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ABSTRACT

Background:  Research implicates psychological factors in low uptake 
of lung cancer screening. We developed and psychometrically tested a 
standardised measure of these psychological determinants in prepara-
tion for a prospective, longitudinal cohort study of screening uptake.
Methods:   Leventhal’s Common-Sense Model of Self-Regulation of 
Health and Illness provided the theoretical framework to generate the 
initial item pool. Items were refined during expert review and cognitive 
interviews which tested for face validity, redundancy, acceptability and 
comprehensibility. An online survey piloted the refined pool with 1500 
current and former (quit ≤ 15 years) smokers aged 55–80. The response 
distributions, internal reliability and factor structure determined the 
final retained constructs. Regression analyses examined these con-
structs’ associations with screening intention, smoking status and 
demographics.
Results:  The final measure included seven factor-derived subscales (con-
sequences, personal control, treatment control, illness coherence, emo-
tional representation, behavioural response and appraisal, risk perception) 
with Cronbach’s alphas ranging from 0.59 to 0.91 and four single-item 
questions (response efficacy for smoking cessation, treatment intention, 
perceived stigma and lung cancer survival). Most constructs were asso-
ciated with smoking status and screening intention (p’s < .05).
Conclusions:   The Self-Regulatory Questionnaire for Lung Cancer 
Screening (SRQ-LCS) is an acceptable, reliable and valid measure for 
investigating the psychological determinants of screening uptake.

Introduction

Lung cancer is one of the leading causes of premature mortality in the UK and is highly 

socially graded (Iyen-Omofoman et al., 2011). A recent analysis estimated that 47% of lung 

cancer deaths in England would be avoided if all groups had the same risk as those in the 

highest deprivation decile (Lewer et  al., 2020). Effective tobacco control measures and 
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smoking cessation support are key to reducing incidence, but equitable early diagnosis 

strategies are also needed to improve survival. Screening high-risk adults (aged 55–80 with 

a significant and recent smoking history) for lung cancer using low-dose computed tomog-

raphy (LDCT) significantly reduces mortality by finding the disease at an early and treatable 

stage (de Koning et  al., 2020; National Lung Screening Trial Research Team et al., 2011). 

Consequently, screening is recommended by the US Preventive Services Task Force (USPSTF) 

(Moyer, 2014) and is being piloted in England through NHS England’s Targeted Lung Health 

Check Programme. However, socioeconomic and smoking-related inequalities in participa-

tion have consistently been observed in the UK and internationally whereby lower socio-

economic position (SEP) and current smoking status predict lower uptake (Hestbech et al., 

2011; McRonald et  al., 2014; National Lung Screening Trial Research Team et al., 2010). 

Critically, this reduces the extent to which this early diagnosis strategy is reaching those at 

highest risk, undermining the population impact on lung cancer mortality.

The determinants of low uptake of LDCT lung screening in high-risk groups are likely to 

include complex structural and environmental inequalities which determine the resources, 

stressors, opportunities and illness experiences that ultimately shape individual differences 

in beliefs about health (von Wagner et al., 2011). These structural inequalities are critical to 

address, but research studies implicate the resulting psychological factors as potentially mod-

ifiable targets for intervention at the individual level. For example, low SEP and current smok-

ing status have been associated with negative perceptions and beliefs about lung cancer 

outcomes such as fatalism and low perceived quality of life (Patel et al., 2012; Quaife et al., 

2018, 2016; Smits et al., 2018), adverse emotional and social responses to perceived risk such 

as cancer worry, fear and perceived stigma (Ali et al., 2015; Carter-Harris et al., 2017; Quaife 

et al., 2016), and low perceived personal benefit of screening such as low response efficacy 

of early diagnosis and treatment (Patel et al., 2012; Quaife et al., 2018, 2016; Smits et al., 2018). 

Limitations of these studies include cross-sectional design and heterogeneity of measures 

used. However, together they highlight potentially important patterns of discordance between 

lay understanding of lung cancer and the medical model of screening; specifically, where lung 

cancer is perceived as a disease for which screening is ill-suited and unlikely to be effective 

for long-term smokers. An example is the perception that lung cancer screening is more likely 

to benefit those at lower risk (younger adults with a shorter smoking history) than those at 

higher risk (older adults with long-term smoking histories) when the opposite is true (Moyer, 

2014). Similarly, in qualitative research with high-risk groups, some participants believed that 

treatment for lung cancer involves removing the entire affected lung (Quaife et al., 2016). 

However, surgery for early stage treatment is usually targeted within one lobe. Related to this, 

perceptions of low efficacy have been attributed to smoking cessation in older age (Quaife 

et al., 2016), when smoking cessation reduces risk of lung cancer mortality at all ages (Peto 

et al., 2000), improves lung cancer survival (Tammemagi et al., 2004), reduces risk of recurrence 

(Parsons et al., 2010) and lessens post-operative complications (Mason et al., 2009).

Leventhal’s et al. (2003) Common-Sense Model of Self-Regulation of Health and Illness 

(SRM) provides a useful framework for conceptualising these discordant perceptions and 

hypothesising how they might affect screening participation. The model posits that incon-

gruence between an individual’s understanding of an illness, their emotional response and 

the relevant protection behaviour, undermines motivation to engage in that behaviour. This 

includes an individual’s cognitive representation of the illness (such as its consequences, 

treatment and causes), their emotional reaction, and the behaviours available to control 
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both the illness (e.g. screening) and emotional reaction to it (e.g. avoidance). It also includes 

appraisal perceptions of how well (or not) these behavioural responses work in controlling 

the illness or emotional response. Originally developed to understand non-adherence to 

medication for chronic disease, the SRM has good predictive validity across diverse types of 

illness (Leventhal et al., 1992; Phillips et al., 2012). There is also evidence to support its appli-

cation to cancer control among high-risk groups, implicating lay representations of perceived 

risk (Cameron, 2008; Kelly et al., 2005), controllability (Sullivan et al., 2010) and causal beliefs 

(Bishop et al., 2005) in adherence to cancer prevention behaviours including colorectal cancer 

screening, smoking abstinence and sunscreen use.

Previous studies of the psychological determinants of lung screening participation (Ali et al., 

2015; Carter-Harris et al., 2017; Patel et al., 2012; Quaife et al., 2018, 2016; Smits et al., 2018) 

have used heterogeneous measures, making comparisons between studies difficult. Our pri-

mary aim, therefore, was to use the SRM framework to develop and validate a standardised 

measure of psychological determinants of screening participation by high-risk individuals, in 

preparation for a prospective, longitudinal cohort study of lung cancer screening uptake 

behaviour. Our secondary aims were to explore the demographic and smoking-related cor-

relates of each of the measure’s constructs, and their associations with intention to be screened.

Materials and methods

Item generation

We used the SRM as a framework to generate the initial item pool for constructs hypothesised 

to affect lung cancer screening participation by high-risk asymptomatic individuals (see Figure 1). 

A key source of illness representation and emotional representation items was the Revised 

Illness Perception Questionnaire (IPQ-R (Moss-Morris et al., 2002)), which was developed to 

Figure 1. leventhal’s et al. (2003) common-sense Model of self-Regulation of health and Illness (sRM) 
applied to uptake of lung cancer screening by high-risk individuals.
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measure these constructs in the context of patients with chronic illness. This includes eight 

components: identity, timeline, consequences, personal control, treatment control, illness coher-

ence, emotional representations and causes. Additional items assessing each of the SRM con-

structs were mostly drawn from existing electronically available research papers and surveys: 

risk perceptions [7 items (Ferrer et al., 2016; Kaufman et al., 2015; Lerman et al., 1993)], repre-

sentation of risk of lung cancer mortality [36 items (Broadbent et al., 2006; HINTS, 2015; Moss-

Morris et al., 2002; Simon et al., 2012)], behavioural responses for controlling risk of lung cancer 

mortality [7 items (Kotz et al., 2013)], representations of emotional reaction to risk of lung cancer 

mortality [15 items (Cataldo et al., 2011; Ferrer et al., 2016; Kaufman et al., 2015; Lerman et al., 

1993; Marlow & Wardle, 2014; Moss-Morris et al., 2002)], behavioural responses for emotion 

control [16 items (Carver, 1997; HINTS, 2015; Quaife et al., 2016)], and appraisal of behavioural 

responses for risk and emotion [13 items, (HINTS, 2015; Jarvis et al., 2003; Joseph et al., 2018; 

Kaufman et al., 2015; Quaife et al., 2016; Silvestri et al., 2007)]. Minor adaptations were made to 

some items in order to i) ensure the disease referred to was lung cancer, ii) ensure the question 

was suited to both current and former smokers, or had variations to accommodate each smoking 

status, and iii) anchor questions to respondents’ perceptions of themselves unless the question 

concerned perceptions of someone with lung cancer for which items were phrased in the third 

person. Some original items were also created for five of the constructs (personal control, treat-

ment control, illness coherence, emotional representations, and behavioural responses for 

controlling risk of lung cancer mortality). This resulted in a pool of 94 items in total.

Item testing and refinement

A working group (n = 7) with expertise in Behavioural Science, Cancer Screening, Questionnaire 

Design and Tobacco Control assessed the items for face validity and potential redundancy. 

Cognitive interviews (n = 7) were then carried out by SLQ and CS with current and former 

smokers (quit ≤11 years) aged 59–71 years who had diverse educational backgrounds, includ-

ing no qualifications (n = 1), CSE’s or O’levels (n = 3), further education (n = 2) and a degree 

(n = 1). These inclusion criteria aimed to ensure interviewees had characteristics broadly 

reflecting eligibility for LDCT lung cancer screening according to USPSTF criteria (Moyer, 

2014), as well as varying levels of literacy. A think-aloud (Campanelli, 1997) approach was 

used where participants worked through each question, vocalising their responses including 

the reasoning behind them, any confusion or difficulties with comprehension, and any issues 

with acceptability. These were followed by pre-determined probes specified within a 

semi-structured topic guide. These probed participants about item clarity and comprehen-

sibility, acceptability, ease of answering, suggestions for alternative item phrasing, item 

redundancy and preferences where there was more than one item option. Participants’ reac-

tions to, suggestions for and perceptions of, each item were recorded informally within an 

unstructured matrix. Items perceived as unacceptable or unclear by at least one participant 

were removed or rephrased, respectively. Where there was more than one variation in phras-

ing for an item, the item preferred by a clear majority of participants was selected.

Online survey

An online survey was carried out in October 2018 to pilot the refined item pool and collect 

data for psychometric analysis. The survey also collected information on participants’ 
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demographic characteristics (age, gender, ethnicity, marital status) and smoking status using 

a question adapted from the Awareness and Beliefs about Cancer (ABC) measure (Simon 

et  al., 2012) (‘Do you smoke cigarettes at all these days, including hand-rolled ones?). 

Socioeconomic position (SEP) was measured using three questions (highest level of educa-

tion, housing tenure and vehicle ownership). The responses to these questions were com-

bined to create an individual-level index ranging from zero to four; an approach used 

previously and shown to be associated with neighbourhood level measures of SEP and 

health behaviours, including cancer screening uptake (Robb et al., 2009; Wardle et al., 1999, 

2004). Participants were also asked about their intentions to be screened for lung cancer (‘If 

you were offered a CT scan of your lungs to check for the early signs of lung cancer, would 

you take up the offer?’) and their willingness to have surgery in the hypothetical event that 

they had early stage lung cancer (‘If I had early stage lung cancer, I would want to have the 

recommended surgery’).

Participants were recruited by a third-party company (Research Now Survey Sampling 

International) from diverse panels of members of the public who had previously indicated 

willingness to take part in surveys. Individuals were eligible to take part if they lived in 

England, were aged 55–80 years and were either current or former (quit ≤15 years ago) daily 

tobacco smokers. A quota was applied to ensure even numbers of each smoking status were 

recruited. Potential participants were presented with an information screen describing the 

study and participants’ rights. Throughout the survey, the order of questions was rotated at 

random to reduce response bias due to order effects. A nominal financial incentive was 

provided conditional on the participant completing the survey to reduce attrition. The time 

taken to complete the survey was actively tracked for each participant. Data were excluded 

for individuals who completed the survey in an implausibly short time.

The survey was ‘soft-launched’ with a smaller sub-sample (n = 167) of participants for quality 

assurance purposes and to check response distributions (see Supplementary Table 1). 

Following further minor refinements to the wording of 14 items and the addition of 10 items 

which used alternative phrasing, the final survey was carried out with a larger sample 

(n = 1333).

Psychometric analyses

Four stages of psychometric analyses were carried out to statistically test item response, 

validity and internal reliability. First, descriptive frequencies were calculated to examine the 

variation in response distributions and proportions of missing data (‘don’t know’ responses). 

Second, the discriminant validity of each item was tested in relation to smoking status (cur-

rent vs. former), SEP, and intention to take part in LDCT lung cancer screening (intenders vs. 

non-intenders) using chi square analysis. While we were primarily interested in a measure 

that predicted screening uptake, uptake has been consistently lower among those of a 

current smoking status and low SEP. Therefore, we wanted to prioritise items that discrimi-

nated by these factors where possible. Principal Components Analysis (PCA) using varimax 

rotation was run to explore the validity of each proposed construct and to reduce the number 

of constructs, and as a consequence items, within the final measure. Items measuring smok-

ing cessation, intention to be screened and intention to have treatment were excluded from 

the PCA. This was because they were intended as single item measures (intention items) or 
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because they were predominantly answerable by either former or current smokers (smoking 

cessation items). Finally, the internal reliability of the items within each extracted PCA com-

ponent was assessed using Cronbach’s alpha coefficients and item-total correlations.

Criteria for item reduction

The results of the psychometric analyses informed the selection of items for the final measure. 

Specifically, the criteria were: 1) item must load (>0.4) exclusively on one of the extracted 

components from PCA, 2) maximum of three items per construct (to create a brief scale for 

planned prospective study), 3) item must discriminate by screening intention, and 4) the 

psychometric properties of individual items (response distribution, missing and discriminant 

validity) should be prioritised when their impact on internal reliability statistics for each 

component (difference in Cronbach’s alpha/item-total correlations) are minor.

Analyses of final measure

T-Tests and ANOVA were used to explore differences in mean scores for each sub-scale by 

demographic factors and smoking status. Multivariable linear regression analyses were used 

to test whether each of the demographic characteristics and smoking status were inde-

pendently associated with the individual sub-scales and single-item constructs. Logistic 

regression analyses were then carried out to explore whether these were associated with 

intention to be screened for lung cancer. These included both unadjusted models and models 

adjusted for demographic characteristics and smoking status.

Ethics

University College London’s Research Ethics Committee granted approval for the cognitive 

interviews (5210/003) and survey data collection (5210/004).

Results

Item testing and refinement

Of the 94 items in the initial item pool, 28 were removed after review by the expert working 

group due to redundancy or low face validity. Minor modifications were also made to the 

phrasing of some items to improve clarity and face validity. This included removing items 

measuring the identity, timeline and cause components. Similar to Lancastle et al.’s (2011) 

adapted measure for ovarian cancer risk, the identity (symptom presence) and causes com-

ponents were excluded so as not to cause concern among disease-free, high-risk respon-

dents. The timeline component was excluded because unlike symptoms of chronic illness, 

there are no symptoms of risk which vary over time. This left 66 items for cognitive testing. 

Following the cognitive interviews, 13 items were removed; including two items perceived 

as redundant, four items perceived to have low acceptability, and seven items which did not 

make sense to participants in the context of lung cancer risk. These latter seven were adapted 

from the brief COPE measure (Carver, 1997), which were intended to measure behavioural 

responses for controlling one’s emotional reaction to risk of lung cancer mortality. Further 
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minor revisions were made to the phrasing of 17 items to improve readability. Following the 

survey soft launch (n = 167; Supplementary Table 1), further refinements were made to the 

wording of 14 items and 11 alternatively phrased versions of existing items were added 

which aimed to improve response distribution. This resulted in a total of 64 items to be tested.

Online survey

Participant characteristics

Table 1 presents the sample characteristics overall and by smoking status. Mean age of the 

sample was 64.6 years (range 55–80) and there was an even split by gender and smoking 

status. The majority of the sample reported a White ethnic background (98.3%), being mar-

ried or cohabiting (64.1%), and not being in paid employment (67.8%) predominantly due 

to retirement (52.9%). There was good representation across the five SEP groups, with the 

exception of the lowest SEP group which was merged with the next lowest SEP group for 

further analyses. With regards to smoking history, participants reported starting smoking 

at age 16.7 years on average, and (among former smokers) stopping aged 50.0. Tobacco 

dependence was high among current smokers, with three quarters (77.8%) reporting smok-

ing within 30 minutes of waking.

Psychometric analyses: response variation and discriminant validity

Supplementary Table 2 summarises the variation in response and discriminant validity for each 

item among the full sample (n = 1333). Twelve of the items had a skewed response distribution 

indicating potential ceiling effects and 18 items had a high (≥10%) ‘don’t know’ response rate. 

However, nearly all (60 items) discriminated by intention to be screened for lung cancer. The 

majority (34 items) discriminated by smoking status with the exception of the illness coherence 

and emotional representation sub-scales, where only the lung cancer worry and perceived 

stigma items discriminated. Far fewer (10 items) discriminated by socioeconomic position.

Findings from Principal Components Analysis (PCA) suggested a seven-component model, 

which was interpreted from both the point of inflexion on a scree plot and by retaining 

components with eigenvalues greater than 1 (Kaiser’s criterion, 1960). Five iterations of PCA 

were run, beginning with 57 items and excluding 25 items found to have either low item-

to-total correlations (>0.3), low communality, or to cross-load onto more than one compo-

nent. In total, 32 items loaded strongly (>0.4) onto one of the seven components and these 

factor loadings are presented in Table 2. Of these, a further 11 items were excluded because 

they contributed relatively little to the reliability of their respective sub-scale when compared 

with other items (as indicated by Cronbach’s alpha if deleted values and item-total correlation 

coefficients, see Table 2). Final item selection to create seven three-item extracted compo-

nents was based on the pre-specified a priori criteria (see Methods).

Retained items and constructs for the final measure

Supplementary Table 3 presents the items and constructs for the final measure. The con-

structs measured by each of the seven subscales were interpreted to be: four illness repre-

sentation components (consequences, personal control, treatment control, illness coherence), 

one emotional representation component, one behavioural response and appraisal com-

ponent (combining illness and emotion control behaviours), and one risk perception com-

ponent. Scores for each sub-scale, were created by summing responses to each item (e.g. 
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1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly 

agree) using reverse coding where relevant. Higher scores denoted either higher levels of 

the construct (higher perceived personal control, treatment control, coherence and per-

ceived risk) or more positive perceptions (of consequences, emotional representations, 

behavioural control and appraisal).

In addition, four single item questions were retained: two which had not been included in 

the PCA as described in the Methods (response efficacy for smoking cessation and intention 

to be treated for early stage lung cancer), and two which were included in the PCA but did not 

load strongly (<0.4) onto one of the components (perceived stigma and lung cancer survival).

Associations between demographic factors, smoking status and sub-scale scores

Table 2 presents the unadjusted mean scores on each factor-derived sub-scale for each demo-

graphic and smoking status group, and the mutually adjusted linear regression coefficients. 

Table 1. Demographic and smoking characteristics of the sample (n = 1333).

all (n = 1333)
current smokers 

(n = 664)
Former smokers 

(n = 669)

Gender, % (n)
Female
Male
Prefer not to say

49.8 (664)
49.5 (660)

0.7 (9)

52.0 (345)
47.3 (314)

0.8 (5)

47.7 (319)
51.7 (346)

4 (0.6)
Age, mean (SD) 64.6 (6.2) 63.1 (5.8) 66.2 (6.3)
Marital status, % (n)
Married/civil partnership/cohabiting
single/Divorced/separated/Widowed

64.1 (854)
35.9 (479)

61.6 (409)
38.4 (255)

66.5 (445)
33.5 (224)

Ethnicity, % (n)
White
Minority ethnic group
Prefer not to say

98.3 (1311)
1.5 (20)
0.2 (2)

97.9 (650)
2.1 (14) 

–

98.8 (661)
0.9 (6)
0.3 (2)

Socioeconomic position index, % (n)
None (low seP)
one
two
three
Four (high seP)
Missing

2.6 (34)
12.8 (171)
25.4 (338)
39.3 (524)
18.2 (242)

1.8 (24)

3.3 (22)
13.6 (90)

27.7 (184)
37.3 (248)
16.1 (107)

2.0 (13)

1.8 (12)
12.1 (81)

23.0 (154) 
41.3 (276)
20.2 (135)

1.6 (11)
Occupation status, % (n)
employed (full-time/part-time/self-employed)
Unemployed
home-maker
Retired
Not working due to long-term sickness
studying/Prefer not to say

32.3 (430)
1.8 (24)
4.9 (65)

52.9 (705)
7.9 (105)

0.3 (4)

39.5 (262)
2.0 (13)
6.2 (41)

41.7 (277)
10.4 (69)

0.3 (2)

25.1 (168)
1.6 (11)
3.6 (24)

64.0 (428)
5.4 (36)
0.3 (2)

Smoking status, % (n)
current smoker
Former smoker

49.8 (664)
50.2 (669)

–
–

–
–

Age started smoking daily, mean (SD) 16.7 (4.2) 17.0 (4.3) 16.5 (4.1)

Age stopped smoking, mean (SD)a – – 50.0 (10.4)
Tobacco consumption (current or past), mean (SD)
cigarettes per day
grams of tobacco per week

–
–

15.7 (9.0) 
53.8 (31.6)

18.1 (11.4) 
75.0 (55.9)

Time to first cigarette (tobacco dependence), % (n)b

Within 5 minutes
5–30 minutes
31–60 minutes
60+ minutes

–
–
–
–

24.5 (163)
53.3 (354)
14.0 (93)
8.1 (54)

–
–
–
–

Notes. Per cent totals may not sum due to rounding.
aFormer smokers only (n = 669).
bcurrent smokers only (n = 664).



P
S

y
C

H
O

LO
g

y
 &

 H
E

A
LT

H
9

Table 2. associations between demographic factors, smoking status and sub-scale scores.

consequences Personal control treatment control coherence

Mean (sD) B (95% CI)a Mean (sD) B (95% CI)a Mean (sD) B (95% CI)a Mean (sD) B (95% CI)a

Overall 4.57 (1.50) – 11.10 (1.99) – 9.85 (2.14) – 9.08 (2.43) –
Gender
Male
Female

4.62 (1.52)
4.53 (1.46)

ReF
−0.11 (–0.27, 0.06)

11.31 (1.89)***
10.89 (2.05)***

ReF
−0.40 (–0.64, −0.16)***

9.97 (2.06) 
9.72 (2.21)

ReF 
−0.15 (–0.42, 0.12)

8.98 (2.31) 
9.18 (2.55)

ReF 
0.21 (–0.07, 0.49)

Age – 0.00 (–0.01, 0.02) – 0.01 (–0.01, 0.03) – 0.01 (–0.01, 0.04) – 0.02 (–0.00, 0.05)
Socioeconomic position
None/one (low seP)
two
three
Four (high seP)

4.80 (1.53)***
4.64 (1.52)***
4.48 (1.47)***
4.49 (1.48)***

ReF
−0.09 (–0.37, 0.19)
−0.25 (–0.51, 0.02)
−0.21 (–0.52, 0.10)

1
0.76 (1.90)

11.03 (2.01)
11.19 (2.04)
11.22 (1.91)

ReF
0.28 (–0.15, 0.68)
0.45 (0.07, 0.83)*
0.53 (0.09, 0.98)*

9.77 (2.24)
9.85 (2.13)
9.86 (2.14)
9.82 (2.14)

ReF
0.01 (–0.44, 0.46)

−0.04 (–0.47, 0.38)
−0.11 (–0.61, 0.39)

8.63 (2.49)
9.19 (2.33)
9.12 (2.47)
9.18 (2.37)

ReF
0.59 (0.12, 1.07)*
0.58 (0.13, 1.03)*

0.78 (0.25, 1.30)**
Marital status
Married/cohabiting
Not married/cohabiting

4.56 (1.50)
4.61 (1.48)

ReF
−0.02 (–0.20, 0.17)

11.11 (2.01)
11.09 (1.95)

ReF
0.12 (–0.14, 0.39)

9.90 (2.15)
9.76 (2.13)

ReF
−0.15 (–0.45, 0.15)

8.98 (2.42)
9.25 (2.43)

ReF
0.41 (0.10, 0.73)*

Smoking status
Former smoker
current smoker

4.42 (1.41)***
4.73 (1.57)***

ReF
0.31 (0.14, 0.48)***

11.30 (2.02)**
10.90 (1.94)**

ReF
−0.32 (–0.57, −0.08)*

10.04 (2.17)*
9.66 (2.10)**

ReF
−0.36 (–0.64, −0.08)*

9.00 (2.41)
9.15 (2.45)

ReF
0.12 (–0.17, 0.41)

*p < .05.
**p < .01.
***p < .001.
aModels adjusted for gender, age, socioeconomic position, marital status and smoking status.
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Table 2. (continued) associations between demographic factors, smoking status and sub-scale scores.

emotional representation Behavioural response Risk perception

Mean (sD) B (95% CI)a Mean (sD) B (95% CI)a Mean (sD) B (95% CI)a

Overall 7.40 (2.60) – – 7.52 (2.53) –

Gender

 Male 7.76 (2.61)*** ReF 12.58 (1.98) ReF 7.20 (2.53)*** ReF

 Female 7.05 (2.54)*** −0.68 (–0.98, −.40)*** 12.53 (2.02) −0.02 (–0.25, 0.21) 7.83 (2.49)*** 0.47 (0.21, 0.74)***

Age – 0.01 (0.01, 0.06)** – –0.01 (–0.03, 0.01) – –0.03 (–0.05, −0.00)*

Socioeconomic position
 None/one (low seP) 7.44 (2.64) ReF 12.36 (2.12) ReF 8.08 (2.51)** ReF
 two 7.39 (2.64) −0.06 (–0.55, 0.43) 12.45 (2.03) 0.05 (-0.34, 0.43) 7.64 (2.62)** −0.31 (–0.76, 0.13)
 three 7.47 (2.64) 0.05 (–0.41, 0.52) 12.62 (1.99) 0.16 (-0.20, 0.53) 7.24 (2.52)** −0.54 (–0.96, −0.12)*
 Four (high seP) 7.22 (2.40) −0.10 (–0.65, 0.44) 12.79 (1.79) 0.29 (-0.14, 0.72) 7.47 (2.39)** −0.23 (–0.72, 0.26)
Marital status
 Married/cohabiting 7.37 (2.59) ReF 12.63 (1.91) ReF 7.40 (2.51)** ReF
 Not married/cohabiting 7.46 (2.62) 0.21 (–0.12, 0.54) 12.44 (2.15) −0.06 (-0.32, 0.20) 7.73 (2.56)** 0.01 (–0.28, 0.30)
Smoking status
 Former smoker 7.54 (2.64) ReF 12.85 (1.87)*** ReF 6.36 (2.53)** ReF
 current smoker 7.27 (2.56) −0.22 (–0.52, 0.08) 12.27 (2.09)*** −0.56 (–0.80, −0.33)*** 8.69 (2.18)** 2.26 (1.99, 2.53)***

*p < .05.
**p < .01.
***p < .001.
aModels adjusted for gender, age, socioeconomic position, marital status and smoking status.
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Relative to men, women had statistically significantly lower perceived personal control 

(M:10.89 vs. 11.31; ß: –0.40, p<.001), more negative emotional representations (M:7.05 vs. 

7.76; ß: –0.68, p<.001) and higher risk perceptions (M: 7.83 vs. 7.20; ß:0.47, p<.001). Older age 

was associated with lower perceived risk (ß: –0.03, p<.01) and more positive emotional rep-

resentations (ß:0.01, p<.01). Marital status was only associated with the coherence sub-scale 

in adjusted analyses, with those who were not married or cohabiting reporting higher coher-

ence than those in the married/cohabiting group (M:9.25 vs. 8.98; ß:0.41, p<.05). Higher SEP 

was associated with greater perceived coherence across all sub-groups (e.g. group four vs. 

group zero/one: M:9.18 vs. 8.63; ß:0.78, p<.01), and with increased personal control for groups 

three and four compared with group zero/one (M:11.22 & 11.19 vs. 10.76; ß:0.45, p<.05 & 

ß:0.53, p<.05). There were no consistent associations with SEP for any of the other sub-scales. 

Smoking status was associated with scores on five of the seven sub-scales. Compared with 

former smokers, current smokers perceived more positive consequences (M:4.73 vs. 4.42; 

ß:0.31, p<.001), lower personal control (M:10.90 vs. 11.30; ß: –0.32, p<.05), lower treatment 

control (M:9.66 vs. 10.04; ß: –0.36, p<.05), more negative appraisal of behavioural responses 

(M:12.27 vs. 12.85; ß: –0.56, p<.01), and higher risk perceptions (M:8.69 vs. 6.36; ß:2.26, p<.001).

Associations between subscales and lung cancer screening intention

With the exception of coherence and perceived stigma, all the constructs were statistically 

significantly associated with intention to be screened in analyses adjusted for demographic 

factors and smoking status (see Table 3). More positive perceptions of the consequences of 

lung cancer and the chance of survival, as well as the efficacy of early diagnosis and smoking 

cessation as behavioural responses, were associated with higher odds of intending to take 

part in screening (all p’s <.001). Similarly, higher perceived risk and perceived control (both 

personal and treatment) statistically significantly increased the likelihood of intending to 

Table 3. associations between the final measure constructs and intention to be screened.

By intention Unadjusted Adjusteda

Intend Do not intend oR (95% cI) significance oR (95% cI) significance

Subscales, mean (SD)
 consequences 4.49 (1.43) 5.34 (1.85) 0.72 (0.65, 0.80) <.001 0.73 (0.65, 0.82) <.001
 Personal control 11.20 (1.96) 10.13 (2.05) 1.28 (1.17, 1.41) <.001 1.26 (1.14, 1.40) <.001
 treatment control 9.97 (2.12) 8.69 (2.02) 1.32 (1.19, 1.45) <.001 1.31 (1.19, 1.46) <.001
 coherence 9.10 (2.45) 8.91 (2.24) 1.03 (0.96, 1.12) .421 1.03 (0.95, 1.12) .418
 emotional representation 7.30 (2.57) 8.36 (2.65) 0.86 (0.81, 0.92) <.001 0.85 (0.79, 0.91) <.001
 Behavioural response 12.82 (1.76) 9.40 (1.99) 2.60 (2.21, 3.06) <.001 2.58 (2.18, 3.05) <.001
 Risk perception 7.55 (2.53) 7.05 (2.44) 1.09 (1.00, 1.18) <.05 1.20 (1.09, 1.32) <.001
Single items, % (n)
Response efficacy of 

smoking cessation
– – 1.39 (1.18, 1.62) <.001 1.33 (1.12, 1.57) <.01

Perceived stigma 
 Disagree 
 agree

88.5 (432) 
91.1 (693)

11.5 (56) 
8.9 (68)

1.00
1.32 (0.91, 1.92)

.144 1.00
1.30 (0.88, 1.91)

.185

treatment intention 
 Disagree 
 agree

69.7 (152) 
96.2 (908)

30.3 (66) 
36 (3.8)

1.00
10.95 (7.05, 

17.02)

<.001 1.00
10.15 (6.42, 

16.05)

<.001

survival from lung cancer 
 Fair/Poor 
 good

89.4 (681) 
95.6 (284)

10.6 (81) 
4.4 (13)

1.00
2.60 (1.42, 4.74)

<.01 1.00
2.64 (1.41, 4.95)

<.01

aModels adjusted for gender, age, socioeconomic position, marital status and smoking status.
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be screened (all p’s <.001). Willingness to be treated for early stage lung cancer had the 

largest positive effect estimate (aOR: 10.95; 95% CI: 7.05–17.02). Conversely, more positive 

emotional representations of lung cancer were associated with reduced odds of holding 

positive screening intentions (aOR: 0.85; 95% CI: 0.79–0.91).

Discussion

This paper describes the development of the first standardised measure of the psychological 

determinants of lung cancer screening participation by high-risk individuals: the Self-

Regulatory Questionnaire for Lung Cancer Screening (SRQ-LCS). The seven factor-derived 

subscales share a similar factor structure to the components of the SRM on which item 

generation was based, with four additional single-item constructs. All items retained for the 

final measure had superior psychometric properties when compared with the wider item 

pool with regards to their comprehensibility, response distributions, discriminant validity, 

internal reliability and construct validity. Nearly all the SRQ-LCS constructs were associated 

with intention to be screened for lung cancer, suggesting good discriminant validity for 

tfuture prospective studies of lung cancer screening uptake behaviour.

Most of the final constructs were associated with intention to be screened and smoking 

status in adjusted analyses, with comparatively fewer associations with demographic char-

acteristics. Many of these associations were largely as expected from prior literature. For 

example, current smokers have previously been found to hold higher lung cancer risk per-

ceptions when compared with former smokers, including both affective and comparative 

dimensions of risk perceptions (Ali et al., 2015; Quaife et al., 2018; Sach & Whynes, 2009). The 

finding of lower perceived personal control among current smokers and those of a lower 

SEP is also consistent with previous evidence that these groups more frequently report 

fatalistic perceptions about cancer (Miles et al., 2011; Quaife et al., 2015) and an external 

locus of control over their health (Poortinga et al., 2008). Women also reported lower per-

ceived personal control as well as higher risk perceptions compared with men, which is more 

challenging to explain. The latter may be due to the predominantly affective items within 

the risk perception sub-scale (e.g. ‘How often do you worry about lung cancer?’), with research 

showing that women tend to report higher cancer worry (Vrinten et al., 2014).

There were two seemingly counterintuitive associations. First, the finding that current 

smokers perceived the consequences of lung cancer relatively more positively than former 

smokers contrasts with previous studies (Quaife et al., 2018; Smits et al., 2018). One possible 

explanation is that the items comprising the consequences scale in the current study con-

cern different outcomes to that of survival which has most commonly been measured. It 

is possible that current smokers perceive these types of outcome (such as the impact on 

close others) relatively less negatively. However, the absolute difference in mean scores 

was small and means for both groups were within the lower (more negative) range of the 

scale. Alternatively, it is possible that current smokers downplay the consequences of lung 

cancer as a form of emotion-focussed coping. The second unexpected finding is that those 

with a higher (more positive) emotional representation score were less likely to intend to 

be screened. The Principal Components Analysis showed the risk perception, consequences 

and emotional representation components were distinct. Nevertheless, it is possible that 

participants’ perceived fear, anxiety and worry in response to thinking about lung cancer 

partly reflects their degree of personal concern about getting the disease and the personal 
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consequences of the disease. Those less concerned may in turn be less likely to intend to 

be screened. In both instances of these incongruous findings it is important to note that a 

central tenet of the SRM (see Figure 1) is that the relationships between constructs are 

bi-directional, with interactions between them explaining lung cancer screening behaviour. 

The individual must perceive a certain degree of risk in order for cognitive and emotional 

representations to be formed, and coping behaviours, to be enacted. Coping may aim to 

mitigate the risk of lung cancer mortality itself or may address the emotional response. In 

each case, appraisal will feed back into the representations and coping mechanisms. If 

perceived risk is too low, these reactions and responses may not be triggered. However, if 

perceived risk is too high, an adverse emotional response may trigger defensive processes 

if illness perceptions and coping behaviours are perceived negatively, which could attenuate 

the self-reported risk perception so that when measured, it appears low. The planned pro-

spective, longitudinal cohort study of lung cancer screening uptake for which this measure 

was developed, is designed to understand these interactions over time.

There were limitations to this study that restrict generalisation beyond the present sample. 

While the eligibility criteria for the online survey were based on the 2013 USPSTF screening 

criteria, participants are likely to be less diverse than the broader screening-eligible popu-

lation by virtue of the online mode. Indeed, there were very few participants in the lowest 

SEP group or from ethnic minority backgrounds. This further limits generalisability, especially 

given that those at highest risk of lung cancer are overrepresented within lower SEP groups. 

More diverse samples may report different structures of beliefs as has been found previously 

(Jonnalagadda et al., 2012). Therefore, while the SRQ-LCS’s validity was established within 

the present sample, as with any PCA, further research is needed to test whether the same 

factor structure is confirmed in other samples. A further limitation is the hypothetical nature 

of the outcome variable, screening intention. There exists a widely documented ‘inten-

tion-behaviour gap’ (Sheeran, 2002) whereby intentions can be an unreliable proxy for actual 

behaviour. Future research should test whether the SRQ-LCS is able to discriminate screening 

behaviour as well as screening intentions. In addition, the SRQ-LCS is focussed on measuring 

individual-level cognitive and affective perceptions of risk of lung cancer mortality and 

screening, but there are of course likely to be wider social, environmental and structural 

factors determining screening behaviour. Finally, all items assessing behavioural responses 

for controlling one’s emotional reaction to risk of lung cancer mortality (adapted from the 

brief COPE measure) were removed following cognitive interviewing because they lacked 

face validity, particularly when intended for a population of varying risk. However, this may 

have excluded an important construct which deserves further examination in future studies.

The SRQ-LCS appears to provide an acceptable, reliable and valid tool to measure and 

understand the interplay of psychological factors instrumental in determining lung cancer 

screening uptake. Using standardised measures should help build and progress scientific 

understanding in this field and ultimately provide a rigorous evidence-base from which to 

isolate psychological targets for intervention.

Acknowledgements

We are extremely grateful to Dr Andy McEwen, Dr Rebecca Beeken and Dr Samuel Smith for their time 

and help in providing expert review of the initial item pool. We would also like to express our thanks 

to all of our study participants; including those who took part in the cognitive testing and gave us 

invaluable insight into each of the individual items.



14 S. L. QUAIFE ET AL.

Disclosure statement

SLQ, KEB, CS, CK and JW declare no conflicts of interest. SMJ is supported by funding from a commer-

cial US healthcare company (gRAIL Inc.) as part of funding for a large trial of low dose CT screening, 

called the ‘SUMMIT Study’. SLQ collaborates on the SUMMIT Study. SMJ has been paid by Astra Zeneca, 

BARD1 Bioscience and Achilles Therapeutics for being an Advisory Board Expert and for travel to one 

US conference. SMJ receives grant funding from Owlstone for a separate research study. All authors 

perceive that these disclosures pose no academic conflict for this study. All authors declare no other 

relationships or activities that could appear to have influenced the submitted work.

Funding

This research was funded by a Cancer Research UK Postdoctoral Population Research Fellowship 

(C50664/A24460) which also supports SLQ. JW is supported by a Cancer Research UK Career Development 

Fellowship (C7492/A17219). SMJ is a Wellcome Trust Senior Fellow in Clinical Science (WT107963AIA). 

SMJ is supported by the Rosetrees Trust, the Roy Castle Lung Cancer Foundation, and UCLH Charitable 

Foundation. CS was supported by a Cancer Research UK PhD Studentship (C416/A19488). 

ORCID

Samantha L. Quaife  http://orcid.org/0000-0002-4918-6382

Samuel M. Janes  http://orcid.org/0000-0002-6634-5939

Jo Waller  http://orcid.org/0000-0003-4025-9132

Data availability statement

The data that support the findings of this study are available from the corresponding author, SLQ, 

upon reasonable request.

References

Ali, N., Lifford, K. J., Carter, B., McRonald, F., yadegarfar, g., Baldwin, D. R., Weller, D., Hansell, D. M., Duffy, 

S. W., Field, J. K., & Brain, K. (2015). Barriers to uptake among high-risk individuals declining partici-

pation in lung cancer screening: a mixed methods analysis of the UK Lung Cancer Screening (UKLS) 

trial. BMJ Open, 5(7), e008254. https://doi.org/10.1136/bmjopen-2015-008254

Bishop, A. J., Marteau, T. M., Hall, S., Kitchener, H., & Hajek, P. (2005). Increasing women’s intentions to 

stop smoking following an abnormal cervical smear test result. Preventive Medicine, 41(1), 179–185. 

https://doi.org/10.1016/j.ypmed.2004.09.046

Broadbent, E., Petrie, K. J., Main, J., & Weinman, J. (2006). The brief illness perception questionnaire. 

Journal of Psychosomatic Research, 60(6), 631–637. https://doi.org/10.1016/j.jpsychores.2005.10.020

Cameron, L. (2008). Illness risk representations and motivations to engage in protective behavior: The 

case of skin cancer risk. Psychology & Health, 23(1), 91–112. https://doi.org/10.1080/147683 

20701342383

Campanelli, P. (1997). Testing survey questions: New directions in cognitive interviewing. https://journals.

sagepub.com/doi/pdf/10.1177/075910639705500103

Carter-Harris, L., Brandzel, S., Wernli, K. J., Roth, J. A., & Buist, D. S. M. (2017). A qualitative study explor-

ing why individuals opt out of lung cancer screening. Family Practice, 34, 239–244. https://doi.

org/10.1093/fampra/cmw146

Carver, C. S. (1997). you want to measure coping but your protocol’s too long: Consider the brief COPE. 

International Journal of Behavioral Medicine, 4(1), 92–100.  https://doi.org/10.1207/s15327558ijbm0401_6

Cataldo, J. K., Slaughter, R., Jahan, T. M., Pongquan, V. L., & Hwang, W. J. (2011). Measuring stigma in 

people with lung cancer: Psychometric testing of the cataldo lung cancer stigma scale. Oncology 

Nursing Forum, 38(1), E46–E54. https://doi.org/10.1188/11.ONF.E46-E54



PSyCHOLOgy & HEALTH 15

de Koning, H. J., van der Aalst, C. M., de Jong, P. A., Scholten, E. T., Nackaerts, K., Heuvelmans, M. A., 

Lammers, J.-W J., Weenink, C., yousaf-Khan, U., Horeweg, N., van ‘t Westeinde, S., Prokop, M., Mali, W. 

P., Mohamed Hoesein, F. A. A., van Ooijen, P. M. A., Aerts, J. g. J. V., den Bakker, M. A., Thunnissen, E., 

Verschakelen, J., … Oudkerk, M. (2020). Reduced lung-cancer mortality with volume CT screening 

in a randomized trial. New England Journal of Medicine, 382(6), 503–513. https://doi.org/10.1056/

NEJMoa1911793

Ferrer, R. A., Klein, W. M. P., Persoskie, A., Avishai-yitshak, A., & Sheeran, P. (2016). The Tripartite Model 

of Risk Perception (TRIRISK): Distinguishing deliberative, affective, and experiential components of 

perceived risk. Annals of Behavioral Medicine: A Publication of the Society of Behavioral Medicine, 

50(5), 653–663. https://doi.org/10.1007/s12160-016-9790-z

Hestbech, M. S., Siersma, V., Dirksen, A., Pedersen, J. H., & Brodersen, J. (2011). Participation bias in a 

randomised trial of screening for lung cancer. Lung Cancer (Amsterdam, Netherlands), 73(3), 325–

331. https://doi.org/10.1016/j.lungcan.2010.12.018

HINTS. (2015). Health information national trends survey: All HINTS questions. Retrieved January 9, 

2015, from http://hints.cancer.gov/questions.aspx

Iyen-Omofoman, B., Hubbard, R. B., Smith, C. J. P., Sparks, E., Bradley, E., Bourke, A., & Tata, L. J. (2011). The 

distribution of lung cancer across sectors of society in the United Kingdom: A study using national 

primary care data. BMC Public Health, 11, 857. https://doi.org/10.1186/1471-2458-11-857

Jarvis, M. J., Wardle, J., Waller, J., & Owen, L. (2003). Prevalence of hardcore smoking in England, and 

associated attitudes and beliefs : Cross sectional study. British Medical Journal, 326, 1–5.

Jonnalagadda, S., Bergamo, C., Lin, J. J., Lurslurchachai, L., Diefenbach, M., Smith, C., Nelson, J. E., & 

Wisnivesky, J. P. (2012). Beliefs and attitudes about lung cancer screening among smokers. Lung 

Cancer (Amsterdam, Netherlands), 77(3), 526–531. https://doi.org/10.1016/j.lungcan.2012.05.095

Joseph, A. M., Rothman, A. J., Almirall, D., Begnaud, A., Chiles, C., Cinciripini, P. M., Fu S. S., graham, A. L., 

Lindgren, B. R., Melzer, A. C., Ostroff, J. S., Seaman, E. L., Taylor, K. L., Toll, B. A., Zeliadt, S. B., Vock, D. M. 

(2018). Lung cancer screening and smoking cessation clinical trials SCALE (smoking cessation with-

in the context of lung cancer screening) collaboration. American Journal of Respiratory and Critical 

Care Medicine, 197(2), 172–182,

Kaufman, A. R., Koblitz, A. R., Persoskie, A., Ferrer, R. A., Klein, W. M., Dwyer, L. A., & Park, E. R. (2015). 

Factor structure and stability of smoking-related health beliefs in the national lung screening trial. 

Nicotine & Tobacco Research, 18(3), 321–329. https://doi.org/10.1093/ntr/ntv091

Kelly, K., Leventhal, H., Andrykowski, M., Toppmeyer, D., Much, J., Dermody, J., Marvin, M., Baran, J., & 

Schwalb, M. (2005). Using the common sense model to understand perceived cancer risk in individu-

als testing for BRCA1/2 mutations. Psycho-Oncology, 14(1), 34–48. https://doi.org/10.1002/pon.805

Kotz, D., Brown, J., & West, R. (2013). Predictive validity of the Motivation To Stop Scale (MTSS): A sin-

gle-item measure of motivation to stop smoking. Drug and Alcohol Dependence, 128(1–2), 15–19. 

https://doi.org/10.1016/j.drugalcdep.2012.07.012

Lancastle, D., Brain, K., & Phelps, C. (2011). Illness representations and distress in women undergoing 

screening for familial ovarian cancer. Psychology & Health, 26(12), 1659–1677. https://doi.org/10.10

80/08870446.2011.555544

Lerman, C., Daly, M., Sands, C., Balshem, A., Lustbader, E., Heggan, T., goldstein, L., James, J., & 

Engstrom, P. (1993). Mammography adherence and psychological distress among women at risk 

for breast cancer. Journal of the National Cancer Institute, 85(13), 1074–1080. https://doi.

org/10.1093/jnci/85.13.1074

Leventhal, H., Brissette, I., & Leventhal, E. A. (2003). The common-sense model of self-regulation of 

health and illness. In L. D.Cameron  & H.Leventhal  (Eds.), The self-regulation of health and iillness 

behaviour (pp. 42–63). Routledge.

Leventhal, H., Diefenbach, M., & Leventhal, E. A. (1992). Illness cognition: Using common sense to 

understand treatment adherence and affect cognition interactions. Cognitive Therapy and Research, 

16(2), 143–163. https://doi.org/10.1007/BF01173486

Lewer, D., Jayatunga, W., Aldridge, R. W., Edge, C., Marmot, M., Story, A., & Hayward, A. (2020). 

Premature mortality attributable to socioeconomic inequality in England between 2003 and 

2018 : An observational study. The Lancet Public Health, 5(1), e33–1. https://doi.org/10.1016/

S2468-2667(19)30219-1



16 S. L. QUAIFE ET AL.

Marlow, L. A. V., & Wardle, J. (2014). Development of a scale to assess cancer stigma in the non-patient 

population. BMC Cancer, 14, 285. https://doi.org/10.1186/1471-2407-14-285

Mason, D. P., Subramanian, S., Nowicki, E. R., grab, J. D., Murthy, S. C., Rice, T. W., & Blackstone, E. H. 

(2009). Impact of smoking cessation before resection of lung cancer: A Society of Thoracic Surgeons 

general Thoracic Surgery Database study. Annals of Thoracic Surgery, 88(2), 362–370. Discussion 

370-1. https://doi.org/10.1016/j.athoracsur.2009.04.035

McRonald, F. E., yadegarfar, g., Baldwin, D. R., Devaraj, A., Brain, K. E., Eisen, T., Holemans, J. A., Ledson, 

M., Screaton, N., Rintoul, R. C., Hands, C. J., Lifford, K., Whynes, D., Kerr, K. M., Page, R., Parmar, M., 

Wald, N., Weller, D., Williamson, P. R., … Field, J. K. (2014). The UK Lung Screen (UKLS): Demographic 

profile of first 88,897 approaches provides recommendations for population screening. Cancer 

Prevention Research, 7(3), 362–371. https://doi.org/10.1158/1940-6207.CAPR-13-0206

Miles, A., Rainbow, S., & von Wagner, C. (2011). Cancer fatalism and poor self-rated health mediate the 

association between socioeconomic status and uptake of colorectal cancer screening in England. 

Cancer Epidemiology, Biomarkers & Prevention: A Publication of the American Association for Cancer 

Research, Cosponsored by the American Society of Preventive Oncology, 20(10), 2132–2140. https://

doi.org/10.1158/1055-9965.EPI-11-0453

Moss-Morris, R., Weinman, J., Petrie, K., Horne, R., Cameron, L., & Buick, D. (2002). The Revised Illness 

Perception Questionnaire (IPQ-R). Psychology & Health, 17(1), 1–16. https://doi.org/10.1080/088 

70440290001494

Moyer, V. A. (2014). Screening for lung cancer: U.S. Preventive Services Task Force recommendation 

statement. Annals of Internal Medicine, 160(5), 330–338. https://doi.org/10.7326/M13-2771

National Lung Screening Trial Research Team; Aberle, D. R., Adams, A. M., Berg, C. D., Black, W. C., 

Clapp, J. D., Fagerstrom, R. M., gareen, I. F., gatsonis, C., Marcus, P. M., & Sicks, J. D. (2011). Reduced 

lung-cancer mortality with low-dose computed tomographic screening. The New England Journal 

of Medicine, 365(5), 395–409. https://doi.org/10.1056/NEJMoa1102873

National Lung Screening Trial Research Team; Aberle, D. R., Adams, A. M., Berg, C. D., Clapp, J. D., 

Clingan, K. L., gareen, I. F., Lynch, D. A., Marcus, P. M., & Pinsky, P. F.(2010). Baseline characteristics of 

participants in the randomized national lung screening trial. Journal of the National Cancer Institute, 

102(23), 1771–1779. https://doi.org/10.1093/jnci/djq434

Parsons, A., Daley, A., Begh, R., & Aveyard, P. (2010). Influence of smoking cessation after diagnosis of 

early stage lung cancer on prognosis: Systematic review of observational studies with meta-analy-

sis. BMJ (Clinical Research Ed.), 340, b5569. https://doi.org/10.1136/bmj.b5569

Patel, D., Akporobaro, A., Chinyanganya, N., Hackshaw, A., Seale, C., Spiro, S. g., & griffiths, C. (2012). 

Attitudes to participation in a lung cancer screening trial: A qualitative study. Thorax, 67(5), 418–

425. https://doi.org/10.1136/thoraxjnl-2011-200055

Peto, R., Darby, S., Deo, H., Silcocks, P., Whitley, E., & Doll, R. (2000). Smoking, smoking cessation, and 

lung cancer in the UK since 1950: Combination of national statistics with two case-control studies. 

BMJ (Clinical Research Ed.), 321(7257), 323–329. https://doi.org/10.1136/bmj.321.7257.323

Phillips, L. A., Leventhal, H., & Leventhal, E. A. (2012). Physicians’ communication of the common-sense 

self-regulation model results in greater reported adherence than physicians’ use of interpersonal skills. 

British Journal of Health Psychology, 17(2), 244–257. https://doi.org/10.1111/j.2044-8287.2011.02035.x

Poortinga, W., Dunstan, F. D., & Fone, D. L. (2008). Health locus of control beliefs and socio-economic 

differences in self-rated health. Preventive Medicine, 46(4), 374–380. https://doi.org/10.1016/j.

ypmed.2007.11.015

Quaife, S. L., Marlow, L. A. V., McEwen, A., Janes, S. M., & Wardle, J. (2016). Attitudes towards lung can-

cer screening within socioeconomically deprived and heavy smoking communities: Informing 

screening communication. Health Expectations, 384, 1–11.

Quaife, S. L., McEwen, A., Janes, S. M., & Wardle, J. (2015). Smoking is associated with pessimistic and 

avoidant beliefs about cancer: Results from the international cancer benchmarking partnership. 

British Journal of Cancer, 112(11), 1799–1804. https://doi.org/10.1038/bjc.2015.148

Quaife, S. L., Vrinten, C., Ruparel, M., Janes, S. M., Beeken, R. J., Waller, J., & McEwen, A. (2018). Smokers’ 

interest in a lung cancer screening programme: A national survey in England. BMC Cancer, 18(1), 

497. https://doi.org/10.1186/s12885-018-4430-6



PSyCHOLOgy & HEALTH 17

Robb, K. A., Simon, A. E., & Wardle, J. (2009). Socioeconomic disparities in optimism and pessimism. 

International Journal of Behavioral Medicine, 16(4), 331–338. https://doi.org/10.1007/s12529-008-

9018-0

Sach, T. H., & Whynes, D. K. (2009). Men and women: Beliefs about cancer and about screening. BMC 

Public Health, 9(1), 431. https://doi.org/10.1186/1471-2458-9-431

Sheeran, P. (2002). Intention—behavior relations: A conceptual and empirical review. European 

Review of Social Psychology, 12(1), 1–36. https://doi.org/10.1080/14792772143000003

Silvestri, g. A., Nietert, P. J., Zoller, J., Carter, C., & Bradford, D. (2007). Attitudes towards screening for 

lung cancer among smokers and their non-smoking counterparts. Thorax, 62(2), 126–130. https://

doi.org/10.1136/thx.2005.056036

Simon, A. E., Forbes, L. J. L., Boniface, D., Warburton, F., Brain, K. E., Dessaix, A., Donnelly, M., Haynes, K., 

Hvidberg, L., Lagerlund, M., Petermann, L., Tishelman, C., Vedsted, P., Vigmostad, M. N., Wardle, J., & 

Ramirez, A. J. (2012). An international measure of awareness and beliefs about cancer: Development 

and testing of the ABC. BMJ Open, 2(6), e001758. https://doi.org/10.1136/bmjopen- 

2012-001758

Smits, S. E., McCutchan, g. M., Hanson, J. A., & Brain, K. E. (2018). Attitudes towards lung cancer screening 

in a population sample. Health Expectations, 21(6), 1150–1159. https://doi.org/10.1111/hex.12819

Sullivan, H. W., Rutten, L. J. F., Hesse, B. W., Moser, R. P., Rothman, A. J., & McCaul, K. D. (2010). Lay rep-

resentations of cancer prevention and early detection: associations with prevention behaviors. 

Preventing Chronic Disease, 7(1), A14.

Tammemagi, C. M., Neslund-Dudas, C., Simoff, M., & Kvale, P. (2004). Smoking and lung cancer surviv-

al. CHEST Journal, 125(1), 27–37. https://doi.org/10.1378/chest.125.1.27

von Wagner, C., good, A., Whitaker, K. L., & Wardle, J. (2011). Psychosocial determinants of socioeco-

nomic inequalities in cancer screening participation: A conceptual framework. Epidemiologic 

Reviews, 33, 135–147. https://doi.org/10.1093/epirev/mxq018

Vrinten, C., van Jaarsveld, C. H. M., Waller, J., von Wagner, C., & Wardle, J. (2014). The structure and demo-

graphic correlates of cancer fear. BMC Cancer, 14(1), 597. https://doi.org/10.1186/1471-2407-14-597

Wardle, J., Farrell, M., Hillsdon, M., Jarvis, M. J., & Sutton Thorogood, M. (1999). Smoking, drinking, 

physical activity and screening uptake and health inequalities. In D.gordon, M.Shaw, D.Dorling, 

&g.Davey-Smith  (Eds.), Inequalities in health (pp. 213–239). Policy Press.

Wardle, J., McCaffery, K., Nadel, M., & Atkin, W. (2004). Socioeconomic differences in cancer screening 

participation: comparing cognitive and psychosocial explanations. Social Science & Medicine (1982), 

59(2), 249–261. https://doi.org/10.1016/j.socscimed.2003.10.030

Wardle, J., & Steptoe, A. (2003). Socioeconomic differences in attitudes and beliefs about healthy life-

styles. Journal of Epidemiology and Community Health, 57(6), 440–443. https://doi.org/10.1136/

jech.57.6.440


	Development and psychometric testing of the self-regulatory 
	Abstract
	Introduction
	Materials and methods
	Item testing and refinement
	Online survey
	Psychometric analyses
	Criteria for item reduction
	Analyses of final measure
	Ethics

	Results
	Online survey
	Anchor 156
	Psychometric analyses: response variation and discriminant validity
	Retained items and constructs for the final measure
	Associations between demographic factors, smoking status and sub-scale scores
	Associations between subscales and lung cancer screening intention


	Discussion
	Anchor 162

	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References



