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Abstract

Objective: Understanding lung cancer screening behaviour is crucial to identifying potentially 

modifiable factors for future intervention. Qualititative work has explored attitudes and beliefs 

about lung cancer screening from the perspective of the participant, but the theoretically grounded 

factors that influence screening-eligible individuals to screen are unknown. We tested an 

explanatory framework for lung cancer screening participation from the individual’s perspective.

Methods: Data were collected as part of a sequential explanatory mixed methods study, the 

quantitative component of which is reported here. A national purposive sample of 515 screening-

eligible participants in the United States was recruited using Facebook-targeted advertisement. 

Participants completed surveys assessing constructs of the Conceptual Model for Lung Cancer 

Screening Participation. Path analysis was used to assess the relationships between variables.

Results: Path analyses revealed that a clinician recommendation to screen, higher self-efficacy 

scores, and lower mistrust scores were directly associated with screening participation (p < 0.05). 

However, the link between screening behaviour and self-efficacy appeared to be fully mediated by 

fatalism, lung cancer fear, lung cancer family history, knowledge of lung cancer risk and 

screening, income, clinician recommendation, and social influence (p < 0.05).

Conclusions: This study found that medical mistrust, self-efficacy, and clinician 

recommendation were significant in the decision of whether to screen for lung cancer. These 

findings offer insight into potentially modifiable targets most appropriate on which to intervene. 

This understanding is critical to design meaningful clinician- and patient-focused interventions.
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Introduction

Lung cancer screening could avert approximately 11,000 lung cancer deaths annually in the 

United States and has been recommended by the United States Preventive Services Task 

Force (USPSTF) since 2013 for long-term current and former smokers.1 In a recent study, 

only 3.9% of eligible individuals reported undergoing lung cancer screening in the past year.
2 Low uptake of lung cancer screening is the result of multiple patient, provider, and system-

level factors, and a greater understanding of the impact of these variables on lung cancer 

screening behaviour is needed.3,4 The identification of variables that influence screening 

behaviour would provide foundational information to develop interventions to enhance 

decision-making and follow-through when the decision is to screen. Smokers are a unique 

population, different from those targeted for other types of cancer screening because they 

battle nicotine addiction, and experience stigma and blame from others, who consider 

tobacco-related diseases to be self-inflicted. Based on our preliminary research, as well as 

research by others, psychological variables such as perceived stigma, medical mistrust, 

cancer fatalism, fear, and worry seem to be relevant to lung cancer screening.5–9

We developed a conceptual model to explain lung cancer screening behaviour from the 

perspective of the individual making the decision to screen or not (Figure 1).10 The 

Conceptual Model for Lung Cancer Screening Participation is based on: (i) empirically 

supported theoretical linkages from a comprehensive literature review; (ii) screening-eligible 

individuals’ perspectives of key Health Belief Model (HBM) constructs; and (iii) our 

preliminary focus group findings.5,10 Our proposed framework depicts psychological 

variables as key factors in lung cancer screening behaviour, and links these and other factors 

to traditional HBM constructs that have predicted participation in screening for other 

cancers.10 Linking the uniquely important psychological variables with traditional HBM 

constructs has the potential to offer new foundational knowledge needed to tailor future 

interventions for this high-risk population.

This paper reports the results from the path analysis component of a sequential explanatory 

mixed methods study that tested our proposed framework for lung cancer screening 

behaviour. This study complements other efforts that are directed at provider- and healthcare 

system levels, by examining factors that influence lung cancer screening participation from 

the perspective of the individual considering screening. The study objective was to test the 

relationships among the antecedent, mediator, and outcome variables depicted in the 

conceptual model (Figure 1), using structural equation modelling in a sample of long-term 

current and former smokers, who were eligible for lung cancer screening. We hypothesized 

that (i) psychological variables, demographic and health status characteristics, cognitive 

variables, healthcare provider recommendation, social, and environmental variables 

(antecedents) would be significantly associated with lung cancer screening health beliefs 

(mediators); (ii) psychological variables, demographic and health status characteristics, 
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cognitive variables, healthcare provider recommendation, and social and environmental 

variables (antecedents), and lung cancer screening health beliefs (mediators) would have 

significant direct associations with lung cancer screening participation (outcome); (iii) 

psychological variables, demographic and health status characteristics, cognitive variables, 

healthcare provider recommendation, social and environmental variables (antecedents) 

would have significant indirect associations with lung cancer screening participation 

(outcome) through lung cancer screening health beliefs (mediators); and (iv) the overall 

model would demonstrate goodness of fit by well-established thresholds.

Methods

After institutional review board approval was obtained from Indiana University, a cross-

sectional study was conducted nationwide from May to July 2017 using survey 

methodology. A national purposive sample of 515 participants was recruited. Sample size 

was determined based on the overall aims of the study. For the purpose of this specific paper, 

Monte Carlo simulations (using Mplus software) with 1000 simulated datasets were 

conducted to determine the power for estimating the coefficients for all effects in the 

proposed path model. Assuming an alpha level of 0.05, a sample size of 500 provides 

adequate power (⩾80%) to detect significance for each path coefficient in the model when 

the direct effect sizes are 0.53 or larger (with an indirect effect size of 0.20 or larger, 

indicating a smaller effect size through mediation). Eligibility criteria mirrored the USPSTF 

recommendation for individuals eligible for lung cancer screening1 and included individuals 

(1) aged 55 to 80, (2) minimum 30 pack-year tobacco smoking history, (3) current smoker or 

former smoker who had quit within the past 15 years, and (4) never been diagnosed with 

lung cancer.

To recruit 515 participants, we used Facebook-targeted advertisement.11 Facebook has the 

ability to target an advertisement by demographics and keywords listed in users’ profiles or 

interest lists, which allowed us to purposively sample people who were aged 55 or older and 

who indicated smoking as an interest. Data were collected via a single web-based survey 

developed using the REDCap (Research Electronic Data Capture) system, a secure web-

based application for building and managing online surveys and databases. REDCap 

provides audit trails for tracking data manipulation and user activity as well as automated 

export procedures for secure data downloads to common statistical packages. A screening 

questionnaire was used to determine eligibility. Eligible participants received a message on 

screen inviting them to participate in the study, with an embedded informed consent form for 

their review. A telephone number to the research office and study email address were 

provided for those who had questions, needed technical assistance, or additional 

information. Participants completed the 25-min survey and received a $15 gift card at 

completion.

Data were collected via self-report using a compilation of items and scales to assess the 

outcome, antecedent, and mediator variables via a web-based survey.

The outcome variable Lung Cancer Screening Behaviour was measured using a stage of 

adoption algorithm guided by the Precaution Adoption Process Model.12 Those in stages 1 
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(unaware), 2 (unengaged), 3 (undecided), and 4 (decided not to act) were considered not to 

have participated, and those in stages 5 through 7 (i.e. stage 5, those who indicated they 

decided to screen for lung cancer; stage 6, had recently completed lung cancer screening; or 

stage 7, were currently screening annually) were considered participants for lung cancer 

screening (for algorithm see Table 1).

Among the antecedent variables, Perceived Smoking-Related Stigma was measured using 

the five-item smoking-related stigma subscale of the Cataldo Lung Cancer Stigma Scale,13 

with response options ranging from 1 = strongly disagree to 4 = strongly agree. Medical 
Mistrust was measured using the Patient Trust in the Medical Profession Scale.14 The five-

point Likert responses measured the extent to which patients perceive their provider to be 

honest, thorough, careful, and trusted, versus caring more about convenience. Cancer 
Fatalism was measured using the Revised Powe Fatalism Inventory,15 which assesses the 

degree to which an individual equates cancer with death. The inventory uses a dichotomous 

response for 11 belief statements that assess cancer fear, pessimism, predetermination, and 

inevitability of death. Lung Cancer Worry was measured using items adapted from the 

Lerman Breast Cancer Worry Scale,16 which consists of three Likert-style response items. 

Lung Cancer Fear was measured using items adapted from the Champion Breast Cancer 

Fear Scale.17 Demographic and Health Status Characteristics were assessed with questions 

addressing race/ethnicity, income level, insurance status, smoking status, and family history 

of lung cancer. Knowledge: Lung Cancer and Lung Cancer Screening was assessed with an 

eight-item multidimensional scale used in our preliminary studies, adapted from literature 

specific to lung cancer.18,19 Investigator-developed items were used to assess Healthcare 
Provider Recommendation, Social Influence, and Media Exposure. Specifically, healthcare 

provider recommendation was assessed with the dichotomous item: “Has a doctor or nurse 

practitioner ever recommended that you have a lung scan to screen for lung cancer?” Social 

influence was assessed with four items adapted from the social influence scale by McQueen 

et al. to assess the importance of other individuals, such as family members, other people 

their own age, friends, and their doctor, thinking it is important for the participant to screen 

for lung cancer.20 Media exposure was assessed with three dichotomous items to assess 

seeing or hearing a newspaper/magazine, radio, or television advertisement about lung 

cancer screening in the past 30 days.

For Mediator Variables, the Lung Cancer Screening Health Belief Scales assessed perceived 

risk of lung cancer, perceived benefits of, perceived barriers to, and self-efficacy for lung 

cancer screening.18 Table 2 details all survey measures and their internal consistency 

reliability where appropriate for this study.

Mediation analyses were performed with path analysis models using Mplus v 7.31. Direct 

paths were specified from each of the antecedent variables to all of the mediating variables, 

from antecedent variables to the dichotomous screening participation variable, and from the 

mediating variables to the screening participation variable. Indirect paths were specified 

from the antecedents to the screening participation variable through the mediating variables. 

Rather than using the four-part piecewise mediation method as proposed by Baron and 

Kenny,21 this path analysis utilized structural equation modelling to model every path 

simultaneously, accounting for the variance of each association. Model modification indices 
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were inspected to determine if additional paths should be included between antecedents or 

between mediators, or to account for correlations between mediators, and to improve model 

fit. All analytic assumptions were verified. The theta parameterization was used, due to the 

binary nature of the screening participation outcome. The logit link was specified for paths 

with a binary-dependent variable, and the linear link for paths pointing toward a continuous 

variable. All antecedent variables in the conceptual model (see Figure 1) were included in 

the path model because they were carefully selected and hypothesized based on theoretical 

rationale and prior literature. Therefore, the path analysis was a confirmatory analysis of a 

hypothesized model. All path coefficients for the conceptual model were tested 

simultaneously. All tests were two-sided. Alpha of 0.05 was used to interpret significance 

for all tests. Because multiple testing could introduce the possibility of inflated Type I error, 

we have not reported bivariate relationships, and instead focus on results from the 

multivariable path model for which the effects of predictors are adjusted for each other in a 

single model.

Results

Participant sociodemographic and health status characteristics are shown in Table 3. 

Participants (n = 515) ranged in age from 55 to 80 (mean, 61.4 (SD 5.4)) with a greater 

number being female (64.9%; n = 334) and white (84.5%; n = 435). Participants were 

diverse in education and annual income levels, and more than half were current smokers 

(63.3%; n = 326). The average number of years smoked among all participants was 38.3 (SD 

9.9), and the mean pack years smoked was 56.6 (26.8).

After the initial path analysis was performed, it was determined that significant correlations 

existed between mediating variables, namely, between self-efficacy for and benefits of lung 

cancer screening, and self-efficacy for and barriers to lung cancer screening. When these 

additional correlation paths were added to the model, the path analysis model’s goodness of 

fit indices indicated good fit (chi-square = 3.195, p = 0.526; RMSEA = 0.000 (90% CI = 

0.000, 0.061), CFI = 1.0, and WRMR = 0.188, Table 4). Because of the chi-square p-value 

>0.05, the null hypothesis of good fit was not rejected. Prior methodology studies 

established that the following thresholds indicate good fit of the model to the data: RMSEA 

<0.0622; CFI >0.9522; and WRMR < 1.0.23 Goodness of fit indices are given to evaluate 

whether the conceptual model accurately captures the relationships among the variables. Our 

fit indices exceeded (i.e. satisfied) these published thresholds.22,23

There were several significant direct-effect paths from antecedents to mediators. Table 4 

shows all standardized coefficients from the path analysis model. We highlight the 

significant findings here. Variables positively associated with perceived risk of lung cancer 

were: cancer fatalism (standardized path coefficient β = 0.13), lung cancer worry (β = 0.45), 

smoking status (β = 0.14), and healthcare provider recommendation (β = 0.09). Only fear 

was negatively associated with perceived risk (β = −0.11). Variables positively associated 

with perceived benefits of lung cancer screening were lung cancer worry (β = 0.11), income 

(β = 0.09), knowledge of lung cancer and screening (β = 0.08), and social influence (β = 

0.39). Only cancer fatalism was negatively associated with perceived benefits (β = −0.12). 

Variables positively associated with perceived barriers to lung cancer screening were current 
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smoking status (β = 0.13), cancer fatalism (β = 0.22), and lung cancer fear (β = 0.23). 

Variables negatively associated were smoking-related stigma (β = −0.08), race (white β = 

−0.13), insurance status (β = −0.09), family history of lung cancer (β = −0.16), and social 

influence (β = −0.19). Variables positively associated with self-efficacy for lung cancer 

screening were income (β = 0.12), family history of lung cancer (β = 0.10), knowledge of 

lung cancer and screening (β = 0.15), healthcare provider recommendation (β = 0.13), and 

social influence (β = 0.40). Cancer fatalism (β = −.14) and lung cancer fear (β = −.17) were 

negatively associated with self-efficacy.

Medical mistrust was negatively (β = −0.13), and healthcare provider recommendation was 

positively (β = 0.47), associated with screening participation as direct effects. The only 

mediator with a significantly direct effect with screening participation was self-efficacy for 

lung cancer screening (β = 0.23).

In the tests of mediation, the indirect effects between all antecedents (including medical 

mistrust and healthcare provider recommendation) and screening participation were non-

significant for perceived risk of lung cancer, perceived benefits of, and perceived barriers to 

lung cancer screening. However, there were significant indirect effects from the following 

antecedents through self-efficacy to lung cancer screening, although the effects were of 

small magnitude: cancer fatalism (β = −0.03), lung cancer fear (β = −0.04), family history of 

lung cancer (β = 0.02), knowledge of lung cancer and screening (β = 0.03), healthcare 

provider recommendation (β = 0.03), and social influence (β = 0.09).

Discussion

In testing the Conceptual Model for Lung Cancer Screening Participation,5 and consistent 

with other types of cancer screening,24–26 receiving a healthcare provider recommendation 

to screen is associated with lung cancer screening behaviour. Inversely, higher levels of 

medical mistrust were associated with individuals who indicated that they had not, or would 

not, screen for lung cancer. Although the other antecedent variables in the conceptual model 

were not statistically significant in this sample, many had significant direct effects with the 

mediators (perceived risk of lung cancer, perceived benefits of, perceived barriers to, and 

self-efficacy for lung cancer screening), and significant indirect effects with the mediating 

variable, self-efficacy for lung cancer screening. Further qualitative exploration of screening 

behaviour from the perspective of the individual making the decision on whether to screen 

for lung cancer can assist in understanding lung cancer screening behaviour beyond 

quantitative survey scores, and may provide a more robust elucidation of screening 

behaviour and the scientific utility of retaining or removing a variable from the current 

conceptual model on lung cancer screening participation.

Our efforts to understand which people are more likely to undergo lung cancer screening 

showed that people who perceived their risk of getting lung cancer to be higher were current 

smokers, had higher levels of cancer fatalism and lung cancer worry, and lower levels of 

lung cancer fear. Those who perceived higher benefits of lung cancer screening had higher 

levels of lung cancer worry, greater knowledge about lung cancer and screening, were highly 

influenced by their social circle, had higher incomes, and reported lower levels of cancer 
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fatalism. People who perceived greater barriers to lung cancer screening were current 

smokers, African American, reported higher levels of cancer fatalism and lung cancer fear, 

were not readily influenced by their social circle, and had no family history of lung cancer. 

Those with higher levels of self-efficacy for lung cancer screening had higher incomes, a 

family history of lung cancer, lower levels of cancer fatalism and lung cancer fear, were 

highly influenced by their social circle, and had received a provider recommendation to 

screen. An unanticipated finding was that stigma was negatively associated with perceived 

barriers to lung cancer screening (p < 0.05). Exploration of these two variables qualitatively 

may explain this unexpected finding.

Although health beliefs have historically predicted participation in other types of cancer 

screening, self-efficacy seems to have direct implications both as a predictor and mediator of 

lung cancer screening behaviour. Not only does self-efficacy play an important role in lung 

cancer screening participation, it is also a factor amenable to modification. As clinician-

targeted interventions are developed to support the shared decision-making process about 

this recent screening recommendation, targeting educational efforts to include salient 

mediators has the potential to enhance the shared decision-making process and patient 

behaviour change. By identifying the antecedents associated with self-efficacy, clinician 

educational interventions can increase awareness of which factors might warrant 

consideration when discussing screening with eligible patients. For example, social 

influence is associated with self-efficacy, suggesting that clinicians may find value in 

engaging their patients in a discussion about who in their lives may have suggested they 

screen, or not, for lung cancer. In addition, the self-efficacy items address confidence to 

complete a lung scan from a practical and logistical standpoint, but also from the perspective 

of the confidence to complete a lung scan despite worries or anxiety about the process or the 

results. Therefore, if a clinician recommends lung cancer screening, and the individual 

makes the decision to screen after engaging in a shared decision-making discussion with 

their clinician, but then does not follow through, the clinician would know it is probably 

attributable to one of these two confidence issues. The clinican could therefore tailor their 

conversation with the individual on a subsequent visit to one that is most meaningful and has 

the potential for impact.

While cross-sectional survey data preclude causal inference, the results suggest which 

psychological variables are associated with individual lung cancer screening health beliefs, 

and also the potential direction of those associations. In addition to extending prior 

qualitative research on individual attitudes and beliefs about lung cancer screening,7,8,27–29 

this study extends our previous work by supporting the potentially modifiable intervention 

targets on which to tailor decision support tools and educational materials, from the 

perspective of the individual considering screening. In addition, because the standardized 

coefficients we report are adjusted for standard deviations of the variables, these coefficients 

serve as effect sizes, and allow valid assessment of the relative strength of those 

relationships for variables with different scales of measurement.

The population targeted for lung cancer screening engages in a behaviour (i.e. smoking) that 

is often stigmatized. It is important that future interventions support patient-clinician 

discussions, are theoretically grounded, and include a variety of intervention components, to 
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improve understanding of what drives behaviour change in lung cancer screening. 

Understanding this unique population more robustly not only has potential positive 

educational outreach implications for those considering lung cancer screening but also for 

tobacco treatment interventions in this high-risk population.

This study is not without limitations that must be considered when interpreting the results. 

Generalizability may be limited by use of a cross-sectional self-reported survey design, as 

well as characteristics specific to individuals with computer or mobile device access. 

However, a national sample was recruited using the most common social media platform. 

While recruiting Facebook users increased the representativeness of participants from 

multiple demographic backgrounds, it may also limit generalizability to people who use this 

particular social media platform. However, the Pew Research Center reported that 84% of 

United States adults use the Internet, 74% of online adults use social networking sites, and 

71% of online adults use Facebook.30 There is also potential for self-selection bias from 

Facebook recruitment, but this is true for any study recruiting volunteers. Furthermore, our 

preliminary study demonstrated that demographics did not vary substantially between those 

recruited via Facebook versus more traditional methods.11 In addition, due to the low 

numbers of screening-eligible individuals who have been screened, those who indicated they 

intended to screen were categorized as screening participants. Although used as a proxy for 

screening participation, intention may not always lead to behaviour. As the number of those 

screened in the population increases, future research should include categorical analysis 

across the Precaution Adoption Process Model stage continuum, to understand screening 

behaviour more robustly.

Conclusions

Results from this study fill a critical gap in knowledge by identifying the most salient factors 

associated with lung cancer screening participation in long-term smokers. In addition to 

identifying potential predictor variables, mediators were also identified, including the 

relative weights of the psychological variables in relation to the Health Belief Model 

variables and other antecedents. This study fills the current gap in the science by informing 

the development of effective patient-focused interventions to support screening decision-

making and increase lung cancer screening uptake among high-risk long-term smokers.
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Figure 1. 
Conceptual model for lung cancer screening participation.
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Table 1.

Stage of adoption: lung cancer screening.
a

Stage classification

1. Have you ever heard of lung cancer screening with a lung scan (also commonly called a low-dose CAT scan)?

 No 1 = Unaware

 Yes (proceed to next question)

2. Have you ever thought about having a lung scan (low-dose CAT scan) to screen for lung cancer?

 No 2 = Unengaged

 Yes (proceed to next question)

3. Do you plan to have a lung scan to screen for lung cancer?

 I don’t know 3 = Undecided

 No 4 = Decided not to act

 Yes 5 = Decided to act (and proceed to next question)

4. Have you made an appointment to have a lung scan?

 No 5 = Decided to act

 Yes 6 = Action

5. Are you currently having lung scans on a yearly basis?

 No 6 = Action

 Yes 7 = Maintenance

a
Based on the Precaution Adoption Process Model.
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