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Background: Geographic inequality in US mortality has increased rapidly over
the last 25 years, particularly between metropolitan and nonmetropolitan
areas. These gaps are sizeable and rival life expectancy differences between the
US and other high-income countries. This study determines the contribution
of smoking, a key contributor to premature mortality in the US, to geographic
inequality in mortality over the past quarter century.

Methods: We used death certificate and census data covering the entire US
population aged 50+ between Jan 1, 1990 and Dec 31, 2019. We categorized
counties into 40 geographic areas cross-classified by region and metropolitan
category. We estimated life expectancy at age 50 and the index of dissimilarity
for mortality, a measure of inequality in mortality, with and without smoking
for these areas in 1990-1992 and 2017-2019. We estimated the changes in life
expectancy levels and percent change in inequality in mortality due to smoking
between these periods.

Results: We find that the gap in life expectany between metros and nonmetros
increased by 2.17 years for men and 2.77 years for women. Changes in
smoking-related deaths are responsible for 19% and 22% of those increases,
respectively. Among the 40 geographic areas, increases in life expectancy
driven by changes in smoking ranged from 0.91 to 2.34 years for men while,
for women, smoking-related changes ranged from a 0.61-year decline to a
0.45-year improvement. The most favorable trends in years of life lost to
smoking tended to be concentrated in large central metros in the South and
Midwest, while the least favorable trends occurred in nonmetros in these same
regions. Smoking contributed to increases in mortality inequality for men aged
70+, with the contribution ranging from 8 to 24%, and for women aged 50-84,
ranging from 14 to 44%.

Conclusions: Mortality attributable to smoking is declining fastest in large
cities and coastal areas and more slowly in nonmetropolitan areas of
the US. Increasing geographic inequalities in mortality are partly due to
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these geographic divergences in smoking patterns over the past several

decades.

Policies addressing smoking

in non-metropolitan areas may

reduce geographic inequality in mortality and contribute to future gains in

life expectancy.

mortality, life expectancy, smoking, inequality, urban-rural differences

Introduction

American mortality is undergoing an unprecedented
stagnation. Since 2010, life expectancy gains have been among
the slowest on record for the US, and life expectancy declined
for three consecutive years between 2014 and 2017. Between
2010 and 2018, life expectancy increased by less than a tenth of
a year (1-3). Considerable geographic variation underlies these
national-level trends, with poor performance concentrated in
nonmetropolitan areas and specific regions of the country. Some
parts of the country—coastal areas and big cities—continue to
post robust increases in life expectancy, while others—rural
areas and the South and Appalachia—experience much slower
rates of improvement (4, 5).

The divide between metropolitan and nonmetropolitan
areas has grown considerably between 1990 and the present.
While American cities of the early 1990s faced a number of
social and economic dilemmas that limited their capacities for
promoting healthy and long lives, the situation today is quite
different. While they still face difficulties relating primarily to
issues of equality, metropolitan areas today tend to have better
outcomes along several dimensions, including educational
attainment, public health infrastructure and outreach, and
economic activity (4). Nonmetropolitan areas have experienced
either slower improvement or deterioration along these same
dimensions (6). In short, metropolitan areas have prospered
while nonmetropolitan areas have been left behind, and this has
been manifested in widening metro/nonmetro gaps in mortality.

Mortality inequalities are among the starkest manifestations
of inequity in our society. Prior research suggests geographic
inequality in mortality has increased over time, and that these
inequalities have reached substantial magnitudes (4, 7-11).
Where people live influences what policies are in place, their
access to and quality of health care, the social and economic
conditions they experience, and what health behaviors they
practice. These differences are the most commonly proposed
explanations for geographic inequalities and their growth over
time (4, 7-12).

Cigarette smoking, the leading cause of premature morbidity
and mortality in the United States, is one potential explanation
that reflects all of the above dimensions. There is a vast literature
that relates smoking to elevated levels of mortality and large and
growing inequalities in mortality along a number of dimensions
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(13-20), and smoking is known to have contributed to past
mortality variation among states. However, there has been
relatively little research on the role of smoking-attributable
mortality in explaining the metro-nonmetro divergence in U.S.
mortality since the early 1990s. Figure 1 shows that while ever
smoking and current smoking prevalence were similar between
metros and nonmetros in the early 1990s, they have diverged
significantly since then. Recent findings that cardiovascular
disease, respiratory diseases, and lung cancer are among the key
causes of death contributing to rising geographic inequality in
mortality (10) also support the hypothesis that smoking likely
plays a role in the growth in metro-nonmetro inequality in
mortality over the last quarter century.

This study investigates the contribution of smoking to
geographic inequality in mortality over the past three decades.
Because of the rapidly growing gap between metropolitan and
nonmetropolitan areas, we examine mortality inequalities across
four metropolitan categories: large central metros, large metro
suburbs, small and medium metros, and nonmetropolitan areas.
We additionally explore whether the contribution of smoking to
metro/nonmetro mortality inequalities is reproduced across ten
regions of the country, since smoking-attributable mortality is
known to have a strong regional component (21). These analyses
shed light on how differences in smoking are contributing to
divergent patterns of life expectancy gains across the nation,
and in particular to the adverse mortality trends concentrated
in nonmetropolitan areas.

Materials and methods
Data

We used the 1990-2019 National Center for Health Statistics
(NCHS) Multiple Cause of Death data files, consisting of all
deaths occurring in the US. The files contain information on
decedents’ age, sex, cause of death, and county of residence.
These data were combined with Census population estimates
to produce all-cause and lung cancer (ICD-9 code 162 for
1990-1998 and ICD-10 codes C33-C34 for 1999-2019) death
rates by age, sex, geographic area (described below), and
year. We considered four analytic periods: 1990-1992, 2000-
2002, 2010-2012, and 2017-2019, with most analyses focusing
on the first and last period. We focus on these specific
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FIGURE 1

standardized to the 2000 U.S. population age distribution.

Ever smoking (A) and current smoking (B) prevalence by metropolitan status and sex, 1985-2018. Estimates are authors’ calculations based on
Current Population Survey Tobacco Use Supplements, 1985-2018. All estimates are based on the population aged 18 and older and are
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periods because the metro-nonmetro mortality divergence
commenced in the early 1990s (4, 7). Supplementary analyses
(Supplementary Tables S1, S2; Supplementary Figure S1) show
that our conclusions hold whether we use either 1990-1992 or
2000-2002 as the baseline period.

Both region and metropolitan/nonmetropolitan residence
are key dimensions of geographic inequalities in mortality. To
classify counties into metropolitan categories, we used codes
developed by the US Department of Agriculture Economic
Research Service, which were modified and made available by
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the NCHS. We used four categories: large central metros, large
metro suburbs, small/medium metros, and nonmetropolitan
areas. We considered 10 regions: New England, Middle
Atlantic, East North Central, West North Central, South
Atlantic, East South Central, West South Central, Mountain,
Pacific, and Appalachia. The first nine regions were defined
using the Census division categorization, while Appalachian
counties were defined by the Appalachian Regional Commission
classification. Appalachia consists of all of West Virginia and
selected counties from 12 other states, which were excluded from
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their overlapping Census divisions. Supplementary Table S12
shows the correspondence between Census Region, Census
Division, and state. For a subset of analyses, we cross-classified
counties by region and metropolitan/nonmetropolitan category
to identify 40 distinct geographic units. This 40-category
classification has been used in prior studies and captures
important features of geographic variation in mortality (4, 10).

Analytic approach

Smoking is causally linked to many chronic diseases,
including cardiovascular diseases, respiratory diseases, and
cancers (22). In order to capture the total burden of smoking-
related mortality, we used an indirect estimation method fitted
to US data (21, 23). The method uses excess lung cancer
mortality as an indicator of the damage caused by smoking,
where excess lung cancer mortality is calculated as the difference
between observed lung cancer mortality and the level of lung
cancer mortality we would expect to observe among non-
smokers. The method then models all-cause mortality as a
function of excess lung cancer mortality to produce estimates
of the proportion of deaths attributable to smoking by age
and sex. The method was developed for ages 50+ because the
mortality impacts of smoking manifest primarily at these ages
(23). According to the 2018 US life table, 93.9% of Americans
can expect to survive to age 50, so this analysis covers the great
majority of deaths in the population (2).

The main assumption of this method is that lung cancer
mortality accurately proxies for the cumulative burden of
smoking, which is likely to be the case since the majority of
lung cancer deaths in industrialized societies are attributable to
smoking (24). Because lung cancer mortality reflects multiple
forms of tobacco smoking, including cigarette and cigar
smoking, this assumption means that the indirect estimates
capture the broader impact of smoking across multiple product
classes. The method’s key advantages are that it captures the total
burden of smoking-related mortality and relies on vital statistics
data rather than self-reported smoking data, which is subject
to reporting biases, may not accurately reflect individuals
lifetime smoking histories, and often results in underestimates
of smoking-related mortality. We provide additional detail on
the methodological approach in the Appendix.

Other studies have used direct approaches to examine
smoking-attributable mortality, typically regressing mortality
on smoking status to obtain relative risks. While the fine
geographic detail used in this study does not allow for replication
using direct methods applied to public-use data, prior research
covering similar time periods focusing on other subpopulations
has found qualitatively similar trends when applying either
direct or indirect methodologies (25).

We estimated smoking-attributable mortality by age, sex,
period, and geographic area. We computed life expectancy at
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age 50 with and without smoking using life table techniques
and examined the contribution of smoking to life expectancy
at age 50 in 1990-1992 and 2017-2019 and the change in its
contribution for both the four metro categories and the 40 areas
defined above.

We used two measures to quantify inequality and smoking’s
effect on inequality in mortality. For analyses focusing on the
four metro categories, we computed a gradient measure equal
to the difference in life expectancy at age 50 between large
central metros and nonmetros, both with and without smoking-
attributable mortality. We also assessed the contribution of
smoking to the change over time in the gradient. In ancillary
analyses (not shown here), we computed the difference
between nonmetro areas and both large metro suburbs and
small/medium metros and found qualitatively similar results.

As a summary measure of mortality inequality across the
40 cross-classified areas, we computed the index of dissimilarity
(ID), one of the most commonly used measures of spatial
unevenness. We calculated the ID for mortality with and without
smoking-attributable deaths in each period to determine how
much smoking contributes to geographic inequality in each
period and to changes in geographic inequality over time.

The ID is calculated as:

N

1
WDy = EZ

i=1

nDi o
nDx  nPx

i
where "g" is the proportion of national deaths at ages x to
nx

2Px
nP x
population aged x to x + » that lives in place i, and N is

X + n occurring in place i, is the proportion of the national

the total number of places (N = 40 geographic units). The
ID has previously been used to study residential segregation,
occupational and social mobility, and geographic inequality in
mortality (10, 26, 27). Its value ranges between 0 and 1, with 0
indicating absolute equality and 1 absolute inequality. Among
the ID’s useful properties are that it is symmetric, invariant
to population size, and easily interpreted as the proportion of
national deaths that would need to be reallocated to a different
area to achieve geographic equality in mortality. The ID was
calculated for each 5-year age group between 50-54 and 80-84,
and for an open-ended age group (85+).

Results

Over the past three decades, gains in life expectancy

have differed dramatically between metropolitan and
nonmetropolitan areas within the US. Metro areas of all
types, particularly large central metros, experienced much more
rapid gains in life expectancy than nonmetros. Men experienced
sizeable life expectancy increases between 1990-1992 and
2017-2019, gaining 4.64 years in large central metros, 3.92

years in large metro suburbs, 3.10 years in small metros, and
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2.47 years in nonmetros (Table 1). Women had more modest
gains in life expectancy, with values ranging from 0.65 years in
nonmetros to 3.42 years in large central metros.

Changes in smoking-attributable mortality are part of
the explanation for both the sex and the metro/nonmetro
divergences (Table 1). Years of life lost due to smoking were
sizeable for men in 1990-1992, ranging from 2.88 to 3.15
years. However, these values were quite similar across metro
categories. By 2017-2019, years of life lost due to smoking
had declined significantly, but the declines were more rapid
in metropolitan areas. In 2017-2019, men lost between 1.30
years to smoking in large central metros and 1.86 years to
smoking in nonmetros. Over this period, changes in smoking-
attributable mortality were responsible for as much as 1.70 years
of the 4.64-year life expectancy gain in large central metros and
as little as 1.29 years of the 2.47-year life expectancy gain in
nonmetros. All three types of metropolitan areas—large central
metros, large metro suburbs, and small metros—experienced
more rapid improvements from declines in smoking-related
mortality than nonmetros.

The story for women is quite different. Unlike men,
women initially experienced a reverse metro/nonmetro gradient
in smoking-attributable mortality. In 1990-1992, women in
nonmetros lost the fewest years of life to smoking (1.26 years).
Women in large central metros lost the most years of life to
smoking (1.59 years). By 2017-2019, this situation completely
reversed, so that women in nonmetros lost the most years to
smoking (1.58 years) while women in large central metros lost
the fewest years to smoking (1.30 years). A very clear gradient
emerged, wherein nonmetros experienced the greatest increase
in years of life lost due to smoking, while the remaining three
metropolitan areas experienced either no change or decreases in
years of life lost to smoking.

The differential patterns in years of life lost to smoking
by metro category contributed to an increase in inequality as
measured by the difference in life expectancy between large
central metros and nonmetros. The gradient increased by 2.17
years for men, and 19% of that increase was due to smoking.
For women, the gradient between large central metros and
nonmetros increased by 2.77 years, and 22% of that increase was
due to smoking.

Considering finer geographic areas, we see that reductions
in smoking-attributable mortality contributed to sizeable gains
in life expectancy among men (Figure 2). This trend is evident
across all regions and metropolitan/nonmetropolitan categories.
The largest life expectancy improvements related to smoking
occurred in large central metros in the Southern regions—East
South Central (2.34 years), West South Central (1.99 years),
and South Atlantic (1.94 years) —and in large metro suburbs
in West South Central (2.00 years) and East South Central
(1.98 years). The smallest improvements related to smoking
were recorded in four nonmetropolitan areas: the Appalachian
(1.19 years), East North Central (1.03 years), Mountain (1.00
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years), and West North Central regions (0.91 years). Smoking-
related improvements in male life expectancy at age 50 were
most pronounced in large central metros and least pronounced
in nonmetropolitan areas in the majority (six of the ten) of
the regions. This pattern of differential life expectancy gains
has contributed to a divergence between metropolitan and
nonmetropolitan areas.

Life expectancy at age 50 increased for women across
all geographic areas; however, most of these increases would
have been considerably larger had smoking-attributable
mortality not increased. We refer to this negative effect
of smoking on longevity as smoking-related declines in
life expectancy. Most regions experienced smoking-related
declines in female life expectancy. The most notable exception
to this pattern is the Pacific region, which experienced
smoking-related improvements in life expectancy, with the
largest improvement in large central metros (0.39 years)
and the smallest improvement in nonmetros (0.12 years).
Most nonmetros and small metros experienced smoking-related
declines in female life expectancy between 1990-1992 and 2017-
2019. These declines were most notable in nonmetropolitan
areas of the East South Central (—0.61 years), West North
Central (—0.49 years), East North Central (—0.45 years), and
Appalachian (—0.43 years) regions. In contrast, nearly all large
central metros and some large metro suburbs experienced
life expectancy gains due to changes in smoking. These
improvements were, however, much smaller than those among
men, ranging from 0.01 to 0.45 years.

Changes in the index of dissimilarity

Geographic inequality in mortality increased at all ages
above 50 between 1990-1992 and 2017-2019 (Figure 3).
Geographic inequality tends to be highest at younger ages but
increased more rapidly over time at the older ages. Among
men, the ID increased by between 7 and 49% at ages 50-69,
while increases in the ID ranged from 63 to 103% for men
aged 70 and older. For women, inequality nearly doubled at
ages 50-69, and more than doubled at ages 70 and older. The
increase in inequality was thus more pronounced for women
across all ages. Whereas, geographic inequality was significantly
lower for women than for men in the early 1990s, by 2017-
2019, inequality was higher for women than for men at each age
except 85+.

Table 2 shows values for the ID in 1990-1992 and 2017-
2019, the contribution of smoking to the ID, and the
contribution of smoking to the change over time in the ID. For
men, the smoking contribution was highest in the early 1990s,
ranging from 32 to 38% between ages 55-74 (column 5). While
the percent contribution of smoking to the ID decreased over
time, it still remained sizeable in 2017-2019, ranging from 20
to 24% for ages 55-74 (column 6). For women, there was a
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TABLE 1 Life expectancy at age 50 with and without smoking-attributable mortality by sex and metropolitan category, 1990-2019.

Men
1990-1992 2017-2019 Change

Obs NS YLL Obs NS YLL Obs NS YLL
Large central metro 26.41 29.40 2.99 31.05 32.34 1.30 4.64 2.94 —1.70
Large metro suburb 27.31 30.19 2.88 31.23 32.57 1.34 3.92 2.38 —1.54
Small/Medium 26.85 29.91 3.06 29.95 31.51 1.56 3.10 1.60 —1.50
metro
Nonmetro 26.34 29.49 3.15 28.80 30.66 1.86 2.47 1.17 —-1.29
Gradient 0.08 —0.08 2.24 1.68 2.17 1.77

(0.00, 0.15) (—0.18,0.01) (2.17,2.32) (1.59, 1.77) (2.07,2.27) (1.64, 1.89)
Contribution of smoking to widening of gradient 19%
Women
1990-1992 2017-2019 Change

Obs NS YLL Obs NS YLL Obs NS YLL
Large central metro 31.51 33.11 1.59 34.93 36.24 1.30 3.42 3.13 —0.29
Large metro suburb 31.99 33.58 1.59 34.53 35.99 1.46 2.53 2.40 —0.13
Small/Medium 31.98 33.42 1.44 33.58 35.02 1.44 1.60 1.60 0.00
metro
Nonmetro 31.84 33.11 1.26 32.49 34.07 1.58 0.65 0.97 0.32
Gradient —0.33 0.00 2.44 2.16 2.77 2.16

(—0.41, —0.25) (—0.09, 0.09) (2.36,2.52) (2.07,2.25) (2.66,2.88) (2.04,2.29)

Contribution of smoking to widening of gradient

22%

Obs = observed life expectancy at age 50; NS = life expectancy at age 50 if smoking-related mortality is eliminated; YLL = years of life expectancy at age 50 lost due to smoking-related

deaths; and Gradient = difference in life expectancy at age 50 between the large central metro and nonmetro categories. Values in brackets below Gradient values are 95% confidence

intervals. Standard errors for Obs and NS values are given in Supplementary Table S3.

complete reversal in the percent contribution of smoking to the
ID. In the 1990s, smoking contributed negatively to geographic
inequality at all ages (smoking deaths reduced geographic
inequality either because they were more evenly distributed than
other causes of death or because they were negatively correlated
with other causes of death across areas). By 2017-2019, smoking
contributed to inequality in every age group except 85+, ranging
between 11 and 18% at ages 50-79 (column 6). The smoking
contribution tends to be larger at ages 50-79 and diminishes at
the older ages. In both periods, smoking contributes to greater
inequality for men than for women.

Next, we assess the contribution of smoking deaths to
changes over time in the ID between 1990-1992 and 2017-2019
(column 7). A negative value indicates that smoking tended to
decrease inequality, while a positive value indicates that smoking
deaths increased inequality. Changes in smoking-attributable
mortality contributed to decreased inequality among men
aged 50-69. At ages 70+, smoking contributed to increased
geographic inequality for men. Its contribution was particularly
large for the 85+ age group, where it accounted for 24% of
the increase in inequality (column 7). In contrast, smoking
contributed to increased geographic inequality for women in all

Frontiersin Public Health

age groups except 85+. Smoking was responsible for between
27 and 44% of the increase in inequality for women aged 50-79
(column 7).

Discussion

Concerns about mortality stagnation and growing social
and economic disparities have generated renewed interest in
geographic inequality in American mortality. In this study,
we find that smoking has become a major contributor
to metropolitan-nonmetropolitan inequality, accounting for
approximately one-fifth of the widening of the gap in life
expectancy between large central metros and nonmetropolitan
areas. This pattern holds for both men and women. This finding
builds on prior research showing that geographic inequality
in mortality increased in recent decades due to a range of
causes of death and that smoking plays a role in regional
differences in mortality (5, 10, 21, 28). We further show that
the uneven geographic distribution of changes in smoking-
attributable mortality is driving a substantial portion of the
increase in inequality in life expectancy in the US. Large central
metros and their suburbs are reaping the benefits of rapid
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reductions in smoking-attributable deaths, while nonmetros are
being left behind.

These differential patterns have important implications for
geographic inequality, which has increased substantially over the
past three decades. Smoking-attributable deaths are responsible
for roughly one-third of the increase in geographic inequality in
mortality for women aged 50-79 when considering geographic
units defined by regions cross-classified by metro category. For
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men, 10-24% of the increase among those aged 75+ was due to
smoking. While smoking-attributable deaths constitute a larger
proportion of overall deaths for men than for women, there was
a greater geographic divergence in smoking patterns for women
that drove their larger increase in inequality. This sex differential
in the effects of smoking is largely a result of the differential
patterns of smoking initiation and cessation for men vs. women.
Men’s smoking peaked in the 1950s, while women’s smoking
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FIGURE 3
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TABLE 2 Contribution of smoking-related deaths to geographic inequality in mortality by sex and age, 1990-2019.

Index of dissimilarity Contribution of % contribution of % change in ID
for mortality (ID) smoking to ID smoking to ID due to smoking?®
1 ) 3) 4 5 (6) @)

Age group 1990-1992 2017-2019 1990-1992 2017-2019 1990-1992 2017-2019 1990-2019
50-54 0.079 0.084 0.019 0.012 24% 14% —117% (—141, —94%)
55-59 0.065 0.083 0.023 0.017 35% 20% ~33% (—37, —29%)
60-64 0.050 0.074 0.018 0.015 36% 21% —11% (—12, —9%)
65-69 0.041 0.062 0.016 0.015 38% 24% —49% (=5, —2%)

$ 70-74 0.035 0.057 0.011 0.013 32% 23% 8% (6,9%)

= 75-79 0.031 0.052 0.007 0.009 21% 17% 10% (9, 11%)
80-84 0.024 0.045 0.003 0.005 10% 12% 13% (12, 14%)
85+ 0.018 0.037 0.000 0.004 —3% 11% 24% (23,25%)
50-54 0.052 0.095 ~0.001 0.011 —2% 12% 28% (25, 31%)
55-59 0.043 0.088 ~0.004 0.016 —9% 18% 44% (42, 46%)
60-64 0.037 0.076 —0.003 0.010 ~7% 13% 33% (32, 34%)
65-69 0.034 0.065 ~0.001 0.007 —3% 11% 27% (25, 28%)

é’ 70-74 0.026 0.062 —0.004 0.008 —14% 13% 32% (32, 33%)

2 7579 0.021 0.055 —0.003 0.006 —14% 11% 27% (26, 28%)
80-84 0.019 0.046 —0.002 0.002 —9% 5% 14% (13, 15%)
85+ 0.011 0.029 —0.001 —0.001 —5% —5% —5% (=5, —4%)

#Percent change in ID between 1990-1992 and 2017-2019 due to smoking-attributable deaths, calculated as [(4) — (3)]/[(2) - (1)]. Values in parentheses are 95% confidence intervals.
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peaked approximately 15 years later (29). Thus, men’s smoking-
attributable mortality peaked in the 1990s and women’s in
the 2000s.

Much of the recent literature on mortality inequality has
focused on contemporaneous phenomena as determinants of
inequality. Smoking, on the other hand, is an exposure whose
mortality effects accumulate over time and manifest decades
later, often with a 20- to 40-year lag. The increases in geographic
inequality in mortality today are due to changes in smoking
behaviors that largely took place in the 1980s through the
early 2000s. Even as smoking-attributable mortality declines, the
uneven geographic patterning of those declines has contributed
to growing geographic inequality.

While the popularity of cigarette smoking for the nation as
a whole followed a pattern of rapid uptake followed by decline
over the course of the 20th century, this process has occurred
unevenly within the country across regions and between metro
and nonmetro areas. The earliest data on smoking patterns date
from the mid-1950s and suggest that smoking prevalence was
higher in metropolitan than nonmetropolitan areas. At this time,
the difference in smoking prevalence between urban and rural
farm residents was around 11% points for men (52 vs. 41%)
and 16% points among women (26 vs. 10%) (30, 31). Regional
variation in smoking prevalence was fairly muted among men
during this period, although heavy smoking was most common
in the Northeast (31, 32). By the mid-1980s, however, smoking
had become heavily concentrated in the South among men. The
East South Central (35.8%), South Atlantic (34.4%), and West
South Central (33.9%) regions had the highest percentage of
men who were current smokers, while the Pacific region had
the lowest percentage (27.7%) (33). Among women, regional
differences were smaller. Smoking prevalence was highest in East
North Central (27.5%), New England (25.9%), and the South
Atlantic (25.3%), and lowest in the Pacific (22.4%) (33). There
was also a reversal in the metro/nonmetro gradient as smoking
prevalence declined in metro areas but either increased or stayed
the same in nonmetro areas from the mid-1990s through the
early 2000s (34). Between the mid-2000s and 2014, smoking
declined in nonmetro areas but at much slower rates than
in urban areas (30). For the past decade, current smokers in
nonmetro areas and regions of the South have been more likely
to have begun smoking at earlier ages (i.e., younger than age 16)
and to smoke more cigarettes per day (35, 36). Today, nonmetros
and parts of the South and Midwest are regarded as lagging
far behind the rest of the nation in terms of their progress in
reducing smoking and smoking-attributable mortality.

Several factors are thought to contribute to these patterns.
These include: fewer and later adoption of tobacco control
policies; the countering influence of the tobacco industry,
particularly in tobacco-growing areas concentrated in the South;
limited access to smoking cessation programs and interventions;
and socioeconomic conditions of these areas. Tobacco control
policies encompass a spectrum of policies such as excise taxes,
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media campaigns, and restrictions on smoking in public places
and have been found to be effective in reducing smoking
prevalence (37). However, nine of the ten states with the lowest
excise taxes in 2011 were located in the Midwest (East and
West North Central) and the South (South Atlantic, West South
Central, and East South Central) (38, 39). Of the 24 states
that lacked a comprehensive smoke-free law as of 2015, 17
were located in the South and Midwest (39). Studies have also
suggested that tobacco control policies may be much more
restricted in scope and less intense in nonmetropolitan areas
(30, 40).

Weak tobacco regulations, particularly in tobacco-growing
areas in the South, are thought to be related to their history
of economic dependence on tobacco coupled with intensive
tobacco industry influence. Nonmetros in these areas are
viewed as having been particularly dependent on tobacco, and
positive attitudes toward tobacco and smoking have persisted
(30). Studies have found that in major tobacco growing
regions, opposition to smoke-free laws and cigarette taxes was
concentrated among tobacco farmers, hospitality associations,
and tobacco companies. Tobacco companies sought to promote
a pro-tobacco culture and block tobacco-control policies dating
from the 1960s and continuing through the 1990s. These efforts
included mobilizing farmers growing flue-cured tobacco in the
South to block cigarette tax increases, highlighting the benefits
that tobacco has brought to these economies, and emphasizing
the threat tobacco-control policies pose to farmers and tax
revenues (41). One example comes from the Philip Morris
publication Smokers Advocate, which included the following as
part of an “action alert” to oppose a cigarette tax hike in 1990:
“At a time when tobacco is increasingly under attack throughout
the rest of the country, North Carolinians need to “circle the
wagons” and protect the economic future of as important a
crop as tobacco” (42). The RJ Reynolds company created a
“Pride in Tobacco” program in the late 1970s that focused
on opposing tobacco-control policies in North Carolina, South
Carolina, Wisconsin, Ohio, Kentucky, Virginia, and Tennessee.
It continued operating through the 1990s (41). As a result,
tobacco-growing parts of the South have been much slower to
adopt tobacco-control policies, and when they do adopt them,
they are more limited (e.g., less comprehensive coverage of
workplaces, restaurants, and bars and lower taxes).

Both smoking initiation and cessation influence the risk of
dying from a smoking-related cause of death and a population’s
level of smoking-attributable mortality. Nonmetro areas and
regions of the South and Midwest have experienced poor
socioeconomic conditions, in part related to deindustrialization.
Studies have highlighted that lower education levels and
knowledge of the health risks of smoking may be more prevalent
in these areas (30). Low absolute and relative levels of education
have been tied to high levels of mortality in the U.S. (43, 44).
Poor socioeconomic conditions and daily life stressors may lead
to smokers continuing to smoke as a form of stress relief (30).
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Qualitative studies of rural areas have documented a lack of
support for quitting smoking within rural social networks (45).
They have also found that the lack of alternative activities in
nonmetro areas coupled with few public smoking bans and
exposure to other smokers leads to both smoking initiation and
continued smoking (45, 46). Economic constraints and limited
access to smoking cessation programs and interventions also
pose barriers to smoking cessation in these areas. Coverage for
smoking cessation treatment services remains low, and some
rural smokers have reported perceiving that buying cigarettes
is less expensive than purchasing smoking cessation aides (34,
45). Smokers in nonmetropolitan areas may face particular
challenges due to lack of smoking cessation programs in
their local area, lack of mass media messaging about smoking
prevention and treatment, and lack of knowledge of existing
resources (34, 45). This is reflected in low use rates of smoking
cessation aides such as nicotine lozenges, inhalers, or sprays or
smoking cessation counseling in rural areas (45, 47).

Another class of explanations for the diverging life
expectancy trends driven by smoking is selection. The
populations of metropolitan and nonmetropolitan parts of the
country have undergone significant change related to selective
migration. More educated, healthier, well-to-do individuals
have tended to leave nonmetropolitan areas in favor of large
metros and their suburbs, meaning that those left behind in
nonmetropolitan areas are likely to be negatively select on these
same characteristics. Since education, underlying health, and
income and wealth all tend to be negatively associated with both
smoking and mortality, this form of selective migration is likely
to lead to faster improvements in metropolitan life expectancy
and either slower improvements or worsening of life expectancy
in nonmetropolitan areas. Cigarette smoking uptake also tends
to be concentrated in the teen years, so ones childhood place
of residence may matter just as much as where one currently
resides. Because of the likelihood that selective migration may be
driving some of the trends documented in this study, the results
cannot be interpreted as indicative of current place of residence
driving 100% of the observed trends. Rather, a host of factors,
including migration histories of a place’s current population,
determines mortality trends.

The main strengths of our study include the use of death
certificate data covering the entire US population and the
use of an indirect estimation method that captures the full
burden of mortality associated with cigarette smoking. There
are also several limitations to our study. It is possible that the
relationship between lung cancer and all-other-cause mortality
has changed over time, which would alter our results. This would
be possible if, for example, mortality from causes unrelated to
smoking has decreased over time, leading to a tighter, more
positive relationship between lung cancer and all-other-cause
mortality. We compute ancillary estimates taking into account
this change and find that it only minimally influences our
findings and does not change our substantive conclusions.

Frontiersin Public Health

10

10.3389/fpubh.2022.942842

Another potential concern is that our study focuses on ages
50+ and thus excludes smoking-related deaths below age 50.
While prior research has shown that the smoking-attributable
fraction is highly similar for ages 35+ relative to ages 50+
(23), we cannot rule out that smoking may also be important
in explaining geographic variation in mortality below age 50.
Estimates of the effect of smoking on life expectancy at birth
that do not take into account smoking-attributable under-
50 mortality are reported for the various geographic units
in Supplementary Tables S7, S8. A third limitation is that we
use only two measures of inequality: the metro/nonmetro life
expectancy gap and the index of dissimilarity. It is possible
that other measures of geographic inequality may yield different
estimates. Supplementary analyses (Supplementary Table S9)
indicate that our conclusions hold whether we use the index of
dissimilarity or other measures of inequality, including the Gini
coefficient and Theil’s index. Finally, this article examines how
increasing inequality is tied to smoking and does not examine
how the contribution of smoking to geographic inequality might
be related to racial and socioeconomic inequalities identified
in other studies (25, 48-50). These social inequalities may
act as mechanisms linking smoking and geographic inequality
in mortality, as more vulnerable groups tend to have higher
smoking-related mortality and are more concentrated in high-
mortality regions. We find that in some regions of the country,
rural areas lag behind in efforts to reduce smoking-attributable
mortality. If, in those regions, racial and ethnic minorities are
disproportionately concentrated in rural areas, we may expect
within-region racial/ethnic disparities to persist or widen. The
impacts of widening urban-rural inequality on racial/ethnic
disparities and vice versa are nevertheless difficult to predict,
since the composition of these areas has also changed over time,
likely in a manner that is selective on latent traits predictive
of mortality.

In debates surrounding inequality and mortality, researchers
have often cast increasing inequality as a natural consequence
of improvements in life expectancy. The most advantaged are
able to reap the benefits of new knowledge and technologies,
which in turn leads to increased inequality (51). What this study
adds to the existing literature is identification of metropolitan
status as a key dimension along which inequalities in smoking-
attributable mortality have emerged over the past three decades.
Differences between metropolitan and nonmetropolitan areas
are complex and not easily captured by socioeconomic
variables alone. Metropolitan status is a distinctly place-based
categorization that encompasses differences between areas in
their demographic, socioeconomic, environmental, cultural, and
health system characteristics (52). For example, the legacy
of economic dependence on tobacco and intensive tobacco
industry influence has contributed to positive attitudes toward
smoking and slower and more limited adoption of tobacco
control policies in tobacco-growing nonmetro areas in the South
(30,40, 41). It is not simply that people in nonmetropolitan areas

frontiersin.org


https://doi.org/10.3389/fpubh.2022.942842
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Hendi and Ho

are poorer or less educated, but rather that the characteristics
of these places themselves may lead to a greater burden of
smoking-attributable mortality.

The results of this paper suggest that a number of policies
can be implemented that would both increase life expectancy
and reduce geographic inequality. Cigarette taxes tend to be
higher in regions like the Northeast, which are also the areas
where smoking-attributable mortality has declined the most.
They tend to be lowest in states with large rural populations.
In additional analyses (Supplementary Table S10), we find that
states with lower cigarette tax rates experienced a greater metro-
nonmetro divergence over time in years of life lost to smoking
relative to states with higher taxes. Implementing higher
cigarette taxes in areas like the South and the Midwest has the
potential to reduce geographic inequality and metro/nonmetro
inequality in mortality and to contribute to further gains
in life expectancy (39, 53). Another potential set of policies
encompasses comprehensive smoke-free laws for public areas.
States that have not adopted these laws also tend to be
concentrated in the South and hold a disproportionate share
of the rural population (39). Similarly, tobacco retailer density
and tobacco marketing has become more concentrated in
rural parts of the country (54, 55). States with large rural
populations can implement policies that would restrict retail
tobacco growth, which would likely have the effect of decreasing
nonmetropolitan smoking rates at the national level. Given the
lag between smoking initiation or cessation and the mortality
effects of smoking, the impacts of instituting any of these policies
on reducing inequality would play out in the decades following
the implementation of the policies.

While some policies like cigarette taxation tend to have
the effect of reducing inequalities, others tend to do the
opposite. This may be because of differential implementation,
enforcement, and access to resources that make these programs
less effective in nonmetropolitan areas. For example, one
Kentucky-based study showed that smoke-free laws had
different impacts on air quality due to differential enforcement
(56). Nonmetros tend to have fewer smoking cessation programs
and interventions, and tobacco control policies tend to be more
restricted in scope in these areas (30, 40, 57). This would suggest
that the federal and state governments should explore the
possibility of targeting policies and smoking cessation resources
specifically toward nonmetropolitan areas in order to reduce
the disproportionate burden of smoking-attributable mortality
in nonmetros.

Though the imprint of cigarette smoking on mortality is
diminishing, new substances have emerged with the potential to
drive new health inequalities. According to the 2020 National
Youth Tobacco Survey, one-fifth of high school students are
current users of e-cigarettes, up from roughly one-tenth in
2017 (58, 59). E-cigarette use is more common in rural areas
at the national level, though there are important regional
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variations (60). The long-term health impacts of e-cigarette use
are not yet well-established, and it is possible e-cigarettes could
become new sources of premature mortality and inequalities in
mortality in future decades. Other substances, like marijuana
delivered through e-cigarettes, could also have long-term effects
on mortality. On the other hand, these products may displace
traditional cigarettes and thus have countervailing effects
on smoking-attributable mortality (61, 62). Future trends in
geographic inequality in mortality may be shaped by these new
health behaviors, much as today’s trends in inequality were
partly shaped by the smoking behavior of cohorts in decades
past. The findings of this paper and the emergence of these
new technologies underscore the need for continued monitoring
and coordinated efforts to prevent the uptake of potentially-
deleterious health behaviors.

Data availability statement

The original contributions presented in the study are
the further
inquiries can be directed to the corresponding author/s.

included in article/Supplementary materials,

Author contributions

AH and JH designed the study, analyzed and interpreted
the data, and drafted and revised the manuscript. AH was
responsible for submitting the manuscript for publication.
All authors contributed to the article and approved the
submitted version.

Funding

This research was supported by grants from the Eunice
Kennedy Shriver National Institute of Child Health and Human
Development (RO0 HD083519 and P2C HD047879) and the
National Institute on Aging (R01 AG060115).

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those

frontiersin.org


https://doi.org/10.3389/fpubh.2022.942842
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Hendi and Ho

of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

References

1. Arias E. United States Life Tables, 2010. Natl Vital Stat Rep. (2014) 63:1-63.

2. Arias E, Xu J. United States Life Tables, 2018. Natl Vital Stat Rep. (2020) 69:1-
45. doi: 10.15620/cdc:101128

3. Ho JY, Hendi AS. Recent trends in life expectancy across high
income  countries: retrospective  observational study. BMJ. (2018)
362:k2562. doi: 10.1136/bm;j.k2562

4. Elo IT, Hendi AS, Ho JY, Vierboom YC, Preston SH. Trends in non-hispanic
white mortality in the United States by metropolitan-nonmetropolitan status
and region, 1990-2016. Popul Dev Rev. (2019) 45:549-83. doi: 10.1111/padr.
12249

5. Fenelon A. Geographic divergence in mortality in the United States. Popul Dev
Rev. (2013) 39:611-34. doi: 10.1111/j.1728-4457.2013.00630.x

6. Probst J, Eberth JM, Crouch E. Structural urbanism contributes to
poorer health outcomes for rural America. Health Aff. (2019) 38:1976-
84. doi: 10.1377/hlthaff.2019.00914

7. Cossman JS, James WL, Cosby AG, Cossman RE. Underlying causes of
the emerging nonmetropolitan mortality penalty. Am ] Public Health. (2010)
100:1417-9. doi: 10.2105/AJPH.2009.174185

8. Dwyer-Lindgren L, Bertozzi-Villa A, Stubbs RW, Morozoff C, Mackenbach
JP, van Lenthe FJ, et al. Inequalities in life expectancy among Us Counties, 1980
to 2014: temporal trends and key drivers. JAMA Intern Med. (2017) 177:1003—
11. doi: 10.1001/jamainternmed.2017.0918

9. Singh GK, Siahpush M. Widening rural-urban disparities in
life expectancy, U.S., 1969-2009. Am ] Prev Med. (2014) 46:e19-
29. doi: 10.1016/j.amepre.2013.10.017

10. Vierboom YC, Preston SH, Hendi AS. Rising geographic
inequality in mortality in the United States. SSM Popul Health. (2019)
9:100478. doi: 10.1016/j.ssmph.2019.100478

11. Wang H, Schumacher AE, Levitz CE, Mokdad AH, Murray CJ. Left behind:
widening disparities for males and females in Us county life expectancy, 1985-2010.
Popul Health Metr. (2013) 11:8. doi: 10.1186/1478-7954-11-8

12. Montez JK, Zajacova A, Hayward MD. Explaining Inequalities in
Women’s Mortality between US States. SSM Popul Health. (2016) 2:561—
71. doi: 10.1016/j.ssmph.2016.07.004

13. Hiscock R, Bauld L, Amos A, Fidler JA, Munafé M. Socioeconomic
status and smoking: a review. Ann N Y Acad Sci. (2012) 1248:107-
23. doi: 10.1111/j.1749-6632.2011.06202.x

14. Kanjilal S, Gregg EW, Cheng YJ, Zhang P, Nelson DE, Mensah G, et al.
Socioeconomic status and trends in disparities in 4 major risk factors for
cardiovascular disease among Us Adults, 1971-2002. Arch Intern Med. (2006)
166:2348-55. doi: 10.1001/archinte.166.21.2348

15. Khang YH, Lynch JW, Jung-Choi K, Cho HJ. Explaining age-
specific inequalities in mortality from all causes, cardiovascular disease and
ischaemic heart disease among South Korean male public servants: relative
and absolute perspectives. Heart. (2008) 94:75-82. doi: 10.1136/hrt.2007.
117747

16. Khang YH, Lynch JW, Yang S, Harper S, Yun SC, Jung-Choi K, et al.
The contribution of material, psychosocial, and behavioral factors in explaining
educational and occupational mortality inequalities in a nationally representative
sample of South Koreans: relative and absolute perspectives. Soc Sci Med. (2009)
68:858-66. doi: 10.1016/j.socscimed.2008.12.003

17. Kivimaki M, Shipley MJ, Ferrie JE, Singh-Manoux A, Batty GD, Chandola T,
et al. Best-practice interventions to reduce socioeconomic inequalities of coronary
heart disease mortality in Uk: a prospective occupational cohort study. Lancet.
(2008) 372:1648-54. doi: 10.1016/S0140-6736(08)61688-8

18. Thomas S, Fayter D, Misso K, Ogilvie D, Petticrew M, Sowden A,
et al. Population tobacco control interventions and their effects on social
inequalities in smoking: systematic review. Tob Control. (2008) 17:230-
7. doi: 10.1136/tc.2007.023911

Frontiersin Public Health

10.3389/fpubh.2022.942842

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.942842/full#supplementary-material

19. Danaei G, Rimm EB, Oza S, Kulkarni SC, Murray CJ, Ezzati M. The promise
of prevention: the effects of four preventable risk factors on national life expectancy
and life expectancy disparities by race and county in the United States. PLoS Med.
(2010) 7:€1000248. doi: 10.1371/journal.pmed.1000248

20. Jha P, Peto R, Zatonski W, Boreham J, Jarvis MJ, Lopez AD. Social inequalities
in male mortality, and in male mortality from smoking: indirect estimation from
National Death Rates in England and Wales, Poland, and North America. Lancet.
(2006) 368:367-70. doi: 10.1016/S0140-6736(06)68975-7

21. Fenelon A, Preston SH. Estimating smoking-attributable mortality in the
United States. Demography. (2012) 49:797-818. doi: 10.1007/s13524-012-0108-x

22. US Department of Health and Human Services. The Health Consequences
of Smoking-—>50 Years of Progress: A Report of the Surgeon General. Atlanta, GA:
US Department of Health and Human Services, Centers for Disease Control and
Prevention (2014).

23. Preston SH, Glei DA, Wilmoth JR. A new method for estimating smoking-
attributable mortality in high-income countries. Int J Epidemiol. (2010) 39:430-
8. doi: 10.1093/ije/dyp360

24. Ezzati M, Lopez AD. Estimates of global mortality attributable to smoking in
2000. Lancet. (2003) 362:847-52. doi: 10.1016/S0140-6736(03)14338-3

25. Ho JY, Elo IT. The contribution of smoking to black-white differences in US.
Mortal Demogr. (2013) 50:545-68. doi: 10.1007/s13524-012-0159-z

26. Duncan OD, Duncan B. Residential distribution and occupational
stratification. Am J Sociol. (1955) 60:493-503. doi: 10.1086/221609

27. Massey DS, Denton NA. The dimensions of residential segregation. Social
Forces. (1988) 67:281-315. doi: 10.2307/2579183

28. Vierboom YC, Preston SH. Life beyond 65: changing spatial patterns of
survival at older ages in the United States, 2000-2016. Jo Gerontol Series B. (2020)
75:1093-103. doi: 10.1093/geronb/gbz160

29. Burns DM, Lee L, Shen LZ, Gilpin E, Tolley HD, Vaughn J, et al. Cigarette
Smoking Behavior in the United States. Changes in Cigarette-Related Disease Risks
and Their Implication for Prevention and Control. Bethesda, MD: U.S. Department
of Health and Human Services; National Institutes of Health, National Cancer
Institute (1997). p. 13-42.

30. Doogan NJ, Roberts ME, Wewers ME, Stanton CA, Keith DR, Gaalema DE,
et al. A growing geographic disparity: rural and urban cigarette smoking trends in
the United States. Prev Med. (2017) 104:79-85. doi: 10.1016/j.ypmed.2017.03.011

31. Haenszel W, Shimkin MB, Miller HP. Tobacco smoking patterns in the
United States. Public Health Monogr. (1956) 45:1-105.

32. Devesa SS, Grauman DJ, Blot W], Fraumeni JE, Jr. Cancer surveillance series:
changing geographic patterns of lung cancer mortality in the United States, 1950
through 1994. ] Natl Cancer Inst. (1999) 91:1040-50. doi: 10.1093/jnci/91.12.1040

33. Marcus AC, Shopland DR, Crane LA, Lynn WR. Prevalence of cigarette
smoking in the United States: estimates from the 1985 current population survey.
J Natl Cancer Inst. (1989) 81:409-14. doi: 10.1093/jnci/81.6.409

34. Doescher MP, Jackson JE, Jerant A, Gary Hart L. Prevalence and
trends in smoking: a national rural study. J Rural Health. (2006) 22:112-
8. doi: 10.1111/j.1748-0361.2006.00018.x

35. Schoenborn CA, Adams PF, Barnes PM, Vickerie JL, Schiller JS. Health
behaviors of adults: United States, 1999-2001. Vital Health Stat. (2004) 10:1-
79. doi: 10.1037/e378902004-001

36. Schoenborn CA, Adams PE Peregoy JA. Health behaviors of adults:
United States, 2008-2010. Vital Health Stat. (2013) 10:1-184.

37. Farrelly MC, Pechacek TE, Thomas KY, Nelson D. The impact of tobacco
control programs on adult smoking. Am ] Public Health. (2008) 98:304-
9. doi: 10.2105/AJPH.2006.106377

38. Cokkinides V, Bandi P, McMahon C, Jemal A, Glynn T, Ward E. Tobacco
control in the United States—Recent Progress and Opportunities. CA Cancer J Clin.
(2009) 59:352-65. doi: 10.3322/caac.20037

frontiersin.org


https://doi.org/10.3389/fpubh.2022.942842
https://www.frontiersin.org/articles/10.3389/fpubh.2022.942842/full#supplementary-material
https://doi.org/10.15620/cdc:101128
https://doi.org/10.1136/bmj.k2562
https://doi.org/10.1111/padr.12249
https://doi.org/10.1111/j.1728-4457.2013.00630.x
https://doi.org/10.1377/hlthaff.2019.00914
https://doi.org/10.2105/AJPH.2009.174185
https://doi.org/10.1001/jamainternmed.2017.0918
https://doi.org/10.1016/j.amepre.2013.10.017
https://doi.org/10.1016/j.ssmph.2019.100478
https://doi.org/10.1186/1478-7954-11-8
https://doi.org/10.1016/j.ssmph.2016.07.004
https://doi.org/10.1111/j.1749-6632.2011.06202.x
https://doi.org/10.1001/archinte.166.21.2348
https://doi.org/10.1136/hrt.2007.117747
https://doi.org/10.1016/j.socscimed.2008.12.003
https://doi.org/10.1016/S0140-6736(08)61688-8
https://doi.org/10.1136/tc.2007.023911
https://doi.org/10.1371/journal.pmed.1000248
https://doi.org/10.1016/S0140-6736(06)68975-7
https://doi.org/10.1007/s13524-012-0108-x
https://doi.org/10.1093/ije/dyp360
https://doi.org/10.1016/S0140-6736(03)14338-3
https://doi.org/10.1007/s13524-012-0159-z
https://doi.org/10.1086/221609
https://doi.org/10.2307/2579183
https://doi.org/10.1093/geronb/gbz160
https://doi.org/10.1016/j.ypmed.2017.03.011
https://doi.org/10.1093/jnci/91.12.1040
https://doi.org/10.1093/jnci/81.6.409
https://doi.org/10.1111/j.1748-0361.2006.00018.x
https://doi.org/10.1037/e378902004-001
https://doi.org/10.2105/AJPH.2006.106377
https://doi.org/10.3322/caac.20037
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Hendi and Ho

39. Tynan MA, Holmes CB, Promoff G, Hallett C, Hopkins M, Frick
B. State and local comprehensive smoke-free laws for worksites, restaurants,
and bars - United States, 2015. Morb Mortal Wkly Rep. (2016) 65:623—
6. doi: 10.15585/mmwr.mm6524a4

40. York NL, Rayens MK, Zhang M, Jones LG, Casey BR, Hahn EJ. Strength
of tobacco control in rural communities. /| Rural Health. (2010) 26:120-
8. doi: 10.1111/§.1748-0361.2010.00273.x

41. Fallin A, Glantz SA. Tobacco-control
growing states: where tobacco was king. Milbank Q.
58. doi: 10.1111/1468-0009.12124

42. Philip Morris USA. Action Alert: Legislators Likely to Call for Tobacco Tax
Hikes to Bail out State Economy. New York, NY: Smokers” Advocate (1990).

policies in tobacco-
(2015) 93:319-

43. Hendi AS. Trends in education-specific life expectancy, data quality, and
shifting education distributions: a note on recent research. Demography. (2017)
54:1203-13. doi: 10.1007/s13524-017-0574-2

44. Hendi AS. Trends in US. life
role of changing educational composition.
44:946-55. doi: 10.1093/ije/dyv062

45. Hutcheson TD, Greiner KA, Ellerbeck EF, Jeffries SK, Mussulman LM, Casey
GN. Understanding smoking cessation in rural communities. /] Rural Health.
(2008) 24:116-24. doi: 10.1111/j.1748-0361.2008.00147.x

46. Spivak AL, Givel MS, Monnat SM. Self-interest and public opinion in health
policy: smoking behavior and support for tobacco control. Soc Theory Health.
(2018) 16:20-43. doi: 10.1057/s41285-017-0041-6

47. Wewers ME, Stillman FA, Hartman AM, Shopland DR. Distribution of daily
smokers by stage of change: current population survey results. Prev Med. (2003)
36:710-20. doi: 10.1016/S0091-7435(03)00044-6

48. Hendi AS, Elo IT, Martikainen P. The implications of changing
education distributions for life expectancy gradients. Soc Sci Med. (2021)
272:113712. doi: 10.1016/j.socscimed.2021.113712

expectancy gradients: the
Int ] Epidemiol. (2015)

49. Ho JY, Fenelon A. The contribution of smoking to educational
gradients in US life expectancy. ] Health Soc Behav. (2015) 56:307—
22. doi: 10.1177/0022146515592731

50. Denney JT, Rogers RG, Hummer RA, Pampel FC. Education inequality in
mortality: the age and gender specific mediating effects of cigarette smoking. Soc
Sci Res. (2010) 39:662-73. doi: 10.1016/j.ssresearch.2010.02.007

51. Link BG, Phelan J. Social conditions as fundamental causes of disease. J
Health Soc Behav. (1995) 80-94. doi: 10.2307/2626958

Frontiersin Public Health

13

10.3389/fpubh.2022.942842

52. Moy E, Garcia MC, Bastian B, Rossen LM, Ingram DD, Faul M, et al.
Leading causes of death in nonmetropolitan and metropolitan areas- United States,
1999-2014. MMWR Surveill Summ. (2017) 66:1-8. doi: 10.15585/mmwr.ss6
601al

53. Bowser D, Canning D, Okunogbe A. The impact of tobacco taxes
on mortality in the USA, 1970-2005. Tob Control. (2016) 25:52-9.
doi: 10.1136/tobaccocontrol-2014-051666

54. Hall J, Cho HD, Maldonado-Molina M, George TJ, Shenkman EA,
Salloum RG. Rural-urban disparities in tobacco retail access in the Southeastern
United States: Cvs Vs. The Dollar Stores. Prev. Med. Reports. (2019)
15:100935. doi: 10.1016/j.pmedr.2019.100935

55. Henriksen L, Schleicher NC, Johnson TO, Roeseler A,
Zhu SH. Retail tobacco marketing in rural versus nonrural
counties: product availability, discounts, and prices. Health Promot
Pract. (2020) 21(1_suppl.):27s-36s. doi: 10.1177/15248399198
88652

56. Lee K, Hahn EJ, Pieper N, Okoli CT, Repace J, Troutman A. Differential
impacts of smoke-free laws on indoor air quality. J Environ Health. (2008) 70:24-
30, 54.

57. American Lung Association. Cutting Tobacco’s Rural Roots: Tobacco Use in
Rural Communities. Washington, DC (2012).

58. Gentzke AS, Wang TW, Jamal A, Park-Lee E, Ren C, Cullen KA, et al.
Tobacco product use among middle and high school students - United States,
2020. Morb Mortal Wkly Rep. (2020) 69:1881-8. doi: 10.15585/mmwr.mm
6950al

59. Wang TW, Gentzke A, Sharapova S, Cullen KA, Ambrose BK, Jamal A.
Tobacco product use among middle and high school students - United States,
2011-2017. Morb Mortal Wkly Rep. (2018) 67:629-33. doi: 10.15585/mmwr.mm
6722a3

60. Mumford EA, Stillman FA, Tanenbaum E, Doogan NJ, Roberts ME, Wewers
ME, et al. Regional rural-urban differences in e-cigarette use and reasons for
use in the United States. ] Rural Health. (2019) 35:395-404. doi: 10.1111/jrh.
12333

61. National Academies of Sciences E-cigarettes and Medicine. Public
Health Consequences of E-Cigarettes. Washington, DC: The National Academies
Press (2018).

62. Selya AS, Foxon F. Trends in electronic cigarette use and conventional
smoking: quantifying a possible ’diversion’ effect among Us adolescents. Addiction.
(2021) 116:1848-58. doi: 10.1111/add.15385

frontiersin.org


https://doi.org/10.3389/fpubh.2022.942842
https://doi.org/10.15585/mmwr.mm6524a4
https://doi.org/10.1111/j.1748-0361.2010.00273.x
https://doi.org/10.1111/1468-0009.12124
https://doi.org/10.1007/s13524-017-0574-2
https://doi.org/10.1093/ije/dyv062
https://doi.org/10.1111/j.1748-0361.2008.00147.x
https://doi.org/10.1057/s41285-017-0041-6
https://doi.org/10.1016/S0091-7435(03)00044-6
https://doi.org/10.1016/j.socscimed.2021.113712
https://doi.org/10.1177/0022146515592731
https://doi.org/10.1016/j.ssresearch.2010.02.007
https://doi.org/10.2307/2626958
https://doi.org/10.15585/mmwr.ss6601a1
https://doi.org/10.1136/tobaccocontrol-2014-051666
https://doi.org/10.1016/j.pmedr.2019.100935
https://doi.org/10.1177/1524839919888652
https://doi.org/10.15585/mmwr.mm6950a1
https://doi.org/10.15585/mmwr.mm6722a3
https://doi.org/10.1111/jrh.12333
https://doi.org/10.1111/add.15385
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Smoking and the widening inequality in life expectancy between metropolitan and nonmetropolitan areas of the United States
	Introduction
	Materials and methods
	Data
	Analytic approach

	Results
	Changes in the index of dissimilarity

	Discussion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


