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Abstract This study examined disparities in lung cancer
mortality rates among US men and women in metropolitan
and non-metropolitan areas from 1950 through 2007.
Annual age-adjusted mortality rates were calculated for
men and women in metropolitan and non-metropolitan
areas, and differences in mortality rates were tested for
statistical significance. Log-linear regression was used to
model annual rates of change in mortality over time, while
Poisson regression was used to estimate relative risk after
adjusting for age, sex, deprivation, and urbanization levels.
Urbanization patterns in lung cancer mortality changed
dramatically between 1950 and 2007. Compared to men in
metropolitan areas, men aged 25-64 years in non-metro-
politan areas had significantly lower lung cancer mortality
rates from 1950 to 1977 and men aged >65 years in non-
metropolitan areas had lower mortality rates from 1950 to
1985. Differentials began to reverse and widen by the mid-
1980s for men and by the mid-1990s for younger women.
In 2007, compared to their metropolitan counterparts, men
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aged 25-64 and >65 years in non-metropolitan areas had
49 and 19% higher lung cancer mortality and women aged
25-64 and >65 years in non-metropolitan areas had 32 and
4% higher lung cancer mortality, respectively. Although
adjustment for deprivation levels reduced excess lung
cancer mortality risk among those in non-metropolitan
areas, significant rural-urban differences remained. Rural—
urban patterns reversed because of faster and earlier
reductions in lung cancer mortality among men and women
in metropolitan areas. Temporal trends in rural-urban
disparities in lung cancer mortality appear to be consistent
with those in smoking.

Keywords Urbanization - Metropolitan -
Nonmetropolitan - Lung cancer mortality -
Deprivation - Age - Sex - Time trend

Introduction

Lung cancer is the leading cause of cancer death in the
United States [1-3]. In 2007, 158,760 Americans died from
lung cancer, which accounted for 28.2% of all cancer
deaths and 6.6% of all US deaths [2]. US lung cancer
mortality rates have risen dramatically in the past 6 dec-
ades, especially among women whose mortality rates
increased from 5.9 deaths per 100,000 in 1950 to 40.0 in
2007 [1, 4].

Trends in lung cancer mortality are routinely analyzed
according to age, sex, and race in the United States [2—4].
A few studies have also examined long-term trends in US
lung cancer mortality according to socioeconomic status
[1, 5]. However, the extent to which disparities in lung
cancer mortality rates between metropolitan and non-
metropolitan areas have changed over time has not been
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studied. Since the prevalence of smoking, a major deter-
minant of lung cancer, varies substantially between rural
and urban areas [6, 7], lung cancer mortality is also
expected to vary by urbanization levels.

Examining temporal patterns is important because it
allows us to track progress toward reducing social group
disparities in lung cancer mortality, such as those between
metropolitan and non-metropolitan areas [1, 5]. Temporal
analysis may also provide important insights into the dif-
ferential impact of smoking prevention, cessation, and
tobacco control programs among rural and urban popula-
tions since cigarette smoking is the most prominent cause
of lung cancer, accounting for approximately 90% of all
lung cancer deaths in the US [1].

In this study, we use a county-based rural-urban vari-
able linked to national mortality data to examine the extent
to which differences in lung cancer mortality among US
men and women in metropolitan and non-metropolitan
areas have changed during the past six decades. We also
examine whether trends in rural-urban disparities in lung
cancer mortality differ by age and sex. Additionally, we
analyze rural-urban patterns in lung cancer mortality over
time after adjusting for differences in socioeconomic
deprivation levels.

Methods

To analyze rural-urban disparities in lung cancer mortality
over time, we used the national vital statistics mortality
database [2, 4, 8]. Since the national mortality database
does not allow the direct computation of mortality rates for
people in rural and urban areas, a county-based rural-urban
continuum variable was linked to the annual age-sex-
county-specific mortality statistics from 1950 through 2007
[9-12]. The 1993 rural-urban continuum codes were used
to analyze mortality data from 1950 to 1998, whereas the
2003 rural-urban definition was used to compute mortality
rates from 1999 to 2007 [9, 10, 12]. Each of the 3,141
counties in the mortality database was assigned one of the
two metropolitan-nonmetropolitan categories.

The rural-urban continuum variable was first developed
in 1993 and revised in 2003 by the US Department of
Agriculture [9—-12]. This variable classifies all US counties
into 9 distinct urban—rural groups, based on the population
size of the counties and their proximity to metropolitan
areas [9-12]. For this study, we used two broad groups of
metropolitan and non-metropolitan counties [12]. The
metropolitan category includes large metro counties of a
million people or more as well as smaller metropolitan
counties of population <250,000. The non-metropolitan
category includes small urban towns of population <20,000
as well as rural towns with a population of <2,500, which

may or may not be adjacent to a metropolitan area [10, 12].
In 2007, there were 2,051 non-metropolitan and 1,090
metropolitan counties. The metropolitan and non-metro-
politan areas accounted for 83 and 17% of the total US
population in 2007, respectively [10, 12].

Age-sex-county-specific population estimates from 1950
to 2007, developed by the US Census Bureau, served as
denominators for computing annual mortality rates [2, 4,
13]. Between 1950 and 2007, an estimated 9,597,467 lung
cancer deaths occurred in the US. Mortality rates for the
metropolitan and non-metropolitan categories were age-
adjusted by the direct method using the age composition of
the 2000 US population as the standard and age-specific
mortality rates for 19 age groups: <1, 1-4, 5-9, ..., 80-84,
85+ years [1-3].

Annual age-adjusted lung cancer mortality rates were
calculated for men and women of all ages and for those
aged 25-64 and >65 years in both metropolitan and non-
metropolitan areas. Age-specific analyses were conducted
to identify differential patterns in mortality for the two
broad age cohorts [1]. Log-linear regression models were
used to estimate annual rates of change in mortality trends
in metropolitan and non-metropolitan areas [14, 15]. By
visually inspecting the trends in mortality rates for various
socio-demographic groups, we identified successive seg-
ments of time within which log-linear models were fitted to
estimate the magnitude of an increase or decrease in
mortality. Specifically, within each time segment, the
logarithm of the mortality rates were modeled as a linear
function of time (calendar year), which yielded annual
exponential rates of change in mortality rates [14, 15].
Metropolitan-nonmetropolitan disparities in mortality were
described by rate ratios or relative risks, which were tested
for statistical significance at the 0.05 level [1, 5, 12].

In order to examine whether lung cancer mortality dif-
ferences between metropolitan and non-metropolitan areas
can be explained by socioeconomic differences, we used a
composite, area-based deprivation index that was linked to
national mortality data at the county level. The deprivation
index consisted of 11 census-based social indicators, which
may be viewed as broadly representing material and social
conditions and relative socioeconomic disadvantage in a
given county [16]. Selected indicators of education, occu-
pation, wealth, income distribution, unemployment rate,
poverty rate, and housing quality were used to construct the
index [16]. We linked the 1970 deprivation index to mor-
tality data from 1950 to 1998 and the 2000 deprivation
index to mortality data from 1999 to 2007. Substantive and
methodological details of the US deprivation index are
provided elsewhere [14, 16—18].

For each calendar year or time period between 1950
and 2007, we modeled lung cancer mortality as a func-
tion of age distribution, sex, deprivation quintiles, and
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metropolitan-nonmetropolitan residence. We used Poisson
regression models, as estimated by the SAS GENMOD
procedure, to estimate relative risks of lung cancer mor-
tality among those in non-metropolitan areas compared to
metropolitan residents after adjusting for deprivation levels
[19].

Results

Urbanization patterns in lung cancer mortality changed
dramatically between 1950 and 2007 (Figs. 1, 2). In 1950,
the lung cancer mortality rate for persons living in non-
metropolitan areas was 10.7 deaths per 100,000 population,
which was 33% lower (RR = 0.67; 95% CI = 0.64-0.69)
than the rate of 16.1 for those in metropolitan areas.
Although the differences in mortality narrowed over time,
persons in non-metropolitan areas continued to have lower
lung cancer mortality risks through the mid-1980s. How-
ever, by the early 1990s, differences began to reverse and
widen, with those in non-metropolitan areas having sig-
nificantly higher lung cancer mortality risks (Figs. 1, 2). In
2007, the age-adjusted lung cancer mortality rate for per-
sons in non-metropolitan areas was 58.7 per 100,000
population, 20% higher than the rate of 48.7 for those in
metropolitan areas (RR = 1.20; 95% CI = 0.19-0.22).

Temporal trends in lung cancer mortality in metropoli-
tan and non-metropolitan areas differed by age and sex.
Compared to men in metropolitan areas, men aged 25-64
in non-metropolitan areas had significantly lower lung
cancer mortality rates from 1950 to 1977 and men aged
>65 in non-metropolitan areas had lower lung cancer
mortality rates from 1950 to 1985. Differentials reversed
and started to widen by the mid-1980s for men and by the
mid-1990s for younger women. In 2007, compared to their
metropolitan counterparts, men aged 25-64 and >65 years
in nonmetropolitan areas had 49% higher (RR = 1.49;
95% CI = 1.45-1.53) and 19% higher (RR = 1.19; 95%
CI = 1.17-1.22) lung cancer mortality, and women aged
25-64 and >65 years in non-metropolitan areas had 32%
higher (RR = 1.32; 95% CI = 1.28-1.37) and 4% higher
(RR = 1.04; 95% CI = 1.02-1.06) lung cancer mortality,
respectively.

During 1950-1980, lung cancer mortality among men
aged 25-64 increased at 4.16% per year in non-metropol-
itan areas, significantly faster than the annual rate of
increase of 2.53% in metropolitan areas (Table 1). More-
over, during 1981-2007, mortality fell at a more rapid pace
for men aged 25-64 in metropolitan than in non-metro-
politan areas, with the annual rates of decline in mortality
being 3.12 and 1.69%, respectively. Among women aged
25-64, lung cancer mortality in metropolitan and non-
metropolitan areas rose, respectively, by 5.6 and 5.9%
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annually during 1950-1990. However, while lung cancer
mortality declined further by 2.24% annually during
1991-2007 for women in metropolitan areas, the mortality
rate for women aged 25-64 in nonmetropolitan areas lev-
eled off during the same period (Table 1; Fig. 1).

Lung cancer mortality among men aged >65 years
increased at a faster pace during 1950-1991 in non-
metropolitan areas than in metropolitan areas (Table 1).
The decline in mortality among elderly men during
1991-2007 was also more pronounced in metropolitan than
in non-metropolitan areas. Among women aged >65 years,
lung cancer mortality increased consistently throughout the
1950-2007 period at an annual rate of 4.9% in metropol-
itan areas and at a rate of 5.1% in non-metropolitan areas
(Table 1).

Temporal disparities in lung cancer mortality between
metropolitan and non-metropolitan areas after adjusting for
age, sex, socioeconomic deprivation are shown in Table 2.
Regardless of deprivation levels, persons in non-metro-
politan areas had 33% lower risk of lung cancer mortality
in 1950 than metropolitan residents. Differences in relative
risk became smaller over time, and rural-urban patterns in
mortality, after taking into account deprivation, reversed in
2003-2007, with those in non-metropolitan areas having a
5% higher risk of lung cancer mortality than those in
metropolitan areas. In 2003-2007, adjustment for depri-
vation reduced higher mortality risk in non-metropolitan
areas (relative to metropolitan areas) from 1.15 to 1.05 for
the total population, from 1.23 to 1.05 for males, from 1.05
to 1.04 for females, from 1.35 to 1.11 for those aged
25-64 years, and from 1.08 to 1.03 for those aged
>65 years (data not shown).

Discussion

In this study, we examined long-term trends in metropo-
litan-nonmetropolitan disparities in US lung cancer mor-
tality from 1950 through 2007. To our knowledge, this is
first US study to systematically analyze temporal dispari-
ties in age- and sex-specific lung cancer mortality rates by
urbanization level while taking into account differences in
deprivation level.

The temporal analysis shows the dynamic nature of
rural-urban disparities in US lung cancer mortality. In the
1950s, men and women in metropolitan areas had markedly
higher lung cancer mortality rates than their non-metro-
politan counterparts. Because of faster and earlier reduc-
tions in mortality among men and women in metropolitan
areas, rural-urban patterns in lung cancer mortality
reversed over time. In 2007, men and women in metro-
politan areas had significantly lower lung cancer mortality
rates than their non-metropolitan counterparts. Shifts in
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urbanization patterns in lung cancer mortality were more
marked for men and women aged 25-64 than for those
aged >65 years. Although lung cancer mortality has

increased at a much faster pace among women than among
men in the past 6 decades [I, 4], it is important to
emphasize that men in both metropolitan and non-
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metropolitan areas continue to maintain at least a 58% Metropolitan and non-metropolitan areas of the US

higher lung cancer mortality risk than their female coun-
terparts [2, 4].
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differ substantially in their socioeconomic characteristics
[10, 12]. The 2000 census data indicate higher poverty and
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Table 1 Average annual exponential rates of change (%) for lung cancer mortality trends by age, sex, and metropolitan/non-metropolitan area,

United States, 1950-2007

Time period

Annual rate of change (%)
and 95% confidence interval

Time period Annual rate of change (%)

and 95% confidence interval

Both sexes, all ages

Metropolitan area 1950-1991 3.31 (3.12-3.50)

Non-metropolitan area 1950-1991 4.31 (4.10-4.52)
Both sexes, age 25-64 Years

Metropolitan area 1950-1990 2.46 (2.23-2.70)

Non-metropolitan area 1950-1990 3.53 (3.26-3.79)
Both sexes, age 65+ years

Metropolitan area 1950-2007 2.97 (2.70-3.23)

Non-metropolitan area 1950-2007 3.89 (3.61-4.16)
Men, all ages

Metropolitan area 1950-1990 3.06 (2.75-3.36)

Non-metropolitan area 1950-1990 4.46 (4.13-4.80)
Men, age 25-64 years

Metropolitan area 1950-1980 2.53 (2.28-2.79)

Non-metropolitan area 1950-1980 4.16 (3.83-4.49)
Men, age 65+ years

Metropolitan area 1950-1991 3.99 (3.62-4.35)

Non-metropolitan area 1950-1991 5.53 (5.17-5.89)
Women, all ages

Metropolitan area 1950-2002 4.75 (4.47-5.02)

Non-metropolitan area 1950-2002 5.03 (4.80-5.26)
Women, age 25-64 years

Metropolitan area 1950-1990 5.62 (5.27-5.96)

Non-metropolitan area 1950-1990 5.93° (5.63-6.23)
Women, age 65+ years

Metropolitan area 1950-2007 4.93 (4.66-5.21)

Non-metropolitan area 1950-2007 5.06 (4.80-5.31)

1992-2007 —1.29 (=142 to —1.17)
1992-2007 —0.19 (—=0.30 to —0.09)
1991-2007 —3.24 (=333 to —3.15)
1991-2007 —1.37 (=158 to —1.17)
1991-2007 —2.25 (=234 to —2.15)
1991-2007 —1.26 (=136 to —1.17)
1981-2007 —3.12* (—3.38 to —2.85)
1981-2007 —1.69 (—1.91 to —1.48)
1992-2007 —1.68 (—1.81 to —1.56)
1992-2007 —0.94 (—1.12 to —0.77)
2003-2007 —1.24 (—1.40 to —1.08)
2003-2007 0.79 (0.29 to 1.28)
1991-2007 —2.24 (=236 to —2.13)
1991-2007 —0.07 (=027 to 0.14)

Log-linear regression models were used to estimate annual rates of change for each demographic group within each time segment

* The lung cancer mortality rate for men aged 25-64 in metropolitan areas decreased on average by 3.12% per year during 1981-2007

° The lung cancer mortality rate for women aged 25-64 in non-metropolitan areas increased on average by 5.93% per year during 1950-1990

unemployment rates and lower median family incomes in
non-metropolitan areas compared to metropolitan areas
[10, 12]. However, as shown in Table 2, socioeconomic
differences only partly account for the rural-urban differ-
ences in lung cancer mortality. Significant differences in
lung cancer mortality remained even after the deprivation
adjustment. For example, for the most recent period
2003-2007, although rural residents within the most
affluent area group did not differ from their urban coun-
terparts in their lung cancer mortality rates, rural residents
did have significantly higher mortality rates in more
deprived groups compared to urban residents. Within the
most deprived area group, the age-adjusted lung cancer
mortality rate in non-metropolitan areas during 2003-2007
was 66.7 per 100,000 population, 47% higher than the rate
of 45.3 in metropolitan areas (data not shown).

Trends in rural-urban disparities appear to follow the
course of temporal socioeconomic disparities in lung can-
cer mortality, which, as shown here and elsewhere,
underwent a reversal and widening of the socioeconomic
gradient between 1950 and 2007, with those in more
deprived groups currently showing significantly higher
mortality risks [1, 5]. The reversal and subsequent widen-
ing of metropolitan-nonmetropolitan disparities in lung
cancer mortality since the 1980s may reflect changing
rural-urban patterns in smoking behaviors over the long-
term [1]. Unfortunately, rural-urban patterns in smoking
prevalence are not available prior to 1976. According to
our analysis of the 1976 National Health Interview Survey
(NHIS) data, higher smoking rates were found among
persons living in metropolitan and more urbanized areas
[20]. In 1976, the current smoking prevalence among
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Table 2 Adjusted relative risks (RR) of lung cancer mortality derived from Poisson regression models according to metropolitan-non-
metropolitan residence and socioeconomic deprivation quintiles, United States, 1950-2007

Year Nonmetropolitan versus Most deprived versus Year Nonmetropolitan versus Most deprived versus
metropolitan area least deprived group metropolitan area least deprived group
RR 95% CI RR 95% CI RR 95% CI RR 95% CI

1950 0.67 0.64 0.70 0.80 0.73 0.87

1951 0.68 0.66 0.71 0.83 0.76 0.89 1976 0.83 0.82 0.85 1.04 1.01 1.08
1952 0.68 0.65 0.71 0.77 0.71 0.83 1977 0.84 0.83 0.86 1.09 1.05 1.13
1953 0.70 0.67 0.73 0.84 0.78 0.90 1978 0.84 0.83 0.86 1.09 1.06 1.13
1954 0.72 0.69 0.74 0.88 0.83 0.95 1979 0.85 0.83 0.86 1.09 1.06 1.13
1955 0.70 0.67 0.72 0.85 0.79 0.91 1980 0.86 0.85 0.88 1.07 1.04 1.11
1956 0.70 0.68 0.73 0.90 0.84 0.96 1981 0.85 0.84 0.87 1.14 1.10 1.17
1957 0.73 0.70 0.75 0.86 0.81 0.92 1982 0.86 0.85 0.88 1.14 1.11 1.17
1958 0.73 0.71 0.75 0.85 0.80 091 1983 0.87 0.86 0.88 1.10 1.07 1.14
1959 0.72 0.70 0.74 0.93 0.88 0.99 1984 0.88 0.87 0.90 1.13 1.10 1.17
1960 0.72 0.70 0.74 0.93 0.88 0.98 1985 0.89 0.87 0.90 1.12 1.08 1.15
1961 0.72 0.70 0.74 0.95 0.90 1.00 1986 0.90 0.89 0.92 1.14 1.11 1.17
1962 0.74 0.72 0.76 0.97 0.92 1.02 1987 0.89 0.88 0.90 1.19 1.16 1.22
1963 0.75 0.73 0.77 0.99 0.94 1.04 1988 0.92 0.90 0.93 1.18 1.15 1.21
1964 0.74 0.72 0.76 0.99 0.95 1.05 1989 0.92 0.90 0.93 1.19 1.16 1.22
1965 0.74 0.72 0.76 1.02 0.97 1.07 1990 0.92 0.90 0.93 1.22 1.19 1.25
1966 0.75 0.73 0.77 1.03 0.99 1.08 1991 0.93 0.91 0.94 1.19 1.16 1.22
1967 0.75 0.73 0.77 1.05 1.00 1.10 1992 0.94 0.93 0.95 1.19 1.16 1.22
1968 0.77 0.75 0.79 1.02 0.97 1.06 1993 0.93 0.92 0.95 1.21 1.18 1.24
1969 0.79 0.77 0.81 1.05 1.01 1.10 1994 0.94 0.92 0.95 1.23 1.20 1.26
1970 0.79 0.77 0.81 1.07 1.03 1.12 1995 0.94 0.93 0.96 1.21 1.18 1.24
1971 0.81 0.79 0.83 1.09 1.04 1.13 1996 0.94 0.93 0.95 1.22 1.19 1.25
1972 0.80 0.78 0.82 1.05 1.01 1.09 1997 0.96 0.95 0.98 1.25 1.22 1.28
1973 0.83 0.81 0.85 1.07 1.03 1.11 1998 0.98 0.97 1.00 1.21 1.18 1.24
1974 0.81 0.79 0.82 1.11 1.07 1.15 1999-2002  1.00 0.99 1.00 1.16 1.15 1.18
1975 0.84 0.82 0.85 1.06 1.02 1.10 2003-2007  1.05 1.04 1.06 1.20 1.18 1.21

Poisson regression models were fitted for each calendar year or time period and included such covariates as age, sex, socioeconomic deprivation

quintiles, and metropolitan-nonmetropolitan residence

adults aged >20 years was 37.8% for persons living in
central cities of metropolitan areas, 36.5% for persons
living outside the central cities in metropolitan areas,
36.5% for persons living in nonfarm residences outside
metropolitan areas, and 25.1% for persons living on farms
[20]. Contemporary NHIS data indicate changing rural-
urban patterns in smoking prevalence, with smoking rates
being currently higher among men and women in non-
metropolitan areas than in metropolitan areas and smoking
prevalence increasing in relation to increasing levels of
rurality [6, 7]. In 2008, for example, current smoking
prevalence was 18.1% in large metropolitan areas, 21.7%
in small metropolitan areas, and 26.1% in non-metropolitan
areas [7]. Besides current smoking rates, metropolitan-
nonmetropolitan disparities in lung cancer mortality may
also reflect rural-urban differences in tobacco regula-
tion and advertising, availability of cigarettes, and public
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awareness of the harmful health effects of smoking [5, 21].
In 2006-2007, for example, 80.6% of adults in metropol-
itan areas reported home smoking bans, compared to
71.4% of adults in nonmetropolitan areas [21].

Although we wused the broad metropolitan-non-
metropolitan classification to analyze long-term trends, it is
important to note that, within each broad category, lung
cancer mortality rates do vary according to urbanization
levels. Based on our analysis (not shown here), lung cancer
mortality rates currently increase with increasing levels of
rurality or decreasing levels of urbanization. For example,
within the broader metropolitan category, men in medium and
small metropolitan counties in 2007 had 12 and 19% higher
lung cancer mortality than men in large metropolitan counties,
respectively. Thus, a shorter time-trend or cross-sectional
analysis of urbanization patterns in mortality may benefit from
using a more detailed rural-urban continuum variable.
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Lung cancer continues to be a leading cause of cancer
death in the industrialized world, and cross-national com-
parisons of lung cancer mortality patterns can highlight
important rural-urban differences as well as similarities in
socioeconomic conditions, mortality risks, and smoking
prevalence among countries [22]. Our study is consistent
with a UK study that found significantly higher lung cancer
mortality rates in rural areas than in urban areas of England
during the period 2002-2004 before and after adjustment for
deprivation [23]. Excess lung cancer mortality in rural areas
was also found in a recent analysis for Australia covering the
period 1997-1999 [24]. Compared to the rates in urban areas,
lung cancer mortality rates during the period 1986—-1996
were generally lower for Canadian men and women in rural
areas [24]. The Canadian pattern is generally consistent with
the US pattern if we compare rural-urban disparities for the
two countries for a similar time period. Rural-urban patterns
in lung cancer mortality are not known for Canada for a more
recent time period. In many European countries (such as
Denmark, Spain, Germany, and Italy) that have relatively
high lung cancer mortality rates, smoking prevalence tends
to be higher in urban than in rural areas, which may imply
significantly higher lung cancer mortality risks among their
urban residents [25].

The extent of metropolitan and non-metropolitan dis-
parities in lung cancer mortality documented here has a
substantial impact on the overall cancer disparities in the
United States, since lung cancer is the leading cause of
cancer mortality [1, 2]. Given the continuing disparities in
smoking prevalence, rural-urban disparities in lung cancer
mortality are expected to widen in the future. Currently,
men and women in both metropolitan and non-metropoli-
tan areas of the United States have a higher smoking
prevalence than the Healthy People 2010 goal of 12% [26].
Health policy interventions (e.g., smoking prevention and
tobacco control programs) aimed at reducing lung cancer
disparities should continue to target those in rural and
medically underserved areas.
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