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IMPORTANCE Examining life expectancy by county allows for tracking geographic disparities

over time and assessing factors related to these disparities. This information is potentially

useful for policy makers, clinicians, and researchers seeking to reduce disparities and increase

longevity.

OBJECTIVE To estimate annual life tables by county from 1980 to 2014; describe trends in

geographic inequalities in life expectancy and age-specific risk of death; and assess the

proportion of variation in life expectancy explained by variation in socioeconomic and

race/ethnicity factors, behavioral andmetabolic risk factors, and health care factors.

DESIGN, SETTING, AND PARTICIPANTS Annual county-level life tables were constructed using

small area estimationmethods from deidentified death records from the National Center for

Health Statistics (NCHS), and population counts from the US Census Bureau, NCHS, and the

HumanMortality Database. Measures of geographic inequality in life expectancy and

age-specific mortality risk were calculated. Principal component analysis and ordinary least

squares regression were used to examine the county-level association between life

expectancy and socioeconomic and race/ethnicity factors, behavioral andmetabolic risk

factors, and health care factors.

EXPOSURES County of residence.

MAIN OUTCOMES ANDMEASURES Life expectancy at birth and age-specific mortality risk.

RESULTS Counties were combined as needed to create stable units of analysis over the period

1980 to 2014, reducing the number of areas analyzed from 3142 to 3110. In 2014, life

expectancy at birth for both sexes combined was 79.1 (95% uncertainty interval [UI],

79.0-79.1) years overall, but differed by 20.1 (95%UI, 19.1-21.3) years between the counties

with the lowest and highest life expectancy. Absolute geographic inequality in life expectancy

increased between 1980 and 2014. Over the same period, absolute geographic inequality in

the risk of death decreased among children and adolescents, but increased among older

adults. Socioeconomic and race/ethnicity factors, behavioral andmetabolic risk factors, and

health care factors explained 60%, 74%, and 27% of county-level variation in life expectancy,

respectively. Combined, these factors explained 74% of this variation. Most of the association

between socioeconomic and race/ethnicity factors and life expectancy wasmediated through

behavioral andmetabolic risk factors.

CONCLUSIONS AND RELEVANCE Geographic disparities in life expectancy among US counties

are large and increasing. Much of the variation in life expectancy among counties can be

explained by a combination of socioeconomic and race/ethnicity factors, behavioral and

metabolic risk factors, and health care factors. Policy action targeting socioeconomic factors

and behavioral andmetabolic risk factors may help reverse the trend of increasing disparities

in life expectancy in the United States.

JAMA Intern Med. 2017;177(7):1003-1011. doi:10.1001/jamainternmed.2017.0918

Published online May 8, 2017.

Supplemental content

CMEQuiz at

jamanetwork.com/learning

and CMEQuestions on

page 1068

Author Affiliations: Institute for

Health Metrics and Evaluation,

University of Washington, Seattle

(Dwyer-Lindgren, Bertozzi-Villa,

Stubbs, Morozoff, Mokdad, Murray);

Department of Public Health,

ErasmusMC, Rotterdam, Netherlands

(Mackenbach, van Lenthe).

Corresponding Author: Christopher

J. L. Murray, MD, DPhil, Institute for

Health Metrics and Evaluation,

University of Washington,

2301 Fifth Ave, Ste 600, Seattle, WA

98121 (cjlm@uw.edu).

Research

JAMA InternalMedicine | Original Investigation | HEALTHCAREPOLICYAND LAW

(Reprinted) 1003

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/25/2022

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.0918&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.0918
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.0918&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.0918
http://www.jamanetwork.com/learning/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.0918
mailto:cjlm@uw.edu


S
tudies have routinely shown that life expectancy in the

United States varies geographically, in some cases

dramatically.1-3 Counties are the smallest administra-

tive unit routinely available in death registration data

and represent an opportunity to explore the extent

of geographic inequalities in the United States. In

particular, tracking inequality at the county level over

time is an important means of assessing progress

toward the goal of more equitable health outcomes,

as enshrined in the Healthy People 2020 objective:

“Achieve health equity, eliminate disparities, and

improve the health of all groups.”4 Moreover, county-level

information on basic health outcomes is essential for

appropriately targeting resources and designing and

implementing health and social welfare policy at both

the federal and state level.

Previous analyses of life expectancy at the county level

have found large2,5 and increasing3 geographic disparities.

However, these analyses either excluded or combined a

large number of smaller counties, likely leading to an under-

estimation of geographic inequality. Moreover, recent

research has highlighted the need to consider age-specific

metrics of survival in addition to life expectancy overall.

Case and Deaton6 identified differential trends in mortality

rates among age groups, with middle age mortality rates

stagnating or even increasing for certain populations, while

mortality rates among older individuals continued to

decline. Similarly, Currie and Schwandt7 identified differen-

tial trends in income-based inequalities by age, with

inequalities generally declining among children and

adolescents and increasing for older ages. To our knowl-

edge, age-specific trends in geographic inequalities have

not been previously described at the county level in the

United States.

Beyond describing geographic variation in life expec-

tancy, exploring what factors explain this variation might

provide import insights into how to reduce inequalities and

achieve more equitable health outcomes. Several previous

analyses5,8,9 have used local data on all-cause mortality to

explore this question and have identified a large number of

socioeconomic and race/ethnicity factors, behavioral and

metabolic risk factors, and health care factors that are corre-

lated with survival. However, these analyses have not sys-

tematically explored the extent to which county-level varia-

tion in life expectancy can be explained by the larger social

and economic context of a county, the behavioral and meta-

bolic risk profile of county residents, or the availability and

quality of health care.

This analysis has 3 specific aims. First, to generate

annual estimates of life expectancy and age-specific mortal-

ity risk for each county from 1980 to 2014. Second, to

quantify geographic inequalities in life expectancy and

age-specific mortality risks and to examine trends in

geographic inequality over time. Third, to assess the extent

to which variation in life expectancy is explained by

variation in socioeconomic and race/ethnicity factors,

behavioral and metabolic risk factors, and health care

access and quality.

Methods

Small AreaModels for Estimating Life Expectancy

and Age-Specific Mortality Risks

Unit of Analysis

All analyseswerecarriedoutat thecounty level.Countieswere

combined as needed to create stable units of analysis over the

period 1980 to 2014, reducing the number of areas analyzed

from 3142 to 3110 (eTable 1 in the Supplement). For simplic-

ity, these units are referred to as “counties” throughout.

Data

Deidentifieddeath records fromtheNationalCenter forHealth

Statistics (NCHS)10 and population counts from the census

bureau,11NCHS,12-14and theHumanMortalityDatabase15were

used in this analysis. Deaths and population were tabulated

by county, age group (0, 1-4, 5-9,…, 80-84, and ≥85), sex, and

year. County-level information on levels of education, in-

come, race/ethnicity,NativeAmerican reservations, andpopu-

lation density derived from data provided by the census bu-

reau and NCHS was also incorporated (eTable 2 in the

Supplement).

Small AreaModel

Previously described and validated Bayesian small area

models for estimating age-specific mortality rates by county

were used in this analysis.16 These models incorporated 7

covariates (the proportion of the adult population who

graduated high school; the proportion of the population that

is Hispanic; the proportion of the population that is black;

the proportion of the population that is a race other than

black or white; the proportion of a county that is contained

within a state or federal Native American reservation; the

median household income; and the population density) and

smooth mortality rates over space, time, and age to produce

more stable estimates of the mortality rate in each county,

year, and age group. Models were fit using the Template

Model Builder Package17 in R version 3.2.4 (R Foundation).18

County-level estimates were scaled to ensure consistency

with existing national-level estimates from the Global Bur-

den of Disease study.19

Key Points

Question Are inequalities in life expectancy among counties in

the United States growing or diminishing, and what factors can

explain differences in life expectancy among counties?

Findings In this population-based analysis, inequalities in life

expectancy among counties are large and growing, andmuch of

the variation in life expectancy can be explained by differences in

socioeconomic and race/ethnicity factors, behavioral and

metabolic risk factors, and health care factors.

Meaning Policy action targeting socioeconomic factors and

behavioral andmetabolic risk factors may help reverse the trend of

increasing disparities in life expectancy in the United States.
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Life Table Construction andMetrics

The method described by Wang et al20 was used to extrapo-

late mortality rates to older ages (5-year age groups up to age

110 years). Standard demographicmethodswere used to con-

struct period life tables for each county andyear from the age-

specific mortality rates estimated by the small area model.21

Life expectancy at birth (e0) and the probability of death for 5

age groups—0 to 5 (5q0); 5 to 25 (20q5), 25 to 45 (20q25), 45 to

65 (20q45), and 65 to 85 (20q65)—were extracted from these

life tables.

For each measure, absolute geographic inequality was

quantified as the difference between the 99th and 1st percen-

tile level, and relative geographic inequalitywasquantified as

the ratio of the 99th to 1st percentile level. The correspond-

ing measures using the 90th and 10th percentile were calcu-

lated as well.

Analysis of County-Level Variation in Life Expectancy

Data

A cross-sectional data set was constructed of variables corre-

latedwith life expectancyat the county level. Tomaximize the

numberofvariables included,2009, theyearwith thebestdata

coverage, was used. Three groups of variables were consid-

ered. For the first group, variables related to the broader so-

cial, economic, and demographic context of a county were

identified. Specifically: thepoverty rate,medianhousehold in-

come, proportionof the adult populationwhograduatedhigh

school, proportionof the adult populationwhograduated col-

lege, theunemployment rate,proportionof thepopulation that

are black, proportion of the population that are native Ameri-

can, and proportion of the population that are Hispanic. For

the second group, behavioral andmetabolic risk factors with

high attributable burden in the United States22 for which re-

liable estimates were available at the county level were iden-

tified. The prevalence of obesity, leisure–time physical inac-

tivity, cigarette smoking, hypertension, and diabetes were

included. For the third group, variables related to access to

health care andhealth carequalitywere identified.Threevari-

ables were ultimately included: the percentage of the popu-

lation younger than 65 years who are insured, a quality index

that is a composite of variables related to primary care access

andqualitybasedonMedicaredataanalyzedby theDartmouth

Atlasproject,23andthenumberofphysicianspercapita. eTable

3 in the Supplement provides details about the data sources

for each of these variables.

RegressionModels

A series of bivariate ordinary least squares regressionmodels

were fittedwith life expectancy at birth in 2009as thedepen-

dent variable and each of the variables listed above as inde-

pendent variables to assess the independent relationship be-

tween each of these variables and life expectancy.

Many of the variables considered were highly correlated

(eFigure 1 in the Supplement), making multivariate models

including all of these factors challenging to interpret due to

collinearity. Therefore, a principal component analysis24 was

conducted on each group of variables and the first principal

component from each (rescaled to run from 0 to 1) was used

as a composite index representing the socioeconomic and

race/ethnicity, behavioral and metabolic risk, and health

care characteristics, respectively, of each county. A series of

ordinary least squares regression models were fitted with

life expectancy at birth as the dependent variable and each

of these indices separately, and then in combination, as the

independent variable(s). For all models, the estimatedmodel

coefficients and the adjusted and unadjusted R
2 were

extracted. As a sensitivity analysis, the full multivariate

regression models using all of the factors separately were

also fitted.

Results

Inequalities in LifeExpectancy andAge-SpecificMortalityRisk

Therewas considerable variation inmortality risk and life ex-

pectancy at the county level in all years. In 2014, life expec-

tancyatbirth forboth sexes combinedat thenational levelwas

79.1 (95%uncertainty interval [UI], 79.0-79.1) years (76.7 [95%

UI, 76.7-76.8] years formen, and81.5 [95%UI, 81.4-81.5] years

forwomen), but therewas a 6.2-year gap (95%UI, 6.1-6.2) be-

tween the 10th and 90th percentile, a 10.7-year gap (95% UI,

10.5-11.0) between the 1st and 99th percentile, and a 20.1-

year gap (95%UI, 19.1-21.3) between the lowest andhighest life

expectancy amongall counties. Several counties in South and

North Dakota (typically those with Native American reserva-

tions) had the lowest life expectancy, and counties along the

lowerhalfof theMississippiand ineasternKentuckyandsouth-

westernWest Virginia also had very low life expectancy com-

paredwith the rest of the country. In contrast, counties in cen-

tral Colorado had the highest life expectancies (Figure 1).

Geographicalpatterns inmortality risk for eachagegroupwere

similar, butnot identical (eFigures 2-6 in theSupplement). Re-

sults by sex and for all counties and years are available in an

online visualization tool.

Between 1980 and 2014, life expectancy at birth for both

sexes combined in theUnited States increasedby 5.3 (95%UI,

5.3-5.4) years, from 73.8 (95% UI, 73.7-73.8) to 79.1 (95% UI,

79.0-79.1) years (6.7 [95%UI, 6.7-6.8]) years, from 70.0 [95%

UI, 70.0-70.0] to 76.7 [95% UI, 76.7-76.8] for men; 3.9 [95%

UI, 3.9-4.0] years, from 77.5 [95% UI, 77.5-77.6] to 81.5 [95%

UI, 81.4-81.5] forwomen). Thismasksmassive variation at the

county level; however, counties in central Colorado, Alaska,

andalongbothcoastsexperiencedmuch larger increases,while

some southern counties in states stretching from Oklahoma

toWestVirginia saw little, if any, improvement over this same

period (Figure 2). Similarly, there was considerable variation

among counties in the percent decline in the mortality risk

within each age group (eFigure 7 in the Supplement). While

all counties experienced declines in mortality risk for chil-

dren (ages 0 to 5 years) and nearly all counties (>98%) expe-

rienced declines in the mortality risk for adolescents (ages 5

to 25 years) andolder adults (ages 45 to 65 and65 to85 years),

a significant minority of counties (11.5%) experienced in-

creases in the risk of death between ages 25 and 45 years.

Absolute geographic inequality in life expectancy at birth

increased between 1980 and 2014, with the gap between the
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1st and99thpercentile increasingby2.4 (95%UI, 2.1-2.7) years

(Figure 3). However, formortality risks, this pattern varied by

age: the difference between the 1st and 99th among counties

declinedby42.9%(95%UI,40.4%-45.1%)amongchildren(ages

0 to 5 years), by 18.9% (95%UI, 15.2%-22.7%) for adolescents

(ages 5 to 25years), and increased by 10.1% (95% UI, 6.4%-

14.1%), 15.0% (95% UI, 11.6%-18.4%), and 48.2% (95% UI,

42.7%-53.7%) for age groups25 to45years, 45 to65years, and

65 to85 years, respectively. Relative inequality rose for all age

groups, likelydue to theoverall decrease inmortality riskover

thisperiod. Similar trendswereobservedwhencomparing the

10th and 90th percentiles (eFigure 8 in the Supplement).

Factors Related to Variation in Life Expectancy

Table 1 provides summary statistics for each of the variables

included in the analysis of factors related to variation in life

expectancy as well as the bivariate regression results. Statis-

ticallysignificant relationshipswith lifeexpectancywere found

for each variable. Detailed results of the principal component

analysis are given in eTables 4 through 6 and eFigure 9 in the

Supplement. The first principal component explained 42%,

79%,and56%of the total variation in socioeconomicand race/

ethnicity factors, behavioral and metabolic risk factors, and

health care factors, respectively.Table2 lists the regression re-

sults based on these three indices. Socioeconomic and race/

ethnicity factors, behavioral and metabolic risk factors, and

health care factors, when considered independently, ex-

plained 60%, 74%, and 27%, respectively, of the county-level

variation in life expectancy. In combination, these3 factors ex-

plained 74% of the variation. The effect size for the behav-

ioral and metabolic risk factors index is similar in the com-

bined model (Model 4) as in the model with just risk factors

as a predictor (Model 2). In contrast, the effect size for socio-

economic and race/ethnicity factors is much reduced in the

combinedmodel (Model4) comparedwith themodelwith just

socioeconomic and race/ethnicity factors (Model 1), and is no

longer statistically significant. The effect size for health care

factors is also reduced in the combinedmodel (Model 4) com-

pared with the model with just health care factors (Model 3),

but the effect is still statistically significant.

The corresponding results from the regressions using all

variables separately are presented in eTable 7 in the Supple-

ment. The overall amount of variation explained by each

group of factors, both separately and in combination, is

Figure 1. Life Expectancy at Birth by County, 2014

66 69 72 75 78 81 84 87

Life expectancy at birth (years):

Counties in South Dakota and North Dakota had the lowest life expectancy, and

counties along the lower half of the Mississippi, in eastern Kentucky, and

southwesternWest Virginia also had very low life expectancy compared with

the rest of the country. Counties in central Colorado had the highest life

expectancies.
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somewhat higher, but with the same ordering among the dif-

ferent groups of factors: 69% for socioeconomic and race/

ethnicity factors, 77% for behavioral and metabolic risk fac-

tors, 31% for health care factors, and 82% for all factors

combined.

Discussion

This study found large—and increasing—geographic dispari-

ties among counties in life expectancy over the past 35 years.

The magnitude of these disparities demands action, all the

more urgently because inequalities will only increase further

if recent trends are allowed to continue uncontested.

The finding thatcounty-levelgeographic inequalities in life

expectancy are large and increasing is consistent with earlier

studies. Kulkarni et al2 reported a 15.2-year and 12.5-year gap

between counties with the lowest and highest life expec-

tancy in 2007 for men and women, respectively, while Wang

et al3 reported a 17.8-year and 12.3-year gap in 2010 for men

and women, respectively. This study estimates noticeably

larger disparities: in recent years, the gap in life expectancy

among counties for both sexes combined was more than 20

years. The smaller estimates inKulkarni et al2 andWang et al3

are likelydueto theiraggregationof smaller counties into larger

merged county units (they analyze 2356units comparedwith

3110 in this study). Chetty et al5 also estimated county-level

life expectancy for a subset of counties, with a focus on how

life expectancy varies among counties for low-income com-

pared with high-income individuals. As in this analysis, they

found substantial variation in life expectancy among coun-

ties. There are several important differences in their estima-

tionstrategyas comparedwith theoneused in this study,how-

ever. Inparticular, to estimate life expectancyby income level,

they use death records from the social security administra-

tion rather than fromNCHS. This restricts their analysis to in-

dividuals aged 40 to 76 years who reported at least some in-

come, and introduces some uncertainty in the county of

residence for decedents who relocated after reaching retire-

ment age (62 years). Likely as a consequence of the differ-

ences in the underlying data, as well as differences in analy-

sismethods, thecorrelationbetweentheestimates fromChetty

et al5 and this analysis was lower thanmight be expected: be-

tween 0.38 and 0.65, depending on sex and income quartile.

Figure 2. Change in Life Expectancy at Birth by County, 1980 to 2014

−2.3 to −1 0 1 2 3 4 5 6 7 8 to 13

Change in life expectancy at birth (years):

Compared with the national average, counties in central Colorado, Alaska, and

along both coasts experienced larger increases in life expectancy between 1980

and 2014, while some southern counties in states stretching fromOklahoma to

West Virginia saw little, if any, improvement over this same period.
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This study expanded upon earlier analyses of county-

level variation in longevity by examiningmortality risk by age

in addition to life expectancy. There were substantial geo-

graphic inequalities in the risk of death in each age group con-

sidered; however, the trajectory of inequalities over time dif-

fered by age: absolute geographic inequalities in the risk of

death declined over the study period for children and adoles-

cents, and increased for adults, especially those aged 65 to 85

years. This is broadly consistentwith recent findingsbyCurrie

and Schwandt7 who analyzed age-specific mortality rates

among counties grouped by income and found that inequal-

ity among income groups decreased for children and adoles-

cents and increased for older adults from 1990 to 2010. Fur-

ther research should focus on the drivers of these divergent

trends. It seems likely that increases in geographic inequality

in life expectancy over the past 3 decades have been driven

largelyby increases ingeographic inequality in the riskofdeath

in older ages. Consequently, these age groups are an espe-

cially important target for further research and intervention.

A large body of previous research documents a relation-

ship between socioeconomic and race/ethnicity factors and

various measures of survival.25-28 Consistent with this re-

search, this study found that socioeconomic and race/

ethnicity factors alone explained 60% of the variation in life

expectancy. At the same time, 74% of the variation was ex-

plained by behavioral andmetabolic risk factors alone, while

only marginally more variation was explained by socioeco-

nomicandrace/ethnicity factors,behavioral andmetabolic risk

factors, andhealth care factors combined. Furthermore, there

was very little additional effect of socioeconomic and race/

ethnicity factors when accounting for all 3 sets of factors si-

multaneously, suggesting that the associationbetween life ex-

pectancy and socioeconomic and race/ethnicity factors at the

county level is largelymediated throughbehavioral andmeta-

bolic risk factors.

Previousstudies8,9examining therelationshipbetweenso-

cioeconomic and race/ethnicity factors, behavioral andmeta-

bolic risk factors, and/or health care factors and some mea-

sure of survival at a substate level in the United States are not

directly analogousbecause theyusedifferentmeasuresof sur-

vival, different explanatory factors, andmore aggregatedgeo-

graphic units or a subset of larger counties, but certain find-

ings can still be compared. Cullen et al8 examined the

relationship between 22 socioeconomic and environmental

variables and the sex-specific and race-specific probability of

survival to age 70 years in 510 groups of counties. Consistent

with the results of this study, they found that a large propor-

tion of the variation in survival among counties could be ex-

Figure 3. Absolute and Relative Inequality Among Counties in Life Expectancy and Age-Specific Mortality Risks, 1980–2014
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Shaded areas along the plotted data represent 95% uncertainty intervals.

Absolute geographic inequality was quantified as the difference between the

99th and first percentile level, and relative geographic inequality was quantified

as the ratio of the 99th to the first percentile level.
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plained by these variables (72%-86%, depending on the sex

and race). Furthermore, in a small subset of larger counties,

they found that additionally considering8 risk andhealth care

factors increased the amount of variation explained to86%to

90%. Davids and Jones9 assessed the relationship between

county-level life expectancy and a small set of socioeco-

nomic and race factors (poverty, nohigh schooldiploma,black

race) and metabolic risk factors (diabetes and hypertension

prevalence). As in this study, Davids and Jones9 found an in-

verse relationshipbetween life expectancyandmarkersof low

socioeconomic status and metabolic risk factors. Their find-

ings differ from ours, however, in that the effect of the socio-

economic and race factors was only slightly attenuatedwhen

considering risk factors concurrently, although thismaybedue

to the much smaller number of factors considered.

The findings on factors related to variation in life expec-

tancy have important policy implications. In particular, poli-

ciesandprogramsthat targetbehavioral andmetabolic risk fac-

tors have the potential to improve health in all locations but

especially those that are currentlymost at adisadvantage, con-

sequently reducing geographic disparities. This is not to say

that policies that target socioeconomic drivers of disparities

would not also be effective, but rather that there aremultiple

potential routes to more equitable health outcomes for fed-

eral, state, and local policymakers to consider. Furthermore,

researchers now recognize that the relationship between so-

cioeconomic status and health likely reflects causal path-

ways running inbothdirections (ie, frombetterhealth tohigher

socioeconomicstatusaswell as fromhighersocioeconomicsta-

tus to better health).29 Thus, policies that target inequalities

Table 2. Multivariate Regression Results

Variable Model 1a Model 2a Model 3a Model 4a

Intercept, coefficient (SE) 70.60 (0.10)b 70.40 (0.08)b 73.21 (0.13)b 70.07 (0.09)b

Socioeconomic and race/ethnicity factors, coefficient (SE) 13.13 (0.19)b NA NA −0.10 (0.37)

Behavioral and metabolic risk factors, coefficient (SE) NA 13.73 (0.15)b NA 13.04 (0.33)b

Health care factors, coefficient (SE) NA NA 7.88 (0.23)b 1.37 (0.17)b

R
2 0.60 0.74 0.27 0.74

Adjusted R
2 0.60 0.74 0.27 0.74

Abbreviations: NA, not applicable or no data available; SE, standard error.

aModel 1 includes adjustment for socioeconomic and race/ethnicity factors;

(ie, poverty; income; education level; unemployment; black population;

American Indian, Native Alaskan, and Native Hawaiian population; and

Hispanic population); Model 2, behavioral andmetabolic risk factors (ie,

obesity, inactivity, smoking status, hypertension, and diabetes); Model 3,

health care factors (ie, insurance, quality index, number of physicians per

1000 people); andModel 4, combined (ie, all factors from all models).

bP < .05.

Table 1. Variables Included in the Regression AnalysisWith Summary Statistics and Bivariate Regression Results

Variable
Summary Statistics,
Mean (SD) [Range]

Bivariate Regression Results

Coefficient (SE) R
2

Socioeconomic and race/Ethnicity factors

Population below the poverty line, % 16.3 (6.4) [3.1-62.0] −0.24 (0.005) 0.47

Median household income, log $ 10.6 (0.2) [9.8-11.6] 6.06 (0.130) 0.41

Graduates, age ≥25 y, %

High school 83.7 (7.2) [46.3-98.6] 0.20 (0.004) 0.42

College 19.2 (8.6) [4.2-72.0] 0.15 (0.004) 0.34

Unemployment rate, age ≥16 y, % 9.1 (3.2) [2.1-27.4] −0.29 (0.011) 0.18

Black population, % 9.4 (14.7) [0-85.8] −0.07 (0.002) 0.24

American Indian, Native Alaskan, and Native
Hawaiian population, %

2.3 (7.9) [0-97.2] −0.06 (0.005) 0.04

Hispanic population, % 8.1 (13.1) [0-95.9] 0.02 (0.003) 0.01

Behavioral and metabolic risk factors, %

Obesity prevalence, age ≥20 y 37.0 (4.3) [18.0-52.0] −0.39 (0.006) 0.54

No leisure-time physical activity prevalence,
age ≥20 y

27.0 (5.2) [11.7-47.2] −0.34 (0.005) 0.62

Cigarette smoking prevalence, age ≥18 y 24.7 (4.1) [7.7-42.1] −0.40 (0.007) 0.54

Hypertension prevalence, age ≥30 y 39.5 (3.6) [27.9-56.4] −0.49 (0.007) 0.62

Diabetes prevalence, age ≥20 y 14.0 (2.4) [8.1-25.5] −0.72 (0.011) 0.59

Health care factors

Insured population, age <65 y, % 81.7 (5.7) [57.3-96.7] 0.15 (0.007) 0.14

Quality index 70.1 (11.5) [0-100] 0.10 (0.003) 0.28

Physicians per 1000 population, No. 1.1 (1.0) [0-4.4] 0.53 (0.039) 0.06
Abbreviation: SE, standard error.
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in healthmayalso in the long runbe effectivemechanisms for

addressing inequalities in socioeconomic status as well.

Thisstudyhasanumberofstrengths.First, thisanalysisused

recently developed and validated small areamodels that have

been shown to generatemore precise estimates than previous

methodologies.16Second, thisstudydidnotexcludesmallcoun-

tiesoraggregatethembeyondwhatwasnecessarytoaddresshis-

toricalboundarychanges,allowingforamorecompleteaccount-

ingofgeographic inequalitiesat thecounty level thanpreviously

available. Third, in addition to life expectancy, this study con-

sideredgeographicinequalitiesinage-specificmortalityrisksthat

havenotbeenpreviouslyexplored.Fourth, this study is the first

to systematically consider towhat extent geographic inequali-

ties in lifeexpectancyat thecounty levelcanbeexplainedbyso-

cioeconomicandrace/ethnicityfactors,behavioralandmetabolic

risk factors, andhealth care factors, both independently and in

combination.

Limitations

This analysis also has a number of limitations. The deaths,

population, and covariates data used as the basis for estimat-

ing life expectancyby county are all subject to error. The small

areamodelsaredesigned tosmoothacrosscounties, years, and

age groups and may in some cases over-smooth, resulting in

an underestimation of geographic inequalities. This study

documented increasing geographic inequality in life expec-

tancy among counties but did not assess the extent to which

these trendsare a reflectionof increasing inequality among in-

dividuals as opposed to changes in the geographic distribu-

tion of low-risk and high-risk individuals as a result of differ-

entialmigration (eg, increasingsegregationof lowandhighrisk

populations).30 In the regression analysis of factors related to

county-level variation in life expectancy, the outcome vari-

able (life expectancy) as well as the socioeconomic and race/

ethnicityvariables,behavioralandmetabolic riskvariables,and

health carevariables, are subject tomeasurement error.More-

over, all of the risk factor variables are themselves based on

models that incorporated some socioeconomic factors as co-

variates,whichmay induceadditional correlationbetweenrisk

and socioeconomic factors in the regression analysis—this is

unlikely to have a substantial effect however, because the re-

lationship between risk factors and socioeconomic factors in

the risk factor small areamodels is not imposed, but rather es-

timated from the data. A relatively small number of variables

were used to represent the overall socioeconomic and race/

ethnicity, behavioral andmetabolic risk, andhealth care char-

acteristics of a county, and consequently have likely not cap-

tured all relevant factors within each of these groups. There

are also likely factors outside of these 3 categories that are re-

lated to geographic inequality but thatwerenot considered in

this analysis.The regressionanalysis is cross-sectional andcan

beusedtodrawconclusionsaboutassociationsbutnotwhether

these associations are causal. Similarly, it cannot be used to

assess the extent towhich increasing geographic inequality in

life expectancy among counties is due to change in the fac-

tors considered in the regression analysis. Furthermore, if so-

cioeconomic and race/ethnicity factors, behavioral andmeta-

bolic risk factors, and health care factors are causally related

to life expectancy, this effect almost certainly plays out over

the life course. However, the regression analysis only incor-

porates contemporaneous information about life expec-

tancy, and these other factors and a county’s current status in

terms of socioeconomic and race/ethnicity, behavioral and

metabolic risk, and health care factorsmay not perfectly rep-

resent the lifetime experience of individuals currently living

and dying in that county.

Conclusions

Geographic disparities in life expectancy among counties are

large and increasing.Much of the variation in life expectancy

among counties can be explained by a combination of socio-

economic and race/ethnicity factors, behavioral and meta-

bolic risk factors, andhealth care factors. Policy action target-

ing socioeconomic factors and behavioral andmetabolic risk

factorsmay help reverse the trend of increasing disparities in

life expectancy in the United States.
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