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A B S T R A C T   

Objectives: In England, a risk-based approach is used to determine eligibility for lung cancer screening. Ensuring 
effective communication and counselling of risk is therefore increasingly important. In this study, we explore the 
perception of lung cancer risk in attendees of a community-based screening service, located in socio- 
economically deprived areas of Manchester. We analyse responses based on demographic variables, calculated 
risk score and screening eligibility. 
Materials and Methods: The Manchester Lung Health Check (LHC) programme invited ever smokers, age 55–80, to 
a lung cancer risk assessment in which their 6-year risk was calculated (using the PLCOM2012 model). Those at 
high risk (PLCOM2012 score ≥ 1.51%) were eligible for low dose CT (LDCT) screening. Prior to their assessment, 
attendees were invited to complete the study questionnaire, which assessed absolute and comparative risk 
perception, disease knowledge (incidence, survival, and risk factors), lung cancer specific worry, and mental 
health. 
Results: 371 participants completed the questionnaire; 66% (n = 243) had linked clinical data. Perceived absolute 
risk was markedly higher than calculated risk (median: 20% vs. 1%; p < 0.001) and higher in women than men 
(25% vs. 15%; p = 0.001). There was no correlation between perceived absolute and calculated risk. Overall, 
30% classified themselves at higher, and 21% at lower, lung cancer risk compared to others their age. Median 
PLCOM2012 score increased with perceived comparative risk (p = 0.004). Those eligible for screening were more 
likely to: classify themselves at higher comparative risk (41% vs. 21%; p < 0.0001), report lung cancer-specific 
worry (27% vs. 10%; p = 0.001) and have indications of depression (20% vs. 10%; p = 0.05). Family history of 
lung cancer was significantly associated with higher comparative risk (adjOR 4.03, 95%CI 1.74–9.3; p = 0.001). 
Conclusion: Employing comparative rather than absolute risk may assist risk counselling. Further research is 
required to determine the optimal approach to risk communication in this setting.   

1. Introduction 

Lung cancer is the leading cause of cancer death globally [1]. Several 

large randomised controlled trials (RCTs) have demonstrated in recent 
years that providing low-dose CT (LDCT) screening to high-risk pop-
ulations detects lung cancer at an earlier stage and reduces disease- 
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specific mortality [2-4]. Targeting screening to those most at risk is an 
important way of improving programme efficiency and reducing harm 
to participants. To achieve this, risk prediction models (RPMs) are used 
to estimate an individual’s risk of lung cancer based on several risk 
factors. Those with a risk score higher than a defined threshold are 
offered LDCT screening [5,6]. 

In England, screening implementation is being piloted through a 
nationally funded Targeted Lung Health Check (TLHC) programme [7]. 
A core component of a Lung Health Check (LHC) is the assessment of 
lung cancer risk, with only those above a risk threshold deemed eligible 
for screening. With the routine use of personal risk scores to determine 
screening eligibility, it is important to understand the perception of lung 
cancer risk in attendees. This is crucial for developing an effective 
strategy for risk communication and counselling, thereby facilitating 
informed decision making [8,9]. Understanding the characteristics of 
those with an overly optimistic or pessimistic perception of personal risk 
could help improve screening-related messaging [10]. Similarly, un-
derstanding the level of knowledge about lung cancer risk factors, 
population risk and survival rates in those at high-risk of the disease can 
inform the development of public health interventions [11]. 

In this study, we examine lung cancer risk perception, disease 
knowledge and lung cancer-specific worry in attendees of the Man-
chester LHC, a community-based lung cancer screening programme. We 
explore the association between these measures and individually 
calculated lung cancer risk scores, screening eligibility and key de-
mographic variables. 

2. Methods 

2.1. Patient and public involvement and engagement 

Prior to commencement of the study, the questionnaire was reviewed 
by a patient and public involvement and engagement (PPIE) panel. All 
participants (n = 3) were smokers, eligible to receive a screening invi-
tation and one had family history of cancer. The panel provided feed-
back related to questionnaire readability, comprehension, and ease of 
answering questions. Several amendments were made to the question-
naire to address points raised by the panel. 

2.2. Participants and study procedure 

The Manchester LHC programme invited ever-smokers, aged 55–80, 
resident in deprived areas of North and East Manchester to a 
community-based LHC (baseline round 2019–20 – an expansion of the 
MLHC pilot programme which took place in 2016–2017 [12,13]). The 
LHC consists of respiratory symptom assessment, spirometry, smoking 
cessation intervention and calculation of lung cancer risk using the 
PLCOM2012 RPM. Those at high-risk of lung cancer (defined as a 
PLCOM2012 6-year score ≥ 1.51%) were offered an immediate baseline 
LDCT scan (T0) followed by a second-round scan one year later (T0 +
12), in-line with the protocol recommended by NHS England for its 
TLHC programme [7]. 

All LHC attendees were eligible to participate in this questionnaire- 
based study. The questionnaire was completed immediately prior to 
the LHC. Questionnaires could be completed anonymously or with 
written consent linked to clinical and demographic data collected during 
the LHC. Data included a variety of demographic factors such as age, sex, 
ethnicity, smoking status, smoking history, educational attainment, 
index of multiple deprivation (IMD), asbestos exposure, family history of 
lung cancer, previous cancer diagnosis and BMI. A number of these 
variables are used by the PLCOM2012 RPM to calculate 6-year risk of lung 
cancer [14]. 

2.3. Measures 

The study questionnaire is available (supplementary information). 

The questionnaire assessed the following measures: 

2.3.1. Risk Perception 
Perceived absolute risk was assessed with the following question: “In 

an imaginary room filled with 100 people exactly like you, how many do you 
think will get lung cancer in the next 6 years? ___out of 100”. This was based 
on prior risk perception studies [15], adapted to use plain language and 
frequencies rather than percentages, to aid understanding [16]. A six- 
year risk timeframe was used to align with the six-year risk score 
calculated by the PLCOM2012 RPM. Perceived comparative risk was 
assessed by asking: “What do you think your chances of developing lung 
cancer are compared to other people your age in the UK population?” Re-
sponses were recorded using a 5-point Likert scale, ranging from ‘much 
less likely’ to ‘much more likely’. A second question asked participants to 
compare their risk with either smokers or former smokers depending on 
their own smoking status. These questions were adapted from lung and 
breast cancer risk perception studies [17-19]. 

2.3.2. Disease Knowledge 
Questions about incidence, risk factors and survival were used to 

assess lung cancer knowledge. The first question was: “What do you think 
the risk of developing lung cancer is for any person in the general population 
of the UK?” Six possible options were provided expressed as odds and 
percentages. This question is modified from a previous study [15]. 
Participants were asked to identify risk factors for lung cancer, in a list of 
12 variables, using ‘Yes’, ‘No’ or ‘Not Sure’ for each one. Listed variables 
were categorised as correct (age, air pollution, asbestos exposure, 
changes or mutations in your genes, chronic obstructive pulmonary 
disease (COPD), family history of lung cancer, radon exposure, smoking 
and second-hand smoke) or not correct (poor diet, being overweight) for 
analysis. Asthma was omitted from analysis due to debate in the liter-
ature as to its status as a lung cancer risk factor [20-22]. Finally, we 
asked: “Think about all the people who are diagnosed with lung cancer in the 
UK in one year. What percentage of these patients do you think will survive 
for… a. 1 year. b. 5 years. C. 10 years …following their diagnosis?” Par-
ticipants provided an estimate for each of these timeframes. 

2.3.3. Disease-Specific Worry and Mental Health 
Participants were asked to provide both the frequency of any lung 

cancer-specific worry they had experienced in the previous two weeks, 
and the impact of any lung cancer-specific worry on their mood. Re-
sponses were collected using a 4-point scale ranging from ‘not at all’ to 
‘nearly every day’ for frequency, and ‘not at all’ to ‘a lot’ for impact. These 
questions were adapted from the Lerman Cancer Worry Score instru-
ment, with the timescale in the frequency question added to correspond 
to the PHQ-4 instrument [23]. The final question was the PHQ-4 mea-
sure of anxiety and depression, a validated brief four-part survey for 
detection of depressive and anxiety disorders [24,25]. PHQ-4 scores are 
rated as normal (0–2), mild (3–5), moderate (6–8) and severe (9–12). 
Total score ≥ 3 for the first two questions suggests anxiety; total score ≥
3 for the last two questions suggests depression. 

2.4. Analysis 

Questionnaires were included in the analysis if at least one question 
was completed. Consequently, denominators vary for different analyses 
in the study (Table 1). For the risk factor identification question (which 
had multiple parts), questionnaires with at least one response were 
included in analysis, with the remaining incomplete responses classified 
as blank; if none of the subsections were attempted, the questionnaire 
was not included for this section of analysis. Incomplete and non-valid 
responses to the three-part survival question (e.g., survival estimates 
increasing with time rather than decreasing) were excluded as it indi-
cated a misunderstanding of the question. Responses were analysed in 
the cohort as a whole and then stratified according to screening eligi-
bility; eligible participants were labelled as high risk (PLCOM2012 score 
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≥ 1.51%) and ineligible participants as low risk (PLCOM2012 score <
1.51%). 

Statistical analysis was carried out using IBM SPSS Statistics V.25. 
Comparison of means was conducted by T test. Comparison of medians 
was conducted by Mann-Whitney U test. P values for trend were 
calculated by Pearson’s Chi-Square test or fitting linear models, using a 
single independent variable with 1 degree of freedom. Associations be-
tween demographic variables and questionnaire responses were 
measured using binary logistic regression models, with two multivari-
able models constructed (covariates included in each model elucidated 
in Results and Supplementary Tables 1 + 2). Correlations between two 
scale variables were measured with Pearson’s Correlation and Spear-
man’s Rho. 

3. Results 

3.1. Study cohort and survey responses 

A total of 371 participants of the Manchester LHC programme were 
enrolled, of whom 243 (65.5%) consented to allow their responses to be 
linked with their clinical data (‘identified’). Overall, there was minimal 
difference between identified and non-identified individuals, except for 
PHQ-4 score and indicators of depression which were lower in the 
identified subset (Table 1). In the identified subset, median age was 68 
(IQR ± 11), 56% were female, 96% were white (when ethnicity was 

provided), 60% had no educational qualifications, 20% were current 
smokers and the median pack-year history was 23 (IQR ± 31). Median 
index of multiple deprivation (IMD) was 5631 (IQR ± 10679); more 
than 53% of participants fell in the two most deprived IMD deciles 
(Table 2). 

Risk Perception: Median perceived absolute 6-year risk of lung 
cancer was 20% (IQR ± 22). When asked about comparative risk, 30% 
classified themselves as ‘more likely’ or ‘much more likely’ to develop lung 
cancer compared to others their age (grouped as ‘higher’), 21% thought 
themselves ‘less likely’ or ‘much less likely’ (grouped as ‘lower’) and half 
stated they had ‘the same’ level of risk. Participants with perceived ab-
solute risk at or above the median (≥20%) were more likely to perceive 
themselves to be at ‘higher’ comparative risk than those below the me-
dian (34% vs. 26%; p = 0.04). Median perceived absolute risk increased 
progressively across the three perceived comparative risk groups 
(‘lower’: 14% →‘the same’: 20% →‘higher’: 23%; p = 0.02). Only 4% 
reported having received their lung cancer risk score previously. 

Disease knowledge: Participants correctly identified an average of 
6.4 lung cancer risk factors out of eleven (Table 1). Smoking, asbestos 
exposure, passive smoking and pollution were the risk factors classified 
correctly most frequently (smoking: 93%; asbestos: 92%; passive 
smoking 84%; pollution 76%) (Fig. 1). When asked to predict the life-
time risk of developing lung cancer for anyone in the UK, only 11% of 
respondents identified the correct figure of 7% risk (an average of UK 
male and female lifetime lung cancer risk [26]). More than 70% of 

Table 1 
Results from the study questionnaire for all respondents and stratified by consent to linked clinical data.  

Measures All Consent for data linkage P value 

Yes No 

Number (%) 371 243 (65.5) 128 (34.5) – 
Risk Perception 
Perceived Absolute Risk Score Median ± IQR 20 ± 22 20 ± 20 15 ± 24 0.67 

Total Respondents 368 242 126 – 
Perceived Comparative Risk % (n) Lower 21 (76) 21 (51) 20 (25) 0.9 

The Same 49 (180) 49 (118) 49 (62) 
Higher 30 (111) 30 (71) 32 (40) 
Total Respondents 367 240 127 – 

Population Risk Estimate %  
(n) 

Underestimate 19 (70) 19 (46) 19 (24) 0.47 
Correct 11 (39) 9 (22) 13 (17) 
Overestimate 70 (259) 72 (172) 68 (87) 
Total Respondents 368 240 128 – 

Exposure to Risk Score Previously % Yes (n) 4 (12) 5 (10) 2 (2) 0.19 
Total Respondents 304 200 104 – 

Disease Knowledge 
Mean number of risk factors correctly identified (/11) 6 ± 2 6 ± 2 6 ± 2 0.45 
Mean Estimated Survival ± SD 1-year 61 ± 2 59 ± 2 65 ± 3 0.1 

5-years 39 ± 22 37 ± 21 22 ± 3 0.03 
10-years 22 ± 20 20 ± 19 22 ± 3 0.08 
Total Valid Respondents 185 123 62 – 

Lung Cancer Worry 
Lung Cancer Specific Worry Frequency % (n) Any 18 (60) 17 (38) 20 (22) 0.58 

None 82 (276) 83 (185) 81 (91) 0.5 
Several days 12 (41) 12 (27) 12 (14) 
More than half the days 3 (11) 3 (6) 4 (5) 
Nearly every day 2 (8) 2 (5) 3 (3) 
Total Respondents 336 223 113 – 

Impact %  
(n) 

Any 38 (129) 37 (82) 41 (47) 0.4 
None 62 (209) 63 (142) 59 (67) 0.3 
A small amount 29 (99) 29 (65) 30 (34) 
Quite a lot 7 (24) 6 (13) 10 (11) 
A lot 2 (6) 2 (4) 2 (2) 
Total Respondents 338 224 114 – 

Mental Health Score 
PHQ-4 Mean Score (±SD) 2.5 ± 3.3 2.2 ± 3.1 2.9 ± 3.6 0.06 

Overall Classification % (n) Normal 67 (215) 70 (150) 60 (65) 0.03 
Mild 16 (50) 16 (34) 15 (16) 
Moderate 9 (29) 7 (15) 13 (14) 
Severe 9 (29) 7 (16) 12 (13) 

Total Respondents 323 215 108 – 
Depression Indicated % (n) 18 (58) 14 (31) 25 (27) 0.02 
Anxiety Indicated % (n) 22 (70) 19 (41) 27 (29) 0.11  
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respondents overestimated population risk, with almost half selecting 
the 25% or 50% risk options. Those with perceived absolute risk below 
the median were more likely to choose the correct population risk es-
timate (16% vs. 6%; p = 0.002) and less likely to overestimate (55% vs. 
84%; <0.001). Estimated survival after a lung cancer diagnosis was also 
overestimated; the reported mean one-, five- and ten-year survival was 
61% ±24, 39% ±21, and 22% ±22 respectively. This compares to 
actual UK survival of 41%, 16% and 9.5% [27]. 

Disease Specific Worry and Mental Health: The majority (82%) of 
the study cohort reported no lung cancer-specific worry in the previous 
two weeks, 12% reported worry on ‘several days’, 3% on ‘more than half 
the days’ and 2% ‘nearly every day’. Participants were also asked if lung 
cancer-specific worry had any impact on their mood: 62% reported no 
impact, 29% reported ‘a small amount’, 7% ‘quite a lot’ and 2% ‘a lot’ of 
impact. Two thirds of PHQ-4 scores were classified normal (score 0–2), 
16% mild (score 3–5) and 18% as moderate or severe (score 6–12). 
When split into depression and anxiety indicators, 18% had scores 
suggestive of depression and 22% of anxiety (Table 1). Significantly 
more women had a response consistent with anxiety than men (26% vs. 
10%; p = 0.002). Those with higher PHQ-4 scores had higher perceived 
comparative risk (proportion of each PHQ-4 category in ‘higher’ 
comparative group: 25% →31% →50%; p = 0.001) and more lung 
cancer worry by both frequency (9% →37% →35%; p < 0.001) and 
impact (27% →55% →66%; p < 0.001). Those in the highest PHQ-4 
subgroup had higher perceived absolute risk than the other two 
groups (median: 25% vs. 20%; p = 0.06). 

3.2. Survey responses by screening eligibility 

The median six-year risk of lung cancer (as calculated by PLCOM2012) 
was 1% (range 0–37%), twenty-fold lower than the median perceived 
absolute risk score (20%; p < 0.001) (Fig. 3). There was no correlation 
between perceived absolute risk and calculated risk scores. More than 9 
out of 10 (94%, n = 227) respondents perceived their absolute risk to be 
above the threshold for screening eligibility, compared to only 42% (n =
101) who were actually eligible (PLCOM2012 score ≥ 1.51%). Median 
calculated risk score increased in line with perceived comparative risk, 
from 0.3% in those who answered ‘much less likely’ to 2.9% in the ‘much 
more likely’ group (p = 0.004) (Fig. 2). Those who were screen-eligible 
were significantly more likely to have ‘higher’ comparative risk than 
those who were ineligible (41% vs. 21%; p < 0.0001) (Table 3). 

Analysis of lung cancer specific worry stratified by screening eligi-
bility demonstrated that those eligible for screening were more likely to 
report lung cancer-specific worry (any worry: 27% vs. 10%; p = 0.001) 
and it was more likely to impact their mood (any impact: 51% vs. 27%; 
p = 0.0003). More than two-thirds of those who reported worry were 
eligible for screening, compared to just over a third of those who did not 
report worry (p = 0.01). Those eligible for screening also scored higher 
on the PHQ-4 test for mental health (mean 2.75 vs. 1.82; p = 0.03) and 
were more likely to have a score indicative of depression (20% vs. 10%; 
p = 0.05) (Table 3). 

3.3. Factors associated with risk perception 

To identify demographic factors associated with risk perception, we 
constructed a multivariable logistic regression model containing 
PLCOM2012 score, sex, PHQ-4 score, and presence of lung cancer worry 
(‘model A’) (Supplementary Table 1). We then constructed a second 
model (‘model B’) which substituted PLCOM2012 score for individual 
demographic factors as covariates, alongside worry, sex and PHQ-4 
score. These were: age, family history of lung cancer, pack-years, 
smoking status, BMI, previous cancer diagnosis, and educational 
attainment (Supplementary Table 2). 

Perceived absolute risk: Only female sex was associated with above 
median perceived absolute risk in both model A (adjOR 2.4, 95%CI 
1.3–4.3; p = 0.004) (Supplementary Table 1) and model B (adjOR 2.1, 
95%CI 1.13–3.8; p = 0.02) (Supplementary Table 2). Although there 
was no difference in PLCOM2012 score according to sex, women reported 
a significantly higher perceived absolute risk than men (median 25% vs. 
15%; p = 0.001) (Fig. 3). 

Perceived comparative risk: PHQ-4 score was the only factor 
significantly associated with ‘higher’ comparative risk in model A (PHQ- 
4 adjOR 1.1, 95%CI 1–1.2; p = 0.02) (Supplementary Table 1). In model 
B, ‘higher’ comparative risk perception was significantly associated with 
family history of lung cancer (adjOR 4.03, 95%CI 1.74–9.3; p = 0.001) 
(Supplementary Table 2). Almost half of those with a family history of 
lung cancer placed themselves in the ‘more likelý and ‘much more likely’ 
categories, compared to only 35% of those without family history (p =
0.002). Whilst not significantly associated in the multivariable model, 
46% of current smokers placed themselves in the ‘higher’ group, 
compared to 26% of former smokers (p = 0.008). Even when current 
smokers and former smokers were asked to compare their risk to others 
within the same smoking category (thereby accounting for smoking 
history in the comparative risk estimates), former smokers were still 
more likely to estimate themselves to be in the ‘lower’ group (38% lower 
vs. 18% higher), whilst current smokers tended towards the ‘higher’ 
groups (32% higher vs. 11% lower). 

3.4. Factors associated with lung cancer worry 

The multivariable models described above were used to test for 
factors associated with lung cancer worry, with PHQ-4 score, presence of 
lung cancer worry, and perceived comparative risk substituted in as 

Table 2 
Demographic information for the identified subset of the study cohort.  

Variable Value 

Total 243 
% Female (n) 55.6 (135) 
Median Age (±IQR) 68 (±11) 
Median BMI (±IQR) 28.6 (±7.7) 
% Current Smoker (n) 19.8 (48) 
Median Pack Years (±IQR) 23 (±31) 
% Family History Lung Cancer (n) 16.9 (41) 
% Previous Cancer Diagnosis (n) 15.2 (37) 
Index of Multiple Deprivation (IMD) Median Rank (±IQR) 5631 (±10679) 

% Decile (n) 1 40.3 (98) 
2 13.2 (32) 
3 6.2 (15) 
4 27.2 (66) 
5 4.1 (10) 
6 5.3 (13 
7 3.7 (9) 

% Educational Attainment (n) Left school age < 16 
with no qualification 

51 (124) 

Left school with no 
qualification 

9.1 (22) 

CSEs or equivalent 4.1 (10) 
O-levels 4.5 (11) 
A-levels or equivalent 1.2 (3) 
Some college 25.1 (61) 
College graduate 3.7 (9) 
Postgraduate 0.8 (2) 
Prefer not to say 0.4 (1) 

% Ethnicity (n) White - British 61.7 (150) 
White - Irish 2.5 (6) 
White - Other 0.4 (1) 
Asian – Pakistani 0.8 (2) 
Black - Caribbean 0.4 (1) 
Black - Other 0.4 (1) 
Other 0.4 (1) 
Not Known 20.6 (50) 
Not Stated 12.3 (30) 

% Asbestos Exposure (n) 15.2 (37) 
PLCOM2012 Lung Cancer Risk – 

% 6-year 
Median (±IQR) 1 (±2.5) 
Mean (±SD) 2.34 (±3.68)  
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covariates as appropriate (Supplementary Tables 1+2). PLCOM2012 score 
(adjOR 1.15, 95%CI 1.03–1.29; p = 0.01), female sex (adjOR 5.4, 95%CI 
1.9–15.6; p = 0.002) and PHQ-4 score (adjOR 1.16, 95%CI 1.03–1.3; p =
0.01) were all significantly associated with lung cancer worry frequency 
and impact on mood (Supplementary Table 1). In model B, alongside 

female sex and PHQ-4 score, lack of educational qualification was 
significantly associated with any frequency of lung cancer worry (no 
qualification: adjOR 4.3, 95%CI 1.56–11.7; p = 0.005) and increasing 
pack years was significantly associated with worry impact on mood 
(pack years: adjOR 1.02, 95%CI 1–1.03; p = 0.03) (Supplementary Table 

Fig. 1. Identification of lung cancer risk factors among 290 respondents.  

Fig. 2. Perceived comparative risk distribution by actual risk score, among 240 respondents. Dashed line = PLCOM2012 1.51% screening eligibility threshold.  
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2). 3.5. Screening adherence 

Whilst our study was not powered to examine screening adherence as 
a primary outcome, we performed exploratory analysis to investigate 

Table 3 
Demographics and questionnaire responses of all ‘identified’ study participants and stratified according to PLCOM2012 risk score.  

Demographic Variable All Identified Eligibility for screening P value 
Ineligible 
(PLCOM2012 < 1.51%) 

Eligible 
(PLCOM2012 ≥ 1.51%) 

Number 243 142 101 – 
Risk Perception 
Perceived Absolute Risk Score Median ± IQR 20 ± 20 20 ± 16 20 ± 20 0.43 
Perceived Comparative Risk % (n) Lower 21 (51) 31 (43) 8 (8) <0.0001 

The Same 49 (118) 48 (68) 51 (50) 
Higher 30 (71) 21 (30) 41 (41) 

Population Risk Estimate % (n) Underestimate 19 (46) 18 (26) 20 (20) 0.63 
Correct 9 (22) 11 (15) 7 (7) 
Overestimate 72 (172) 71 (100) 73 (72) 

% Exposure to Risk Score Previously (n) 5 (10) 3 (4) 7.6 (6) 0.17 
Disease Knowledge 
Mean number risk factors correctly identified (11) 6 ± 2 6 ± 2 6 ± 2 0.8 
Mean Estimated Survival 

(±SD) 
1-year 59 ± 23 59 ± 22 59 ± 24 0.83 
5-years 37 ± 21 37.7 ± 21 34 ± 22 0.41 
10-years 20 ± 19 20 ± 20 18 ± 19 0.56 

Lung Cancer Worry 
Lung Cancer Specific Worry Frequency % (n) Any 17 (38) 10 (13) 27 (25) 0.001 

None 83 (185) 90 (118) 73 (67) 0.001 
Several days 12 (27) 8 (10) 19 (17) 
More than half the days 3 (6) 2 (2) 4 (4) 
Nearly every day 2 (5) 1 (1) 4 (4) 

Impact 
% (n) 

Any 37 (82) 27 (35) 51 (47) 0.0003 
None 63 (142) 73 (96) 50 (46) 0.001 
A small amount 29 (65) 22 (29) 39 (36) 
Quite a lot 6 (13) 2 (3) 11 (10) 
A lot 2 (4) 2 (3) 1 (1) 

Mental Health Score 
PHQ-4 Mean Score (±SD) 2.21 ± 3.1 1.82 ± 2.8 2.75 ± 3.5 0.03 

Overall Classification Normal 70 (150) 74 (92) 64 (58) 0.06 
Mild 16 (34) 15 (19) 17 (15) 
Moderate 7 (15) 5 (6) 10 (9) 
Severe 7 (16) 6 (7) 10 (9) 

% Depression Indicated (n) 14 (31) 10 (13) 20 (18) 0.05 
% Anxiety Indicated (n) 19 (41) 17 (21) 22 (20) 0.33  

Fig. 3. Distribution of actual (PLCOM2012) and perceived lung cancer risk, stratified by sex, among 242 respondents.  
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whether any of the questionnaire responses were associated with par-
ticipants returning for the second round of screening. In total, 101 of the 
identified subset were eligible for screening and had a baseline CT scan 
(T0). Of these, 87 returned 12 months later for the second-round scan 
(T0 + 12), equivalent to a screening adherence of 86%. There was no 
statistically significant difference in calculated risk, perceived risk, lung 
cancer worry or mental health between those who attended T0 + 12 and 
those who did not, although the small number (n = 14) of T0 + 12 non- 
attendees precludes detailed analysis. 

4. Discussion 

This cross-sectional study examined lung cancer risk perception, 
disease knowledge and lung cancer-specific worry in ever-smoking at-
tendees of a community-based lung cancer screening service located in 
highly deprived areas. To our knowledge, it is the first to compare 
perceived lung cancer risk with actual calculated risk in this setting. 
Whilst it would have been unrealistic to expect highly accurate 
perceived absolute risk on an individual level, it is notable that as a 
cohort, the average perceived absolute risk was 20-times higher than 
actual risk score calculated by the PLCOM2012 RPM. In addition, we 
observed no correlation between perceived absolute risk and actual risk 
score. Conversely, there was a robust association between increasing 
perceived comparative risk and increasing calculated risk; family history 
of lung cancer was a significant factor driving this association. Perceived 
absolute and comparative risk, as well as levels of lung cancer-specific 
worry and general anxiety, were significantly higher in women than in 
men, despite no increased actual lung cancer risk in this cohort. These 
data provide first insights into how community lung cancer screening 
attendees perceive their cancer risk, with important implications for pre- 
screening counselling, informed participation, and public health 
messaging. 

Shared decision making has been identified as an important aspect of 
lung cancer screening implementation [59,60]. Understanding how the 
participant perceives their lung cancer risk and being able to effectively 
communicate risk in order to correct inaccurate perceptions are foun-
dational steps in facilitating shared decision making [61]. Previous 
studies have shown that inflated and inaccurate estimations of absolute 
risk are common, both in the context of perceived personal and popu-
lation risk of disease [15,28-30]. In our study, participants who over-
estimated personal absolute lung cancer risk were more likely to 
overestimate population absolute lung cancer risk, suggesting that 
limited health literacy or understanding of absolute risk may be driving 
both phenomena. In order to address these misperceptions, some have 
emphasised the importance of clearly communicating absolute risk 
scores to screening participants in order to improve absolute risk 
perception accuracy and facilitate shared decision making [28,30]. 
However, others have questioned the benefits of such a strategy, both in 
the context of helping participants make decisions about screening, as 
well as influencing subsequent health behaviours [28,29,31-36]. 

Employing comparative risk terminology during risk counselling 
may be a better approach. Participants in our study displayed a fairly 
accurate perception of their risk in comparative terms, with exposure to 
lung cancer risk factors, particularly family history of the disease, being 
associated with higher perceived comparative risk. A recently published 
risk perception study in the Pan-Canadian Early Detection of Lung 
Cancer (PanCan) study cohort also highlighted family history as the 
most significant risk factor associated with increased perceived 
comparative risk. Like our study, it demonstrated a direct association 
between comparative risk perception and actual lung cancer risk, albeit 
not in a community-based lung cancer screening programme located in 
highly deprived areas [37]. Other studies have also implicated family 
history of lung cancer as an important driver of perceived comparative 
risk [18,28], alongside other risk factors such as smoking status 
[10,19,38,39]. It is important to note that relying solely on comparative 
risk metrics could inappropriately bias a patient’s decisions [16]; 

employing a variety of formats may be important when communicating 
risk [40]. Our findings that women had increased perceived risk, worry, 
and anxiety are congruent with other studies and may have implications 
for risk counselling [39,41-43]. 

An additional benefit of communicating risk in comparative terms 
may be that it facilitates a direct interaction with existing risk perception 
in the participant, thereby providing an opportunity to influence health 
behaviours linked to risk perception [44-46]. There is some evidence 
that lung cancer risk perception is correlated with intention to quit 
smoking and success in quitting [37,47]. A large prospective study in the 
SUMMIT cohort (an ongoing study taking place in London, trialling 
LDCT and blood-based cancer screening) found that increased risk 
perception is associated with screening uptake, although several other 
psychological constructs were also implicated and may be more signif-
icant in high-risk populations [39]. Other studies have shown that in-
terventions aimed at increasing uptake by utilising risk perception may 
not be effective [31,32]. Further research is required to elucidate the 
most effective interventions for improving the uptake of positive health 
behaviours. Considering that more than 95% of our study cohort had 
never received a personalized lung cancer risk score before, the LHC 
programme could be an ideal setting for both investigating and imple-
menting such strategies. 

When we stratified respondents by screening eligibility, we found 
that eligible (high risk) participants had significantly higher perceived 
comparative risk compared to ineligible (low risk) participants. They 
were also almost three-times as likely to report lung cancer-specific 
worry, twice as likely to report lung cancer-specific worry impacting 
their mood and twice as likely to have a PHQ-4 score indicative of 
depression. In addition to the association between actual risk and 
perceived comparative risk, our results show that measures of poor 
mental health were associated with higher perceived comparative risk, 
but lung cancer-specific worry was not. 

The nature of the relationship between mental health, worry, risk 
perception and actual risk is complex and requires further research to 
establish the direction of causality [29]. Whilst previous studies have 
demonstrated a link between lung cancer worry and risk factors such as 
smoke exposure and family history, in-line with our results 
[18,38,48,49], the PanCan risk perception study reported no association 
between actual risk and lung cancer worry. It also showed no link be-
tween worry and perceived risk, in common with our study [37]. Our 
study highlights the potential added benefit of including a measure of 
mental health as a covariate in lung cancer risk perception studies. 

The lung cancer risk factors identified most accurately by our study 
participants were smoking, passive smoking, asbestos exposure, and 
exposure to pollution. A previous UK study also found these factors to be 
the most well-known [50], possibly highlighting the success of public 
health messaging in recent decades. In contrast, some of the factors 
included in the RPM used to establish eligibility for screening in the LHC 
had much lower recognition. The cohort significantly overestimated 
lung cancer survival rates, a phenomenon previously described [51,52]. 
Raising awareness of lesser-known risk factors and true survival rates 
may have an impact on health behaviours; previous studies have shown 
that accurate risk factor and survival rate awareness (as opposed to an 
overly fatalistic attitude [39,53]) can affect risk perception and may 
improve screening compliance and other protective behaviours 
[52,54,55]. 

With its cross-sectional design, our study was not able to investigate 
the impact of LHC attendance on long-term risk perception accuracy, 
mental health, worry, or health-related behaviours such as smoking 
cessation. Further research at multiple time-points is required to 
investigate the impact LHC attendance has on these factors. We were 
also unable to examine risk perception in those who declined invitation 
to screening, and thereby investigate factors that influence screening 
uptake, an important area for future research; additional psychological 
constructs such as perceived disease controllability, stigma, and 
perceived effectiveness of risk-reducing behaviours are emerging as 
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important mediators of health behaviour alongside risk perception [39] 
and should also be examined in future research. We used a single RPM 
(PLCOM2012) to calculate actual risk score in our study, alternative RPMs 
may provide different risk scores for individuals; research into RPM 
performance in the LHC setting is ongoing [56,57]. The single-centre, 
majority-White British profile of our study may prevent extrapolation 
of our findings to other populations; further research in a variety of 
diverse screening programmes is required. Whilst there were no major 
differences in questionnaire responses between identified and non- 
identified participants, we were not able to analyse differences in de-
mographics between these groups (or indeed among those who attended 
the LHC but declined to participate in this study) and cannot exclude the 
possibility of selection bias. 

Despite these limitations, our study provides important information 
about risk perception in attendees of a ‘real-world’, targeted screening 
programme located in communities with high levels of socio-economic 
deprivation. Furthermore, participants were surveyed at the closest 
possible timepoint prior to risk calculation and counselling. These fac-
tors position our findings and their associated implications for risk 
communication and pre-screening counselling to be directly applicable 
to the target population. In other study settings (such as screening tri-
als), participation bias and healthy volunteer effect may result in a study 
cohort less representative of actual screening attendees [56,58]. 
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[14] M.C. Tammemägi, H.A. Katki, W.G. Hocking, T.R. Church, N. Caporaso, P.A. Kvale, 
A.K. Chaturvedi, G.A. Silvestri, T.L. Riley, J. Commins, C.D. Berg, Selection criteria 
for lung-cancer screening, N. Engl. J. Med. 368 (8) (2013) 728–736. 

[15] D. Evans, L. Burnell, P. Hopwood, A. Howell, Perception of risk in women with a 
family history of breast cancer, Br. J. Cancer. 67 (1993) 612–614, https://doi.org/ 
10.1038/bjc.1993.112. 

[16] A. Fagerlin, B.J. Zikmund-Fisher, P.A. Ubel, Helping patients decide: ten steps to 
better risk communication, J. Natl. Cancer Inst. 103 (2011) 1436–1443, https:// 
doi.org/10.1093/jnci/djr318. 

[17] The Long Island Breast Cancer Research Project, n.d. https://static-content. 
springer.com/esm/art%3A10.1007%2Fs13187-019-01530-5/MediaObjects/ 
13187_2019_1530_MOESM1_ESM.pdf (accessed May 26, 2019). 

[18] L.S. Chen, K.A. Kaphingst, Risk perceptions and family history of lung cancer: 
Differences by smoking status, Public Health Genomics. 14 (2011) 26–34, https:// 
doi.org/10.1159/000294151. 

[19] L. Greillier, A.B. Cortot, J. Viguier, L. Brignoli-Guibaudet, C. Lhomel, F. Eisinger, J. 
F. Morère, S. Couraud, Perception of Lung Cancer Risk: Impact of Smoking Status 
and Nicotine Dependence, Curr. Oncol. Rep. 20 (2018) 1–7, https://doi.org/ 
10.1007/s11912-017-0650-1. 

[20] Y.-L. Qu J. Liu L.-X. Zhang C.-M. Wu A.-J. Chu B.-L. Wen C. Ma X. Yan X. Zhang D.- 
M. Wang X. Lv S.-J. Hou Asthma and the risk of lung cancer: a meta-analysis 
Oncotarget. 8 2017 11614 https://doi.org/10.18632/ONCOTARGET.14595. 

[21] L. Jiang Y.-Q. Sun A. Langhammer B.M. Brumpton Y. Chen T.I.L. Nilsen L. Leivseth 
S.G.F. Wahl X.-M. Mai Asthma and asthma symptom control in relation to 
incidence of lung cancer in the HUNT study Sci. Reports 111 11 2021 2021, pp. 1–8 
10.1038/s41598-021-84012-3. 
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