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BACKGROUND: Many patients who undergo lung cancer screening (LCS) actively use
cigarettes.

RESEARCH QUESTION: What are the longitudinal, patient-reported smoking attitudes and
behaviors across the LCS process in routine care settings, and are these smoking attitudes and
behaviors associated with patient-centered communication?

STUDY DESIGN AND METHODS: This prospective, longitudinal, repeated measures cohort study
was conducted among patients undergoing LCS in 3 health care systems. Participants were
surveyed by using validated measures of smoking attitudes and behaviors and patient-
centered communication domains up to 1 year following low-dose CT (LDCT) imaging
for LCS. For longitudinal analyses, a series of generalized estimating equations were applied
to measure the adjusted associations of overall communication quality, LCS knowledge, and
decision role concordance with smoking attitudes and behaviors.

RESULTS: A total of 253 participants who currently used cigarettes or who had recently
stopped were enrolled. Of these, 83 participants (36.7% of patients with nonmissing infor-
mation) had moderate or high levels of nicotine dependence. Of 133 participants who were
using cigarettes at baseline who contributed data, 24 (18%) were abstinent 12 months after
baseline. During the screening period, no more than 33% of participants reported receiving
cessation resources from their clinician at any given point. Almost 70% of participants re-
ported high-quality communication at baseline, which was associated with a positive stage of
cigarette use behavior change (adjusted OR, 2.27; 95% CI, 1.21-4.26). Longitudinal high-
quality communication was associated with cigarette abstinence (adjusted OR, 3.63;
95% CI, 1.58-8.34). LCS knowledge and decision role concordance were not associated with
smoking attitudes or behaviors.

INTERPRETATION: Our results indicate that it may be challenging to substantially improve
smoking behaviors through communication strategies. Additional interventions to increase
smoking cessation are required. CHEST Pulmonary 2025; 3(2):100154
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Take-Home Points

Study Question: What are the longitudinal, patient-
reported smoking attitudes and behaviors across the
lung cancer screening process in routine care set-
tings, and are these smoking attitudes and behaviors
associated with patient-centered communication?
Results: Of 253 participants, one-third reported
receiving cessation resources from their clinician at
any time during the screening process. However,
most reported high-quality communication with
their clinician, and high-quality communication was
associated with positive stage of cigarette use
behavior change and cigarette abstinence.
Interpretation: We found that as only some aspects
of communication were associated with cigarette use
behaviors, it may be challenging to substantially
improve smoking behaviors through communication
strategies alone in the absence of interventions
designed to assist smoking cessation.
Lung cancer screening (LCS) using annual low-dose CT
(LDCT) imaging is recommended for patients with a
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history of using cigarettes.1,2 InVeterans Affairs (VA) and
non-VA health care systems, > 50% of patients offered
LCS still use cigarettes at the time of enrollment.3,4 Many
patients undergoing LCS report cessation attempts,5 but
in a subset of the National Lung Screening Trial, <
10% were successful.6 In the VA, about 13% of veterans
quit smoking 1 year following an LDCT scan but only
1% received pharmacotherapy and counseling.7 The
Centers for Medicare & Medicaid Services require
smoking cessation counseling during LCS discussions.8 In
addition, smoking cessation interventions should be a
core component of LCS programs.9

We sought to describe longitudinal, patient-reported
smoking attitudes and behaviors over the course of the
LCS process in routine care settings. We hypothesized
that adequate information exchange, considering the
patient’s values and preferences (eg, “patient-as-
person”), and concordance with shared decision-making
role preferences would be associated with improved
cigarette abstinence behaviors. We particularly wanted
to test the “teachable moment” hypothesis by
quantitatively evaluating if information-focused
communication might improve smoking cessation.10,11
Study Design and Methods
Setting and Recruitment

As previously described, we recruited patients from 3
centers with established LCS programs: Veterans Affairs
Portland Health Care System (VAPORHCS),
Minneapolis VA Health Care System (Minneapolis VA),
and Duke University Medical Center (Duke). Partici-
pants provided informed consent, and institutional re-
view board approval was obtained for each site
(VAPORHCS, #3482; Minneapolis VA, #4645-B; and
Duke, #Pro00073394).12

Participants were recruited from March 2016 to April
2019; follow-up assessments were concluded in May
2020. Analyses were delayed due to the COVID-19
pandemic. We enrolled patients following a decision-
making interaction about undergoing LDCT imaging
for LCS, prior to the patient undergoing their baseline
LDCT scan. We excluded from the present analysis pa-
tients who declined LCS as only a small number of these
patients enrolled in the overall study. We contacted po-
tential participants after documentation or verbal confir-
mation from clinicians that screening was discussed.
VAPORHCS and Duke had centralized LCS programs
that required all patients to have a decision-making
interaction with a dedicated screening coordinator
(VAPORHCS, via telephone; Duke, in-person). At the
Minneapolis VA, patients could have a decision-
making interaction with either their primary care pro-
vider (PCP) or a screening coordinator. Each program
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required that patients who interacted with a screening
coordinator receive a decision aid and strongly encour-
aged PCPs to provide one.12 We included patients who
were eligible for LCS based on their local institution’s
criteria (similar to the 2013 US Preventive Screening
Task Force eligibility criteria)13 without reassessing
those criteria. We were interested in smoking attitudes
and behaviors, and therefore restricted the current anal-
ysis to the 253 participants who indicated they were
currently using cigarettes or had quit < 6 months prior
to enrollment of the 397 total who completed the base-
line survey.

Participants were reassessed following their initial LDCT
scan for LCS at: (1) 2 to 4 weeks afterward; (2) 6 months
after; and (3) 12 months after. With minor exceptions,
participants completed the same instruments at each
assessment. Patients were terminated from the study for
the following reasons: they declined further participation,
they were diagnosed with lung cancer, or they completed
follow-up. Before participants were dropped, 5 attempted
contacts were made. Participants who did not complete a
research assessment could remain in the study.

Theoretical models of patient-centered communication
and shared decision-making were used to develop the
survey.14-16 Research coordinators at each site completed
surveys with each participant over the telephone or in
person.

Exposures
Patient-as-Person Domain: For the patient-as-person
domain, the validated and model-based Consultation
Care Measure was used to measure overall quality of
participant self-reported communication regarding the
LCS decision-making interaction at baseline and the
LDCT results on follow-up surveys.17,18 Participants
could bypass this instrument if they could not recall any
communication about these events or if they had not
received a subsequent LDCT scan. Participants were
asked to answer communication questions regarding
the clinician who spent the most time discussing LCS
or LDCT results with them. The primary measure of
the perception of communication was the statement,
“The overall quality of communication with your
provider is excellent,” which was rated on a 7-point
Likert scale from “very strongly agree” to “very strongly
disagree.” For the analyses, this variable was
dichotomized as “high quality” if participants indicated
they agreed, strongly agreed, or very strongly agreed,
and “low quality” if the participants indicated a neutral
chestpulmonary.org
response, disagreed, strongly disagreed, or very strongly
disagreed.19

Information Exchange: To measure information exchange,
knowledge about LCS was assessed. At the follow-up
surveys, respondents could bypass the knowledge
questions if their LCS knowledge had remained the same.
We developed 7 multiple-choice knowledge questions
that were adapted from previous surveys, agreed upon by
expert consensus, and included core information
elements of the shared decision-making visit as
mandated by the Centers for Medicare & Medicaid
Services (e-Appendix 1). Answers were categorized as
“correct,” “incorrect,” “unsure,” or “missing.” Notably,
during our qualitative interviews and while collecting
quantitative data, we found that many participants felt
they had no knowledge about LCS.20 Although we
provided an option for “unsure,” many declined to
answer the knowledge questions. Data from these
participants are recorded as “missing.” The statistical
analysis was performed based on the primary knowledge
question: “Which of these conditions do you think that
the CT scan screens for?” A summary score of correct
answers was used for descriptive results. Participants had
a missing summary score only if all answers were missing
(eg, if a participant answered only 1 question and got it
correct, then their total knowledge score would be 1).

Shared Decision-Making: To evaluate shared decision-
making, preferred and actual decision-making roles
were assessed at the baseline and final survey (for those
who had their annual LDCT scan for LCS) by using the
Control Preferences Scale (CPS).18 The CPS has been
used extensively in decision-making research, and it
measures the construct defined as “the degree of control
an individual wants to assume when decisions are being
made about medical treatment.” The CPS is a valid and
a reliable measure of roles in health care decision-
making.21,22 Roles are measured with a 5-point Likert
scale and range from the individual making the
treatment decisions (“patient-controlled”), to the
individual making the decisions jointly with
the clinician (“shared”), to the clinician making the
decisions (“provider-controlled”). Participants were
asked how they wanted the decision to be made (their
“preferred decision-making role”) and how the final
decision actually was made (their “actual decision-
making role”) for the decision-making interaction
regarding undergoing LCS. Three categories of decision-
making (“patient-controlled,” “shared,” or “provider-
controlled”) were assigned based on the CPS score.23,24
3
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Role concordancewas defined as exact agreement (using 3
categories) between participants’ preferred and actual
decision-making roles.
Outcomes
Stage of Cigarette Use Behavior Change: To assess the stage
of cigarette use behavior change, we used 1 question
based on the Transtheoretical Model (which has strong
evidence supporting its validity in describing the process
of smoking cessation25,26) and self-report of positive stage
of change for smoking cessation (which is associated with
decrease in amount smoked27). Participants were asked to
identify their current stage of change related to smoking
cessation with the question, “How do you feel about quit-
ting [smoking]?” Answers and classifications were as fol-
lows: “not at all interested” (pre-contemplative),
“thinking about quitting” (contemplative), “have a plan
to quit” (preparation), and “in the process of quitting”
(action). We dichotomized pre-contemplative or contem-
plative as “low” and preparation or action as “high” stages
of change.28,29 Based on their responses to an earlier sur-
vey question about tobacco use, if participants indicated
that they had quit smoking prior to the survey and
were still abstinent, they were not asked to identify their
current stage of change.

Cigarette Abstinence: To assess smoking behavior over
time, the following question was asked on each follow-
up survey: “Have your smoking habits changed since
your last survey?” Patients could respond: “still not
smoking,” “quit over 7 days ago,” “quit less than 7 days
ago,” “cut down,” “no change,” “increased,” or
“restarted.” At the visit 12 months following the LCS
discussion, patients were also able to respond with:
“quit more than 30 days ago” or “quit less than 30 days
ago.” Patients were defined as abstinent if they selected
“still not smoking,” “quit over 7 days ago,” or “quit
more than 30 days ago.”

Other Smoking Behavior Variables

Current and prior use of electronic nicotine devices was
queried, but only combustible cigarette use is reported
herein. Self-efficacy for smoking cessation, or one’s con-
fidence in their ability to quit smoking, had a reliable
association with future smoking abstinence in a meta-
analysis using various rating scales.30 High confidence
in ability to quit smoking, when rated on a 10-point
scale with “high” designated as 7 or 8 or above, is asso-
ciated with sustained smoking abstinence.31 In the cur-
rent study, participants were asked to rate their
confidence in their ability to quit smoking on a Likert
4 Original Research
scale with self-efficacy dichotomized as “low” for rating
0 to 7 and “high” for 8 to 10.

Assessments were also made by using the Fagerström
Test for Nicotine Dependence. Dependence was defined
as “low” (score 0-2), “low to moderate” (score 3-4),
“moderate” (score 5-7), or “high” (score 8-10).32-34 On
each follow-up survey, we asked, “How many cigarettes
do you smoke NOW on a typical day?” where the partic-
ipant could provide an exact number, or respond with a
range (0, 1-10, 11-20, 21-30, $31; “don’t know”; or
“refused”). Participants indicated if medications for
smoking cessation were discussed and if they were offered
cessation counseling during any LCS discussions. If at
least 1 of these activities occurred, we considered that
“cessation treatment” was offered, dichotomized as yes
or no. Similarly, patients were asked if they were offered
assistance to quit in the future, which we considered “ar-
ranging follow-up,” also dichotomized as yes or no.

Other Variables

Self-reported information, including age, gender iden-
tity, race/ethnicity, marital status, educational attain-
ment, employment, income, health literacy,35,36

cigarette use, mental and physical comorbidities, cancer
perceptions,37-39 and state anxiety, was collected at base-
line.40,41 We collected self-reported details of the
decision-making interaction and perceptions of the
clinician who most discussed LCS.42 Participants indi-
cated if they recalled using a decision aid and whether
a PCP and/or a screening coordinator had a LCS
decision-making interaction with them. Research coor-
dinators abstracted electronic health record data using
a standardized extraction tool regarding the role of the
person who conducted the initial LCS decision-making
interaction. The Decisional Conflict Scale was used to
measure decisional conflict at baseline.43

On follow-up surveys, respondents were asked about
how strongly they felt about their LCS decision after-
ward and how satisfied they were with their original
choice using the same scale. State anxiety, lung cancer
worry, perceived cancer seriousness, decisional conflict,
and quality of life were measured by using the refer-
enced instruments.37-40,43-45 e-Table 1 lists the instru-
ments and their timing.

Analysis

Descriptive statistics were computed for patient charac-
teristics and main study variables. Frequencies were
computed excluding missing responses from the denom-
inator. If missingness was substantial, those proportions
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are reported separately. We were interested in the associ-
ation of 3 communication domains, patient-as-person
(measured by the quality of overall communication), in-
formation exchange, and concordant decision-making,
with high stages of cigarette behavior change and absti-
nence. For longitudinal analyses, a series of generalized
estimating equations were applied with stage of change
and abstinence, respectively. Variables were selected by
using causal inference methodology and directed acyclic
graphs,46,47 wherein potential confounders believed to
confound the exposure-outcome association were selected
a priori based on our previous research among patients
with incidental pulmonary nodules and undergoing
LCS.48,49 All models included age, smoking status, in-
come, and depression at baseline. Main effects of interest
included perceived communication quality (high vs low),
screening knowledge (correct vs incorrect or unsure), and
decision concordance (yes vs no) in respective models.
Baseline
assessment

2- to 4-Week
assessment

6-Month
assessment

12-Month
assessment

Completed baseline assessment (N 
Currently using cigarettes (n = 2

Recently quit using cigarettes (n =

Completed visit 2 follow up (N = 
Using cigarettes at baseline (n = 

Quit using cigarettes at baseline (n

Completed visit 3 follow up (N = 
Using cigarettes at baseline (n = 

Quit using cigarettes at baseline (n

Completed visit 4 follow up (N = 
Using cigarettes at baseline (n = 

Quit using cigarettes at baseline (n

Figure 1 – Study Consolidated Standards of Reporting Trials diagram. aAll
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The former 2 predictors were further split into separate
models (1 considering them as baseline status only and
1 considering them time-varying predictors [except for
decision concordance, which was only considered at
baseline]). A random effect for participant using a com-
pound symmetry covariance structure was included as
a nuisance factor to account for the correlation within
a participant over time. For binary outcomes in the
generalized estimating equations, a binomial distribu-
tion and logit link function were applied to estimate
ORs. Significance of ORs was determined by inspection
of the 95% CI. If the interval did not contain 1, it was
considered statistically significant at P < .05.

SPSS version 28 (IBM SPSS Statistics, IBM Corpora-
tion), SAS version 9.1 (SAS Institute, Inc), and RStudio
2024.09.1 (RStudio Team) were used for all analyses and
figure development.
Results

Figure 1 shows participant enrollment at each visit.
Table 118,50,51 includes the sociodemographic
characteristics of the baseline 253 participants who
currently used cigarettes or had quit < 6 months prior to
enrollment and the 213 with a visit 2 to 4 weeks
following the LDCT scan for LCS. These latter
participants were characterized according to their stage
of cigarette use behavior change at the visit 2 to 4 weeks
following the LDCT scan for LCS. Notably, more than
one-third of participants had a moderate (29%) or high
(6%) level of nicotine dependence, and more than one-
half of the total (58%) reported low worry about lung
cancer. Less than one-half (42%) recalled having a
smoking cessation discussion when first discussing LCS.

Of respondents at the 2 to 4 weeks following the LDCT
survey, 12.7% (n ¼ 27) reported that they recalled a
LDCT results discussion coupled with a smoking
cessation discussion (results not shown). We asked these
patients in what ways, if any, the person who discussed
screening results with them offered to help them with
smoking cessation (results not shown). The cessation
discussion attributes are included in e-Table 2.

Figure 2 shows how smoking status changed over the
study for participants with data for every survey. Note
• Withdrawn prior to 2-4 weeks (n = 40)

• Withdrawn prior to 6 months (n = 41)

• Withdrawn prior to 12 months (n = 16)

= 253)a

24)
 29)

213)
186)
 = 27)

172)
151)
 = 21)

156)
134)
 = 22)

assessment Ns are for screening acceptors only.
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TABLE 1 ] Baseline Participant Characteristics at Baseline, at 2 to 4Weeks, and According to Stage of Cigarette Use
Behavior Change at 2 to 4 Weeks

Baseline Characteristics

All Patients at
Baseline
(N ¼ 253)

All Patients at 2-4
Weeks After

LDCT Imaging
(N ¼ 213)

Low Stage of
Cigarette Use

Behavior Change
at 2-4 Weeks
After LDCT

Imaging (N ¼ 77)

High Stage of
Cigarette Use

Behavior Change
at 2-4 Weeks
After LDCT

Imaging (N ¼ 59)

Missing Stage of
Cigarette Use

Behavior Change
at 2-4 Weeks After
LDCT Imaging

(N ¼ 77)

Treatment location

VA Portland Health Care
System

119 (47.0%) 109 (51.1%) 42 (54.5%) 19 (32.2%) 48 (62.3%)

VA Minneapolis 80 (31.6%) 72 (33.8%) 28 (36.4%) 30 (50.8%) 14 (18.2%)

Duke University 54 (21.3%) 32 (15.0%) 7 (9.1%) 10 (16.9%) 15 (19.5%)

Sociodemographic
characteristics

Age, y 64.2 � 5.57 64.3 � 5.63 63.9 � 5.84 63.9 � 5.42 65.0 � 5.58

Gender identity

Man 210 (83.0%) 188 (88.3%) 70 (90.9%) 51 (86.4%) 67 (87.0%)

Woman 43 (17.0%) 25 (11.7%) 7 (9.1%) 8 (13.6%) 10 (13.0%)

Racial background

White 209 (82.6%) 180 (84.5%) 61 (79.2%) 52 (88.1%) 67 (87.0%)

Non-White 41 (16.2%) 30 (14.1%) 13 (16.9%) 7 (11.9%) 10 (13.0%)

Missing 3 (1.2%) 3 (1.4%) 3 (3.9%) 0 (0%) 0 (0%)

Ethnicity

Hispanic 2 (1.0%) 2 (1%) 1 (1.3%) 0 (0%) 1 (1.3%)

Non-Hispanic 247 (97.6%) 207 (97.2%) 72 (93.5%) 59 (100%) 76 (98.7%)

Missing 4 (1.6%) 4 (1.9%) 4 (5.2%) 0 (0%) 0 (0%)

Marital status

Never married 17 (6.8%) 14 (6.6%) 4 (5.2%) 6 (10.2%) 4 (5.2%)

Married 107 (42.3%) 89 (41.8%) 35 (45.5%) 26 (44.1%) 28 (36.4%)

Divorced/separated 95 (37.5%) 81 (38.0%) 25 (32.5%) 22 (37.3%) 34 (44.2%)

Widowed 30 (11.9%) 25 (11.7%) 9 (11.7%) 5 (8.5%) 11 (14.3%)

Missing 4 (1.6%) 4 (1.9%) 4 (5.2%) 0 (0%) 0 (0%)

Education

High school or less 93 (36.8%) 82 (38.5%) 23 (29.9%) 22 (37.3%) 37 (48.1%)

Some college or vocational
work

108 (42.7%) 91 (42.7%) 36 (46.8%) 27 (45.8%) 28 (36.4%)

College graduate or more 49 (19.4%) 37 (17.4%) 15 (19.5%) 10 (16.9%) 12 (15.6%)

Missing 3 (1.2%) 3 (1.4%) 3 (3.9%) 0 (0%) 0 (0%)

Employment status

Employed (full- or part-time) 59 (23.3%) 47 (22.1%) 19 (24.7%) 12 (20.3%) 16 (20.8%)

Not currently working 180 (71.2%) 155 (72.8%) 54 (70.1%) 45 (76.3%) 56 (72.7%)

Missing 14 (5.5%) 11 (5.2%) 4 (5.2%) 2 (3.4%) 5 (6.5%)

Income

Less than $40,000 134 (53.0%) 111 (52.1%) 41 (53.2%) 29 (49.2%) 41 (53.2%)

$40,000 or more 110 (43.5%) 94 (44.1%) 33 (42.9%) 29 (49.2%) 32 (41.6%)

Missing 9 (3.6%) 8 (3.8%) 3 (3.9%) 1 (1.7%) 4 (5.2%)

Tobacco use characteristics

Pack yearsa 54.6 � 23.8 55.4 � 24.4 55.7 � 22.4 59.8 � 28.1 51.2 � 22.8

(Continued)
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TABLE 1 ] (Continued)

Baseline Characteristics

All Patients at
Baseline
(N ¼ 253)

All Patients at 2-4
Weeks After
LDCT Imaging
(N ¼ 213)

Low Stage of
Cigarette Use

Behavior Change
at 2-4 Weeks
After LDCT

Imaging (N ¼ 77)

High Stage of
Cigarette Use

Behavior Change
at 2-4 Weeks
After LDCT

Imaging (N ¼ 59)

Missing Stage of
Cigarette Use

Behavior Change
at 2-4 Weeks After
LDCT Imaging

(N ¼ 77)

Smoking status

Current cigarette use 224 (88.5%) 186 (87.3%) 77 (100.0%) 58 (98.3) 51 (66.2%)

Past cigarette use 29 (11.5%) 27 (12.7%) 0 (0%) 1 (1.7%) 26 (33.8%)

Average cigarettes per dayb

0-20 174 (68.8%) 146 (68.5%) 53 (68.8%) 36 (61.0%) 57 (74.0%)

21-40 61 (24.1%) 53 (24.9%) 16 (20.8%) 20 (33.9%) 17 (22.1%)

$41 5 (2.0%) 5 (2.4%) 2 (2.6%) 3 (5.1%) 0 (0%)

Missing 13 (5.1%) 9 (4.2%) 6 (7.8%) 0 (0%) 3 (3.9%)

Nicotine dependence

Mean � SD 3.87 � 2.13 3.94 � 2.13 4.31 � 1.99 3.84 � 2.32 3.51 � 2.06

Low 60 (23.7%) 47 (22.1%) 11 (14.3%) 18 (30.5%) 18 (23.4%)

Low to moderate 83 (32.8%) 73 (34.3%) 32 (41.6%) 23 (39.0%) 18 (23.4%)

Moderate 69 (27.3%) 55 (25.8%) 28 (36.4%) 11 (18.6%) 16 (20.8%)

High 14 (5.5%) 13 (6.1%) 6 (7.8%) 6 (10.2%) 1 (1.3%)

Missing 27 (10.7%) 25 (11.7%) 0 (0%) 1 (1.7%) 24 (31.2%)

Smoking worryc

High 145 (57.3%) 120 (56.3%) 48 (62.3%) 37 (62.7%) 35 (45.5%)

Low 75 (29.6%) 62 (29.1%) 25 (32.5%) 19 (32.2%) 18 (23.4%)

Missing 33 (13.0%) 31 (14.6%) 4 (5.2%) 3 (5.1%) 24 (31.2%)

Asked health care provider
about ways to quit
smokingd

Yes 156 (61.7%) 130 (61.0%) 44 (57.1%) 47 (79.7%) 39 (50.7%)

No 67 (26.5%) 55 (25.8%) 32 (41.6%) 9 (15.3%) 14 (18.2%)

Missing 30 (11.9%) 28 (13.2%) 1 (1.3%) 3 (5.1%) 24 (31.2%)

Been advised to quit in the last
year by health care
providere

Yes 196 (77.5%) 162 (76.1%) 64 (83.1%) 53 (89.8%) 45 (58.4%)

No 27 (10.7%) 24 (11.3%) 12 (15.6%) 5 (8.5%) 7 (9.1%)

Missing 30 (11.9%) 27 (12.7%) 1 (1.3%) 1 (1.7%) 25 (32.5%)

Felt supported to quit smoking
by health care providerf

Yes 177 (70.0%) 147 (69.0%) 59 (76.6%) 50 (84.7%) 38 (49.4%)

No 31 (12.3%) 25 (11.7%) 7 (9.9%) 5 (8.5%) 13 (16.9%)

Missing 45 (17.8%) 41 (19.3%) 11 (14.3%) 4 (6.8%) 26 (33.8%)

Self-reported medical history

Lung diseaseg 106 (41.9%) 84 (39.4%) 31 (40.3%) 27 (45.8%) 26 (33.8%)

Depression 111 (43.9%) 86 (40.4%) 30 (39.0%) 22 (37.3%) 34 (44.2%)

PTSD 72 (28.5%) 60 (28.2%) 22 (28.6%) 18 (30.5%) 20 (26.0%)

Cancer perceptions

Lung cancer worry

Low 140 (55.3%) 121 (56.8%) 51 (66.2%) 29 (49.2%) 41 (53.3%)

(Continued)
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TABLE 1 ] (Continued)

Baseline Characteristics

All Patients at
Baseline
(N ¼ 253)

All Patients at 2-4
Weeks After

LDCT Imaging
(N ¼ 213)

Low Stage of
Cigarette Use

Behavior Change
at 2-4 Weeks
After LDCT

Imaging (N ¼ 77)

High Stage of
Cigarette Use

Behavior Change
at 2-4 Weeks
After LDCT

Imaging (N ¼ 59)

Missing Stage of
Cigarette Use

Behavior Change
at 2-4 Weeks After
LDCT Imaging

(N ¼ 77)

Moderate 97 (38.3%) 79 (37.1%) 20 (26.0%) 26 (44.1%) 33 (42.9%)

High 11 (4.4%) 9 (4.2%) 3 (3.9%) 4 (6.8%) 2 (2.6%)

Missing 5 (2.0%) 4 (1.9%) 3 (3.9%) 0 (0%) 1 (1.3%)

Lung cancer worry impact

Mean � SD 3.17 � 1.67 3.10 � 1.62 2.98 � 1.67 3.49 � 1.66 2.93 � 1.54

Low 94 (37.2%) 83 (39.0%) 29 (37.7%) 17 (28.8%) 37 (48.1%)

Moderate 46 (18.2%) 36 (16.9%) 11 (14.3%) 13 (22.0%) 12 (15.6%)

High 32 (12.7%) 26 (12.2%) 6 (7.8%) 11 (18.6%) 9 (11.7%)

Missing 81 (32.0%) 68 (31.9%) 31 (40.3%) 18 (30.5%) 19 (24.7%)

Perceived cancer seriousness 3.14 � 0.76 3.09 � 0.77 3.15 � 0.74 3.01 � 0.82 3.11 � 0.76

Perceived cancer susceptibility 3.13 � 0.88 3.13 � 0.85 3.20 � 0.89 3.26 (0.93) 2.97 � 0.74

Emotional experience

Anxiety –2.13 � 1.34 –2.17 � 1.29 –1.99 � 1.42 –2.12 � 1.41 –2.38 � 1.02

Quality of life 0.76 � 0.26 0.76 � 0.26 0.78 � 0.25 0.76 � 0.25 0.73 � 0.26

Decision-making interaction

Recalled using a decision aid 94 (37.2%) 80 (37.6%) 23 (29.9%) 30 (50.8%) 27 (35.1%)

Recalled smoking cessation
discussion

187 (73.9%) 88 (41.3%) 27 (35.1%) 33 (55.9%) 60 (77.9%)

Self-reported screening
discussant

Primary care provider 181 (71.5%) 154 (72.3%) 57 (74.0%) 46 (77.9%) 51 (66.2%)

Unsure if primary care
provider

72 (28.5%) 4 (1.9%) 3 (3.9%) 0 (0%) 26 (33.8%)

Screening coordinator 31 (12.3%) 103 (48.4%) 38 (49.4%) 21 (35.6%) 12 (15.6%)

Unsure if screening
coordinator

222 (87.8%) 17 (7.9%) 8 (10.4%) 4 (6.8%) 65 (84.4%)

EHR screening discussanth

Primary care provider 73 (28.9%) 47 (22.1%) 13 (16.9%) 16 (27.1%) 18 (23.4%)

Screening coordinator 180 (71.1%) 166 (77.9%) 64 (83.1%) 43 (72.9%) 59 (76.6%)

Overall quality of
communication with
clinician

Mean � SD 5.49 � 1.13 5.45 � 1.14 5.36 � 1.07 5.63 � 1.11 5.40 � 1.21

No communication recalled 63 (24.9%) 57 (26.8%) 26 (33.8%) 15 (25.4%) 16 (20.8%)

Low quality 13 (5.1%) 11 (5.2%) 3 (3.9%) 3 (5.1%) 5 (6.5%)

High quality 169 (66.8%) 137 (64.3%) 44 (57.1%) 38 (64.4%) 55 (71.4%)

Missing 8 (3.2%) 8 (3.8%) 4 (5.2%) 3 (5.1%) 1 (1.3%)

Perceptions of LCS clinician

Mean � SD 8.90 � 1.47 8.88 � 1.49 8.64 � 1.71 9.17 � 1.54 8.88 � 1.20

Poor 54 (21.3%) 45 (21.1%) 19 (24.7%) 8 (13.6%) 18 (23.4%)

Good 130 (51.4%) 105 (49.3%) 31 (40.3%) 34 (57.6%) 40 (52.0%)

Missing 69 (27.3%) 63 (29.6%) 27 (35.1%) 17 (28.8%) 19 (24.7%)

(Continued)
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TABLE 1 ] (Continued)

Baseline Characteristics

All Patients at
Baseline
(N ¼ 253)

All Patients at 2-4
Weeks After
LDCT Imaging
(N ¼ 213)

Low Stage of
Cigarette Use

Behavior Change
at 2-4 Weeks
After LDCT

Imaging (N ¼ 77)

High Stage of
Cigarette Use

Behavior Change
at 2-4 Weeks
After LDCT

Imaging (N ¼ 59)

Missing Stage of
Cigarette Use

Behavior Change
at 2-4 Weeks After
LDCT Imaging

(N ¼ 77)

Cancer screening knowledge

The LDCT scan screens for
which condition?

Correct 110 (43.5%) 89 (41.8%) 30 (39.0%) 20 (33.9%) 39 (50.7%)

Incorrect 68 (26.9%) 54 (25.4%) 18 (23.4%) 22 (37.3%) 14 (18.2%)

Unsure 55 (21.7%) 50 (23.5%) 23 (29.9%) 12 (20.3%) 15 (19.5%)

Missing 20 (7.9%) 20 (9.4%) 6 (7.8%) 5 (8.5%) 9 (11.7%)

Summary score (0-7) 1.91 (1.34) 1.84 (1.35) 1.75 (1.41) 2.00 (1.48) 1.79 (1.18)

Shared decision-making

Decision-making role
preference

Patient-controlled 108 (42.7%) 88 (41.3%) 34 (44.2%) 24 (40.7%) 30 (40.0%)

Shared decision 101 (39.9%) 87 (40.9%) 24 (31.2%) 26 (44.1%) 37 (48.1%)

Clinician-controlled 34 (13.4%) 28 (13.2%) 14 (18.2%) 7 (11.9%) 7 (9.1%)

Missing 10 (4.0%) 10 (4.7%) 5 (6.5%) 2 (3.4%) 3 (3.9%)

Concordant decision-makingi 192 (75.9%) 163 (76.5%) 56 (72.7%) 46 (78.0%) 61 (79.2%)

Decision conflict

Mean � SD 23.75 � 14.72 24.30 � 14.64 25.14 � 13.90 22.56 � 14.94 24.80 � 15.20

No decision conflict 107 (42.3%) 88 (41.3%) 25 (32.5%) 28 (47.5%) 35 (45.5%)

Intermediate decision
conflict

106 (41.9%) 90 (42.3%) 38 (49.4%) 25 (42.4%) 27 (35.1%)

High decision conflict 37 (14.6%) 32 (15.0%) 13 (16.9%) 5 (8.5%) 14 (18.2%)

Missing 3 (1.2%) 3 (1.4%) 1 (1.3%) 1 (1.7%) 1 (1.3%)

Percentages are of non-missing data. Data is presented as No. (%) and SD þ/-. Three participants selected response options that are not categorizable in
the Transtheoretical Model (TTM), and 74 participants did not complete the TTM item. EHR ¼ electronic health record; LCS ¼ lung cancer screening; LDCT ¼
low-dose CT; PTSD ¼ posttraumatic stress disorder.
aCalculated by first recoding usual cigarettes smoked per day into packs for both those with previous and current use. Range of 1 to 10 was considered 0.5
pack, 11 to 20 was considered 1 pack, and so on through 61 or more (4 packs). Participants who reported an exact number of cigarettes were recoded into
packs by multiplying the number by 0.05. Next, years were calculated by subtracting smoking start age from current age for individuals currently smoking,
and subtracting smoking start age from smoking quit age for individuals who previously smoked. Packs were then multiplied by years to compute pack
years. Fifty-five participants were excluded from this computation for having missing or impossible data, including having a negative pack year (reporting
a start age after a quit age) or reporting smoking start age as 0.
bRange both for those who currently and formerly used cigarette since they started smoking.
cBased on the question “If you were to make a list of all the things you think or worry about, where would smoking fall on this list?” with the following
options: “very top of the list,” “near the top of the list,” “middle of the list,” “near the bottom of the list,” “not on the list,” “don’t know,” or “refused”.50 We
categorized “very top of the list” and “near the top of the list” and “middle of the list” as high worry and “near the bottom of the list” and “not on the list” as
low worry.
dBased on the question “Have you asked your regular doctor or health care provider about ways to quit smoking?” with the following options: yes; no; don’t
know; or refused.51
eBased on the question “In the past 12 months, has your regular doctor or health care provider advised you to stop smoking?” with the following options:
yes; no; don’t know; or refused.51
fBased on the question “To what extent have you felt supported to quit smoking by your regular doctor or health care provider?” with the following options:
“very supported,” “supported,” “neutral,” “not supported,” “don’t know,” or “refused.”51 We categorized “very supported” and “supported” as supported and
“neutral” and “not supported” as not supported.
gCOPD, asbestos exposure, or other lung disease.
hParticipants were asked separate questions regarding if their primary care provider and a screening coordinator discussed LCS with them.
iConcordant decision-making was defined as exact agreement between participants’ preferred and actual decision-making roles as elicited by the Control
Preferences Scale.18
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Figure 2 – Sankey diagram showing participant smoking behavior at each visit, dichotomized as using cigarettes or abstinent. The 4 node columns
correspond to the four visits, starting at baseline and ending at 12 months. The orange links (top links in each row) indicate participants who were using
cigarettes. The blue links (bottom links in each row) indicate participants who were abstinent. Participants with missing smoking status at any time
point are not included.
that a random effect for participant using a compound
symmetry covariance structure was included as a
nuisance factor to account for the correlation within a
TABLE 2 ] Cessation Confidence and Resources

Variable Baseline (N ¼ 253

Baseline patient characteristics

Age, y 64.2 � 5.57

Income

Less than $40,000 134 (53.0)

$40,000 or more 110 (43.5)

Missing 9 (3.6)

Smoking status

Current cigarette use 224 (88.5)

Past cigarette use 29 (11.5)

Depression 111 (43.9)

Abstinent from cigarette usea

Newly abstinent during study, n (% of total
cohort; % of baseline group)

0

Abstinent at baseline, n (% of total cohort;
% of baseline group)

29 (11.5%;
100%)

Quitting confidence

Raw score 6.5 � 2.8

High self-efficacyb 70 (43.2)

Clinician-provided resources

Provided with counseling 59 (23.3)

Prescribed nicotine replacement 84 (33.2)

Prescribed medicationc 36 (14.2)

Prescribed cessation classes 5 (1.9)

Data are presented as mean � SD or No. (%) unless otherwise indicated.
aAbstinence was determined by using a measure of 7-day point prevalence. Fo
smoking < 6 months prior to enrollment.
bPercentages are based on the total number of people who responded to this i
cBupropion (Wellbutrin; GlaxoSmithKline) or varenicline (Chantix; Pfizer).

10 Original Research
participant over time. Of the 156 participants with
relevant data at the 12-month survey, 24 (15.4% of the
total and 18.1% of the baseline group) who had reported
)
2-4 Weeks
(n ¼ 213) 6 Months (n ¼ 172) 12 Months (n ¼ 156)

64.3 � 5.63 64.7 � 5.73 64.5 � 5.83

111 (52.1) 88 (51.2) 82 (52.6)

94 (44.1) 78 (45.3) 70 (44.9)

8 (3.8) 6 (3.5) 4 (2.6)

186 (87.3) 151 (87.8) 134 (85.9)

27 (12.7) 21 (12.2) 22 (14.1)

86 (40.4) 72 (41.9) 63 (40.4)

18 (8.5%;
9.8%)

36 (21.0%;
24.0%)

24 (15.4%;
18.1%)

18 (8.5%;
72.0%)

14 (8.1%;
70.0%)

14 (9.0%;
63.6%)

6.7 � 2.9 5.7 � 3.1 6.5 � 2.9

57 (42.5) 34 (35.1) 34 (39.1)

20 (9.4) 7 (4.1) 6 (3.9)

37 (17.4) 28 (16.3) 22 (14.1)

15 (7.0) 9 (5.2) 14 (8.9)

0 0 2 (0.8)

r inclusion in this cohort, all patients currently used cigarettes or had quit

tem, not the N for each visit.
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smoking prior to their initial LDCT imaging for LCS were
abstinent as measured by 7-day point prevalence
(Table 2). An additional 14 participants (9.0% of the total
and 63.6% of the baseline group) who reported having
quit within 6 months prior to their initial LDCT imaging
for LCS remained abstinent at the 12-month survey. A
minority but substantial number of participants reported
high self-efficacy in quitting smoking. No more than one-
third of participants reported that their clinician provided
cessation resources at any time.

Figure 3 shows the proportion of participants who
reported a positive stage of change in their smoking
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Figure 3 – Smoking attitudes and behaviors at each visit, stratified according t
concordance. Smoking attitudes were measured by using the Transtheoretica
Fagerström Test for Nicotine Dependence.32–34

chestpulmonary.org
attitude (measured by using the Transtheoretical
Model25,26) and behavior (measured by using the
Fagerström Test for Nicotine Dependence32-34) at each
research encounter, stratified according to their
communication domain responses at each visit. With
minor exceptions, the majority of participants at each
research encounter had a positive stage of change. We
did not observe obvious patterns of the stage of change
based on the communication domains. Upon visual
inspection, we observed no large differences in smoking
dependence score stratified by LCS knowledge,
communication quality, or concordant decision-
making role prior to their LDCT imaging for LCS.
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l Model,25,26 and smoking behaviors were measured by using the
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Baseline high-quality communication was associated
with a positive stage of cigarette use behavior change
(adjusted OR, 2.27; 95% CI, 1.21-4.26), and longitudinal
high-quality communication was associated with
cigarette abstinence (adjusted OR, 3.63; 95% CI, 1.58-
8.34) (Table 3).18 Otherwise, communication domains
were not associated with stage of change or abstinence.
Discussion
In the largest longitudinal study of patient-reported
outcomes among patients who currently or recently used
cigarettes at the time of enrollment in LCS to our
knowledge, we found that fewer than one-half recalled
having a smoking cessation discussion when initially
discussing LCS. Furthermore, 13% of participants who
currently used cigarettes recalled a smoking cessation
discussion with a results discussion after their LDCT
scan. Although 18% of participants were newly abstinent
in the previous 7 days 1 year after starting LCS, only
64% of participants who had previously quit within
6 months of their baseline LDCT imaging for LCS
remained abstinent. Most patients reported not
receiving smoking cessation support from their clinician.
Only high-quality communication, a measure of the
patient-as-person domain, was associated with positive
stage of cigarette use behavior change and cigarette
abstinence. This finding indicates that increasing LCS
knowledge or further optimization of concordant
decision-making, as recommended and mandated in
LCS guidelines and reimbursement decisions, may not
positively influence smoking behaviors.

These results are important to consider in the context of
previous studies. About one-fifth (18%) of patients who
used cigarettes at baseline reported newly abstaining
TABLE 3 ] Association of Communication Components Wit

Predictors (Each in Separate Model)

High Stage of C

OR

Communication quality

Baseline 2.27

Time-varying 1.00

Knowledge

Baseline 1.39

Time-varying 1.14

Concordant decision-making,a baseline 1.86

Models predict either a positive stage of cigarette use behavior (compared with
abstinent). Covariates ¼ age, income, depression, Fagerström score (all at bas
aDefined as agreement between participants’ preferred and actual decision-m

12 Original Research
from cigarettes 1 year after starting LCS. This rate is low
but higher than other reports.6,7,52,53 Similarly, patients
reported low rates of smoking cessation support but
higher than indicated with VA administrative data.7 We
suspect our observed rates are higher than other studies
at least in part because of volunteer bias and because
patients lost to follow-up often use cigarettes at higher
rates than those who remain engaged in a longitudinal
study.54 Thus, our findings likely represent a ceiling
effect and indicate there are clearly missed opportunities
to engage patients in smoking cessation interventions
among those undergoing LCS.

We previously performed qualitative analyses of patients
and clinicians engaged in LCS, which help triangulate
our current results.11,55 At the time of enrollment prior
to the LDCT imaging for LCS, patients reported they
understood that LCS was not a “green light” to continue
using cigarettes.11 During the year following the LDCT
imaging for LCS, patients reported they appreciated the
verbal and written communication they received about
smoking cessation and did not feel burdened by repeated
encouragement and support to quit as discussion of
smoking cessation was seen as part of high-quality
communication. However, most also reported it did not
influence their quit motivation.56

Some patients may also feel that discussions of smoking
within LCS visits are unwarranted or undesired,57

necessitating even more emphasis on the patient-as-
person domain that incorporates elicitation of the
patient’s perspective, preferences, and needs. In the
current analysis, LCS knowledge was not associated with
positive stage of change or abstinence, suggesting that
LCS communication itself is not a teachable moment.
Although it is encouraging that high communication
h Smoking Attitudes and Behaviors

igarette Use Behavior
Change Smoking Abstinence

95% CI OR 95% CI

1.21-4.26 0.98 0.49-1.95

0.58-1.72 3.63 1.58-8.34

0.72-2.69 1.75 0.90-3.39

0.55-2.34 1.83 0.49-6.77

0.82-4.19 1.01 0.38-2.72

negative) or smoking abstinence within the past week (compared with not
eline).
aking roles as elicited by the Control Preferences Scale.18

[ 3# 2 CHE S T P u lm on a r y J U N E 2 0 2 5 ]



quality was associated with abstinence, almost
70% reported high-quality communication at baseline
(only 5% reported low-quality) and > 90% of patients
reported high quality communication at 2 to 4 weeks
following the LDCT imaging visit, suggesting there
may be little ability to improve this measure for many
patients. Indeed, a systematic review58 found that LCS
did not affect smoking behaviors either positively or
negatively. A previous study59 found that although
patients may rethink smoking behaviors when linked
with LCS, clinicians often missed linking the LCS
process and smoking cessation together.

Although some studies suggest that mentioning smoking
cessation is beneficial to inspire patients to want to
quit,60 clinicians likely need to do more than simply
discuss LCS to ultimately prompt spontaneous behavior
change via a teachable moment. We have previously
reported that the LCS discussion may not do enough to
link LCS and smoking, or there is not enough of a strong
(negative) response to the discussion to evoke a
spontaneous behavior change.11 Qualitative interviews
elucidated the current survey findings here by indicating
that patients already know that smoking is not good for
them, and thus talking about it during an LCS discussion
does not seem much different from talking about
smoking at other routine clinical encounters. Our
qualitative and quantitative results therefore imply that
increasing information about LCS alone, as would be
predicted by the teachable moment hypothesis, might
not be a catalyst for change.

Because standard LCS communication processes are
not enough to increase smoking cessation, it is urgent
to identify additional strategies to improve cigarette
use outcomes. The National Cancer Institute and the
VA-sponsored 8 clinical trials (Smoking Cessation at
Lung Examination Collaboration [SCALE]) to help
patients undergoing LCS to quit smoking.61 The
results are disappointing. The Optimizing Lung
Screening (OaSiS) intervention trial found no
difference in cigarette abstinence between an
intervention focused on implementation of high-
quality tobacco treatment processes and usual care
arms (13.0% vs 13.5%, respectively).62 A trial of
adding personalized gain-framed messaging and
biomarker feedback compared with standard care
found no difference in 8-week quit rates
(16.1% vs 16.8%).52 The Georgetown Lung Screening,
Tobacco, and Health trial found that patients in the
intensive vs minimal arm (8 vs 3 telephone sessions
plus 8 vs 2 weeks of nicotine patches, respectively) had
chestpulmonary.org
higher rates of abstinence at 3 months (9.1% vs 3.9%)
but not at 6 or 12 months following the intervention.63

Although the treatment titration intervention from
the Program for Lung Cancer Screening and Tobacco
Cessation (PLUTO) trial was ineffective, tobacco
longitudinal care, in which participants received
behavioral and pharmacologic support for 12 months,
was associated with a 25% abstinence rate at
18 months, higher than is typically seen in routine
care settings.64 The SCALE trials likely have a
volunteer bias,65 and thus positive results may be less
likely to be generalizable to routine care settings.

Even if the SCALE trials were more encouraging,
this approach to improving cessation rates is likely
flawed. The US Preventive Services Task Force
recommendation was released more than a decade
ago,13 and LCS utilization rates remain low.66 We
cannot wait decades to help patients undergoing
LCS quit smoking. We suggest deploying large-scale,
opt-out, hybrid implementation-effectiveness trials
using pragmatic methods among research and
practice-based collaborative networks to rapidly
address the crisis of cigarette use among patients
undergoing LCS. In particular, longitudinal smoking
cessation interventions are likely more effective and
may work well given the episodic nature of LCS.67

Intensive interventions have been shown to be more
effective but may be simultaneously less feasible in
routine care settings.68,69 However, inclusion of each
evidence-based step in the LCS process may boost
quit rates. Even brief advice has been shown to be
effective when offered at each medical
encounter,67,70 but a multifaceted approach likely
yields the most success.68

The current results may not be generalizable to other
settings and patient populations. Although frequently
used, we relied on self-report of smoking cessation
rather than biochemical measures of smoking
cessation so may overestimate the rate of abstinence.71

However, biochemical verification in other studies has
shown that people have low rates of inaccurate self-
reporting.72 We also may have social desirability bias,
in which the responder says what they think is a more
socially acceptable response, thereby underreporting
undesirable behavior.73 Furthermore, participants
who reported higher quality communication may feel
more pressure to report cessation.74 This bias may
partially explain the positive association between
communication quality and abstinence. We measured
smoking behavior but focused on intentions to quit
13
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smoking because we had less power to detect
associations with behavior. This issue likely biases our
results toward finding differences that may not be
associated with actual behavior change as many
people who intend to quit are unable to do so. Lastly,
there was a high rate of dropout over the course of the
study.

Interpretation
From multiple analyses, we feel that it is clear that LCS
does not give most patients a “license to smoke.”We feel
it is also clear that LCS is not a teachable moment for
most patients in routine care settings to spontaneously
quit because of usual communication
practices.11,50,56,57,75,76 There are missed opportunities to
support patients undergoing LCS to engage in smoking
cessation interventions. Experts recommend that LCS
programs include smoking cessation support and start to
track utilization with performance measures.9,77

Researchers and health care systems should develop and
deploy interventions to actively support every patient
with smoking cessation assistance at every encounter.
14 Original Research
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