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A B S T R A C T   

Background: Participation in lung cancer CT-screening can be associated with a need for follow-up procedures. 
The screening and waiting for test results introduce the risk of experiencing psychosocial consequences. 
Therefore, the aims of this study were: 1) To investigate if the psychosocial consequences changed from before an 
annual screening round to before a three-month follow-up CT-scan in participants with a positive screening 
result. 
2) To investigate potential differences in psychosocial consequences between false positives (FP) and true pos-
itives (TP). FP were defined as those where cancer was not confirmed in the follow-up CT-scan and TP where it 
was. 
Materials and Methods: : This longitudinal study was based on data from the Danish Lung Cancer Screening Trial 
(DLCST). The Consequences of Screening – Lung cancer (COS-LC) questionnaire was used to measure psycho-
social consequences among 130 participants who all received an abnormal CT-screening result at their annual 
screening round. Eligible participants completed the COS-LC before their annual CT-screening and before the 
three-month follow-up. 
Results: We found a statistically significant increase in negative psychosocial consequences between the annual 
lung cancer CT-screening and the three-month follow-up CT-scan in four of nine psychosocial scales; Sense of 
dejection, Self-blame, Focus on airway symptoms and Harm of smoking. Furthermore, an increase, however not 
statistically significant, was identified in all remaining scales, except for the scale Stigmatisation which was 
slightly decreased. We found no evidence of an association between psychosocial consequences and diagnostic 
groups, FP and TP. 
Conclusions: An increase in negative psychosocial consequences was observed between the annual lung cancer 
CT-screening and the three-month follow-up CT-scan. Since we found no statistically significant difference be-
tween the diagnostic groups, the increase in negative psychosocial consequences is interpreted as a nocebo effect 
of living three months in uncertainty not knowing if one’s positive CT-screening result was true or false.   

1. Introduction 

Lung cancer is a leading cause of death worldwide, accounting for an 
estimated 1.76 million deaths in 2018 [1]. Around 15 % of smokers 
develop lung cancer, while 80–90 % of lung cancer diagnoses are 
attributed to tobacco smoking, thereby making primary prevention 
essential [2]. A recent systematic review found that lung cancer 
screening, using low-dose computed tomography (LDCT), reduced lung 

cancer mortality (RR 0.83, 95 % CI 0.76–0.90) [3]. This corresponds to 
an absolute risk reduction of seven lung cancer deaths per 1000 people 
screened, assuming a median baseline risk in the control group of 33 
lung cancer deaths per 1000 participants. The systematic review did not 
find a significant effect on all-cause mortality (RR 0.95, 95 % CI 
0.90–1.00) [3]. Several randomised controlled trials have investigated 
the effect of CT-screening on lung cancer mortality including the Danish 
Lung Cancer Screening Trial (DLCST) [4].On the harm side, 
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participation in lung cancer screening can be associated with psycho-
social consequences [5–7]. To our knowledge, the DLCST is the only trial 
that has used a condition-specific questionnaire to measure the psy-
chosocial consequences of lung cancer screening. Moreover, participa-
tion bias and attrition bias have been investigated in the DLCST using 
the COS-LC [8,9]. These studies found that the dropout rate was higher 
in the control group compared to the intervention-group and that 
non-attendees had worse psychological status than attendees on a 
number of COS-LC scales [8,9]. Other studies have applied generic 
questionnaires [10]; however, these generic measures lack content and 
construct validity as they are not developed to measure all psychosocial 
aspects important for this target group [6,7,11,12]. A recent study using 
the COS-LC found that receiving a false positive result in the DLCST was 
associated with negative short-term psychosocial consequences [13]. 
Still, this study did not investigate the potential psychosocial conse-
quences emerging in the waiting-time, often called the critical period, 
from before the annual screening until the three-month follow-up, at 
which the cancer suspicion raised at screening is either confirmed or 
rejected. This period of time is important as participation in screening 
can be associated with negative psychosocial consequences regardless 
the screening result [5,14]. Therefore, the aims of this study were 
twofold:1) To investigate if the psychosocial consequences changed 
from before an annual screening round to before a three-month fol-
low-up CT-scan in participants with an abnormal screening result. In this 
context, an abnormal result refers to a positive screening result. 2) To 
investigate potential differences in psychosocial consequences between 
false positives and true positives – within both aims using the COS-LC: a 
condition-specific questionnaire with high content validity and 
adequate psychometric properties. 

2. Material and methods 

2.1. Setting, study participants and data collection 

This study was based on data from the DLCST, which have been 
published in details elsewhere [4,15]. In short, the DLCST is a pro-
spective randomised controlled trial, which included 4104 voluntary 
participants randomised into a screening group and a control group. All 
participants were recruited through advertising in newspapers and by 
contacting larger workplaces. Participants were men and women, 50–70 
years of age without lung cancer-related symptoms and with a history of 
cigarette smoking of at least 20 pack-years. Participants had to be cur-
rent or former smokers, and former smokers included had quitted after 
the age of 50 years and less than 10 years ago. Participants had to be able 
to climb two flights of stairs without pausing. Exclusion criteria were 

weight over 130 kg, history of cancer diagnosis, lung tuberculosis, ill-
nesses that would shorten life expectancy to <10 years and chest CT 
received during the last year. Participants were informed about the 
study, completed a questionnaire about their motivation for smoking 
cessation, had their lung function measured (spirometry) and, in case 
they were smokers, received written material about smoking cessation. 
Participants were invited to an initial screening round followed by four 
annual screening rounds. The present study is based on data from par-
ticipants receiving a positive test result at the annual screening rounds 
2− 5. Eligible for analyses were participants, who had a nodule sized 
5− 15 mm and who were enrolled in a surveillance programme including 
a three-month follow-up CT-scan. In the following, this group is termed 
wait&see. The remaining participants received ‘various other abnormal 
results’ and did not receive the three-month follow-up CT-scan. This 
group was termed abnormal-findings. 

2.2. The COS-LC 

The questionnaire Consequences of Screening – Lung cancer (COS- 
LC) is a condition-specific questionnaire with high content validity and 
adequate psychometric properties developed and validated, using Item 
Response Theory Rasch models, to measure the psychosocial conse-
quences of participation in lung cancer CT-screening [5,13]. COS-LC has 
two parts; Part 1 includes the nine scales (number of items); Anxiety (7), 
Behaviour (7), Sense of dejection (6), Negative impact on sleep (4), Self--
blame (5), Focus on airway symptoms (2), Stigmatisation (4), Introvert (4) 
and Harm of smoking (2). Part 1 can be used before, at, and after 
screening and have four answer options – Not at all, a bit, quite a bit, a 
lot – corresponding to a score from 0 to 3. Part 2 measures the long-term 
psychosocial consequences and is only relevant after a final diagnosis. 
Therefore, the analyses and results in this study were based on partici-
pants’ completion of Part 1 of the COS-LC. In the screening-clinic, par-
ticipants completed the COS-LC before the annual screening and before 
the three-month follow-up CT-scan. 

2.3. Covariates 

The following covariates were self-reported and obtained in the 
DLCST: sex, age, social group, education, employment status, region of 
residence, cohabitation status, smoking status, smoking history (pack- 
years) and Charlson’s comorbidity index (CCI). The social group was 
divided into: social group I–V, employed social group uncertain, and 
outside the labour market. Education was measured as the total 
completed school years and grouped as: 7− 9 years, 10 years and 11− 13 
years. Employment status was divided into: employed, studying, job 

Fig. 1. Overview of results from the annual screening round and three-month follow-up.  
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seeking and retired. Region of residence was categorised as: Capital 
Region, Region Zealand and Region of Southern Denmark. Cohabitation 
status was measured as living alone; yes and no. Smoking status was 
divided into: current smoker and former smoker. Smoking history was 
reported as the number of pack-years where one pack-year equals one 
year with a daily consumption of 20 cigarettes. Comorbidity was 
measured by CCI, a weighted sum of 19 indicators for selected diagnoses 
[16]. 

2.4. Statistical analysis 

We analysed baseline differences in covariates between the wait&see 

group and abnormal-findings using χ2 tests for categorical variables and 
Kruskal-Wallis tests for continuous variables. Linear mixed models were 
applied to assess both the mean differences in scores for the COS-LC 
scales and the differences in scale increase from before the annual 
screening round to before the three-month follow-up CT-scan. The linear 
mixed models used a person’s random effect to adjust for the inherent 
correlation between repeated measurements on the same participant. 
Additionally, the linear mixed model accounted for possible differential 
missing data at the three-month follow-up CT-scan, assuming that this 
missingness is adequately explained by scale scores at baseline and 
covariates included in the model. Regressions of time – before the 
annual screening round and before the three-month follow-up – on the 
nine different COS-LC scales were done both unadjusted and adjusted for 
potential confounders: sex, age, smoking status, smoking history and 
CCI. 

3. Results 

In this study, 130 participants received an abnormal result at the 
annual screening. Of the 130 participants, 91 participants (70 %) were, 
as part of the screening procedure, referred to a three-month follow-up 
CT-scan and thus eligible for analysis (Fig. 1). It initially turned out that 
two of the 130 participants were in fact true negative. They were 
excluded from the study and did not proceed to the three-month follow- 
up CT-scan. Following the three-month follow-up CT-scan, 25 partici-
pants were identified with growing nodules (27.5 %), 61 with non- 
growing nodules (67 %) and five with undefined nodules (5.5 %) 
(Fig. 1). Of the 91 participants, 51 completed the COS-LC before the 
three-month follow-up CT-scan (56 %). Fourteen of these participants 
(27.5 %) received a true positive result subsequent to the three-month 
follow-up CT-scan and 37 participants (72.5 %) received a false posi-
tive result. The remaining 37 participants (28.5 %) of the initial 130 
were identified with various other abnormal findings such as nodules 
>15 mm and infections. No statistically significant differences in base-
line characteristics were identified between the wait&see and the group 
of abnormal-findings, except with regards to the screening round 
(Table 1). We found that negative psychosocial consequences increased 
from before the annual screening to before the three-month follow-up 
CT-scan. A statistically significant increase was identified in four of nine 
psychosocial scales; Sense of dejection (1.69), Self-blame (1.43), Focus on 
airway symptoms (1.34) and Harm of smoking (1.64) (Table 2). Addi-
tionally, an increase, however not statistically significant, was identified 
for all remaining scales, expect Stigmatisation, for which a decrease was 
observed (-0.38). An increase, e.g. in the scale Sense of dejection of 1.69 
points corresponds to that 69 % of participants scored two response 
categories higher on one item, or one response category higher on two 
items in the Sense of dejection scale, and the remaining 31 % scored one 
response category higher on one of the items in the scale. Regarding 
negative psychosocial consequences observed between the annual 
screening rounds and before the three-month follow-up, we found no 
statistically significant difference between false-positives and true- 
positives (Fig. 2+Table 3). However, estimates for the majority (6) of 
the scales were negative, which means that the false positives’ psycho-
social consequences did not increase as much as the true-positives’ 
psychosocial consequences did from the annual screening round to the 
three-month follow-up CT-scan. Still, this tendency was not statistically 
significant. 

4. Discussion 

The present study revealed an increase in negative psychosocial 
consequences when comparing COS-LC responses before the annual 
screening and before the three-month follow-up CT-scan. The increase 
was statistically significant in four of nine COS-LC scales; Sense of 
dejection, Self-blame, Focus on airway symptoms and Harm of smoking. We 
found no statistically significant difference between false-positives and 

Table 1 
Participant characteristics at the annual screening round.   

Total Abnormal 
findings 

Wait&see p- 
value*  

n = 130 n = 39 n = 91  
Round, n (%)    0.004 

1 35 (26.9) 15 (38.4) 20 (22.0)  
2 38 (29.2) 16 (41.0) 22 (24.2)  
3 18 (13.9) 4 (10.3) 14 (15.4)  
4 39 (30.0) 4 (10.3) 31 (38.4)  

Sex, n (%)    0.855 
Men 61 (46.9) 19 (48.7) 42 (46.2)  
Women 69 (53.1) 20 (51.3) 49 (53.8)  

Age (years), median (IQR) 59 
(55− 63) 

59 (55− 61) 58 
(56− 64) 

0.641 

Social Group, n (%)a    0.364 
I 4 (3.1) 0 (0.0) 4 (4.4)  
II 22 (16.9) 9 (23.1) 13 (14.3)  
III 21 (16.2) 4 (10.3) 17 (18.7)  
IV 41 (31.5) 13 (33.3) 28 (30.8)  
V 19 (14.6) 5 (12.8) 14 (15.4)  
Employed, social group 
uncertain 

13 (10.0) 3 (7.7) 10 (11.0)  

Outside the labour 
market 

10 (7.7) 5 (12.8) 5 (5.5)  

School education, n (%)    0.717 
7− 9 years in school 60 (46.2) 19 (48.7) 41 (45.1)  
10 years in school 42 (32.3) 14 (35.9) 28 (30.8)  
11− 13 years in school 28 (21.5) 6 (15.4) 22 (24.1)  

Employment status, n (%)    0.324 
Employed 66 (51.2) 16 (42.1) 50 (54.9)  
Studying 1 (0.8) 0 (0.0) 1 (1.1)  
Job seeking 10 (7.8) 5 (13.2) 5 (5.5)  
Retired 52 (40.2) 17 (44.7) 35 (38.5)  

Region of residence, n (%)    0.546 
Capital Region 102 

(78.4) 
33 (84.6) 69 (75.8)  

Region Zealand 27 (20.8) 6 (15.4) 21 (23.1)  
Region of Southern 
Denmark 

1 (0.8) 0 (0.0) 1 (1.1)  

Living alone, n (%)    0.846 
No 79 (60.8) 23 (59.0) 56 (61.5)  
Yes 51 (39.2) 16 (41.0) 35 (38.5)  

Smoking status, n (%)    0.221 
Current smoker 106 

(81.5) 
29 (74.4) 77 (84.6)  

Former smoker 24 (18.5) 10 (25.6) 14 (15.4)  
Smoking history (pack- 

years), median (IQR) 
38 
(29− 46) 

34 (28− 43) 40 
(30− 48) 

0.074 

Charlson comorbidity 
index, n (%)    

0.128 

0 119 
(91.5) 

35 (89.7) 84 (92.3)  

1 7 (5.4) 4 (10.3) 3 (3.3)  
≥2 4 (3.1) 0 (0.0) 4 (4.4)   

* p-value of a Pearson chi-squared test (categorical variables) or a Kruskal- 
Wallis test (continuous variables); p-values are estimates of the exact p values 
based on 10,000 Monte Carlo simulations under the null-hypothesis. 

a Social groups are grouped based on peoples’ position in the labour market 
according to education, business sector and number of subordinates. Social 
group I indicates the most favourable group. 
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true-positives. This indicated that psychosocial consequences experi-
enced during the three-month follow-up period were similar irrespective 
of whether a diagnosis was rejected or confirmed. This can be inter-
preted as a nocebo effect, as the participants experience an increase in 
negative psychological consequences even though their screening re-
sults in fact turn out to be false-positive. 

4.1. Strengths and limitations 

We regard the use of a condition-specific questionnaire, with high 
content validity and psychometrically validated using modern test the-
ory, as a major strength of this study. A condition-specific questionnaire 
is more sensitive to subtle reactions in cancer screening than generic 
questionnaires and is considered superior in this setting [17,18]. Also, 
we consider the prospective design, which diminishes the risk of recall 
bias, an important strength. However, this study had several limitations. 

Firstly, the small number of eligible participants implies low statistical 
power. Hence, while the significant results are valid, we cannot claim 
that we found all relevant increases or differences in increases. Sec-
ondly, the repeated screening rounds introduce the risk of participants 
getting used to being screened, which might have resulted in differences 
in psychosocial consequences in the later screening rounds. However, 
the adjustments in the analyses limited possible confounding. Thirdly, 
there was a risk of selection bias as a study revealed that DLCST par-
ticipants were better educated and had a more positive psychosocial 
profile compared with a background population [19]. Still, the potential 
difference in the increase of psychosocial consequences might not differ 
between participants with different socio-economic status. 

4.2. Interpretation of results and comparison with other studies 

As shown in the results section we found an increase in negative 

Table 2 
Mean scores for COS-LC scales and mean difference in score increase from before the annual screening round to before the three-month follow-up CT-scan.   

Annual screening round Three-month follow-up CT-scan 

Scale (range) Mean scores Mean scores Mean score increase1,2 Adjusted mean score increase1,2  

n* Mean SD n* Mean SD Estimate 95 % CI p-value Estimate 95 % CI p-value 

Anxiety (0− 21) 89 1.82 2.61 48 3.23 3.71 1.16 0.19 ; 2.13 0.02 1.11 0.15 ; 2.06 0.02 
Behaviour (0− 21) 89 1.66 3.00 49 2.41 3.76 0.59 − 0.39 ; 1.56 0.23 0.56 − 0.41 ; 1.53 0.26 
Sense of dejection (0− 18) 88 1.30 2.46 49 3.53 4.05 1.78 0.86 ; 2.70 <0.001 1.69 0.79 ; 2.69 <0.001 
Negative impact on sleep (0− 12) 88 1.48 2.27 50 2.04 2.74 0.53 − 0.24 ; 1.30 0.18 0.46 − 0.30 ; 1.23 0.23 
Self-blame (0− 15) 88 2.56 3.09 49 4.47 4.83 1.57 0.40 ; 2.73 0.01 1.43 0.35 ; 2.52 0.01 
Focus on airway symptoms (0− 6) 88 0.40 0.87 51 1.82 1.76 1.34 0.97 ; 1.71 <0.001 1.34 0.97 ; 1.70 <0.001 
Stigmatisation (0− 12) 87 1.48 2.07 50 1.48 2.94 − 0.31 − 1.02 ; 0.41 0.40 − 0.38 − 1.03 ; 0.36 0.34 
Introvert (0− 12) 87 1.48 2.21 49 1.65 2.48 0.04 − 0.64 ; 0.73 0.91 0.02 − 0.64 ; 0.69 0.95 
Harm of smoking (0− 6) 89 0.81 1.16 51 2.65 2.05 1.66 1.20 ; 2.11 <0.001 1.64 1.20 ; 2.08 <0.001  

1 Three-month follow-up relative to annual screening round. 
2 Adjusted for the following covariates: sex, age, smoking status, smoking history, Charlson’s comorbidity index. 
* The total n differ as not all participants completed all items in each scale. 

Fig. 2. Mean scores for COS-LC scales relative to time and diagnostic status.  
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psychosocial consequences when comparing COS-LC responses before 
the annual screening and before the three-month follow-up CT-scan. It is 
undetermined if the size of the increase reflects a relevant difference 
because no threshold exists. However, a 3-year longitudinal survey with 
repeated measurements, using the Consequences of Screening in Breast 
Cancer (COS-BC) questionnaire (which encompasses identical core- 
scales included in the COS [5]) revealed that women receiving 
false-positive screening mammography results scored higher on the 
majority of the COS-BC scales compared to women with a normal 
mammogram [20]. In the Sense of dejection scale, a mean difference of 
2.45 points (<0.001) was reported one month after receiving the 
screening result and remained statistically significant at three-year fol-
low-up with 0.69 points (0.011). Also, a cohort study found that women 
who had to wait six months until final diagnosis were more distressed 
than women who had cancer ruled out immediately after the clinical 
mammography screening [21]. Further, in a matched cohort study using 
data from the DLCST, patients who received a true-positive screening 
result and thereby a cancer diagnosis scored 4 points on the anxiety scale 
measured one week after diagnosis [13]. In our study, the mean anxiety 
score was 3.25 measured just before the three-month follow-up CT-scan. 
It is striking that participants waiting for a test result experienced a 
similar anxiety level as participants who had just received a cancer 
diagnosis. This study supports that it is not only the diagnostic decision 
following screening that has a potential impact on mental well-being but 
shows waiting time as a crucial factor. Screening, in its own right, in-
troduces the risk of negative psychosocial consequences which might be 
long-term. However, in the previously mentioned matched cohort study 
we found short-term, but no evidence supporting long-term psychoso-
cial consequences [13]. We argue that certain long-term consequences 
may have been overlooked, or that the development of a certain resil-
ience or relief (of feeling cured) may play a long-term role [13]. Another 
study, investigating healthcare use and costs in DLCST participants 
showed more use of the healthcare system among false-positives and 
true-positives compared with the control group in the period of time 
between two screening rounds, which for the false-positives might be 
valid subtle surrogate outcomes for negative psychosocial consequences 

[22]. Further, a comprehensive analysis of healthcare costs in DLCST 
participants showed that the CT group and the control group had 
significantly increased total healthcare costs, calculated at 60 % and 48 
% respectively when they were compared to a random sample of current 
or former heavy smokers in the general Danish population, who had 
never been invited to participate in lung cancer screening [23]. This may 
be associated with the process, described by Andersen and colleagues, 
where the emphasis on early diagnosis changes the way bodily sensa-
tions are interpreted by the public - ‘what counts as cancer symptoms’ is 
steadily being subdivided, classified and expanded [24]. Therefore, even 
though the control group only received annual lung function test and 
smoking counselling they were continuously reminded about their 
smoking- and health status. This might explain the increase in 
health-seeking behaviour especially for those with false-positive 
screening results. Potential healthcare cost increases should be 
included, when evaluating the benefits and harms of the screening 
programme [25].In this study, we were not able to find a statistically 
significant difference in psychosocial consequences between 
false-positives and true-positives, which have been found in similar 
studies in breast [26] and ovarian cancer screening [27]. This might be 
due to a lack of statistical power as there were only 37 participants in the 
group of false positives and 14 in the true positives. 

4.3. Implications for research, policy and practice 

Measuring psychosocial outcomes in screening is complex and re-
quires more methodological considerations than assessing hard end-
points as mortality. Ideally, it includes a randomised control group, 
baseline and follow-up measurements together with a condition-specific 
validated instrument. Firstly, an appropriate comparison group is 
essential as studies have found that both the CT-group and the control 
group experienced increased psychosocial consequences from baseline 
to the subsequent rounds [13,28]. To limit the lung cancer awareness in 
the control group, future trials should be designed with three arms: an 
intervention group, an un-blinded control group and a blinded-control 
group. The last group would then function as a true comparison group 

Table 3 
Mean scores for COS-LC scales and mean differencscore increase from annual screening round to three-month follow-up CT-scan, false-positives relative to true- 
positives.    

Annual screening 
round 

Three-month follow-up CT-scan 

Scale (range) DS1 Mean scores Mean scores Mean difference in score increase2,3 Adjusted mean difference in score 
increase2,3   

n Mean SD n Mean SD Estimate 95 % CI p-value Estimate 95 % CI p-value 

Anxiety (0− 21) FP4 67 2.12 2.84 34 3.32 3.08 
− 0.92 − 3.09 ; 1.25 0.40 − 1.03 − 3.39 ; 1.33 0.39  TP5 22 0.91 1.44 14 3.00 5.05 

Behaviour (0− 21) FP 67 1.73 2.83 35 2.40 3.85 
− 0.17 − 2.37 ; 2.02 0.88 − 0.21 − 2.84 ; 2.41 0.87  TP 22 1.45 3.53 14 2.43 3.67 

Sense of dejection (0− 18) FP 66 1.33 2.20 35 3.74 3.88 
− 0.01 − 2.10 ; 2.08 0.99 0.48 − 1.93 ; 2.89 0.69  

TP 22 1.18 3.16 14 3.00 4.57 
Negative impact on sleep (0− 12) FP 66 1.55 2.21 36 2.00 2.70 

− 0.32 − 2.08 ; 1.44 0.72 − 0.47 − 2.40 ; 1.45 0.63  
TP 22 1.27 2.47 14 2.14 2.93 

Self-blame (0− 15) FP 66 2.83 3.21 35 4.63 4.94 
− 1.15 − 3.77 ; 1.47 0.39 − 0.74 − 3.43 ; 1.95 0.59  TP 22 1.73 2.59 14 4.07 4.70 

Focus on airway symptoms (0− 6) FP 67 0.43 0.89 37 1.78 1.81 
− 0.31 − 1.15 ; 0.53 0.47 − 0.33 − 1.34 ; 0.68 0.52  

TP 21 0.29 0.78 14 1.93 1.69 
Stigmatisation (0− 12) FP 65 1.52 2.17 36 1.78 3.27 0.31 − 1.31 ; 1.93 0.70 0.92 − 0.93 ; 2.77 0.33  

TP 22 1.36 1.79 14 0.71 1.73 
Introvert (0− 12) FP 65 1.68 2.27 35 1.80 2.63 

− 0.28 − 1.82 ; 1.26 0.72 − 0.17 − 1.92 ; 1.58 0.85  
TP 22 0.91 1.97 14 1.29 2.09 

Harm of smoking (0− 6) FP 67 0.84 1.12 37 2.78 2.16 
0.15 − 0.89 ; 1.20 0.77 0.27 − 0.84 ; 1.37 0.63  TP 22 0.73 1.28 14 2.29 1.73  

1 DS = diagnostic status. 
2 False-positives relative to true-positives. 
3 Adjusted for the following covariates: sex, age, smoking status, smoking history, Charlson’s comorbidity index. 
4 FP = false-positive. 
5 TP = true-positive. 
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as participants would not experience increased cancer risk awareness, 
which, as shown, can affect the psychosocial outcomes in an un-blinded 
control group [28,29]. Still, caution must be taken as it can be unethical 
to ask a blinded-control group to respond to a survey for which purpose 
they do not know. Secondly, future studies should include both baseline 
and follow-up measurements at relevant time points in the screening 
cascade, in order to investigate the magnitude and duration of potential 
negative psychosocial consequences [17,18]. Also, as waiting-times are 
often inevitable in screening programmes, attempts should be made to 
make them more tolerable for the participants. Screening results are 
often given in writing, using medical terms, or communicated in a short 
format which is not always understandable to the recipient. A more 
sufficient communication about the screening results might be one of the 
solutions. Based on our results and the studies mentioned, it can be 
argued that the measured psychosocial consequences might seem small 
and inevitable when policymakers aim to reach early diagnosis through 
screening programmes. However, what might seem small and transient 
in relative terms can be large in absolute terms as mass screening pro-
grammes affect a large group of presumably healthy people. When e.g., 
the lung cancer-specific mortality is reduced for one smoker, hundreds 
of healthy heavy smokers will get false positive CT-screening results and 
be at risk of negative psychosocial harm [30,31]. 

5. Conclusion 

The present study revealed increased negative psychosocial conse-
quences related to the waiting time between the annual lung cancer CT- 
screening and a three-month follow-up CT among participants having an 
abnormal screening result. A statistically significant association was 
identified in four of nine COS-LC scales; Sense of dejection, Self-blame, 
Focus on airway symptoms and Harm of smoking. No association was 
found between psychosocial consequences and diagnostic groups, which 
can be interpreted as a nocebo effect of living three months in uncer-
tainty not knowing if one’s abnormal CT-screening result was true or 
false. 
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