at childbirth and its square, residence, mother's literacy,
religion-caste/tribe of household head, mother's exposure to radio or television, and household toilet facilities and
economic level (ownership of goods). When calculating adjusted rates, the control variables are set at their mean
values for the specific group of children under consideration. For neonatal, postneonatal, and infant mortality rates,
this group includes all children in India or a specified state who were born in December 1979 or later. For child
mortality rates, it includes all children in India or a specified state who were born in December 1979 or later and who
survived the first year of life.

2 The ownership of goods score is the sum of points as follows, with a maximum of 27 points possible: 4 for a car; 3
for a refrigerator, television, VCR/VCP, or motorcycle/scooter; 2 for a sewing machine, sofa set, fan, radio/transistor,
or bicycle; 1 for a clock/watch.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.
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effects (Figures5.1 and 5.2). To alesser extent, head of household’sreligion and caste/
tribe membership and access to aflush or pit toilet have substantial and often statisti-
cally significant effects (Figures 5.3 and 5.4). For access to a flush or pit toilet, the
adjusted effect is particularly strong on neonatal mortality. In general, all these effects
arelarger in states where the general level of mortality is high.

It would be difficult to reduce infant and child mortality by changing socioeco-
nomic characteristics such as mother’sliteracy or ownership of household goodsin a
short period of time. The findingsin this section, however, can be used to identify the
households most likely to experience high levels of infant and child mortality. Family
health programmes should concentratetheir efforts on such househol ds. High-risk house-
holdsinclude those headed by Hindus belonging to aschedul ed caste or scheduled tribe,
those without access to aflush or pit toilet, those with very low economic status, and
thosewhere mothersareilliterate.

Therelationship between religion-caste/tribe and infant and child mortality varies
greatly from state to state, indicating that the effect of this socioeconomic variableis
complex. Theseresultscall for close examination of the customs practiced by different
religious and caste/tribe groups relating to childbirth and the care of newborns and
young children.
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Figure 5.1 Adjusted neonatal, postneonatal, infant, and child mortality in India, by
mother's literacy



66

National Family Health Survey Subject Reports, No. 11

100 -

90 -

80 -
2 70
=
o
3
iy 48
@
a
(2]
=
©
o)
o

18
T 1
Neonatal mortality Postneonatal mortality Infant mortality Child mortality

WMo @5 [J10 [J15

Figure 5.2 Adjusted neonatal, postneonatal, infant, and child mortality in India, by household economic
level as indicated by score for ownership of goods

Note: The household score for ownership of goods is the sum of points as follows, with a maximum of 27 points possible: 4 for a car; 3 for a
refrigerator, television, VCR/VCP, or motorcycle/scooter; 2 for a sewing machine, sofa set, fan, radio/transistor, or bicycle; 1 for a clock/watch.
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6 Effects of Demographic
Characteristics on Infant
and Child Mortality

In this chapter, we estimate unadjusted and adjusted effects of birth order, mother’s
age at childbirth, previous birth interval, mortality of older siblings, and following
birth interval on neonatal, postneonatal, infant, and child mortality. The dependent
variable is a set of monthly probabilities of dying, which isabasisfor calculating a
complete life table. We use four sets of hazard-model specifications to estimate the
adjusted effects of the independent variables, depending on (1) whether the child is
first born and (2) whether the model isfor child mortality. For first-born children, the
modelsdo not include previousbirth interval or mortality of older siblings. The effect
of following birth interval isestimated only for child mortality because very few chil-
dreninthe neonatal, postneonatal, or infant age group would have ayounger sibling.

Birth order is coded as four dummy variables representing birth orders 3, 4, 5,
and 6 and above (=6), with birth order 2 as the reference category. Mother’s age at
childbirthiscoded asacontinuousvariable. In order to alow anon-linear relationship
between mortality and mother’ sageat childbirth, we al so includethe square of mother’s
age at childbirth in the model. Previous birth interval is coded as a dummy variable
indicating whether or not thisinterval is shorter than 24 months, and mortality of older
siblings is coded as a dummy variable indicating whether or not any older siblings
havedied.

Wetreat following birth interval asatime-dependent variable whose value may
change from month to month. In our hazard modelsfor child mortality, the following
birth iscoded asaset of dummy variables, onevalue for each monthin childhood. Its
valueis 0 before the birth of the next child and 1 after the birth of the next child. For
example, if ayounger sibling is born when the child is 24 months old, the variable
indicating following birth takesthe value O for thefirst 24 monthsand then thevalue 1
after that. Based on a multiple classification analysis (MCA) showing the effect of
following birth, we estimate child mortality for four hypothetical situations: the
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following birth occurswhen the child is 24 months old, 36 monthsold, 48 monthsold,
or not before child is 5 years old.

BIRTH ORDER

Usually the relationship between birth order and mortality at early ages takes a U-
shaped form: Mortality is high for first-born children and births of very high orders
andislow for birthsof order 2 or 3. First-order birthsare morelikely to have adifficult
birth process than later births, thusincreasing the risk of neonatal mortality. In addi-
tion, first-born children are likely to beraised by parentswith limited skillsand expe-
rience, possibly increasing the risk of infant and child mortality. Births of very high
order may have mothers who are physically depleted at the time of conception and
throughout pregnancy. They are thus more likely than other children to suffer from
conditions associated with high mortality risk such asfetal growth retardation and low
birth weight. High-order births are also born into familiesthat already have anumber
of young children who compete for resources and parental care. The effects of first-
order birth are likely to be strongest during the neonatal period, while the effects of
high-order birth are likely to be strongest at older ages.

Asshown in Table 6.1, unadjusted neonatal mortality has a U-shaped relation-
ship with birth order in Indiaasawhole and in most states, with the highest mortality
at birth orders 1 and 6 and above (=6). In Goa, Andhra Pradesh, and Tamil Nadu, the
relationship is generally U-shaped, but there are a few irregularities. In Haryana,
Himachal Pradesh, and Punjab, the relationship does not show any clear pattern. In
Indiaand in nine of the 19 states, unadjusted neonatal mortality is lowest for third-
order births, rather than for the second-order birthsthat were used asthe dummy variable.

Adjusted neonatal mortality is estimated from a hazard model that includes so-
cioeconomic characteristics and demographic factors such as previous birth interval,
if appropriate, and mother’sage at childbirth. Controlling for these factors changesthe
effect of birth order considerably, probably because of the high correlation between
birth order and mother’sage at childbirth. With adjustmentsfor other factors, neonatal
mortality decreaseslinearly with increasing birth order.

Unadjusted and adjusted effects of birth order on neonatal mortality are statisti-
cally significant for India as awhole but for only afew individual states. The differ-
ence between unadjusted neonatal mortality for birth orders 2 and =6 is statistically
significant for five states: Rajasthan, Goa, Karnataka, Kerala, and Tamil Nadu. Be-
cause mortality estimates for first-order births are computed from different models
than estimates for other births, we cannot cal cul ate the statistical significance of dif-
ferencesin mortality for first-born children and children of higher birth orders.

For many states, there are only a small number of neonatal deaths at each birth
order. Statistical estimation isnot efficient with such small samples, particularly when
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Table 6.1 Unadjusted and adjusted neonatal, postneonatal, infant, and child mortality, by birth order

and by state

Birth order
Unadjusted Adjusted

State 1 2f 3 4 5 =26 1 2f 3 4 5 =6
Neonatal mortality

India 64 46 42* 48 49 59* 64 55 46*  A47*  43* 43
North

Delhi 41 30 24 33 36 43 41 38 25 29 27 24
Haryana 51 41 50 35 50 30 51 41 51 35 48 29
Himachal Pradesh 43 31 33 37 31 29 43 31 34 37 30 25
Jammu region of Jammu and Kashmir 4 27 26 31 41 35 4 37 30 28 31 19
Punjab 41 29 28 33 29 28 41 37 30 27 20 16
Rajasthan 50 38 31 34 34 53 50 45 34 34 31 36
Central

Madhya Pradesh 73 51 4 50 44 61 73 60 49 49 39 44
Uttar Pradesh 99 63 58 65 74 71 99 69 63 66 71 61
East

Bihar 69 54 48 53 41 59 69 59 51 53 38* 50
Orissa 87 57 43 57 70 58 87 61 45*% 56 66 49
West Bengal 60 46 46 44 61 59 60 59 51 42 50 40
Northeast

Assam 67 47 50 52 39 56 67 54 55 52 37 45
West

Goa 27 26 20 23 18 57* 27 32 20 20 11 38
Gujarat 65 43 31 49 3B 56 65 39 32 50 39 63
Maharashtra 47 37 27 27 23 37 47 40 29 27 20 25
South

Andhra Pradesh 64 48 33* 41 35 54 64 56 36 38 27 32
Karnataka 59 43 38 47 46 60* 59 50 40 45 41 44
Kerala 21 20 18 34 38 40* 21 26 19 28 29 15
Tamil Nadu 50 36 43 43 37 75* 50 43 44 38 29 49
Postneonatal mortality

India 32 29 29 35¢ 39* 48 32 32 31 34 36 A40*
North

Delhi 24 25 28 27 58% 45* 24 23 29 29 63* 46
Haryana 3 34 30 35 35 68 34 33 31 36 3B 69
Himachal Pradesh 20 32 27 28 25 48 20 38 29 25 19 33
Jammu region of Jammu and Kashmir 19 25 12r 27 31 30 19 32 13 24 24 21
Punjab 17 19 27 35*  42* 25 17 23 28 31 34 17
Rajasthan 29 31 30 31 32 53 29 36 32 31 29 40
Central

Madhya Pradesh 39 37 41 42 46 59 39 40 43 41 44 53
Uttar Pradesh 47 42 36 48 58 65* 47 43 38 49 59 60*
East

Bihar 41 40 37 40 43 49 41 40 38 42 44 45
Orissa 67 59 56 61 54 75 67 57 55 61 57 78
West Bengal 29 24 22 24 36 31 29 28 23 24 32 24
Northeast

Assam 40 31 40 45 32 41 40 30 41 47 34 39
West

Goa 14 5 10 16 26 25* 14 4 9 19 36* 52*
Gujarat 29 25 30 28 26 34 29 30 30 23 20 30
Maharashtra 19 18 18 21 22 21 19 16 18 22 24 27
South

Andhra Pradesh 25 23 25 34 26 36 25 25 26 32 21 25
Karnataka 2 29 22 26 31 36 2 2t 22 27 35 40
Kerala 7 8 8 1 28 34* 7 9 8 11 30 20
Tamil Nadu 23 26 19 24 34 39 23 24 18 25 38 &0
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Birth order
Unadjusted Adjusted

State 1 2t 3 4 5 =6 1 2t 3 4 5 =26
Infant mortality

India 9% 76 71" 83~ 88 108* 9 87 76" 81" 80* 83*
North

Delhi 65 55 52 60 94 88 65 61 55 58 91r 71
Haryana 85 75 81 70 85 98 8 75 82 71 83 98
Himachal Pradesh 63 62 60 66 56 77 63 69 63 63 49 58
Jammu region of Jammu and Kashmir 63 52 38 58 72 65 63 70 43¢ 52 55 40
Punjab 58 48 55 68° 70° 53 58 60 57 58 55 33
Rajasthan 79 70 61 65 67 106* 79 8 66 65 60 76
Central

Madhya Pradesh 112 88 8 92 90 120° 112 100 92 91 83" 97
Uttar Pradesh 138 105 94 113 1327 136° 138 112 100 115 129~ 121°
East

Bihar 110 94 85 93 84 108 110 100 88 95 81" 95
Orissa 153 116 99 118 124 133 153 119 100" 117 123 128
West Bengal 8 70 68 68 97 91 80 8 74 66 82 64
Northeast

Assam 107 78 90 97 71 97 107 84 97 100 71 84
West

Goa 41 31 30 38 43¢ 82* 41 36 29 39° 47°  90r
Gujarat 94 68 61 77 61 90 94 70 62 73 59 93
Maharashtra 67 55 45 48 44 58 67 57 47 49 43 52
South

Andhra Pradesh 8 71 58 74 61 90 89 81 637 70 48" 57
Karnataka 81 72 60 73 78 96" 81 76 62 72 76 85
Kerala 28 28 26 45 650 74 28 34 28 38 59 34
Tamil Nadu 73 62 61 67 71 13 73 66 62 63 67 99
Child mortality

India 26 34 38* 42 47 53* 26 37 41 44*  48* 51*
North

Delhi 12 10 10 18 26 30* 12 14 13 24 3B 3H
Haryana 26 32 28 40 42 63 26 4 32 38 34 57
Himachal Pradesh 14 25 25 27 30 54 14 39 37 33 30 49
Jammu region of Jammu and Kashmir 16 21 17 40 50 60* 16 25 18 38 39 52
Punjab 13 12 27 37 24  35* 13 11 28 40* 25 33
Rajasthan 27 32 32 36 41 49* 27 37 33 37 38 38
Central

Madhya Pradesh 43 57 56 53 70 57 43 57 59 57 75 59
Uttar Pradesh 4 51 59 61 63 69 4 54 62 63 65 68
East

Bihar 28 48 50 49 49 45 28 50 54 56 59 56
Orissa 13 19 15 20 22 30 13 20 16 23 26 30
West Bengal 17 25 32 34 30 44* 17 23 33 38 37 53
Northeast

Assam 43 54 62 69 67 64 43 56 66 75 76 81
West

Goa 9 8 5 24 16 30 9 NE NE NE NE NE
Gujarat 33 26 31 24 36 35 33 30 3 22 30 23
Maharashtra 14 21 26 28 39 26 14 20 25 30 42 32
South

Andhra Pradesh 17 31 27 26 19 56* 17 38 33 32 22 76
Karnataka 27 37 36 34 52 42 27 30 34 40 68 72*
Kerala 5 11 13 4 12 37* 5 9 13 4 21 68*
Tamil Nadu 20 27 36 59 43 42 20 28 39 67 50 48
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therearealarge number of additional predictor variablesin the estimation model. For
this reason, we conducted a separate analysis of statistical significance comparing
unadjusted neonatal mortality for only two birth orders: 3 and = 6. The difference
between unadjusted neonatal mortality at thesetwo birth ordersis statistically signifi-
cant for Indiaand for 10 out of 19 states: Rajasthan, Goa, Karnataka, Kerala, Tamil
Nadu, Delhi, Madhya Pradesh, Uttar Pradesh, Gujarat, and Andhra Pradesh.

Thefirst-born child’shigh risk of mortality diminishesafter the neonatal period.
Unadjusted postneonatal mortality in Indiaisquite similar for birth orders 1, 2, and 3
and risesfor births at higher orders. The adjusted effect of birth order issimilar to the
unadjusted effect, but somewhat smaller in magnitude, both for India and for most
states. InIndia, children of birth orders5 and = 6 experience 16 and 29 percent higher
postneonatal mortality, respectively, than do children of birth order 3, controlling for
the effects of other variables. The unadjusted and adjusted effects of birth order on
postneonatal mortality are statistically significant for Indiaas awhole but for only a
few states.

Notes to Table 6.1:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates for
children of birth order two or higher are predicted values calculated from hazard regressions. Adjusted mortality rates
for children of birth order two or higher are computed from hazard regression models that include the following
control variables: length of previous birth interval, number of deceased older siblings, child's sex, year of birth,
mother's age at childbirth and its square, residence, mother's literacy, religion-caste/tribe membership of household
head, mother's exposure to radio or television, and household toilet facilities, cooking fuel, and economic level
(ownership of goods), as well as the interactions of these last three variables with residence. For child mortality rates,
length of following birth interval is added as a control variable. Because some of these variables are meaningless for
children of birth order one, unadjusted and adjusted neonatal, postneonatal, infant, and child mortality rates for
children of birth order one are calculated from ordinary cohort life tables restricted to the population of all children of
birth order one. Consequently, for children of birth order one, there is no difference between unadjusted and adjusted
values, and there is no basis for determining of statistical significance. When calculating adjusted mortality rates for
children of birth order two or higher, the control variables are set at their mean values for the specific group of
children under consideration. For neonatal, postneonatal, and infant mortality rates, this group includes all children in
India or a specified state who were born in December 1979 or later. For child mortality rates, it includes all children in
India or a specified state who were born in December 1979 or later and who survived the first year of life.

NE: Not estimated because the hazard model did not converge properly.

tReference category in the underlying hazard regression for children of birth order two or higher.

*The coefficient of the corresponding variable in the underlying hazard regression for children of birth order two or
higher differs significantly from zero at the 5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression for children of birth order two or
higher differs significantly from zero at the 5 percent level for neonatal (first month) mortality, but not for postneonatal
(age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression for birth order two or higher differs
significantly from zero at the 5 percent level for postneonatal (age 1-11 months) mortality, but not for neonatal (first

month) mortality.
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Combining neonatal and postneonatal mortality, unadjusted infant mortality in
Indiahas a U-shaped rel ationship with birth order, with the lowest valuefor children of
birth order 3. The relationship between birth order and adjusted infant mortality is
similar but smaller in magnitude. The U-shaped relationship between birth order and
adjusted infant mortality isactually the result of anegative relationship between birth
order and adjusted neonatal mortality and a positive rel ationship between birth order
and adjusted postneonatal mortality. State-level patterns are similar with some varia-
tions. Unadjusted infant mortality hasaclear U-shaped rel ationship with birth order in
amost all states. Adjusted infant mortality has aflatter pattern, but still U-shaped, in
al statesexcept Himachal Pradesh, Jammu region, Punjab, West Bengal, Assam, Andhra
Pradesh, and Kerala.

Once children survive infancy, the elevated mortality risk of first-bornsdis-
appears completely. First-order births have the lowest child mortality in Indiaasa
whole and in most states. Exceptions occur in Delhi, Punjab, Goa, and Kerala,
where births of order 2, 3, or 4 experience slightly lower unadjusted child mortal -
ity than do first-order births. The adjusted effect of birth order on child mortality
issimilar, both in direction and magnitude. In Indiaand in all states except Punjab,
Gujarat, and Kerala, first-born children experience lower adjusted child mortality
than do children of any other birth order. In Punjab and Gujarat, second-born
children experience slightly lower adjusted child mortality than do first born. In
Kerala, fourth-born children experience lower adjusted child mortality than do
first born.

Thus, the adjusted effect of birth order on mortality differs at different ages, as
shownin Figure 6.1. For the neonatal period, mortality ishighest for first-order births,
no doubt due to biological factors associated with the general difficulty of first births
and atendency in Indiafor first-time mothersto be very young. For the postneonatal
and childhood periods, birth order has the opposite effect, with mortality higher for
higher-order births. During these stages of children’s development, mortality ismore
likely to depend on the care they receive than on biological factors. Children of high-
order birthsface competition from older siblingsfor food and parental attention. They
a so face exposureto infectious childhood diseasesfrom their siblings. In addition, the
mother’s nutritional status, which affects birth weight and lactation, may decrease
with high-order births.

MOTHER’S AGE AT CHILDBIRTH

Children born to mothers under 20 or over 30 years old are likely to have elevated
risks of mortality. Very young mothers may experience difficult pregnancies and de-
liveries because of their physical immaturity. They are also likely to have limited
knowledge and confidence in caring for infants and young children. Women over 30
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Figure 6.1 Adjusted neonatal, postneonatal, infant, and child mortality in India, by birth order

may also experience age-related problems during pregnancy and delivery. Thus we
expect aU-shaped rel ationship between mother’sage at childbirth and infant and child
mortality.

We examinethe effect of mother’sage at childbirth separately for first-born chil-
dren and for al other children. Table 6.2 showsthe effect of mother’sage onfirst-born
children. In Indiaasawhole, the unadjusted effect of mother’sageat childbirthisvery
large and statistically significant for all measures of mortality. First-born children born
to mothers under age 20 experience much higher neonatal, postneonatal, infant, and
child mortality than do first-born children born to older mothers, both in India as a
whole and in most states. Exceptions are postneonatal mortality in Orissa, Andhra
Pradesh, and Kerala. These exceptions are not statistically significant, however, and
may be due to small sample sizes because the analysisis restricted to first-born chil-
dren.

For first-born children, the unadjusted effect on neonatal mortality of mother’s
ageat childbirthisstatistically significant in eight states: Jammu region, Uttar Pradesh,

51
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Bihar, Orissa, West Bengal, Assam, Gujarat, and Karnataka. The unadjusted effect on
postneonatal mortality is only significant in five states (Uttar Pradesh, West Bengal,
Goa, Gujarat, and Maharashtra), and the unadjusted effect on child mortality is only
significant in six states (Punjab, Uttar Pradesh, Bihar, Orissa, Gujarat, and Tamil
Nadu). The adjusted effect is similar to the unadjusted effect, but it is smaller. For
first-born children, the adjusted effect of mother’sage at childbirth on neonatal mortal-
ity isnot statistically significant in Uttar Pradesh or West Bengal; the adjusted effect
on postneonatal mortality is not statistically significant in Uttar Pradesh, Goa, or
Maharashtra; and the adjusted effect on child mortality isnot statistically significant in
Punjab, Bihar, or Tamil Nadu.

Table 6.3 showsthe unadjusted and adjusted effects of mother’sage at childbirth
on neonatal, postneonatal, infant, and child mortality for second and higher-order births.
The unadjusted effect on neonatal mortality is quite large and statistically significant.
For Indiaasawhole, neonatal mortality islowest among children born to mothersage
25-30 and is much higher for very young and very old mothers. Similar U-shaped
patterns occur in all states except Haryanaand Punjab, where neonatal mortality goes
downwith mother’sage at childbirth. The unadjusted effect is statistically significant
in 11 out of 19 states. Curiously, of the six northern states the relationship is statisti-
cally significant only in Rgjasthan.

For second and higher-order births, the adjusted effect on neonatal mortality of
mother’s age at childbirth has asimilar U-shaped pattern to the unadjusted effect but
ismuch smaller. In six states where the unadjusted effect is statistically significant
(Rajasthan, Bihar, Assam, Goa, Maharashtra, and Karnataka), the adjusted effect is
not significant. The adjusted neonatal mortality rate goes down with mother’'sagein
Gujarat, Delhi, Goa, Haryana, and Punjab, although the effect issmall and not statis-
tically significant except in Gujarat. In Jammu region, West Bengal, and Tamil Nadu,
the adjusted neonatal mortality rate goes up with mother’sage, but therelationshipis
not significant.

The effect of mother’sage at childbirth on postneonatal mortality of second and
higher-order birthsis similar to the effect on neonatal mortality. In India as awhole
and in 10 states, the unadjusted effect is U-shaped and statistically significant, with
postneonatal mortality lowest for children of mothersage 25-30. The adjusted effect is
similar in shape but somewhat smaller in magnitudein Indiaand in most states. It is
statistically significant in only five states.

The unadjusted effect of mother’sage at childbirth oninfant mortality of second
and higher-order births has a U-shaped pattern in al states but Punjab. The adjusted
effect shows more variation. The pattern of the effect departs from the U shape in
seven states, but the relationship is not statistically significant.

The unadjusted effect of mother’s age at childbirth on child mortality of second
and higher-order birthsissimilar to the effect on neonatal and postneonatal mortality.
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Table 6.2 Unadjusted and adjusted neonatal, postneonatal, infant, and child mortality for children of
birth order one, by mother’s age at childbirth and by state

Age of mother at childbirth

Neonatal mortality

Postneonatal mortality

Unadjusted Adjusted Unadjusted Adjusted
State 15 20 25 15 20 25 15 20 25 15 20 25
India 87* 57 46* 76* 59* 55* 43 27 21* 35% 29 27*
North
Delhi 53 41 36 40 41 42 58 26 11 30 24 18
Haryana 65 48 42 57 49 47 57 29 18 48 30 21
Himachal Pradesh 70 42 31 59 42 34 40 19 12 32 19 14
Jammu region of Jammu and Kashmir 92* 41 32* 75 40* 38* 21 21 12 17 20 15
Punjab 49 45 31 44 44 33 21 15 17 17 15 19
Rajasthan 63 46 39 66 44 40 41 26 17 39 26 18
Central
Madhya Pradesh 79 69 73 73 71 87 43 33 32 36 35 43
Uttar Pradesh 120* 84* 72* 108 86 80 71 38 27* 61 39 31
East
Bihar 104* 57 46* 96* 58* 53* 46 35 36 39 38 42
Orissa 114* 77 73* 107* 78* 79* 60 67 43 50 71 52
West Bengal 89* 47 34* 71 52 49 49*  19* 14* 39* 20 21*
Northeast
Assam 91* 52* 48* 84* 54* 57* 48 31 26 42 33 34
West
Goa 128 49 21 51 36 25 49* 17 10 19 13 12
Gujarat 117* 58* 48* 91* 59 61* 66* 24* 17* 48* 25  21*
Maharashtra 70 42 25 60 44 31 30* 14 10* 25 15 13
South
Andhra Pradesh 7 56 40 69 61 49 24 22 23 21 24 28
Karnataka 88* 46* 34* 79 49* 39 28 18 13 21 21 21
Kerala 40 22 16 26 20 20 11 13 4 7 13 4
Tamil Nadu 56 47 50 46 48 58 24 21 20 18 21 26
Infant mortality Child mortality
Unadjusted Adjusted Unadjusted Adjusted
State 15 20 25 15 20 25 15 20 25 15 20 25
India 129* 84* 68 111* 88* 82* 66* 34* 24*  49* 36* 34*
North
Delhi 111 68 47 70 66 60 26 16 7 NE NE NE
Haryana 122 76 60 105 79 69 63 32 21 46 33 28
Himachal Pradesh 110 61 42 91 61 48 85 25 14 56 34 30
Jammu region of Jammu and Kashmir 113" 62" 44" 92" 60" 54" 40 35 15 24 30 28
Punjab 70 60 48 61 60 52 39 19 19* 27 18 23
Rajasthan 104 71 56 105 70 58 46 34 27 35 28 23
Central
Madhya Pradesh 122 102 106 108 106 130 81 50 33 70 55 48
Uttar Pradesh 191* 122* 99* 170 125 112 96* 52* 41* 70* 48* 44*
East
Bihar 149" 91" 82" 135" 96" 95" 65* 41* 39* 77 61 66
Orissa 174" 144 116" 158" 149" 131" 43  13*  14* 56* 24* 31*
West Bengal 137* 65* 48+ 1117 72¢ 71P 44 25 21 40 27 27
Northeast
Assam 139" 83" 74" 126" 87" 91" 78 57 38 66 72 73
West
Goa 177> 66 30° 71 49 37 35 15 8 29 13 8
Gujarat 183* 83* 65* 140* 83* 83* 87* 25 16* 71* 27* 23*
Maharashtra 100» 55p  35P 85 60 44 41 19 14 47 26 20
South
Andhra Pradesh 100 78 63 91 85 7 41 28 6 32 28 9
Karnataka 116" 64" 47" 100" 69" 60" 56 33 19 40 36 30
Kerala 51 34 20 33 34 24 29 11 8 147 96 107
Tamil Nadu 80 68 70 63 69 84 100* 31* 17+ 79 34 23
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For Indiaasawhole, the unadjusted effect has a U-shaped pattern, and the relationship
is statistically significant. A similar U-shape pattern is observed in 10 states and is
statistically significant in five states. By contrast, in Punjab, Bihar, Assam, Goa,
Maharashtra, Andhra Pradesh, and Karnataka, unadjusted child mortality among sec-
ond and higher-order births decreases as mother’s age at childbirth increases. The
effectisstatistically significant in Bihar. Adjusted child mortality decreasesasmother’s
age at childbirth increases in India as awhole, and the effect is statistically sig-
nificant. A similar pattern is observed in eight states—Punjab, Rajasthan, Bihar,
Assam, Maharashtra, Karnataka, Kerala, and Tamil Nadu—although the effect is
not statistically significant in any of these states. By contrast, in Orissa, Delhi,
Madhya Pradesh, Uttar Pradesh, West Bengal, and Gujarat, the relationship be-
tween mother’s age at childbirth and child mortality among second and higher-
order births shows a U-shaped pattern, but the effect is only statistically signifi-
cant in Orissa.

According to the NFHS, 34 percent of first-born children in Indiawere born to
mothersunder age 18 (Table 2.5). The proportionisespecialy highin AndhraPradesh,
Assam, West Bengal, Karnataka, Maharashtra, and Madhya Pradesh. Our findings
indicate that mortality before agefive can bereduced substantialy if women wait until
they arein their 20sto begin childbearing. Few children in India are born to mothers
age 35 or over. Thus, reducing birthsto older women would only have asmall impact
oninfant and child mortality.

Notes to Table 6.2:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. Adjusted mortality rates for children of birth order one are
computed from hazard regression models that include the following control variables: child's sex, year of birth,
residence, mother's literacy, religion-caste/tribe membership of household head, mother's exposure to radio or
television, and household toilet facilities, cooking fuel, and economic level (ownership of goods), as well as the
interactions of these last three variables with residence. For child mortality rates, length of following birth interval is
added as a control variable. When calculating adjusted mortality rates, the control variables are set at their mean
values for the specific group of children under consideration. For neonatal, postneonatal, and infant mortality rates,
this group includes all children in India or a specified state who were born in December 1979 or later. For child
mortality rates, it includes all children in India or a specified state who were born in December 1979 or later and who
survived the first year of life. Because mother's age at childbirth and its square are coded as continuous variables,
there is no reference category.

NE: Not estimated because the hazard model did not converge properly.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not for postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.
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Table 6.3 Unadjusted and adjusted neonatal, postneonatal, infant, and child mortality for children of
birth order two or higher, by mother’s age at childbirth and by state

Age of mother at childbirth

Unadjusted Adjusted

State 15 20 25 30 35 15 20 25 30 35
Neonatal mortality

India r* 53* 43* 42* 49* 58* 49* 45* 46* 52*
North

Delhi 62 38 28 26 29 32 32 31 29 28
Haryana 76 54 40 31 25 51 46 41 37 33
Himachal Pradesh 40 33 31 31 35 38 31 30 34 44
Jammu region of Jammu and Kashmir 37 30 28 30 35 21 24 29 35 45
Punjab 48 37 29 24 21 30 30 29 28 27
Rajasthan 62* 41* 33 32* 39* 44 37 34 36 41
Central

Madhya Pradesh 99* 58* 43* 41* 50* 70* 52* 46* 46* 54*
Uttar Pradesh 110* 77 62* 58* 62* 89*  71* 62* 61* 66*
East

Bihar 78* 59* 49* 45* 47* 58 53 50 50 52
Orissa 78 60 52 49 53 63 56 53 53 57
West Bengal 61 50 46 47 55 40 44 50 56 64
Northeast

Assam 68* 52* 46* 45* 51* 52 48 47 50 57
West

Goa 76* 38 24* 20* 22* 27 26 25 24 24
Gujarat 134* 60*  36* 29* 33* 112*  60* 38* 29* 26*
Maharashtra 79* 37* 24* 22* 29* 49 33 27 27 31
South

Andhra Pradesh 80* 43*  33* 35* 54* 51  39* 38* 44* 65*
Karnataka 72* 48* 39* 39* 46* 58 47 42 41 44
Kerala 47 25%  19* 21* 34* 36  23* 20* 23* 36*
Tamil Nadu 47 40 39 43 55 35 36 40 47 57
Postneonatal mortality

India 48* 36  31* 31* 37* 45 36* 32* 31* 33*
North

Delhi 91* 40*  26* 24* 34* 85%  41* 26* 24* 30*
Haryana 59 40 34 34 42 61 44 35 31 31
Himachal Pradesh 65* 37 27+ 26* 31* 35 32 30 29 30
Jammu region of Jammu and Kashmir 26 23 22 22 23 12 17 23 27 27
Punjab 16 24 28 26 19 13 22 28 28 22
Rajasthan 51* 37 31 30* 35* 45 37 33 31 32
Central

Madhya Pradesh 69* 48*  40* 38* 43* 67*  50* 41* 37* 38*
Uttar Pradesh 69* 52* 45* 45* 52* 75* 55* 46* 44* 47*
East

Bihar 78* 48*  37* 35* 41* 80*  49* 37* 35* 39*
Orissa 110* 72* 55* 49* 51* 82 69 59 52 47
West Bengal 29 25 24 26 31 23 23 25 28 34
Northeast

Assam 60* 40* 33 33* 41* 56*  39* 33* 35* 44*
West

Goa 19 14 11 8 6 53 25 12 6 3
Gujarat 30 31 29 25 20 16 26 32 28 19
Maharashtra 34 24 17 13 11 29 23 18 14 10
South

Andhra Pradesh 33 26 24 25 30 31 26 25 26 29
Karnataka 51* 32* 24* 22* 25* 47 33 25 21 20
Kerala 22* 11* 8* 10* 18* 30 14 9 8 11

Tamil Nadu 32 26 24 23 24 33 29 25 21 17
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Age of mother at childbirth

Unadjusted Adjusted

State 15 20 25 30 35 15 20 25 30 35
Infant mortality

India 125* 89* 74* 73* 86* 103* 85* r* T 85*
North

Delhi 153 78° 54¢ 50° 62° 117r 72° 57° 53r 58p
Haryana 135 95 74 65 67 112 90 76 68 64
Himachal Pradesh 105° 71°p 58r 57° 66° 73 63 60 63 74
Jammu region of Jammu and Kashmir 63 53 50 51 59 33 41 51 62 73
Punjab 65 61 57 50 40 43 52 58 57 49
Rajasthan 113* 78* 64* 63* 4% 89 74 67 67 73
Central

Madhya Pradesh 168* 106*  83* 79* 93* 136* 102* 87* 84* 92*
Uttar Pradesh 179* 128* 106* 102* 114* 164* 126* 108* 104* 113*
East

Bihar 156* 107*  86* 80* 88* 138* 1027 87° 84p 91°
Orissa 188~ 1327 107° 99r  104° 144 125 112 105 104
West Bengal 90 75 70 73 86 63 68 74 84 99
Northeast

Assam 129* 93*  79* 79* 92* 108p 87° 81r 85r 101°
West

Goa 96" 52" 35" 28" 28" 80 51 37 31 27
Gujarat 164" o 64" 540 53" 127" 86" 70" 57" 45"
Maharashtra 113" 61" 410 35" 40" 7 57 46 41 41
South

Andhra Pradesh 112" 70" 57" 61" 84n 82" 66" 62" 70" 94n
Karnataka 124* 80* 63* 61* 71* 105 80 67 62 65
Kerala 69* 36  28* 31* 52* 66" 36" 29" 31" 48"
Tamil Nadu 79 66 63 66 79 68 66 65 68 74
Child mortality

India 65* 45* 37* 35* 39* 63* 49* 41* 37* 37*
North

Delhi 26* 15* 11* 13* 20* 34 21 16 17 23
Haryana 29 35 38 37 31 20 37 47 42 26
Himachal Pradesh 43 29 25 27 39 30 32 36 43 55
Jammu region of Jammu and Kashmir 14 20 28 37 48 17 23 29 35 38
Punjab 32 25 21 18 16 34 27 22 17 14
Rajasthan 51 39 34 33 36 49 41 36 32 31
Central

Madhya Pradesh 98* 67*  53* 48* 51* 86 66 56 53 56
Uttar Pradesh 88* 67*  57* 55* 59* 84 68 60 58 61
East

Bihar 93* 61*  46* 39* 38* 90 65 52 46 46
Orissa 48* 23*  16* 16* 25* 38  23* 18* 19* 25*
West Bengal 42 32 28 29 35 54 37 30 28 30
Northeast

Assam 93 74 61 51 45 97 83 69 58 47
West

Goa 13 11 10 10 10 13 NE NE NE NE
Gujarat 48* 31*  26* 27* 37* 32 27 27 30 38
Maharashtra 27 28 26 22 16 30 30 26 20 14
South

Andhra Pradesh 35 32 28 24 20 36 42 39 28 15
Karnataka 78 48 33 27 25 106 58 35 22 16
Kerala 28 14 10 10 15 74 26 12 7 5
Tamil Nadu 43 38 35 34 35 62 46 37 32 29
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PREVIOUS BIRTH INTERVAL

Table 6.4 shows that both unadjusted and adjusted effects of previous birth inter-
val on neonatal mortality arelarge and statistically significant in Indiaasawhole
and in every state. There are only small differences between unadjusted and ad-
justed effects. For India, adjusted neonatal mortality is more than twice as high
for children born within 24 months of the previous birth asfor children born after
alonger interval. The adjusted effect of previous birth interval is especially high
in Jammu Region, West Bengal, Haryana, and Madhya Pradesh. Del hi, Himachal
Pradesh, and Kerala have the smallest differences in adjusted neonatal mortality
by previousbirth interval, but these differences are, nevertheless, statistically sig-
nificant.

The effects of previous birth interval on postneonatal mortality are similar. The
adjusted effect is especially large in Jammu region, Delhi, and Madhya Pradesh. All
effectsare statistically significant except the unadjusted effect in Goaand the adjusted
effect in Goaand Tamil Nadu.

Combining neonatal and postneonatal mortality, adjusted infant mortality in In-
diaismorethan twiceashigh for children born within 24 months of apreviousbirth as
for other children. Short previous birth intervalsincrease infant mortality in all states
by factors ranging from about 70 to 170 percent.

Notes to Table 6.3:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. Adjusted neonatal, postneonatal, infant, and child mortality
rates for children of birth order two or above are computed from hazard regression models that include the following
control variables: birth order, length of previous birth interval, number of deceased older siblings, child's sex, year of
birth, residence, mother's literacy, religion-caste/tribe membership of household head, mother's exposure to radio or
television, and household toilet facilities, cooking fuel, and economic level (ownership of goods), as well as the
interactions of these last three variables with residence. For child mortality rates, length of following birth interval is
added as a control variable. When calculating adjusted mortality rates, the control variables are set at their mean
values for the specific group of children under consideration. For neonatal, postneonatal, and infant mortality rates,
this group includes all children in India or a specified state who were born in December 1979 or later. For child
mortality rates, it includes all children in India or a specified state who were born in December 1979 or later and who
survived the first year of life. Because mother's age at childbirth and its square are coded as continuous variables,
there is no reference category.

NE: Not estimated because the hazard model did not converge properly.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not for postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.
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The unadjusted effect of previous birth interval on child mortality is somewhat
smaller than the unadjusted effects on neonatal and postneonatal mortality, both in
Indiaas awhole and in most states. It is statistically significant in only 10 of the 19
states. In generd, the effects of previous birth interval tend to be highest in states where
child mortality ishigh. Adjusted effectsare only dightly smaller than unadjusted effects,
and there are only two differencesin datigtical significance: In Jammu region, the unad-
justed effect is not statistically significant, but the adjusted effect is, while in Punjab, the
unadjusted effect isstatistically significant, but the adjusted effect isnaot.

These findings show clearly that previous birth interval has alarge and statisti-
cally significant effect on infant and child mortality. They provide a strong rationale
for advocating child spacing to improve child survival. According to the NFHS, one-
third of al Indian children of birth order 2 and higher are born within 24 months of the
previous birth (Table 2.5). For children born after another sibling, lengthening the
previous birth interval to at least 24 months would reduce mortality under age 5 by
about 17 percent.

MORTALITY OF AN OLDER SIBLING

Children in families where an older sibling died at a young age are likely to have
heightened mortality risks themselves. They may face adverse biological conditions
that affected the older sibling or a family environment associated with high risks of
infant and child mortality.

Table 6.5 shows that mortality of an older sibling has a consistent, strong, and
statistically significant effect on neonatal mortality. In India as a whole, unadjusted
neonatal morality is97 percent higher for children with an older sibling who died than
for other children. A large and statistically significant unadjusted effect isobservedin
al states except Himacha Pradesh. The adjusted effect is only dlightly smaller. Ad-
justed neonatal morality in Indiais85 percent higher for children with an older sibling
who died than for other children. The adjusted effect is statistically significant for
Indiaand for al states except Haryana and Himachal Pradesh.

The unadjusted and adjusted effects of mortality of an older sibling on postneo-
natal mortality are similar to the effects on neonatal mortality, but they are smaller and
statistically significant in fewer states, and the difference between the unadjusted and
adjusted effectsislarger. Unadjusted postneonatal mortality in Indiais 89 percent higher
for children with an older sibling who died than for other children. The differencein ad-
justed postneonatal mortality isonly 47 percent. The unadjusted effect isstatistically Sig-
nificant in 13 states, and the adjusted effect issignificant in eight states.

Combining neonata and postneonatal mortality, unadjusted infant mortdity inIndia
is95 percent higher for children with an ol der sibling who died than for other children. The
differencein adjusted infant mortality issomewhat smaller, at 71 percent.
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Table 6.4 Unadjusted and adjusted neonatal, postneonatal, infant, and child mortality for children of
birth order two or higher, by length of previous birth interval and by state

Previous birth interval (months)

Neonatal mortality

Postneonatal mortality

Unadjusted Adjusted Unadjusted Adjusted

State <24t >24 <24t >24 <24t >24 <24t >24
India 82 37* 79 37* 58 26* 56 27*
North

Delhi 45 25* 41 26* 64 20* 59 21*
Haryana 76 29* 72 30* 57 29* 55 30*
Himachal Pradesh 44 28* 44 28* 49 24* 47 24*
Jammu region of Jammu and Kashmir 54 22% 56 22% 44 16* 45 16*
Punjab 46 22* 42 23* 42 19* 41 20*
Rajasthan 65 28* 61 29* 58 26* 54 27*
Central

Madhya Pradesh 94 37* 88 38* 84 32 79 33*
Uttar Pradesh 112 49*% 108 50* 86 37 83 37
East

Bihar 88 40* 86 41* 66 34* 62 35*
Orissa 98 42* 96 43* 104 48* 99 49*
West Bengal 92 38* 92 38* 46 21* a7 20*
Northeast

Assam 75 39* 73 40* 62 29* 60 29*
West

Goa 47 18* 42 19* 11 9 10 9
Gujarat 69 31* 62 33* 41 23* 41 23*
Maharashtra 53 24* 49 25* 34 15* 32 15*
South

Andhra Pradesh 71 33* 70 34* 45 21* 45 21*
Karnataka 71 35* 67 36* 40 23* 36 24*
Kerala 33 20* 32 20* 17 8* 17 8*
Tamil Nadu 63 34* 67 34* 33 22* 32 22

Infant mortality Child mortality
Unadjusted Adjusted Unadjusted Adjusted

State <24t >24 <24t >24 <24t >24 <24t >24
India 140 63* 135 64* 59 34* 60 36*
North

Delhi 109 45*% 100 47* 23 10* 28 14*
Haryana 133 58* 127 59* 63 27* 67 30*
Himachal Pradesh 92 52* 92 52* 34 25 50 32
Jammu region of Jammu and Kashmir 98 39* 101 38* 40 25 44 24*
Punjab 88 41* 83 43* 31 17* 29 18
Rajasthan 124 54* 115 56* 53 30* 49 31*
Central

Madhya Pradesh 178 69* 167 71* 88 48* 91 49*
Uttar Pradesh 198 86* 191 88* 93 48* 95 50*
East

Bihar 155 T4* 148 76* 78 39* 83 45*
Orissa 201 90* 195 91* 33 16* 36 17*
West Bengal 138 59* 139 59* 44 28* 43 30*
Northeast

Assam 136 68* 132 69* 95 49* 99 57*
West

Goa 59 27" 52 29" 16 8 NE NE
Gujarat 110 54* 103 56* 32 27 33 26
Maharashtra 86 38* 81 40* 28 24 27 25
South

Andhra Pradesh 115 55* 114 55* 38 26 a7 33
Karnataka 1 58* 103 61* a7 35 42 39
Kerala 50 28* 49 28* 14 11 12 12
Tamil Nadu 96 56* 99 56" 42 33 45 36
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For the country asawhol e, the unadjusted effect on child mortality islarge and
statistically significant, but it is smaller than the effects on neonatal and postneona
tal mortality. Unadjusted child mortality is 71 percent higher for children with an
older sibling who died than for other children. A similar pattern is observed at the
statelevel, but the unadjusted effect is statistically significant in only nine out of 19
states. Adjusted effectsare somewhat smaller. Adjusted child mortality in Indiais 31
percent higher for children with an older sibling who died than for other children.
Among states, the adjusted effect is statistically significant only in Rajasthan. In
Punjab and Kerala, death of an older sibling has no effect on child mortality after
adjusting for other variables.

In summary, the death of an older sibling has a decreasing effect on achild’'s
risk of mortality as the child’s age increases. This suggests that similar mortality
experience among siblings may be due primarily to biological factors. In order to
enhance child survival, health-care programmes shoul d give specia attention to fami-
liesthat have experienced previousinfant or child mortality, especially during preg-
nancy and immediately after the birth of subsequent children.

SHORT INTERVAL TO NEXT BIRTH

Children who experience the birth of ayounger sibling during early childhood may
experience high mortality for many reasons. If a woman becomes pregnant again
very soon after childbirth, her lactation may be affected and breastfeeding may stop

Notes to Table 6.4:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. For adjusted mortality rates, the hazard regressions include the
following control variables: birth order, number of deceased older siblings, child's sex, year of birth, mother's age at
childbirth and its square, residence, mother's literacy, religion-caste/tribe membership of household head, mother's
exposure to radio or television, and household toilet facilities, cooking fuel, and economic level (ownership of goods),
as well as the interactions of these last three variables with residence. For child mortality rates, length of following
birth interval is added as a control variable. When calculating adjusted mortality rates, the control variables are set at
their mean values for the specific group of children under consideration. For neonatal, postneonatal, and infant
mortality rates, this group includes all children in India or a specified state who were born in December 1979 or later.
For child mortality rates, it includes all children in India or a specified state who were born in December 1979 or later
and who survived the first year of life.

TReference category in the underlying hazard regression.

NE: Not estimated because the hazard model did not converge properly.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not for postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the

5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.
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Table 6.5 Unadjusted and adjusted neonatal, postneonatal, infant, and child mortality for children of
birth order two or higher, by whether they have deceased older siblings and by state

Child has deceased older sibling(s)

Neonatal mortality

Postneonatal mortality

Unadjusted Adjusted Unadjusted Adjusted

State Nof Yes No' Yes Nof Yes No’ Yes
India 38 75* 39 72* 27 51* 30 44*
North

Delhi 24 69* 24 63* 26 47* 29 35
Haryana 37 50* 37 50 31 52* 34 43
Himachal Pradesh 31 36 31 35 26 48* 26 49*
Jammu region of Jammu and Kashmir 23 69* 23 69* 20 31 21 29
Punjab 23 75* 23 83* 23 46* 23 40*
Rajasthan 29 79* 29 77* 26 74* 27 68*
Central

Madhya Pradesh 37 80* 39 75*% 33 70* 36 61*
Uttar Pradesh 51 87* 55 81* 38 65* 43 55*
East

Bihar 41 4* 41 74* 34 59* 35 55*
Orissa 48 67* 49 65* 53 73* 57 66
West Bengal 40 74* 41 72* 23 33* 24 30
Northeast

Assam 42 64* 43 62* 35 42 37 39
West

Goa 20 63* 21 50* 9 16 10 8
Gujarat 33 69* 35 60* 23 44* 24 41*
Maharashtra 26 53* 25 56* 18 25 19 19
South

Andhra Pradesh 34 71* 34 71* 21 47* 22 43*
Karnataka 35 74* 37 69* 26 32 28 28
Kerala 20 57* 20 45* 9 28* 10 15
Tamil Nadu 35 63* 38 53* 23 28 25 24

Infant mortality Child mortality
Unadjusted Adjusted Unadjusted Adjusted

State No' Yes No' Yes Nof Yes No’ Yes
India 65 127* 68 116* 34 58* 39 51*
North

Delhi 50 115* 53 98" 11 24* 17 21
Haryana 69 102* 72 93 31 50* 38 43
Himachal Pradesh 57 84p 57 85P 25 39 36 40
Jammu region of Jammu and Kashmir 43 100" 44 98" 28 33 31 25
Punjab 46 121* 46 122* 19 29 21 21
Rajasthan 55 152* 56 144* 29 76* 29 72*
Central

Madhya Pradesh 70 149* 75 136* 51 71* 57 65
Uttar Pradesh 20 152* 98 137+ 51 73* 59 66
East

Bihar 75 134* 7 129* 45 55 53 57
Orissa 102 140* 106 130" 17 25 20 22
West Bengal 63 107* 64 102" 29 36 34 31
Northeast

Assam 77 106" 79 101" 58 68 72 65
West

Goa 29 o 31 58" 9 17 NE NE
Gujarat 57 112+ 59 101* 25 39* 26 36
Maharashtra 43 ad 44 75" 24 28 27 21
South

Andhra Pradesh 55 118* 56 114* 26 42* 35 41
Karnataka 61 106" 64 96" 34 49* 39 43
Kerala 28 85* 30 60" 11 20 12 12
Tamil Nadu 59 91" 63 77 31 49* 38 40
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prematurely. The young child’s nutrition and growth may suffer, making the child
increasingly susceptible to diseases and mortality. Also, ayounger sibling may com-
petefor care and attention within the family, and the presence of other young children
in the household may increase achild’s exposure to infectious diseases. Becauseitis
very rarefor achild to have ayounger sibling during infancy, we analyse the effect of
interval to next birth on child mortality only.

Asshownin Table 6.6, subsequent birth interval has no effect on child mortality
among first-born children, but it does have an effect on children of second and higher-
order birth. For second and subsequent children in Indiawho aready have ayounger
sibling by the time they are age two, unadjusted child mortality is 45 percent higher
than it isfor children who do not have a younger sibling by age five. A short subse-
quent birth interval is associated with higher unadjusted child mortality in al states
except Gujarat, where child mortality showslittle variation by subsequent birth inter-
val. The unadjusted effect of subsequent birth interval on child mortality isstatistically
significant in Delhi, Himachal Pradesh, Uttar Pradesh, Bihar, West Bengal, Assam,
and Andhra Pradesh. The adjusted effect is only dlightly smaller than the unadjusted
effectin Indiaasawholeand in most states. In Himachal Pradesh the unadjusted effect
isstatistically significant, but the adjusted effect isnot. By contrast, in Madhya Pradesh
the adjusted effect is statistically significant, but the unadjusted effect is not.

Itisinteresting that first-born children do not experience increased risk of child
mortdity if ayounger sibling isborn before they reach agefive. It appearsthat mothers

Notes to Table 6.5:

Neonatal, postneonatal, infant, and child mortality rates are expressed as deaths per 1,000. Infant mortality rates are
computed as the sum of neonatal and postneonatal mortality rates. Both unadjusted and adjusted mortality rates are
predicted values calculated from hazard regressions. For adjusted mortality rates, the hazard regressions include the
following control variables: birth order, length of previous birth interval, child's sex, year of birth, mother's age at
childbirth and its square, residence, mother's literacy, religion-caste/tribe membership of household head, mother's
exposure to radio or television, and household toilet facilities, cooking fuel, and economic level (ownership of goods),
as well as the interactions of these last three variables with residence. For child mortality rates, length of following
birth interval is added as a control variable. When calculating adjusted mortality rates, the control variables are set at
their mean values for the specific group of children under consideration. For neonatal, postneonatal, and infant
mortality rates, this group includes all children in India or a specified state who were born in December 1979 or later.
For child mortality rates, it includes all children in India or a specified state who were born in December 1979 or later
and who survived the first year of life.

TReference category in the underlying hazard regression.

NE: Not estimated because the hazard model did not converge properly.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

"The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for neonatal (first month) mortality, but not for postneonatal (age 1-11 months) mortality.

PThe coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level for postneonatal (age 1-11 months) mortality, but not neonatal (first month) mortality.



86

National Family Health Survey Subject Reports, No. 11

Table 6.6 Unadjusted and adjusted child mortality, by following birth interval and by state

Following birth interval for birth order 1 (months)

Unadjusted Adjusted
No following No following

State 24 36 48 birth® 24 36 48 birth®
India 39 39 40 40 39 40 40 40
North

Delhi NE NE NE NE NE NE NE NE
Haryana 35 35 36 36 35 35 36 36
Himachal Pradesh 37 33 30 28 42 37 31 28
Jammu region of Jammu and Kashmir 27 28 28 29 28 28 29 29
Punjab 19 20 21 21 19 20 21 21
Rajasthan 23 29 34 36 22 29 34 36
Central

Madhya Pradesh 57 57 57 58 60 59 58 58
Uttar Pradesh 46 52 58 60 47 53 58 60
East

Bihar 77 67 55 48 76 67 55 48
Orissa 37 32 23 19 38 33 23 19
West Bengal 34 33 32 31 33 32 31 31
Northeast

Assam 73 70 65 62 73 69 65 62
West

Goa 11 10 10 10 10 10 10 10
Gujarat 33 31 29 29 35 32 30 29
Maharashtra 39 32 30 25 39 32 30 25
South

Andhra Pradesh 23 25 28 29 25 26 28 29
Karnataka 36 37 38 38 36 37 38 38
Kerala NE NE NE NE NE NE NE NE
Tamil Nadu 38 37 36 36 40 38 37 36

Following birth interval for birth order 2 or higher (months)
Unadjusted Adjusted
No following No following

State 24 36 48 birth® 24 36 48 birth®
India 58* 51* 44* 40 53* 48* 43* 40
North

Delhi 31* 22* 20* 13 25% 19* 18* 13
Haryana 61 48 42 36 51 43 40 36
Himachal Pradesh 75* 57* 39% 28 69 54 37 28
Jammu region of Jammu and Kashmir 31 30 29 29 31 30 29 29
Punjab 28 24 22 21 25 23 21 21
Rajasthan 41 39 36 36 38 37 36 36
Central

Madhya Pradesh 70 65 60 58 67* 64* 60* 58
Uttar Pradesh 80* 71* 63* 60 75*% 68* 62* 60
East

Bihar 83* 71* 56* 48 75* 66* 54* 48
Orissa 28 26 21 19 27 25 21 19
West Bengal 62* 47* 33* 31 58* 45* 33* 31
Northeast

Assam 101* 88* 73* 62 87* 79* 69* 62
West

Goa NE NE NE NE NE NE NE NE
Gujarat 26 28 28 29 26 27 28 29
Maharashtra 29 27 26 25 27 26 26 25
South

Andhra Pradesh 58*% 49* 37* 29 54* 47* 36* 29
Karnataka 52 47 41 38 47 44 40 38
Kerala 17 14 12 12 15 13 12 12
Tamil Nadu 49 42 39 36 46 41 38 36
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careof first-born children does not change much when asecond childisborn and risks
of infectious diseases do not increase significantly when the number of young children
in afamily changesfrom oneto two.

SUMMARY

In general, demographic characteristics have consi stent and substantial effectson mor-
tality before age five at both the national and state levels. The adjusted effects are not
very different from the unadjusted effects except in the cases of birth order and mother’s
age at childbirth. Three demographic characteristics have especialy large adjusted
effects on infant and child mortality—previous birth interval, mortality of an older
sibling, and subsequent birthinterval. These findings suggest that under-five mortality
can be reduced substantially by encouraging women to delay the onset of childbearing
and to increasetheinterval between births.

Spacing births at intervals of at least 24 months will greatly enhance child sur-
vival. Minimizing the number of birthsto mothers under age 20 and helping families
stop having children after four births will also enhance the survival chances of chil-
dren. Finally, family health programmes should provide familiesthat have experienced
an infant or child death with intensified maternal and child health support to avoid
further mortality. Such support should include basic antenatal care, guidance on home
care of well babies, immunizations, and treatment of common childhood illnesses such
as diarrhoea and respiratory infections.

Notes to Table 6.6:

Child mortality rates are expressed as deaths per 1,000. Both unadjusted and adjusted child mortality rates are
predicted values calculated from hazard regressions. For adjusted child mortality rates, the hazard regressions
include the following control variables: birth order, length of previous birth interval for second and higher-order births,
presence of deceased older sibling(s), child's sex, year of birth, mother's age at childbirth and its square, residence,
mother's literacy, religion-caste/tribe membership of household head, mother's exposure to radio or television, and
household toilet facilities, cooking fuel, and economic level (ownership of goods), as well as the interactions of these
last three variables with residence. When calculating adjusted child mortality rates, the control variables are set at
their mean values for the specific group of children under consideration. The group of children under consideration
here includes all children in India or a specified state of birth order two or higher who were born in December 1979 or
later and who survived the first year of life.

TReference category in the underlying hazard regression.

NE: Not estimated because the hazard model did not converge properly.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.



[/ Effects of Antenatal
and Delivery Care
on Neonatal Mortality

In this chapter, we examine the effects of antenatal and delivery care on neonatal
mortality, specifically, the effects of number of antenatal -care visits, immunization of
pregnant women against tetanus, and delivery in amedical facility. This analysisis
based on 55,571 children born during the four years before the NFHS. Because this
sampleissmaller than the samplesused in earlier chapters and because mortality data
for alarge proportion of these children are only available for a short period, estima-
tion of postneonatal and child (age one through four) mortality would not bereliable.
We, therefore, carry out thisanalysis for neonatal mortality only.

NUMBER OF ANTENATAL-CARE VISITS

Table 7.1 shows unadjusted and adjusted probabilities of a child dying during the
neonatal period by number of antenatal-care visits made by the mother during preg-
nancy. The antenatal-care visits reported here do not include home visits made by
health workers. For India as a whole, the table shows a very sharp decline in unad-
justed neonatal mortality as the number of antenatal-care visits increases. The ad-
justed effect ismuch smaller, but it remains statistically significant. A similar pattern
in unadjusted neonatal mortality is observed in all states except Jammu region and
Maharashtra. The unadjusted effects of number of antenatal-care visits are statisti-
cally significant for Indiaand for 10 of the 19 states.

The adjusted effects of antenatal-care visitson neonatal mortality aremuch smaller
inall states except Himachal Pradesh, wherethey arelarger, and in Madhya Pradesh
and Orissa, where they remain virtually unchanged. The adjusted effects are sta-
tistically significant only for India and for Himachal Pradesh, Madhya Pradesh,
and Orissa. Delhi, Uttar Pradesh, Goa, Andhra Pradesh, Karnataka, and Tamil
Nadu show a sharp decline in adjusted neonatal mortality with increasing number
of antenatal-care visits, but the adjusted results for these states are not statisti-
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Table 7.1 Unadjusted and adjusted neonatal mortality, by number of antenatal-care visits made by
mother and by state

Number of antenatal-care visits made by mother

Unadjusted Adjusted
State 0 2 4 6 0 2 4 6
India 53* 43* 35* 28* 46* 43* 41* 39*
North
Delhi 49* 40* 33* 27* 43 37 32 28
Haryana 40 37 34 31 32 36 40 46
Himachal Pradesh 44 34 26 20 57* 34* 21* 12*
Jammu region of Jammu and Kashmir 25 26 28 29 23 25 28 32
Punjab 33 32 31 30 27 30 33 36
Rajasthan 34 33 33 32 34 34 34 34
Central
Madhya Pradesh 56* 40* 28* 20* 54* 41* 31* 24*
Uttar Pradesh 62* 45* 33* 24* 56 50 45 41
East
Bihar 53 44 37 31 50 48 46 44
Orissa 67* 45* 30* 20* 65* 46* 33* 24*
West Bengal 52* 44* 37* 31* 40 42 45 47
Northeast
Assam 62* 44* 31* 22% 50 50 50 50
West
Goa 46* 32* 23* 16* 24 21 19 17
Gujarat 45 39 33 28 39 39 39 39
Maharashtra 31 30 30 30 18* 26* 37* 54*
South
Andhra Pradesh 59* 47* 37* 30* 54 46 39 33
Karnataka 50 45 41 37 a7 44 42 39
Kerala 30* 23* 17* 12* 16 14 13 11
Tamil Nadu 63* 51* 41* 33* 50 46 42 38

Notes: Neonatal mortality rates are expressed as deaths per 1,000. Both unadjusted and adjusted neonatal mortality rates are predicted values
calculated from hazard regressions. For the adjusted mortality rates, the hazard regressions include the following control variables: whether
mother received at least two tetanus injections during pregnancy, whether child was delivered at a medical facility, child’s sex, year of birth,
mother’s age at childbirth and its square, mother’s literacy, residence, religion/caste-tribe membership of household head, mother’s exposure to
radio or television, and household toilet facilities, cooking fuel, and economic level (ownership of goods), as well as the interactions of these last
three variables with residence. When calculating the adjusted neonatal mortality rates, the control variables are set at their mean values for the
particular group of children under consideration. This group includes all children in India or a specified state who were born by January 1988 or
later (January 1989 or later for Haryana and states surveyed during the third round of the NFHS: Arunachal Pradesh, Bihar, Gujarat, Jammu
region of Jammu and Kashmir, Manipur, Meghalaya, Mizoram, Nagaland, Orissa, Punjab, Tripura, and Delhi). Because number of antenatal-care
visits is coded as a continuous variable, there is no reference category.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the 5 percent level.

cally significant. Itisnot surprising that the adjusted effects on neonatal mortality are
much smaller and less often statistically significant than the unadjusted effects. Thisis
because antenatal-carevisitsarelikely to be correlated with socioeconomic background
variables such as urban/rural residence and mother’s literacy, which are included in
the model for adjusted effects.

In Maharashtra, Haryana, Jammu region, Punjab, and West Bengal, the adjusted
effect of number of antenatal-care visitstendsto increase neonatal mortality, although
this effect is only statistically significant in Maharashtra. This unexpected effect is
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observed in Jammu region both before and after adjustment for other variables. It is
possible that women in these states who report frequent antenatal-care visits experi-
ence high-risk factors associated with neonatal mortality. Another possibility is that
women in these stateswho have few antenatal -care visitstend to underreport neonatal
deaths.

TETANUS IMMUNIZATION OF PREGNANT MOTHERS

Tetanus is one of the major causes of neonatal mortality in developing countries
(Stanfield and Galazka 1984). In such countries, it is highly recommended that preg-
nant women receive at least two doses of tetanus toxoid vaccine (Dastur et al. 1993;
Jones 1983). Table 7.2 shows the unadjusted and adjusted effect of mother’sfull teta-
nusimmunization on achild’s probability of dying during the neonatal period. InIndia
as awhole, mother’s tetanus immunization has a substantial effect on unadjusted and
adjusted neonatal mortality. Both unadjusted and adjusted effects are statistically sig-
nificant, reflecting the importance of the protection conferred by tetanus immuniza-
tion.

The unadjusted effect of mother’s full tetanus immunization reduces neonatal
mortality in al statesexcept Jammu region. Thiseffect isstatistically significantin 12
states. The adjusted effect is smaller in most states and is statistically significant in
only six: Uttar Pradesh, Orissa, West Bengal, Assam, Maharashtra, and Tamil Nadu.
The adjusted effect is substantial, but not statistically significant, in Delhi, Haryana,
Punjab, Rajasthan, Bihar, Gujarat, AndhraPradesh, and Kerala. In Himachal Pradesh,
adjusted neonatal mortality isslightly higher for children whose mothersreceived full
tetanus immunization than for other children.

In summary, the adjusted effect of mother’sfull tetanusimmunization on heona-
tal mortality is statistically significant in India as a whole and is either statistically
significant or substantial in 14 of the 19 states, including most of India's populous
states with high mortality. These findings suggest that immunizing pregnant women
against tetanusisan important programme intervention for reducing neonatal mortal-
ity inIndia.

PLACE OF DELIVERY

Children delivered at amedical facility are likely to experience lower mortality than
children delivered at home because such facilities usually provide a sanitary environ-
ment and medically correct birth assistance. If complications develop during child-
birth, medical professionals can attend to the problem immediately. In a developing
country such as India, however, most women who deliver their children at a medical
facility enjoy ahigh socioeconomic status as measured by the indicators used in this
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Table 7.2 Unadjusted and adjusted neonatal mortality, by mother's tetanus
immunization during pregnancy and by state

Mother received at least two tetanus injections during pregnancy

Unadjusted Adjusted
State Nof Yes Nof Yes
India 59 33* 55 35*
North
Delhi 53 26* 46 27
Haryana 47 31 49 31
Himachal Pradesh 35 32 32 35
Jammu region of Jammu and Kashmir 25 28 27 27
Punjab 48 29 44 30
Rajasthan 35 30 38 25
Central
Madhya Pradesh 54 37* 48 42
Uttar Pradesh 67 35* 64 39*
East
Bihar 54 40 52 43
Orissa 74 40* 71 42*
West Bengal 66 35* 63 36*
Northeast
Assam 67 27* 67 27*
West
Goa 74 14* NE NE
Gujarat 54 32* 50 34
Maharashtra 57 24* 66 22%
South
Andhra Pradesh 63 38* 56 39
Karnataka 49 40 45 42
Kerala 32 10* 22 10
Tamil Nadu 114 37* 96 38*

Notes: Neonatal mortality rates are expressed as deaths per 1,000. Both unadjusted and adjusted neonatal mortality
rates are predicted values calculated from hazard regressions. For the adjusted mortality rates, the hazard
regressions include the following control variables: number of mother's antenatal-care visits, whether child was
delivered at a medical facility, child’s sex, year of birth, mother’s age at childbirth and its square, mother’s literacy,
residence, religion/caste-tribe membership of household head, mother’s exposure to radio or television, and
household toilet facilities, cooking fuel, and economic level (ownership of goods), as well as the interactions of these
last three variables with residence. When calculating the adjusted neonatal mortality rates, the control variables are
set at their mean values for the particular group of children under consideration. This group includes all children in
India or a specified state who were born by January 1988 or later (January 1989 or later for Haryana and states
surveyed during the third round of the NFHS: Arunachal Pradesh, Bihar, Gujarat, Jammu region of Jammu and
Kashmir, Manipur, Meghalaya, Mizoram, Nagaland, Orissa, Punjab, Tripura, and Delhi).

NE: Not estimated because the hazard model did not converge properly.

TReference category in the underlying hazard regression.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the
5 percent level.

analysis. Poor women only deliver their childrenin amedical facility if they anticipate
acomplication. In this situation, delivery in amedical facility would be expected to
reduce neonatal mortdity when measured independently, but after adjusting for soci oeco-
nomic variables, the effect would be expected to disappear or to reversedirection.

Table 7.3 shows this pattern. For Indiaas awhole, unadjusted neonatal mortal-
ity islower for children delivered in amedical facility than for children delivered at
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Table 7.3 Unadjusted and adjusted neonatal mortality, by place of delivery and by

state
Place of delivery

Unadjusted Adjusted
State Home' Medical facility = Home™ Medical facility
India 46 35* 41 52*
North
Delhi 30 33 22 48*
Haryana 34 52 31 82*
Himachal Pradesh 33 36 31 47
Jammu region of Jammu and Kashmir 28 25 29 22
Punjab 29 43 27 52*
Rajasthan 33 37 33 39
Central
Madhya Pradesh 46 42 41 78*
Uttar Pradesh 54 50 50 86*
East
Bihar 50 44 47 68
Orissa 54 51 50 82
West Bengal 44 39 39 52
Northeast
Assam 53 32 51 45
West
Goa 35 16 NE NE
Gujarat 42 34 37 43
Maharashtra 36 25 30 31
South
Andhra Pradesh 47 35 43 43
Karnataka 43 42 39 52
Kerala 21 10 8 11
Tamil Nadu 56 35* 50 38

Notes: Neonatal mortality rates are expressed as deaths per 1,000. Both unadjusted and adjusted neonatal mortality

rates are predicted values calculated from hazard regressions. For the adjusted mortality rates, the hazard

regressions include the following control variables: number of mother's antenatal-care visits, whether mother

received at least two tetanus injections during pregnancy, child’s sex, year of birth, mother’s age at childbirth and its

square, mother’s literacy, residence, religion/caste-tribe membership of household head, mother’s exposure to radio

or television, and household toilet facilities, cooking fuel, and economic level (ownership of goods), as well as the

interactions of these last three variables with residence. When calculating the adjusted neonatal mortality rates, the

control variables are set at their mean values for the particular group of children under consideration. This group

includes all children in India or a specified state who were born by January 1988 or later (January 1989 or later for

Haryana and states surveyed during the third round of the NFHS: Arunachal Pradesh, Bihar, Gujarat, Jammu region

of Jammu and Kashmir, Manipur, Meghalaya, Mizoram, Nagaland, Orissa, Punjab, Tripura, and Delhi).

NE: Not estimated because the hazard model did not converge properly.

tReference category in the underlying hazard regression.

*The coefficient of the corresponding variable in the underlying hazard regression differs significantly from zero at the

5 percent level.

home. The adjusted values show the opposite effect. The apparent advantage of deliv-
eringinamedical facility isduemostly to theinfluence of other socioeconomic vari-
ables, with place of delivery acting as a proxy. After controlling for the effects of
variables such as mother’sliteracy and household economic status, neonatal mortal-
ity is actually higher for children delivered in a medical facility than for children
delivered at home. Both unadjusted and adjusted results are statistically significant.
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State-level results show the same pattern. In al but three states where unad-
justed neonatal mortality islower for children deliveredinamedical facility, adjusted
neonatal mortality is higher for such children. In al five states where unadjusted
neonatal mortality ishigher for children delivered in amedical facility, adjusted neo-
natal mortality is aso higher. The adjusted results are statistically significant in five
states: Delhi, Haryana, Punjab, Madhya Pradesh, and Uttar Pradesh. The adjusted
association between delivery in amedical facility and heightened neonatal mortality is
aso substantial, but not statistically significant, in Himachal Pradesh, Bihar, Orissa,
West Bengal, and Karnataka.

After adjusting for other variables, delivery in a medical facility is associated
with lower neonatal mortality in only three states: Jammu region, Assam, and Tamil
Nadu. In Jammu region and Assam, the adjusted effect is small, and none of the
adjusted effectsis statistically significant.



8 Conclusions and Policy
Recommendations

Infant and child mortality are moderately high in India, varying widely from state to
state. Among children born during the 12 years before the NFHS, infant mortality
was 88 deaths per 1,000 birthsin Indiaasawhole. At the state level, infant mortality
ranged from fewer than 40 deaths per 1,000 births in Kerala and Goa to more than
120 deaths per 1,000 births in Orissa and Uttar Pradesh. All states experienced a
reductionininfant and child mortality over the 12-year period beforethe survey. This
reduction was proportionately largest for child mortality and smallest for neonatal
mortality.

Sex differentials in infant and child mortality reflect strong son preference in
many states. During the neonatal period, most states exhibit excess male mortality,
whichisthebiologica norm. During childhood, however, all statesexcept Tamil Nadu
and Kerala show excess female mortality. In India as a whole, child mortality is 40
percent higher for girls than for boys. Data on sex differentials in infant and child
mortality suggest that son preference and discrimination against female children are
more prevalent in India’s northern states than in the south.

Several socioeconomic characteristics have a substantial effect on infant and
child mortality even after adjusting for the effects of other variables. Theseare mother’s
literacy, household accessto aflush or pit toilet, household head'sreligion and caste/
tribe membership, and household economic status as indicated by ownership of con-
sumer goods. In al cases, the adjusted effects are smaller than the unadjusted effects,
but they are often statistically significant. For most of these socioeconomic character-
istics, the adjusted effects are largest for child mortality and smallest for neonatal
mortality. Some socioeconomic characteristics have asubstantial unadjusted effect on
infant and child mortality but a negligible adjusted effect. These are rural/urban resi-
dence, mother’s exposure to mass media, and use of aclean cooking fuel.

Although it is not feasible to rai se the socioeconomic status of every household
inIndiain ashort period of time, thefamily health programme can use information on
the effects of socioeconomic characteristics to improve infant and child survival by
targeting families at high risk. The results reported here indicate that health in-
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tervention programmes should focus on illiterate mothers and on households that are
poor, that are headed by members of scheduled castes or schedul ed tribes, and that lack
accessto aflush or pit toilet. Such programmes should make sure to reach both male
and femalechildren.

One of the most interesting findings in this report concerns the relationship be-
tween birth order, mother’sage at childbirth, and mortality of infantsand young chil-
dren. After adjusting for other variables, neonatal mortality goes down with increas-
ing birth order, while postneonatal and child mortality go up (Figure 6.1). Among
children born to mothers at various ages, those born to mothersin their late 20s have
the lowest adjusted mortality rates. Mortality is particularly high for children born to
mothers under age 20.

These findings indicate that adeclinein fertility, by reducing the proportion of
higher-order births, will tend to lower the overall level of child mortality. At the same
time, the overall level of neonatal mortality may rise because alarger proportion of all
birthswill be high-risk first births. Thispotential increasein neonatal mortality can be
avoided, however, by encouraging women to wait until age 20 to start having children.
During the 12-year period before the NFHS, 34 percent of first-born children were
born to mothers under age 18, and 60 percent were born to mothers under age 20.
Reducing this large proportion of births to very young mothers will lower neonatal
mortality dramatically.

For children who are not first born, previousbirth interval hasby far the largest
effect oninfant and child mortality of any factor analysed in thisreport. Children born
less than 24 months after a previous birth are more than twice aslikely to die during
infancy and two-thirds more likely to die during childhood compared with children
born after alonger interval. Because about one-third of second and higher-order births
inIndiaare born lessthan 24 months after apreviousbirth, aprogramme that encour-
ages women to space hirths at intervals of at least 24 months would have a major
impact on infant and child mortality.

Theresultsalso show that familiesthat have already experienced the death of an
infant or child are at much greater risk than other families of another infant or child
death. Family health programmes should identify such familiesand provide them with
intensified health services and guidance.

Finally, among health-care interventions, immunization of pregnant women
against tetanus has a substantial effect in reducing neonatal mortality. Family health
programmes should be strengthened to provide this basic health-care service to all
pregnant women.
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