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TaggedH1Lung Cancer Screening Among U.S. Military Veterans

by Health Status and Race and Ethnicity,

2017−2020: A Cross-Sectional Population-
Based Study TaggedEnd
TaggedPAlison S. Rustagi, MD, PhD,1,2 Amy L. Byers, PhD, MPH,2,3,4,5 James K. Brown, MD,2,6

Natalie Purcell, PhD,7,8 Christopher G. Slatore, MD, MS,9,10,11 Salomeh Keyhani, MD, MPH1,2
TaggedEnd
Introduction: Veterans are at high risk for lung cancer and are an important group for lung cancer
screening. Previous research suggests that lung cancer screening may not be reaching healthier and/
or non-White individuals, who stand to benefit most from lung cancer screening. We sought to test
whether lung cancer screening is associated with poor health and/or race and ethnicity among
veterans.

Methods: This cross-sectional, population-based study included veterans eligible for lung cancer
screening (aged 55−79 years, ≥30 pack-year smoking history, current smokers or quit within
15 years, no previous lung cancer) in the 2017−2020 Behavioral Risk Factor Surveillance System
surveys. Exposures were (1) poor health, defined as fair/poor health status and difficulty walking or
climbing stairs, aligning with eligibility criteria for a pivotal lung cancer screening trial, and (2)
race/ethnicity. The outcome was a receipt of lung cancer screening. All variables were self-reported.

Results: Of 3,376 lung cancer screening−eligible veterans representing an underlying population
of 866,000 individuals, 20.3% (95% CI=17.3, 23.6) had poor health, and 13.7% (95% CI=10.6, 17.5)
identified as non-White. Poor health was strongly associated with lung cancer screening (adjusted
RR=1.64, 95% CI=1.06, 2.27); one third of veterans screened for lung cancer would not qualify for a
pivotal lung cancer screening trial in terms of health. Marked racial disparities were observed
among veterans: after adjustment, non-White veterans were 67% less likely to report lung cancer
screening than White veterans (adjusted RR=0.33, 95% CI=0.11, 0.66).

Conclusions: Lung cancer screening is correlated with poorer health and White race/ethnicity
among veterans, which may undermine its population-level effectiveness. These results highlight
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TaggedEnd2 Rustagi et al / AJPM Focus 2023;2(2):100084
the need to promote lung cancer screening, especially for healthier and/or non-White veterans, an
important group of Americans for lung cancer screening.
AJPM Focus 2023;2(2):100084. Published by Elsevier Inc. on behalf of The American Journal of Preventive Medi-
cine Board of Governors. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
TAGGEDH1INTRODUCTION TAGGEDEND

TaggedPLung cancer is the deadliest cancer in the U.S.1 Screening
through low-dose computerized tomography (LDCT)
can reduce death from lung cancer by 16%−24%2−4

among those without substantial comorbidities. Veter-
ans are likely to benefit substantially from LCS: veterans
have higher smoking prevalence5 and are of older age6

than nonveterans, which may increase lung cancer risk,
and unique occupational exposures7,8 may further
increase veterans’ cancer risk.9 Veterans are an impor-
tant population to consider for lung cancer screening
(LCS).TaggedEnd
TaggedPHowever, the general population of veterans also has

poorer health than nonveterans,6 which can preclude
surgery to cure early lung cancer10 and increase the
risk of dying from competing causes of death. Thus,
poor health could attenuate the benefit of early lung
cancer detection10−13 and expose veterans to unjusti-
fied risk of immediate harm.14 The 2 trials that showed
the mortality benefit of LCS—the Nederlands-Leuvens
Longkanker Screenings Onderzoek (NELSON) trial4 in
Europe and the National Lung Screening Trial (NLST)
in the U.S.—were restricted to those healthy enough to
be candidates for thoracic surgery, for 2 reasons: (1)
the mortality benefit of LCS is thought to be driven by
the surgical cure of early disease10,15 and (2) competing
causes of death could overwhelm any benefit of early
lung cancer detection.11 The value of LCS for those in
poor health is unproven. Furthermore, modeling indi-
cates that screening those with <5-year life expectancy
results in more harm with no additional benefits at a
population level.13 TaggedEnd
TaggedPTo quantify health, the NELSON trial excluded those

who rated their health as moderate or bad and who had
difficulty climbing stairs,4 making self-rated health and
ability to climb stairs valuable points of comparison in
real-world data. The National Lung Screening Trial
(NLST) used an individualized clinical assessment that
cannot be replicated as easily3; on average, NLST partici-
pants had 1.2 comorbidities.16TaggedEnd
TaggedPIn addition to health status, race and ethnicity are

important to consider: LCS provided a greater reduction
in lung cancer−specific and all-cause mortality for Black
participants in the NLST.16 It is unknown whether
overall LCS use differs by race and ethnicity among vet-
erans. Previous analyses in the Veterans Health Admin-
istration (VHA),17 which serves approximately 49% of
veterans,18,19 have shown increased acceptance of
screening among Black and Hispanic veterans after
being offered LCS but also increased risk of delayed or
no follow-up after initial LDCT scans among Black
veterans.20 TaggedEnd
TaggedPIf LCS is used more frequently among sicker individu-

als and/or racial disparities exist in its use, the popula-
tion-level mortality benefit of LCS in the real world may
be less than that seen in randomized trials. Previous
work by our group using population-based survey data
has shown that LCS is higher among those in poorer
health and among those of non-Hispanic White race
and ethnicity.21 It is unknown whether these patterns of
LCS use hold true for U.S. military veterans, a unique
and important subgroup to consider for LCS. TaggedEnd
TaggedPUnderstanding the current use of LCS in veterans

would provide useful public health information to maxi-
mize veterans’ benefits and be a benchmark for ongoing
implementation of LCS given this group’s uniquely ele-
vated risk of lung cancer. This study sought to test our
hypothesis that the use of LCS among U.S. military vet-
erans differed by (1) health status, defined using criteria
similar to those of the pivotal NELSON trial, and/or (2)
race and ethnicity, with those in better overall health
and of non-White race/ethnicity less likely to receive
LCS. TaggedEnd

TAGGEDH1METHODS TAGGEDEND

TaggedH2Study Population TaggedEnd
TaggedPThis cross-sectional, population-based study utilized
data from the 2017−2020 data sets of the Behavioral
Risk Factor Surveillance System (BRFSS), an annual
phone survey of community-dwelling U.S. adults con-
ducted by the Centers for Disease Control and Preven-
tion.22 BRFSS conducts >400,000 interviews with
residents of all 50 states, the District of Columbia, and
3 territories to ascertain behaviors related to health and
health service utilization. Core questions are asked of
all respondents; states may opt to add additional topic-
specific modules. LCS eligibility and use are included
in an optional module that was conducted in a subset
www.ajpmfocus.org
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TaggedEndRustagi et al / AJPM Focus 2023;2(2):100084 3
of states, representing 28 unique states in total across
the 2017−2020 survey years.23−26 We identified U.S.
veterans eligible for LCS by age and smoking history
on the basis of 2013 U.S. Preventive Services Task
Force guidelines and limited the sample to individuals
aged 55−79 years with a ≥30 pack-year smoking his-
tory and current smokers or former smokers who quit
within 15 years before. Because BRFSS aggregates ages
above 79 years into 1 category (80+ years), we could
not isolate individuals who were aged 80 years from
those who were above the age cut-off for LCS; thus, we
excluded those aged 80+ years from the analysis. Vet-
eran status was ascertained with the question (yes/no):
Have you ever served on active duty with the U.S.
Armed Forces, either in the regular military or in a
National Guard or reserve military unit? Smoking
behavior was assessed with the questions, How old were
you when you first started to smoke cigarettes regularly?,
How old were you when you last smoked cigarettes regu-
larly?, and On average, when you [smoke/smoked] regu-
larly, about how many cigarettes [do/did] you usually
smoke each day? Exclusion criteria were personal his-
tory of lung cancer and being aged <55 or ≥80 years.
Individuals with missing values for key eligibility varia-
bles were excluded from the analysis (Appendix Figure,
available online, shows the study flowchart). TaggedEnd
TaggedPThis study utilized publicly available, deidentified data

and was exempt from IRB review. Reporting conformed
to the STROBE reporting guideline for cross-sectional
studies.27 TaggedEnd

TaggedH2Measures TaggedEnd
TaggedPThe primary exposures were health status and race and
ethnicity. Health status was categorized into a binary
variable indicating whether a respondent met/did not
meet criteria similar to the initial eligibility criteria of
the NELSON trial; the BRFSS questionnaire wording dif-
fered slightly from that of the NELSON trial screening
questionnaire. NELSON trial investigators excluded
those who rated their health as moderate or bad and
who could not climb 2 flights of stairs. For this analysis,
health status was ascertained using 2 survey questions:
(1) self-rated health: Would you say that in general your
health is − Excellent, Very Good, Good, Fair, Poor? and
(2) ability to climb stairs (yes/no): Do you have serious
difficulty walking or climbing stairs? Thus, individuals
who rated their health as fair or poor and reported seri-
ous difficulty in walking or climbing stairs would not
meet trial eligibility criteria and were categorized as hav-
ing poor health; those who rated their health as excellent,
very good, or good and/or reported no difficulty in walk-
ing or climbing stairs likely met initial trial eligibility cri-
teria and were categorized as having good health. Health
June 2023
status was missing for n=8 veterans in the final sample
(0.2%).TaggedEnd
TaggedPRace/ethnicity was self-reported with the following

categories defined by the BRFSS survey: White non-His-
panic, Black or African American non-Hispanic, Ameri-
can Indian or Alaska Native non-Hispanic, Asian non-
Hispanic, Native Hawaiian or other Pacific Islander
non-Hispanic, other race non-Hispanic, multiracial
non-Hispanic, and Hispanic. In the main analysis, race
and ethnicity were included in the models as a 2-cate-
gory variable (non-Hispanic White [White] or not non-
Hispanic White [non-White]) for model stability
because the unweighted numbers of screened individuals
in racial/ethnic subgroups other than White were <30.
To confirm with reporting standards,28 analyses disag-
gregated by race and ethnicity subgroups were also con-
ducted. Race and ethnicity were missing for n=66
veterans in the final sample (2.0%). TaggedEnd
TaggedPThe primary outcome was self-reported LCS, ascer-

tained in the optional Lung Cancer Screening module
with the question, In the last 12 months, did
you have a CT or CAT scan? A respondent was counted
as screened if they chose Yes, to check for lung cancer.
Screening status was missing for n=59 veterans who
would otherwise have been included in the final sample
(1.7% of otherwise eligible individuals). TaggedEnd
TaggedPWe chose covariates a priori on the basis of previous

research and our own previous analyses.21 Broadly,
covariates included demographic factors,29 socioeco-
nomic factors and smoking behavior,29,30 healthcare
coverage and access,31 chronic obstructive pulmonary
disease (COPD), previous cancer history,32−34 and
receipt of previous vaccination29 as a marker of preven-
tive health service utilization. TaggedEnd
TaggedPVariables on SES and demographics included age, sex,

marital status, and educational attainment. To describe
health factors and healthcare access, we captured smok-
ing pack-year history, BMI (kg/m2), health insurance
status, receipt of influenza vaccine in the previous 12
months, and difficulty in paying for medical care, which
was ascertained with the question: Was there a time in
the past 12 months when you needed to see a doctor but
could not because of cost? Diagnosis of COPD was
assessed with the question, Were you ever told you had
chronic obstructive pulmonary disease, COPD, emphy-
sema, or chronic bronchitis? Personal history of nonskin,
nonlung cancer was assessed with 2 questions: [Has a
doctor, nurse, or other health professional ever told you
that you had any of the following. . .. other [non-skin]
types of cancer? and What type of cancer was it? Any
functional limitation was defined as a self-report of any
of the following: difficulty in walking or climbing stairs,
dressing or bathing, or running errands. Number of
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comorbidities (0, 1, 2, or ≥3) was the sum of the follow-
ing self-reported comorbidities: chronic kidney disease,
arthritis, COPD, asthma, vascular disease, diabetes, and
personal history of cancer other than skin cancer. TaggedEnd
TaggedH2Statistical Analysis TaggedEnd
TaggedPWe conducted univariate analyses for variables of interest,
calculating p-values from chi-square tests to evaluate dif-
ferences in LCS prevalence. To account for the complex
survey design and produce population-representative esti-
mates, we implemented in analyses survey weights, clus-
tering, and stratification following standardized protocols
from the Centers for Disease Control and Prevention,
with standard errors calculated using Taylor-linearized
variance estimation.35 Chi-square tests used the
Rao−Scott correction F-statistic to account for complex
survey design.36 Design-adjusted estimates and tests were
not computed when a table cell had zero frequency. We
used multivariable logistic regression to examine the asso-
ciation between LCS and health status and LCS and race
and ethnicity, adjusted for sociodemographic and health
factors. Because the baseline prevalence of LCS was >10%
in the nonexposed groups, we then converted ORs to RRs
using the formula by Zhang and Yu.37TaggedEnd
TaggedPFor covariates with >2 categories, each category was

included as a dummy variable in regression models to
maximize model flexibility. All tests were 2 sided values
of p<0.05 were considered significant. TaggedEnd
TaggedPAnalyses were conducted in Stata (Version 17.0, Col-

lege Station, TX) between August 2021 and June 2022.
Individuals with missing data were excluded from the
analysis. Given the low prevalence of missing data
(below the accepted threshold of 5%), a complete case
analysis would if anything be conservative and tend to
bias our estimates toward the null.38TaggedEnd
TAGGEDH1RESULTS TAGGEDEND

TaggedPAcross 2017−2020, 332,076 individuals responded to the
survey, and 138,955 respondents were aged 55−79 years
without a personal history of lung cancer and had com-
plete smoking data and known veteran status, represent-
ing an underlying population of 33.7 million individuals
(Appendix Figure, available online, shows the study
flowchart). Of these, 14,536 were eligible for LCS with
known screening status; of these, 3,376 identified as mili-
tary veterans, representing a population of 866,000 vet-
erans. Veterans were much more likely to be eligible for
LCS (17.0%, 95% CI=15.7−18.2) than nonveterans
(10.2%, 95% CI=9.7−10.7; p<0.001) (Appendix Table 1,
available online). Veterans were overrepresented among
LCS-eligible individuals: veterans made up 14.7% (95%
CI=14.2, 15.3) of those aged 55−79 years regardless of
smoking history versus 23.2% (95% CI=21.5, 24.9) of
those aged 55−79 years who were eligible for LCS owing
to heavy smoking history. Self-reported LCS was more
common among veterans (19.4%, 95% CI=15.8, 22.9)
than among nonveterans (16.3%, 95% CI=14.0, 18.5),
although not to a significant degree.TaggedEnd
TaggedPThe majority (60.6%, 95% CI=56.6, 64.4) of LCS-eligi-

ble veterans were aged ≥65 years, 94.3% (95% CI=92.2,
95.9) were male, and nearly half (46.1%, 95% CI=42.2,
50.1) had a ≥50 pack-year history of tobacco use
(Table 1). Most veterans (79.7%, 95% CI=76.4, 82.7)
would have met the basic eligibility criteria for the NEL-
SON trial in terms of health status (i.e., endorsing excel-
lent/very good/good overall health and/or no difficulty
in walking or climbing stairs). The majority (86.3%, 95%
CI=82.5, 89.4) of veterans identified as non-Hispanic
White; the next largest group defined by self-reported
race and ethnicity was non-Hispanic Black (9.1%, 95%
CI=6.5, 12.6) (Appendix Table 2, available online). TaggedEnd
TaggedPOverall, 32.6% (22.8%−44.2%) of veterans screened

for lung cancer would not have qualified for the NEL-
SON trial of LCS that showed its efficacy. Veterans who
were not healthy enough to meet initial NELSON eligi-
bility criteria were significantly more likely to report
LCS than healthier veterans: of NELSON-ineligible vet-
erans, 31.2 (20.9−41.4) reported LCS compared with
just 16.4 (13.1−19.7) of those who were eligible
(p=0.002) (Table 2). After adjustment for sociodemo-
graphic and health characteristics and race and ethnicity,
veterans who did not meet initial eligibility criteria for
NELSON owing to poor health were 1.64 times more
likely to receive screening than those who did meet NEL-
SON eligibility (adjusted RR=1.64, 95% CI=1.06, 2.27). TaggedEnd
TaggedPThe use of LCS differed significantly by self-identified

race and ethnicity among veterans: only 6.2%
(2.5%−10.0%) of non-White veterans reported LCS,
compared with 21.7% (17.7%−25.7%) of White veterans
(p<0.001) (Table 3). After adjusting for sociodemo-
graphic and health covariates, including health status,
significant racial and ethnic disparities in LCS use per-
sisted among veterans: non-White veterans were 67%
less likely to report LCS than White veterans (adjusted
RR=0.33, 95% CI=0.16, 0.66). Analyses disaggregated by
self-reported race and ethnicity are presented in
Appendix Tables 2 and 3 (available online); owing to
model instability from small absolute numbers of
screened individuals, these point estimates should be
interpreted with caution. TaggedEnd
TAGGEDH1DISCUSSION TAGGEDEND

TaggedPIn this population-based, cross-sectional analysis of
3,376 respondents representing 866,000 veterans,
www.ajpmfocus.org



TaggedEndTable 1. Demographic and Health Factors of Veterans Eligible
for Lung Cancer Screening in 28 States, 2017−2020

Demographic or
health factor

Veterans
(unweighted n=3,376),
weighted % (95% CI)

Health statusa

Good health 55.6 (51.7, 59.5)

Poor health 44.4 (40.5, 48.3)

Self-rated general healthb

Excellent 6.0 (4.5, 8.1)

Very good 21.9 (9.0, 25.1)

Good 38.5 (34.6, 42.5)

Fair 22.4 (19.2, 25.9)

Poor 11.2 (9.0, 13.9)

Difficulty walking or climbing stairsc

No 69.3 (65.6, 72.8)

Yes 30.7 (27.2, 34.4)

Race and ethnicityd

White 86.3 (82.5, 89.4)

Non-White 13.7 (10.6, 17.5)

Agee

50−64 years 39.4 (35.6, 43.4)

65−79 years 60.6 (56.6, 64.4)

Sexe

Male 94.3 (92.2, 95.9)

Female 5.7 (4.1, 7.8)

Personal doctorf

Yes 86.4 (83.8, 88.7)

No 13.6 (11.3, 16.2)

Difficulty dressing or bathingg

No 90.6 (88.2, 92.6)

Yes 9.4 (7.4, 11.8)

Difficulty doing errands aloneh

No 90.0 (87.6, 92.0)

Yes 10.0 (8.0, 12.4)

Any functional limitationi

No 67.4 (63.6, 71.0)

Yes 32.6 (29.0, 36.4)

Smoking history, in pack-yearse,j

30−<40 24.0 (20.4, 28.0)

40−<50 29.9 (26.4, 33.6)

≥50 46.1 (42.2, 50.1)

Comorbidities, total numbere,k

0 25.6 (22.0, 29.5)

1 30.2 (26.7, 33.9)

2 21.5 (18.7, 24.6)

≥3 22.7 (19.5, 26.3)

Chronic kidney diseasel

No 93.8 (91.9, 95.4)

Yes 6.2 (4.6, 8.1)

Arthritism

No 51.4 (47.4, 55.4)

Yes 48.6 (44.6, 52.6)

(continued on next page)

Table 1. Demographic and Health Factors of Veterans Eli-
gible for Lung Cancer Screening in 28 States, 2017
−2020 (continued)

Demographic or
health factor

Veterans
(unweighted n=3,376),
weighted % (95% CI)

Chronic obstructive
pulmonary diseasen

No 67.5 (63.7, 71.1)

Yes 32.5 (28.9, 36.3)

Asthmao

No 91.9 (89.3, 93.8)

Yes 8.1 (6.2, 10.7)

Vascular diseasep

No 68.8 (65.1, 72.2)

Yes 31.2 (27.8, 34.9)

Diabetesq

No 79.2 (76.2, 81.9)

Yes 20.8 (18.1, 23.8)

Personal history of cancerg

No 85.5 (82.7, 87.8)

Yes 14.5 (12.2, 17.3)
aHealth status was defined to align with NELSON trial eligibility criteria.
Specifically, good health was equivalent to potentially eligible for NEL-
SON trial participation, defined as self-rated health excellent, very good
or good, and no difficulty walking up stairs. Poor health was equivalent
to ineligible for NELSON trial participation, defined as fair or poor health
and/or difficulty in walking up stairs. Missing for n=10.
bMissing for n=11.
cMissing for n=12.
dRace and ethnicity were included in the models as a 2-category vari-
able (non-Hispanic White [White] or not non-Hispanic White [non-
White]) for model stability because the unweighted numbers of
screened individuals in racial/ethnic subgroups other than non-His-
panic White were <30. The non-White group included the following:
Black or African American non-Hispanic, American Indian or Alaska
Native non-Hispanic, Asian non-Hispanic, Native Hawaiian or other
Pacific Islander non-Hispanic, other race non-Hispanic, multiracial non-
Hispanic, and Hispanic. Missing for n=66.
eNo missing data.
fMissing for n=17.
gMissing for n=4.
hMissing for n=8.
iSelf-report of any of the following: difficulty in walking or climbing stairs,
dressing, bathing, or running errands. Missing for n=12.
jAverage number of packs smoked per day, multiplied by the duration of
smoking in years.
kSum of the following self-reported comorbidities: chronic kidney dis-
ease, arthritis, chronic obstructive pulmonary disease, asthma, vascu-
lar disease, diabetes, and personal history of cancer other than skin
cancer.
lMissing for n=15.
mMissing for n=28.
nMissing for n=14.
oMissing for n=30.
pPrevious myocardial infarction, coronary heart disease, and cerebro-
vascular accident. Missing for n=5.
qMissing for n=2.
gExcluding skin cancer. Individuals with a personal history of lung can-
cer were excluded from the analysis. Missing for n=19.
NELSON, Nederlands-Leuvens Longkanker Screenings Onderzoek.
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TaggedEndTable 2. Use of LCS Among Veterans With/Without Poor Health Defined Using NELSON Trial Eligibility Criteria, 2017−2020

Health statusa
Total LCS-eligible
(unweighted n)

Total received LCS
(unweighted n)

Proportion
received LCS
(weighted
proportion,
95% CI)

Unadjusted RR
(95% CI)

Adjusted RR
(95% CI)b

Good health 2,244 415 16.4 (13.1, 19.7) 1.00 (ref) 1.00 (ref)

Poor health 553 156 31.2 (20.9, 41.4) 1.90 (1.29, 2.50) 1.64 (1.06, 2.27)

Note: Boldface indicates statistical significance (p<0.05).
aHealth status was defined to align with NELSON trial eligibility criteria. Specifically, good health was equivalent to potentially eligible for NELSON trial
participation, defined as self-rated health excellent, very good or good, and no difficulty in walking up stairs. Poor health was equivalent to ineligible
for NELSON trial participation, defined as fair or poor health and/or difficulty in walking up stairs.
bAdjusted for race (White/non-White), age (5-year categories), sex (male/female), marital status (married/divorced/widowed/separated/never mar-
ried/part of an unmarried couple), BMI (<18.5 kg/m2, 18.5−<25 kg/m2, 25−<30 kg/m2, 30+ kg/m2), education (never attended school or only
kindergarten/elementary or middle school/some high school/high school graduate/some college/college graduate or more), smoking history in
pack-years (quartiles), health insurance status (any/none), receipt of influenza vaccine in previous 12 months (no/yes), difficulty in paying for medi-
cal care (no/yes), personal history of nonlung cancer (no/yes), and survey year (2017/2018/2019/2020).
LCS, lung cancer screening; NELSON, Nederlands-Leuvens Longkanker Screenings Onderzoek.

TaggedEnd6 Rustagi et al / AJPM Focus 2023;2(2):100084
veterans represented nearly one quarter of all LCS-eligi-
ble Americans. One third (33%) of LCS among veterans
reached those who would not qualify for the pivotal
NELSON trial on the basis of poor health. Furthermore,
veterans with poor health were 64% more likely to report
screening than healthier veterans. Marked racial and
ethnic disparities in LCS use were present in veterans,
with non-White veterans 67% less likely to receive
screening than White veterans. TaggedEnd
TaggedPOur previous research indicates that LCS is more

common among less healthy individuals, using a variety
of measures of health status.21 This study suggests that
the association between poor health and LCS use holds
true for veterans. We defined poor health as rating one’s
health as fair or poor and endorsing significant limita-
tions with walking or climbing stairs, in line with the
NELSON trial exclusion criteria, 1 of 2 randomized trials
that showed the mortality benefit of LCS. These patterns
TaggedEndTable 3. Use of LCS Among Veterans by Race and Ethnicity, 2017

Race and
ethnicitya

Total LCS-eligible
(unweighted n)

Total received LCS
(unweighted n)

White 2,987 521

Non-White 328 41

Note: Boldface indicates statistical significance (p<0.05).
aRace and ethnicity were included in the models as a 2-category variable
model stability because the unweighted numbers of screened individuals in r
bAdjusted for health status as measured by NELSON eligibility (good health/
(married/divorced/widowed/separated/never married), BMI (<18.5 kg/m2

attended school or only kindergarten/elementary/middle school/some high
smoking history in pack-years (quartiles), health insurance status (any/none
in paying for medical care (no/yes), diagnosis of chronic obstructive pulmon
survey year (2017/2018/2019/2020).
LCS, lung cancer screening; NELSON, Nederlands-Leuvens Longkanker Scre
of LCS use may limit the benefit of LCS owing to com-
peting causes of death and/or inability to receive curative
lung surgery for early-stage disease.10,15 Randomized tri-
als that showed the mortality benefit of LCS (NLST,
NELSON) were restricted to healthy individuals without
significant functional limitations3,4; the benefit of screen-
ing outside this group is unknown.10TaggedEnd
TaggedPFor all screening tests, patients and their clinicians

must weigh the immediate risks of screening against the
possible long-term benefit; screening is only justified if
an individual is healthy enough to likely live to see the
benefits of screening.14 For LCS specifically, it is unclear
how to identify those who are healthy enough to justify
the short-term risks of LCS, which include radiation,
invasive diagnostic procedures and their complications,
false positive results, overdiagnosis, anxiety, and
others.13 Weighing immediate risks against long-term
benefits may be particularly important for veterans:
−2020

Proportion
received LCS
(weighted
proportion,
95% CI)

Unadjusted RR
(95% CI)

Adjusted RR
(95% CI)b

21.7 (17.7, 25.7) 1.00 (ref) 1.00 (ref)

6.2 (2.5, 10.0) 0.29 (0.14, 0.56) 0.33 (0.16, 0.66)

(non-Hispanic White [White] or not non-Hispanic White [non-White]) for
acial/ethnic subgroups other than non-Hispanic White were <30.
poor health), age (5-year categories), sex (male/female), marital status
, 18.5−<25 kg/m2, 25−<30 kg/m2, 30+ kg/m2), education (never
school/high school graduate/some college/college graduate or more),
), receipt of influenza vaccine in previous 12 months (no/yes), difficulty
ary disease (no/yes), personal history of nonlung cancer (no/yes), and

enings Onderzoek.
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among veterans screened in the VHA, those who needed
invasive procedure(s) for an abnormal screening result
experienced approximately 2 times more procedural
complications than participants in the NLST, with 20%
of veterans experiencing a major/intermediate complica-
tion within 10 days of invasive procedure.39TaggedEnd
TaggedPNational guidelines use a variety of health metrics

to define being healthy enough for LCS. The U.S.
Preventive Services Task Force recommends LCS for
those willing and able to undergo thoracic surgery, in
line with NLST and NELSON trial criteria. Others
state that screening should not include those with
<10-year life expectancy (American College of Chest
Physicians),40 those with life-limiting comorbid con-
ditions (American Cancer Society),41 or as long as
patient functional status and comorbidity allow con-
sideration for curative intent therapy (National Com-
prehensive Cancer Network).42 This array of
recommendations creates confusion for clinicians and
has fallen short of its goal. Defining who is and is
not healthy enough for screening may be particularly
important for LCS because the criteria used to iden-
tify individuals eligible for screening (advanced age
and heavy smoking history) also increase the risk of
dying for a variety of other reasons. TaggedEnd
TaggedPThere is an urgent need for more research in this area

to help patients and clinicians rationally weigh the risks
and benefits of LCS in the context of an individual’s
health status,11 as the first step in shared decision mak-
ing, a fundamental component of LCS43,44 that is
underutilized.45,46 If LCS moves toward risk-based eligi-
bility, then consideration of overall health and life expec-
tancy will be even more important because such
strategies tend to select older individuals who may be
frailer.12 TaggedEnd
TaggedPThe racial and ethnic differences in LCS use among

veterans merit urgent attention. Previous work by our
group21 corroborates a growing body of literature that
racial and ethnic disparities exist in many aspects of
LCS.47,48 These must be understood and addressed
urgently to promote equity48 and because LCS may be
particularly beneficial in Black individuals.16 Updated
2021 LCS guidelines may help to increase the use of LCS
among Black individuals on the basis of early cross-sec-
tional research.10 Nonetheless, the very low prevalence
of LCS among non-White veterans (6.2%) should
prompt further investment of resources to understand
the barriers to LCS access for this group because this has
the potential to magnify existing disparities in lung can-
cer outcomes.49 TaggedEnd
TaggedPStrengths of this study include the population-based

survey design, which allows for population-level infer-
ences that are likely generalizable to the veteran
June 2023
populations of the 28 states that included the optional
LCS module. We chose a measure of health status com-
bining self-rated health and the ability to climb stairs
that is highly relevant to LCS and could be replicated in
future research. Self-rated health and ability to climb
stairs provide a clear point of comparison with random-
ized trials; NELSON investigators excluded those who
rated their health as moderate/bad and could not climb
2 flights of stairs.4 Furthermore, stair climbing is a com-
mon preoperative measure of cardiovascular fitness,50

and self-rated health predicts all-cause mortality more
accurately than a 30-item objective measure.51,52TaggedEnd

TaggedH2Limitations TaggedEnd
TaggedPSimilar to other analyses using BRFSS data to study
LCS, this study has several limitations, including the
self-reported nature of variables, including smoking
history, LCS, race/ethnicity, health status, and veteran
status. However, we have no reason to suspect that
the accuracy of self-reported variables would vary dif-
ferentially across categories defined by veteran status,
health status, or race/ethnicity; thus, any misclassifi-
cation would bias our estimates toward the null. In
addition, BRFSS has a limited proportion of non-
White individuals who responded to the survey (9.6%
in this analysis, unweighted). Owing to low numbers
of individuals in subcategories defined by race and
ethnicity, our analysis relies on aggregated results
(White/non-White), which may obscure important
differences between groups of individuals who iden-
tify as non-White.28 We were unable to directly
ascertain mortality risk, although we relied on self-
reported health, which is validated to predict mortal-
ity,51 and ability to climb stairs, which is a common
measure of preoperative fitness.50 Furthermore, these
metrics are directly relevant to LCS given their use as
exclusion criteria in NELSON.4 The cross-sectional
nature of the study design precludes temporal
sequencing of exposure and outcome. Similar to other
BRFSS analyses of LCS, we were unable to exclude
diagnostic imaging studies ordered in response to
signs/symptoms of lung cancer or other pathology,
which must be addressed in future research on the
use and outcomes of LCS to obtain unbiased results.
The BRFSS survey question assessing LCS use does
not differentiate between initial LDCT and subse-
quent scans, and different steps along the process of
LCS may be associated with different barriers for
patients.20,53 Furthermore, the answer choices for
self-rated health in the BRFSS (excellent/very good/
good/fair/poor) differ somewhat from those used by
NELSON investigators because they excluded individ-
uals with moderate or bad self-rated health, and the
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question that ascertained difficulty in climbing stairs
also asked about difficulty in walking in general. TaggedEnd
TaggedPAlthough we could not restrict to veterans receiving

care through the VHA, these results may still be useful
to VHA, which has embarked on a multimillion dollar
endeavor9 to meet the large unmet need for LCS among
veterans.54 The VHA may be uniquely poised to deliver
high-quality LCS, as the largest integrated health system
in the U.S. and one with an established track record of
implementing high-quality cancer screening.17,55 This
analysis suggests unique opportunities for implementa-
tion of LCS in the VHA. First, the VHA’s electronic
medical record already includes automated information
to ascertain life expectancy,56 which is a key consider-
ation for LCS and could improve the identification and
utilization of LCS among healthier veterans. Second, the
military’s integrated healthcare model has a long track
record of reducing racial disparities, including in cancer
care.57 The racial and ethnic disparities observed in this
study may reflect broader disparities in the U.S. health-
care system58 because of structural racism,59 which the
VHA is uniquely positioned to address given its inte-
grated care model. TaggedEnd
TAGGEDH1CONCLUSIONSTAGGEDEND

TaggedPLCS use is strongly correlated with poorer health
among veterans, and one third of screened veterans
would not qualify for a pivotal trial of LCS on the
basis of poor health. It is unclear whether actively
screening for asymptomatic lung cancer provides
more benefit than harm for these veterans or whether
they may be better served by focusing on their other,
known health issues. Marked screening disparities
exist between White and non-White veterans, despite
likely greater screening mortality benefits among
Black individuals. These results add to the impor-
tance of current efforts to increase LCS and support
additional outreach to screen healthier veterans, espe-
cially non-White veterans who are appropriate candi-
dates for screening. TaggedEnd
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