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ABSTRACT 

The aim of this study was to develop a single 
comprehensive index of child mortality for longi-
tudinal assessment of health status of children. 
The need for such a comprehensive index arose 
from conflicting trends in different child mortal-
ity indicators. The data for the study was taken 
from the Sample Registration System (SRS) re-
ports of the Registrar General of India. SRS is 
known to provide reliable estimates of births and 
deaths at the State and the National level. 

The study included five child mortality indi-
cators, namely, under five mortality rate 
(U5MR), infant mortality rate, neonatal mortal-
ity rate, perinatal mortality rate and still birth 
rate. These were available for fifteen states of 
India over the years 1972-1988. To develop this 
index we modified an earlier method based on 
factor analysis so as to make the index suitable 
for longitudinal analysis. 

Factor analysis of data on various indicators 
of child mortality revealed two factors which to-
gether explained 78% to 93% of the total varia-
tion in different years. The first factor was iden-
tified as representing mortality after birth and 
the second as before and during birth. The com-
prehensive index was obtained as a linear combi-
nation of these two factors. The resultant index 
thus fairly represented all five mortality indica- 

Some attempts(1 -6) have been made 
earlier to develop composite indices for 
health measurement for different target 
groups in the developing countries as 
well as for the global use. These are 
mainly based on combination of socio-
demographic indicators like crude birth 
rate, crude death rate, infant mortality, 
life expectancy and literacy rate. The in-
dices developed so far are mostly cross- 

tors and provided a comprehensive and reason-
ably correct picture of child mortality. The lower 
the magnitude of this index, the better was the 
child health status. Trends in the index showed 
that the highest decline in the magnitude was in 
the state of Kerala followed by Punjab, Andhra 
Pradesh, Gujarat and Maharashtra in that order. 
This indicates steady improvement of the child 
health status over years in these states. In the 
State of Jammu and Kashmir, the index re-
mained more or less constant over the years 
though the magnitude was low in the cross-sec-
tional comparison with other states. Thus the 
comprehensive index developed by using factor 
analysis of the various mortality indicators can 
be used for the longitudinal monitoring of child 
health status in the states of India. 
Keywords: Child health status. Child 

mortality index, Trends, Factor 
analysis. 

From the Division of Bicstatistics and Epidemi-
ology, Institute of Cytology and Preventive 
Oncology, Maulana Azad Medical College 
Campus, New Delhi; Department of Preven-
tive and Social Medicine, University College 
of Medical Sciences, Delhi; Division of 
Clinical Epidemiology, Department of 
Pediatrics, Maulana Azad Medical College, 
New Delhi; and Department of Statistics, 
Meerut College, Meerut. 

Reprint requests: L. Satyanarayana, 73-A, HIL 
Apartments, Sector 13, Rohini, Delhi 110 
085. 

Received for publication: August 4,1994; 
Accepted: October 6, 1994 



SATYANARAYANA ET AL. 

sectional in nature and are not applica-
ble for longitudinal assessment. There is 
thus a need for development of a 
comprehensive index for longitudinal 
monitoring of health(6). 

Currently child health is attracting 
considerable attention particularly in 
the context of developing countries. 
Since morbidity is difficult to observe 
on national basis, the effect of health 
policies and programmes on child 
health are usually monitored by several 
mortality indicators. These include still 
birth rate (SBR), perinatal mortality rate 
(PEMR), neonatal mortality rate (NMR), 
infant mortality rate (IMR) and under 
five mortality rate (U5MR)(7). These 
rates are focussed on specific segments 
of life beginning from late pregnancy to 
5 years of age. This focus is of tremen-
dous help to planners in developing 
strategies to control age specific mortali-
ty. Nevertheless, a single but compre-
hensive measure is many times consid-
ered desirable in order to study trends 
in overall health status because of the 
simplicity entailed in its use. Such a 
comprehensive index could' be of tre-
mendous help in studying trends over a 
period and in comparing various areas. 
Individual indicators can provide a con-
flicting picture on their trends which 
can pose problems to decision makers 
who may not have rigorous background 
in statistical and epidemiological meth-
ods. For example, a fairly high NMR 
value may be masked by a moderate 
value of U5MR if mortality in post neo-
natal segment is low. Similarly a sub-
stantial decline in infant mortality rate 
without a concomitant change in 1-4 
years mortality rate may not be ade-
quately reflected in U5MR. Further, on 
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preview of the mortality rates in one 
State of the present data, neonatal mor-
tality revealed an increasing trend while 
perinatal mortality was not changing 
over time and U5MR showed some de-
cline. In some other states, PEMR and 
NMR remained static while IMR and 
U5MR declined. This may suggest a 
false sense of security of decline in child 
mortality, which could be taken as a 
plea for passive action, while in fact the 
situation in the younger age group, 
requiring more intensive intervention, 
may not be correspondingly improving. 
When one, wants to look at a collective 
picture of trends in overall child mortal-
ity status in correct perspective, a need 
of a comprehensive index is felt. The 
present study attempts to develop such 
an index, using various child mortality 
rates, for longitudinal assessment of 
child health status for various states of 
India through factor analytic approach. 
Data and Methods 

The data for this study were taken 
from the Sample Registration System 
(SRS) reports(8-18). The office of the 
Registrar General of India initiated this 
System in India with the objective to 
provide reliable estimates of birth and 
death rates at the State and National 
levels. The field investigation under SRS 
consists of continuous enumeration of 
births and deaths in a statistically valid 
sample of villages and urban blocks by 
resident part-time enumerator, general-
ly a local teacher, and an independent 
six monthly retrospective survey by a 
full time supervisor. The unmatched 
and partially matched events are 
reverified in the field to get an 
unduplicated count of correct events. 
Since the SRS is by far the most reliable 
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source, it was utilized for the present 
analysis. 

The mortality indicators utilized for 
the development of a comprehensive 
child mortality index are SBR, PEMR, 
NMR, IMR and U5MR. Under five mor-
tality rate (U5MR) was not directly 
available for the SRS reports. It was de-
rived from under five death rate by us-
ing the formula: U5MR = Under 5 death 
rate *percent population under five/ 
crude birth rate *10. 

The pertinent SRS data are available 
for the years 1970 to 1988 for 15 to 17 
major States of India. Data for the States 
of Andhra Pradesh, Assam, Gujarat, 
Haryana, Himachal Pradesh, 
Maharashtra, Orissa, Tamil Nadu and 
Uttar Pradesh are available for 1970-
1988 (19 years); for Karnataka, Kerala 
and Punjab from 1971 to 1988 (18 years); 
and for Jammu and Kashmir and 
Rajasthan from 1972 to 1988 (17 years). 
Data for the Bihar and West Bengal are 
available only for 1981 to 1988 (8 years). 
Complete data on the above five mdica-
tors are thus available only for fifteen 
States for the years from 1972 to 1988 
(17 years). These only are included in 
the present analysis. These fifteen states 
comprised 73.8% of the total population 
of the country. 
Statistical Methods 

The method of computing an index 
of health developed by Chandra Sekhar 
et al.(6) was modified to get a compre-
hensive index of child mortality. This 
method utilizes factor analytic 
appraoch(19-21) to explain the observed 
relations among indicators in terms of 
simple factors. This technique also de-
termines the number of factors required 
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to represent the major portion of the 
picture provided jointly by all the indi-
cators. A brief description of the meth-
od in our context is as follows. 

Denote the five mortality indicators 
used for the development of the index 
by Xi (i = 1,2,3,4,5). The factor model is 
adequate when Xis are correlated be-
cause that is a prerequisite for presence 
of common factors shared by the indica-
tors. Additional evidence of sharing 
common factors is that the partial corre-
lations among X is would be low. 
Various tests like Bartlett's and Kaiser-
Meyer(20) are available to check the 
validity of this assumption. Suppose the 
number of common factors 
explaning major part of variation is M. 
The factor model assumes 

Xi = ailFl + ai2F2+... + aiMFM + ei, 
where Fm (m=l,2,...,M) are the common 
factors. A .well known procedure of 
principal components is used to extract 
factors which also determines the num-
ber of appropriate factors. In our case, 
this turned out to be M = 2. The factor 
extraction also determines the values of 
aim which are called loadings. Some-
times these are rotated to get high load-
ings for some factors and low for the 
others. We use varimax method of rota-
tion. The next step is to obtain factor 
score coefficients by 

WmiΣu amurui( m=1,2;u,i=l,2,3,4,5) 

where rui is the (µ,i)th element of inverse 
of correlation matrix of Xis. In the third 
step, factor scrores Km for State j are 
obtained by 

Km = Σiwmixi (m=1,2). 
The details of all this procedure are 
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available in Cattle(19). We obtained 
these factors scores separately for each 
of the 15 states and for each of the 17 
years using values of X; for that particu-
lar state in a year. If the factor score for 
jth state is Km for any particular year, 
our index of child mortality (ICM) for 
that state and year is given by 

ICM = H J  = Σm Vm Σ iWmiXi j  
(j  =1,2,……,15), 
where Vm is the proportion variance 

explained by the mth factor. This pro-
portion of variance is also obtained at 
the stage of obtaining principal compo-
nents mentioned earlier. SYSTAT pack-
age(22) was used for computations. A 
15 x 17 matrix of TCM values was ob-
tained corresponding to 15 states and 17 
years. Such an index gives due 
weightage to various components of 
child mortality measured by different 
indicators. As we shall see, this enables 
us to have cross-sectional as well as lon-
gitudinal assessment of child mortality 
in different states. It is also clear from 
the factor model that with a change in 
the magnitude of the mortality indica-
tors, there is corresponding change in 
the factor scores and so in the index. A 
time trend in the mortality indicators 
will be reflected in the index when 
unstandardized indicators are used in 
computing factor scores. The use of 
standardized indicators in the computa-
tion as done by Chandra Sekhar et al.(6) 
and further standardization on (0-100) 
scale have the following drawbacks for 
our stated objectives: (i) it is cross-sec-
tional in nature; (ii) it has a severe limi-
tation that it always varies from 0-100 
and measures the relative position only. 
The straight use of their procedure is, 
therefore, not appropriate for evaluat- 
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ing the longitudinal trends in ICM. Our 
modification is in terms of using 
unstandardized mortality indicators to 
compute the factor scores. Further, stan-
dardization is usually adopted in situa-
tions where different indicators have 
separate units of measurement. Luckily, 
in the present series the mortality indi-
cators are expressed in terms of either 
1000 births as in SBR and PEMR and 
1000 live births as in NMR, IMR and 
U5MR. This results in a marginal differ-
ence of the base which for our study can 
be ignored. 

Trend analysis of the comprehensive 
index would enable us to study secular 
changes in the child mortality status as a 
whole in different states of the country. 
It is not always possible to detect the 
trend visually. For different states, the 
trends in ICM and U5MR were comput-
ed by using ordinary least squares lin-
ear regression method after logarithmic 
(natural) transformation. Such transfor-
mation was necessary because of the 
varying magnitudes in the absolute 
changes could mislead the comparisons. 
For example, a fall in the index by 10 
points from 100 to 90 represents a 
reduction of 10% whereas the same 
10 point fall from 20 to 10 represents a 
reduction of 50%. 

Results 

The factor loadings obtained after 
varimax rotation show that, generally 
across the years, the first factor is most-
ly shared by U5MR, IMR, and NMR and 
to some extent by PEMR also. The sec-
ond factor is mostly shared by PEMR 
and SDR. Thus, PEMR is equivocal and 
happens to figure in both the factors. 
The loadings are shown Table I. The first 



 

 

factor can be identified as representing 
mortality after birth and the second as 
before and during birth. The first factor 
explains 45.7% to 72.5% of the total vari-
ation in different years while the second 
9.7% to 32.2%, The two factors together 
explain 77.9% to 93.2% of total variation 
in different years. This is a large propor-
tion. Such high percentage of explained 
variation validates the use of factor 
analysis for these data. 

Table II shows original data on five 
indicators in different states along with 
factor scores and index of child mortali-
ty   (ICM)   for   the   year   1988   as   an 

example. Factors scores (K1 and K2) for 
the first and second factor are computed 
as a linear combination of mortality in-
dicators using factor score coefficients 
as follows: 

K1 = 0.309*U5MR + 0.292*IMR + 
0.304*NMR -0.1788PEMR -0.105*SBR 

K2 = -0.176*U5MR -0.092*IMR + 
0.017*NMR -0.597*PEMR -O.68*SBR 

The factor score coefficents came 
from SYSTAT output of factor analysis 
for each year and each indicator. Indica-
tor values for a particular year and state 
when substituted, in K1 and K2 give the 
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values of the factor scores. After obtain-
ing K1 and K2, the ICM for the 1988 is 
obtained as 

ICM = (69.68 K1 + 23.4* K2)/100 

where 69.6 and 23.4 are the percent-
age variation explained by Ihe factor 
one and factor two, respectively for this 
year (Table II). 

For the state of Andhra Pradesh in 
the year 1988 (Table II) the computations 
for factor scores and index are per-
formed as shown below. 

K1 = 0.309*117.3 + 0.292*83 + 0.304*58.1 -
0.178*54.3 -0.105*11.9 = 86.5 

K2 = -0.176*117.3 -0.092*83 + 0.017*58.1 
= 0.597*54.3 -0.68*11.9 = 13.2 

ICM = (69.6*86.5 + 23.4*13.2)/100 = 63.3 
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After substituting the values of the 
factor scores, the ICM is similarly com-
puted for each state. For the remaining 
16 years fl 972-1987) also the yearwise 
index is computed similarly. The values 
of the index thus computed reflect due 
weightage to each component of child 
mortality, yet provide a comprehensive 
picture obtained jointly by the five indi-
cators. The changes in the index (ICM) 
are shown in Fig. 1 for selected States 
alongwith the corresponding changes in 
each of the five mortality indicators for 
different States of India. 

Now to study the trend, we ran re-
gression of ICM and U5MR on years af-
ter logarithmic transformation. Regres-
sion coefficients obtained for different 
States are shown in Table III which we 



 



 

 

prefer to call trend coefficient in the 
present setup. These coefficients can be 
interpreted as average change in log 
mortality per year. The ranking of vari-
ous states with respect to per cent 
change in log mortality varies depend-
ing on whether one uses U5MR or 1CM 
as the index of child mortality. For 
example, ICM revealed highest linear 
decline in Kerala followed by Punjab, 
Andhra Pradesh, Gujarat and 
Maharashtra, but U5MR showed that 
the order to be Kerala, Maharashtra, 
Andhra Pradesh, Punjab and Tamil 
Nadu. Also the trend coefficients for 
ICM were in general lower than that of 
U5MR. This is because ICM is giving 

450 

proper weightage to relatively less de-
cline in IMR, NMR, PEMR and SBR. 
U5MR seems to be unduly affected by 
high decline in 1-4 year mortality. This 
is further documented by the picture 
obtained in Jammu and Kashmir which 
shows a significant decline in U5MR. 
But, there was no significant secular 
change in ICM for this state during.the 
corresponding period. The decline in 
various components of child mortality is 
varying which can be appreciated from 
Fig. 1. This figure implies that in Jammu 
and Kashmir, the decline in U5MR is 
mainly due to decline in 1-4 year mor-
tality whereas the 0-1 year component 
and SBR are virtually static. 
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Discussion 

In the present study we combined 
different child mortality indicators to 
obtain a comprehensive index of child 
mortality which successfully provided a 
means of longitudinal monitoring of 
child mortality. The need for such a 
comprehensive index arose due to con-
flicting trends in different indicators of 
various states while studying the secu-
lar changes in child mortality. 

In the State of Jammu and Kashmir 
for example, the neonatal mortality 
showed a significant (p <0.05) increasing 
trend, perinatal mortality was static but 
U5MR showed a significant (p <0.01) 
decline. The decline in U5MR clearly is 
the result of decline in mortality in the 
1-4 year age group. Thus U5MR in 
this case is not representative of all of its 
components. On the other hand, TCM 
for this State shows a trend coefficient of 
nearly zero (Table III) which reflects 
the composite effect of the trend in each 
indicator. This very clearly illustrates 
how ICM is a better, index relative to 
U5MR. In Orissa and Karnataka also, 
FEMR and NMR remained stationary 
(Fig. 1); IMR showed a significant (p 
<0.01) decline but U5MR revealed an 
appreciable decline (p <0.001). The 
ICM had a trend coefficient of -0.015 and 
-0.018 for Orissa and Karnataka, 
respectively (Table III) which were much 
smaller in absolute value than -0.024 
and -0.031 for U5MR. In view of 
stationary PEMR and NMR in these 
States, a lower coefficient in TCM is a 
better reflection of the comprehensive 
situation obtained by the simulatenous 
consideration of the 5 indicators. Thus, 
weightage given in TCM to each 
indicator has a desired sobering 
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effect when required. The graphs of 
Kerala and Uttar Pradesh have been in-
cluded in Fig. 1 for comparison purpos-
es. Kerala happens to be the state with 
lowest rates and Uttar Pradesh with 
highest rates of child mortality. 

Can the summary information on 
child mortality changes over time 
achieved by tedious calculations for 
ICM be replaced by a simple summation 
of U5MR and SBR? This possibility 
could not be substantiated even for the 
State of Jammu and Kashmir in which 
discordance was maximum. A simple 
summation of two or more indicators 
can not be adequate replacement of the 
statistically computed ICM which gives 
differential weightage to its several 
components depending on their contri-
bution to the overall picture. 

In the context of developing coun-
tries with scarce resources, summary 
mortality indices are sometimes utilized 
to prioritize resource allocation for 
health interventions amongst different 
sub-units of the country. This 
prioritization would vary depending 
upon whether U5MR or TCM is utilized. 
If a comprehensive summary picture is 
required for mortality for studying sec-
ular trends giving weightage to all the 
age segments, obviously ICM seems 
preferable. 

There are some difficulties preclud-
ing a widespread use of this compre-
hensive index of child mortality. Firstly, 
it requires tedious statistical computa-
tions. However, with the widespread 
availability of computers and statistical 
packages, this is not a major obstacle. 
Secondly, the ICM unlike the mortality 
indicators,  does  not have  an actual 

451 



SATYANARAYANA ET AL. 

meaning as far as mortality rates are 
concerned. This is probably also true for 
other such comprehensive indices(3,6). 
Thirdly, it can be used only in countries 
where computed mortality rates of vari-
ous segments are available. These draw-
backs are minor. We find that the factor 
analytic approach can be profitably em-
ployed to provide a comprehensive in-
dex of child mortality which gives due 
weightage to SBR, PEMR, NMR, TMR 
and U5MR. Thus, 1CM can be utilized 
for longitudinal monitoring of child 
health status and for comparison be-
tween different states. 
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