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ABSTRACT
Background Lung cancer screening may provide a new
opportunity for attempts to quit among smokers or might
delay smoking cessation, but studies to date failed to
provide evidence for this. This study investigated the
effect of lung cancer screening on smoking abstinence in
male smokers participating in the DutcheBelgian
randomised controlled lung cancer screening trial
(NELSON trial).
Methods In the NELSON trial, 50- to 75-year-old
participants at high risk for developing lung cancer were
randomised to either lung cancer screening or no
screening. Smoking behaviour was evaluated in two
random samples of male smokers in the screen (n¼641)
and control arm (n¼643) before (T0) and 2 years after
randomisation (T1). In addition, the data were also
analysed by intention-to-treat (ITT) analysis, as
recommended in smoking cessation intervention trials,
although non-response in screening trials can also be due
to reasons other than continued smoking.
Results Almost 17% (16.6%) of the trial participants quit
smoking, which is higher than the 3e7% found in the
general adult population. However, screening was
associated with a lower prolonged abstinence rate
(14.5%) compared with no screening (19.1%) (OR 1.40,
95% CI 1.01 to 1.92; p<0.05). No stastistically significant
difference was found after performing an ITT analysis.
Conclusions This study showed that all trial participants
were inclined to stop smoking more than average, which
suggests that screening is a teachable moment to
improve smoking behaviour. In those who underwent
screening the smoking abstinence rate was significantly
lower than for the control group, although the difference
was modest. After ITT analysis this difference was no
longer observed.
Clinical trial number ISRCTN63545820.

INTRODUCTION
Smoking is highly correlated with the development
of lung cancer, the leading cause of cancer death
worldwide.1 2 As w80e90% of all cases are attrib-
utable to smoking,2 the most effective way to
reduce the risk for developing lung cancer
substantially is to refrain from smoking.3 Clinically
diagnosed lung cancer is often in an advanced stage
and occurs more often in former than in current
smokers today, which highlights the need for
further secondary preventive measures in addition
to smoking cessation.4 For that reason, in different
randomised trials the cost-effectiveness of lung

cancer screening by low-dose CT is being evalu-
ated.5 6 Subjects who participated in a lung cancer
CT screening trial showed a high interest in
smoking cessation-related interventions, which
provides new opportunities to approach this
population for smoking cessation programmes.7e10

People eligible for lung cancer screening usually are
of advanced age with a long and intensive smoking
history and often smoking-related comorbid
diseases.11 12 It is well known that these smokers
are relatively less motivated to quit smoking and
less often seek smoking cessation support,13 14 even
though smoking cessation could lead to significant
health benefits in this population.15

In several observational studies, participation in
a lung cancer screening programme was found to be
associated with smoking abstinence,3 9 16 with
cessation rates ranging between 7% and 23%,7 9 17 18

which is encouraging compared with a quit rate of
between of 3% and 7% in the general adult popu-
lation.19 Ostroff et al reported that 87% of the
participants who changed their smoking behaviour
stated that participation in the screening
programme had been a major influence on their
motivation to quit smoking.7 The studies reported
on this topic so far are difficult to compare,7 9 10 18

and one concern that remains is that lung cancer
screening may act as a licence to smoke, because of
the potential reassuring effect of screening.7 9 18

Only data from one randomised controlled trial
(RCT) for lung cancer screening are available
comprising 4104 participants (45% women); in this
trial Ashraf et al reported similar smoking behavioural
changes inboth trial armsafter lungcancer screening.20

Our study is the first RCT on lung cancer
screening that explored the smoking behaviour in
both trial arms and where the control arm partici-
pants have never been invited to the screening site.
The purpose of the study was to investigate the
effect of lung cancer screening (screen arm) on
smoking abstinence compared with no screening
(control arm) among participants in the
DutcheBelgian randomised controlled lung cancer
screening trial (NELSON trial) after 2 years of
follow-up, and to identify the baseline characteris-
tics associated with smoking abstinence.

METHODS
Study design
The study design of the NELSON trial has been
described elsewhere.6 21 In summary, the volunteers
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who gave their informed consent (15 822) were randomised (1:1)
to either the screen arm or the control arm. Participants in the
screen arm received lung cancer screening according to the study
protocol and the test result was based on a nodule management
protocol.6 22 The participants in the control arm received usual
care (no screening), without any invitation to the screening site.
At randomisation, all current smokers in both study arms
received a standard smoking cessation brochure or a question-
naire by which people could ask for tailored smoking cessation
information from STIVORO, the Dutch expert centre on
tobacco control. The standard brochure contained brief infor-
mation about the advantages of quitting, the barriers to quit-
ting, tips about how to quit smoking and how to prevent
smoking relapse, and the possibilities for smoking cessation
support. The questionnaire consisted of questions about
smoking history, previous attempts to quit, attitude towards
smoking cessation and self-efficacy in smoking abstinence.

The NELSON trial was approved by the Dutch Minister of
Health after positive advice from the Dutch Health Council and
by the Ethical Boards of the participating centres.

Study population
The NELSON trial
Information regarding the recruitment rounds and selection
procedure of the NELSON population has also been described
before.6 21 22 In brief, people aged between 50 and 75 years with
a smoking history of >15 cigarettes a day for >25 years or >10
cigarettes a day for >30 years, and who were current smokers, or
former smokers who quit smoking <10 years ago, were invited
to participate in the NELSON trial.21

The effect of lung cancer screening
The current study was conducted in a random subgroup of
current male smokers randomised to the screen (n¼641) or
control (n¼643) arm of the NELSON trial during the first
recruitment period (figure 1). A current smoker was defined as
a participant who had smoked 7 days prior to completing the
baseline questionnaire before randomisation (T0). Screened male
smokers who received a positive scan result (n¼53 (2.1%)) or
who were off-study (n¼163 (6.3%) in the screen arm and n¼7
(0.3%) in the control arm) were excluded from this sample
(figure 1). The selected population (n¼1284) received a second
questionnaire to measure smoking behaviour in November 2006,
which was 2.2 (SD 0.29) years after randomisation (T1).

General questionnaire (T0)
The general questionnaire included demographic variables (date of
birth, gender, level of education) and smoking-related variables.21

The intention to quit smoking (8-point scale) was adapted from
the Transtheoretical Model and recoded according to the stages of
change. Respondents with no intention of quitting smoking
within 1 year were classified as immotive, whereas precontem-
plators, contemplators and preparators reported an intention to
quit smoking within 6e12 months, 1e6 months or 1 month,
respectively.23 24 Other smoking-related items were the age of
smoking initiation (8-point scale); the average number of ciga-
rettes smoked a day (10-point scale); the number of years of
smoking (9-point scale); and the time to the first cigarette after
waking up. These last variables were recoded to a variable with
4e5 categories and into a continuous variable based on the mean
value of each category. The last item is a measure of nicotine

Figure 1 Study flow diagram.
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addiction and is adapted from the Fagerström Test for Nicotine
Dependence (FTND).24 25

Smoking cessation questionnaire (T1)
In addition to the questions at T0, we asked participants about
their marital status/home situation and their smoking behav-
iour. Current smoking behaviour was measured by questions
regarding whether participants still smoked (yes/no); the
number of cigarettes, shag (rolling tobacco), cigar/cigarillos and/
or pipe smoked a day; and whether they had smoked during the
last 24 h (yes/no) and 7 days (yes/no) before completing the
questionnaire.24 Respondents who answered that they still
smoked or who smoked in the last 7 days were classified as
current smokers. In all other cases, they were regarded as point
prevalent smoking abstinent. In addition, these participants
were asked the following questions. ‘Are you engaged in an
attempt to quit at this moment (yes/no)?’ ‘What was the date
of the attempt to quit (day/month/year)?’ ‘Have you smoked
since this quit date (not at all/1e5 cigarettes/>5 cigarettes) and
since 2 weeks after this quit date (not at all/1e5 cigarettes/>5
cigarettes)? ‘Howmany attempts to quit lasting for at least 24 h
have you made in the past?’24 Former smokers who had smoked
<5 cigarettes since 2 weeks after the quit date were classified as
prolonged smoking abstinent, whereas former smokers who had
smoked <5 cigarettes since the quit date were classified as
continued smoking abstinent. All others were classified as
current smokers all the time.24 Prolonged smoking abstinence
was the primary outcome measure of this study.26 The self-
reported smoking status was not biochemically verified.

To calculate the increase or reduction in smoking intensity,
the numbers of cigarettes smoked at follow-up were recoded to
the categories as measured at T0, which was the least exact
measurement. Transitions through the categories were calcu-
lated; backward change was classified as reduced smoking,
whereas forward change was classified as increased smoking.
Otherwise, the smoking behaviour was defined as stable.

Statistical analyses
Power analysis indicated that a sample of 480 participants in the
screen arm and 240 participants in the control arm would have
80% power to detect an expected difference in quit rates of 14% in
the screen arm and 7% in the control arm. Similarities in distri-
bution of the baseline characteristics in both trial arms were
analysed using Pearson c2 statistics for categorical variables and
the ManneWhitney U test for continuous variables with a non-
normal distribution. These tests were also used to explore differ-
ences in smoking behaviour in participants in the screen arm and
control arm at T1. Both univariate and multivariate (backward)
logistic regression analyseswere performed to investigatewhether
baseline characteristics predict prolonged smoking abstinence at
T1. In addition, the association between lung cancer screening and
smoking abstinence was calculated by the ‘intention-to-treat’
(ITT)method (worst-case scenario) as recommended for smoking
cessation intervention studies.26 According to this method, non-
responders are considered as current smokers.

The level of significance was set at 0.05 (two-tailed). The
statistical package software R was used for the power analysis
and all other statistics were performed using SPSS version 15.0.

RESULTS
Baseline characteristics of the participants
The response rates to the questionnaires were 90.6% (581/641)
and 78.2% (503/643) for the screen arm and control arm,
respectively (figure 1). The mean age of the respondents

(n¼1084) was 58 (IQR 7) years. Moreover, 892 of the 1084
participants (82.3%) lived together and 504 out of 1067 partic-
ipants (47.2%) had a lower education level. The majority of the
respondents had a smoking history of 31e50 pack-years (561/
1084; 51.8%) and started smoking at the age of 15e20 years
(704/1084; 64.9%). One hundred and seventy-nine smokers
(179/1020; 17.5%) reported starting smoking <5 min after
waking up, which reflects nicotine addiction. At T0, 40.8% (432/
1058) of the smokers did not intend to stop smoking, while
15.6% (165/1058), 28.9% (306/1058) and 14.7% (155/1058) of
the smokers had the intention to stop within 1 year (precon-
templation stage of quitting), 6 months (contemplation stage)
or 1 month (preparation stage), respectively (table 1).
The baseline characteristics of the respondents to the subco-

hort questionnaire were comparable with the baseline charac-
teristics of male smokers in the NELSON trial of the first
recruitment round (table 1). Furthermore, responders from the
screen arm and control arm (table 1), and responders and non-
responders (data not shown) had similar baseline characteristics
(no statistically significant differences).

Lung cancer screening and smoking behaviour
The smoking behaviour of the responders after 2 years of
participation in the screening trial (T1) is presented in table 2.
No difference was found in the number of attempts to quit
between the screen arm and control arm participants. At T1,
respondents in the control arm reported a significantly higher
point prevalence of smoking abstinence (OR 1.38; 95% CI 1.01
to 1.90), as well as a lower prolonged (OR 1.40; 95% CI 1.01 to
1.92) and continued abstinence rate (OR 1.42; 95% CI 1.03 to
1.96) compared with the screen arm.
According to the ITT analysis, assuming that the non-

respondents were current smokers, the point prevalence of
smoking abstinence was 13.7% (88/641) and 15.5% (99/640) in
the screen arm and control arm, respectively, after 2 years of
follow-up (p¼0.38). The prolonged and continued abstinence
rates were, respectively, 13.1% (84/641) and 12.6% (81/641) in
the screen arm and 14.9% (96/643) and 14.6% (94/643) in the
control arm (p¼0.35 and p¼0.30).
Complete data for the abstinence period were available for 75%

(63/84) of the screened participants and 72% (69/96) of the control
arm participants (table 2). At T1, the median period of prolonged
abstinence was 12.0 months in both trial arms. After 2 years of
follow-up, the current smokers in the screen (n¼497) and control
(n¼407) arm smoked 20 (IQR, 13e12, respectively) cigarettes
a day (p¼0.90). A similar proportion of current smokers in the
screen (264/497; 53.1%)andcontrol (219/407; 53.8%)armreported
having reduced their smoking intensity (p¼0.23). In addtion,
17.7% (88/497) and 13.8% (56/407) of the smokers increased their
smoking intensity and 29.2% (145/497) and 32.4% (132/407)
remained stable in the screen and control arm, respectively.

Predictors of prolonged smoking abstinence
Univariate baseline characteristics associated with prolonged
smoking abstinence at T1 were a higher educational level
(p¼0.01), an intention to quit smoking within 1e6 months and
within 1 year (p¼0.01), allocation to the control arm (p¼0.04)
and a time to the first cigarette of >60 min and 30e60 min
(p¼0.05) (table 3). The age, the age at starting smoking, the
number of cigarettes smoked a day or the smoking duration
were not statistically significant predictors of prolonged
smoking abstinence at follow-up (table 3).
Multivariate analysis (table 3) showed that only an intention

to quit smoking within 1e6 months (p¼0.03), a higher
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educational level (p¼0.04) and allocation to the control arm
(p¼0.04) were significantly associated with prolonged smoking
abstinence at follow-up.

DISCUSSION
The high smoking abstinence rate observed among those
screened (14.5%) has also been reported in previous observa-
tional studies.7e10 18 20 This abstinence rate is positive in
comparison with the 3e7% quit rates observed in adults of the
general population after a minimal intervention for smoking
cessation.19 This is very encouraging, since screening trial
participants are usually elderly people with a long and intense

smoking history for whom it is difficult to make an attempt to
quit.11 14 Despite this high abstinence rate among those
screened, control arm participants reported modest but signifi-
cantly higher smoking abstinence rates.
In contrast to our findings, Ashraf et al found no effect of the

allocation to the screen or control arm on smoking habits,20

which could probably be explained by the fact that both screen
and control arm participants were invited to the screening site
for spirometry and minimal smoking cessation counselling
offered by a specialised nurse each year. This might have miti-
gated the effect of CT screening on smoking behaviour, and
could explain the lack of any difference in smoking behaviour

Table 2 Smoking behaviour of male smokers in the screen and control arm after 2 years of follow-up

Screen arm %* N Control arm %* N p Value

Median number of quit attempts (IQR)y 1 (2) 581 1(2) 503 0.47

Point prevalence of smoking abstinencez 15.1 88/581 19.8 99/500 0.04

Prolonged smoking abstinencex 14.5 84/581 19.1 96/503 0.04

Continued smoking abstinence{ 13.9 81/581 18.7 94/503 0.03

Median duration of smoking cessation**
(IQR) (months)

12.0 (17.0) 63 12.0 (15.5) 69 0.82

*Data are presented as a percentage unless indicated otherwise.
yResults are based on available data of respondents who were current smokers at follow-up (T1).
zPoint prevalence of smoking abstinence indicates that respondents did not smoke in the last 7 days.
xProlonged smoking abstinence indicates that respondents have smoked <5 cigarettes since 2 weeks after the quit date.
{Continued smoking abstinence indicates that respondents have smoked <5 cigarettes since the quit date.
**Results are based on available data of respondents who were former smokers at follow-up (T1).

Table 1 Baseline characteristics of the participants

Male smokers randomised in the
NELSON trial (first recruitment)

Male smokers who responded to the smoking
cessation questionnaire

Total (n[5161) Screen arm (n[581) Control arm (n[503)
N (%)* N (%)* N (%)*

Median age (IQR) years 58 (7.0) 57 (7) 58 (8)

Level of educationy
Low educational level 2442 (48.0) 280 (49.3) 224 (44.9)

Medium educational level 1244 (24.5) 136 (23.9) 122 (24.4)

High educational level 1395 (27.5) 152 (26.8) 153 (30.7)

Marital status

Married or living together NA 475 (81.8) 417 (82.9)

Pack-years

#30 1207 (23.4) 186 (32.0) 144 (28.6)

31e40 1810 (35.1) 168 (28.9) 161 (32.0)

41e50 1143 (22.2) 116 (20.0) 116 (23.1)

51e60 540 (10.5) 66 (11.4) 47 (9.3)

>60 456 (8.8) 45 (7.7) 35 (7.0)

Age at starting smoking

#15 years 865 (16.8) 87 (15.0) 92 (18.3)

15e20 years 3337 (64.7) 392 (67.5) 312 (62.0)

>20 years 955 (18.5) 102 (17.5) 99 (19.7)

Intention to quit smokingz (T0)

Immotive 2003 (39.9) 229 (40.6) 203 (41.1)

Precontemplator 769 (15.3) 84 (14.9) 81 (16.4)

Contemplator 1504 (30.0) 173 (30.7) 133 (26.9)

Preparator 743 (14.8) 78 (13.8) 77 (15.6)

Time to the first cigarettex
#5 min 963 (19.7) 99 (18.1) 80 (16.9)

5e30 min 2000 (40.8) 206 (37.8) 205 (43.2)

30 mine1 h 1217 (24.9) 146 (26.7) 120 (25.3)

>1 h 717 (14.6) 95 (17.4) 69 (14.6)

*Available data are presented as N (%) unless indicated otherwise.
yLow educational level indicates primary, lower secondary general or lower vocational education; medium educational level, intermediate vocational education or higher secondary education;
high educational level, higher vocational education or university.
zImmotive indicates no intention to quit smoking within 1 year; precontemplator, intention to quit smoking within 1 year, but not within 6 months; contemplator, intention to quit smoking within
6 months, but not within 1 month; preparator, intention to quit smoking within the next month.
xFirst question of the Fagerström test for Nicotine Dependence (FTND).
NA, not applicable.
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changes between both trial arms.10 The strengths of our study
are that all smokers in our study received limited written
smoking cessation information only once at randomisation, and
that control arm participants were never invited to the
screening site.

Data analysis according to the ITT method is generally
recommended for the evaluation of smoking cessation inter-
vention studies.26 Ashraf et al also used this method to analyse
their data.20 When we applied this method, we also found no
statistically significant difference in smoking abstinence
between the screen and control arm. However, we believe that it
is appropriate to exclude non-responders, because non-response
of NELSON participants can reasonably also be explained by
reasons other than continued smoking, such as loss of interest in
screening for lung cancer. Furthermore, people are more likely to
under-report their smoking intensity rather than their smoking
status.27 Therefore, we believe that despite the lower response
rate observed in the screen arm, allocation to the screen arm may
lead to lower quit rates as compared with the control arm. Our
concern is, therefore, that screening may create some relief
among smokers based on false confidence.7 This unfavourable
effect of screening on smoking cessation has not been reported in
the context of lung cancer screening before. Only Larsen et al
reported less improvement in smoking habits among screened
individuals in a colorectal cancer screening trial.28 Furthermore,
we found that half of the current smokers reduced their smoking
intensity and that the other half did not change or even

increased their smoking intensity after lung cancer screening. We
should realise, however, that we were able to detect only large
changes in smoking intensity, because of the wide categories
used and because in reality even more people might have
increased their smoking intensity.
These results emphasise the need to improve smoking habits

in lung cancer screening programmes. So far, there is no
evidence-based approach to how to integrate the promotion of
the abstinence from smoking in lung cancer screening
programmes. More research is warranted to identify the most
cost-effective intervention and the best method to frame the
intervention in lung cancer screening programmes. Important
issues to explore are the best type of intervention, the optimum
teachable moment(s) and whether the test result could be used
as biofeedback to enhance quitting smoking.
A limitation of our study is that the data originate from self-

completed questionnaires without biochemical verification of
the smoking status, with the risk of social desirability response
bias. However, self-reports on smoking behaviour appeared to be
valid in a lung cancer screening setting.29 The recruitment was
based on population registries, but randomised people volun-
teered to participate in the lung cancer screening trial. These
volunteers were possibly more motivated to quit smoking
compared with the general adult population.13 We excluded
male smokers randomised to the screen arm with a positive test
result from the sample that was selected for the substudy,
because of the low prevalence (2.1%) of this test result in the
study population after the introduction of the indeterminate
test result by the NELSON trial. This probably may have caused
a small underestimation of the smoking cessation rate in
participants in the screen arm, because a positive test result
might motivate subjects to quit smoking.10 18 20 When we
adjust for the exclusion of the people with a positive test
result,20 the prolonged smoking abstinence rate in the screen
arm was comparable and had no impact on the results. Another
limitation is that this substudy was restricted to men, but, based
on past research, we presume that the effect of lung cancer
screening is similar for males and females at high risk for
developing lung cancer.10 18 20

Although we demonstrated an association between lung
cancer screening participation and smoking abstinence, more
research is warranted that explores whether this relationship is
causal, because few available studies are available so far.
This study showed that all trial participants were inclined to

stop smoking more than average, which suggests a teachable
moment to improve smoking behaviour. In those who under-
went screening the smoking abstinence rate was significantly
lower than for the control group, although the difference was
modest. After ITT analysis, this difference was no longer
observed.
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Table 3 OR of baseline characteristics for prolonged smoking
abstinence in male smokers 2 years after randomisation

Prolonged smoking abstinence

OR (95% CI), univariate
analysis

OR (95% CI),
multivariate analysis

Study arm

Screen arm 1.00 1.00

Control arm 1.40 (1.01 to 1.92)* 1.45 (1.02 to 2.04)*

Age (T0) 0.99 (0.96 to 1.03)

Level of educationy
Lower education 1.00 1.00

Medium education 1.27 (0.83 to 1.93) 1.29 (0.84 to 2.00)

Higher education 1.84 (1.26 to 2.67)* 1.66 (1.12 to 2.48)*

Age at starting smoking

<15 years 1.00

16e19 years 1.20 (0.77 to 1.87)

>20 years 0.73 (0.41 to 1.31)

No. of cigarettes smoked a day 0.98 (0.96 to 1.00)

Smoking duration (years) 1.00 (0.97 to 1.03)

Time to the first cigarettez
<5 min 1.00

5e30 min 1.68 (0.97 to 0.93)

30e60 min 1.97 (1.10 to 3.51)*

>60 min 2.34 (1.26 to 4.33)*

Intention to stop smoking (T0)x
Immotive 1.00 1.00

Precontemplator 1.65 (1.02 to 2.69)* 1.60 (0.98 to 2.61)

Contemplator 1.93 (1.30e2.87)* 1.81 (1.20 to 2.73)*

Preparator 1.58 (0.96 to 2.60) 1.11 (0.61 to 2.00)

*Statistically significant OR (p<0.05).
yLow educational level indicates primary, lower secondary general or lower vocational
education; medium educational level, intermediate vocational education or higher secondary
education; high educational level, higher vocational education or university.
zFirst question of the Fagerström Test for Nicotine Dependence (FTND).
xImmotive indicates no intention to quit smoking within 1 year; precontemplator, intention
to quit smoking within 1 year, but not within 6 months; contemplator, intention to quit
smoking within 6 months, but not within 1 month; preparator, intention to quit smoking
within the next month.
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