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Even As Mortality Fell In Most
US Counties, Female Mortality
Nonetheless Rose In 42.8 Percent
Of Counties From 1992 To 2006

ABSTRACT Researchers increasingly track variations in health outcomes
across counties in the United States, but current ranking methods do not
reflect changes in health outcomes over time. We examined trends in
male and female mortality rates from 1992–96 to 2002–06 in 3,140 US
counties. We found that female mortality rates increased in 42.8 percent
of counties, while male mortality rates increased in only 3.4 percent.
Several factors, including higher education levels, not being in the South
or West, and low smoking rates, were associated with lower mortality
rates. Medical care variables, such as proportions of primary care
providers, were not associated with lower rates. These findings suggest
that improving health outcomes across the United States will require
increased public and private investment in the social and environmental
determinants of health—beyond an exclusive focus on access to care or
individual health behavior.

I
ncreasing attention is being paid to the
variation in health outcomes across the
United States, most recently with the
Robert Wood Johnson Foundation/
University of Wisconsin Population

Health Institute’s County Health Rankings
project.1 Begun in 2010, the initiative measures
the overall health of each county in the United
States, including mortality rates and several
morbidity measures such as rates of low birth-
weight and number of physically and mentally
unhealthy days per month. Such ranking meth-
ods reveal a county’s current health status, but
they do not reflect change—for better or worse—
during recent time periods.
Rarely does an entire state demonstrate an

absolute increase, or worsening, in mortality
rates. Rather, some states’mortality rates simply
decline, or improve, less rapidly than others’
rates do. Measuringmortality at the county level
reveals more granular changes in outcomes
throughout a state’s diverse populations.
In 2006 Christopher Murray and colleagues

divided counties in the United States into “eight
Americas” based on mortality data and found
large variations in life expectancy across them
from 1982 to 2001.2 In 2008 Majid Ezzati and
coauthors reported on county life expectancy
changes from 1961 to 1999 and found increases
in county mortality rates from 1961 to 1981, as
well as increases in those rates from 1983 to 1999
in 11 counties for males and 180 counties for
females.3

More recently, Sandeep Kulkarni and col-
leagues examined changes in county life expect-
ancy between 2000 and 2007 and reported that
large numbers of US counties have fallen behind
the average life expectancy of the ten countries
with the lowest mortality rates from 1950
to 2010.4

These studies provided evidence of demo-
graphic and clinical correlates of mortality
changes, such as health care use and race. How-
ever, they did not investigate socioeconomic and
behavioral factors that might be associated with
county-level health improvement or decline.
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In previous research, we examined health out-
comes among low- and high-incomeUS counties
during 2002–06 and highlighted factors associ-
ated with their corresponding mortality rates.5

The present study extends this research to exam-
ine trends in age-adjusted mortality rates in US
counties between 1992 and 2006 and to identify
factors associated with improvement—that is,
declines—in county mortality rates. This re-
search is of particular importance because of
the slow rates of reductions in geographic, ra-
cial, and socioeconomic health disparities, de-
spite repeated calls for action.

Study Data And Methods
Data Our sample consisted of 3,140 counties
or county equivalents—for example, adminis-
trative divisions of a state such as parishes or
boroughs—in the United States. We compiled
county-level data from four sources, including
the County Health Rankings,1 the Behavioral
Risk Factor Surveillance Survey (1994–2000 sur-
vey panels), the Centers for Disease Control and
Prevention’s compressed mortality database,6,7

and the 2000 US census.
We examined the county-level percentage

change in all-cause, age-adjusted mortality rate
per 100,000 residents age seventy-five or under
for two five-year time periods, 1992–96 and
2002–06. Annual sex-specific mortality rates
were pooled over five years to improve the sta-
bility of the estimates.We adjusted the mortality
rates using age distributions from the 2000 stan-
dard population, which allowed us to compare
the rates over time and eliminated the potential
for confounding by age.8

Some US counties have small population sizes
and thus reported relatively few deaths during
the study period. We were concerned that the
observed variations in mortality rates in these
counties might reflect their small population
sizes rather than trends or patterns in the under-
lying mortality risk. Indeed, an initial examina-
tion of the rawmortality estimates showed a very
wide distribution in the rates, ranging from
a −67 percent change to a 276 percent change
in male mortality and a −82 percent change to a
680 percent change in female mortality across
the counties (results not shown).
To adjust for the greater instability of rates

from areas with small populations, we used a
technique called spatial empirical Bayes smooth-
ing.9,10 This method generated mortality rates
that were essentially the weighted average of
the county’s raw mortality rate and the overall
samplemean, withmore weight given tomortal-
ity rates in larger areas.11 The empirical Bayes
technique generated mortality rates using all

of the other covariates in our model.
Empirical Bayes smoothing techniques are

being applied increasingly in public health re-
search.Theyhavebeen found toprovide substan-
tial improvements over crude rate estimates
when estimating disease risk in small areas.9,11

Regression Analyses We performed regres-
sion analyses to examine which county-level fac-
tors were associated with changes in mortality
rates for males and females during the study
period. The covariates were selected based on
a model of population health adapted from the
County Health Rankings1 and with support from
the empirical literature.12–15

We included the following covariates: geo-
graphic region (Northeast, Midwest, South,
and West); population density; and race or eth-
nicity—that is, percentages of non-Hispanic
white, non-Hispanic black, and Hispanic.
Other covariates included the following aspects
of the socioeconomic environment: median
household income; and percentages of high
school graduates, adults with a bachelor’s de-
gree, single-parent households, and children liv-
ing below the federal poverty level. The behav-
ioral covariates were percentages of adults who
smoked or were obese.
Finally, the medical care covariates included

the number of primary care providers per
100,000 people, percentage of adults under
age sixty-five without insurance, and number
of preventable hospitalizations per 1,000 peo-
ple. Descriptive statistics are presented in
Appendix Exhibit 1.16

We estimated weighted linear regressionmod-
els using standardized coefficients (mean = 0;
standard deviation = 1) for the county-level
covariates. The regression coefficients can be
interpreted as the percentage change in mortal-
ity between the two time periods (1992–96 and
2002–06) associated with a change of one stan-
dard deviation in the predictor variable—that is,
the percentage increase or reduction in county-
levelmortality rates expected ina county that has
one standard deviation more of the coefficient,
independent of the other factors in the model.
Coefficients for the regional variables can be in-
terpreted as the percentage change in mortality
among counties in the Midwest, South, or West
compared to those in the Northeast.
The regression models included state-level

random effects and a measure of change in pop-
ulation size as a proxy for population changes
such as migration in and out of counties and
population growth. To further adjust for popu-
lation size, all regression models were weighted
by the inverse variance of the mortality
estimates.
Limitations A few limitations to this study
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shouldbenoted. First is theuseof ecologic analy-
sis—in this case, using a county population
rather than an individual as the unit of analy-
sis—to identify associations that suggest causal
relationships. For this reason, interpretations of
specific associations between the variables and
mortality changes should not be made at the
level of the individual.17 However, ecologic analy-
ses are valuable to determine the role of up-
stream factors, such as social and environmental
policies, on health and are often the method of
choice when public health action is being
considered.17,18

Second, the interpretations of some of our
findings may be complicated because the data
for our independent variables were not always
collected prior to the period of our mortality
measures. In addition, many of the variables,
such as income and education, could take a long
time to have an impact on health outcomes. The
time span of our study means that we were un-
able to fully observe the effects of these determi-
nants of health. Future work should attempt to
appropriately lag as many determinant variables
over the life course as possible, and over longer
periods than examined here.
Third, we studied mortality rates only. Future

work should examine county-level trends for
other outcomes, such as health-related quality
of life, infant mortality, low birthweight, and
disparity measures. Our analysis also high-
lighted the challenges associated with assessing
changes in mortality in places with small popu-
lations and relatively few numbers of deaths dur-
ing the study period. Several of the covariates in
our analysis, including those generated fromna-
tional surveys, may also have large sampling
errors because of small population sizes.
Public health researchers should examine larger
samples in nonmortality measures, perhaps us-
ing health care or other administrative data,
such as those from employers or schools.
Finally, we did not control for the major eco-

nomic trends—such as changes in the rate of
growth in gross domestic product or employ-
ment—that occurred during the study period.
Future research should examine the impact of
such macroeconomic trends, especially given
well-established patterns of mortality change
in the United States related to the economic
cycle—for example, the rise in mortality when
unemployment falls.19–21 Research should also
determine and examine community-level invest-
ment and patterns of the use of strong policies as
opposed to weak ones that have been shown to
produce more rapid improvement in health
outcomes.22

Study Results
During the study period, county-level male mor-
tality rates decreased by 9.8 percent on average
(standard deviation: 6.0; range: −61.4 percent to
22.6 percent), and county-level femalemortality
rates decreased by 1.5 percent on average (stan-
dard deviation: 6.8; range −40.7 percent to
37.3 percent). The majority of counties experi-
enced a reduction in male and female mortality.
However, although male mortality increased in
108 counties (3.4 percent), female mortality in-
creased in 1,334 counties (42.8 percent). The
relationship between county-level mortality for
males and females over the 1992–96 period
(baseline mortality) and mortality change be-
tween the periods 1992–96 and 2002–06 is dis-
played in Appendix Exhibit 2.16

Although 96.5 percent of the counties experi-
enceda reduction in averagemalemortality rates
among all residents, the degree of change varied
considerably (Exhibit 1). Therewas also substan-
tial variation in the rate of change of female
mortality (Exhibit 2), but only 56.6 percent
of the counties experienced a reduction, or
improvement.

Factors Associated With Changing
Mortality Rates
Our multivariable regression identified factors
associated with the sex-specific mortality
changes among the counties. The full results
are reported in Appendix Exhibit 3.16

For males, the factors most significantly asso-
ciated with a reduction in mortality rates were
percentages of Hispanic residents in the county
(β: −2.30; 95% confidence interval: −3.67,
−0.92) and of adults with a college degree
(β: −3.20; 95% confidence interval: −4.82,
−1.59). An increase of one standard deviation
in adults with a college degree at the county level
was associated with a reduction of more than
3 percent in male mortality rates from 1992–
96 to 2002–06, independent of regional, racial
or ethnic, behavioral, medical, and other socio-
economic factors.
In addition, counties with higher population

densities (β: −0.56; 95% confidence interval:
−0.83, −0.28) and median household incomes
(β: −1.94; 95% confidence interval: −3.42,
−0.47) experienced greater reductions in male
mortality. The region where the county was lo-
cated also had significant associations withmale
mortality change. Counties in the West experi-
enced an increase of more than 3 percent in
mortality rates for males compared to counties
in theNortheast, our reference category (β: 3.34;
95% confidence interval: −0.15, 6.83).
Surprisingly, none of the medical care
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Exhibit 1

Change In Male Mortality Rates From 1992–96 To 2002–06 In US Counties

Substantial improvement
Minimal improvement
Worsening

SOURCE Authors’ calculations. NOTES Of the 3,140 counties in the sample, 1,012 (32.3 percent) experienced substantial improvement
(a reduction of 11.7–61.4 percent) in male mortality rates, and 2,020 counties (64.3 percent of the sample) experienced minimal
improvement (a reduction of <1 percent–11.6 percent). We grouped the 3 counties that experienced no change in male mortality
rates with the 105 counties that experienced worsening male mortality rates (any increase). Mortality estimates represent smoothed
rates that were generated using a technique called spatial empirical Bayes smoothing, which adjusted for instability of rates from
areas with small populations. Alaska and Hawaii are not shown on this map but can be seen in the online Appendix (see Note 16 in text).

Exhibit 2

Change In Female Mortality Rates From 1992–96 To 2002–06 In US Counties

SOURCE Authors’ calculations. NOTES Of the 3,140 counties in the sample, 603 (19.2 percent) experienced substantial improvement (a
reduction of 6.6–40.7 percent) in female mortality rates, and 1,193 counties (38.0 percent of the sample) experienced minimal im-
provement (a reduction of <1 percent–6.5 percent). We grouped the 28 counties that experienced no change in female mortality rates
with the 1,316 counties that experienced worsening female mortality rates (an increase of <1 percent–37.3 percent). Estimated rates
were generated from smoothed rates using the global empirical Bayes estimator, as explained in Exhibit 1 Notes (also see Notes 9 and
10 in text). Alaska and Hawaii are not shown on this map but can be seen in the online Appendix (see Note 16 in text).
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factors—such as rates of primary care providers
or preventable hospitalizations or percentage of
uninsured—predicted changes inmale mortality
during the study period.
For females as formales, higherproportionsof

Hispanics (β: −3.06; 95% confidence interval:
−4.41, −1.71) and adults with a college degree
(β:−3.17; 95%confidence interval:−4.60,−1.74)
were associated with reductions in mortality
rates. An increase of one standard deviation in
the percentage of adult residents with a college
degree was associated with a reduction of more
than 3percent in femalemortality (β:−3.17; 95%
confidence interval: −4.60, −1.74).
Counties with higher population densities

(β: −0.32; 95% confidence interval: 0.53, 0.11)
experiencedgreater reductions in femalemortal-
ity rates than counties with lower population
densities. Higher median household incomes
also were associated with reductions in female
mortality rates (β: −1.62; 95% confidence inter-
val: −2.89, −0.34).
The percentage of adults (males and females

combined) who smoked was associated with in-
creasing female mortality rates. For example, an
increase of one standard deviation in the per-
centage of adults who smoked was associated
with a 2.5 percent increase in female mortality
rates, when we controlled for all other factors
(β: 2.45; 95% confidence interval: 1.10, 3.80).
Geography had the strongest association with

female mortality change, specifically among
counties located in the South (β: 6.35; 95% con-
fidence interval: 3.50, 9.20) and West (β: 5.74;
95%confidence interval: 2.16, 9.33). Counties in
those regions had female mortality rates about
6 percent higher than rates in the Northeast.
As with male mortality rates, female mortality

rates were not predicted by any of the medical
care factors, such as rates of primary care
providers.

Discussion
This study investigated trends in sex-specific
mortality rates and the socioeconomic, demo-
graphic, geographic, behavioral, and medical
care factors associated with changes in these
rates among US counties between 1992 and
2006.Our results call attention to the largenum-
ber of US counties that have seenmortality rates
increase, particularly among women. Although
we are accustomed to seeing varying rates of
mortality reduction in states and nations, it is
striking and discouraging to find female mortal-
ity rates on the rise in 42.8 percent of US
counties, despite increasing medical care
expenditures and public health efforts.
This finding indicates that amuchmore robust

population health strategy—one that would in-
crease resources and redirect them across sec-
tors, including medical care, public health, edu-
cation, and the physical environment—is needed
to accelerate improvement and reduce dispar-
ities.23 Such a strategy would include redirecting
savings from reductions in health care ineffi-
ciency and increasing the health-promoting im-
pact of policies in other sectors such as housing
and education.
Our regression analysis goes beyond the de-

scriptive findings to suggest reasons for themor-
tality disparities we found. Many people believe
that medical care and individual behaviors such
as exercise, diet, and smoking are the primary
reasons for declines in health.24 We did find sig-
nificant associations between mortality rates
and some of these factors, such as smoking rates
for both sexes. But socioeconomic factors such
as the percentage of a county’s population with a
college education and the rate of children living
in poverty had equally strong or stronger rela-
tionships to fluctuations in mortality rates.
This finding corresponds with a “multiple de-

terminants of health” perspective25 andwith pre-
vious research.12–14 Nonetheless, health policy in
the United States still focuses primarily on im-
proving access to medical care and encouraging
people to improve their diet and become more
active. However, none of the medical care vari-
ables that we examined had significant relation-
ships with mortality change.
These findings lend support to the contention

that meaningful health improvement efforts
must extend beyond a focus on health care deliv-
ery and include strongerpolicies affectinghealth
behaviors and the social and environmental de-
terminants of health, with corresponding invest-
ments in those areas. For example, voters in San
Antonio, Texas, recently approved by referen-
duma tax increase of one-eighth of a cent to fund
an expansion of pre-kindergarten education.
Similarly, the Department of Housing and
Urban Development is providing new housing
and human services support to older adults
and adults with disabilities.
Countieswith higher percentages ofHispanics

were more likely to experience reductions in
mortality rates than other counties. This finding
supports the existence at the county level of the
so-called Hispanic paradox—the paradoxical re-
lationship between health and socioeconomic
status ofHispanics identified in prior research.26

We were surprised to find that the percentage
of black residents was not also significantly as-
sociated with county mortality change in this
study. This may be because the racial composi-
tion of a county is likely to reflect the presence of
other social determinants of health in the area,
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such as poverty and education, which were con-
trolled for in our analyses.27

It iswell known that rural, less dense commun-
ities have poorer health outcomes than more
dense urban and suburban communities.28 This
and the strong association between mortality
and geographic region may be the result of a
number of factors, such as disparities in the level
or quality of health care across regions;29 pat-
terns in health care use and treatments;30 social
trends;31 and government spending on infra-
structure resources or other social and behav-
ioral resources, including public safety, social
and welfare services, affordable housing, and
education.32 As seen in Exhibits 1 and 2, counties
located in Appalachia were the most likely to
experience increasing mortality rates for both
sexes—a geographic pattern similar to that
found for life expectancy by Kulkarni and
colleagues.4

Our results do not indicate why mortality in-
creased in many more counties for females than
it did for males. However, the regression shows
much stronger regional associations for females,
indicating that the effect of region may be
stronger for them than formales. These findings
emphasize the need for further research, such as
that called for by the National Rural Health
Association,33 to explore geographic patterns
in health disparities and identify the possible
importance of cultural, political, or religious fac-
tors not measured in this study.
Our finding that many counties experienced

nomortality reductions, particularly for females,
during the study period should be of great con-
cern to policy makers in the public and private
sectors.Given the length of time thatmanyof the
factors, such as level of education and percent-
age of children living in poverty, take to affect
health, the nation cannot afford to wait before
investing in ways to improve those factors. Not
only do these poor outcomes reduce the length
and quality of life for individuals, but they also
contribute to growing health expenditures that
the United States cannot afford.
Indeed, our results underline the lack of value

obtained from ever-increasing health care
expenditures. Poor outcomes also lower the pro-
ductivity of the workforce and reduce private-
sector competitiveness.
According to the “epidemiology of politics,”34

evidence of poor health outcomes alone will not
produce policy change. However, the large num-
ber of counties with no reduction in mortality
rates demands that policy makers create a broad
investment strategy across all health
determinants.
Many national reports have called for such

action, including the recent series of reports

from the Institute of Medicine that addressed
public health policy and investment strate-
gies.35,36 In addition, the National Prevention
Strategy Action Plan37 recently released by the
surgeon general highlighted a broad array of
health-promoting policies and programs across
most federal departments.
One useful development is the Affordable Care

Act’s requirement that nonprofit hospitals work
in partnership with public health agencies to
develop a community health needs assessment
every three years, as a condition of the hospitals’
maintaining their tax-exempt status. New busi-
ness andgovernancemodels areurgently needed
to support the joint efforts of all sectors—includ-
ing health care, public health, business, and so-
cial service agencies—if population health is to
be improved.

Conclusion
To our knowledge, this is the first study to exam-
ine the socioeconomic and behavioral correlates
of mortality change at the county level in recent
years. Our findings support and strengthen the
existing evidence from person-level studies that
focused on demographic and clinical correlates
of recent mortality change. The findings also
reinforce the large volume of evidence stressing
the importance of socioeconomic andbehavioral
factors as determinants of population health.
Mortality rates are falling inmostUS counties,

but we found a large number of counties with no
reductions in female mortality rates during the
study period.We identified a number of factors
most strongly associated with mortality change,
including education levels, the region the county
was located in, and smoking rates. Our results
underscore the complicated policy reality that
there is no single silver bullet for population
health improvement. Investments in all determi-
nants of health—including health care, public
health, health behaviors, and residents’ social
and physical environments—will be required.
Every county is different. Each one needs to

examine its outcomes and data on the determi-
nants of health to determine what set of cross-
sectoral policies would address its own situation
most effectively and quickly.38

For some counties, the most glaring deficien-
cies will be in the areas of access to and the
quality of medical care. Other counties may con-
clude that it is most important to address smok-
ing and obesity rates. Still others will need to
tackle poverty reduction, job creation, and
school quality in the near term.
Additional information on the relative cost-

effectiveness of different policies and programs
is needed so that decisions about where to focus
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limited government and private-sector dollars
canbemadewithmore confidence.39 In addition,
more information regarding the utility and im-
pact of public health reporting mechanisms,
such as health rankings of counties and states,
is needed to determine what dissemination
methods might be most useful for local policy

makers.
Although better causal evidence is needed,

existing theory and evidence argue for prompt
action on a balanced population health invest-
ment strategy by public and private policy mak-
ers, who have a moral and economic interest in
reversing these worsening mortality rates. ▪
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