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Notes

1. “Hours” are weighted using fixed, 31-year average wage weights, so these
numbers should be considered as (approximate) shares of wage costs.

2. The comparisons with women are restricted to those who worked (i.e., ac-
tually reported being employed) at least forty weeks and usually worked at
least thirty-five hours per week. Wages for men refer, however, to all men,
where wages are imputes for those who worked fewer than ten weeks or re-
ported being self-employed.

3. The averages, at each level of potential experience, are fixed-weight aver-
ages of the education-specific averages. The weights are the same for men as
for women and are constant over potential experience.

4. Using 1993-97 weights has the same effect, except that the average for
1993-97 becomes 50.0, whereas the earlier average moves higher.

5.
C,. = [34p, - D)o - BY/B)V{[3p, - BY18 )20 - BYIB]}

where p, is the proportion of group j employed in industry i, p,, is the corre-
sponding proportion for group k, and p, is the labor force average. Notice that

the numerator can be rewritten as ¥, p(p,/p, — 1)(p, /P, — 1), where the term

p,;/P* 1is the relative overrepresentation of group ; in industry i.

6. If instead of the sign comparison, the congruence and correlations are
each designated as whether they exceed their respective medians, the tabula-
tions are perfectly symmetric; among the 50 percent of the paired observations
with above-median congruence, 80.3 percent of the wage path correlations ex-
ceed the median, and 19.7 percent do not; and, among the 50 percent of the
skill pairs with below median congruence of industrial distributions of employ-
ment, 80.3 percent of the associated wage path correlations are also below the
median, and 19.7 percent are above the median.
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Chapter Ten

Inequalities in Income and Inequalitiés in Health
Angus Deaton

Abstract: What is inequality in health? Are economists’ standard tools
for measuring income inequality relevant or useful? Does income pro-
tect health, and does income inequality endanger it? I discuss two dif-
ferent concepts of health inequality and relate each of them to the lit-
erature on the inequality in income. I propose a model in which each
individual’s health is related to his or her status within a reference group
as measured by income relative to the group mean. Income inequality,
whether within groups or between them, has no effect on average health.
Even so, the slope of the relationship between health and income, or the
“gradient,” depends on the ratio of between- to within-group inequality.
The model is extended to allow income inequality to play a direct role in
determining health status. Empirical evidence on cross-country income
inequality and life expectancy within the Organization for Economic Co-
operation and Development (OECD), and on time series for the United
States, Britain, and Japan, provides little support for the idea that in-
equality is a health hazard at the national level. Birth cohorts in the
United States between 1981 and 1993 show no relationship between
mortality and income inequality. However, there is a well-defined health
gradient in these data, and its slope increases with cohort income in-
equality.
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national Affairs at Princeton University.
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Introduction

In much of applied welfare economics, income—real income, consump-
tion, or consumption per equivalent—serves as our measure of individ-
ual welfare. But the goods and services provided by income are not all
that there is to well-being. Health is not only instrumental in enabling
people to earn a living and to enjoy the fruits of their labors, but it %s
also an important element of well-being in its own right. Health status is
correlated with income, both for individuals within nations and across
nations in aggregate. But the correlation is far from perfect, so that look-
ing at health leads to assessments of well-being different from those that
come from looking only at income. Much the same can be said for educa-
tion, and such considerations have led to simple measures such as the
UN’s Human Development Index, a composite of life expectancy, in-
come, and literacy. In this paper I consider only two of the three compo-
nents, health and income. In particular, I am concerned with what it
means to talk about inequality in health, and whether, according to some
useful definition of the concept, health inequality in the United States is
rising in tandem with the rise in income inequality. I also investigate th‘e
possibility that income inequality itself is a health hazard, a hypothesis
advocated by Wilkinson (1996).

The first section of the paper is concerned with the concept of health
inequality, with alternative definitions, and with the evidence th.at health
inequalities in the United States are increasing. The second sect1qn turns
to the Wilkinson hypothesis. In an attempt to develop its theoretical un-
derpinnings, T present two simple models in which there is a link betyvee‘n
aggregate inequality and individual health; and in only one of which 1s
inequality a fundamental risk factor in its own right. It is widely under-
stood that a nonlinear (typically concave) relationship between he'alth
and income at the individual level will generate an aggregate relathn-
ship in which average health depends (negatively) on the de.gree of in-
equality. But I also show that if health status depends not on income but
on income relative to the incomes of members of some reference gr01}p,
then the relationship between income and health—unconditional on in-
formation about the reference group, and such information is typically
unavailable—depends on the relative size of within- and between-group
inequality. The model can readily be extended to incorporate a more
fundamental role for inequality in the determination of health status, for
example by making each individual’s health within the reference group
dependent on the shortfall of individual income from that of the richest
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person in the group. But I argue that such mechanisms can generate a
positive, just as well as a negative, link between inequality and health.
That individual health depends on relative income has no direct implica-
tion for the relationship between inequality and average health. Later, I
present some empirical evidence on mortality in the United States at a
hitherto unexplored level of aggregation, that of birth cohort. By match-
ing cohort mortality rates to cohort income and income inequality data
from the Current Population Surveys (CPS), I can test whether the rising
income inequality in the 1980s played any role in the contemporaneous
slowdown in mortality decline. Although the inequality hypothesis is
hardly sufficiently developed to permit a sharp and convincing test, I
find little or no evidence of a direct link between income inequality and
mortality. However, the cohort data suggest that increasing inequality
increases the slope of the regression of mortality on income, a finding
that is predicted by the theory if the increase in income inequality acts to
increase inequality within reference groups by more than the inequality
between them. The last section concludes and discusses a number of
important caveats.

Rising Health Inequality?

A good way to approach health inequality is to start with income in-
equality and to ask whether the theoretical and measurement structure
of the latter can be transferred to the former. Measures of income in-
equality arc measures of dispersion of the (univariate) distribution of
income across persons. Questions of why such quantities are of interest,
or whether some are of more interest than others, can be answered
through the theoretical apparatus developed by Atkinson (1970) and
Sen (1973). Inequality aversion, or a preference for a more equal distri-
bution, is coded into a social welfare function in which mean-preserving

but equalizing transfers increase social welfare or, alternatively, in which

there is diminishing (social) marginal utility to income. As Atkinson
showed, these formulations lead to an aggregate measure of welfare that
can be thought of as the product of mean income and income equality,
which is the complement of inequality and is a number between 0 and 1.

Health promotes well-being, just as income promotes well-being, and
some people have better health than others; statements like A is health-
ler than B are meaningful in much the same way as are statements such
as A has more income than B. But an immediate problem is measure-
ment; we have a cardinal measure of income, but no comparable mea-
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sure of health status. For populations, life expectancy is a useful statistic
with convenient properties, but it is much less useful at the individual
level. Life expectancy at a given age in a given year is not the expected
years of life of a person of that age in that year; period estimates of life
expectancy are based on age-specific mortality rates at a fixed moment
in time—rates that can be expected to change (typically to decline) by
the time the individual reaches those ages. The expected life span for
each individual would be a good tool for measuring well-being, but its
calculation among the living requires an assessment of health status with
a view to assessing individual mortality probabilities in the future. The
measurement of health status is extremely difficult, except among the
elderly, among whom functional impairments are sufficiently widespread
and apparent to allow useful calibration. Self-reported measures of self-
reported health status (i.e., my health is “poor,” “fair,” “good,” “very
good.” or “excellent”) have been shown to predict later health condi-
tions, but estimates of inequality based on such reports are typically not
invariant to the wide range of equally reasonable ways of scoring or scal-
ing the responses‘.%Discussions of how to measure inequality using quali-
tative data can be found in Deaton and Paxson (1998b) and Allison and
Foster (1998).

Suppose that there were no measurement problems and that for each
individual we could readily calculate a measure of life expectancy. One
could imagine doing this long after everyone has died, so that we would
have an actual distribution of years lived for a birth cohort, or we might
be prepared to accept the period life tables and calculate for each person
alive now an expected age at death. Inequality in years lived could then
be calculated, as Le Grand (1987) did for thirty-two developed countries.
But as Le Grand recognizes, the axioms that underlie inequality mea-
surement are not obviously applicable in this context. For example, it is
unclear how many people would assent to the proposition that society
would be better off if a 50-year-old died at 49 instead of 50 in order tf)
extend the life of a 45-year-old by one year. Unlike income, where poli-
cies for effecting transfers can readily be imagined, transfers of life are
not readily linked to health policy, so it is unclear whether reduction 1n
the inequality in health outcomes is a worthy (or feasible) target for
policy.

There is another literature on “health inequalities” that defines in-
equality quite differently. In the literatures of public health, psychology,
sociology, demography, and epidemiology, health inequalities are taken
to refer to the differences in health across different socioeconomic
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groups, typically defined by income, occupation, or education. That mor-
tality was higher for members of lower status occupations was noted in
Britain from the middle of the last century, and the failure of this “gradi-
ent” to vanish in response to the introduction of the National Health
Service after the Second World War has been the impetus for an enor-
mous amount of subsequent research as well as political acrlmony, see
Macintyre (1997) for a fine review.

Although much of the best work on the gradient is still done in Brit-
ain, particularly the Whitehall study run by Michael Marmot and his
collaborators, socioeconomic differences in health status are also well-
established in the United States. For example, the National Longitudinal
Mortality Study (NLMS) has merged subsequent death certificates back
into CPS and census data from the late 1970s until the mid-1980s and
has generated very large samples for examining differences in mortality
by income. Using these data, Rogot et al. (1992) estimate life expectancy
by age for seven family income groups. Comparing the bottom income
group, defined as those with less than $5,000 of family income in 1980,
with the top group, which had more than $50,000, life expectancy for
men at age twenty-five was 43.6 years at the bottom as opposed to 53.6
years at the top. Although the absolute difference is smaller for older
men, the proportional difference remains more or less constant: 26.2
versus 39.0 years at age 45, and 13.3 versus 17.2 years at age 65. Family
income differences are less important for women’s mortality than for
men’s mortality, but the gradient is still apparent for women. Life expec-
tancy appears to increase monotonically with income; excess mortality
is not associated only with poverty. Nor can the gradient readily be re-
moved by controlling for other factors, such as race or smoking behavior.
Causality almost certainly runs both ways, from health to income—for
example through the effects of ill-health on employment—but there is
fairly wide agreement that the effects that run from income to health
are a major part of the story. Additionally, whereas income almost cer-
tainly is standing in for other factors such as education, both factors are
separately important (Elo and Preston 1996).

Most commentators see these health inequalities as deeply offensive,

more so than the economic and social inequalities to which they are

related. Their elimination is seen as an urgent priority for public health
policy, and some governments and international agencies have accepted
the reduction of health inequalities as their targets. For example, the
countries of the European region of the World Health Organization
unanimously adopted a resolution in 1984 to reduce by 25 percent differ-
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ences in health status between countries and between groups within
countries. Many people who are prepared to accept inequality in the
allocation of goods as a (possibly) necessary evil are not prepared to
accept similar inequalities in health outcomes. However, since health in-
equalities appear to be much the same whether or not health care is
provided through the market, for example in the U.S. versus Britain, and
to be much the same whether diseases are treatable or not, the remedy
is not the provision of access to health care without reference to financial
resources (Adler et al. 1993). Indeed, the literature makes a good case
that inequalities in mortality seem to have relatively little to do with
better access to health care by better-off people. Health status may not
be much affected by health care, and health inequalities may be as
deeply rooted and as intractable as the social inequalities within which
they are set. ~

One issue in the current debate is the claim that health inequality is
increasing not in the sense that the univariate distribution of health sta-
tus is widening, but in the sense that the gradient is steepening, so that
the same differencs in socioeconomic status, income, or education is now
associated with a larger difference in the probability of death. (Univari-
ate measures of health inequality in terms of years lived have decreased
with reductions in infant mortality. Because the univariate distribution
is bimodal, reductions in the mass at the lower mode are a powerful
force in reducing inequality.) Studies by Feldman et al. (1989) and py
Pappas et al. (1993) have concluded that the differences in mortal}ty
across educational groups are larger than those documented in the pio-
neering study of Kitagawa and Hauser (1973) for 1960. Deaton and Pax-
son (1998a) find positive time trends in the variance of self-reported
health status and in its correlation with income, so that the gradient be-
tween this measure of health status and income has been trending up-
ward for both men and women. The best estimates of the changes in the
relationship between mortality and education come from Preston and
Elo (1995), who again use the NLMS. They confirm that for white males,
moving from the bottom to the top of the education distribution reduce.d
the standardized death rate in 1979-85 by three times as much as it ‘dld
in 1960. They find no similar effect for females. Among the pOSS'lble
causes for the changes, the authors point out that the changing distribu-
tion of heart disease over education groups accounts for much of the
change, and they argue that improvements in prevention and treatment
may have diffused more rapidly among more-educated men. Other po-
tential causes are the widening income difference associated with educa-

Inequalities in Income and Inequalities in Health

tional differences—the increasing rate of return to education—and the
decrease in income differences between men and women.

Both of these arguments suggest a protective role for income that
operates independently of education and that implicates in health in-
equalities the same factors (particularly the increase in the returns to edu-
cation) that are usually identified as contributing to increases in income
inequality. Such a mechanism provides a link between income inequality
and both concepts of health inequality; growing income differences are
associated both with an increase in spread in the univariate distribution
of health and with an increase in the gradient linking education and
health. In the simplest model, we might write an earnings function as

M y-y=BS -9 +e,

where y is the logarithm of income and § years of schooling, coupled
with a health status equation

@ H-H=oy-y+n,

where H is some measure of health status that is (negatively) linked to
mortality. As the rate of return to education B increases with a fixed
distribution of schooling, the distribution of income widens, as does the
distribution of health. The slope of the health to education gradient is
o, which also increases with increases in the rate of return to schooling,
B. This model works much better for men than for women, for whom B
has also risen. Other factors at work include the fact that « appears to
be smaller for women than men and that the feedback from health to
income is more important for men whose participation in the labor force
is higher.

Health inequality, like income inequality, is not always undesirable. In
the Atkinson framework, social welfare is the product of mean income
and equality, so that even if rises in inequality pull down the second
factor, the effect may be offset by increases in the first. We must judge
the outcome by both factors, not just one. Focusing on an increase in
inequality by itself is no less (and no more) incorrect than focusing on
mean income and ignoring distribution. The major concern with income
inequality in the United States today is the lack of growth of real wages
for all but the top of the distribution, not the increase in earnings in-
equality per se. A pertinent example is provided by the consequences of
an increase in the rate of return to education, whether generated by skill-
biased technical change or, to take a more hypothetical example, by an
increase in the quality of schools. Such a change raises wages for every-
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one and encourages people to become better educated. At the same
time, it raises inequality because some people get more schooling than
others. .

Similar considerations appear to apply to much of the change in
health inequality. If new knowledge about preventive methods for re-
ducing heart disease—particularly exercise and diet—is adopted more
readily by people with higher incomes (and education), the new know}-
edge brings about a Pareto improvement, in spite of the increase in
health inequality. Another example is infant mortality among whites in
the United States, which is roughly twice as high among the least-
educated as it is among the most-educated mothers, a difference that is
almost entirely explained by differential rates of cigarette smoking, even
though both sets of mothers understand the risks (see Meara 1?98).
Once again, the knowledge that became widely available and widely
credible after the publication of the Surgeon General’s report on smok-
ing in 1964 has led to a (Pareto) improvement in public health, bqt one
that has been unequally distributed. Of course, the reduction of 1pf§nt
mortality rates amdng poorly educated women remains a m?jor pr1or%ty
for public health, although improvements, such as those in mortah?y
from heart disease, are likely to require not technical improvements 1n
medicine or even better access to health care but some understand-
ing of why low incomes and poor education make it so difficult to bel.l-
efit from the relevant knowledge. But it is the lack of improvement mn
health among the poorly educated—like the lack of growth in the.ir real
wages—that is the central policy issue, not the increase in inequality per
se. We would surely not condemn the Surgeon General’s report on the
grounds that it led to an increase in health inequality.

Inequality in Incomes and the Level of Health

A different link between incomes and health has been proposed by Wl%-
kinson (1996), who sees income inequality itself as a principa}l deter@-
nant of poor health. This is quite different from the linkage discussed m]
the previous paragraph in which the level of income was tied to t?le leve
of health, so that income inequality was tied to health inequality. Tl?e
Wilkinson hypothesis is that inequality itself poses a risk t9 health
that, at any given age, those who live in a more unequal society have a
higher probability of death. Although Wilkinson does not r}lle out thlel
possibility that average health is affected by income inequality throug
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the aggregation of a concave relationship between risk and mortality, he
makes it clear that the hypothesis goes further and asserts that inequality
itself is a risk to each individual. There are some good theoretical rea-
sons why such a relationship might exist; for example, the proximity of
rich and poor might lead to crime and violence, as in many South African
cities today. More generally, the precise mechanisms are hard to pin
down, and in some of the discussions in the literature, inequality seems
to be standing proxy for a wide'range of social ills; indeed, in the noneco-
nomics literature, the terms inequality and poverty are not always care-
fully delineated. Some mechanisms are hard to understand. How, for
example, would an increase in property taxes for wealthy homeowners
in Phoenix, Arizona, lead to a decrease in the probability of a middle-
aged man in New York dying from heart disease?

The potential importance of establishing a link between mortality and
inequality, however, makes it worth serious theoretical and empirical in-
vestigation. For example, a more progressive income tax could be de-
fended on public health grounds, or, as argued by Lynch, Kaplan, and
Salonen (1997, 809), “efforts to reduce socioeconomic inequalities in
health must recognize that economic policy is public health policy.” The
creation of individual savings accounts as part of social security reform
would cause greater inequality at the time of retirement and would cost
lives. Raising the quality of schools would raise the return to education,
the inequality of earnings, and the risk of death. Better teachers are a
health hazard. In the next section, I shall present some evidence in sup-
port of these claims, but first it is worth considering a simple but plau-
sible model in which inequality is directly related to individual health.

One of the difficulties with national income inequality as a cause of
individual mortality is the requirement of “action at a distance” and the
absence of any obvious mechanism through which it can operate. Local
action is a different matter, especially if we switch the emphasis from
inequality to relative income or rank; it is quite plausible that individual
health should depend on the individual’s rank or status within the group
to which that individual relates. Academics should have little difficulty
with the notion that their health might depend on their salaries relative
to those of their departmental colleagues. Studies of resilience in the
face of disease and adverse shocks often identify the importance of high
social status, if not in employment, then in another part of life, as when
a janitor is an elder in his church. There is also a growing experimental
and biomedical literature for both animals and humans that demon-

293




294  Angus Deaton

strates the protective effects of rank on health (see in particular Sapolsky
1993; Cohen, Tyrrell, and Smith 1991; and Cohen et al. 1997). This litera-
ture is beginning to put together a biochemical story for these effects
that is currently the leading explanation for the link between socioeco-
nomic status and health. But why should the existence of the gradient
lead to an effect of inequality?

In human populations we usually do not observe the reference group
to which the individual belongs, so we cannot make the ideal calculation
relating individual health to individual income relative to other members
of the reference group. Instead, we observe only individual health and
individual income. Individual income, however, is partly informative
about relative income. Someone with a very high income is more likely
to have high income within his or her group, though it is always possible
that he or she is a poor member of a very tich club; we have hit upon the
poorest Wall Street speculator in the firm. Exactly how much individual
income tells us about relative standing depends on the relative sizes of
the variances within and between groups. If reference groups have little
internal inequality, but #here is great disparity between groups, individ-
ual income tells us little about relative income. Conversely, if the major
source of inequality is within reference groups, which are themselves
large and diverse, income tells us much more about relative income.

To formalize, consider the simple model

(3) H=oa+B(y-Ww,

where H is some suitable measure of individual health, y is the (loga-
rithm of) income, p. is mean income of the reference group to which the
individual belongs, and o and > 0 are parameters. The mean income
of the group w is distributed across the population of groups with mean
T, so that taking expectations unconditional on reference group yields

) E(y) = E(W) = 1.

We do not observe ., only y, so that the best that we can do is to examine

the expectation of H conditional on y,
(5 E(H)) =+ By - E@y)]

To calculate the expectation on the right side, we need to make assump-
tions about the distributions of both sides. Although the argument can
be made much more general, I work with the simplest possible case.
Suppose that, within the group, individual income is normally distrib-
uted around the group mean

Inequalities in Income and Inequalities in Health

(6) ylu ~ N(u,o)

so that o7 is the within-group variance, which serves as my measure of
w1‘Fhin group inequality. (Note that with y as the logarithm of income
neither equation (6) nor equation (7) are unrealistic.) Group mean in-,
comes are themselves normally distributed around their mean

Q) u~ N,op,

where o2 is the between-group variance,

Because equation (6) and equation (7) ensure that y and  are jointly
norm'ally distributed, the expectation of p conditional on y is a linear
function of y and can be calculated from the least squares projection of
j¢ on y. Write the conditional expectation as

® EWly)=a+ by

for some a and b, and note that we can always write

(9) L=y-—g,

where ¢ is the distance of y from the group mean. Then we have

and
vary Gl + o2
)
(1) a=p-bg=—JeHt_
G + ©;

so that, substituting into equation (8), we have

2
~ %

(12)  Eup=p+
o2 + Gj

o - .

T-;his equation is readily interpreted. If we know nothing about an indi-
vidual, our best guess of his or her reference group mean income is the
gre'lnd .mean . Once we observe income, however, we can do better.
adjusting our expectation up if income is greater than the grand mear;
.and down if it is below. The extent of the adjustment depends on how
lnfor.mative y is about p, which depends on the two variances, or, more
Prec1sely, on their ratio. Another useful interpretation comes from think-
Ing about income y as an error-ridden estimate of the group mean . If
we had data on p and we regressed . on itself, we would get a slope of
1 and an intercept of 0. But if we regress . on y, which is an imperfect
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measure of ., the coefficient is asymptotically biased down by the famil-
iar attenuation bias of least squares in the presence of' mea‘surement
error. (Note however that this argument rest.s on t.he' linearity 'of tﬁe
regression function in equation (8) and that, w1th0}1t ]01r.1t normality, the
conditional expectation of p will typically not be hnegr in y.) ‘

As a final step, combine equation (12) wit.h equation (5) t(.) give thei
relationship between the expectation of individual health and individual
income. The regression function is

oz ., _
(13)  EH|y)=o+ m()’ ).

Equation (13) formalizes the initial argume'nt. When withizn‘-group valn:
ance is large relative to between-group Vanan'ce, §o that o2 is .large rela
tive to o2, income is a good indicator of relative income and is a stronlg1
predictor of health. In the opposite situation, when the gzrc.)ups are 1muc
more homogeneous than the population as a whole—o7 15 ml.lch' ?;geli
than oﬁ—:there is liftle or no relationship between health and 1nd1v:i .uat
income. The model therefore has predictions abo.ut how the gradien
should change as we work with different comparison groups. F.0r ;:li
ample, if we had data on a firm or on a single employer—.the Vli’hl‘iz i
study is perhaps the most obvious examplefthe gr§d1ent s ou1 et
steeper than the gradient between health and income in the popu a e
as a whole, or between populations in international comparlslons.‘th
people tend to sort themselves into reference groups of peop e dv.snnt
rather similar incomes, then we would expect to see very little gradie

i ulation as a whole. o
" il: ilzl(‘zgresting as the implications of the model for .thf': gradient is ltf
prediction that, at a given income level, the ratio of w1tb1r.1- to be(tiweeiltle
group inequality has an effect on individual health. Thl.S is 'true ; I(:,splth
the fact that inequality has no explicit role in th'e detc.arn-nnatlon 0 G:Ife;1 L
in equation (3); note, for example, that spreading within-group inco

. . » . . . ) e X
away from the group mean will raise within-group inequality but hav

no effect on average group health. The effect works py rotating tllle rerlr:
tionship between health and income around the‘ pomtv(.)f mean 1ncodif_
and mean health. An increase in overall income meq}lahty will have .
ferent effects depending on how it breaks dOWIEl 11#0 between- dal’.:l X
within-group components. If within-group i‘nequah.ty is not affét:cteﬁ;(ed
might be the case if wage structures with1f1 .1ndustnes. of ﬁrms.s 3}; o
but spread out across firms, then, conditional on income, 1nd1
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health will decline for those above the mean and increase for those be-
low the mean. If the inequality increase comes from a within-group in-
crease, health will improve for the rich and decline for the poor. And if
inequality increases happen equally within groups and between them,
the relationship between health and income will be undisturbed. Since
we know very little about the relevant reference groups for these pur-
poses, all of these possibilities are worth serious investigation, as is the
general proposition that changes in inequality work through a rotation
of the gradient.
It is important to note that, despite the relationship between health,
income, and inequality in equation (13), changes in inequality have no
effect on anyone’s health except to the extent that they change people’s
relative incomes within their reference groups. To understand this point,
suppose that the structure of reference groups is such that we can design
a change in tax policy that reduces the between-group inequality o2 with-
out affecting within-group inequality o2, By equation (13), the policy
change will increase the average health of people within income groups
above average income and decrease the average health of people within
income groups below the average. But the change in inequality has no
effect on anyone’s health. Health is determined by relative income in
the reference group, which, by assumption, is unchanged. Because the
relative variances have changed, however, there has been a change in
the composition of (reference group) relative incomes among those in
any given (absolute) income group, which is why average health changes
are conditional on income. The fact that inequality plays a role in the re-
gression of health on income does not imply that policy-induced changes
in inequality will have any effect on average health.

This simple model of health and relative income can be straightfor-
wardly modified to permit a more fundamental role for within-group
inequality. Suppose that instead of making health dependent on relative
income within the reference group, we make health a declining function
of the distance of each individual from the top-ranked member of the
group. In a linear form, this can be written

(49 H=6-B0%, -y,

Wwhere & is the health of the best-off member of the group, and B mea-
sures the effect of having less than the best-off member of the group and
is, as it was in equation (3), the slope of the within-group gradient. In-
deed, in a single cross section, equation (14) is indistinguishable from
equation (3). For simplicity, and to relate this model to the earlier one,

297




298 Angus Deaton

suppose that, within each group, the top person’s income is 6 standard
deviations above the mean, so that

(15) W =u+ 60,

Combining equation (14) with equation (15) gives a health equation that
is a straightforward modification of equation (3), with which we began:

(16 H =&+ @ - p) - Boo,.

This formulation seems more in the spirit of Wilkinson’s book in
that inequality has a direct negative effect on individual health. In the
original, purely relative formulation in equation (3), an increase in
within-group spread had no effect on average group health because the
decrease in health of those who became worse off was offset by the in-
crease in the health of the more fortunate members of the group. But in
equation (15), it is the income gap from the top that matters, so that the
health of the top person is not improved if his income rises while that of
everyone below him is hurt by the widening gap from the top. As a re-
sultsinequality has a direct effect on the health of each member of the
group as well as on the average health of the group. Note also that the
choice of the top person as reference is entirely arbitrary, and thus unsat-
isfactory without further argument. If, unlike equation (15), the health
of the bottom person was made unresponsive to income, with the health
of others increasing with the income gap from the bottom, then in-
creased income inequality would increase health on average, and the last
term in equation (16) would have a positive rather than a negative sign.
The model is therefore silent about why inequality should be a health
hazard, although it does provide a useful framework for empirical anal-
ysis. Together with the original model, it also provides a useful counter-
example to a proposition that is sometimes asserted in the literature—
that the dependence of health on relative income implies that average
health is negatively linked to inequality. It is possible to write down plau-
sible models of individual health and relative income that generate a
positive, negative, or nonexistent relationship between inequality and
average health.

In the absence of information on the groups, the new formulation is
no more directly useful than was the original. The same arguments used
for the original model, however, can be used for the new model to derive
an observable relationship between health and income. Since the calcu-
lations are identical, I simply record the final result. In contrast to equa-
tion (13), there is an additional term in inequality and we now have

Inequalities in Income and Inequalities in Health

a1 EHW =a+ % - peo,
Gs+6u

Within-group inequality now plays two roles: its original one of rotating
the gradient, and a new, more fundamental one as a direct determinant
of average health. Once again, it is not income inequality for the econ-
omy as a whole that has the direct role; it is only inequality within each
reference group. ’

Empirical Evidence

Much of the evidence in favor of a link between inequality and growth
is provided in Wilkinson’s book and articles (e.g., Wilkinson 1995, 1996).
For the United States, Kaplan et al. (1996) and Kennedy, Kawachi, and
Prothrow-Stith (1996) have linked state-level mortality to state-level in-
come inequality, although their results, like Wilkinson’s, have been chal-
lenged on a number of fronts, including the choice of inequality measure,
lack of robustness to inclusion or exclusion of alternative plausible con-
trols (such as fraction black) and aggregation fallacies, especially the
failure to allow for the effect of inequality that results from the aggrega-
tion of a nonlinear relationship between income and mortality at the
individual level (Mellor and Milyo 1999).

Some of the most spectacular evidence is given in figures 3, 5, and 6
in Wilkinson (1994). The first of these scatter diagrams shows no rela-
tionship across OECD countries between the changes from 1970 to 1990
in life expectancy and GDP per capita in real purchasing-power parity
dollars. The second graph, for about half of the countries in the first,
shows life expectancy in 1970 and the Gini coefficient of post-tax income
inequality, standardized for household size, and has a correlation coeffi-
cient of —0.81. The final graph, for twelve European Economic Commu-
nity (EEC) countries, shows the relationship between the annual rates
of change from 1975 to 1985 in life expectancy and the percentage of the
population in relative poverty, with a correlation of —0.73. The problem
with such comparisons, of course, is the lack of quality and difficulty of
interpretation of the distributional data, even among OECD countries
(see Judge 1995 and Wilkinson 1995 for an exchange over this issue).
Although I suspect that the hypothesis is probably not ultimately resolv-
able using cross-country comparisons, or at least not without detailed
examinations of and adjustments to the survey data for each country, it
is useful to begin by reporting these data.
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I have taken international data on Gini coefficients of the distribution
of household income from Deininger and Squire (1994), and I have used
data from “industrialized” countries and included only those measure-
ments whose quality is graded “acceptable” by Deininger and Squire,
excluding measurements based on household expenditures instead of in-
come. Data on life expectancy are taken from the 1998 edition of the
World Bank’s World Development Indicators. In the top left panel of
figure 10.1, I show those observations available for any year in the inter-
val 1980 to 1982; in most cases there are two observations for each coun-
try. In the top right panel, the exercise is repeated for data for the years

1987 to 1990. The dates are chosen to maximize the number of countries
for which data are available. In the top left graph, the simple correlation
coefficient is —0.26, which has the right sign, although the scatter is wide.
In the top right panel, on average seven to eight years later, life expec-
tancy is higher—the points are shifted upwards—but the correlation has
fallen to only —0.14. Note that the United States and Japan are reported
as having high income inequality in both periods, while the United King-

» g .. .
dom, which starts out as one of the most equal countries in the earlier

picture, is in the middle of the rankings in the later one. The bottom left
panel shows the relationship between the changes in life expectancy and
the changes in the Gini coefficients. The points shown are the differences
in the averages (in the case of multiple observations) in the top two
panels, excluding Denmark, which appears only in the later period. Here
the negative correlation has become a positive correlation. In these data
there is no clear and consistent correlation between inequality and life
expectancy.

Three countries, Japan, the United Kingdom, and the United States,
have enough data to allow tracking of both life expectancy and the Gini
coefficient on a consistent basis over a run of years. The bottom right
panel shows what happened for each country for some years from 1970
to 1990 (1991 for the United Kingdom). In all three countries, life expec-
tancy rose over these two decades, and it rose by the largest amount in
Japan, which had no increase in income inequality. In the United States,
life expectancy also rose, more rapidly in the 1970s than in the 1980s (a
fact to which we shall return), and in total over the two decades by al-
most the same amount as the rise in the United Kingdom. But the in-
crease in income inequality in the United Kingdom was about twice as
large as the increase in the United States. With enough imagination, pro-

ponents and opponents of the thesis could each find something in these
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figures, but the immediate visual impression is of a simultancous in-
crease in income inequality and life expectancy:

Figure 10.2 shows more detail on the trends in male and female ;ngr-
tality in the United States; these data are taken, as are th(')se use e};
low, from the Berkeley Mortality Database (BMD) Webs1t§ at h‘[‘[p.S
demog.berkeley.edu/wilmoth/mortality. I have used the estimated U '
population by sex in the fourth quarter of 1984 (fFom the Bur.eau 0/
the Census website at http://www.census.gov/populat10n/wwyv/est11pate§
nat_80s_detail.html) to weight the mortality rates. The rapid decline in
mortality from about the mid-1960s (earlier for women than for men)
was much slower after about 1980, a phenomenon that could come fro;n
many causes, including the increase in inequality. The decrease? in fem:itde
relative to male mortality, which is apparent in the figure until ‘the mll -
1960s, is the end of a long secular trend in favor of fema}es that is mostly
associated with the relative reduction in mortality among young women

red with young men. .
COI’?(I)) a;niestigatz mo%e closely the relationship between mortal‘ltgf dari:
inequality, I have combined the mortality data from t'he BMD with da :
on household income and household income inequahjcy from the Marcd
CPS from 1981 to 1993. My basic unit of analysis is a birth cohort define

Inequalities in Income and Inequalities in Health

as the group of people born in a single year, and I examine the relation-
ship between mortality for that cohort in any particular calendar year in
relation to the level and inequality of income of that cohort. Note that
the March CPS collects data on income for the previous year, so that by
matching mortality and CPS data for the same date, I am matching
deaths in 1985 (say) with incomes and income inequality in 1984. A one-
year lag is a reasonable specification with which to start.

Note that I am not claiming that cohorts are the relevant reference
groups within which health is determined, as in the theory mentioned
previously. But birth cohorts are likely to contain a higher ratio of rele-
vant to irrelevant reference people, which should steepen the gradient
and make it easier to detect than is the case in the aggregate or inter-
national data. The use of cohort data also solves the scarcity of micro-
economic data containing full economic information on decedents and
allows the combination of different sources (here the CPS for economic
information) and vital statistics for mortality. Cohorts also have decisive
advantages over aggregate data in terms of sample size. With an age
restriction to those aged twenty-five to seventy-five years, the thirteen
years of CPS data yield 663 cohort-year observations from those born
between 1906 (observed at age seventy-five in 1981) and 1968 (observed
at age twenty-five in 1993).

The cohorts in the CPS are defined by the age (or date of birth) of
the household head (or more accurately, the reference person), and in-
come and income inequality are represented by the cohort mean of the
logarithms of income and the cohort variance of the logarithm of in-
come, again calculated on a household basis, When I merge these data
with the mortality data, T am merging in the mortality rates for individu-
als. While the conjunction of households and individuals is uncomfort-
able, particularly for females who are less likely to be household heads,
there is no ideal method of reconciling the household data in the CPS

with death rates of individuals, and the difficulty would exist even with
unit record data. Income is observed for households, not individuals,
Even so, it would be useful to redo the calculations imputing household
incomes to individuals and merging on individual birth cohorts, which
would also allow me to look at individual earnings and other compo-
nents of income. I hope to report these results in subsequent versions of
this paper. My use of the variance of logarithms as the measure of in-
equality should also be seen as a first cut. Trends in income inequality in
the United States are not invariant to the selection of inequality mea-
sure; the variance of logarithms is too sensitive to developments at the

303




L L
J
304 Angus Deaton
bottom of the distribution, and thus to imputation procedures for zero " 26 99 oo |
or nonreporting, whereas another obvious measure, the Gini, is too sen- - g = i T v = o ;é;o& 58 b &
sitive to the top of the distribution, and thus to details of top-coding. > <« g5 g § 2 °§ g § T2 8ES )
Again, more work remains to be done. 2 E 2 = b bt 1 §,§ g o8 £2 |
There are a number of important issues that have to be borne in mind 2 g = <z 9 ﬁ f A |
when thinking about the results. One is that I have made no attempt to 5 ;E = - S f =) f 3 § —°§ g 'E E 5?3 -§
correct the estimates for the attenuation bias to the coefficients that g E 3 5 50\/ g 5 5 g & gﬁ *_:E §§T§ ‘ {
comes from the fact that the cohort income and inequality estimates are . = ? < ¢ eelg by ‘§ ¥ g E ) : i
subject to sampling errors. A correction is feasible following the meth- 5 c%f%" g Eﬁ § é ]> |
ods in Deaton (1985); for the moment the important thing to note is that %0 " 5% a8 =&o E § :%3"%-8 s 2 f
the estimates given here are conservative, in the sense that they are bi- A ) = g\‘f’/ % Ef v oo b & g < 4 §§ |
ased toward zero and insignificance. s | § §] 92 &4 23| g §°§ Q482 ||
Perhaps the most central issues are the dependence of mortality rates § g g “-' I [ I 8% :S’; I _§ = % g
on age and how this dependence is taken into account in testing the ?ﬂ 3 %‘\ P g ,;% = % = é é
hypotheses. Between ages twenty-five and seventy-five, and except pos- 3 i = 2 = 2 28 g c:;T $88 8 & 2%
sibly for the first two or three years, the probability of dying rises mono- o = = - 0 \87 = 5 § 2 2 %‘ 53 :5
tonically with age. The variance of household income rises as well (see o = T ° 79 TS 2 éﬂ go 55 é’ 2 i
Deaton and Paxson 1994 for evidence and reasons). But the hypothesis o E Eu 5 g g § :
is not, presumably, that inequality instead of biology is the fundamental S) " a8 & =oSa g A _;% g 8 % 8
determinant of aging and death. There are various ways of adjusting = = f/ \2/ :“ :T < < §°§ § g, g §0§ S
mortality rates for age, and the effects of some of these are explored in éo 3 E S Z = R g iy %’ PE: v
the tables. It should be noted that age profiles of mortality have not been o g ! ! ' :f & ﬁ 2 8 S ,
. . . . = Yo L 9Ty O )
constant over time in the United States, for either males or females. The § < . R 2 g _§* 5Cosm i
biggest decreases in female mortality rates have been at younger ages = &% 2 = g 23 ) f 222 _5 TC: 58
and in male mortality rates at older ages, so that the female age profile S <3 g9 3 5 ® E,\,'/ & f E :'ﬁ '§ 4 ‘
has become steeper and the male age profile flatter. g SEI TP OT %53 EE pEd ‘
The entries at the top left of table 10.1 show what happens with the 2 E > %’Dg En'é' 3 ‘ |
simplest form of age adjustment, which is the inclusion of age and its o w 58 88 a-o 55833 5 gg g i ‘
i square in the log odds regression. These baseline regressions, run sepa- 5 = E \c\% % i \:% f? : —E’ §§ E E 2 s i |
[ rately for men and women on 663 cohort-year observations, have the log kS % § $ p S 2 224 § % = § -'§ B :§ |
{ odds of dying on the left side and age, age squared, and the mean and EO T ' ! 3 é :Eoﬁ 8°§ é ' {
| variance of the logarithms of household income on the right side. They g 5 ~ é g_‘? < § E 2 1 ]
) show a significant negative effect of income and a significant positive ef- S gl g * e = S 224 28 R 2 i
| fect of the variance, as was hypothesized. Income is more protective for 5 < § 2y L % E g =B :§ % ;‘é 3 |
| men than for women; the male coefficient is twice as large. It is tempt- 2 T° T T c g -_5 SEE g 'g |
; ing to attribute this to the matching procedure, which, by matching indivi- %’ §§ go % % 'g 2
dual age to the age of the household head, typically serves men better e . R _ £ g % 2 % b
1' ; than women; but even in studies with unit record data, the mortality S| f_’,: i > é;, L: > § 5 > § %E-ﬁ §‘§,§
’ | gradient with household income tends to be steeper for males than for 2 g " é’ 5 =8 % 5 § o = 3 '§ gﬂ -3—'3 2 E
l females (see Rogot et al. 1992). The effect of income is large; doubling SHs 3 > = = > 5 = > £ % Se=2¢2 i
= = 2gSEE8E 5 i
E
|
;




Inequalities in Income and Inequalities in Health 307 ;
306 Angus Deaton

household income would reduce a man’s risk of d.eath by about one-
third, about two-thirds of his wife’s level. The estimated effect of in-
equality is absolutely smaller. Between 1981 and 1993, the coho}rlt ?sz_
age of the variance of log income rose fr(?m' 0.67 to 0.82, scl1 that, ©
cording to the estimates, which are very 31m1.1ar for men an Wf[)lrlr'le‘;
the average log odds of dying should have risen .by 0.026. But this 1
quantitatively important relative to the reduction in the cohort awerag;c1
of the log odds, which from 1981 to 1995 was 0.07 for both men an
women, so that this estimate attributes about hal‘f of thle.:tslowdown in
ortality decline to the rise in income inequality.
theHrnge?/:,n the est?mated effects of inequality are not robust to the way
in which the mortality schedule is age standardized.' In the second pali
of columns, I report what happens if, instead of using the log odfczs (zs
dying as the variable on the left; I subtract out' the estimated agj,1 e Ecc)rt
from a regression of the log odds on an unrestncted.set of.ag.e and co
dummies. In order to obtain maximum accuracy, t.hlS preliminary regres-
sion is estimated on (almost) the full set of data in the BMD, that }stog
ages zero to eighty-five fo¥ all years from 1900 to .1995. The unzes‘gw e :
age effects allow for any shape in the age mf)rtallty profile, an the un
restricted cohort effects allow for parallel shifts down (‘or up)int ei .ag.c:
profiles across cohorts. I included the cohort e.ffects in order to imi
possible bias to the age effects if they were omitted, but the resultsd 12
the tables are almost identical if the cohort effects are excluc‘led a? hl
the adjustment is made by using the residuals fr(?m a regress1'oln. oltdz
log odds on unrestricted age effects. Even after adjustment, I stil 1}rllctu N
age and age squared in the regressions to capture age effects t efl rtl
main. Cohort age profiles of the log odds of mortality are not per ec y
described by the sum of age and cohort effects‘, ?llthfougnlll etrllle approxima-
ion is qui od after age twenty-five, especially for .
tlofIl'liiSsqslll;;Zr%gr age adjugstment procedure leaves the estimatf:d effel?:s
of income more or less unaltered but eliminates the effect of inequa 1h v
for men and reduces it for women. Very similar resu.lts are shown 5;1 t E;
next pair of estimates in the same row, where I afi]us.t the log o slzr
dying by subtracting the age specific log odds of dylng in 1940,ﬁa img)mi-
procedure that gives results very c):lofsfe to those obtained by first e
i nd cohort (or just age) effects.
na}ll“llii Ellagsi :air of estin(late]:s in the first row shqws what happens W}:ielll I
use the raw log odds (or indeed any of the adjusted mejasures) and in-
clude in the regression an unrestricted set of age dummles. Once agilné
the highly significant and (somewhat smaller, but still large) protectiv

effect of income remains, but the signs on the variance terms have
changed, and increases in inequality are estimated to be protective, al-
beit with a small coefficient. In this first set of regressions, it appears to
be the positive relationship between income inequality and age that
gives an apparent positive effect of inequality on mortality. When age is
controlled for in a flexible way, the effect either vanishes or is reversed.
One argument against this first set of models is that inequality and
income take time to work themselves through into mortality, and that
we should not expect to see a relationship on a year to year basis. To test
this rigorously would require more information on how long the process
is supposed to take; for example, it would be possible to test for lagged
effects, or to test a hypothesis that inequality is most harmful at specific
ages. One plausible hypothesis is that lifetime exposure to income and
income inequality determines mortality. This hypothesis can be tested
by projecting the average logarithm of income and the variance of in-
come on a set of cohort dummies and including only the projections in
the regression. In the case of the mean logarithm of income, this is the
same decomposition that is used in life cycle models of savings to recover
estimates of lifetime resources, or permanent income. In practice, it is
convenient to run these regressions as before but using unrestricted co-
hort dummies as instrumental variables for income and income inequal-
ity. In the second panel of table 10.1, I instrument only for the mean
of log income, so that income works through permanent income, and
inequality works instantaneously. In the bottom panel, I instrument for
both income and nequality, so that both work only over the lifetime.

‘The most important result in the middle panel—repeated in the bot-
tom panel—is that permanent income is more protective than current
income, by two or three times as much. If income is protective at all, it
is perhaps not surprising that permanent income is more protective, or
indeed that current income appears only as a proxy for permanent in-
come. Note that, as before, the effects are smaller for females than males,
but the larger effect of permanent over current income appears for fe-
males just as it does for males.

Instrumenting for permanent income has relatively little effect on the
inequality estimates when inequality itself is not instrumented. Inequal-
ity is significant when mortality is not fully adjusted for age, but its effect
becomes small, insignificant, or perverse in the later columns, However,
the situation is rather different in the final row, where both income and
inequality are instrumented. Permanent inequality is estimated to raise
mortality and to do so by much more than when we use only contempo-
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raneous inequality. These effects, although reduced by better age adjust-
ment in the second and third sets of estimates, remain quantitatively
significant until the last pair of columns, where age
which point the effects of inequality van-
lity that is generating

large and statistically
effects are fully controlled, at
ish. Once again, it is the age structure of inequa
the estimated effects on mortality, which disappear once inequality is

prevented from working through age by the inclusion of a full set of
age dummies.
If we had prior knowledge of the noneconomic determinants of the
age profile of mortality, and could thus perfectly adjust the age profile,
it would be possible to investigate whether income inequality over the
life cycle plays a role in shaping the age profile of mortality. But without
that knowledge, and given the strong (nonlinear) relationships between
age on the one hand and both mortality and inequality on the other, it
is necessary to include the full set of age dummies and to conclude that
there is no evidence in these data that higher inequality raises the risk
of dying. The lack of rob;lstness of the effects of inequality on mortality,
and in particular the sensitivity to methods of age adjustment, should
also sound a note of caution for other attempts to study this mechanism.
Table 10.2 contains an important set of cross-checks. Because both
the level of income and its dispersion are rising over time, and because
mortality is declining over time, there is some risk that the results might
be affected by a spurious correlation whereby one or other of income
and its inequality picks up the trend in mortality. A simple way of testing
for this possibility is to include a time trend in all the regressions. But
the results in table 10.2, although differing in detail, do not differ in
their broad import. In the preferred specification, with both variables
instrumented and a full set of age dummies, the effect of mean income
on male mortality is larger than before, and that on female mortality is
smaller. Inequality has a negative (i.e., perverse) but insignificant effect
male mortality and a positive effect on female mortality.
Finally, I turn to the theoretical model developed previously and its
y should change the slope of the gradient. Test-
the product of the mean of log in-
e regressions. In most of the

on

prediction that inequalit
ing this hypothesis requires entering

come and the variance of log income in th
ables 10.1 and 10.2, it is not possible to reject the hypothe-

regressionsint
n estimated

sis that the interaction is zero, a partial exception being a
positive interaction term for females in the regression in the first column
of the third row, where both the variance and the mean (as well as their
interaction) are instrumented, but where the mortality schedule is unad-

Table 10.2  Effects of Mean Log Income and the Variance of Lo

19?1—93 (with a time trend inlcuded in all regressions)

g Income on the Log Odds of Dying: Birth Cohorts Observed in

Adjusted Relative Including Full Age
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—0.07 (2.8)
~0.01 (0.6)

-005(12)  -039(84)  —012(33) —0.55(11)  -014(35)  —030(52)
~0.07 (2.8)

~039 (6.8)
0.18 (6.6)

Mean In y

0.03 (1.5) 0.15 (8.9) 0.02 (1.1) 0.19 (10)

0.20 (11)

Var In y
IV for m(ln y)

—039 (6.8)
—0.05 (3.3)

—0.43 (5.2) -161(13)  —0.50(6.7) -182(14)  —0.56(6.9) ~1.13 (10)
—0.11 (32) —0.13 (3.5) ~0.22 (6.2)

—1.70 (12)
0.03 (0.8)

Mean ln y

0.11 (5.7) 0.14 (6.4)

0.16 (7.1)

Var In y
IV for both

—0.44 (6.4)
0.15 (2.9)

“04134)  -160(12)  -048(44)  -181(13)  —053(45)  -124(10)
0.20 (2.9) ~0.18 (1.9)

~1.68 (10)
0.62 (7.1)

Mean In y

0.61 (11) 0.67 (12)

0.20 (3.0)

0.72 (12)

Var In y

NOTE: See note to table 10.1
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Tuble 10.3 TInteractions between Means and Variances in Mortality Regres-
sion with Full Age Effects

Males Females
i i end
Wl;z::ntll: ; ’ -0.386 (2.3) (1);)22 23
Variance In y 7.309 (3.0) N (;58 (6.1)
Mean * variance —0.732 (3.0 —0. o (1.2 )
0/0m at mean -0.951 (9.9) 0.078 . 3.)
d/dv at mean 0.042 (0.5) . .
oy d
Wli\l;{::ﬁ:yen —0.615 (2.9) 23)32 E(;g
Variance In y 12.68 (4.0) . 9.98 (5.5)
Mean * variance -1.302 (4.1) _0.735 (7.5)
9/om at mean —1.621 (9.3) 0.107 (1.7)
9/0v at mean -0.236 2.1) . .

and 0.77 respectlvely, and the last two rows 1n each p( ane% show the dellv(atlyve)s eValuated
"
at those values. EXCCpt or the inclusion of the interaction terms, these regr €ss10Ns COo1Te-

spond to those shown in the last columns of tables 10.1 and 10.2.

e inclusion of age and age squared in the regression.

i except for th s, :
justed b here is almost certainly inadequate, this result

Since the age adjustment

is of little consequence. ‘ ‘ N
More interesting is what happens in the preferred specification in th

. . . . o
last cell of the table, in which both income and income .meq'uailtz 2;ra
instrumented by cohort dummies and where the regression 1r;c u (; 1es
i 0.3 shows the three coefficients for m
full set of age dummies. Table 1 : o
and for females, with and without time trends. It also shows tgi }?el;,lari_
tives of the log odds of mortality with respect to the mean and the

i 1ts a
ance calculated at the mean values of both. As always, income €X€

. Iy fication,
strong protective effect and, as in the original preferred specificati

. . ot
inequality has no effect at the mean. But the interaction terms .aresllgliln}j
significant and always negative, so that, according to th(:ls.e etstlrna I;e;,the
in i i tality to income gradient arou
creases in inequality rotate the mor : e gt ni : e
mean, with higher inequality steepening the gr‘aglent. ?lsdlsng?al e
, dicts in the model without a Tunda
reference group theory pre . : ontal &
fect of inequality, provided inequality acts in such'a way;lts toO ;nccgurse
ithi i i ive to between-group mnequality. )
within-group inequality relative / : . . o
there is no independent evidence that 1nequaht¥ works in t}tlns way,
the resulis are certainly consistent with that version of the theory.

Inequalities in Income and Inequalities in Health

Conclusions and Caveats

This paper has proposed a simple model in which an individual’s health
is affected by the individual’s income relative to the average income of
members of a reference group. Because reference groups can be defined
in myriad ways, reference group incomes are hard to observe. Neverthe-
less, individual income is informative about reference group income to
an extent that depends on the ratio of between-group and Within'—group
variances of income, with the result that the “gradient,” the slope of the
expectation of health conditional on income, depends on the ratio of the
variances. In this way, inequality affects the relationship between income
and health. My preliminary examination of mortality in the United
States is consistent with this story. Increasing inequality does not appear
to have a direct influence on mortality, but the protective effect of in-
come against mortality has become stronger as income inequality has
increased. According to this theory, these results do not imply that policy
changes that affect inequality will necessarily have any effect on aggre-
gate (or even individual) mortality. When the ratio of between-group to
within-group inequality changes, any given income group has a different
mix of high status and low status individuals, and it is the change in this
mix—and not any change in health—that changes health conditional
on income.

While I hope that these theoretical and empirical findings will be a
useful addition to the debate on socioeconomic differences in health, I
wish to conclude by referring to some of the important issues that I have
ignored. First, the model developed here makes no concession to the
other direction of causality, from health to income. This reverse link is
undoubtedly present, but it is not the topic of this paper. Second, in
order to focus on relative income, I have ignored other determinants of
health. Some researchers believe that the effect of income on health is
the result of the association between income and education; and while
my own view is that both education and income are separately protec-
tive, I do not wish to downplay the independent importance of educa-
tion. Again, I have ignored it only to focus on other matters. Finally, by
working with linear models, I have ignored one of the leading candidates
for explaining the effects of inequality on average health, which is ag-
gregation over a concave relationship between health and income. Al-
though such a mechanism is plausible, the lack of a link between ag-

gregate mortality and inequality in my data could be interpreted as a
defense of linearity.
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