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ABSTRACT

Background

Counties are the smallest unit for which mortality data are routinely available, allowing
consistent and comparable long-term analysis of trends in health disparities. Average life
expectancy has steadily increased in the United States but there is limited information on long-
term mortality trends in the US counties This study aimed to investigate trends in county
mortality and cross-county mortality disparities, including the contributions of specific diseases
to county level mortality trends.

Methods and Findings

We used mortality statistics (from the National Center for Health Statistics [NCHS]) and
population (from the US Census) to estimate sex-specific life expectancy for US counties for
every year between 1961 and 1999. Data for analyses in subsequent years were not provided to
us by the NCHS. We calculated different metrics of cross-county mortality disparity, and also
grouped counties on the basis of whether their mortality changed favorably or unfavorably
relative to the national average. We estimated the probability of death from specific diseases
for counties with above- or below-average mortality performance. We simulated the effect of
cross-county migration on each county’s life expectancy using a time-based simulation model.
Between 1961 and 1999, the standard deviation (SD) of life expectancy across US counties was
at its lowest in 1983, at 1.9 and 1.4 y for men and women, respectively. Cross-county life
expectancy SD increased to 2.3 and 1.7 y in 1999. Between 1961 and 1983 no counties had a
statistically significant increase in mortality; the major cause of mortality decline for both sexes
was reduction in cardiovascular mortality. From 1983 to 1999, life expectancy declined
significantly in 11 counties for men (by 1.3 y) and in 180 counties for women (by 1.3 y); another
48 (men) and 783 (women) counties had nonsignificant life expectancy decline. Life expectancy
decline in both sexes was caused by increased mortality from lung cancer, chronic obstructive
pulmonary disease (COPD), diabetes, and a range of other noncommunicable diseases, which
were no longer compensated for by the decline in cardiovascular mortality. Higher HIV/AIDS
and homicide deaths also contributed substantially to life expectancy decline for men, but not
for women. Alternative specifications of the effects of migration showed that the rise in cross-
county life expectancy SD was unlikely to be caused by migration.

Conclusions

There was a steady increase in mortality inequality across the US counties between 1983 and
1999, resulting from stagnation or increase in mortality among the worst-off segment of the
population. Female mortality increased in a large number of counties, primarily because of
chronic diseases related to smoking, overweight and obesity, and high blood pressure.

The Editors’ Summary of this article follows the references.
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Introduction

Average life expectancy in the United States has increased
steadily in the past few decades, rising by more than 7 y for
men and more than 6 y for women between 1960 and 2000.
Parallel to this aggregate improvement, there are large
disparities in health and mortality across population sub-
groups defined by race, income, geography, social class,
education, and community deprivation indices [1-18]. Fur-
thermore, there is evidence that health and mortality
disparities have persisted or even increased over time in
both relative and absolute terms [2,10,11,15,19,20], indicating
that the observed aggregate health gains may not have been
distributed evenly.

Counties are an important unit of analysis in under-
standing trends in mortality disparities in the United States.
First, county-level analysis helps assess health disparities in
relation to place of residence, and therefore complements
analysis by race, income, and other socioeconomic factors.
Second, counties are the smallest measurable unit for which
mortality data are routinely available, and county-level data
allow analyses for small subgroups of the US population. For
example, analysis of the US mortality statistics for 1997-2001
(pooled over 5 y to increase the number of observations in
small counties) demonstrates that the highest and lowest
county life expectancies in the United States were 18.2 and
12.7 y apart for males and females, respectively, compared to
6.7- and 4.9-y gaps between whites and blacks as a whole.
Further, county definition is relatively invariant over time,
allowing consistent and comparable long-term analysis of
trends in health disparities. This consistency is an important
advantage because even analysis by race may be affected by
changes in self-reported race in census figures over time
[21,22]. Finally, county-level socioeconomic data are available
from the census, and cause-specific mortality data are
available from the vital statistics. These two data sources
allow analysis of trends in all-cause mortality as well as
mortality from specific diseases, in relation to both the
location of county of residence and its environmental and
socioeconomic characteristics (see also Singh [10,20]).

We used data on all-cause mortality to analyze trends in
mortality and mortality disparities in US counties for a
period of approximately four decades (1961-1999), one of the
longest trend analyses of mortality disparities in the United
States to our knowledge. We also grouped counties on the
basis of whether their mortality changed favorably or
unfavorably relative to the national average, and identified
those counties with mortality stagnation and increase. Finally,
we examined the epidemiological (disease-specific mortality)
and selected socioeconomic characteristics of counties with
below- or above-average mortality performance.

Methods

We arranged the 3,141 US counties into 2,068 units, each
consisting of one or multiple individual counties. There were
two reasons for forming merged county units: (1) to avoid
unstable death rates, smaller counties were merged with
adjacent counties to form units with a total population of at
least 10,000 males and 10,000 females in 1990 [14]; and (2) to
account for changes in county definitions and lines, such as
formation of new counties and reversion to non-county
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status. This grouping of counties created a consistent set of
2,068 individual or merged county units that represent the
same physical land areas from 1959 through the present.
Because borough-specific death statistics were not available
prior to 1982 in New York City, its five separate counties were
merged into a single unit. For each county unit, we calculated
annual sex-specific life expectancies. Table 1 provides
summary information on the sociodemographic character-
istics of counties. We also calculated probabilities of death
from all causes as well as from specific diseases and disease
clusters in the following age groups: 0-4, 5-14, 15-44, 45-64,
65-74, and 75-84 y.

We report the standard deviation (SD) of life expectancies
of the 2,068 county units in the United States, as well as life
expectancy for counties that make up the 2.5% of the US
population with the highest and lowest county life expect-
ancies in each year, by sex. We also report changes in
mortality from specific diseases for six groups of counties,
defined on the basis of how their life expectancy changed in
relation to the national sex-specific change as follows: group
1, counties whose life expectancy increased at a level
(statistically) significantly higher than the national sex-
specific mean; group 2, counties whose life expectancy
increased at a level significantly higher than zero but not
significantly distinguishable from the national sex-specific
mean; group 3, counties whose life expectancy increased at a
level significantly higher than zero but significantly less than
the national sex-specific mean; group 4, counties whose life
expectancy change was statistically indistinguishable from
zero and from the national sex-specific mean; group b5,
counties whose life expectancy change was statistically
indistinguishable from zero and was significantly less than
the national sex-specific mean; and group 6, counties whose
life expectancy had a statistically significant decline. All
statistical significance was assessed at 90%.

Data Sources

Mortality statistics, including county of residence and cause
of death certified and coded according to the International
Classification of Diseases (ICD) system, were obtained from
the National Center for Health Statistics (NCHS). Standard
public-use mortality files do not include geographic identi-
fiers for deaths in counties with fewer than 100,000 people.
We obtained county identifiers for all deaths for years 1959
through 2001 through a special request to the NCHS. County
identifiers for years after 2001 were not provided to us by the
NCHS. County population by age for 1960 and all years
between 1970 and 2001 are publicly available through the US
Census Bureau; data prior to 1990 were accessed through the
US Census Bureau and for 1990 and later through the NCHS
[22]. We estimated intercensal county population for 1959
and 1961-1969 using the 1960 and 1970 censual estimates and
an exponential growth model.

We used the following data sources for county-level
sociodemographic characteristics, and for cross-county mi-
gration: (1) proportion of population by race and urban/rural
place of residence, US Census via American FactFinder
(http:/ifactfinder.census.gov/) (for the 1990 and 2000 censuses)
and via the Inter-University Consortium for Political and
Social Research (ICPSR) (http://www.icpsr.umich.edu) (for the
1960, 1970, and 1980 censuses); (2) education, US Census via
the National Historical Geographic Information System
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Table 1. Summary Statistics for Socioeconomic and Demographic Characteristics of the 2,068 County Units Used in the Analysis in the

Year 1999

Sociodemographic Variable Mean SD Median Interquartile Range Minimum Maximum
Population 134,930 381,880 45,790 70,990 18,780 9,437,290
Average income ($) 18,530 4,070 17,850 4,280 7,220 45,930
Percent completing high school 81.3 7.0 82.5 9.8 42.0 95.5
Within-county Gini coefficient® 383 3.8 38.0 5.0 28.7 56.5
Male life expectancy (y)° 73.4 23 73.6 32 62.0 80.2
Female life expectancy (y)° 79.2 1.7 79.2 24 71.8 84.5
5-y in-migration (%) 21.0 6.4 20.0 7.9 7.4 56.9

“Summarized across all counties in the United States for the year 2000 because figures were only available for individual counties and not for merged county units in our analysis (http:/

www.socanth.uncc.edu/smoller/).
PPooled over 1997-2001.
doi:10.1371/journal.pmed.0050066.t001

(http:/lwww.nhgis.org/) (1970 and 1980) and via American
FactFinder (1990 and 2000). Linear interpolation was used to
estimate values for intermediate years; (3) per capita income,
US Census (years 1979, 1989, and 1999) and County Data-
books based on the US Census (years 1969, 1972, 1975, 1981,
1983, and 1988), both via ICPSR. Per-capita income for other
years was interpolated using an exponential growth model.
All income estimates were adjusted for inflation with 2000 as
the base year; and (4) cross-county migration, IRS External
Data Product “County-to-County Migration Flows” (see
http:/lwww.irs.gov/publirs-soi/prodserv.pdf), which contains
tabulations of the number of individuals moving from each
county to every other county, and their mean and median
income, by matching the Taxpayer Identification Number
and comparing zip codes of filing addresses from one year to
the next. Detailed data to quantify cross-county migration for
all counties were available for 1993-1999.

Statistical Methods for the Analysis of Mortality Data

We estimated life expectancy and probabilities of death
between specific ages, from all causes combined as well as
from specific diseases, using standard life table techniques
[23]. Life tables for each county-year were constructed using
age-specific death and population data in 5-y age groups.
Following standard life table techniques [23], those surviving
to 85 y of age were assigned a life expectancy equal to the
inverse of their observed mortality rate. For each year in each
county unit, we calculated life expectancy and probabilities of
death by pooling death and population data over 5y (the year
of analysis and two years on each side) to reduce sensitivity to
small numbers (e.g., life expectancy in 1999 used death and
population data from 1997 to 2001). Therefore, data from
1959 to 2001 yielded life expectancy estimates for 1961-1999,
presented in Dataset S2 for all county-years. National-level
life expectancy was not affected by small number of deaths
and was calculated using data from individual years.

We estimated uncertainty in county life expectancy, and in
change in life expectancy over time, using a binomial
simulation. In brief, the uncertainty in the age-specific death
rate in each county depends on the number of deaths
(numerator) (n) and population (denominator) (N), and can
be characterized with a binomial parameter with an expected
value of p =nIN and a variance of p X (1 — p)IN. We simulated
1,000 draws from this distribution for every age-sex combi-
nation in 1961, 1983, and 1999, leading to 1,000 life
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expectancies for each county-year in these 3 y. The
distribution of the 1,000 differences in the randomly drawn
life expectancies for 1961-1983 and for 1983-1999 was then
used to calculate confidence intervals and establish the
statistical significance for life expectancy change. Owing to
computational constraints, we used 100 draws for estimating
the confidence intervals for absolute disparity between
counties at the extremes of mortality advantage and
disadvantage. The total number of simulated life tables was
40,946,400, calculated from 737,035,200 death rates.

Effects of Cross-County Migration on Life Expectancy
Change

We simulated the effect of cross-county migration on each
county’s life expectancy using a time-based simulation model.
This analysis was only done for 1993-1999, for which
sufficiently detailed cross-county migration data were avail-
able. For each year after 1993, simulated life expectancy in
each of the 2,068 county units was calculated as the weighted
sum of its own life expectancy from the previous year and
those of immigrants from all other counties, with weights
being equal to the proportion of the new population from
each county (i.e., population mixing based on a 2,068 X 2,068
migration matrix). This analysis was done for both sexes
combined, because sex-specific migration data were not
available. We repeated this analysis using three alternative
assumptions: (1) emigrants had the same life expectancy as
those who stay in the county of origin; (2) the life expectancy
of all emigrants was 1 y higher than the life expectancy of
those who stayed in the country of origin; and (3) the life
expectancy of the emigrants to counties with higher life
expectancy was 1 y higher than those who stayed in the
country of origin or migrated to counties of lower life
expectancy. The last two scenarios were based on some
evidence that migrants may be healthier than those who do
not move [24,25]. In both scenarios, the life expectancy of the
remaining population was adjusted downwards so that overall
life expectancy was correctly calculated.

All analyses were done using Stata version 9.2 and ESRI
ArcGlIS version 9.2.

Results

Between 1961 and 1999, average life expectancy in the
United States increased from 66.9 to 74.1 y for men and from
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Figure 1. SD of Life Expectancies of the 2,068 County Units in the United

States by Sex

Inequality in family income (e.g., as measured by the Gini coefficient)
declined in the United States between the 1920s and 1970s, and has
increased after that period [49,50].
doi:10.1371/journal.pmed.0050066.9001

73.5 to 79.6 y for women. The spread of male life expectancy
across US counties, as measured by SD, rose slowly in the
1960s, then declined steeply until 1983 (1.9 y), when it began
to rise again to 2.3 in 1999; the rate of increase declined in
the 1990s (Figure 1). For women, cross-county life expectancy
SD declined between 1961 and 1983 (from 2.0 y to 1.4 y), but
rose steadily to 1.7 y in 1999. Cross-county life expectancy SD
was always larger for men than for women.

In the early 1980s, the absolute disparity between counties
at the extremes of mortality advantage and disadvantage also
began to increase. For example, the difference between life
expectancies of the counties that make up the 2.5% of the US
population with the lowest and highest mortality in each year
rose from 9.0 y in 1983 to 11.0 y in 1999 for men, and from 6.7
y to 7.5 y for women (Figure 2B). This widening gap was
caused by stagnating improvements in life expectancy among
the worst off, while the best off experienced consistent
mortality decline (Figure 2A). Between 1961 and 1999, male
life expectancy in counties with the lowest mortality rose
from 70.5 to 78.7 y; the corresponding rise for females was
from 76.9 to 83.0 y. Trends in the worst-off counties were
more punctuated: Life expectancy increased in the 1960s and
1970s for females and in the 1970s for males. Starting in the
early 1980s, life expectancy of the worst-off females remained
relatively stable (68.7 y in 1961, 74.5 in 1983, and only 75.5 in
1999); that of the worst-off men had a period of decline,
rising again in the 1990s. The stagnation of mortality among
the worst off was primarily caused by a slowdown or halt of
the earlier decline of cardiovascular mortality, coupled with a
moderate rise in a number of other chronic diseases, for both
sexes as well as HIV/AIDS and homicide for men.

Figure 3 groups counties by change in life expectancy,
separately for 1961-1983 and 1983-1999, in relation to the
sex-specific national average life expectancy change over the
same period. Figure 4 shows the epidemiological character-
istics of below- or above-average mortality reduction ob-
served in Figure 3. Dataset S2 and Movies S1 and S2 show the
estimated life expectancy for individual counties and for all
years between 1961 and 1999. Figures S1 and S2 show the
absolute change in county life expectancy for 1961-1983 and
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1983-1999. Between 1961 and 1983, counties whose life
expectancy increase was (statistically) significantly larger than
the national average were primarily in the rural Deep South
and the Eastern Seaboard, in the West from the Mexican
border into the Rocky Mountains for both sexes, in Alaska,
California, and Hawaii for men, and in the Dakotas and along
the Mississippi River for women. During this same period, life
expectancy improvements were significantly below the na-
tional average in the Midwest and Southern California for
both sexes, in the Mississippi Delta for men, and in parts of
the West Coast for women. In this period, the best-perform-
ing counties had the lowest average starting life expectancy of
all groups in Figure 3 (66.1 y for men and 72.0 for women;
Table 2), and the worst-performing ones had the highest
starting life expectancy (68.9 for men and 77.6 y for women).
This negative association between starting life expectancy
and change in life expectancy supports the finding of
shrinking cross-county mortality disparities. In 1961-1983,
no counties had a statistically significant decline in sex-
specific life expectancy at the 90% confidence level. The
broad improvement of life expectancy observed during this
period was primarily caused by major reductions in cardio-
vascular disease mortality for both sexes, compensating and
surpassing the rise in cancers and chronic obstructive
pulmonary disease (COPD). The distinction between those
counties that performed better or worse than the national
average in this period was primarily the rate of decline in
cardiovascular diseases, with secondary effects from injuries
and other noncommunicable diseases.

Between 1983 and 1999, male and female life expectancies
had statistically significant decline in 11 and 180 counties,
respectively (0.5% and 3.0% of the male and female
populations); average decline in these counties was 1.3 y for
both men and women. Another 48 and 783 counties had
nonsignificant life expectancy decline for men and women
(0.4% and 8.8% of the male and female populations),
respectively. The average life expectancy decline in these
counties was 0.5 y for women and 0.4 y for men, but these
were not statistically significant because these counties were
relatively small. Of the counties with statistically significant
life expectancy decline, all for males and all but seven for
females were in the Deep South, along the Mississippi River,
and in Appalachia, extending into the southern portion of
the Midwest and into Texas. There were also a number of
counties with significant female life expectancy decline in the
Rocky Mountain area and the Four Corners region, and one
in Maine. Between 1983 and 1999, above-average mortality
gain also became geographically more concentrated, and
shifted to the Northeastern and Pacific Coast counties.

The decline in female life expectancy after 1983 was caused
by a rise in mortality from lung cancer, COPD, diabetes, and a
range of other noncommunicable diseases in the older ages
(Figure 4; detailed numerical results available in Dataset S1).
Female mortality from lung cancer, COPD, and even diabetes
had also risen in 1961-1983, but this rise was surpassed by the
decline in cardiovascular disease mortality. The rise in
mortality for these causes in 1983-1999 was no longer
compensated by the decline in cardiovascular mortality
because cardiovascular decline became substantially smaller
than it was in 1961-1983 (women in the worst-performing
group, group 6, actually experienced a rise in cardiovascular
mortality in the oldest age group). In 1983-1999, the rise in
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Figure 2. Annual Absolute Life Expectancy Disparity between the Counties with the Highest and Lowest Life Expectancies

(A) Life expectancy for counties that make up the 2.5% of the US population with the highest and lowest county life expectancies in each year.

(B) Difference between highest and lowest life expectancies in (A). Data for each year show the combined life expectancy for counties that make up
2.5% of the US population and have the highest/lowest life expectancy for that year. The mean number of years that each county was in the highest/
lowest life expectancy group was 7.9/10.5 y for men and 8.6/8.6 y for women.

The vertical lines show the 90% confidence interval (Cl) for the estimated life expectancy or life expectancy difference. In each year, the 5% and 95%
confidence limits correspond to the 5th and 95th percentiles of the distribution of life tables, calculated using the population-weighted average of
death rates of constituent counties in 100 independent draws (see Methods).

doi:10.1371/journal.pmed.0050066.9002

HIV/AIDS and homicide deaths in young and middle-aged
men was a major contributor to male, but not female, life
expectancy decline. Mortality from diabetes, cancers, and
COPD in the older ages also worsened in men but these
continued to be countered by relatively large reductions in
male cardiovascular mortality.

Between 1961 and 1983, counties with life expectancy
improvement above and below the national average had
relatively similar income levels; average county income was
lower in those counties whose life expectancy change was
below average and indistinguishable from zero (group 5), but
these represented <1% of the female population (Table 2).
Black women formed a larger proportion of the population
in counties with above-average life expectancy improvement
than in those counties with below-average life expectancy
change; the pattern was reversed for men. After 1983, gain in
life expectancy was positively associated with county income.
The proportion of blacks was higher in counties with life
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expectancy decline, especially for men, but there were no
detectable patterns of sociodemographic factors across other
county groups in Figure 3.

If cross-county migration had been the only factor
affecting any county’s mortality, the SD of life expectancy
in US counties would have declined from 1.89 y in 1993 to
1.71 in 1999 if emigrants had the same life expectancy as
those who stayed in the county or origin; in practice it
increased to 1.99 (Table 3). The SD in 1999 would have been
1.71 if emigrants had a life expectancy that was 1 y higher
than those who stayed in the country of origin, and 1.78 if
only those migrating to counties of higher life expectancy had
a life expectancy 1 y higher than those who stayed in the
country of origin or migrated to counties of lower life
expectancy. In fact, only in extremely polarized migration
scenarios—when migrants to counties with higher life
expectancy have a 2.3-y advantage over those who stay in
the county of origin—does the net effect of migration
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Figure 3. Change in County Life Expectancy in 1961-1983 and 1983-1999

Counties are categorized into six groups on the basis of how their life expectancy changed in relation to national sex-specific change in life expectancy
(4.1 y for men and 4.8 y for women in 1961-1983; 3.1 y for men and 1.3 y for women in 1983-1999). Actual life expectancies are shown in Figure S1, and
absolute changes in life expectancy are shown in Figure S2.

Group 1, life expectancy increased at a level significantly higher than the national sex-specific mean; group 2, life expectancy increased at a level
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significantly higher than zero but not significantly distinguishable from the national sex-specific mean; group 3, life expectancy increased at a level
significantly higher than zero but significantly less than the national sex-specific mean; group 4, life expectancy change was statistically
indistinguishable from zero and from the national sex-specific mean; group 5, life expectancy change was statistically indistinguishable from zero and
was significantly less than the national sex-specific mean; group 6, life expectancy had a statistically significant decline. All statistical significance was

assessed at 90%.
doi:10.1371/journal.pmed.0050066.g003

become an increase, rather than a decrease, in cross-county
life expectancy SD (for comparison, the change in national
life expectancy in the United States was 2.3 y between 1982
and 1999). In 1993, individuals migrating to counties with
lower life expectancy came from counties with an average life
expectancy of 76.9 y; those migrating to counties with higher
life expectancy came from counties with an average life
expectancy of 75.2 y (with similar ordering for 1994-1999).
Therefore, at the county level, migration seems to have
worked to dampen the rising cross-country mortality inequal-

lty.

Discussion

Our analysis of county-level mortality demonstrates that
the 1980s and 1990s marked an era of increased inequalities
in mortality in the United States, measured both as the
distribution of life expectancy in the US counties, and as the
difference between the best-off and worst-off counties. Our
finding on the decline and subsequent rise of mortality
disparities across US counties would be the same using other
metrics of mortality disparity, such as the interquartile range.
Equally important is the finding that the higher disparity
partly resulted from stagnation or increase in mortality
among the worst-off segment of the population, with life
expectancy for approximately 4% of the male population and
19% of the female population having had either statistically
significant decline or stagnation. This stagnation and reversal
of mortality decline, although affecting a minority of the
nation’s population, is particularly troubling because an oft-
stated aim of the US health system is the improvement of the
health of “all people, and especially those at greater risk of
health disparities” (see for example http:/lwww.cdc.govlosil
goals/SIHPGPostcard.pdf).

Analyses of life expectancy of individual counties over
these four decades showed worsening of life expectancy in a
large number of counties after the early 1980s, especially
among women. The majority of these counties were in the
Deep South, along the Mississippi River, and in Appalachia,
extending into the southern portion of the Midwest and into
Texas. The rise in all-cause mortality was caused by an
increase in cancers, diabetes, COPD, and a reduction in the
rate of decline of cardiovascular diseases. There was also
important influence of HIV/AIDS and homicide among men.

Harper et al. [18] found a widening gap in life expectancy
between whites and blacks between 1983 and 1993, followed
by a narrowing. To examine if the observed cross-county
mortality distribution in Figure 1 is caused by a clustering of
black population, we estimated the SD of county life
expectancies separately for white and black populations of
US counties in 1983-1999 (the race-specific analysis included
all counties for whites and those counties with sufficient
population and deaths to allow life expectancy calculation for
blacks). Race-specific cross-county SD for white males and
females and for black males mirrored the combined pattern
seen in Figure 1; it remained relatively unchanged for black
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females. In other words, the observed trends in geographical
mortality disparities were applicable even for the same race.

This study has a number of limitations. First, our analysis
did not incorporate data after 2001 (leading to estimates up
to 1999), because these data were not provided to us by the
NCHS. However, the post-2001 data are particularly impor-
tant for continued monitoring of mortality and mortality
disparities in US counties, for example for the purpose of
monitoring progress towards Healthy People 2010 goals.
Second, although counties provide the smallest unit of
analysis for mortality and causes of death and are ideal for
comparable analysis over time, they do not allow considering
disparities within individual counties, especially in relation to
sociodemographic factors. In the absence of detailed data on
within-county mortality disparities, the cross-county SD does
not directly measure total mortality inequalities in the United
States (this applies to all analyses of population subgroups;
see Gakidou et al. [26] for a discussion of within- and
between-group health disparities). Third, analysis of cause-of-
death data may be affected by regional variability in cause-of-
death coding, which may also change over time [27]. The
relatively broad disease categories (e.g., all cardiovascular
diseases and clusters of cancers) used in our analysis have
likely limited this effect. Fourth, the estimated uncertainty in
life expectancy accounts for statistical uncertainty in death
rates caused by (finite) population size and number of deaths.
However, it was not possible to formally incorporate non-
sampling error in death and population numbers. For
example, population figures in the US censuses are not
adjusted for under- and over-counts; the extent of under- and
over-count may itself vary across counties or over time.
Population and death figures have additional uncertainty
owing to factors such as illegal or seasonal migrants and age
misreporting. Finally, even the best-available data on migra-
tion could only provide indicative, versus conclusive, evi-
dence of its role in trends in county mortality. The use of
Internal Revenue Service migration data required making an
assumption on the relative health status of emigrants,
compared to nonmigrants. Alternative specifications of this
assumption showed that migration still attenuated the rise in
inequality, even when migrants were assumed to have
substantial advantages in life expectancy. Therefore, although
uncertainty about the precise relationship between the health
of migrants and nonmigrants remains, it is unlikely that our
findings on rising cross-county disparity are an artifact of
migration. Although the mortality rates of cross-county
migrants are not known, analysis of income data illustrates
that, on average, family incomes of migrants were about $500
lower than nonmigrants in 1998-1999 (compared to a median
1999 national family income of $50,594). Detailed migration
data were available only for 1993-1999; pre-1993 migration
may have acted to further attenuate the true rise in mortality
if it had the same pattern as the years in our analysis. It is,
however, possible that the migration pattern differed in the
earlier years of the analysis period. Although our results
indicate that migration worked to attenuate the actual rise in
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Figure 4. Change in Probability of Dying in Specific Age Ranges between 1961 and 1983 and between 1983 and 1999, with Counties Grouped on the
Basis of the Level of Change in Life Expectancy as in Figure 3

The total height of each column shows the change in the probability of dying (from all causes) in the age range shown, divided into the probability of
dying from specific diseases and injuries. The change is calculated as the probability of death in the end year minus that of the initial year. Therefore, a
positive number indicates an increase in mortality, and a negative number indicates a decline in mortality (disease-specific or all-cause for the net
effects of all diseases). Group 6 for females in 1983-1999 is shown on a different scale to increase resolution for all other groups.

Notes: Results are not shown for 5-14 y because there are few deaths in these ages in the United States. Groups with less than 0.2% of the country’s
population (groups 4 and 6 for both sexes in 1961-1983, and group 4 for males in 1983-1999) have not been shown because the results are based on
too few deaths. COPD and lung cancer are presented together and changed in the same direction for all age and county group. The other
noncommunicable disease group includes diabetes, for which the direction of change in probability of death is identical to other noncommunicable
diseases exclusive of diabetes.

doi:10.1371/journal.pmed.0050066.9004
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Table 3. Cross-County SD of Life Expectancy in a Migration Simulation

Year SD of Actual SD of Simulated Life Expectancy SD of Simulated Life Expectancy SD of Simulated Life
Life Expectancy (Emigrant LE = Nonemigrant LE) (Emigrant LE > Nonemigrant LE) Expectancy (Emigrant LE >
for All Emigrants™? Nonemigrant LE for Migrants
to Counties with Higher LE)<d
1993 1.89 1.89 1.89 1.89
1994 1.91 1.85 1.85 1.87
1995 1.92 1.82 1.82 1.85
1996 1.93 1.79 1.79 1.83
1997 1.95 1.76 1.76 1.81
1998 1.97 173 1.74 1.80
1999 1.99 1.71 1.71 178

For each year after 1993, life expectancy (LE) is calculated by “mixing” life expectancies from the previous year proportional to migration between any pair of counties (see Methods).
“The life expectancy of the emigrants was 1y higher than the average life expectancy of the county of origin. The life expectancy of the corresponding nonmigrants was adjusted

downwards proportionally so that overall life expectancy was correctly calculated.

PThe estimated SDs are very similar to those in the scenario with emigrant LE = nonemigrant LE because migrants move to counties with higher as well as lower life expectancy.
“If the (emigrant LE = county of origin LE + 2.3) for migrants to counties with higher LE, then the cross-county SD in 1999 would be approximately 1.89; the advantage of migrants would

have to be >3y to lead to the observed SD of 1.99.

%The life expectancy of the emigrants to higher LE counties was 1y higher than the average life expectancy of the county of origin. The life expectancy of the remaining population
(nonmigrants and migrants to counties not of higher LE) was adjusted downwards proportionally so that overall life expectancy was correctly calculated.

doi:10.1371/journal.pmed.0050066.t003

mortality disparities, even an opposite effect (i.e., a situation
in which the rise in disparities is a result of health-selective
migration, especially in the worst-off counties) would be of
public health and policy concern. A separate implication of
cross-county migration is that, in counties with large
population growth, a larger proportion of the population
has recently immigrated from other counties. There was a
weak relationship between change in life expectancy and
population growth rate (correlation coefficients were 0.14 for
1961-1983 and 0.23 for 1983-1999).

Demographic and epidemiologic research has commonly
documented the continued rise in life expectancy in the
Western populations and the epidemiological dynamics and
transitions that occur as mortality declines [28-30]. At the
national level, the most notable examples of adult mortality
rise are those in populations affected by the HIV/AIDS
epidemic and in the former Soviet Union as a result of a rise
in chronic diseases and injuries [31-35]. In high-income
countries, there were periods of stagnation, or even slight
increases, in adult mortality in the 1950s-1970s (e.g., in
Australia, the Netherlands, and Norway), possibly as a result
very high prevalence of smoking; the effects were substan-
tially more pronounced among men [36,37]. To the best of
our knowledge, Denmark is the only high-income country
with a recent (1990s) increase in female mortality [38],
possibly because of high smoking prevalence among Danish
women [39]. Subnationally, recent analyses in Australia and
the United Kingdom have found that an increase in mortality
disparities was not accompanied by an actual rise in mortality
in population subgroups; rather it was caused by differential
rates of mortality decline [40,41].

HIV/AIDS mortality in the United States declined after the
introduction of highly active antiretroviral therapy in the
mid 1990s [42,43]. The remaining HIV/AIDS mortality in
Figure 4 may be due to incomplete coverage and/or
continued (albeit lower) mortality among the previously
incident cases, itself due to treatment failure; the disparities
in HIV/AIDS mortality could be caused by higher incidence
or lower access and effectiveness in the worst-off groups. The

@ PLoS Medicine | www.plosmedicine.org
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rise in chronic disease mortality for relatively large segments
of the American population, especially women, however,
defies recent trends in other high-income countries. The
epidemiological (disease-specific) patterns of female mortal-
ity rise are consistent with the geographical patterns of, and
trends in, smoking, high blood pressure, and obesity [44-47].
In particular, the sex and cohort patterns of the increase in
lung cancer and chronic respiratory disease mortality point
to an important potential role for smoking (see also Preston
and Wang [48]). The role of these risk factors in the reversal
of the epidemiological transition should be further inves-
tigated, and programs that increase the coverage of inter-
ventions for chronic disease and injury risk factors in the
worst-off counties, states, and regions should be established
and regularly monitored and evaluated with respect to their
local, versus aggregate only, impacts.

Supporting Information

Dataset S1. Change in Probability of Dying in Specific Age Ranges,
with Counties Grouped on the Basis of Level of Change in Life
Expectancy, Divided by Disease (Numerical Data for Figure 4)

Found at doi:10.1371/journal.pmed.0050066.sd001 (33 KB XLS).

Dataset S2. Life Expectancy at Birth by County, 1961-1999
Found at doi:10.1371/journal.pmed.0050066.sd002 (2.5 MB ZIP).

Figure S1. County Life Expectancy in (A) 1961; (B) 1983; and (C) 1999
Found at doi:10.1371/journal.pmed.0050066.sg001 (3.5 MB PPT).

Figure S2. Absolute Change in County Life Expectancy in (A) 1961~
1983 and (B) 1983-1999

Found at doi:10.1371/journal.pmed.0050066.sg002 (2.4 MB PPT).

Movie S1. Life Expectancy at Birth by County, 1961-1999 (Males)
Found at doi:10.1371/journal.pmed.0050066.sv001 (14.4 MB AVI).

Movie S2. Life Expectancy at Birth by County, 1961-1999 (Females)
Found at doi:10.1371/journal. pmed.0050066.sv002 (15.8 MB AVI).
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Editors’ Summary

Background. It has long been recognized that the number of years that
distinct groups of people in the United States would be expected to live
based on their current mortality patterns (“life expectancy”) varies
enormously. For example, white Americans tend to live longer than black
Americans, the poor tend to have shorter life expectancies than the
wealthy, and women tend to outlive men. Where one lives might also be
a factor that determines his or her life expectancy, because of social
conditions and health programs in different parts of the country.

Why Was the Study Done? While life expectancies have generally been
rising across the United States over time, there is little information,
especially over the long term, on the differences in life expectancies
across different counties. The researchers therefore set out to examine
whether there were different life expectancies across different US
counties over the last four decades. The researchers chose to look at
counties—the smallest geographic units for which data on death rates
are collected in the US—because it allowed them to make comparisons
between small subgroups of people that share the same administrative
structure.

What Did the Researchers Do and Find? The researchers looked at
differences in death rates between all counties in US states plus the
District of Columbia over four decades, from 1961 to 1999. They
obtained the data on number of deaths from the National Center for
Health Statistics, and they obtained data on the number of people living
in each county from the US Census. The NCHS did not provide death
data after 2001. They broke the death rates down by sex and by disease
to assess trends over time for women and men, and for different causes
of death.

Over these four decades, the researchers found that the overall US life
expectancy increased from 67 to 74 years of age for men and from 74 to
80 years for women. Between 1961 and 1983 the death rate fell in both
men and women, largely due to reductions in deaths from cardiovascular
disease (heart disease and stroke). During this same period, 1961-1983,
the differences in death rates among/across different counties fell.
However, beginning in the early 1980s the differences in death rates
among/across different counties began to increase. The worst-off
counties no longer experienced a fall in death rates, and in a substantial
number of counties, mortality actually increased, especially for women, a
shift that the researchers call “the reversal of fortunes.” This stagnation
in the worst-off counties was primarily caused by a slowdown or halt in
the reduction of deaths from cardiovascular disease coupled with a
moderate rise in a number of other diseases, such as lung cancer, chronic
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lung disease, and diabetes, in both men and women, and a rise in HIV/
AIDS and homicide in men. The researchers’ key finding, therefore, was
that the differences in life expectancy across different counties initially
narrowed and then widened.

What Do these Findings Mean? The findings suggest that beginning in
the early 1980s and continuing through 1999 those who were already
disadvantaged did not benefit from the gains in life expectancy
experienced by the advantaged, and some became even worse off.
The study emphasizes how important it is to monitor health inequalities
between different groups, in order to ensure that everyone—and not
just the well-off—can experience gains in life expectancy. Although the
“reversal of fortune” that the researchers found applied to only a
minority of the population, the authors argue that their study results are
troubling because an oft-stated aim of the US health system is the
improvement of the health of “all people, and especially those at greater
risk of health disparities” (see, for example http://www.cdc.gov/osi/
goals/SIHPGPostcard.pdf).

Additional Information. Please access these Web sites via the online
version of this summary at http://dx.doi.org/10.1371/journal.pmed.
0050066.

o A study by Nancy Krieger and colleagues, published in PLoS Medicine
in February 2008, documented a similar “fall and rise” in health
inequities. Krieger and colleagues reported that the difference in
health between rich and poor and between different racial/ethnic
groups, as measured by rates of dying young and of infant deaths,
shrank in the US from 1966 to 1980 then widened from 1980 to 2002
Murray and colleagues, in a 2006 PLoS Medicine article, calculated US
mortality rates according to “race-county” units and divided into the
“eight Americas,” and found disparities in life expectancy across them
The US Centers for Disease Control has an Office of Minority Health
and Health Disparities. The office “aims to accelerate CDC's health
impact in the US population and to eliminate health disparities for
vulnerable populations as defined by race/ethnicity, socioeconomic
status, geography, gender, age, disability status, risk status related to
sex and gender, and among other populations identified to be at-risk
for health disparities”

Wikipedia has a chapter on health disparities (note that Wikipedia is a
free online encyclopedia that anyone can edit; available in several
languages)

In 2001 the US Agency for Healthcare Research and Quality sponsored
a workshop on “strategies to reduce health disparities”
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