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Abstract

Background: The US rural disadvantage in life expectancy (LE) relative to urban areas

has grown over time. We measured the contribution of cardiovascular disease (CVD),

drug-overdose deaths (DODs) and other major causes of death to LE trends in rural and

urban counties and the rural–urban LE gap.

Methods: Counterfactual life tables and cause-of-death decompositions were con-

structed using data on all US deaths in 1999–2019 (N¼ 51 998 560) from the Centers for

Disease Control and Prevention.

Results: During 1999–2009, rural and urban counties experienced robust LE gains, but ur-

ban LE increased by 1.19 years more in women and 0.86 years more in men compared

with rural LE. During 2010–2019, rural counties experienced absolute declines in LE

(women �0.20, men �0.30 years), whereas urban counties experienced modest

increases (women 0.55, men 0.29 years). Counterfactual analysis showed that slowed

CVD-mortality declines, particularly in ages 65þ years, were the main reason why rural

LE stopped increasing after 2010. However, slow progress in CVD-mortality influenced

LE trends more in urban areas. If CVD-mortality had continued to decline at its pre-2010

pace, the rural–urban LE gap would have grown even more post 2010. DODs and other

causes of death also contributed to the LE trends and differences in each period, but their

impact in comparison to that of CVD was relatively small.

Conclusions: Rural disadvantage in LE continues to grow, but at a slower pace than pre

2010. This slowdown is more attributable to adverse trends in CVD and DOD mortality in

urban areas than improvements in rural areas.
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Introduction

Geographic disparities in mortality and life expectancy

(LE) in the USA have been widening since the at least the

1980s.1–5 The difference between rural and urban health is

especially concerning, with 135 annual excess deaths per

100 000 persons in rural compared with urban areas in

2016.3 Since around 2010, LE in rural areas has declined,

whereas it has remained relatively stagnant in non-rural

areas.2,6 Understanding the forces behind recent trends in

rural LE and the rural penalty in LE relative to urban areas

is critical for reducing place-based health disparities .

Several conditions contribute to geographic mortality

variation, including cardiovascular disease (CVD), the

leading cause of death in the USA.7,8 The USA experienced

decades of robust CVD-mortality declines thanks to the

‘CVD revolution’, which featured declines in cigarette

smoking, improvements in hypertension control, increased

use of statins and the advent of thrombolysis and stents.9,10

However, declines in CVD-mortality rates have stagnated

since 2010, as have improvements in national LE.11 Rural

areas have exhibited higher age-adjusted CVD-mortality

rates than non-rural areas over the past two decades and

across age, sex and race/ethnicity.12 Large, medium-sized

and small metropolitan areas and rural areas have all expe-

rienced dramatic slows in the annual decline in CVD

deaths since 2010.12

A recent study demonstrated that US LE at age 25 years

would have been 1.14 years higher in 2017 if CVD-mortal-

ity had continued its pre-2010 rate of decline, representing

a larger effect on LE trends than that of rising drug-over-

dose deaths (DODs).11 However, the effect of CVD stagna-

tion on rural and urban LE trends and the rural–urban gap

in LE have not been analysed. Given the dramatic increase

in deaths from substance use and suicide in midlife,13,14 re-

search on rural and urban disparities and on US LE trends

have often focused on midlife mortality and non-CVD

causes.8,15,16

Other causes of death beyond CVD-mortality also play

important roles in explaining geographic variation in LE.

Drug-related mortality, with its differential trends across

regions,17 is a prime candidate. Among non-Hispanic

White Americans, DODs reduced LE most in large metro-

politan suburbs, followed by small/medium-sized metro-

politan areas and then non-metropolitan areas.2 Other

conditions relevant to rural–urban disparities include can-

cer and respiratory diseases related to smoking, as well as

diabetes and liver disease related to diet and alcohol con-

sumption, given that rural populations face barriers in

adopting health behaviours for chronic disease preven-

tion.18,19 Additionally, external causes of death such as

unintended injuries may be important to the rural–urban

LE gap, considering the increased burden of motor-vehicle

crashes, increased alcohol consumption and lower access

to rapid emergency treatment for trauma for rural

populations.18

Whereas numerous studies have identified the causes of

death contributing to the rural–urban LE gap at various

periods, there has been less focus on identifying the causes

responsible for the growing gap, particularly in the post-

2010 period when CVD-mortality changes have been flat.

Recent exceptions include the studies by Monnat (2020)

and Elo et al. (2019), both of which examined trends by

causes. Both studies included only non-Hispanic Whites

and the former was restricted to ages 25–64 years. This pa-

per investigates the contribution of CVD and other major

causes of death to trends in rural and urban LE and the ru-

ral–urban LE gap. In particular, this study aims to: (i) mea-

sure annual changes in rural and urban LE and the rural–

urban LE gap before (1999–2009) and after (2010–2019)

CVD-mortality stopped declining, which we refer to as the

CVD-mortality stagnation; (ii) use counterfactual scenarios

of continued CVD-mortality decline to quantify the role of

CVD-mortality stagnation to post-2010 trends in rural and

urban LE; and (iii) measure the relative contributions of

Key Messages

• The rural–urban life expectancy (LE) gap in the USA has grown over time, more so in the 1999–2009 period than in

2010–2019.

• Stagnation in cardiovascular disease (CVD) mortality declines since 2010 contributed to a reversal in LE gains in rural

areas, but stagnation was more dramatic in urban areas, slowing down the growth in the rural–urban LE gap.

• Much of the effect of CVD-mortality stagnation on LE trends in both urban and rural areas is attributable to slowing

mortality improvements among adults above the age of 65 years.

• Multiple broad causes of death explain the growing rural–urban divide in LE, pointing to the need for wholistic

health-promotion approaches.
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CVD and 12 other major causes of death to the changing

rural–urban LE gap in 1999–2009 and 2010–2019.

Methods

Data

Data on all US deaths from 1999–2019 (N¼ 51 998 560)

came from the Centers for Disease Control and

Prevention’s Wide-ranging Online Data for Epidemiologic

Research (CDC WONDER) detailed mortality files, which

are publicly available at https://wonder.cdc.gov/.20 This

period uses all years available in CDC WONDER. Rural–

urban designations were based on the 2013 National

Center for Health Statistics (NCHS) Urban-Rural Scheme,

with large centre metro, large fringe metro, medium metro

and small metro counties considered urban and micropoli-

tan or noncore counties considered rural.21 Each death

was categorized based on the county of the person’s legal

residence. Where CDC WONDER populations were

unavailable, population-count data came from Bridged-

Race Population Estimates produced by the US Census

Bureau and NCHS.22

CVD deaths were defined according to the

International Classifications of Disease, 10th revision

(ICD-10) 113 Cause List. This classification groups to-

gether ICD-10 codes I00–I78: diseases of heart (e.g. hyper-

tensive heart disease, ischaemic heart diseases, heart

failure), essential hypertension and hypertensive renal dis-

ease, cerebrovascular diseases, atherosclerosis and other

diseases of the circulatory system. DODs included deaths

from legal and illegal substances and intentional (e.g. sui-

cides) and unintentional (e.g. accidents) drug-related

causes (ICD-10: X40 to X44, X60 to X64, X85 and Y10

to Y14). We used conventional ICD-10 codes to classify

other major death causes (Supplementary Table S1, avail-

able as Supplementary data at IJE online).

Statistical analysis

We used life tables to calculate LE at age 25 years (e25) by

sex in rural and urban populations. We charted changes in

e25 from 1999–2009 (pre-2010 period) and from 2010–

2019 (post-2010 period), as well as changes in the rural–

urban gap in e25. Then, we examined age-standardized

trends in CVD-mortality (deaths per 100 000) from 1999

to 2019 by sex in rural and urban populations in 5-year

age groups ranging from 25 to 85þ years old. Age-

standardized results were based on standardizing to the US

age distribution in 2009, the median year in this period.

Our main analysis comprised two components. First,

we used counterfactual life tables under different mortality

conditions to identify the role of post-2010 CVD-mortality

stagnation in trends in rural and urban LE after 2010. We

calculated hypothetical e25 in rural and urban populations

under the counterfactual scenario that CVD-mortality

rates in each sex and urbanicity group had continued to de-

cline at their age-specific pre-2010 levels in 2010–2019.

This counterfactual scenario is reasonable in an interna-

tional context, as many high LE nations have experienced

such continued declines in CVD in recent years.11 To ex-

plore the role of stagnation specifically at older ages, we

calculated e25 under the counterfactual scenario that those

aged �65 years continued CVD-mortality declines after

2010 whereas only those aged 25–64 years experienced

CVD stagnation. To understand the contribution of CVD

to the changing rural–urban LE gap relative to DODs, we

calculated e25 in rural and urban populations under the

counterfactual that DODs had remained at their 2010 level

rather than quickly increasing.

These counterfactuals reveal the role of CVD-mortality

stagnation and increases in DODs to LE trends in rural

and urban areas but do not enumerate the causes of death

contributing to the growing rural–urban LE gap.

Therefore, we conducted a formal cause-specific decompo-

sition of the change in the rural–urban LE gap in 1999–

2009 and 2010–2019 using data from these tail years sepa-

rately by sex. The decomposition included CVD, DOD,

lung cancer, other cancers, respiratory diseases, diabetes,

liver disease, kidney disease, infectious diseases,

Alzheimer’s and dementias, suicide and other external

causes (see Supplementary Table S1, available as

Supplementary data at IJE online). Together, these causes

account for nearly 90% of all US deaths, with a residual

‘other’ category for those remaining. We conducted the de-

composition using an additive approach.23 As a sensitivity

analysis, we re-estimated the decomposition using the con-

tour method.24

Results

Trends in rural and urban LE

Table 1 shows rural and urban e25 and the rural–urban LE

gap in 1999–2009 and 2010–2019. In the 1999–2009 pe-

riod, LE increased in both urban counties (1.85 years for

women and 2.20 years for men) and rural counties

(0.66 years in women and 1.34 years in men). The increase

in urban counties outpaced that of rural counties resulting

in a growing rural–urban LE gap of 1.19 years in women

(0.12 years per annum) and 0.86 years in men (0.09 years

per annum). In 2010–2019, LE increases stalled in both ru-

ral and urban counties, but only in rural counties did LE

decline (by �0.20 years in women and �0.30 years in
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men). After 2010, the rural–urban LE gap continued to

grow, but at a more modest pace compared with the prior

period, by 0.08 and 0.07 years per annum in women and

men, respectively.

Trends in CVD-mortality

Rural counties exhibited higher age-standardized CVD-

mortality from 1999 to 2019 and the rural disadvantage

grew substantially over this 20-year period (Figure 1). In

1999, rural women experienced an age-standardized CVD

death rate of 499 per 100 000 compared with 473 among

urban females. By 2019, that absolute difference of 26 ad-

ditional deaths per 100 000 had nearly doubled. The

dashed line shows that most of the increase in the rural–ur-

ban absolute difference occurred before CVD-mortality

declines stagnated in 2010. Pre 2010, the average annual

change in age-standardized CVD deaths per 100 000 was

�13.9 in rural women compared with �16.0 in urban

women. Urban trends in CVD-mortality slowed more dra-

matically than rural trends after 2010, as both urban and

rural women had an average annual change of �3.3 deaths

per 100 000 during 2010–2019. Among men, average an-

nual declines were �21.0 in rural men and �21.5 in urban

men prior to 2010 and slowed to �3.7 and �3.8 in rural

and urban men, respectively, after 2010.

Figure 2 depicts the percentage change over 2-year periods

in CVD-mortality by 5-year age groups in rural and urban

men and women. Moving across time in each row shows

CVD stagnation, as declines slowed and sometimes reversed.

In urban men and women, dark blue cells show strong

declines in CVD pre 2010, especially in those aged 65þ years.

These age groups fade to a neutral white as declines slow in

more recent years. Red cells show small increases in CVD-

mortality after 2014 in midlife (ages 50–69 years). In rural

areas, the pattern is similar, but recent increases in midlife

CVD-mortality are larger and appear to begin earlier.

Effect of CVD stagnation on rural and urban LE

Figure 3 shows actual (solid lines) and counterfactual

(dashed lines) rural and urban e25 from 1999 to 2019 by

sex. Rural and urban LEs diverged as early as 2000, when

CVD-mortality rates were still declining quickly. The CVD

Table 1 Rural and urban life expectancies (LEs) at age 25 years in years over time, by sex

LE in 1999 LE in 2009 Change 1999–2009 LE in 2010 LE in 2019 Change 2010–2019

Women Rural 55.11 55.77 0.66 55.78 55.58 �0.20

Urban 55.64 57.48 1.85 57.52 58.07 0.55

Rural–urban gap 0.52 1.71 1.19 1.74 2.48 0.74

Men Rural 49.76 51.10 1.34 51.13 50.83 �0.30

Urban 50.76 52.96 2.20 53.07 53.36 0.29

Rural–urban gap 1.00 1.86 0.86 1.94 2.53 0.59

Figure 1 Age-standardized US cardiovascular disease (CVD) mortality by sex and rural–urban distinction, showing rural–urban absolute difference in

deaths per 100 000. Based on 5-year age groups, aged 25–85þ years. Standard population is the age distribution of the US population in 2009. Data

(1999-2019) from the Centers for Disease Control and Prevention’s Wide-ranging Online Data for Epidemiologic Research. Rural–urban designation

based on the 2013 National Center for Health Statistics’ Urban-Rural Scheme, with urban areas encompassing large centre metro, large fringe metro,

medium metro and small metro, whereas rural areas were micropolitan or noncore.
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counterfactual line shows that, if rural and urban men and

women had experienced CVD-mortality declines at their

age-specific 1999–2009 pace in 2010 and afterwards, they

would have all experienced large improvements in LE (up

to 1.83 additional years). However, this CVD counterfac-

tual results in larger rural–urban LE differences in 2019

Figure 2 Percent change in cardiovascular disease (CVD) mortality over time by 5-year age groups, stratified by sex and rural–urban distinction. (A)

Urban females; (B) rural females; (C) urban males; (D) rural males. Years 2000–2001 compared with 1999 death rates. Data from the Centers for

Disease Control and Prevention’s Wide-ranging Online Data for Epidemiologic Research. Rural–urban designation based on the 2013 National Center

for Health Statistics’ Urban-Rural Scheme, with urban areas encompassing large centre metro, large fringe metro, medium metro and small metro,

whereas rural areas were micropolitan or noncore .
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than actual disparities (3.2 vs 2.5 years in women and 2.9

vs 2.5 years in men). In other words, allowing CVD-mor-

tality to continue its pre-2010 declines would have

improved LE more in urban areas (1.83 years gained for

women and 1.76 years for men) than in rural areas

(1.15 years gained for women and 1.44 years for men).

Figure 3 Rural and urban life expectancies (LE) at age 25 years by sex under observed and counterfactual conditions. CVD, cardiovascular disease;

DOD, drug-overdose death. Annotations show actual LE age 25 years and differences between actual and counterfactual values. CVD counterfactual

estimates of LE if the 1999–2009 CVD-mortality rates in rural and urban areas had continued through 2010–2019. The CVD counterfactual (65þ years

only) applies 1999–2009 rates of decline only to the age groups of �65 years, whereas ages 25–64 years have actual mortality rates. The DOD counter-

factual estimates LE if drug-overdose deaths remained at their 2010 level through 2019. Data from the Centers for Disease Control and Prevention’s

Wide-ranging Online Data for Epidemiologic Research. Rural–urban designation based on the 2013 National Center for Health Statistics’ Urban-Rural

Scheme, with urban areas encompassing large centre metro, large fringe metro, medium metro and small metro, whereas rural areas were micropol-

itan or noncore.

Figure 4 Decomposition of change in rural–urban life-expectancy gap over 1999–2009 and 2010–2019 by sex. CVD, cardiovascular disease; DOD,

drug-overdose death. Showing the percentage of the change in the rural–urban life-expectancy gap in the pre- and post-2010 periods that can be at-

tributed to each cause of death based on an additive decomposition. ICD-10 codes used for cause-of-death classifications can be found in

Supplementary Table S1, available as Supplementary data at IJE online. Data from each tail year (1999, 2009, 2010 and 2019 ) separately by sex came

from the Centers for Disease Control and Prevention’s Wide-ranging Online Data for Epidemiologic Research. Rural–urban designation based on the

2013 National Center for Health Statistics’ Urban-Rural Scheme, with urban areas encompassing large centre metro, large fringe metro, medium

metro and small metro, whereas rural areas were micropolitan or noncore .
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Supplementary Figure S1 (available as Supplementary data

at IJE online) shows that applying a shared rural–urban

rate of decline post 2010 still results in a larger rural–urban

LE gap than the actual gap.

Much of the effect of CVD-mortality stagnation on LE

is attributable to adults above the age of 65 years. If the

1999–2009 rates of CVD decline had continued for older

adults only, rural and urban counties could have achieved

almost the same LE as when halting CVD stagnation at all

ages (0.95 and 1.63 additional years in rural and urban

women, and 1.10 and 1.44 additional years in rural and

urban men, respectively). The largest difference between

the two counterfactuals in 2019 e25 was 0.34 years in rural

men. This counterfactual shows the outsized impact of

CVD-mortality in old age, especially among women.

Examining the counterfactual of no rise in DOD deaths af-

ter 2010 revealed much smaller increases in LE compared

with the CVD counterfactuals, with the largest improve-

ment being 0.39 years among urban men. Like the CVD

counterfactual, eliminating DOD increases the LE gap by

improving LE more in urban compared with rural areas.

Cause-of-death decomposition

In 1999–2009, when the gap between rural and urban LE

grew by 1.19 years among women and 0.86 years among

men, CVD accounted for 24% and 17% of that change for

women and men, respectively (Figure 4). In the 2010–2019

period, the LE gap grew by 0.74 years in women and

0.59 years in men, with CVD accounting for 6% and 17%,

respectively. Therefore, for women, CVD was a larger con-

tributor to lagging rural LE pre 2010, when CVD-mortal-

ity was robustly declining. For men, CVD contributed

more in years to the changing gap pre 2010, but the growth

in the gap was much smaller in the post-2010 period,

resulting in the same percentage explained by CVD.

DODs were a small contribution to the rural–urban LE

gap in the pre-2010 period and had negative contributions in

the post-2010 period (�4% for women and �26% for

men). Therefore, increases in DODs after 2010 reduced LE

more in urban areas than in rural areas. Among other causes

of death, there was no one factor that dominantly explained

change in the rural–urban LE gap. Large contributors pre

2010 included respiratory diseases, lung cancer, infectious

diseases and other causes. Post 2010, cancers besides lung

cancer, respiratory diseases, diabetes and infectious disease

were large contributors among men, with respiratory disease

and other causes largest among women.

Our sensitivity analysis using the contour-decomposi-

tion method resulted in similar conclusions to the additive

decomposition in our main analysis (see Supplementary

Figure S2, available as Supplementary data at IJE online).

Trends in the rural-minus-urban difference in mortality

are plotted in Supplementary Figure S3 (available as

Supplementary data at IJE online). The rural–urban gap

increased over time for most causes, with the notable

exceptions of a plateauing gap for CVD in the most recent

years (with declines after 2015) and a recent declining

gap for DODs.

Discussion

Without stagnation in CVD-mortality declines, LE in rural

counties would have increased rather than decreased post

2010. Even so, the rural–urban LE gap would have been

even larger in 2019 without stagnation than with actual

trends. The contribution of CVD to preventing LE

improvements occurred mostly at older ages, despite recent

attention on mortality in midlife. Therefore, promoting the

continued decline of CVD-mortality across the USA and

especially in older adults and in urban areas will be essen-

tial to improving US LE, even though it may not narrow

rural–urban LE differences. DODs were more detrimental

to urban than rural LE trends in males in recent years.

Overall, there is not one clear cause of death to target to

help rural LE reach urban levels, and wholistic approaches

that reduce deaths from CVD, cancer, respiratory diseases

and diabetes are warranted.

Examining CVD-mortality trends by urbanicity can

provide insights into the mechanisms behind stalls in CVD

declines and LE improvements, given the geographic varia-

tion in socio-economic status, racial/ethnic diversity,

behavioural risk factors and healthcare factors.2,25,26 Our

analysis revealed a widening rural–urban disparity in

CVD-mortality over time, especially pre 2010 when CVD

was quickly declining. These findings are consistent with

recent work highlighting higher CVD-mortality rates in ru-

ral compared with more urban areas and showing slowing

declines (and some subgroup increases) in age-adjusted

mortality rates after 2010.12 Our findings reveal the over-

all LE implications of these trends, placing them in the con-

text of other major causes of death. Given the large

contribution of CVD to trends in rural and urban LE, our

analysis indicates that reducing CVD-mortality would

have a larger impact on LE than reducing death rates from

other causes including DODs.

Our counterfactuals suggest that, in addition to continued

attention on promoting rural health, efforts should be di-

rected towards improving cardiovascular health in urban

areas. According to an analysis of data from the Behavioral

Risk Factor Surveillance System, adults in rural areas are

more likely to be smokers, less likely to maintain normal

body weight and less likely to meet physical-activity recom-

mendations compared with adults in urban areas.19 Future
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research is needed to investigate factors that contribute to

the disproportionate slowing of CVD-mortality in urban

compared with rural areas. One potential explanation is the

role of airborne particulate matter, which is associated with

myocardial infarction, stroke, heart failure, arrhythmias and

venous thromboembolism.27

When looking at trends over time in 5-year age groups,

our study showed that much of the CVD-mortality stagna-

tion is occurring in those over the age of 65 years and that

reversing stagnation in this age group alone would have al-

most as large an impact on LE as reversing the trend at all

ages. Therefore, concerns about increased mortality in

midlife should not overshadow the effect of reduced prog-

ress in late-life mortality.

Our decomposition analysis pointed to causes besides

CVD that had contributed to the rural–urban LE gap.

Consistent with findings from Elo et al. (2019), causes of

death linked to smoking (namely lung cancer and respiratory

diseases) were substantial contributors, especially among

women.2 Whereas Elo and colleagues focused only on non-

Hispanic White Americans, our results reveal that this find-

ing holds when including other racial and ethnic groups.

Our findings also indicate that cancers besides lung cancer

are important to the rural–urban LE gap among men post

2010. DODs served as a countervailing force to the growing

rural–urban gap, reducing urban LE more than rural LE

among men in recent years, likely due to the influx of fenta-

nyl in urban areas.8 Once again, this finding highlights the

need for research and interventions in urban areas. Finding

that nearly all causes of death contribute to the growing ru-

ral–urban LE gap points to the importance of examining up-

stream factors, such as educational attainment, poverty and

work, that may be afflicting rural areas.8

In conclusion, CVD stagnation has occurred ubiqui-

tously across rural and urban counties in the USA, prevent-

ing LE improvements in both groups, but especially in

urban men and women. Future research should investigate

the contributions of metabolic disorders, smoking and ac-

cess to healthcare to stagnation in CVD-mortality declines

to return robust CVD declines to rural and urban popula-

tions. These efforts will be essential to improving long-run

LE trends in the USA.
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A health gap results from different rates of change for dis-

ease trends within a population. There are two ways to re-

duce such a gap: it could result from a general increase in

health, with those faring worse catching up and improving

their health faster; or through a widespread decline in

health, when the advantaged lose their gains.

Abrams et al. found that post 2010, the life-expectancy

gap has not grown as expected between urban and rural

settings if pre-2010 trends had continued. Thus, the gap is

now the result of an overall population health reduction: a

continued, slower mortality decline in rural places com-

pounded by the substantial urban slowdown in mortality

improvement.1 Thus, everybody is losing, albeit at differ-

ent rates and from different baselines.

The slowdown in the improvements in life expectancy is

a widespread phenomenon. Sixteen countries in the

Organisation for Economic Co-operation and Development

(OECD), including the USA and the UK, have experienced
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