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Abstract
Objectives  The impact of lung cancer screening with 
low-dose chest CT (LDCT) on participants’ anxiety levels 
and health-related quality of life (HRQoL) is an important 
consideration in the implementation of such programmes. 
We aimed to describe changes in anxiety and HRQoL in a 
high-risk Canadian cohort undergoing LDCT lung cancer 
screening.
Methods  2537 subjects who had 2% or greater lung 
cancer risk over 6 years using a risk prediction tool 
were recruited from eight centres across Canada in the 
Pan-Canadian Early Detection of Lung Cancer Study 
(2008–2010). We compared HRQoL and anxiety levels 
before and after screening of 1237 participants with 
LDCT (excluding a subset of 1300 participants who also 
underwent autofluorescence bronchoscopy screening), 
as well as after investigations performed because of a 
positive screening examination. The 12-item short-form 
Physical and Mental Component Scales (SF-12), EQ-5D-3L 
scores and State Trait Anxiety Inventory-State anxiety were 
used at each assessment.
Results  Overall, there were no clinically significant 
differences in HRQoL outcomes between baseline and 
each of the survey time points following initial screening. 
No mean change in anxiety in the overall cohort was 
noted following baseline LDCT, but more participants had 
clinically significant increase in anxiety versus decrease 
after baseline screening (increase >minimal clinically 
important difference (MCID) (n=180) vs decrease >MCID 
(n=50), p<0.001). This finding persisted but to a lesser 
degree at the 12 month time point (increase >MCID 
(n=146) vs decrease >MCID (n=87), p<0.001).
Conclusions  CT screening for lung cancer has no major 
overall impact on HRQoL among participants, although 
a minority of participants (number-needed-to-harm=7 
after baseline screening and 18 at 1 year) demonstrated 
clinically significant increased anxiety levels.
Trialregistration number  NCT00751660; Results.

Introduction 
Lung cancer is the leading cause of cancer 
death in North America and around the 

world.1 Early detection and treatment of 
lung cancer through screening is a promising 
strategy to reduce lung cancer mortality.2 The 
largest trial performed to date, the National 
Lung Screening Trial (NLST), demonstrated 
that low-dose CT (LDCT) screening in high-
risk individuals (ie, ever smokers aged 55–74 
years,  ≥30 pack-years (number of cigarettes 
per day/20×number of years of smoking) 
and  <15 years since quitting) of smoking 
significantly reduced lung cancer and overall 
mortality.3 American and Canadian preventa-
tive healthcare agencies have since published 
recommendations in favour of LDCT lung 
cancer screening.3 4 However, no screening 
intervention is without potential harm, 
including adverse psychological impact of 
the screening intervention, screening results, 
or subsequent investigations in most partici-
pants who will not be found to have cancer. 
Potential detriments of lung cancer screening 

Strengths and limitations of this study

►► This study is the first to describe the psychological 
and quality of life impacts of lung cancer screen-
ing on discrete individuals undergoing low-dose CT 
examinations.

►► This allows the calculation of number-needed-to-
harm estimates based on the minimal clinically 
significant difference of each instrument rather than 
mean group changes, important in the informed de-
cision-making process with individuals considering 
this intervention.

►► Our cohort was drawn from a multicentre study with 
high follow-up rates using a participant’s baseline 
status to detect any changes post-screening.

►► Limitations include the lack of an unscreened con-
trol group and the relative homogeneity of our par-
ticipants (Canadian, Caucasian).
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include anxiety and distress from the evaluation of both 
CT detected false positive and overdiagnosed cancers. A 
small proportion of the screen-detected tumours would 
never lead to clinical symptoms, but these overdiagnosed 
lung cancers are frequently treated, with associated risks 
of adverse effects.5 6 Moreover, studies have shown that 
CT lung screening has a high rate of significant lung 
cancer-unrelated incidental findings (SIFs).7 These SIFs 
may require additional investigations and therefore can 
be associated with adverse psychological impact on partic-
ipants in a screening programme.6 

A recent systematic review on the psychological burden 
of LDCT revealed that LDCT screening may be associ-
ated with a short-term psychological burden in partici-
pants.8 Studies to date have explored mean changes in 
groups of individuals rather than rates of clinically signif-
icant changes in individuals screened. Effective policy 
decisions regarding the implementation of lung cancer 
screening and informed decision making by individuals 
requires reliable evidence on its potential impacts on 
health-related quality of life (HRQoL) and psycholog-
ical well-being of individual participants.9 Therefore, this 
study aimed to evaluate the impact of screening modal-
ities on the quality of life and anxiety of participants in 
the Pan-Canadian Early Detection of Lung Cancer Study.

Methods
Study design and population
The Pan-Canadian Early Detection of Lung Cancer Study, 
which has been described in detail previously,10 11 enrolled 
current or former smokers aged between 50 and 75 years 
and with a 2% or greater lung cancer risk over 6 years 
using a risk-prediction model developed using Prostate, 

Lung, Colorectal and Ovarian Cancer Screening Trial 
data.12 Participants were recruited in eight centres across 
Canada (Calgary, Halifax, Hamilton, Laval, Ottawa, 
St-John’s, Toronto and Vancouver) from September 2008 
to December 2010 with each centres’ institutional review 
board approving the study (online supplementary e-Ap-
pendix 1). Signed informed consent was obtained from 
each participant.

All participants were offered baseline LDCT with 
repeat screening at year 1 and 4 in addition to LDCT 
scans as appropriate for nodule follow-up, with the first 
half of the recruited subjects to receive autofluores-
cence bronchoscopy (AFB) as an additional screening 
modality.13 However, since AFB does not appear effective 
in the screening environment,13 and to avoid the poten-
tial confounding impact of AFB on HRQL, participants in 
the AFB arm of the study are excluded from the current 
analysis.

LDCT scan follow-up protocol were determined by 
the maximum long-axis diameter of the largest nodule 
identified. Participants with any semisolid or solid nodule 
5–10 mm or ground-glass opacity 8–10 mm were to receive 
an additional LDCT at 3 months, with larger lesion 
being referred for clinical consultation. Any participant 
requiring repeat LDCT or investigation for a lung lesion 
other than a planned 12-month follow-up examination 
were considered to have a positive screening exam for 
the purpose of this analysis (figure 1). Participants were 
informed of the various possible findings which may be 
found on CT examinations and general protocols for 
investigations at the time of study consent. Individualised 
results letters with description of findings appropriate for 
a non-medical reader were developed by each study site.

Figure 1  Assessments of the health-related quality of life (HRQoL) and anxiety in the Pan-Canadian Early Detection of Lung 
Cancer Study. 
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HRQoL and anxiety
The 12-item short-form (SF-12) Physical Component 
Scales (PCS) and Mental Component Scales (MCS)14 
and the EuroQoL questionnaire (EQ-5D-3L (three-level 
version of EQ-5D)) were used to determine the partici-
pants’ HRQoL at each assessment. The test–retest reli-
ability coefficient is reported to be 0.89 for the PCS 
and 0.76 for the MCS. The EQ-5D-3L consists of a pref-
erence-based index score and a Visual Analogue Scale 
(VAS); the index scores were derived from the current 
Canadian tariff15 (a maximum (best) value of 1 (for 
health state 11111) and a minimum value of −0.34 (for 
33333)). The VAS is a Likert scale asking participants to 
draw a line to their current health status on a visual scale 
ranging between 0 and 100. Scores on the SF-12 are stan-
dardised (ie, mean=50 and SD=10), with a higher score 
indicating better HRQoL.

To evaluate potential anxiety induced by the results of 
the screening tests, we used the Spielberger State Trait 
Anxiety Inventory Form Y (STAI).16 Additional method-
ology details are provided in the online supplementary file.

The questionnaires were administered in person at the 
time of study enrolment (baseline), then by phone within 
1 month after the CT results were received by the partic-
ipants, 1 month after any additional follow-up CT scan 
or other testing following a positive screen (postinvesti-
gations) and prior to the first annual repeat LDCT (12 
months post-baseline) (figure 1).

Statistical analyses
Descriptive analyses of the participants’ characteristics 
and screening outcome were performed. We calculated 
summary scores of outcome measures for participants in 
each category at each of the study time points (at base-
line, 1 month post-baseline CT scan, 12 months after base-
line and postinvestigations). In addition, the above scores 
were compared separately in the subset of participants 
with a positive screening intervention.

To compare overall differences in HRQoL and state-anx-
iety scores between baseline and each of the survey time 
points, generalised  linear mixed models were used to 
take into account the clustering of data within the eight 
study sites, the repeated measurement of each individual, 
the non-normally distributed/skewed outcomes and any 
missing data. The estimated margin of means with adjust-
ment for multiple comparisons (Bonferroni correction) 
was calculated to contrast baseline versus each of the 
study time points. In these estimations, margins involving 
empty cells were treated as not estimable. When signif-
icant long-term differences were noted in our mixed 
model, we further explored the factor association with 
the observed changes using a multivariate regression 
model with adjustment for scan results, age, gender, 
self-reported race, smoking status, pack-years, alcohol 
consumption, education, family history of any cancer, 
participants’ concern about getting lung cancer at base-
line and for the clustering of data within eight study sites.

We further compared the proportion of individuals 
with improvement versus deterioration greater than 
the minimal clinically important difference (MCID) for 
each instrument. MCIDs for outcome measures were 
selected based on previously published results as follows: 
EQ VAS=8,17 EQ-5D-3L index values=0.05,18 PCS=8.1,19 
MCS=4.7,14 STAI-State Anxiety=10.20 The comparisons 
between these two proportions were performed using 
Z-test and if significant, the excess number of cases with 
improvement versus worsening scores were calculated as 
a percentage of cases with available data. When signifi-
cant differences were noted, a number-needed-to-harm 
(NNH) or number-needed-to-treat (NNT) calculation 
was applied as appropriate (total number of case/excess 
cases with worsened or improved score).

Two-sided p values <0.05 were considered as statisti-
cally significant. All analyses were performed using SPSS 
V.24 or STATA V.14. Sample size was determined by other 
primary study factors relating to the screening interven-
tion and not the current analysis.

Patient and public involvement
Patient and public involvement in the design of the 
research was included through the main funding agen-
cies collaborating on the project. This includes the Terry 
Fox Research Institute, the research arm of The Terry 
Fox Foundation. In addition, public input was obtained 
through involvement of the Canadian Partnership 
Against Cancer, an independent organisation funded by 
the federal government to accelerate action on cancer 
control for all Canadians. Patients were not specifically 
involved in the recruitment and conduct of the study 
and no specific plan to disseminate research findings to 
participants has been made.

Results
Participant characteristics
Two thousand five hundred and thirty-seven participants 
were enrolled in the Pan-Can study, and 1237 underwent 
LDCT alone (without AFB). The mean (SD) age of these 
participants was 62.9 (6.1) at baseline. Males 558 (45.1%), 
Caucasian 1201 (97.1%), current smokers 768 (62.1%) 
and regular alcohol drinkers 961 (77.7%) comprised the 
largest groups of participants. The median (IQR) pack-
years of smokers was 51.3 (21.6) and mean (SD) duration 
of smoking was 43.9 (6.1) years. A family history of lung 
cancer was present in 392 participants (31.7%) (table 1). 
Median (IQR) lung cancer risk score was 3.5% (2.9) over 
6 years. Positive baseline LDCT examinations were noted 
in 279 (22.6%) participants of which 35 (2.8%) led to a 
diagnosis of lung cancer.

Health-related quality of life and anxiety measures
Baseline
At baseline, participants reported being concerned 
about getting lung cancer always (6.1%), often (19.0%) 
and sometimes (53.0%). General health problems were 

https://dx.doi.org/10.1136/bmjopen-2018-024719
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reported by 65.0% of respondents on at least one item 
on the EQ-5D-3L. Average baseline EQ VAS, EQ-5D-3L 
index values, PCS, MCS and STAI-State Anxiety scores 
were 76.3, 0.84, 46.1, 51.1 and 30.9, respectively (table 2).

Baseline screening
No statistically significant mean changes in EQ VAS, 
EQ-5D-3L index values, PCS or MCS levels were noted 

following baseline CT screening. In addition, the 
proportion of individuals experiencing a deterioration 
versus improvement greater than the MCID for EQ 
VAS (figure 2), EQ-5D-3L (figure 3), PCS (figure 4) and 
MCS (figure 5) were not significantly different. However, 
the STAI-State Anxiety levels increased in participants 
following baseline LDCT (change (95% CI): 2.27 (0.57 to 
3.96), p value <0.001) (table 2). A greater proportion of 
individuals experiencing a deterioration versus improve-
ment greater than the MCID of 10 for the STAI-State 
Anxiety levels was also noted (increase >MCID (n=180) 
vs decrease  >MCID (n=50), p value <0.001) (figure  6). 
The excess number of participants with increased versus 
decreased anxiety represents 13.8% ((180−50)/937, 
NNH=7) of participants with available data. This change 
remained significant even if only participant with a nega-
tive screen were considered (mean baseline STAI 31.2; 
increase  >MCID (n=129) vs decrease  >MCID (n=40), p 
value <0.0001). Multivariate regression analysis demon-
strated female gender and increased baseline concern 
about getting lung cancer to be associated with increased 
anxiety following screening (table 3).

Twelve-month assessment
No statistically significant mean changes in EQ VAS, 
EQ-5D-3L index values, PCS or STAI-State Anxiety levels 
were detected in participants at the 12-month interview. 
The proportion of individuals with deterioration versus 
improvement greater than the MCID for the instrument 
remained significant for the STAI-State anxiety levels 
(increase  >MCID (n=146) vs decrease  >MCID (n=87), 
p value <0.0001), representing 5.5% ((146–87)/1066, 
NNH=18) of participants (figure 6). The proportion of 
individuals experiencing a deterioration versus improve-
ment greater than the MCID for EQ VAS  (figure  2), 
EQ-5D-3L (figure 3), PCS (figure 4) and MCS (figure 5) 
were not significantly different.

Positive screen and investigation
Among participants receiving a positive scan results 
(n=279), no statistically significant mean changes in 
EQ VAS, EQ-5D-3L index values, PCS or MCS were 
detected following baseline LDCT (online supplemen-
tary table 1). However, more participants experienced a 
clinically significant decrease versus increase in anxiety 
score (increase  >MCID (n=20) vs decrease  >MCID 
(n=41), p  value=0.002) representing 8.8% ((41–
20)/238, NNT=11) of these participants (figure 7). This 
decreased anxiety persisted at the 12-month interview 
(increase  >MCID (n=14) vs decrease  >MCID (n=35), 
p  value=0.003) representing 8.5% ((35–14)/246, 
NNT=12) of participants (figure 8).

Following investigation examinations, no statistically 
significant mean changes in EQ VAS, EQ-5D-3L index 
values, PCS, MCS or anxiety were detected. Postinvestiga-
tion changes revealed no statistically significant changes 
in the proportion of individuals with deterioration versus 
improvement greater than the MCID (figure 7).

Table 1  Baseline characteristics of Pan-Canadian Early 
Detection of Lung Cancer Study participants

Characteristics All enrolled (n=1237)

Age, mean (SD) 62.9 (6.1)

Gender (males), n (%) 558 (45.1)

Race*, n (%)

 � Caucasian 1201 (97.1)

 � Asian 15 (1.2)

 � Black or African Canadian 7 (0.6)

 � Aboriginal 4 (0.3)

 � Pacific Islander 0 (0.0)

 � Other 10 (0.8)

Education, n (%)

 � Eighth grade or less 32 (2.3)

 � Ninth to 12th grade 153 (12.4)

 � High school graduate 337 (27.2)

 � Bachelor's degree 107 (8.7)

 � Technical/vocational/school 
certificate

260 (21.0)

 � Associate degree/some college 205 (16.6)

 � Advanced Degree 144 (11.6)

Smoking habits

 � Current smokers, n (%) 768 (62.1)

 � Pack-years, median (IQR, range) 51.3 (21.6, 2.2–230)

 � Smoking duration (years), mean 
(SD)

43.9 (6.1)

Alcohol consumption

 � Current regular drinkers†, n (%) 961 (77.7)

Family history of lung cancer, n (%) 392 (31.7)

Being worried about getting lung cancer, n (%)

 � Rarely or never 267 (21.6)

 � Sometimes 656 (53.0)

 � Often 235 (19.0)

 � All of the time 75 (6.1)

Scan results at baseline, n (%)

 � Positive 279 (22.6)

 � Negative 958 (77.4)

Lung cancer risk score, median 
(IQR, range)

3.5 (2.9, 2.0–33.5)

*Missing, n (%)=5 (0·2).
†Regular alcohol consumption: having more than one drink per 
week for a period of 6 months or more. Missing, n=11.

https://dx.doi.org/10.1136/bmjopen-2018-024719
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The proportion of different levels of each question-
naires’ dimensions by study visits, as well as number of 
missing values, are shown in the online supplementary 
tables 2–4.

Discussion
This study offers detailed information on HRQoL and 
anxiety following LDCT for lung cancer screening in a 
Canadian high-risk selected population using validated 
assessment tools measuring overall HRQoL as well as 
specific physical, psychological and anxiety scores. Our 
study found no clinically significant differences in HRQoL 
outcomes between baseline and each of the survey time 
points following initial screening in the cohort as a whole. 
However, more participants experienced a clinically signif-
icant increased anxiety (vs decreased) following base-
line LDCT. This finding was more pronounced among 
females and participants who were concerned about 
getting lung cancer at baseline. Paradoxically, decreased 
anxiety was more frequent in the subgroup with positive 
baseline scan, although the impact of scan results did not 

reach statistical significance in the multivariate analysis. 
Over the long term, no adverse effects on HRQoL were 
noted but some of the excess in increased anxiety levels 
persisted.

In line with our findings, analyses of other screening 
cohorts including  the National Lung Screening Trial 
(NLST),21 Dutch-Belgian Lung Cancer Screening 
Trial  (NELSON),22 Prostate, Lung, Colorectal, and 
Ovarian Cancer Screening Trial (PLCO)23 and 
United Kingdom Lung Cancer Screening Trial(UKLS),24 
as well as two recent meta-analyses have demonstrated 
that lung cancer screening is associated with little to 
no adverse physical or psychological long-term impact 
on participants.8 25 While analysis of the Danish Lung 
Cancer Screening Trial did show negative consequences 
at 1 year26 and 2 year27 follow-up, the degree of change 
was actually greater in the control (no screening) arm of 
the trial.

Our finding of decreased anxiety following a positive 
screen is in contrast with those reported in the UKLS24 
and NLST trials,21 which observed a short-term increase 

Table 2  HRQoL and anxiety measures at baseline and at different time points within the study (generalised linear mixed 
model)

Baseline (n=1237)
1 month post-baseline CT 
scan mean, change (95% CI) (n=953)

12 months after baseline CT mean, 
change (95% CI) (n=1066)

EQ VAS* 76.3 76.8, 0.42 (–1.39 to 2.23) 76.8, 0.22 (–0.88 to 1.32)

EQ-5D-3L index values 0.84 0.84, –0.00 (–0.02 to 0.01) 0.84, –0.00 (–0.01 to 0.01)

SF-12: PCS† 46.1 46.8, 0.61 (–0.15 to 1.37) 46.4, 0.31 (–0.55 to 1.17)

SF-12: MCS‡ 51.1 50.9, –0.26 (–1.04 to 0.52) 51.2, –0.14 (–1.14 to 0.86)

STAI-State Anxiety§ 30.9 33.1, 2.27 (0.57 to 3.96) ¶ 31.7, 1.11 (–1.11 to 3.33)

*EQ VAS: ‘We would like to know how good or bad your health is today’ (100—best imaginable, 0—worst imaginable).
†Physical Health Composite Scores (US population mean=50±10), with higher score corresponding to better state.
‡Mental Health Composite Scores (US population mean=50± 10), with higher score corresponding to better state.
§STAI-State score >39 considered clinically significant symptoms.
¶P value <0.05 compared with baseline. Postestimated marginal means with adjustment for multiple comparison (Bonferroni).
EQ-5D-3L, EuroQol-5D three-level version; HRQoL, health-realted quality of life; PCS, physical component scale; MCS, mental component 
scale; SF-12, 12-item short-form; STAI, State Trait Anxiety Inventory; VAS, visual analogue scale.

Figure 2  Changes in EuroQoL VAS from baseline to post-baseline CT (A), and 12 months after baseline (B). MCID,  minimal 
clinically important difference; VAS, visual analogue scale. 

https://dx.doi.org/10.1136/bmjopen-2018-024719
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in distress levels 2 weeks or 2 months, respectively, after a 
positive result notification of baseline screening. Results 
from NELSON28 and from the Pittsburgh Lung Screening 
Study29 also reported a short-term lung cancer-spe-
cific distress, a poorer quality of life and a higher level 
of anxiety among participants with indeterminate 
scan results compared with those with negative results. 
However, in both studies, these negative impacts disap-
peared over time. The explanation for this finding may 
relate to the small size of our programme and person-
alised communication process for results in the study. The 
absolute number of participants with significant changes 
in this metric was also relatively small, so that this finding 
should not be overinterpreted.

Similar to our findings, NELSON study reported a 
worse HRQoL outcomes among females compared with 
males.28 Furthermore, our observation regarding females 
is also consistent with the results of a study of PLCO partic-
ipants23 that found a poorer MCS outcomes in females 
compared with males.

In most studies reported to date, statistically signifi-
cant mean changes in HRQoL-related scores detected in 
groups of screened individuals have been small and of 
questionable clinical significance limiting the impact of 
such findings in clinical decision-making. Conversely, lack 
of statistically significant changes in population means 
can mask clinically meaningful changes in individuals. 
The MCID has been suggested to be a useful benchmark 
to define the smallest difference in HRQoL that individ-
uals perceive as beneficial or harmful and that mandates a 
change in management.30 Only two previous lung cancer 
screening trial have reported MCID levels to interpret the 
changes in HRQoL of participants.22 24 28 However, both 
applied this concept to mean population changes rather 
than to discrete individual changes. Our study is unique 
in providing discrete participant data on the proportion 
of individuals with improvement versus deterioration 
greater than the MCID for each assessment tool. This has 
allowed us to attribute to the intervention excess cases of 
deterioration versus improvement given normal expected 

Figure 3  Changes in EuroQoL(EQ)−5D-3L from baseline to post-baseline CT (A), and 12 months after baseline (B). EQ-5D-3L, 
EuroQoL 5D-three-level version;  MCS, mental component scale; MCID,  minimal clinically important difference. 

Figure 4  Changes in 12-item short-form PCS from baseline to post-baseline CT (A) and 12 months after baseline (B). PCS,  
Physical Component Scale; MCID,  minimal clinically important difference; 
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variations in each individual over time. This can suggest 
if a true clinically significant impact is present, and spec-
ifying how many individuals are impacted by such a 
change, in order to calculate a ‘NNH’ value. With this 
approach, we found that the proportion of individuals 
with improvement versus deterioration greater than the 
MCID for the STAI was significantly different among all 
participants with a NNH of 7 in the short term following 
screening, and 18 at 1 year post-screening. Our data adds 
to an evolving body of evidence which suggests that LDCT 
screening for lung cancer does not have overall signifi-
cant negative impacts on the HRQoL of the population 
screened. However, a minority of individuals do experi-
ence small but clinically significant increases in anxiety 
levels following screening.

The major strengths of our study include the use of 
a large multicenter sample of eligible participants and 
reporting of individual participant data in relation to 
their MCID using three different and well-established 
instruments for measuring HRQoL and anxiety as well 

as the risk prediction model used for the recruitment.31 
Another strength of our study is the longitudinal design 
with a high follow-up and response rate (see online 
supplementary tables 2–4), which enabled us to assess 
short-term and long-term outcomes at different time 
points during screening process with each participant 
serving as his/her own control. While we enrolled a high-
risk cohort using a risk prediction model, our partici-
pants’ baseline HRQoL metrics appeared comparable to 
those of similarly aged individuals in the general popula-
tion (adults aged 55–69, mean EQ VAS: 7632; age 50–59, 
mean STAI: 32.2  (female)/34.5  (male)16; age 50–69, 
PCS: 50.9–51.3, MCS: 50.7–50.933) suggesting that our 
findings could be generalisable to a broader population 
of screen-eligible individuals but with lower risk of lung 
cancer than in our population. Our study is also the first 
to use the full EQ-5D score in this population, which can 
be used to calculate quality-adjusted-life-years.

The current study has potential limitations. Our popu-
lation was made up almost entirely of Caucasians, so that a 

Figure 5  Changes in 12-item short-form MCS from baseline to post baseline CT (A) and 12 months after baseline (B). MCS, 
Mental Component Scale;  MCID,  minimal clinically important difference; 

Figure 6  Changes in Spielberger STAI from baseline to post-baseline CT (A), and 12 months after baseline (B). MCID,  minimal 
clinically important difference; STAI, State Trait Anxiety Inventory. 

https://dx.doi.org/10.1136/bmjopen-2018-024719
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differential impact of screening on other ethnic commu-
nities cannot be determined. Owing to the study design 
for HRQoL assessments, we were unable to address the 
impacts of incidental findings on HRQoL and anxiety of 
participants. Another potential limitation is that we did not 
compare our results to an unscreened control group but 
instead used each participant’s baseline scores. As such, 
other factors unrelated to the screening intervention, 
such as ageing or changes in smoking status, could affect 
the longitudinal changes (or lack thereof) noted in our 
study.34 However, two previous studies with a randomised 
design and a control group reported the HRQoL results 
that were comparable to our findings.14 20 Another 
potential limitation is that the EQ-5D-3L is usually asso-
ciated with a ceiling effect (ie, scores recording perfect 
health)35 and has limited ability to determine small 
changes in health status compared with the five-level 
EQ-5D-5L, which might offer improved measure of popu-
lation-weighted health state utility.36 37 In our study, 35% 
of participants reported perfect scores on EQ-5D-3L at 
baseline, suggesting a ceiling effect that was adjusted for 
with a generalised linear mixed modelling approach.38 
Moreover, HRQoL in our study was also measured by 
SF-12, which has been known to demonstrate a smaller 
ceiling/floor effect compared with EQ-5D-3L.35 In our 
study, no ceiling/floor effect was observed for the SF-12 
scores. Finally, the statistical power to detect changes in 
some participant subgroups such as those with positive 
screens may be limited because of low number of partic-
ipants with a positive scan results. Therefore, caution 
should be used in drawing conclusions.

The complexity of longitudinal analysis of HRQoL and 
the lack of agree on standardised approach compromise 

the comparison of results between studies.39 Even the 
specific MCID level for each instrument can be debated. 
Ideally, such levels are determined in the specific popula-
tion of interest, but such information is rarely available. 
Levels chosen for our analysis were determined prior to 
any data analysis based on best evidence for each instru-
ment. As a confirmatory step, MCIDs selected in this study 
were found to approximate estimates obtained as half a 
SD (MID) of HRQoL measures in our population (results 

Table 3  Factor associated with changes in anxiety levels 
from baseline to 1 month post-baseline CT scan

Changes in anxiety levels 
(STAI-S), Beta coefficient 
(95% CI)

Positive scan results −0.70 (−1.91 to 0.51)

Age −0.09 (−0.18 to 0.01)

Females 1.01 (0.02 to 2.16)*

Current smokers 0.57 (−0.50 to 1.64)

Pack-years −0.01 (−0.03 to 0.01)

Current alcohol consumption −0.63 (−1.86 to 0.60)

Family history of any cancer −1.14 (−2.28 to 0.01)

Participants’ concern about getting lung cancer

 � All the time 3.79 (0.24 to 7.32)*

 � Often 1.73 (−0.00 to 3.47)

 � Sometimes 0.99 (−0.12 to 2.10)

Multivariate regression model with adjustment for scan 
results, age, gender, race, smoking status, pack-years, 
alcohol consumption, education, family history of any cancer, 
participants’ concern about getting lung cancer at baseline, 
and for the clustering of data within eight study sites.
*P<0.05.

Figure 7  Changes in Spielberger STAI from baseline 
to post-baseline CT (A) and postinvestigation (B) among 
participants with a positive scan results. MCID, minimal 
clinically important difference; STAI, State Trait Anxiety 
Inventory. 
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not shown), an alternative distribution-based approach to 
MCID determination.40

The findings of our study corroborate and expand 
the current evidence-based information on lung cancer 
screening decision-making by showing that there is a 
minimal overall psychological impact associated with 
lung cancer screening. However, certain populations (ie, 
females, participants with higher baseline concern about 
lung cancer) may be at a higher risk of negative psycho-
logical impact. This suggests that an improved commu-
nication is needed throughout the entire lung cancer 
screening process, especially for the potentially vulner-
able subgroups. Since most positive screens do not result 
in a lung cancer diagnosis, approaches to better define 
screening exam findings and reduce false positive rates 
could be effective in reducing the anxiety burden in this 
subgroup. Despite the high rate of false-positive CT results 
in lung cancer screening, there is no clear recommenda-
tion yet on psychological interventions to help individuals 
cope with abnormal CT screening results. However, liter-
ature on mammography screening has shown that imme-
diate follow-up and consultation can significantly reduce 
anxieties after receiving abnormal mammograms.41

In conclusion, our study demonstrated that CT 
screening for lung cancer has no major impact on HRQoL 
among participants overall, but some individuals experi-
ence clinically significant increase in anxiety with a NNH 
of 18 at 1 year post initial screen. While these impacts may 
appear minor in view of the robust mortality reduction 
associated with LDCT screening, ongoing work to further 
define and minimise these negative aspects of screening 

is warranted given recommendations for broad screening 
of at-risk populations.
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