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ORIGINAL ARTICLE

Divergent trends in life expectancy across the rural–urban gradient
and association with specific racial proportions in the contiguous USA
2000–2005
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Danelle T. Lobdell3
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Abstract
Objectives To estimate county-level adult life expectancy for Whites, Black/African Americans (Black), American Indian/

Alaska Native (AIAN) and Asian/Pacific Islander (Asian) populations and assess the difference across racial groups in the

relationship among life expectancy, rurality and specific race proportion.

Methods We used individual-level death data to estimate county-level life expectancy at age 25 (e25) for Whites, Black,

AIAN and Asian in the contiguous USA for 2000–2005. Race–sex-stratified models were used to examine the associations

among e25, rurality and specific race proportion, adjusted for socioeconomic variables.

Results Lower e25 was found in the central USA for AIANs and in the west coast for Asians. We found higher e25 in the

most rural areas for Whites but in the most urban areas for AIAN and Asians. The associations between specific race

proportion and e25 were positive or null for Whites but were negative for Blacks, AIAN, and Asians. The relationship

between specific race proportion and e25 varied across rurality.

Conclusions Identifying differences in adult life expectancy, both across and within racial groups, provides new insights

into the geographic determinants of life expectancy disparities.

Keywords Life expectancy at age 25 � Rurality � American Indian/Alaska Native population � Asian/Pacific Islander

population � Specific race proportion � Contiguous USA

Introduction

Large disparities in life expectancy in the USA have been

observed across races and geographic areas. Between races

in the USA, Black and Asian populations demonstrated the

largest difference in life expectancy at birth (e0), which

was about 12 years in 2009 (Henry J Kaiser Family

Foundation 2009). The difference in e0 was about 5 years

between Black and White populations (Levine et al. 2001;

National Center for Health Statistics 2016; Crimmins and

Saito 2001; Harper et al. 2007). Across geographies,

county-level differences in e0 between the best-off and

worst-off counties were about 18 years for Black males,

14 years for Black females, 15 years for White males, and

11 years for White females in 2001 (Murray et al. 2006).

Although county-level life expectancy for Whites and

Black/African Americans (Black) has been reported, very

little is known for American Indian/Alaska Native (AIAN)

and Asian/Pacific Islanders (Asian). Studies of life expec-

tancy usually pool AIAN and Asians at the national/re-

gional levels (Crimmins and Saito 2001; Murray et al.

2006), or pool them by socioeconomic status (Singh and

Siahpush 2006, 2014), or exclude them altogether. How-

ever, the determinants of life expectancy for Asian and/or

AIAN populations may differ from Whites and Blacks and
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may also vary geographically. Life expectancy estimates at

a geographic unit other than the national level (e.g., county

level) for AIANs and Asians would enable a better

understanding of their health status and potential disparities

in these racial groups that have been under-studied.

Individual factors, such as income and education, are

linked with variations in life expectancy (Singh and Siah-

push 2006; Chetty et al. 2016). However, less is understood

about area-level measures (such as rurality) that may rep-

resent differential environmental exposures and thus

potentially influence life expectancy. Limited studies in the

USA have explored the differences in life expectancy

across the rural–urban gradient. Singh and Siahpush (2014)

found higher e0 in metropolitan areas compared to non-

metropolitan areas. However, Geronimus et al. (2001)

found life expectancy at age 16 (e16) was higher in rural

areas for Black and Whites. Besides contrasting results, the

causes of the rural–urban disparities remain unclear,

motivating further investigations into life expectancy

across the rural–urban gradient.

Another area-level variable potentially influencing life

expectancy is the proportion of a given race residing in a

neighborhood, which we will refer to as the specific race

proportion. This race proportion matters for understanding

the geographic determinants of mortality because while

mortality rates differ by race, so do the factors that may

contribute to mortality differentials, such as investment in

neighborhood resources and health promotion infrastruc-

ture (Jackson et al. 2000; Inagami et al. 2006). A few

studies have reported proportions of the same race were

linked with race-specific mortality, but the results were

inconsistent (Jackson et al. 2000; Inagami et al. 2006; Fang

et al. 1998; Hutchinson et al. 2009). The relationship

between specific race proportion and life expectancy has

rarely been assessed previously and needs further

investigation.

In this study, we addressed these questions by (1) esti-

mating county-level life expectancy at age 25 (e25) in the

contiguous USA for Whites, Blacks, AIAN, and Asians,

and investigating the geographic patterns in e25; (2)

assessing the differences in life expectancy across rurality

[defined by Rural–Urban Continuum Codes (United States

Department of Agriculture 2016)]; (3) assessing the asso-

ciations between life expectancy and county-level-specific

race proportion (county-level proportion of a given race,

same race%); and (4) examining potential interactions

between rurality and specific race proportion for Whites

and Blacks.

Methods

Data for mortality, population, rurality,
and other sociodemographic variables

Individual death data from the National Center for Health

Statistics were aggregated as death counts into 5-year age

groups by county and race–sex groups for the contiguous

USA for years 2000–2005 (National Center for Health

Statistics 2000–2005). We focused on the contiguous USA

in this study because of the small number of deaths in

Alaska and Hawaii and because of the county changes in

Alaska that prevented matching county-level mortality and

population data during the study period.

We used bridged-race population estimates to calculate

5-year mortality rates. The bridged population data mapped

31 race categories, as specified in the 1997 Office of

Management and Budget standards for the collection of

data on race and ethnicity, to the four race categories

specified under the 1977 standards (the same as race cat-

egories in mortality registration) (Ingram et al. 2003). Age-

specific bridged population estimates for 2000–2005 were

obtained from National Cancer Institute’s Surveillance,

Epidemiology, and End Results Program (National Cancer

Institute’s Surveillance Epidemiology and End Results

2016).

The urban–rural gradient was represented by the 2003

Rural Urban Continuum Codes (RUCC), which distin-

guished metropolitan counties by population size, and non-

metropolitan counties by degree of urbanization and adja-

cency to a metro area (United States Department of Agri-

culture 2016). The nine RUCC groups were condensed into

four groups as has been done elsewhere: metropolitan

urbanized (RUCC 1, urban population C 250,000, cate-

gories 1–3 in the original nine classification), non-

metropolitan urbanized (RUCC 2, urban population of

20,000–250,000, categories 4 and 5 in the original classi-

fication), less urbanized (RUCC 3, urban population of

2500–19,999, categories 6 and 7 in the original classifica-

tion), and thinly populated (RUCC 4, completely rural,\
2500 urban population, categories 8 and 9 in the original

classification) areas (Luben et al. 2009; Messer et al. 2010).

We obtained county-level sociodemographic data for

2000–2005 from the US Census Bureau. These included

median household income, percent of population attaining

greater than high school education (high school%), and

percent of county occupied rental units (rent%). We

obtained county violent crime from Uniform Crime

Reports and used it to calculate mean number of violent

crimes per capita (Federal Bureau of Investigation 2010).

These four variables were used for confounder control in

adjusted models.

Y. Jian et al.
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Estimation of life expectancy at age 25

In our study, we focused on e25 to represent adult life

expectancy. County-level e25 was calculated using age-

specific death rates for every 5-year group starting at age

25. The observed death rates (death counts/population) can

be unstable for counties with small populations, which

leads to inaccuracy in the estimated life expectancy.

Therefore, we used a random slope, random intercept

Poisson regression to stabilize the county-level and race–

sex-specific death rates. We constructed a log-linear model

between death rate and age to borrow strength across age

groups when estimating age-specific death rate. The log-

linear relationship between death rate and age has been

used in other life expectancy work (Chetty et al. 2016) and

was observed for our mortality data for age between 25 and

84. We estimated e25 for eight race–sex groups (White,

Black, AIAN, Asian, male and females). Ethnicity (His-

panics vs non-Hispanic) was not estimable due to data

limitation. To address unstable estimates in many counties

for ages over 84, we linearly extrapolated, through age

100–104, the logs of the 5-year age-specific mortality rates

for ages 25–84 by sex and race. The details of the model

for estimating e25 can be found in Electronic Supple-

mentary Materials (ESM). We reported e25 for each sex-

race group using median and interquartile range since

mortality is not normally distributed.

Statistical analysis

We used linear regression models to assess the relation-

ships among county-level e25, rurality, and specific race

proportion: (1) models with only RUCC as the independent

variable; (2) models with only specific race proportion as

the independent variable (3) models with both specific race

proportion and RUCC, adjusted for sociodemographic

variables (household income, school%, rent%, and number

of violent crimes per capita); and (4) models with RUCC,

specific race proportion, and the interaction between

RUCC and specific race proportion, also adjusted for

sociodemographic variables. Specific race proportion was

represented by county-level proportion of a given race

(same race%, for example, White% for White population

and Black% for Black population). The first three models

were run for all the eight race–sex groups and the last

model was run only for Whites and Blacks to test our

hypothesis that the associations of e25 and specific race

proportion may vary across the rural–urban gradient. All

models were run separately for the race–sex groups. For the

rural–urban gradient, life expectancy in RUCC 2 (non-

metro urbanized), RUCC 3 (less populated), and RUCC 4

(thinly populated) was compared against RUCC 1

(metropolitan areas). We assessed models both with and

without the adjusting sociodemographic variables and

compared their results to check the influence of these

variables on the associations among e25, rurality, and

specific race proportion; we reported estimates for the

adjusted models. Specific race proportion and sociodemo-

graphic variables were standardized (mean = 0 and stan-

dard deviation = 1) prior to inclusion in the model to

ensure the comparability among the model coefficients

(Table ESM1). Thus, the results were presented as the

change in life expectancy per one standard deviation

change in specific race proportion.

All models were assessed for violations of model

assumptions. Counties with fewer than 12 deaths (2 deaths

per year per county on average) during 2000–2005 for the

sex-race group were excluded (Table ESM2 shows the

remaining number of counties for each race–sex group).

For sensitivity analyses, we also tested models in which

counties with fewer than 72 deaths (6 deaths per year per

county on average) during 2000–2005 were excluded, and

the results (not shown) were similar. For Asian populations

in RUCC 3 (less populated) and 4 (thinly populated), there

were fewer than 15 counties with estimated e25. Thus, they

were not included in the analyses.

Results

Estimated life expectancy at age 25

Overall, in the contiguous USA, the estimated county-level

e25 (mean remaining years of life at age 25) was highest

for Asian females: 62.6 years (61.1, 64.3) (median and

interquartile range) and lowest for Black males 46.7 years

(45.1, 48.8) (Table ESM2). The AIANs had the largest

variations in e25 (for both males and females) compared to

other race–sex groups (Table ESM2). Geographically,

lower e25 for the Whites and Blacks were observed in the

southeast (Fig. 1). Lower e25 for AIANs was found in the

central part of USA, and lower e25 for Asians was

observed in the western coast for the metropolitan and non-

metro urbanized counties (Fig. 1).

Difference of life expectancy at age 25
across urban–rural status

The model with only RUCC showed that for Whites the

highest e25 was found in thinly populated areas (RUCC 4),

followed by metropolitan areas (RUCC 1). However, for

Blacks, AIANs, and Asians, the highest e25 was found in

metropolitan areas (RUCC 1) (Table ESM3). The model

with RUCC and specific race proportion adjusted for

sociodemographic variables showed a different pattern for

Divergent trends in life expectancy across the rural–urban gradient and association with…
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the trend of e25 across rurality (Table ESM4). For Whites,

we observed a monotonically increasing trend for e25 from

the most urban (RUCC 1) to the most rural areas (RUCC

4). For Blacks, we found that the highest e25 was found in

thinly populated areas (RUCC 4). The results for AIAN

were similarly best in RUCC 4.

Difference of life expectancy at age 25
across specific race proportion

The model with only specific race proportion resulted in

positive associations between e25 and White% for White,

but mostly negative associations between e25 and specific

race proportion for other groups (Fig. 2 and Table ESM5).

The negative associations suggested that e25 was lower in

counties with larger proportion of the same race. For

example, a one standard deviation increase (6.7 percentage

points) in AIAN% was associated with - 1.2 (- 1.4,

- 1.0) (mean and 95% CI) and - 0.8 (- 1.0, - 0.6) years

change in e25 of AIAN males and females, respectively.

The model with both RUCC and specific race proportion

had similar results with the model with only specific race

proportion (Fig. 2).

The model with RUCC, specific race proportion, and

adjusting sociodemographic variables also showed mostly

negative associations between e25 and specific race

Fig. 1 County-level life expectancy at age 25 for the contiguous USA 2000–2005 (Deciles differed among sex-race groups). White patches:

counties with no estimated life expectancy
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proportion for Black, AIAN, and Asian populations.

However, the associations between e25 and specific race

proportion, adjusted for sociodemographic variables, were

null for Whites (Fig. 2 and Table ESM4).

Interactions between rurality and specific race
proportion

In the models with interactions between rurality and

specific race proportion, adjusted for sociodemographic

variables, some statistically significant interactions were

observed for both Blacks and Whites (Table ESM6).

However, the directionality of the association varied

between races, and the net effects were generally more

negative for Blacks, particularly in RUCC 1 (metropolitan)

and RUCC 2 (non-metro urbanized) (Table ESM6, Fig. 3).

For White males, the association between e25 and White%

was significantly positive in the metropolitan areas (0.2

(0.1, 0.3)), but significantly negative in thinly populated

areas (- 0.1 (- 0.2, 0.0)). For Black females, the associ-

ation between e25 and Black% was significantly negative

in the metropolitan areas (- 0.1 (- 0.3, 0.0)), but signifi-

cantly positive in thinly populated areas (0.3 (0.0, 0.5)). For

White females, the e25-racial share association was null in

all RUCCs. For Black males, the association was signifi-

cantly negative in all RUCCs except the thinly populated

areas.

Discussion

In this study, we estimated county-level life expectancy at

age 25 (e25) for eight race–sex groups in the contiguous

USA and modeled the associations among e25, rurality and

specific race proportion. We found different trends in e25

across the rural–urban gradient and different relationships

between e25 and specific race proportion among Whites,

Blacks, AIANs, and Asians. We also observed significant

interactions between specific race proportion and rurality,

suggesting varying relationships between e25 and specific

race proportion in rural and urban areas for Whites and

Blacks.

County-level life expectancy for AIANs and Asians has

rarely been reported. Our analyses showed, for the first

time to our knowledge, the geographic patterns of e25 for

AIAN in the contiguous USA and Asian populations in

metropolitan and non-metro urbanized counties. The dif-

ference in the geographic pattern may suggest that the

driving factors for life expectancy vary spatially within

racial groups.

Wide disparities in the county-level e25 were observed

within-race–sex groups. For example, the interquartile

range was 48.7–55.6 for AIAN males and was 53.5–59.3

for AIAN females. The magnitude of the within-race dif-

ference in e25 was comparable to the between-race dif-

ference for both e25 in our study and life expectancy at

birth (e0) from previous studies (Harper et al. 2007; Mur-

ray et al. 2006). The wide gaps in the county-level e25

suggested large disparities in overall health status within a

racial group across geographic locations.

Our results suggest the trend of e25 across rural–urban

gradient was different between-race groups. Our results for

the White and Black populations when adjusting for

sociodemographic variables were consistent with the

Fig. 2 Differences in life expectancy at age 25 (e25) per one standard

deviation change in (95% Confidence Interval) specific race propor-

tion from the models for the contiguous USA 2000–2005 with

a specific race proportion only, b the models with both Rural Urban

Continuum Code (RUCC) and specific race proportion, and c the

models with RUCC, specific race proportion, and adjusting sociode-

mographic variables (SD)

Divergent trends in life expectancy across the rural–urban gradient and association with…
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findings of Geronimus et al. (2001) which showed that

rural residents outlive urban residents. Unadjusted results

(not shown) had been similar to the results of Singh and

Siahpuch (2014) for Black population, which found higher

life expectancy at birth (e0) in metropolitan areas. How-

ever, we observed the highest e25 in the most rural areas

for White population, which was different from the results

of Singh and Siahpuch (2014). Of note, our study estimated

e25 while the study of Geronimus et al. (2001) focused on

e16, and Singh and Siahpuch (2014) reported e0. This

suggests the trends of overall health status across rural–

urban gradient may differ among age groups.

This study also reported the associations between

specific race proportion (same race%) and e25 in the

contiguous USA and how they varied across rurality. The

negative associations between specific race proportion and

e25 for Black, AIAN, and Asian populations were consis-

tent with previous studies which showed worse health

outcomes in areas with smaller percent of White population

(Jackson et al. 2000; Mellor and Milyo 2004; Hart et al.

1998). However, our models with the interaction between

specific race proportion and rurality further showed the

magnitude and the signs of associations between specific

race proportion and e25 were different in the most urban

and the most rural areas for White and Black populations.

In our analyses, we adjusted for sociodemographic

variables. Compared to unadjusted models, for rurality,

these models showed different trends of e25 across rural–

urban status for White and Black populations; for specific

race proportion, these models had similar results for Black,

AIAN, and Asian populations, but different results for

White populations. The differences between adjusted and

unadjusted models suggest that part of the differences in

e25 across rurality and across specific race proportion

gradient may be attributed to the sociodemographic vari-

ables. Both the adjusted and unadjusted models may

misattribute the relationships because the true causal

pathways of rural–urban status and specific race proportion

on adult life expectancy are unknown. It is possible that

including the sociodemographic variables in the model

may remove some of the legitimate differences in e25 that

are attributable to rurality and specific race proportion.

However, we were more concerned that models without

sociodemographic adjustment may misattribute the

observed associations to rurality or specific racial propor-

tion. For example, if education influences life expectancy

and it is also determined by other unmeasured factors (such

as regional differences), leaving it unadjusted can result in

misleading associations. Therefore, we presented adjusted

models.

In most previous studies, life expectancy was estimated

using either observed age-specific death rates or age-

specific death estimated separately for age groups (Murray

et al. 2006; Kulkarni et al. 2011; Dominici et al. 2015). In

our study, we assumed a log-linear relationship between

death rate and age starting at 25 to pool information across

Fig. 3 Difference in life

expectancy at age 25 (e25) per

one standard deviation change

(95% Confidence Interval) in

specific race proportion across

rurality from the interaction

models with adjusting variables

for the contiguous USA 2000–
2005. RUCC Rural Urban

Continuum Code; RUCC 1

metropolitan areas; RUCC 2

non-metro urbanized areas;

RUCC 3 areas less populated;

RUCC 4 thinly populated areas
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age groups. Additionally, the random intercept and random

slope model also allowed us to borrow strength across race,

sex and county groups. This method likely produced more

robust estimates of life expectancy for counties with small

populations and enabled us to estimate county-level e25 for

AIANs and Asians which could not be calculated

previously.

Our inability to account for individual-level SES is a

limitation of this study. Further, macro-level characteris-

tics, such as social security benefits or public welfare

systems, may contribute to differential mortality. This

study also lacked detailed information about differential

migration of individuals. Rural areas may appear healthier

as the infirm and disabled may prefer to stay in more

urbanized areas with more social services. It is also pos-

sible that people who migrate to urban areas for job

opportunities are healthier than the average population

(Diaz et al. 2016; Schenker et al. 2014). If this is the case,

the apparent difference in e25 across urban/rural status may

be affected by migration patterns. Further studies com-

paring life expectancy between the migrating population

and non-migrating populations may shed light on this

problem.

Another limitation is our inability to address ethnicity

(Hispanic vs Non-Hispanic) separately in our analyses. The

Hispanic population was estimated to have longer life

expectancy than Non-Hispanic White and Non-Hispanic

Black populations at the national level (National Center for

Health Statistics 2016). However, little is known about

their life expectancy at the county level. We could not

separate ethnicity because it was not available in the

bridged-race population estimates. Future studies about

county-level life expectancy for Hispanic and Non-His-

panic populations will be valuable for understanding their

overall health status.

The estimation of e25 in this study relied on the validity

of the population and death data used. Misclassifications of

race in death certificates have been reported, and the

influence of this on the estimated e25 could differ by racial

groups (Casper et al. 2003; Rosenberg et al. 1999). The e25

of Asians and AIANs are more likely to be impacted by

misclassification compared to Whites and Black due to

their smaller population (Casper et al. 2003; Rosenberg

et al. 1999). This difference in the racial misclassification

may also affect our estimated associations between e25,

rurality, and specific race proportion.

Conclusions

This study was the first to assess county-level adult life

expectancy (e25) for Asians and AIANs, and further

highlighted racial heterogeneity in e25 by geographic

region, rurality, and specific race proportion. Asians and

AIANs had different geographic patterns in e25 and dif-

ferent associations between rurality status and e25, when

compared to Whites and Blacks. Specific race proportion

was associated with lower e25 for Blacks, AIANs, and

Asians, but higher e25 for Whites. Significant interactions

were observed between rurality and specific race propor-

tion for Whites and Blacks, suggesting that the relationship

between specific race proportion (same race%) and adult

life expectancy varies across rural–urban gradient. The

results of this study revealed the wide difference in adult

life expectancy both within and between racial groups,

providing new insights into the geographic determinants of

life expectancy disparities.
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