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Abstract

Recent research has suggested that inequality in the distribution of income is associated with increased mortality,
even after accounting for average income levels. Using data from the Behavioral Risk Factor Surveillance System
(BRFSS), we investigated whether inequality in the distribution of income within US states is related to the

prevalence of four cardiovascular disease risk factors (body mass index (BMI), history of hypertension, sedentarism,
and smoking). Multilevel models (including both state-level and individual-level variables) were used to examine
associations of state inequality with risk factor levels before and after adjustment for individual-level income. For

three of the four risk factors investigated (BMI, hypertension, and sedentarism), state inequality was associated with
increased risk factor levels, particularly at low income levels (annual household incomes <$25,000), with
associations persisting after adjustment for individual-level income. Inequality was also positively associated with

smoking, but associations were either stronger or only present at higher income levels. Associations of inequality
with the outcomes were statistically signi®cant in women but not in men. Although not conclusive, ®ndings for three
of the four risk factors are suggestive of a contextual e�ect of income inequality, particularly among persons with

lower incomes. # 2000 Elsevier Science Ltd. All rights reserved.
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Introduction

It has long been known that within countries, health

is strongly patterned by social position. This has led to
the characterization of socioeconomic status as a ``fun-
damental'' social cause of disease, one whose impact

on morbidity and mortality tends to re-emerge at
di�erent times and in di�erent places (Link and
Phelan, 1995). Recent research has suggested that

social inequality per se (i.e., the existence of inequality
in the society or group to which a person belongs) and
not only a person's absolute position in the socioeco-
nomic spectrum, may be related to health. Over the

last few years several studies have found that countries
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with large inequalities in the distribution of income
have signi®cantly worse health outcomes than those

with more egalitarian distributions, even after control-
ling for country-level GNP or average income
(McIsaac and Wilkinson, 1997; Rodgers, 1979; Steckel,

1995; van Doorslaer et al., 1997; Waldman, 1992;
Wennemo, 1993; Wilkinson, 1986, 1990, 1992, 1996).
Moreover, recent research has suggested that the re-

lation between income inequality and mortality is also
present across areas within countries (Ben Shlomo et
al., 1996; Kaplan et al., 1996a; Kennedy et al., 1996a;

Lynch et al., 1998). Ben-Shlomo et al. (1996) found
that in England, variation in deprivation within small-
areas (local authorities) was associated with mortality
after controlling for absolute levels of deprivation.

Kaplan et al. (1996a) and Kennedy et al. (1996a) docu-
mented signi®cant associations between state-level indi-
cators of income inequality and state-level mortality

rates within the United States, with associations per-
sisting after controlling for state poverty levels or me-
dian household income, and Lynch et al. (1998) found

that increased income inequality is associated with
increased mortality across 282 US metropolitan areas,
even after stratifying by per capita income.

However, the purported relation between income
inequality and health has been challenged on several
grounds (Judge, 1995; Judge et al., 1998), including the
validity of the measures of income and income distri-

bution used and the ability of existing studies to ade-
quately control for ecological confounders. An
additional, and perhaps more basic methodological cri-

tique, is the argument that the observed ecological as-
sociation is the aggregated consequence of the non-
linear relationship between income and health at the

individual level (Gravelle, 1998). As a result of this
non-linear relationship, in which the association
between better health and higher income weakens pro-
gressively as income increases, redistribution of income

from higher to lower income levels necessarily results
in greater improvements in health at lower income
levels with relatively minor reductions in health at

higher income levels, leading to an overall improve-
ment in aggregate health (Judge et al., 1998; Gravelle,
1998). Consequently, the relation between income

inequality and mortality at the country level may arise
from compositional di�erences between countries in
the income of their inhabitants, rather than from a

contextual e�ect of income inequality per se on health.
If the ecological association between income inequality
and mortality results from compositional di�erences
across groups (e.g. countries or states) in the individ-

ual-level income of their members, the observed eco-
logical associations would be the group-level
manifestation of a previously established and well

documented individual-level relationship within
countries. On the other hand, the con®rmation of a

true contextual e�ect of living in an unequal society
could suggest new mediating mechanisms though

which income inequality may be related to health.
Because previous studies of income inequality and

health outcomes have generally been limited to ecologi-

cal associations, they have been unable to adequately
distinguish compositional from contextual e�ects
(Duncan et al., 1998). In other words, it is unclear

whether the associations of group-level income inequal-
ity with health outcomes are confounded by levels of
individual-level income (since adjustment for an eco-

logical summary such as median income does not elim-
inate the possibility of important di�erences in the
distribution of individual-level income across groups).
In addition, if there is indeed a contextual e�ect of

income inequality, it is unclear whether this e�ect is
the same in persons of di�erent individual-level income
levels. One would expect the e�ects of income inequal-

ity to be greater at lower than at higher income levels,
since lower income persons may be more vulnerable to
the potential psychosocial (Wilkinson, 1997a) or ma-

terial (for example investment-related (Kaplan et al.,
1996a)) consequences of living in an unequal society.
The investigation of these questions requires analyses

incorporating both group-level and individual-level
variables.
Cardiovascular diseases (CVD) account for a large

percentage of all-cause mortality and are the leading

cause of death in industrialized nations. In studies of
individuals, CVD morbidity and mortality have been
shown to be strongly patterned by socioeconomic pos-

ition (Kaplan and Keil, 1993). Cardiovascular diseases
therefore provide an interesting model for investigating
the relation between inequality and health. In their

ecological analyses, Kennedy et al. (1996a) found that
the Robin Hood index (an indicator of income
inequality) was associated with coronary heart disease
mortality. Kaplan et al. (1996a) documented associ-

ations between the percentage of total household
income received by the less well-o� 50% of households
and two cardiovascular risk factors: smoking and

sedentary lifestyle. However, due to their ecological
nature, both studies were unable to investigate whether
the e�ects of inequality on health outcomes and beha-

viors are independent of absolute levels of individual-
level income, or varies by individual income.
Using multilevel models (Bryk and Raudenbush,

1992; Duncan et al., 1998; Goldstein, 1995; Mason et
al., 1983; Wong and Mason 1985) and data from the
1990 US Census and the 1990 Behavioral Risk Factor
Surveillance System (BRFSS), we examined the re-

lation between state income inequality and the preva-
lence of four well-established CVD risk factors Ð
body mass index (BMI), smoking, sedentarism, and

history of high blood pressure Ð across 44 US states,
before and after controlling for absolute levels of indi-
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vidual income. Based on previous research on the
health e�ects of income inequality we derived three hy-

potheses. First, that income inequality in states is as-
sociated with the prevalence of CVD risk factors.
Evidence consistent with this hypothesis would provide

support for the idea that inequality a�ects cardiovascu-
lar disease mortality because it links inequality to con-
ditions known to put individuals at risk for

cardiovascular disease. Second, we hypothesized that
the e�ects of inequality on CVD risk factors should be
greater at lower than at higher income levels. The idea

is that income inequality is not equally detrimental to
all, and that those at the bottom of the social hierar-
chy are likely to be more vulnerable to the health
e�ects of inequality than those at the top. Existing

ideas about why income inequality may be linked to
health Ð such as the relative deprivation (Wilkinson,
1997a) and the investment in human capital (Kaplan et

al., 1996a) hypotheses Ð would predict that people
with relatively low incomes would be the ones most
adversely a�ected by living in an unequal society.

Finally we hypothesized that associations between
inequality and CVD risk factors will persist after con-
trolling for individual-level income. Consistent with the

idea that inequality per se is harmful to health, it fol-
lows that such an e�ect should operate independently
of the economic resources of individuals. Evidence
consistent with our three hypotheses would provide

strong support for previous research on the health
e�ects of income inequality. Consistent failure to sup-
port our hypotheses would imply that, if a contextual

e�ect of income inequality on mortality exists, it is not
mediated through the cardiovascular risk factors we
investigated.

Methods

Sources of data and study population

Information on state-speci®c risk factor levels and

individual-level (household) income was obtained from
the Center for Disease Control and Prevention's
(CDC's) Behavioral Risk Factor Surveillance System

(BRFSS). The BRFSS is a continuous, state-based sur-
veillance system that collects information on risk fac-

tors for disease each year (Remington et al., 1988).
Using random-digit-dialing telephone survey tech-

niques, each state selects a probability sample of its
noninstitutionalized adult population r18 years of age
with telephones. One adult resident is randomly chosen

from each selected household. In most states, samples
are selected using a multistage cluster design procedure
based on the Waksberg method (Waksberg, 1978). The

information used in the present analyses was collected
as part of the core component of the BRFSS in all
participating states in 1990 (Siegel et al., 1993). Body

mass index (BMI) was calculated based on self-
reported weight and height as weight (kg) divided by
height squared (m2). Current smokers were those who
reported smoking 100 cigarettes in their entire lives,

and were smoking regularly at the time of the survey.
Persons were classi®ed as having a history of high
blood pressure if they had ever been told by a doctor,

nurse or other health professional that they had high
blood pressure. Respondents were classi®ed as seden-
tary if they reported no physical activity or reported

performing physical activity for 20 min or less, fewer
than 3 times per week. Participants were asked to
select their annual household income from all sources

from a list of 7 categories: <$10,000; $10±14,999;
$15±19,999; $20±24,999; $25±34,999; $35±50,000;
>$50,000. Self-reported race/ethnicity was categorized
as non-Hispanic white, non-Hispanic black, Hispanic,

and other.
Information on state income distributions (i.e. the

distribution of households into 25 income categories,

median household income, and total aggregate income
for each state) was obtained from the 1990 US Census.
These data were used to calculate three indicators of

income inequality (the Robin Hood index, the Gini
coe�cient, and the percent of total household income
received by the less well o� 50% of households) using
income distribution software developed by E. Welniak

(unpublished software, United State Census Bureau
1988). The calculation and characteristics of these
di�erent indicators of income inequality have been

recently reviewed (Kawachi and Kennedy 1997a), and
all three indicators were found to be highly correlated.
These three indicators were selected a priori because

they had been previously investigated in reports relat-
ing state income inequality to mortality in the United
States (Kaplan et al., 1996a; Kennedy et al., 1996a).

Because results for all outcomes were virtually identical
for all three indicators of income inequality, results for
only one of the indicators (the Robin Hood index) are
reported here. The Robin Hood index is de®ned as the

proportion of aggregate income that must be redistrib-
uted from households above the mean to those below
the mean to achieve equality in the distribution of

income (Kawachi and Kennedy, 1997a)1.
A total of 81,557 persons distributed in 44 states

1 We initially chose to report results for the Robin Hood

index because Kennedy et al. (1996a) previously reported that

it was related to coronary heart disease mortality in the US

States (Kennedy et al., 1996a). A subsequent correction to

their original publication (Kennedy et al., 1996b) noted that

both the Gini coe�cient and the Robin Hood index were simi-

larly related to coronary heart disease mortality, which is con-

sistent with our ®ndings regarding CVD risk factors.
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and Washington D.C. participated in the 1990 BRFSS.
Participation rates ranged from 64.1 to 97.3%.

Washington D.C. residents (n = 1493) were excluded
from the present analyses because inequality measures
were not available in the 1990 census. An additional

399 respondents with no information on age and 9131
respondents with no information on household income
were also excluded leaving a total of 70,534 persons

(86.5% of the total sample) available for analysis.

Statistical methods

In order to allow for potential di�erences in the as-
sociations in men and women, all analyses were strati-
®ed by gender. The relationship between state

inequality and risk factor levels (hypothesis 1) was in-
itially explored by plotting mean risk factor levels by
state Robin Hood index. Interactions between Robin

Hood index and individual-level income (hypothesis 2)
were investigated by plotting mean risk factor levels by
state and individual-level income, and estimating the

associations between individual-level income and risk
factors separately for states at or above, and for states
below, the median Robin Hood index. All estimates of

means and prevalence rates were weighted using ®nal
weights provided with the BRFSS data to compensate
for variation in respondents' probability of selection,
for disproportionate selection of population subgroups

relative to the state's population, and for non-re-
sponse.
After exploratory analyses, regression models were

used to investigate associations of state inequality with
risk factor levels before and after adjustment for indi-
vidual-level income, as well as the interactions between

state inequality and individual-level income (hypoth-
eses 1±3). Multilevel models (Bryk and Raudenbush,
1992; Duncan et al., 1998; Goldstein, 1995; Mason et
al., 1983; Wong and Mason, 1985) were used to

account for the two-level structure of the data (individ-
uals nested within states). The models ®tted can be
conceptualized as follows. In the ®rst stage (individual-

level), a separate individual level regression is de®ned
for each state.

Yij � b0i � b1iIij � b2iAij � eij eij iid0N�0, s2� �1�

where Yij is the continuous outcome variable for the

jth person in the ith state (e.g. BMI), Iij is the individ-
ual-level income variable (household income as col-
lected in the BRFSS), and Aij is age. In a second stage

(state-level) the state-speci®c coe�cients may be mod-
eled as a function of state-level variables (in this case,
inequality in the distribution of income within states).

b0i � g00 � g01Qi � a0i a0i0N�0, G � �2�

b1i � g10 � g11Qi �3�

b2i � g20 �4�

where Q is the state-level Robin-Hood index.
The inclusion of an error term in the second stage

equations (in this case, a0i in Eq. (2)) allows for
sampling variability in the micro regression coe�cients,
and also implies that the macro-level equations are not

deterministic (Mason, 1991). In addition, the inclusion
of macro errors also allows for the possibility that ob-
servations within states may be correlated even after

accounting for the variables included in the models.
This avoids violating the assumption of independence
of observations, and standard errors are correctly esti-
mated. The second-level errors (a0i) are assumed to be

randomly distributed with variance G. In our models,
both the state speci®c intercept (b0i), and the state-
speci®c slope associated with individual-level income

(b1i) were modeled as a function of state income
inequality (Eqs. (2) and (3)). However, a random com-
ponent (a0i) was only included for the intercept term.

Because the variance of the random slope associated
with individual-level income did not di�er signi®cantly
from 0 in nearly all models (indicating little or no re-

sidual variation in the e�ects of individual-level income
across states after accounting for state inequality) and
the inclusion of a random slope also made convergence
di�cult in several of the models, no random com-

ponent was included in Eq. (3). The e�ect of age was
modeled as constant across states (Eq. (4)). In order to
control for the potential confounding e�ect of median

household income, models were re-run after including
state median income in Eq. (2).
By replacing (2) and (3) in (1) we obtain:

Yij � g00 � g01Qi � g10Iij � g11QiIij � g20Aij � a0i � eij

�5�

This is a mixed e�ects model in which the intercept is

modeled as random. Analogous logistic models were
®tted for binary dependent variables (Wong and
Mason, 1985).

All models were ®tted using SAS Proc Mixed (SAS
Institute Inc., Carey, NC) for continuous dependent
variables and the SAS macro GLIMMIX for binary
dependent variables (Littell et al., 1996). Because our

intent was to estimate associations between state
inequality and outcomes in the study sample rather
than to provide estimates of the prevalence of risk fac-

tors in the general population, sample weights were
not used in the multivariate analysis. (Nonetheless,
weighted analyses were conducted for the continuous

outcome (BMI) and the results were virtually identical
to the unweighted ®ndings).The BRFSS uses cluster
sampling, with clusters being telephone pre®xes. As the
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number of observations per cluster is small (median of
2), only minor e�ects of within cluster correlation are

expected. We accounted for clustering by allowing the
intercept to also vary randomly across clusters within
each state (a three-level model). The inclusion of this

additional level led to virtually identical estimates to
those obtained from two-level models in the models we
could test. We therefore chose to present results from
the simpler two-level models (individuals nested within

states).

The variances of the random intercepts di�ered sig-
ni®cantly from 0 in all models (using approximate

standard errors of the estimates based upon the
assumption that they are asymptotically normal)
(Littel et al., 1996), implying some residual variation

across states which was unaccounted for by the vari-
ables in the models. However, this test for signi®cance
of covariance parameters has been questioned because
of its reliance on the normal and large sample approxi-

mation (Singer, 1999). Therefore, results regarding

Fig. 1. Mean body mass index, percent with a history of high blood pressure, percent sedentary, and percent smokers by state

Robin Hood index in men and women.
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statistical signi®cance of the random intercept variance
should be interpreted with caution. We tested the
assumption of normally distributed macro errors by

examining the distribution of a0i in our models and
found no evidence that this assumption was violated.
Another important assumption of multilevel models is

that the macro errors are uncorrelated with the indi-
vidual-level covariates in the model. The existence of
such correlation may suggest model misspeci®cation

and omission of important covariates (Hausman,
1978). In our data, correlations between macro errors

and individual-level predictors (individual level income
and age) were near 0 for all models examined.

Results

The ®nal study population was comprised of 30,646
men and 39,888 women distributed in 44 states.

Median sample sizes by state were 655 for men (range
287±1435) and 842 for women (range 437±1757).
Robin Hood indices for the 44 states ranged from

Fig. 2. Mean risk factor levels by individual-level income and state, and slopes associated with individual-level income, separately

for states with Robin Hood indices above and below the median Ð men.
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27.13% in New Hampshire to 34.05% in Louisiana,
with a median of 30.13%. Higher Robin Hood indices
denote higher state income inequality.

Table 1 shows di�erences in the characteristics of
the BRFSS samples across quartiles of state Robin
Hood index. As expected, state median household

income decreased from the lowest to the highest quar-
tile of state Robin Hood index (although the increase
across quartiles was not monotonic). The income dis-

tribution of BRFSS respondents was slightly more
weighted towards the lower income categories in the
highest quartile of Robin Hood index than in the low-

est quartile. The percentage of white participants in
the samples decreased somewhat with increasing quar-
tiles of state Robin Hood index.

Fig. 1 shows the bivariate relation between state
income inequality and mean levels of the four CVD
risk factors examined. In men, increasing state inequal-

ity was associated with increasing percent sedentary
and percent smokers (bottom two graphs), but no as-
sociations were observed for body mass index or self-

reported hypertension (top two graphs). In women,
increasing state inequality was associated with increas-
ing levels of all four risk factors.

Fig. 3. Mean risk factor levels by individual-level income and state, and slopes associated with individual-level income, separately

for states with Robin Hood indices above and below the median Ð women.
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Figs. 2 (men) and 3 (women) show slopes in mean
risk factor levels by individual-level income separately

for states at or above the Robin Hood median, and
for states below the Robin Hood median. The purpose
of these ®gures is to explore whether associations of in-

dividual-level income with the outcomes di�er by state
inequality or analogously whether the e�ects of state
income inequality di�er by individual-level income (i.e.

the interaction between individual-level income and
state income inequality). This exploratory analysis is
limited by the fact that only two broad categories of

income inequality are compared. The relatively small
number of states in the analyses makes the comparison
of more divergent (and therefore smaller) categories of
income inequality (e.g. top ®fth and bottom ®fth)

unreliable. However, the ®gures shown serve as an in-
itial exploratory investigation of whether inequality
e�ects may di�er by individual-level income before

examining the more complex multilevel models which
include the Robin Hood index as a continuous vari-
able. In men (Fig. 2), increasing individual-level

income was associated with increasing BMI, and with
decreasing hypertension, percent sedentary, and per-
cent smokers. The slope of increasing BMI by increas-

ing individual-level income was slightly weaker in high
inequality than in low inequality states. The decreasing
trends in hypertension and sedentarism associated with
individual-level income were slightly stronger in more

unequal than in more egalitarian states. In contrast,
the slope of decreasing smoking was slightly less pro-
nounced in more unequal states. In women (Fig. 3),

increasing individual-level income was associated with
decreasing levels of all four risk factors. For BMI,
hypertension, and sedentarism, trends by individual-

level income were stronger in more unequal states.
Similar to patterns observed in men, the decreasing
trend in smoking associated with increasing individual-
level income was slightly weaker in more unequal

states.
The patterns described above, i.e. consistent di�er-

ences in slopes associated with individual-level income

in the two categories of state income inequality,
suggest that interactions between income inequality
and individual-level income may be present. In both

men and women, increased state inequality was associ-
ated with increased BMI and history of high blood
pressure in the lowest categories of individual-level

income, but was either not associated or was negatively
associated with risk factor levels at the highest income
categories. Similarly, in both genders, state inequality
was positively associated with sedentarism across cat-

egories of individual-level income, but associations
were stronger at the lower than at the higher income
levels. Conversely, associations of income inequality

with smoking were slightly stronger at higher income
than at lower income levels.

The multilevel model shown in Eq. (5), or its logistic
variant, was ®tted for all outcomes for men and

women separately. The interaction term between indi-
vidual-level income and state inequality (as continuous
variables) was statistically signi®cant (P < 0.05) for all

models except BMI and smoking in men. The sign of
the interaction term was consistent with the patterns
described in Figs. 2 and 3 for each outcome.

Consequently, because both exploratory and regression
analyses suggested a possible interaction e�ect (and
because our large sample size made it feasible), we

chose to present ®nal results of the multilevel models
strati®ed by individual-level income. Interaction terms
between individual-level income and state inequality
were not included in these strati®ed models.

Estimates of associations between the Robin Hood
index and each of the four outcomes derived from stra-
ti®ed multilevel models, before and after adjustment

for individual-level income, are shown in Table 2
(men) and Table 3 (women). In both men and women,
BMI and the odds of having a history of high blood

pressure were positively associated with state inequality
among persons with individual-level incomes below
$25,000, but were negatively associated with state

inequality among persons with individual-level incomes
of $25,000 or more. Sedentarism was signi®cantly as-
sociated with state inequality across categories of indi-
vidual-level income, but associations were slightly

stronger at lower than at higher income levels. The
odds of smoking were positively associated with state
inequality among persons with incomes of $25,000 or

more, and associations were weaker (in men) or even
negative (in women) in persons with incomes below
$25,000. Associations of state inequality with sedentar-

ism were statistically signi®cant (P < 0.05) in both
genders. For the remaining three outcomes (BMI,
smoking, and high blood pressure), associations were
only statistically signi®cant in women.

Additional adjustment for median state income did
not substantially alter the patterns described above,
nor did adjustment for the race/ethnicity of individuals

within states (white non-Hispanic, black Non-
Hispanic, Hispanic, and other). The sole exception was
the association of inequality with BMI in women,

which became weakly negative at lower individual-level
income levels (mean di�erence: ÿ0.11 95% con®dence
limits (CL) ÿ0.70 to 0.49), and more strongly negative

at higher income levels (mean di�erence: ÿ0.95 CL
ÿ1.54 to ÿ0.36), after adjustment for race/ethnicity.

Discussion

Our results are suggestive, albeit not conclusive,

regarding the contextual e�ects of income inequality
on the prevalence of CVD risk factors. For three of
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the four risk factors investigated, positive associations
of income inequality with risk factor levels were stron-

ger (or only present) at relatively low levels of individ-
ual-level income. Inequality was positively associated
with BMI and the odds of high blood pressure at low

income levels, but negatively (and weakly) associated
with these risk factors at high income levels. Similarly,
although inequality was positively associated with

sedentarism across categories of individual-level
income, associations were stronger among those with
lower individual-level incomes. The opposite pattern

was observed for smoking: inequality was positively as-
sociated with smoking at higher income levels but as-
sociations were weaker (or even negative) at lower
income levels. Results for BMI, self-reported hyperten-

sion and sedentarism were therefore consistent with
our three hypotheses. Findings for smoking were con-
sistent with an inequality e�ect which persists after

adjustment for individual-level income, but were not
supportive of a greater inequality e�ect at lower
income levels (in fact, the opposite was true).

Although the patterns described above are generally
consistent with an e�ect of inequality on risk factor
prevalences which persists after controlling for individ-

ual-level income, several factors hamper our ability to
draw de®nite conclusions. Similar patterns were docu-
mented in both genders, but with the exception of
sedentarism, associations were only statistically signi®-

cant in women. The lack of statistical signi®cance for
several of the outcomes in men may have to do with
the weaker e�ects observed in men generally. We have

no clear explanation for this gender di�erence.
Moreover, associations of income inequality with risk
factor levels were not very strong, even in women (par-

ticularly if restricted to the relatively narrow range of
variation in income inequality observed in the sample).
Finally, ®ndings for smoking were inconsistent with
the other risk factors examined in that, although

inequality was associated with increased smoking after
adjustment for individual-level income, associations
were stronger at higher than at lower income levels in

men and were only present at higher income levels in
women. Several of the states with high inequality rates
were also Southern states in which the prevalence of

smoking is generally higher than in the rest of the
country. It is possible that in these states the inverse
association between individual-level income and smok-

ing is attenuated, and as a result, state-level income
inequality appears to be more strongly associated with
smoking at higher than at lower income levels.
Several mechanisms have been postulated as me-

diators of the relation between income inequality and
health (Lynch and Kaplan, 1997). Wilkinson has
argued that the relationship between income inequality

and health outcomes is the result of the e�ect of rela-
tive deprivation on health (people's perception of their

position in relation to others) and is primarily
mediated through psychosocial pathways (e.g. the

direct physiological e�ects of chronic stress, or the
indirect e�ects of stress on behaviors such as smoking,
drinking, and overeating) (Brunner, 1997; Wilkinson,

1997a). It has also been suggested that inequality may
be related to health through its e�ects on levels of
social cohesion (Kawachi and Kennedy, 1997b;

Kawachi et al., 1997). Others have argued that associ-
ations of inequality with health outcomes are likely to
result from structural di�erences related to investment

in human, physical, health and social infrastructure
between more egalitarian and less egalitarian societies
(Kaplan et al., 1996a). For example, Kaplan et al.
(1996a) have shown that in the United States, less ega-

litarian states tend to devote a smaller proportion of
total spending on education and medical care and have
higher school drop out rates, lower literacy rates, and

higher proportions of uninsured. Any (or all) of these
mechanisms could mediate the possible relation
between income inequality and cardiovascular risk fac-

tors, particularly in the lower income groups.
Psychosocial factors could potentially a�ect rates of
smoking, overeating, hypertension, and physical ac-

tivity. In addition, less egalitarian states may invest
fewer resources in creating environments conducive to
developing and maintaining ``healthy'' behaviors, and
may also invest less in health education and preventive

care.
An important strength of our study is the ability to

examine the e�ects of inequality after controlling for

absolute levels of individual income (thus teasing apart
the e�ects of context and composition), and also exam-
ine di�erences in the e�ects of inequality across per-

sons of di�erent income levels. Fiscella and Franks
(1997) reported no association between county-level in-
dicators of inequality and all-cause mortality after con-
trolling for individual-level income. Our analyses were

based on state-level inequality. If the e�ects of inequal-
ity are in part mediated through di�erences in state
policies and investment in human resources, state,

rather than county, may be the more appropriate unit
of analysis. In addition, Fiscella and Frank do not
report the investigation of interactions between

inequality and individual-level income. Kennedy et al.
(1998) have recently examined the e�ects of state
income inequality on self-rated health after adjustment

for individual-level income. Consistent with our results,
they found that persons living in the more unequal
states were more likely to report fair or poor health
after adjustment, and that this e�ect was stronger (and

perhaps only present) in the lower income groups.
The use of multilevel analysis also raises the more

complex question of whether the e�ects of income

inequality on health should be estimated before or
after adjustment for absolute levels of individual
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income (Wilkinson, 1997b). The total e�ects of income
inequality on health may be mediated through two

interrelated mechanisms. On one hand, the presence of
income inequality in a group necessarily implies di�er-
ences in absolute income among its members. These

di�erences in absolute levels of income between indi-
viduals lead to the well-documented gradients in health
by socioeconomic position within groups (e.g.

countries or states). On the other hand, another issue
(and the topic addressed by this paper) is whether the
presence of inequality itself in the group or society to

which a person belongs is related to individuals'
health, regardless of their absolute income level
(through the e�ects of relative deprivation or other
mechanisms). Answering the latter question requires

controlling for, or at least stratifying by, individual-
level income (i.e. comparing persons of similar absol-
ute income living in societies with di�erent degrees of

inequality). It is also true, as noted by Wilkinson
(1997b) that the gradient within countries may itself
result not from absolute, but from relative di�erences

between individuals (i.e. how individuals perceive
themselves relative to others). Nevertheless, it still
holds that, if there is indeed a relative deprivation

e�ect, persons of a given income living in a less egali-
tarian group should have worse health outcomes than
persons of similar income living in more egalitarian so-
cieties (because the burden of relative deprivation is

likely to be greater in the former than the latter).
Consequently, the e�ects of inequality should persist
after stratifying by, or otherwise controlling for, indi-

vidual-level income. Of course, the analytical separ-
ation of these two mechanisms (i.e the e�ects of
absolute and relative di�erences) may be theoretically

interesting but is also arti®cial, because both are inex-
tricably linked. In reality, adjusting inequality e�ects
for individual-level income necessarily leads to an
underestimation of the total inequality e�ect on health.

Another important issue in examining the contextual
e�ects of income inequality on health is that inequality
be measured at the level at which it is relevant, based

on the mechanisms through which it is presumed to
operate. For example, if what matters for health is
income relative to the population of the country as a

whole, and one is using smaller areas within the
country as the units for which inequality is assessed
and adjusting for individual-level income, one may

e�ectively ``adjust away'' a true country-level inequal-
ity e�ect. Thus, if states are not the relevant units of
analysis, by examining associations of state inequality
with the outcomes after controlling for individual-level

income we may in fact be adjusting away an important
contextual e�ect of country-level inequality on health.
Another problem related to the possibility of over-

adjustment arises in relation to the need to control for
race/ethnicity. In our analyses, further adjustment for

race/ethnicity had virtually no e�ect on results (with
the exception of BMI in women). In any case, because

race/ethnic di�erences may result in part from income
inequality (or income inequality may result in part
from racial discrimination), we chose to present unad-

justed estimates.
In interpreting our results, one should bear in mind

that the variation in inequality indicators across states

was small (27.1±34.1%), and that, within the context
of the overall inequality of US society (which is likely
to permeate all geographic areas in the country), small

di�erences in inequality across states are likely to be
less important in shaping health outcomes than the
much more pronounced di�erences in inequality that
can be found across di�erent societies or countries.

This may partly explain our failure to document stron-
ger and statistically signi®cant associations.
In our analyses, the patterns of associations

observed were very similar for all three measures of
inequality examined. Moreover they remained virtually
identical after adjustment for median state income, as

an additional summary measure of state wealth.
However, we did not attempt to tease apart the e�ects
of inequality from those of other state level character-

istics causally or non-causally associated with it. In ad-
dition, there has been some criticism of the use of US
census derived measures of income inequality because
they do not fully take into account the impact of

taxes, transfers, and household size (Judge, 1996).
Work by Kaplan et al. (1996b) and Kennedy et al.
(1996b) has found that correction for these factors had

virtually no impact on associations of state inequality
with mortality (Lynch and Kaplan, 1997).
Finally, our examination of the e�ects of inequality

on the prevalence of cardiovascular risk factors was
limited by the information collected by the BRFSS.
Self-reported smoking and self-reported height and
weight are routinely used in surveys and cohort studies

of cardiovascular disease, and have been shown to be
reasonably valid measures in the literature (Bowlin et
al., 1993). On the other hand, self-reported history of

high blood pressure has many limitations. Bowlin et
al. (1993) found that the sensitivity of self-reported his-
tory of high blood pressure as an indicator of hyper-

tension was only 43%. Measurement error associated
with the assessment of hypertension may explain our
failure to document stronger associations with this out-

come in some subgroups.
As noted by Lynch and Kaplan (1997), among the

major challenges facing research on income inequality
and health are: (1) understanding and modeling the

separate and joint e�ects of absolute income and
income distribution; and (2) specifying the pathways
through which income distribution impacts health.

Despite the caveats and limitations noted above, our
analyses are suggestive of a contextual e�ect of state
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income inequality on risk factor levels, especially
among persons of lower income. These risk factors

could potentially mediate a part of the association
between income inequality and health outcomes pre-
viously documented by ecological studies (Kaplan et

al., 1996a; Kennedy et al., 1996a), and more recently
by individual-level analyses (Kennedy et al., 1998).
However, a variety of other mediating mechanisms

which were not explored in these analyses could also
be involved. In investigating the relation between
income inequality and health, one may choose to focus

on di�erent sections of the continuum linking inequal-
ity to the health of individuals. One approach is to in-
vestigate the relationship between inequality and state-
level factors closely related to inequality which may

mediate its e�ect such as investment in human capital
or social cohesion, as has been done by Kaplan et al.
(1996a) and Kennedy et al. (1996a). Another approach

is to focus on the relationship between inequality and
factors more proximally associated with individual-
level outcomes (such as risk factors) as we have done.

Both approaches are important, and if inequality truly
does a�ect health, both will be needed to understand
why it does.

Our results suggest that income inequality may exert
a contextual e�ect on CVD risk factor prevalences,
and that the e�ect of income inequality may di�er by
income levels. A more conclusive investigation of the

contextual e�ects of inequality on health will require
more detailed speci®cation and subsequent testing of
the mechanisms involved, and de®nition of the contex-

tual unit for which inequality will be measured based
on the mechanisms hypothesized to operate.
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