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A B S T R A C T

Objectives. Previous studies have
linked state-level income inequality to
mortality rates. However, it has been
questioned whether the relationship is
independent of individual-level income.
The present study tests whether state-
level income inequality is related to in-
dividual mortality risk, after adjustment
for individual-level characteristics.

Methods. In this prospective, mul-
tilevel study design, the vital status of
National Health Interview Survey (NHIS)
respondents was ascertained by linkage to
the National Death Index, with additional
linkage of state-level data to individuals
in the NHIS. The analysis included data
for 546888 persons, with 19379 deaths
over the 8-year follow-up period. The
Gini coefficient was used as the measure
of income inequality.

Results. Individuals living in high-
income-inequality states were at in-
creased risk of mortality (relative risk=
1.12; 95% confidence interval = 1.04,
1.19) compared with individuals living
in low-income-inequality states. In strat-
ified analyses, significant effects of state
income inequality on mortality risk were
found, primarily for near-poor Whites.

Conclusions. State-level income in-
equality appears to exert a contextual ef-
fect on mortality risk, after income is ad-
justed for, providing further evidence that
the distribution of income is important
for health. (Am J Public Health. 2001;
91:385–391)
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A growing number of studies, both inter-
nationally1–3 and in the United States,4–6 have
shown striking associations between income
inequality and increased population mortality.
Researchers have debated, however, whether
the relationship between income distribution
and population mortality is independent of the
well-established relationship between individ-
ual income and health and whether the associ-
ation reflects a statistical artifact resulting from
the curvilinear relation between individual in-
come and individual risk of mortality.7,8 These
criticisms are based on associations of in-
equality and population health made with ag-
gregate data; that is, both the dependent vari-
able—mortality rates or life expectancy—and
the independent variable—income inequal-
ity—are at the ecologic level (country, state,
county, etc.). Such criticisms can be addressed
by examining whether there is a contextual ef-
fect of income inequality on individual health
outcomes; that is, whether the dependent vari-
able—mortality risk—is at the individual level
and the independent variable—income inequal-
ity—is at the ecologic level.

To date, only a few studies have had the
necessary data elements to examine whether
unequal income distribution is related to in-
dividual health outcomes. Fiscella and Franks8

found that county-level income inequality was
associated with individual mortality risk (haz-
ard ratio [HR]=0.23; 95% confidence inter-
val [CI]=0.06, 0.86), but when adjustment
was made for family income, the association
was no longer statistically significant (HR=
0.81; 95% CI=0.22, 2.92). The authors con-
cluded that family income confounded the as-
sociation of income inequality to mortality
reported at the ecologic level. However, their
calculation of county-level income inequal-
ity, using data from the 1971–1975 National
Health and Nutrition Examination Survey,
may have been biased by the sample, which
oversampled persons residing in high-poverty
areas, women of childbearing age, and the
elderly.

Using data from the Panel Study of In-
come Dynamics, Daly et al.9 failed to find a
significant association between state-level in-
come inequality and mortality, except for the
subgroup of individuals who were aged 25 to
64 years and who had incomes defined as mid-
dle income. In contrast, using data from the
Behavioral Risk Factor Surveillance System,
Kennedy et al.10 examined the effect of state-
level income inequality on individual self-rated
health and found that individuals living in states
in the highest quartile of income inequality
were more likely to report poor or fair health
than individuals living in the most egalitarian
quartile, after adjustment for individual socio-
economic status (SES) indicators, demographic
variables, and risk factors such as smoking and
obesity (odds ratio=1.25; 95% CI=1.17, 1.33).
Differences in methods of calculating income
inequality, sample sizes, or choice of health
outcomes are all possible reasons for the di-
vergent findings across these studies.

Clearly, there is a need for more data on
the association of income inequality and health
that can address the potential confounding by
individual-level variables. Our goal in the pres-
ent study was to provide such a test of the re-
lationship between state-level income in-
equality and mortality risk, after accounting
for income as well as other sociodemographic
characteristics of individuals. In addition, we
sought to identify which socioeconomic groups
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may be most affected by living in a state with
high levels of income inequality.

Methods

Data Sources

We examined the relationship between
state-level income inequality and individ-
ual mortality risk by combining 3 data
sources: the National Health Interview Sur-
vey (NHIS), the National Death Index
(NDI), and data from the US Bureau of the
Census.

The NHIS is a continuing cross-sectional
household interview survey conducted by the
National Center for Health Statistics (NCHS).
Each year, social, demographic, and health in-
formation is collected on approximately 49000
households, including 132000 persons. The
NHIS sampling plan follows a stratified mul-
tistage probability sample of households and
is representative of the US noninstitutional-
ized civilian population. The annual response
rate of the NHIS is over 95%.11 For this study,
individual-level data were obtained from the
core questionnaire of the NHIS person record.
In addition, an NCHS in-house file allowed
for the linkage of state-level geocodes to the
NHIS.

The geographic variables, income in-
equality and poverty rates in state of residence,
were calculated from data from the US Bureau
of the Census and were appended to the NHIS.
The state-level income inequality measure was
obtained from household income data from the
1991–1993 Current Population Survey. State-
level poverty rates were taken from the 1990
population census.

The NDI is a database of all deaths in the
United States since 1979. Beginning with the
survey year 1986, NHIS respondents 18 years
and older can be linked to the NDI, allowing
for the ascertainment of vital status for NHIS
respondents. Using the linkage information
provided by NCHS public use data files, we
linked 8 years of the NHIS (1987–1994) to the
NDI, providing mortality follow-up through
December 31, 1995. This linked file, with
state-level geocodes, will be referred to as the
NHIS-NDI.

The NHIS sample is not designed to sup-
port state-level estimation. To determine
whether each state is represented in the NHIS
weighted sample in proportion to its actual
share of the US population, we compared the
distribution of the NHIS weighted sample to the
US population across state-level income in-
equality categories, using 1990 decennial cen-
sus data. We found the NHIS sample distribu-
tion to be similar to the US population over the
categories.

Ascertainment of Vital Status

The health outcome of interest was time
from the NHIS interview until death; respon-
dents who had not died by the end of the
follow-up (December 31, 1995) were assumed
to be alive.Vital status was ascertained by link-
age to the NDI. This study used the vital sta-
tus classification recommended in the Multi-
ple Cause of Death Public Use Data File. For
the NHIS cohorts, it is estimated that these rec-
ommended cutoff scores correctly classify over
97% of the true matches (deceased) and over
97% of the false matches (alive).12

State-Level Predictor Variables

Our main predictor variable was level of
income inequality in the state where a respon-
dent resided at the time of the NHIS interview.
We used the Gini coefficient as the measure of
income inequality. The Gini coefficient is a
widely used measure of income inequality that
represents twice the area under the Lorenz
curve (cumulative income categories plotted
against cumulative population) and ranges the-
oretically from 0 (absolute equality) to 1.0 (ab-
solute inequality).13–15 It has the following
mathematical interpretation: the Gini coeffi-
cient is equal to the expected absolute difference
in incomes (as a proportion of the mean in-
come) between any 2 persons drawn at random
from the population. For example, a Gini co-
efficient of 30% implies that the absolute dif-
ference, on average, between the incomes of 2
people is equal to 60% of the mean income.A
graphical interpretation of the Gini coefficient
can be found in Kawachi and Kennedy.16

The Gini coefficients used in this anal-
ysis were constructed with data on household
income from the Current Population Survey
for the years 1991 to 1993 and were obtained
from unpublished statistics, courtesy of the
Luxembourg Income Study (T.M. Smeeding,
PhD, project director of the Luxembourg In-
come Study, written communication, 1996).
(The state Gini coefficients calculated from
the 1991–1993 Current Population Survey
data had a correlation of 0.74 with the state
Gini calculated from the 1990 decennial cen-
sus. Kawachi and Kennedy16 showed that state
Gini coefficients calculated from these 2
sources were similarly related to state mor-
tality rates.) We adjusted incomes for state
differences in taxes and cash transfers as well
as differences in household composition,
using an equivalence scale (with the equiva-
lence elasticity set to 0.5). States were as-
signed to categories of income inequality on
the basis of the distribution of the Gini coef-
ficient across 48 states, as follows: Gini ≤
0.324 (10 states); Gini = 0.327–0.339 (14
states); Gini = 0.340–0.355 (14 states); and

Gini≥0.360 (10 states). (Two states were not
included in the NHIS sampling frame, and
the District of Columbia was not considered
a state in these analyses.) To examine the ef-
fects of inequality in states with the very high-
est levels of inequality, we split the highest
income inequality category in half to create 2
new categories: Gini=0.360–0.365 (5 states)
and Gini=0.367–0.374 (5 states); this resulted
in 5 categories of state income inequality.

The state poverty rate was also included
in the analyses.17 It represents the proportion of
persons whose incomes were below the official
poverty threshold in 1989 and was analyzed as
a continuous variable.

Individual-Level Variables

We included age, sex, race/ethnicity, mar-
ital status, and annual income, which were as-
sessed at the time of the NHIS interview.We re-
stricted the analysis to non-HispanicWhite and
Black men and women, aged 18 to 74 years at
baseline. Marital status was dichotomized into
marriedandunmarried,with the latter including
personswhowerewidowed,divorced,separated,
never married, or of unknown marital status.

NHIS respondents were asked to report
their family income according to 1 of 27 cate-
gories (NHIS income categories were capped
at $50000 or more from 1987 to 1994). To ad-
just for inflation over the 8-year span of the
study and to take into consideration family size,
we created income categories that were ex-
pressed as income-to-poverty ratios. This vari-
able represents the ratio of income to the ap-
propriate poverty threshold.18 For each year
1987 to 1994, we calculated the ratio as the
midpoint of the reported family income cate-
gory from the NHIS interview over the offi-
cial poverty threshold for the family size re-
ported on the NHIS interview. The official
poverty thresholds for given family sizes were
determined by the Bureau of the Census.19 We
categorized the ratio of income to poverty into
5 levels. A ratio below 1.00 indicates that the
income was below the federal poverty level
(poor persons). A ratio of 1.00 to 1.99 indi-
cates that the income was 100% to 199% of
the appropriate poverty threshold (near-poor
persons). A ratio of 2.00 or greater indicates
that the income was 200% of the appropriate
poverty threshold. NHIS respondents with an
income-to-poverty ratio of 2.00 or greater were
categorized as middle income if their income
was less than $50000 and high income if their
income was $50000 or more. There was an ad-
ditional category for unreported income.

Data Analysis

We calculated age-adjusted death rates
for non-Hispanic Whites and Blacks com-



March 2001, Vol. 91, No. 3 American Journal of Public Health 387

TABLE 1—Characteristics of the Sample Populationa: National Health Interview Survey–National Death Index, 1987–1995

Total Sample Non-Hispanic Whites Non-Hispanic Blacks
N (Unweighted) % (Weighted) n (Unweighted) % (Weighted) n (Unweighted) % (Weighted)

Total 546888 464765 82123
Vital status

Alive 527509 96.7 449034 96.7 78475 96.2
Deceased 19379 3.3 15731 3.3 3648 3.8

Individual characteristics
Sex

Male 256939 48.4 223005 48.9 33934 45.1
Female 289949 51.6 241760 51.1 48189 54.9

Race/ethnicity
Non-Hispanic White 464765 87.5
Non-Hispanic Black 82123 12.5

Age, y
18–24 72223 13.9 58203 13.3 14020 18.2
25–44 249961 46.2 212140 45.8 37821 48.7
45–64 160347 28.6 137778 29.1 22569 25.0
65–74 64357 11.4 56644 11.8 7713 8.1

Income level
Poor 50308 8.7 31131 6.8 19177 22.3
Near poor 88917 16.0 71385 15.3 17532 20.9
Middle income 215365 39.7 193487 41.4 21878 27.5
High income 109079 20.7 102447 22.3 6632 9.0
Unknown 83219 15.0 66315 14.2 16904 20.3

aSample is restricted to non-Hispanic Whites and Blacks aged 18 to 74 years.

bined, as well as for each group separately,
by categories of state-level income in-
equality and categories of family-level in-
come. We standardized death rates by age
to the 1990 US population as determined
by the US Bureau of the Census,20 using di-
rect standardization.

We used Cox proportional hazards mod-
els21 to analyze the relationship between in-
come inequality in state of residence and indi-
vidual mortality risk. All relative risk estimates
were calculated with the survival procedure in
Software for Survey Data Analysis (SUDAAN)
to take into account the complex survey de-
sign of the NHIS.22,23

In model 1, our basic model, income in-
equality in the respondent’s state of residence
was categorized into 5 levels: low, low-mod-
erate, moderate-high, high, and very high.
These categories were included in the model
as dummy variables with “low” inequality
states as the referent group, with adjustment
for age, sex, race/ethnicity, and marital status.
Model 2 included further adjustment for state
poverty rates. The fully adjusted model,
model 3, included the state-level income in-
equality categories and state poverty rates,
as well as income, age, sex, race/ethnicity,
and marital status. We also examined the re-
lationship stratified by race/ethnicity, sex,
and income categories. The stratified mod-
els were adjusted for state poverty rates, age,
and marital status.

The stratified analysis for Blacks dif-
fered from that for Whites in 2 ways. Since a

small proportion of Blacks lived in states with
the lowest levels of income inequality
(weighted proportion=7.0%), we collapsed
the 2 lowest income inequality categories to
include states with a Gini ranging from 0.295
to 0.339. There was also a small number of
Blacks in the highest income category
(weighted proportion = 9.0%), so we com-
bined the middle- and high-income categories
into a nonpoor category.

For both the overall and the stratified
analyses, the proportional hazards assump-
tion was checked by graphical examination
of the log-log of the survivor functions for
the categories of state-level income in-
equality categories, evaluated at the mean
levels of the other covariates.24 We observed
no serious violation of the proportional haz-
ards assumption.

The unweighted sample size for the NHIS-
NDI file was 661193. We restricted the analy-
ses to non-Hispanic Whites and Blacks aged
18 to 74 years, yielding a sample size of
546888.The average follow-up period was ap-
proximately 5 years. A total of 19379 deaths
were identified in the 8-year NDI follow-up pe-
riod, representing 3% of the NHIS-NDI sample.

Results

Throughout this section, Whites and
Blacks refer to non-Hispanic populations.
Table 1 summarizes the characteristics of the
study population. The weighted sample had

slightly more women (52%) than men (48%)
and was predominantly White (88%). The
mean age was 42 years. Forty percent of the
sample had income levels that fell into the mid-
dle-income category (i.e., more than 200% of
poverty but less than $50000). Blacks were
much more likely to be poor (22% of Blacks
vs 7% of Whites). Fifteen percent of NHIS re-
spondents did not report their income, with
Blacks (20%) more likely to not report their
income than Whites (14%).

The state Gini coefficients ranged from
a low of 0.295 in Iowa to a high of 0.374 in
Texas and had a mean value of 0.339 and a
standard deviation of 0.02. The percentage dis-
tribution of Blacks and Whites differed across
the state income inequality categories. Ap-
proximately 11% of Whites, compared with
only 7% of Blacks, lived in a state in the low-
est inequality category. Furthermore, 58% of
the Blacks in this lowest category resided in 1
state, Maryland. The majority of Blacks lived
in high-income-inequality states, with 54% liv-
ing in 10 states that made up the “high” or
“very high” inequality categories.

We examined age-adjusted death rates by
4 categories of income inequality in the re-
spondent’s state of residence and 4 categories
of income for the total sample as well as for
Whites and Blacks separately. For the calcu-
lation of death rates, the 2 highest state income
inequality categories were combined. For the
overall sample, in addition to the distinctive
graded relationship between individual-level
income and mortality, within the near-poor
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FIGURE 1—Age-adjusted death rates per 100000 person-years for non-Hispanic
Whites, by income inequality in state of residence and family
income: National Health Interview Survey–National Death Index,
1987–1995.

TABLE 2—Relative Risksa of Level of Income Inequality in State of Residence for Individual All-Cause Mortality: National
Health Interview Survey–National Death Index, 1987–1995

Model 1 Model 2 Model 3
RR (95% CI) RR (95% CI) RR (95% CI)

Level of income inequality in state of residenceb

Very high 1.10 (1.03, 1.17) 1.02 (0.96, 1.09) 1.12 (1.04, 1.19)
High 1.14 (1.06, 1.23) 1.07 (0.99, 1.16) 1.11 (1.02, 1.19)
Moderate-high 1.11 (1.04, 1.18) 1.07 (1.01, 1.14) 1.10 (1.03, 1.17)
Low-moderate 1.11 (1.04, 1.18) 1.08 (1.01, 1.15) 1.08 (1.02, 1.16)
Low 1.00 1.00 1.00

Poverty rate in state of residence 1.01 (1.00, 1.02) 1.00 (1.00, 1.01)
Family incomec

Poor 2.69 (2.48, 2.91)
Near poor 2.14 (2.00, 2.29)
Middle income 1.52 (1.43, 1.61)
High income 1.00
Unknown 1.68 (1.57, 1.80)

Note. RR=relative risk; CI=confidence interval.
aRelative risks are estimated from a Cox proportional hazards model. All models have additional adjustment for age in single years, sex,

race/ethnicity, and marital status (see “Methods” section).
bState income inequality categories are based on distribution of Gini coefficients across 48 states (see “Methods” section). Low-inequality

states are Iowa, Vermont, Delaware, Wisconsin, Utah, Hawaii, South Dakota, Connecticut, Maryland, and Kansas. Low-moderate-inequality
states are Indiana, Pennsylvania, Minnesota, Maine, Oregon, New Mexico, Wyoming, Ohio, Montana, Rhode Island, Washington, Alaska,
Michigan, and North Carolina. Moderate-high-inequality states are Idaho, Nevada, South Carolina, Massachusetts, West Virginia, Colorado,
New Jersey, Tennessee, Virginia, Arkansas, Missouri, Oklahoma, New Hampshire, and Arizona. High-inequality states are Illinois, Mississippi,
Alabama, Florida, and Kentucky. Very-high-inequality states are New York, California, Louisiana, Georgia, and Texas.

cFamily income was converted to income-to-poverty ratios before categorizing (see “Methods” section).

and middle-income strata there was also a re-
lationship between state-level income in-
equality and mortality. Near-poor persons liv-
ing in states in the lowest income inequality
category had significantly lower death rates
(641 deaths per 100000 person-years) than
near-poor persons residing in other states
(about 825 deaths per 100000 person-years).
The same pattern was evident for middle-

income persons, although the differences were
smaller (462 deaths per 100000 person-years
vs 546 deaths per 100000 person-years).There
was no noticeable relationship between income
inequality in state of residence and mortality
among poor or high-income persons (data not
shown).

However, when we disaggregated the
sample by race, the association between state-

level income inequality and mortality was
more pronounced among near-poor Whites
than in the overall sample (Figure 1). Among
near-poor Whites, when we compared the
death rate in the highest-income-inequality
states (817 deaths per 100000 person-years)
with that in the lowest, the excess mortality
was 192 deaths per 100 000 person-years.
Among Whites with middle incomes, the cor-
responding difference in mortality was 81
deaths per 100 000 person-years. Among
Blacks, there was a clear gradient between
income and mortality, but there was no con-
sistent association of income inequality in
state of residence (data not shown).

Table 2 presents relative risks and 95%
confidence intervals for the effects of state in-
come inequality on individual mortality risk.
Model 1, which adjusts only for demographic
variables, shows that individuals living in high-
income-inequality states were at a slightly in-
creased risk of death compared with individu-
als living in states with the lowest income
inequality (relative risk [RR]=1.10–1.14). In
model 2, the state poverty rate was added to
the model and the relative risk estimates for
the income inequality categories were attenu-
ated. The correlation between state poverty rate
and state Gini coefficient was 0.46 (P<.001).
The final model (model 3), to which family
income was added, showed that individuals liv-
ing in the highest-income-inequality states were
at increased risk of death compared with those
living in the lowest-income-inequality states
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TABLE 3—Relative Risksa of Level of Income Inequalityb in State of Residence for Individual All-Cause Mortality, Stratified by
Family Incomec: Non-Hispanic Whites, National Health Interview Survey–National Death Index, 1987–1995

Non-Hispanic White Non-Hispanic White
Men Aged 18–74 y Women Aged 18–74 y

No. of Deaths RR (95% CI) No. of Deaths RR (95% CI)

Poor persons living in states with—
Very high income inequality 151 0.76 (0.56, 1.04) 163 1.08 (0.78, 1.51)
High income inequality 108 0.91 (0.65, 1.27) 104 1.09 (0.78, 1.53)
Moderate-high income inequality 190 0.96 (0.73, 1.25) 186 1.14 (0.84, 1.55)
Low-moderate income inequality 216 0.96 (0.76, 1.22) 219 1.12 (0.84, 1.50)
Low income inequality 89 1.00 69 1.00

Near-poor persons living in states with—
Very high income inequality 454 1.23 (1.03, 1.48) 378 1.41 (1.15, 1.73)
High income inequality 270 1.16 (0.96, 1.40) 201 1.26 (1.01, 1.57)
Moderate-high income inequality 468 1.15 (0.97, 1.36) 365 1.36 (1.13, 1.63)
Low-moderate income inequality 652 1.11 (0.94, 1.31) 492 1.26 (1.07, 1.50)
Low income inequality 229 1.00 142 1.00

Middle-income persons living in states with—
Very high income inequality 1056 1.18 (1.03, 1.36) 605 1.11 (0.91, 1.36)
High income inequality 473 1.11 (0.96, 1.30) 289 1.16 (0.93, 1.45)
Moderate-high income inequality 857 1.04 (0.92, 1.19) 540 1.15 (0.95, 1.39)
Low-moderate income inequality 1131 1.06 (0.93, 1.20) 711 1.19 (0.98, 1.43)
Low income inequality 444 1.00 258 1.00

High-income persons living in states with—
Very high income inequality 344 1.32 (0.99, 1.76) 170 0.84 (0.61, 1.14)
High income inequality 85 1.19 (0.86, 1.64) 52 0.88 (0.62, 1.26)
Moderate-high income inequality 219 1.19 (0.92, 1.56) 122 0.81 (0.60, 1.09)
Low-moderate income inequality 213 1.17 (0.89, 1.53) 118 0.79 (0.58, 1.09)
Low income inequality 87 1.00 64 1.00

Persons with unknown incomes living in states with—
Very high income inequality 391 1.04 (0.84, 1.29) 287 0.91 (0.71, 1.18)
High income inequality 221 1.00 (0.80, 1.25) 150 0.90 (0.69, 1.17)
Moderate-high income inequality 281 0.94 (0.76, 1.17) 251 1.14 (0.89, 1.46)
Low-moderate income inequality 482 1.03 (0.86, 1.24) 393 1.16 (0.91, 1.47)
Low income inequality 171 1.00 120 1.00

Note. RR=relative risk; CI=confidence interval.
aRelative risks are estimated from a Cox proportional hazards model, adjusted for the state poverty rate, age in single years, and marital status.
bState income inequality categories are based on distribution of Gini coefficients across 48 states (see “Methods” section).
cFamily income was converted to income-to-poverty ratios before categorizing (see “Methods” section).

(RR=1.12; 95% CI=1.04, 1.19). In addition,
the relationship of state income inequality to
mortality risk showed a significant linear trend
(P=.001), indicating that the relative risk in-
creased with rising inequality.

As expected, poor persons had a risk of
death more than twice that of persons with high
family incomes (RR=2.69; 95% CI=2.48,
2.91). Men had a higher risk of death than
women (RR=2.00; 95% CI=1.93, 2.07),
Blacks had a higher risk than Whites (RR=
1.24; 95% CI=1.18, 1.30), and unmarried per-
sons had a higher risk than those who were
married (RR=1.37; 95% CI=1.32, 1.42).

Table 3 presents results for Whites. No
relationship was evident between income in-
equality in state of residence and mortality for
poor White men, but there was a relationship
for White men at higher income levels. Near-
poor White men living in the highest-income-
inequality states had a higher risk than those liv-
ing in the lowest-income-inequality states
(RR=1.23; 95% CI=1.03, 1.48). Although the
relative risk estimates for the other inequality

categories were not statistically significant,
there was a significant linear trend across the
4 categories (P=.04). A similar pattern was
found for middle-income (RR=1.18; 95% CI=
1.03, 1.36; P for trend=.005) and high-income
(RR=1.32; 95% CI=0.99, 1.76; P for trend=
.08) White men. Among White women, the in-
creased risk of mortality in high-income-
inequality states was evident only among those
who were near-poor. Compared with near-poor
White women living in the lowest-inequality
states, the relative risks for near-poor White
women living in higher-income-inequality
states ranged from 1.41 to 1.26, with a signif-
icant linear trend across the 4 categories
(P=.03).

Because of the small sample sizes for
Blacks residing in states with low levels of in-
come inequality, we collapsed the low and low-
moderate categories. Similarly, there were too
few Blacks in the high-family-income cate-
gory to examine separately, so we collapsed
the middle-income and high-income categories
into a nonpoor category. Given these restric-

tions on the Black sample, the results for near-
poor Black women were similar to those for
near-poor White women. Although not all of
the state income inequality categories ap-
proached traditional levels of statistical signif-
icance, the relative risks associated with living
in higher-income-inequality states for near-
poor Black women ranged from 1.26 to 1.64 (P
for trend=0.17). In contrast to the other groups,
income inequality in the state of residence had
no effect on Black men at any income level
(data not shown).

Discussion

Our findings demonstrate a contextual ef-
fect of state income inequality on individual
mortality risk after state poverty levels and in-
dividual sociodemographic characteristics are
controlled for. In addition, a strong relation-
ship between income and mortality was evi-
dent, with poor persons having a risk of death
more than twice that of high-income persons.
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Although the contextual effect of state income
inequality on mortality may appear modest
compared with the effect of individual-level
income, because income inequality is also re-
lated to the socioeconomic gradient, it affects
mortality risk through SES.

Prior multilevel studies examining a con-
textual effect of income inequality on individ-
ual health outcomes have reached different con-
clusions. Our findings do not support the
conclusions of Fiscella and Franks8 that the re-
lationship between income inequality and mor-
tality reported in the ecologic studies was due
to the correlation between individual-level in-
come and income inequality. Nor do our find-
ings support the argument by Gravelle7 that the
curvilinear shape of the relationship between
individual-level income and individual mor-
tality risk is sufficient to explain the relation-
ship between income distribution and mortal-
ity risk. Still others have argued that multilevel
studies showing a contextual effect of income
inequality—after adjustment for individual-
level income—cannot rule out the possibility
of residual confounding of individual income
when income is modeled as a categorical vari-
able. Since family income data in the NHIS
are collected as a categorical variable, we ac-
knowledge that not using income as a contin-
uous variable may have hindered our ability to
rule out completely the residual confounding
effect of income on health. However, we be-
lieve that this is unlikely to have materially af-
fected our results.25

The analyses stratified by sex, race/eth-
nicity, and individual-level family income sug-
gest that the effect of state-level income in-
equality on mortality risk is strongest for
near-poor non-Hispanic White men and
women. In addition, mortality risk increases
in a general dose–response relationship with
White men at all levels of income above pov-
erty. These findings are similar to those of
Kennedy et al.10 and Daly et al.9 It is also note-
worthy that among high-income White men,
the mortality risk from living in high-inequality
states approaches statistical significance. We
did not find a contextual effect of state income
inequality on mortality risk among those whose
family income fell below the poverty line. For
such persons, it is possible that poverty is a
more important determinant of mortality than
state-level inequality.

Although the finding that income in-
equality influences mortality risk for the near-
poor applied to both White and Black women,
there are several possible reasons why we did
not find comparable results between Whites
and Blacks overall. First, the sample size was
much smaller for Black persons than for White
persons.Although we combined 8 years of the
NHIS, once we stratified by race/ethnicity, sex,
and family income, we collapsed the 2 lowest

categories of state income inequality and the
2 highest family-income categories to have
sufficient numbers of Black deaths in each
cell. Second, the state may not be the most
meaningful geographic level for examining
the health effects of income inequality on
Blacks. In the NHIS sample, there were few
Blacks living in the low-income-inequality
states, and they may be more likely to reside
in urban areas, which might have high income
inequality. Finally, other social factors, such
as residential segregation, racial discrimina-
tion, and poverty, may be more salient factors
contributing to the risk of mortality for
Blacks.26,27

The evidence linking income inequality to
both population and individual health outcomes
continues to grow,28,29 although the mechanism
underlying this association remains undeter-
mined.30 Thus far, 2 broad mechanisms have
been proposed. One involves differential lev-
els of social spending in areas such as basic
education, employment training, health care,
and housing.4,6 The other potential pathways
relate to psychosocial processes that are dam-
aging to health, such as the sense of relative
deprivation, latent social conflict, and erosion
of social bonds.31–33 These 2 mechanisms are
not mutually exclusive but rather are likely to
reinforce each other, operate to a greater or
lesser extent at different geographic levels of in-
come inequality, or both.

Additional studies examining income in-
equality at different levels of geographic aggre-
gation,aswellas identifying thepopulationsub-
groupsmostat risk,will continue toadvanceour
understandingof thematerial andpsychosocial
processes linking income inequality to health.
For example, the different effects of state-level
income inequality on male vs female mortality
risk suggest that future studies should examine
cause-specific mortality to determine whether
state-level income inequality has a stronger as-
sociationwiththosecausesofdeaththataremore
common in men than in women (e.g., coronary
heart disease, homicide, injuries).

Comparing the specific characteristics of
localities (states, metropolitan areas, etc.) with
high and low levels of inequality may also lead
us to specific mechanisms. State policies can
either contribute to or mitigate the effects of
state-level income inequality. For example,
states can establish state-level minimum wage
standards above the federal standard. There are
also state variations in the use of regressive
sales and excise taxes, in encouragement of
collective bargaining, in investment in skills-
building programs, and in efforts to strengthen
the unemployment insurance system.34 Also,
10 states now offer the Earned Income Tax
Credit, which benefits low- and moderate-
income working families.35 With the exception
of Massachusetts and New York, the states of-

fering the Earned Income Tax Credit fell into
the lowest 2 state income inequality categories
used in these analyses.

While the graded relationship between in-
dividual-level income and mortality in the
United States is a familiar picture,36–38 the re-
sults of this study provide further support for a
contextual effect of income inequality on health
status. Health inequality research that exam-
ines the effect of the social environment on
health furthers our understanding of how health
inequalities are generated and perpetuated.
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