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INCOME, INCOME INEQUALITY AND MORTALITY
AN EMPIRICAL INVESTIGATION OF THE RELATIONSHIP IN INDIA, 1971-2003

K SJamesand T S Syamala

Abstract

This study aims to understand the nuances behind the often-celebrated relationship between
income and mortality in the context of India. The income-life expectancy relationship is non-
linear in nature, with mortality responding sharply in the earlier years and rather slowly in the
latter years. The regression analysis between per-capita income and the Gini-Coefficient with
mortality for different decades revealed that the income-mortality relationship has been weaker
in the 1970s but became stronger in the 1980s and the 1990s. In the 1990s, the relationship
was mainly confined to the 0-4 and 70+ age groups. In addition, during the 1990s, besides
income, the income inequality measure (Gini Coefficient) became an important predictor of
mortality. The multi-level analysis also proved nearly the same pattern. The income-mortality
relationship in India is limited to the dildhood years. The income inequality measure also
matters more in the case of childhood mortality. The study also looks at the pathways through
which income or income inequality can influence mortality. Nevertheless, it is found that neither
the access to care nor the bad health habits can explain this relationship completely. Perhaps,
there is a need for further deep investigation into the relationship to understand the pathways
through which it operates in India.

Introduction

The most frequently cited correlate of mortality is the socio-economic living standards measured either
at the household level or at aggregate level. The evidence of significant quantitative association
between economic status and health measures is abundant from the different countries of the world,
whether developed or developing (Smith 1999). At the same time, considerable debate persists on the
relative importance of income in determining the health status of the people, particularly in developing
countries. In recent years, with the diffusion of medical technologies in developing countries, the
general perception is that mortality is, increasingly, being disassociated from economic factors (Preston
1976), despite the fact that most micro-level studies invariably bring out the clear association between
livings standards and mortality".

The standard argument put forward as a reason for this relationship, at least in the context of
developed countries, is that it is a mere manifestation of easy access to care. The poor people are
denied health care due to lack of purchasing power or they are able to access only poor quality services.
If access to care is the reason for this relationship, it can be addressed, perhaps, with appropriate
policies to improve access to health services (Deaton 2002). However, much of the public health
literature did not accept this view (Deaton 2002, Cutler et al, 2006). Deaton (2002) summarises the
findings of various studies on the importance of access to care in the following words: “While the public
healt h literature contains sound arguments that differential access to medical care is not the root of the

gradient, the literature probably assigns too little weight to the effectiveness of medical care itself and
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In India, all the large-scale surveys conducted in recent years, three rounds of National Family Health Survey
(NFHS), district level Reproductive and Child Health Survey (RCH) and the NSSO data on morbidity, reveal an
inverse relationship between standard of living and mortality.



beyond that to the possibility that widening gradients are related to life saving bursts of technical
progress” (Deaton 2002, P: 18).

Another possible argument for the observed relationship between income and mortality is that
it is a reflection of bad health-related behaviour of the poor people. Health related behaviour such as
use of tobacco, smoking, consumption of alcohol etc., is generally found to be higher among the socio-
economically backward sections of the population in many countries. However, the studies have also
indicated that such behaviour can explain only a part of the income -mortality gradient (Deaton 2002).

Despite significant differences, many developing countries have recently experienced vast
improvement in life expectancy without commensurate increase in per capita income. This has led to
the argument that non-income factors play a crucial role in mortality transition in developing countries.
Contrary to this, Preston (1980) found a significant association between life expectancy and income
level even in developing countries. He has measured income in terms of the national income of the
country, which he argued is the best single indicator of the living standards in a country. The study
showed that considerable improvement in life expectancy during 1930 to 1960 could be attributed to
the improvement in the socio-economic standards. The income-mortality relationship is explained in
terms of improvement in food supply and the resultant increase in the health of the population.

In the mid-70s, researchers began to doubt whether national income continued to play any
role in determining population health in industrialised countries. Since then a few studies have recorded
evidence from the poor countries that the income -mortality relationship is strong only in countries with
low per capita income. The issue of concern here was the nature of the relationship between income
and health. Some of the studies have argued that the income -health relationship is best characterised
as a linear gradient of risk, with each higher level of income associated with better health and lower
morality (Marmot et al, 1991; Adler et al, 1993). However, a few other studies argued the income-
health relationship to be non-linear with income beyond the median level having diminishing effect on
health (Backlund et al, 1996; House et al, 1990). It appeared that at a certain level of development,
increase in income had little effect on national life expectancy (Preston, 1975).

Of late, it has also been argued that economic reform, which is the leading cause of
accelerated economic growth and increase in per capita income, is adversely affecting the status of the
people (Prasad and Sathyamala 2006). This has been argued in the case of India and China by other
authors as well (Cutler et al, 2006). They have attributed the dow decline in mortality in both the
countries in the 1990s to their economic reform policies. In other words, it is argued that economic
reforms and the consequent high growth of income widened income inequality in the country. This
widening inequality had an adverse impact on the general health of the people.

Over the years, there has been debate over the role of income as a determinant of population
health. This paved way for further studies to focus less on individual income and health measures and
more on distribution of economic and health benefits across different social and economic groups within
and across societies. The major findings of some of the studies were that better health outcomes are
positively correlated not only with absolute levels of income but also with equitable distribution of
income within society (Wilkinson, 1990; Kaplan et al, 1998; Ken Judge, 1995). The studies summarised

that mortality rates are no longer related only to per capita economic growth, but are related, instead,



to the scale of income inequality in each society. Studies conducted in the United States and Britain
have come out with evidence supporting the income inequality hypothesis.

Most of the studies on income, income inequality and mortality are conducted in the western
countries and very little is known about this relationship in the context of developing countries. While
studies have provided conflicting evidence of income -mortality relationship within developing countries,
the income inequality-mortality relationship remains completely unknown. This study, therefore, looks at
the income, income inequality and mortality relationship in India using data from 1971 to 2003. A broad
trend in in Per-capita Income (PCI) and Income Inequality (Gini coefficient) in different States of India
is given in Appendix IX.

The major objective of this study is to examine the income and income inequality relationship
with mortality in different states in India over the last three decades. It also tries to find out how the
income-mortality relationship changes over the period and how far the inequality measure mediates this
relationship. Further, the study looks at the pathways through which the relationship operates in India.
The Mortality is analysed separately for broad age groups because the relationship is different across

these broad classifications.

Data and Methodology

The data for the study comes from age-specific death rates for different states in India on an annual
basis since 1971 available from the Sample Registraton System (SRS). The SRS provides death rate for
every five-year age group up to 70 years. For convenience, the age-specific mortality in the five-year
age group is collapsed into six broad categories using appropriate population weights.

The Per-capita hcome data comes from the Central Statistical Organisation (CSO) for the
same period at constant prices. However, the CSO changes the base period of the income data from
time to time. The data from 1980-81 to 2002-03 is available with the same base year, 1993-94, from
the EPW Research Foundation. The data from 1970-71 to 1978-79, available for the 1980-81 base
period, is converted into the 1993-94 base year by splicing.

Another problem in comparing the data on income with mortality is that while income data is
provided for a financial year, the mortality data is available on a calendar-year basis. We have
compared the income data for 1970-71 to death rate of 1970 and followed a similar pattern for all the
years.

The income-inequality measure considered for the analysis is the Gini index computed from the
National Sample Survey Organisation (NSSO) consumption expenditure data. For previous years, the
Gini index is taken from the World Bank (1997). However, the data are not available for Punjab and
Haryana separately for the past. Hence, the same level of inequality is assumed for both states for
earlier years. The recent inequality index is drawn from the Economic Review. The data from NSSO on
consumption expenditure used for estimating the Gini index is not available on an annual basis. Hence,
for those years where data are not available we have assumed nearly the same inequality level of the

succeeding or preceding years, whichever is nearest.



Multilevel model

We utilised the linear multilevel modeling approach to address the relationship between income,
income-inequality and mortality more thoroughly (Goldstein 2003; Raudenbush and Bryk 2002). We
conceptualised the data as a three-level structure of “cells” of death rates at level-1, with time at level-
2, and within states at level-3 (Subramanian 2005; Subramanian et al, 2003). The cells are based on a
cross-tabulation of 15 age categories < 2 gender categories (male/female) x 2 categories of place of
residence (urban/rural) for each period. For every state, we observed repeated measures on the
outcome (mortality rate) and for every cross-section (within a state) we observed death rates based on
a combination of age, gender and place of residence. Consequently, the baseline model that we

specified for the analysis is as follows:
— t
ik =0 + bty + B + (Voi + Ugjie +€4i54) 1)

where, y”.k is the logged death rate for cell i in time j in state k; X is a vector of

categorical cell-level predictors (i.e., age, sex, and place of residence); 1 is a continuous variable time

(centered around year 1985). Three random terms are specified in the models (1): V., uojk and
eouk; Voi is the random displacement for state K in mortality rate, uOjk is the random effect

associated with time | in state K, and €ijk is the level-1 residual for each cell | intime ] in state

K.

In model (1) the regression and variance parametres take on the following interpretations: b0

(associated with a constant, Xg;,, which is a set of 1s, and therefore, not written) is the average
logged mortality rate for referenced individuals (which is mortality rate of rural males in the 0-4 years
age group in 1985) across all states over the entire study period; b is a vector of regression
coefficients associated with the vector of cell-level predictors; and b' estimates the average linear

trend in mortality over time. No substantial improvement was noticeable for alternative (less

parsimonious) specifications of time (including non-linear and a saturated specification with a dummy

variable for each period). The random effects, V;,, uojk and eOijk, are assumed to be identically,
independently and normally distributed with mean zero and variances, SVZO, Suzo, and Sso,
respectively. The parameter S \,20 represents the variation between states in mortality rate based on

age, sex, place of residence and after accounting for the average changes in mortality over time; S uzo
represents the between-time (within state) variation in mortality or the unobserved heterogeneity
associated with time, and S 20 represents the residual variation atthe cell level. The presence of more

than one residual term (or the structure of the random part more generally) distinguishes the multilevel
model from the standard linear regression models or analysis of variance models (Goldstein 2003). The

underlying random structure (variance-covariance matrix, represented as ? ) of the model specified in



. . . 2
model (1) is typically specified as:  Var[vy]~N(0s32); Var[uojk] ~N(@O,s o);

2 .
Var[ey ] ~ N(O,s &) : and CoMVy,,Ugjy»€yj] =0. Model (1) is usually referred to as the
“random-intercepts” or “variance components” model, since it allows us to partition variation according

to the different levels, with the variance in Y;; being the sum of S \,20 +S uzo +S :0.

In order to address time factor, we extended Model 1 to include a time-varying predictor

associated with per capita income in the fixed part of the model:

Yik = b + bttjk + 3, +b "4 pCl i T (Vo +Ugj + Egijil) (2a)

where, b PCl estimates the average linear effect of PCI ik (the logged per capita income at
time ] in state k) on changes in mortality. We also tested an alternative specification, where instead

of specifying states as a random effect (V,, ), we included them as a fixed effect, giving us the

following two-level multilevel Model (2b):

Y, :b0+b‘tj+f3xij+bP°'PCIj+Bs‘stj+(u0j+e0ij) (2b)

where, Sj is a vector of dummy variables for j -1 states, and BSt is a vector of regression

coefficients associated with it. The results associated with bpCI were not sensitive to the alternate

model specification. We present both the results. Model 2 was then extended to include an interaction

variable between the logged state per capita income (PCIJ-k) and age categories in the fixed part of

the model to address aim (2):

Yik =g+ b‘tjk + 3, + R**“agg, + b™ PCI Kkt Bagem[ag‘%k PCI ]+ (Vox + Upj + &5 ) (3)

where, age”.k is a vector of dummy variables for i -1 age categories, and (3% is a vector of

regression coefficients associated with it. The vector of interaction parameters is given by R and

is associated with vector of interaction variables [age”k.PCI jk] . Model 3 was also tested with state as

a fixed effect. Models similar to 2a, 2b and 3 were specified for testing the relationship between state
income inequality and mortality decline. State income inequality was also logged. The coefficients
reported are Maximum Likelihood estimates, derived by using the Iterative Generalized Least Squares
algorithm as implemented with MIwiN (Goldstein 2003; Rasbash et al, 2004).

Income-Mortality Pattern

As a first step, we have plotted the relationship between income and life expectancy for four periods

(Figure 1). A logistic curve is also fitted on the scatter plot between income and life expectancy for all



the four periods. T he graph is similar to the one drawn by Preston (1976) for different countries and is

also known as the Preston Curve.

Figure 1: Scatter Plot of Life Expectancy and Per-Capita Income in
India, 1970-72, 1980-82, 1990-92 and 200-02
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In general, the graph indicates that the life expectancy gap across the states in India has
narrowed in the last three decades. For instance, the curve in 1970-72 is far steeper than the curve for
the two recent decades (1990-92 and 2001-03). It looks like that the relationship between income and
life expectancy has shifted, and the relationship has weakened over the period.

The relationship between life expectancy and income, as reflected in the shape of the curve,
suggests a non-linear pattern. The relationship also has become very weak by 2001-03. However, if one
analyses individual state patterns, the relationship appears to be strong. For instance, the current per-
capita income of Uttar Pradesh is almost similar to the per-capita income of Punjab in the 1970s. A
comparison of life expectancy also shows nearly the same picture. The current life expectancy in Utar
Pradesh is 59, almost same as that of Punjab in the early 1970s (58), indicating a perfect relationship

between income and mortality between these two states.

Figure 2: Age-adjusted Mortality and Percapitaincome,
India, 1970-2003
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The non-linear relationship between income and mortality is also clear in Figure 2, which plots
age-adjusted mortality with per-capita income and time at the national level. The per-capita income of
India has been growing faster since the 1990s, but the pace of decline in mortality has been slower,
perhaps because mortality level is already low. Similarly, although per-capita income growth was slow
prior to 1990 there was a faster decline in mortality.

Life expectancy and age-adjusted mortality are summary indicators and, as such, often conceal
wide variations across different age groups in mortality. Perhaps, mortality in all age groups may not
respond to income similarly. For instance, the relationship of income with adult mortality is rather
complex while that of child mortality is commonly observed. Hence, the relationship between mortality

and income using summary mortality indicators may be misleading.

Mortality Pattern by Broad Age groups

In order to understand the income-mortality relationship more closely, we have plotted broad age group
mortality first against per-capita income and later against time. The graph is presented only at the all-
India level. There are significant variations in the pattern of mortality transition across the states, some
of which will be depicted subsequently. For more clarity, the death rate is converted into log odds
ratios. Figures 3 and 4 present the 0-4 age group’s death rate plotted against per-capita income and

time in India.

Figure 4: Change In Mortality For 0-4 Age Group By

Figure 3: Change In Mortality For 0-4 Age Group By Sex & PCl,India Sex, India (1970-2003)
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Figure 3 indicates that there had been faster decline in child mortality in the beginning but
slowed down towards the end. Perhaps, one possible explanation is that at the initial level of economic
development, a smaller increase in income responds more positively to a decline in mortality than at
higher levels of economic development. Similar changes were also observed with time and mortality
(Figure 4). It is, therefore, difficult to predict whether the decline is merely due to the time factor
(technological improvement) or whether socio-economic development measured in terms of per-capita
income also plays a crucial role in reducing mortality. The figures also show female disadvantage in
mortality throughout the period and the magnitude does not significantly vary across time.

As against this, mortality in the 5-14 and 15-34 age groups depicts a slow decline in the past
and a faster decline in recent years (Figures 5 — 8). This is particularly true in the early adult years (15-
34 age group), where adult mortality shows an increasing trend during the second half of the 1980s to

first half of the 1990s. This trend is similar in the two graphs depicted by per-capita income and time. It



indicates that income plays only marginal role in mortality transition in the adult age group. As against
the gender pattern observed in the 04 age group, a narrowing trend in the gender differentials in

mortality in recent years is apparent in the 5-14 and 15-34 age groups.

Figure 5: Change In Mortality For 5-14 Age Group Figure 6: Change In Mortality For 5-14 Age Group By
By Sex & PCl,India (1970-2003 i -
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The late adult mortality (35-59 years) pattern, depicted in Figures 9 and 10, shows lower
mortality for females throughout the period. In recent years, the gap has further widened in for
females. The trend recorded in late adult mortality coincides with the early adult mortality pattern and
early old age mortality (60-69 years depicted in Figures 11 and 12). Hence, it is difficult to predict the
effect of per-capita income on the decline of mortality for these age groups from the current analysis.
The mortality trend, on the contrary, in the 70 years and above age group is in line with the 0-4 age
group’'s mortality pattern (Figures 13 and 14). There has been a steady decline in mortality in the 70

years and above age group throughout the period.

Figure 7: Change in Mortality for 15-34 Age Group by Figure 8: Change In Mortality for 15-34 Age
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Figure 9: Change In Mortality For 35-59 Age FIGURE 10: Change In Mortality for 35-59 Age
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Figure 11: Change In Mor.tality For 60-69 Age Group Figure 12: Change In Mortality for 60-69 Age
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Figure 13: Change In Mortality For 70+ Age Group Figure 14: Change in Mortality for 70+ Age Group
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Overall, the child and adult mortality patterns signify faster rate of decline in the past and slow
decline in the recent years. Adult mortality shows slower decline in the past and faster decline in recent
years. However, the role of income in the decline of mortality in both groups cannot be clearly
established. Perhaps, it is true that income does not matter for all the age groups. However, before

coming to this conclusion, there is a need to undertake an analysis that is more comprehensive.

State level Variation in Mortality Pattern

In order to present a general idea of the differential pattern of decline in mortality aross states in
India, we plotted a graph depicting log odds ratio of 0-4 mortality over the period for four states along
and at the all-India level. Figure 15 presents the change in the log odds ratio of 0-4 mortality in Kerala,
Karnataka, Orissa and Madhya Pradesh and all-India. The states are arbitrarily chosen. Two states are

in the advanced demographic transition and the other two in the early transition.



Figure 15: Change in Mortality (0-4 age group) for Four
g tategs and all |ndl)é (1970 8 P)

Log odds ratio
0

ORISSA

I A T N T B |
~N o o b~ W NP

197¢ 1975 1980 1085  199C 1995 2000
Years

Not only that mortality levels differ among states but the trend of decline also varies. It is clear
that while a drastic reduction of mortality is observed in Kerala in the early 1990s, an upward
movement of mortality is visible in other three states. Hence, an analysis of the mortality pattern should

also necessarily bring out the state-level differentials.

Statistical Analysis

The graphic presentation of data reveals some broad patterns of the income-mortality relationship
across different age groups in India. It also shows the importance of time, representing technological
changes. In this section, we examine the relationship between macroeconomic characteristics
associated with changes in per capita income and changes in income inequality and decline in mortality
in India. The per capita income mortality relationship is specifically examined over time after controlling
age, sex and place of residence. The analysis specifically examines the income-mortality relationship in
different age groups. Similarly, the income-inequality relationship is also examined over time, dter
controlling age, sex and place of residence. The income-inequality measure used in the analysis is the

Gini coefficient.

Ordinary Least Square (OLS) model
As a first step, we carried out a simple OLS regression between per-capita income and Gini wih
mortality in different age groups. The result of the analysis carried out for each decade separately is

presented in Table 1. The per capita income and Gini have been converted into log values.

Table 1: OLS regression coefficient of log of per-capita income (LN-PCI) and log of Gini Index (LN-
GINI) on Mortality in different periods across states in India

YEAR 1970-79 1980-89 1990-2003 1970-2003
AGE-GROUP | LN-PCI | LN-GINI LN-PCI | LN-GINI | LN-PCI | LN-GINI LN-PCI LN-GINI
0-4 -58.71 30.01 -37.54* 18.48 -15.14* 17.76* -42.54* -24.08
5-14 -6.67 2.61 3.50* -6.53 -6.54* -6.22* -2.26™ -0.77
15-34 -3.69 1.06 2.98* -5.24 -4.14* -5.41* -1.36* -1.51
35-59 -8.64 6.28 8.06* -20.13 -11.73* -10.28 -3.99* -0.53
60-69 -41.25 38.61 27.23* -66.59 -39.84* -26.49 -13.31* 6.20
70+ -45.18 -49.27 -21.69 10.62 -6.80 84.43* -31.07* -21.84

* Significant at less than 0.05 level
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The table brings out some interesting patterns for discussion. It seems that the per-capita
income has not been a significant factor in mortality change in the earlier decade (1970s) as against the
common understanding that the income -mortality relationship is strong at higher levels of mortality.
Perhaps, it indicates that the mortality change in India was mainly due to import of medical technology
rather than improvement in socio- economic conditions. On the contrary, the pattern of income-
mortality relationship altered significantly in India during the 1980s and the 1990s. In the 1980s, in
almost all the age categories, income shows a significant impact except for the 70 years and above
group. However, interestingly, only for childhood and very old age (70+) group, the relationship showed
a negative sign. For all other age groups, income had a significant positive impact on mortality. This
shows that for the older adults income affects mortality adversely indicating the onset of
epidemiological transition from infectious diseases to degenerative diseases that affect the rich equally.
However, this explanation may not hold well in case of younger age group (5-14). The possible reasons
for the adverse effect of income on mortality in this age group may purely be a cohort effect. As infant
and child mortality is generally high among the poor, those who have survived beyond age five among
the poor may be relatively healthier leading to lower mortality among them in the future. Surprisingly,
the pattern again changed in the 1990s and early 2000s and income shows a negative significant
relationship with mortality in almost all age groups during this period. It may be an indication that as
epidemiological transition advances, it affects all sections irrespective of income. Nevertheless, a change
in life style may be necessary to limit the bad effect of epidemiological transition. Thus, although the
immediate effect of degenerative diseases may be on the rich, the subsequent effect will be universal
but adverse to the poor.

It is also interesting to see that income inequality shows a high positive association with
mortality in childhood and very old (70+) mortality in the 1990s and early 2000. While income remains
important, the changes that occurred during this period show the importance of the inequality pattern
on mortality, but inequality nearly remained insignificant in the earlier decades. Since the 1990s, the
Indian economy has been growing at a rapid pace and it might have worsened the inequality situation
in the country. The significant association of inequality and mortality since the 1990s may be a
reflection of the bad effect of higher economic growth and the resultant inequality on health. The
recently held National Family Health Survey-3 also showed near stagnancy in the nutritional levels of
children and women in India during the rapid economic transformation period (International Institute

for Population Sciences (11PS) and Macro International 2007.)

Income and Mortality Estimation

For a detailed investigation of the income-mortality relationship over the period, we have estimated
different models. As a first step, per capita income and mortality has been analysed using both fixed
effect and random effect models (see Appendix | and II).

The SRS data used for the analysis is a type of repeated observations, so fixed and random
effect models are used in the analysis. In the time series data the observations are not independent. In

such cases, we can use the repetition to get better estimates. In the typical OLS estimates, the pooled

11



data would give biased estimates. The fixed and random effect models take into account the repetition
and therefore it is possible to control fixed or random individual differences.

According to this, income does not have significant impact on mortality. Both fixed effect and
random effect models do not bring out the association between income and mortality. On the contrary,
all other factors considered for the analysis like age, state, place of residence etc., were important for
mortality reduction. It is surprising because per-capita income has been found to be an important
predictor of mortality since the 1980s according to the OLS regression analysis. Perhaps the lack of
association between income and mortality may be because income does not influence mortality of all
age groups. To correct this and in order to investigate further, the relationship between age categories
and changes in state per capita income and mortality we have introduced an interaction effect between
different age groups and per capita income. The interaction effect is to find out the effect of age on
mortality on income. As is clear from Figure 16 income-mortality relationship is strong in the two age
groups of 0-4 and 5-9 years. It is important because child mortality (0-4 age group death) is considered
as an index of the health status of a society. Thus, income still has a strong effect on the under-5-year
mortality and to some extent on the 5-9 years age group. For other age groups, however, the

relationship remains insignificant. (Detailed tables are presented in Appendix Ill and 1V)

Figure 16: Predicted relationship between log mortality (y -axis) and state per capita income (x-axis)
for different age categories, specifying state as random effects

Income Inequality and Mortality Estimation

After carefully analysing the income-mortality relationship, we have examined the income
inequality-mortality relationship. In this case too, the first attemptwas to estimate the effect of change
in state income inequality predicting changes in mortality, conditional on age, sex, place of residence
and changes in state per capita income using both fixed effect and random effect models. The results
from analysis are presented in Appendix V and VI. As in the case of income -mortality relationship, the

income inequality was also found to be insignificant in explaining mortality changes.
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Figure 17: Predicted relationship between log mortality (y-axis) and state income inequality (x-axis)
for different age categories, specifying state as random effects
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However, other variables included in the model are significant. Perhaps it also indicates that
the inequality effect may not be universally true for all age groups. In order to test this hypothesis we
introduced the interaction terms between age-specific death rates and the income -inequality measure
(Gini coefficient). We did not find an association between changes in state income inequality and
changes in mortality. The results from the analysis is presented in Figure 17 and Appendix VII and VIII.

It is clear that an increase in state income inequality predicts decline in mortality only for the
under-5 age group. There is a positive association between state income inequality and mortality
decline in the 5-9 years age group when we specify state as a random effect. However, this slop is not
significantly different from that of G4 in the model when we specify state as a fixed effect. No
relationship was observed for other age groups.

On the whole, the analysis shows that income-mortality and income inequality-mortality
relationship is strong for the childhood years in India. For other age groups, income does not seem to
have a significant impact on mortality. This finding seems to be in line with the public health discourse
in India, particularly on the impact of modern medicines in controlling mortality in the country as
against improvement in socio-economic conditions. However, for the childhood years, generally, income
and public health measures matter more than medical technology.

While it is interesting that income -mortality relationship is still strong in the country, at least
for the childhood years, it is also important to ask why that is so. In other words, how does income
affect morality in the Indian context? While the income inequality argument has been very dominating
in recent years to understand the income-mortality relationship (Wilkinson 1990; Deaton 2002), the
accessibility argument has been prominent, often in the case of developing countries. In addition, it is
also often argued that the poor face several health risks due to smoking, chewing substances that affect

health, alcohol consumption etc.
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Role of Health Accessibility

One of the important arguments put forward to explain the relationship between income and mortality
is the differences in the access to health care facilities between the rich and the poor. However, studies
carried out from several parts of the world reveal that even with equal access, income-mortality
relationship persists (Deaton 2002). Several issues have to be considered in determining accessibility to
health facilities. Physical accessibility is important because it determines the ease with which the people
are able to get treatment for any illness. However, mere physical accessibility may not help the poor in
receiving health care because they might be excluded due to financial inaccessibility. It is often reported
by different surveys in India that direct as well as indirect costs govern in accessing medical care (Mahal
et al, 2001).

There had also been criticism from many quarters overemphasizing medical facility for
achieving the desired health goals. Public health studies emphasise the limits of medicine in bringing
about improvement in health (Deaton, 2002). Even in India, Kerala had achieved a good health record
much before the advent of modern medical facilities. The mortality transition in Kerala dates back to the
beginning of the 20th Century and is mainly due to public health measures rather than medial
technological interventions (Panikar and Soman, 1984).

The district-level survey conducted as part of the Reproductive and Child Health Project in
2002-04 provides information on the physical accessibility to health facilities. The economic living
standard of the surveyed households is also provided and classified into three categories (poor, middle
and rich) based on the assets and amenities each household possesses. We have computed the
accessibility of government health facility in rural areas for different economic groups. Table 2 presents

the accessibility of different government health facilities by the standard of living index in India.

Table 2: Percentage distribution of Households with Distance to the Nearest Government Health
Facilities by Standard of Living Index in Rural Areas, India, 2002-04

Stand of Living Distance to the PHC
<2 Km 2-5Km 6 and above
Low 4.4 33.6 62.0
Medium 5.2 37.6 57.3
High 6.1 38.5 55.3
Distance to the CHC
Low 2.4 15.3 82.3
Medium 2.6 18.9 78.6
High 3.3 21.3 75.4
Distance to the Govt. dispensary
Low 3.0 18.6 78.5
Medium 3.€ 21.8 74.7
High 4.3 24.¢ 70.¢
Distance to the Govt. Hospita
Low 2.0 12.2 85.8
Medium 2.1 15.0 83.0
High 2.8 17.1 80.1
Distance to any govt. facility
Low 5.8 36.3 57.9
Medium 6.3 38.8 54.9
High 6.9 39.9 53.2
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It shows that physical accessibility of the different évels of hospitals is not significantly
different for households with different economic living standards. The accessibility of any facility for
majority of the population is a matter of concern in India. For a large majority of the population a
government health facility is available only beyond 6 km away from home. It is difficult to believe that
the lack of accessibility to government health care facility is matched by a private care facility nearby.

With distance increasing, the poor may get affected more than the rich in terms of financial
accessibility. Thus, on the whole, it is clear that accessibility is an issue but does not seem to suggest
that the income -health relationship can be explained only in terms of accessibility as the poor and rich

are nearly equally affected by the accessibility issue.

Role of Health Habits

Another possible explanation for the income -mortality relationship is the health habits of the poor.
Unhealthy practices like smoking, drinking alcohol and chewing of tobacco etc., are considered more
common among the poor than the rich. The income -mortality relationship is also a reflection of these
bad practices. However, studies found no clear-cut findings to establish convincingly that the habits of
the poor are responsible for their bad health (Deaton 2002).

The National Family Health Survey (NFHS) conducted in 2006 collected the information on
some of the health habits of adult females in the age group 15-49 years and males in the age category
of 20-54 years. The survey also provides information on the standard of living of the household in a
five-point scale. Tables 3 and 4 provide information on the percentage of males and females who
smoke, drink alcohol and use tobacco by standard of living index.

Table 3: Percentage of females reporting alcohol use, smoking and use of tobacco by Wealth Index,
India 2006

Background Percentage Percentage Percentage Percentage Percentage
characteristics Smoke drink use other either smoke, who smoke,
forms of drink or chew drink and
tobacco tobacco chew tobacco
Wealth Index
Poorest 3.3 6.2 19.2 23.8 0.2
Poorer 2.1 2.3 13.3 16.1 -
Middle 1.2 2.0 9.3 11.7 -
Richer 0.5 0.8 6.3 7.3 -
Richest 0.2 0.5 3.1 3.7 -
Total 1.4 2.2 9.8 11.9 -

Source: Computed from National Family Health Survey data 2006.

It is clear that a higher percentage of the poor have bad health habits. However, the data also
bring out the fact that the bad health habits are comparatively very less among females in India. As
such, its impact on the health of the children will be negligible. The observed relationship between
income and health was primarily limited to the childhood years. Hence, it will be difficult to conclude

that poor health habits are the main reasons for the income -mortality relationship in the country.
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Table 4: Percentage of males reporting alcohol use, smoking and use of tobacco by Wealth Index,
India 2006

Background Percentage Percentage Percentage Percentage Percentage
characteristics Smoke drink use other either smoke, who smoke,
forms of drink or chew drink and
tobacco tobacco chew tobacco

Wealth Index

Poorest 43.7 40.6 53.2 78.6 13.9
Poorer 40.5 33.9 46.7 72.8 10.3
Middle 36.1 33.1 38.7 66.8 8.3
Richer 29.8 28.9 33.5 59.4 6.6
Richest 22.3 26.9 24.2 49.2 4.3
Total 33.5 32.0 37.9 63.9 8.0

Source: Computed from National Family Health Survey data 2006.

Conclusion

This study aims to understand the nuances behind the often-celebrated relationship between
income and mortality in India. The empirical estimation of this relationship is also largely motivated by
the long series of data on mortality and income available for every major state in India since 1971. The
age-specific mortality rate for rural and urban areas separately by gender available from the Sample
Registration System (SRS) is used for the analysis. The per-capita income data for the sates for the
same period is derived from the Central Statistical Organisation (CSO). We have used multilevel fixed
effect and random effect models to understand the relationship.

The graphic presentation of the data showed that the income -life expectancy relationship is
non-linear in nature with mortality responding sharply in the earlier years and rather slowly in the latter
years. However, it was difficult to establish a one-to-one correspondence between income and mortality
through a graphic depiction because this relationship is also confounded by time (technological
improvement) and many other factors. Hence, a multivariate framework became essential to predict the
association between income and mortality.

The Ordinary Least Square regression analysis (OLS) between per-capita income, Gini
Coefficient of income distribution and mortality for different decades revealed that the income -mortality
relationship had been weak in the 1970s but became stronger in the 1980s and, to some extent, in the
1990s. In the 1990s, the relationship has been observed mainly for the 0-4 and 70-plus age group. In
addition, during the 1990s, other than income, the income inequality measure (Gini coefficient) has also
become an important predictor of mortality.

The multilevel analysis also proved nearly the same pattern. The income-mortality relationship
in India is limited, basically, to the childhood years. For the other age group the income-mortality
relationship does not seem to matter much. The income inequality matters more in the case of
childhood mortality. This is expected because the epidemiological transition from infectious diseases to
degenerative diseases in the country would have reduced the income -mortality relationship for adult

age groups.
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The study looks into the impact of accessibility to health care and bad health habits as possible
explanations for the income-mortality relationship. However, it was found that at least in the case of
physical accessibility to governmental health facility, the income level did not seem to matter much in
rural areas. Bad habits like smoking, chewing tobacco and alcohol consumption were found to be more
prevalent among the poor sections of the population and comparatively less prevalent among women.
As such, its impact on childhood mortality will be negligible. Although access to care and bad baits are
important in mediating the relationship between income and mortality, they may not be able to explain
the income-mortality relationship in India.

On the whole, the analysis reveals thatthe income -mortality relationship is mainly restricted to
childhood years. Not only income, but also income distribution seems to matter in mortality transition at

least in recent years in the country.
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Appendix I: Estimated random effect model (using state as random effect) between change in log per

capita income and mortality across states in India from 1971-2003

PARAMETER ESTIMATE S. ERROR (U)
Constant 3.459* 0.300
Year 1985 -0.018* 0.001
Female -0.134* 0.005
Urban -0.345* 0.005
Age 5-9 -2.462* 0.014
Age 10-14 -2.989* 0.014
Age 15-19 -2.621* 0.014
Age 20-24 -2.323* 0.014
Age 25-29 -2.241* 0.014
Age 30-3#4 -2.115* 0.014
Age 35-39 -1.888* 0.014
Age 40-44 -1.581* 0.014
Age 45-49 -1.209* 0.014
Age 50-54 -0.738* 0.014
Age 55-59 -0.318* 0.014
Age 60-64 0.182* 0.014
Age 65-69 0.565* 0.014
Age 70+ 1.386* 0.014
Lpcnsdp -0.008 0.034
Lgini
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Appendix I1: Estimated fixed effect model (using state as fixed effect) between change in log per
capita income and mortality across states in India from 1971-2003

PARAMETER ESTIMATE S. ERROR (V)
Constant 3.36* 0.297
Year 1985 -0.018* 0.001
Female -0.134* 0.005
Urban -0.345* 0.005
Age 5-9 -2.462* 0.014
Age 10-14 -2.989* 0.014
Age 15-19 -2.621* 0.014
Age 20-24 -2.323* 0.014
Age 25-29 -2.241* 0.014
Age 30-34 -2.115* 0.014
Age 35-39 -1.888* 0.014
Age 40-44 -1.581* 0.014
Age 45-49 -1.209* 0.014
Age 50-4 -0.738* 0.014
Age 55-59 -0.318* 0.014
Age 60-64 0.182* 0.014
Age 65-69 0.565* 0.014
Age 70+ 1.386* 0.014
Log per capita income (LPI) 0.009224 0.034
Assam 0.142* 0.023
Bihar 0.104* 0.033
Gujarat -0.006 0.024
Haryana -0.216* 0.026
Karnataka -0.119* 0.022
Kerala -0.551* 0.022
Maharashtra -0.153* 0.026
Madhya Pradesh 0.114* 0.022
Orissa 0.134* 0.024
Punjab -0.309* 0.029
Rajasthan -0.040* 0.022
Tamil Nadu -0.010 0.023
Uttar Pradesh 0.187* 0.024
West Bengal -0.102* 0.025
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Appendix I11: Estimated random e effect model (using state as random effect) between change in log
per capita income and age on mortality across states in India from 1971-2003

PARAMETER ESTIMATE S. ERROR(U)
Constant 6.74* 0.365
Year 1985 -0.017* 0.001
Female -0.133* 0.005
Urban -0.346* 0.005
Age 5-9 -0.002 0.310
Age 10-14 -4.467* 0.309
Age 15-19 -6.019* 0.307
Age 20-24 -6.2* 0.307
Age 25-29 -6.664* 0.306
Age 30-34 -6.243* 0.307
Age 35-39 -6.141* 0.306
Age 40-44 -5.207* 0.306
Age 45-49 -4.9* 0.306
Age 50-54 -4.616* 0.306
Age 55-59 -4.291* 0.306
Age 60-64 -3.485* 0.306
Age 65-69 -3.939* 0.306
Age 70+ -4.755* 0.306
Log percapita income (LPI) -0.381* 0.041
LPI x Age 5-9 -0.280* 0.035
LPI x Age 10-14 0.167* 0.035
LPI x Age 15-19 0.386* 0.035
LPI x Age 20-24 0.441* 0.035
LPI x Age 25-29 0.503* 0.035
LPI x Age 30-34 0.469* 0.035
LPI x Age 35-39 0.484* 0.035
LPI x Age 40-44 0.412* 0.035
LPI x Age 45-49 0.420* 0.035
LPI x Age 50-54 0.441* 0.035
LPI x Age 55-59 0.452* 0.035
LPI x Age 60-64 0.417* 0.035
LPI x Age 65-69 0.512* 0.035
LPI x Age 70+ 0.699* 0.035
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Appendix IV: Estimated fixed effect model (using state as fixed effect) between change in log per
capita income and age on mortality across states in India from 1971-2003

PARAMETER ESTIMATE S. ERROR(V)
Constant 6.636* 0.363
Year 1985 -0.018* 0.001
Female -0.133* 0.005
Urban -0.346* 0.005
Age 5-9 -0.003 0.310
Age 10-14 -4.465* 0.309
Age 15-19 -6.018* 0.307
Age 20-24 -6.199* 0.306
Age 25-29 -6.663* 0.306
Age 30-3#4 -6.244* 0.307
Age 35-39 -6.141* 0.306
Age 40-44 -5.207* 0.306
Age 45-49 -4.899* 0.306
Age 50-54 -4.616* 0.306
Age 55-59 -4.291* 0.306
Age 60-64 -3.485* 0.306
Age 65-69 -3.94* 0.306
Age 70+ -4.756* 0.306
Log per capita income (LPI) -0.363* 0.042
LPI x Age 5-9 -0.2809* 0.035
LPI x Age 10-14 0.167* 0.035
LPI x Age 15-19 0.386* 0.035
LPI x Age 20-24 0.441* 0.035
LPI x Age 25-29 0.503* 0.035
LPI x Age 30-34 0.469* 0.035
LPI x Age 35-39 0.484* 0.035
LPI x Age 40-44 0.412* 0.035
LPI x Age 45-49 0.420* 0.035
LPI x Age 50-54 0.441* 0.035
LPI x Age 55-59 0.452* 0.035
LPI x Age 60-64 0.417* 0.035
LPI x Age 65-69 0.512* 0.035
LPI x Age 70+ 0.699* 0.035
Assam 0.142* 0.023
Bihar 0.102* 0.033
Gujarat -0.006 0.024
Haryana -0.216* 0.026
Karnataka -0.12* 0.022
Kerala -0.552* 0.022
Maharashtra -0.152* 0.026
Madhya Pradesh 0.114* 0.022
Orissa 0.133* 0.024
Punjab -0.308* 0.029
Rajasthan -0.040 0.022
Tamil Nadu -0.009 0.023
Uttar Pradesh 0.186* 0.024
West Bengal -0.101* 0.025
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Appendix V: Estimated random effect model (using state as random effect) between change in income
inequality and mortality across states in India from 1971-2003

PARAMETER ESTIMATE S. ERROR(V)
Constant 3.393* 0.359
Year 1985 -0.018* 0.001
Female -0.141* 0.005
Urban -0.335* 0.005
Age 5-9 -2.467* 0.014
Age 10-14 -2.986* 0.014
Age 15-19 -2.611* 0.014
Age 20-24 -2.314* 0.014
Age 25-29 -2.234* 0.014
Age 30-34 -2.112* 0.014
Age 35-39 -1.887* 0.014
Age 40-44 -1.585* 0.014
Age 45-49 -1.212* 0.014
Age 50-4 -0.738* 0.014
Age 55-59 -0.319* 0.014
Age 60-64 0.182* 0.014
Age 65-69 0.569* 0.014
Age 70+ 1.397* 0.014
Log of per capita income -0.006 0.035
Lgini 0.013 0.052
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Appendix VI: Estimated fixed effect model (using state as fixed effect) between change in income
inequality and mortality across states in India from 1971-2003

PARAMETER ESTIMATE S. ERROR(U)
Constant 3.227* 0.359
Year 1985 -0.018* 0.001
Female -0.141* 0.005
Urban -0.336* 0.005
Age 5-9 -2.467* 0.014
Age 10-14 -2.986* 0.014
Age 15-19 -2.611* 0.014
Age 20-24 -2.314* 0.014
Age 25-29 -2.234* 0.014
Age 30-34 -2.112* 0.014
Age 35-39 -1.887* 0.014
Age 40-44 -1.585* 0.014
Age 45-49 -1.212* 0.014
Age 50-54 -0.738* 0.014
Age 55-59 -0.319* 0.014
Age 60-64 0.182* 0.014
Age 65-69 0.569* 0.014
Age 70+ 1.397* 0.014
Lgini 0.026 0.052
Assam 0.172* 0.031
Bihar 0.112* 0.035
Gujarat -0.007 0.025
Haryana -0.218* 0.026
Karnataka -0.120* 0.022
Kerala -0.555* 0.023
Maharashtra -0.158* 0.027
Madhya Pradesh 0.113* 0.022
Orissa 0.137* 0.024
Punjab -0.311* 0.029
Rajasthan -0.041 0.022
Tamil Nadu -0.014 0.023
Uttar Pradesh 0.189* 0.024
West Bengal -0.100* 0.025
Lpcnsdp 0.014 0.035
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Appendix VII: Estimated random effect model (using state as random effect) between change in
income inequality and age on mortality across states in India from 1971-2003

PARAMETER ESTIMATE S. ERROR(U)
Constant 2.482* 0.428
Year 1985 -0.018* 0.001
Female -0.140* 0.005
Urban -0.336* 0.005
Age 5-9 -2.386* 0.344
Age 10-14 -1.756* 0.345
Age 15-19 -1.501* 0.343
Age 20-24 -1.255* 0.341
Age 25-29 -0.441 0.342
Age 30-3#4 -0.577 0.342
Age 35-39 -0.885* 0.342
Age 40-44 -0.755* 0.342
Age 45-49 -0.014 0.342
Age 50-54 -0.071 0.341
Age 55-59 0.891* 0.341
Age 60-64 0.682* 0.341
Age 65-69 1.399* 0.341
Age 70+ 2.048* 0.341
Ipcnsdp -0.006 0.035
Log of Gini 0.284* 0.087
lgini.y5 -0.024 0.102
Igini.yl -0.365* 0.103
Igini.yl -0.330* 0.102
lgini.y2 -0.314* 0.101
lgini.y2 -0.533* 0.102
Igini.y3 -0.456* 0.101
Igini.y3 -0.297* 0.101
lgini.y4 -0.246* 0.102
lgini.y4 -0.356* 0.102
lgini.y5 -0.198 0.101
Igini.y5 -0.359* 0.101
lgini.y6 -0.149 0.101
lgini.y6 -0.246* 0.101
lgini.y7 -0.194 0.101
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Appendix VII1: Estimated fixed effect model (using state as fixed effect) between change in income

inequality and age on mortality across states in India from 1971-2003

PARAMETER ESTIMATE S. ERROR(U)
Cons 2.319* 0.428
Time 1985 -0.018* 0.001
Female -0.140* 0.005
Urban -0.336* 0.005
y5-9 -2.386* 0.344
y10-14 -1.756* 0.345
y15-19 -1.5* 0.343
y20-24 -1.255* 0.341
y25-29 -0.440 0.342
y30-34 -0.576 0.342
y35-39 -0.884* 0.341
y40-44 -0.754* 0.342
y45-49 -0.013 0.342
y50-54 -0.071 0.341
y55-59 0.891* 0.341
y60-64 0.682* 0.341
y65-69 1.4* 0.341
y70+ 2.049* 0.341
Lgini 0.297* 0.086
Igini.y5 -0.025 0.102
Igini.yl -0.365* 0.103
Igini.yl -0.330* 0.102
Igini.y2 -0.314* 0.101
Igini.y2 -0.533* 0.102
Igini.y3 -0.456* 0.102
Igini.y3 -0.297* 0.101
Igini.y4 -0.247* 0.102
Igini.y4 -0.356* 0.102
Igini.y5 -0.199 0.101
Igini.y5 -0.359* 0.101
Igini.y6 -0.149 0.101
Igini.y6 -0.246* 0.101
Igini.y7 -0.194 0.101
Assam 0.172* 0.031
Bihar 0.112* 0.035
Gujarat -0.006 0.025
Haryana -0.218* 0.026
Karnataka -0.120* 0.022
Kerala -0.554* 0.023
Maharashtra -0.158* 0.027
Madhya Pradesh 0.113* 0.022
Orissa 0.137* 0.024
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Appendix IX:  Trends in Per-capita Income (PCIl) and Income Inequality (Gini coefficient) in different
States of India

Gini coefficients PCI

States/Year 1999-

1970-71 | 1983-84 | 1990-91 2000

1970 1980 1990 2000

ANDHRA PRADESH 28.09364 | 30.23848 | 30.01559 [ 25.74976 4163 4604 6873 10195

ASSAM NA NA 21.20512 21.4992 4534 4636 5574 5943
BIHAR 27.657 26.60933 | 20.97428 21.9517 - 3539 4474 3798
GUJRATH 27.32074 26.4412 | 23.21736 | 25.35425 5919 6455 8788 12489
HARYANA NA 28.10036 NA 25.305 6228 7514 11125 | 13848
KARNATAKA 29.25638 | 31.57375 | 29.53555 26.8184 4612 4943 6631 11939
KERALA 34.13295 | 34.90914 | 30.25416 28.2985 5444 5592 6851 10714
MAHARASTRA 28.50948 | 30.72213 | 31.53555 29.4888 5810 7102 10159 7195

MADHYA PRADESH 31.8411 29.74826 | 31.09391 | 25.99357 4768 5084 6350 7195

ORISSA 28.85117 | 27.43316 | 26.25226 24.9485 4093 4085 4300 5562
PUNJAB NA 29.0088 NA 25.5654 6671 8442 11776 | 15071
RAJASTHAN 33.2989 33.83024 | 29.01362 | 22.58336 4119 4254 6760 8175
TAMIL NADU 31.07609 34.0609 | 29.59166 | 33.11934 5238 5266 7864 12994

UTTAR PRADESH 29.87202 | 29.93409 | 26.90478 | 26.20396 3870 4133 5342 5575

WEST BENGAL 27.9535 30.31079 | 29.17027 | 25.31512 - 4717 5991 9796
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