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Abstract

Background: Differences in all-cancer mortality by rural vs. urban status exist; limited
information exists regarding how lung cancer contributes to these differences. We describe the
contribution of lung cancer to rural-urban differences in all-cancer death rates.

Methods: We used National Vital Statistics System data to calculate age-adjusted lung cancer
death rates by rural vs. urban status, overall and by multiple subgroups. We calculated the average
annual percent change in cancer death rates by rural vs. urban status between 1999-2020, and
percentage contribution of lung cancer to excess all-cancer mortality in rural counties in 2020.

Results: In 2020, lung cancer death rates were higher in rural counties among females (33.5 vs.
25.7) and males (49.0 vs. 35.9). Between 1999-2020, larger declines in lung cancer death rates
were generally observed in urban counties. In 2020, lung cancer contributed 44.4% to the excess
all-cancer mortality in rural counties.

Conclusions: Lung cancer death rates were generally higher in rural counties, and differences
in death rates increased over time. In 2020, lung cancer contributed a large percentage to excess
all-cancer mortality in rural counties. Implementation of interventions to improve lung cancer
prevention, screening, and treatment might reduce rural-urban differences in cancer deaths.
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1. Introduction

Cancer death rates are higher in rural (non-metropolitan) vs. urban (metropolitan) areas [1].
For lung cancer, reported death rates are over 20% higher in rural areas [2, 3]. United States
Cancer Statistics (USCS) data show differences in lung cancer death rates by demographic
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characteristics such as sex and race and ethnicity [4]. Cancer-related differences exist by
these characteristics within rural populations [3, 5].

There is limited information on the contribution of lung cancer to rural-urban differences

in cancer mortality. Thus, the primary aim of our study was to describe the contribution of
lung cancer to rural-urban differences in all-cancer death rates. As a secondary aim, we also
examined differences and trends in lung cancer death rates by rural vs. urban status and age,
sex, and race and ethnicity.

We focused our examination of differences on 2020, the most recent year for which bridged-
race group mortality data was available (for information on race bridging, see Ingram et al.
[6]). Understanding more recent differences can inform current efforts to address risk factors
associated with lung cancer deaths.

Materials and Methods

Data and Sample

We conducted a cross-sectional study using National Vital Statistics System (NVSS) data
via CDC WONDER (https://wonder.cdc.gov). Our study population included persons whose
underlying cause of death was from cancer between 1999-2020 (/nternational Classification
of Diseases, 10th Revision [ICD-10] codes CO0—C97; lung cancer defined by C34). To
minimizes changes in classification of cause of death, we selected 1999 as the first year

of our analysis, when ICD-10 was first implemented. Institutional Review Board approval
was exempted under the Common Rule (45 CFR §46) because we used de-identified and
publicly available data.

Measures

Our primary outcome was age-adjusted [7] lung cancer death rates per 100,000 persons.
We also examined death rates for all cancers except for lung cancer and all cancers
combined. We defined rural vs. urban status according to the urbanization variable in

CDC WONDER, which is based on the 2013 National Center for Health Statistics (NCHS)
Urban-Rural Classification Scheme for Counties [8]. We grouped together metropolitan
counties (large central metropolitan, large fringe metropolitan, medium metropolitan, and
small metropolitan) and non-metropolitan counties (micropolitan and noncore) for our
analysis. We examined cancer death rates by age group, sex, and race and ethnicity (see
Table 1 for a detailed breakdown of categories).

2.3. Statistical Analysis

We calculated age-adjusted cancer death rates per 100,000 persons for each cancer category
(lung cancer, all cancers except for lung cancer, all cancers combined) for years 1999-2020.
We stratified our analyses by sex and examined differences in cancer death rates overall and
by rural vs. urban status. We calculated 95% Cls to compare rates.

We conducted joinpoint regression using the National Cancer Institute’s Joinpoint trend
analysis software version 4.9.1.0 to calculate average annual percent change (AAPC) in
death rates between 1999-2020 for each cancer category by rural vs. urban status. We
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conducted pairwise comparisons using the parallelism test to examine whether the AAPCs
between rural vs. urban counties were similar in magnitude and direction.

We calculated the percentage difference in rural vs. urban all-cancer death rates contributed
by lung cancer for 2020. Using similar methodology to a previous study [9], we divided
the absolute rural-urban difference in lung cancer death rates over the absolute rural-urban
difference in all-cancer death rates. This allowed us to determine how much lung cancer
contributed to excess all-cancer mortality in rural counties.

3. Results

Our analysis included 12,644,869 persons whose underlying cause of death was from cancer
between 1999-2020 (47.7% female; 52.3% male), including 3,380,830 from lung cancer. In
2020, the age-adjusted lung cancer death rate was 26.9 (95% CI: 26.7-27.1) for females and
38.1 (95% CI: 37.8-38.3) for males (Table 1). For females, the lung cancer death rate in
rural counties was 33.5 (95% Cl: 32.9-34.2) vs. 25.7 (95% CI: 25.5-26.0) in urban counties.
For males, the lung cancer death rate in rural counties was 49.0 (95% CI: 48.3-49.8) vs. 35.9
(95% CI: 35.6-36.2) in urban counties.

By sex and age group, lung cancer death rates were highest among males aged =85 years
in rural counties (387.1; 95% CI: 367.7-406.4). By sex and race and ethnicity, death rates
were highest among Black males in rural counties (60.2; 95% CI: 56.6—63.9). Between
1999-2020, death rates decreased over time in all three cancer categories by rural vs. urban
status; smaller declines were generally observed in rural counties (Table A.1. and Figure
A.1). The parallelism tests conducted for all three cancer categories indicated statistically
different trends between rural vs. urban counties (p<0.001).

In 2020, lung cancer contributed 44.4% to the excess all-cancer mortality in rural counties
(Table 2). By sex, this contribution was 46.4% for females and 44.2% for males. By sex and
age group, among females aged <85 years, lung cancer contributed 13.3% to 56.7% to the
excess all-cancer mortality in rural counties. In contrast, for females aged =85 years, lung
cancer contributed 186.5% to excess all-cancer mortality in urban counties (i.e., death rates
for lung cancer and all cancers combined were higher in urban counties, while rates for all
cancers except lung cancer were higher in rural counties). For males, lung cancer contributed
16.5% to 49.9% to the excess all-cancer mortality in rural counties by age group. In most
cases, lung cancer positively contributed to excess all-cancer mortality in rural vs. urban
counties by race and ethnicity.

4. Discussion

This cross-sectional study provides new information on the contribution of lung cancer to
rural-urban differences in all-cancer death rates. Rural counties generally had higher lung
cancer death rates and experienced a slower decline in rates between 1999-2020 than urban
counties. In 2020, lung cancer contributed nearly 50% to excess all-cancer mortality in rural
counties. Higher cigarette smoking prevalence [10] and lower access to healthcare, including
for lung cancer screening [11] and treatment [12], may have contributed to slower declines
in death rates in rural counties.
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Lung cancer incidence is also higher in rural counties [13] and accounted for the largest
percentage of cancer deaths compared to other cancer types in 2020 (23%)—likely reasons
for its large contribution to rural-urban differences in all-cancer death rates. Other potential
reasons for this large contribution include higher smoking prevalence and environmental and
occupational exposures in rural areas. In 2020, the prevalence of smoking among adults aged
>18 years was 19% in rural counties vs. 11% in urban counties [10].

While lung cancer death rates were generally higher in rural counties, some groups had
higher death rates in urban counties. For example, lung cancer death rates were 6-10%
higher among White, Asian and Pacific Islander, and American Indian/Alaska Native
females in rural vs. urban counties. These patterns were not observed among Black and
Hispanic females, and might also be explained by lower smoking prevalence. While current
cigarette smoking is similar among Black females in urban vs. rural areas, a greater
percentage of White females in rural vs. urban areas currently smoke [14]. Additionally,
cigarette smoking among Hispanic adults is historically lower than other subgroups [15].
Continued efforts to monitor and track differences by rural vs. urban status, taking into
consideration the intersection of multiple demographic characteristics, could inform tailored
intervention efforts to reduce lung cancer deaths.

Death rates for lung cancer, all cancers except for lung cancer, and all cancers combined
declined between 1999-2020. Several factors might explain this decline, including
improvements in cancer screening and early detection (e.g., use of low-dose computed
tomography for lung cancer screening), the advent of new cancer treatments (e.qg.,
immunotherapies), and reductions in smoking [10]. Improving implementation of these
efforts, particularly within rural communities, might reduce differences in lung cancer
deaths. Wheeler et al. [16] describe several opportunities for advancing cancer control

in rural areas, including prioritizing evidence-based intervention evaluation, adaptation,
and dissemination in rural areas and using participatory implementation science to ensure
equitable and context-appropriate implementation.

Limitations

NVSS does not collect information on behavioral risk factors like cigarette smoking that
may influence differences in lung cancer death rates. We classified counties as rural

vs. urban to understand broader differences by county classification, and to allow for
comparison of our findings to previous studies. However, this binary categorization could
mask differences in cancer death rates across the rural-urban continuum. We did not correct
for or examine lung cancer incidence, which can impact trends in lung cancer death rates.
Lastly, it is possible that our findings for 2020 may not be directly comparable to other years
due to healthcare challenges experienced during the COVID-19 pandemic. However, we did
not observe a decline in lung cancer deaths that was substantially larger in 2020 compared to
2019.

5. Conclusions

In this cross-sectional study using NVSS data, we found generally higher lung cancer death
rates in rural vs. urban counties. Lung cancer death rates have decreased over time, but
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larger declines in urban counties have led to increased differences. In 2020, lung cancer
contributed almost 50% to the excess all-cancer mortality in rural counties. Future studies
that identify and address underlying causes of these differences (e.g., marketing of tobacco
products, differential healthcare access to screening and treatment) are important to reduce
differences in lung cancer death rates.
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Appendix

Appendix
Table A.1.

Trends in Age-Adjusted Cancer Death Rates? by Cancer Category and Rural vs. Urban
Status?, National Vital Statistics System, United States, 1999-2020

Lung Cancer All Cancers Except Lung All Cancers Combined
Cancer
Rural Urban Rural Urban Rural Urban

n=685,505 n=2,695,325 n=1,681,744 n=7,582,295 n=2,367,249 n=10,277,620

Variable AAPC (95% CI)
Total -17(:20,  -28(-30, -0.9 (=09, -13 (514, 1112, -17 (718,
-1.54 2.7 -0.8)7 -1.3)7 -1.0)7 -1.7)%
Females
Overall 07(-09,  -22(-24, 09 (-10, -14 (514, 09 (-10, -15 (516,
-0.4)4 -2.0)7 -0.9)7 -1.3)7 -0.8)7 -1.4)%
Age group
(years)€
<45 -43(-55,  -56(-65, -10(-12, -12(-16, -14 (16, -15(-18,
-3.1)¢ -4.7)¢ -0.8)¢ -0.9)¢ -1.2)¢ -1.3)¢
45-54 -12(-21,  -39(-43, -0.7 (-14, -13 (715, -0.8 (=12, -1.8 (=20,
-0.3)7 -3.6)7 0.0) -1.2)¢ -0.5)7 -1.6)7
55-64 -09(:16,  -28(-32, 08 (=10, -14 (015, 09 (10, -18(-19,
-0.3)¢ -2.4)¢ -0.6)7 -1.3)¢ -0.7)¢ -1.7)¢
65-74 -14(:18, -31(-33, -11(-13, 1718, -12(-13, 21 (21,
-1.0)¢ -2.8)¢ -0.9)¢ -1.5)¢ -1.0)¢ -2.0)¢
75-84 0.2(-0.2, -1.2 (=15, -10(-11, -13(713, 07 (508, -13 (514,
0.7) -0.9)7 -0.9)7 -1.3)7 -0.5)7 -1.2)%
285 0.9(0.3, 02(-02,06) -L0(-11, 09 (-1.1, -07(-08, -08(-08,
1.6) -0.9)¢ -0.8)¢ -0.6)7 -0.7)4
Race and
ethnicity
NH -0.6(-15  -0.9(-2.1, -0.4(-13, 09 (512, ~06(-12, -10(-16,
American 0.2) 0.4) 0.6) -0. 6) —0.1) -0. 4)
Indian or
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Lung Cancer

All Cancers Except Lung
Cancer

All Cancers Combined

Rural Urban Rural Urban Rural Urban
n=685,505 n=2,695,325 n=1,681,744 n=7,582,295 n=2,367,249 n=10,277,620
Variable AAPC (95% CI)
Alaska
Native
NH -0.0 (1.0, —13(17 —16(22 —10(12 —13(18 —11(12
Asian or 1.0) -0. 9) -1 1) -0. 9) -0. 8) -1 0)
Pacific
Islander
NH —12(18 —23(26 —13(14 —14(16 —12(14, —16(17
Black or -0. 5) -2. 0) -1 1) -1 3) —1.1) —1.5)
African
American
NH —05(08 —19(21 —09(09 —13(13 —08(09, —14(15
White -0. 2) —1.7) -0. 8) -1 2) -0. 7) —1.4)
Hispanic —18(25 —17(21 —14(19 —09(11 —13(15, —09(10
or Latino -1 2) —1.3) —1.0) —0.7) —1.1) —0.9)
Males
Overall —26(29 —35(36 —10(11 —14(15 —14(15, —20(20
-2. 2) —3.4) —0.9) —1.3) —1.4) —1.9)
Age group
(years)®
<45 -5.4 ( 6.5, -5.7 (=6.6, -1.2(-1.4, -14 ( 1.5, -1.8 (=2.0, -1.9(=2.0,
-4.2)¢ -4.7)¢ -1.0)¢ -1.3)¢ -1.6)¢ -1.7)¢
45-54 —37(42 —53(57 —06(10 —15(19 —13(16, —25(26
-3. 2) -5. 0) -0. 3) -1 2) —1.1) -2. 3)
55-64 —27(31 —41(42 -0.2 (0.5, —11(13 —11(13, —20(21
-2. 2) -3. 9) 0.0) -1 0) -0. 8) -1 9)
65-74 —31(34 —41(44 —10(12 —16( 1.7, —17(19, —24(25
—2.9) —3.7) —0.8) —1.4) —1.5) —2.3)
75-84 —23(27 —28(30 —12(14 —15(15 —15(16, —19(19
—1.9) —2.6) —1.0) —1.5) —1.4) —1.8)
>85 —17(21 —21(26 —12(14 —12(13 —13(14, —13(14
-1 3) -1 7) -0. 9) -1 0) -1 2) -1 3)
Race and
ethnicityf
NH —23(30 —21(32 —10(14 -0.4 (-0.9, —14(18, —08(13
American -1 5) —0.9) —0.7) 0.2) —1.0) —0.2)
Indian or
Alaska
Native
NH —30(41 —26(29 —28(35 —14(15 —28(35, —16(18
Asian or -1 8) -2. 3) -2 1) -1 3) -2 1) -1 5)
Pacific
Islander
NH —30(35 —40(42 —20(21 —21(22 —23(24, —26(27
Black or -2. 6) -3. 8) -1 9) -2. 0) -2 2) -2. 6)
African
American
NH —24(27 —33(35 —08(09 —12(13 —13(13, —18(18
White -2. 1) -3. 0) -0. 8) -1 2) -1 2) -1 7)
Hispanic  -4.5 ( -5.0, -3.4(=3.7, -1.6 (=2.0, -1.1 ( 1.2, -2.7 ( -3.9, -1.6 ( -1.7,
or Latino -3.9)¢ -3.2)7 -1.2)7 -1.0)¢ -15)7 -15)7

Abbreviations: AAPC, average annual percent change; Cl, confidence interval; NH, non-Hispanic.

aPer 100,000 persons and age-adjusted to the 2000 standard population for the United States.

Cancer Epidemiol. Author manuscript; available in PMC 2025 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Kava et al.

w
=1
=]

Page 7

bDefined using the 2013 National Center for Health Statistics Urban-Rural Classification Scheme for Counties.
EAAPCS calculated using Joinpoint regression, which allowed different slopes for 4 periods.
dDenotes significant result (p<0.05).

e . .
We used 10-year age groups to calculate age-specific death rates. Age-adjusted rates were calculated for <45 years
because these years contained multiple age groups.

Race and ethnicity (Hispanic or Latino origin) were reported separately on the death certificate and combined for this
analysis. Hispanic or Latino persons could be of any race. Deaths of persons with Hispanic or Latino origin “Not Stated”
were included in overall counts but were not included in specific racial and ethnic group counts.

All Cancers Combined All Cancers Except Lung Cancer Lung Cancer

Death rate per 100,000 standard
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Figure A.1.
Age-Adjusted Cancer Death Rates? by Cancer Category, Rural vs. Urban Status?, and Sex,

National Vital Statistics System, United States, 1999-2020

The three graphs show age-adjusted death rates between 1999-2020 in three respective
categories: (1) all cancers combined, (2) all cancers except for lung cancer, and (3) lung
cancer. Death rates are displayed by rural vs. urban status and sex (female vs. male). Death
rates declined in all three categories and subgroups from 1999 to 2020. Death rates were
higher for males vs. females, and for most years, in rural vs. urban counties. Death rates
for urban counties declined at a faster rate than for rural counties. In 2020, lung cancer
contributed to almost 50% of the excess all-cancer mortality in rural counties.

aPer 100,000 persons and age-adjusted to the 2000 standard population for the United States.

bDefined using the 2013 National Center for Health Statistics Urban-Rural Classification
Scheme for Counties.
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Year

Figure A.2.

‘99 '02 '05 '8 '11 14 '17 20 '99 '02 '05 ‘08 '11  '14 '17 20 '99 '02 '05 '08 ‘11 17 '20
Year Year Year
Panel 2A. All Cancers Combined, Males Panel 2B. All Cancers Except Lung, Males Panel 2C. Lung Cancer, Males
~_
N A Sl
99 '02 'os '08 '11 '14 '17 20 '99 ‘02 05 '08 '11 '14 '17 20 '99 ‘02 05 '08 '11 '14 '17 20

Age-Adjusted Cancer Death Rates? by Cancer Category, Rural vs. Urban Status?, Sex, and

Race and Ethnicity®, National Vital Statistics System, United States, 1999-2020

The six graphs show age-adjusted death rates between 1999-2020 in three respective
categories: (1) all cancers combined, (2) all cancers except for lung cancer, and (3) lung
cancer. Graphs display death rates by rural vs. urban status and race and ethnicity (AlI/AN;
Asian/Pl; Black/AA; White; Hispanic/Latino). The top three graphs display death rates for
females, and the bottom three graphs display death rates for males. Death rates declined
from 1999 to 2020. Death rates were higher for males vs. females and generally highest
among persons who were Black/AA. Death rates by rural vs. urban status varied across years
and racial and ethnic groups.
Abbreviations: AI/AN, American Indian or Alaska Native; Asian/Pl, Asian or Pacific
Islander; Black/AA, Black or African American.
@Per 100,000 persons and age-adjusted to the 2000 standard population for the United States.
bDefined using the 2013 National Center for Health Statistics Urban-Rural Classification

Scheme for Counties.

®Race and ethnicity (Hispanic or Latino origin) were reported separately on the death
certificate and combined for this analysis. All racial groups are non-Hispanic or Latino.
Hispanic or Latino persons could be of any race. Deaths of persons with Hispanic or Latino

origin “Not Stated” were included in overall counts but were not included in specific racial
and ethnic group counts.
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Panel 1C. Lung Cancer, Females

Panel 1A. All Cancers Combined, Males

Panel 1B. All Cancers Except Lung, Males

'99 ‘02 '05 ‘08 11 ‘14 ‘17 ‘20

Panel 1C. Lung Cancer, Males

Figure A.3.

'99 '02 '05 ‘08 11 ‘14 17 20

Age-Adjusted Cancer Death Rates? by Cancer Category, Rural vs. Urban Status?, Sex, and
Age Group®, National Vital Statistics System, United States, 1999-2020

The six graphs show age-adjusted death rates between 1999-2020 in three respective
categories: (1) all cancers combined, (2) all cancers except for lung cancer, and (3) lung
cancer. Graphs display death rates by rural vs. urban status and age group (<45 years; 45-54;
55-64; 65—74; 75-84; =85 years). The top three graphs display death rates for females, and
the bottom three graphs display death rates for males. Death rates declined from 1999 to
2020. Death rates were higher for males vs. females and generally highest among persons
who were =85 years. Death rates by rural vs. urban status varied across years and age

groups.

@Per 100,000 persons and age-adjusted to the 2000 standard population for the United States.
bDefined using the 2013 National Center for Health Statistics Urban-Rural Classification

Scheme for Counties.

“We used 10-year age groups to calculate age-specific death rates. Age-adjusted rates were
calculated for <45 years because these years contained multiple age groups.

Abbreviations

AAPC

CDC

ICD-10

NCHS

average annual percent change

National Center for Health Statistics

Centers for Disease Control and Prevention

International Classification of Diseases, 10th Revision
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NH non-Hispanic
NVSS National Vital Statistics System
USCS United States Cancer Statistics
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Highlights
. Lung cancer death rates were higher in rural vs. urban counties.
. Between 1999-2020, urban counties had larger declines in lung cancer death
rates.
. Lung cancer contributed 44% to excess cancer mortality in rural counties.
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