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Abstract
Objectives: Lung cancer screening (LCS) is effective in reducing lung cancer 
mortality, but there is limited information available regarding preferences among 
high‐risk individuals concerning LCS. In this study, we use a conjoint valua-
tion analysis (CVA) to better understand which LCS attributes most affect LCS 
preferences.
Materials and Methods: We implemented a web‐based nationally representative 
survey that included a full‐profile CVA exercise. Participants were over the age of 
45, had at least a 20 pack‐year smoking history, and no history of lung cancer. The 
CVA instrument included five LCS attributes, and additional survey items collected 
demographic and psychosocial information.
Results: Participants (n = 210) had a mean age of 61 (SD 8.5) years, approximately 
half were female (51.9%), and were racially/ethnically diverse. Average relative 
importance of the LCS program attributes was (from high to low): out of pocket 
costs (27.3 ± 17.7); provider recommendation (24.8 ± 13.4); mortality reduction 
(17.2  ±  8.9); false‐positive rate (15.8  ±  10.4); and ease of access (14.8  ±  7.3). 
There was large variation among individuals, but few significant associations of 
propensity to screen with individual demographic characteristics. Average screen-
ing propensity across individuals (1‐9 scale) was 3.63 ± 1.6, and average rates of 
individual scenarios ranged from 2.60 ± 2.00 to 5.57 ± 2.13, indicating low inclina-
tion for screening.
Conclusions: We found that overall propensity for screening is low in a high‐risk 
population, and that out of pocket costs were of greater importance to potential 
screeners than mortality reduction or false‐positive rates. Thus, individuals consid-
ering or eligible for LCS need additional education and support regarding the LCS 
landscape in order to achieve informed decision making.
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1  |   INTRODUCTION

Lung cancer is the leading cause of cancer mortality in the 
United States, with an estimated 228  150 new cases and 
142  670 estimated death for 2019.1 In 2011, the National 
Lung Cancer Screening Trial reported a 20% relative reduc-
tion in lung cancer mortality with annual low‐dose computed 
tomography (LDCT) compared to traditional chest X‐ray.2 
Subsequently, the US Preventive Services Task Force gave 
a Grade B recommendation for lung cancer screening (LCS) 
using LDCT for high‐risk individuals,3 prompting compara-
ble organizational guidelines.4-9 Additional data emerging 
from the NELSON trial similarly support the decision to dis-
seminate LCS to high‐risk individuals.10 All LCS recommen-
dations emphasize informed and shared decision making.11

The inclusion of shared decision‐making in LCS guide-
lines reflects the fact that LCS generates notable potential 
harms as well as benefits.12 The principal harms include false‐
positive results,2 over‐diagnosis,13,14 radiation exposure,15 
and psychological distress, specifically for patients who 
receive an indeterminate or positive result.16,17 Additional 
harms, such as financial strain and opportunity costs, have 
also been noted.18 An understanding of the balance between 
the benefits and potential harms of LCS is necessary for pa-
tients to formulate preferences and make informed decisions.

The current literature for LCS demonstrates that while pa-
tient interest in LCS is generally high, preferences are influ-
enced by a number of patient and screen‐specific factors.19-22 
One unique approach to LCS preference elicitation involves 
conjoint valuation analysis (CVA), which measures the joint 
effects of two or more independent characteristics on an indi-
vidual's appraisal of a service/product. Through evaluation of 
a series of hypothetic scenarios, the relative importance of the 
different attributes that affect an individual's choice is elicited. 
Unlike a direct rating of the importance of each attribute in 
isolation, conjoint analysis forces trade‐offs in the importance 
of the different attributes.23 Although the conjoint methodol-
ogy approach to preference elicitation in cancer screening has 
been used increasingly by decision‐making researchers [eg, 24-

28], it has not been employed to study LCS preferences.
The objectives of this research were to: (a) better under-

stand how individuals who are at higher risk of lung cancer 
view and value the different characteristics of LCS proce-
dures; (b) evaluate the overall propensity for LCS adoption; 
and (c) explore individual characteristics that correlate with 
attribute preferences and overall screening propensity.

2  |   MATERIALS AND METHODS

2.1  |  Overview
This study was approved by the University of Miami and 
University of Kentucky Institutional Review Boards. We 

conducted an online survey of a nationally representative sam-
ple (n = 210) of individuals at increased risk for lung cancer. The 
survey collected information on respondent demographic char-
acteristics, and included a conjoint exercise to assess respond-
ents’ attitudes toward different aspects of LCS. Respondents 
were identified and the survey administered using an internet‐
based survey panel, KnowledgePanel® (now GfK Knowledge 
Networks; http://www.knowl​edgen​etwor​ks.com/GANP/).

2.2  |  Respondents
Knowledge NetworksTM (KN) conducted online surveys 
using the web‐enabled KnowledgePanel®, a probability‐
based panel designed to be representative of the United States 
population.29 To establish and maintain its panel, KN con-
ducted random digit dialing. Persons in selected households 
were invited to participate in the panel and provided with an 
internet appliance and connection, if needed.

The target population included English‐speaking indi-
viduals 45 years of age or older who were former or current 
smokers with at least a 20 pack‐year history and had no his-
tory of lung cancer. This sample was selected as representing 
individuals who are at higher risk for lung cancer, and who 
maybe be in a position to consider screening (even if they do 
not meet current criteria). Additionally, we targeted a sample 
that was approximately 50% female; 25% African American 
and 25% Hispanic; and 25% rural dwelling. The target sample 
size of n = 200 was based on a conservative approach to the 
sample size estimation algorithm for conjoint methodology.30 
The available background information on KN Panel mem-
bers included smoking history and current smoking status, 
but not enough information to calculate pack‐years smoked. 
Therefore, initial eligibility questions for KN panel partici-
pants were needed to establish individuals' overall tobacco 
exposure. Of the 525 individuals invited to participate, 223 
met eligibility criteria including smoking history, and 210 in-
dividuals completed the online survey (94%).

2.3  |  Survey development
The survey included standard demographic and smoking related 
items drawn from previous federal surveys. However, the CVA 
instrument was newly developed as part of this study. Conjoint 
methodologies were originally developed in psychology and 
most broadly employed by marketing researchers. More re-
cently, conjoint methods have been increasingly been used in 
medical decision‐making context to assess the importance of 
factors that influence decisions about healthcare services.31-33

In developing a conjoint evaluation instrument, we con-
ducted semi‐structured interviews with 40 smokers and 9 
health‐care providers to collect information on LCS character-
istics that might be most important and salient regarding indi-
viduals’ decisions about screening. Based on these interviews 

://www.knowledgenetworks.com/GANP/
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and team expertise, we identified five attributes of LCS that 
were likely to be influential in decisions about screening. These 
attributes, along with the different levels, are listed in Table 
1. Aiming for orthogonality and parsimony in our selection of 
scenarios, we used Sawtooth software (Inc Orem, UT) to iden-
tify 20 unique conjoint scenarios. Survey respondents rated 
each scenario on a 9‐point Likert type ratings scale anchored 
by “would definitely not get screened” and “would definitely 
get screened.” See Figure 1 for an example scenario.

2.4  |  Online survey procedures
Knowledge NetworksTM sent invitations in batches to panel 
members likely to meet the eligibility criteria. As mentioned 

above, the KN databases did not include sufficient informa-
tion to calculate volume of tobacco exposure, so additional 
assessment of pack‐years was necessary to determine eligi-
bility. Each respondent received a $30 honorarium. All data 
were entered directly into online databases so there were few 
missing data. Data were only missing if a participant refused 
to answer questions or terminated the survey before it was 
completed.

2.5  |  Data analysis
Data analysis included both descriptive summaries of data 
and multivariate statistics. All analyses were performed 
using Stata 13.0 and/or Sawtooth Software. Summary 

Characteristics/
Attributes Levels

Out of pocket costs $100 out of pocket cost
$300 out of pocket cost
$500 out of pocket cost

Mortality reduction A 1% reduction in lung cancer deaths
A 10% reduction in lung cancer deaths
A 20% reduction in lung cancer deaths

Health‐care provider 
recommendation

Your doctor recommends that you do not get screened
Your doctor recommends that you do get screened
Your doctor says that you should make the decision
You do not discuss screening with your doctor

False‐positive rate 10% false‐positive rate
25% false‐positive rate
40% false‐positive rate

Ease of access Imaging center is in a convenient location and is open in evenings and 
weekends

Imaging center is in a convenient location but is open from 9 am to 
5 pm on weekdays only

Imaging center is in an inconvenient location but is open in evenings 
and weekends

Imaging center is in an inconvenient location and is open from 9 am to 
5 pm on weekdays only

T A B L E  1   Lung cancer screening 
characteristics/attributes explored in the 
study

F I G U R E  1   Example lung cancer 
screening scenario used in the CVA Would you choose to be screened for lung cancer under these conditions?

Screening costs $500

1% mortality reduction

Health care provider recommends screening

40% false positive rate

Screening center in an inconvenient location, but open evenings and weekends

1 2 3 4 5 6 7 8 9

1 = Would
definitely
not get 
screened

9 = Would 
definitely 

get 
screened
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statistics for all demographic characteristics were calcu-
lated first.

Using Sawtooth software, we calculated relative impor-
tance scores for attributes and part‐worth utilities for each 
respondent, as well as the mean for the sample population. 
Relative importance of an attribute in our analyses is a mea-
sure of how much influence each characteristic (such as cost 
or false‐positive rate) has on an individual's willingness to be 
screened. Relative importance scores for each individual sum 
to 100. Part‐worth utilities reflect the desirability (or lack of 
undesirability) of a given level of an attribute. We used a hier-
archical Bayes approach,34 which uses averages (information 
about the distribution of utilities from all respondents) as part 
of the procedure to estimate attribute level utilities for each 
individual.

To characterize each respondent's overall propensity for 
screening, we calculated the average of their ratings (scale of 
1‐9) for the 22 conjoint scenarios.

Finally, we used univariate regression analyses to examine 
associations between demographic characteristics (all char-
acteristic in Table 2) and (a) the relative importance ratings 
for each attribute and (b) the average propensity to screen. 
We used a Bonferroni correction to ameliorate the chance of 
Type 1 errors due to multiple comparisons.

3  |   RESULTS

3.1  |  Characteristics of study respondents
Mean age of respondents was 61 years (SD 8.5), and 51.9% 
of respondents were female (Table 2). Average pack‐years 
of smoking was 40 (SD 20.1), with early onset of both first 
smoking (16 years, SD 2.9) and regular smoking (18 years, 
SD 5.3). Less than half of respondents were current smokers 
(40.6%) and, of those, 74.7% had tried quitting. The major-
ity was married or cohabitating (66.2%). Consistent with our 
desired sampling frame, respondents were 46.4% White, non‐
Hispanic; 25.2% Black, non‐Hispanic; and 28.50% Hispanic. 
Respondents were relatively evenly distributed across in-
come groups, and most had a high school education or some 
college (70.5%). About half of respondents had medical in-
surance through an employer. Of the 210 participants, 74.6% 
reported being in “good” to “excellent” health.

3.2  |  Relative importance of the attributes  
of the lung cancer screening scenarios
As described, the relative importance of an attribute is a meas-
ure of how much influence each attribute has on respondent 
choices. The average relative importance of the five attrib-
utes varied from a high of 27.3 (SD 17.7) for out of pocket 
costs to a low of 14.8 (SD 7.3) for ease of access (Figure 2), 
indicating that cost is likely to play a highly influential role in 

screening implementation. However, all of the attributes ap-
peared to influence choices, including provider recommenda-
tion (24.8, SD 13.4), mortality reduction (17.2, SD 8.9), and 
false‐positive rate (15.8, SD 10.4).

Variation in individuals’ relative importance scores and 
propensity for screening was quite large (Figure 2). Individual 
importance scores ranged from the single digits (for all five at-
tributes) to over 50 (for health‐care provider recommendation 
– max of 64% and out of pocket cost – max of 87%). Similarly, 
average propensity to be screened also varied widely from 1 to 9.

3.3  |  Part-worth utilities for attribute levels

Part‐worth utilities measure the “desirability” of each 
level of an attribute relative to the other levels of that at-
tribute. For example, the attribute of false‐positive rate has 

T A B L E  2   Study participants’ sociodemographic characteristics 
(n = 210)

  % (n)

Age (mean ± SD, yrs) 60.69 ± 8.46

Female 51.90 (109)

Current smoker 40.58 (84)

Pack years smoking (mean ± SD) 39.95 ± 20.10

Race/ethnicity

White, non‐Hispanic 46.38 (96)

Black, non‐Hispanic 25.12 (52)

Hispanic 28.50 (59)

General health status

Excellent 5.77 (12)

Very good 21.63 (45)

Good 46.15 (96)

Fair 22.60 (47)

Poor 3.85 (8)

Education

Less than high school 12.86 (27)

High school education 32.86 (69)

Some college 37.62 (79)

Bachelor's degree or higher 16.67 (35)

Marital status

Partnered 66.2 (139)

Single 33.8 (71)

Income

Less than $15 000 15.24 (32)

$15‐25 000 11.90 (25)

$25‐35 000 10.48 (22)

$35‐50 000 15.71 (33)

$50‐75 000 20.00 (42)

Over $75 000 26.67 (56)
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part‐worth utility scores of: 21.1 for a 10% false‐positive 
rate, 2.6 for a 25% false‐positive rate, and −23.7 for a 40% 
false‐positive rate (Figure 3). This indicates that respond-
ents find a 10% false‐positive rate much more desirable 
than a 40% false‐positive rate. The part‐worth utility val-
ues for levels in a given attribute are zero‐centered, and 
sum to zero.

Patterns within the part‐worth utility values for the levels 
of out of pocket cost, mortality reduction, and false‐positive 
rate are consistent with the natural ordering, as expected. $50 
out of pocket costs was preferred to $500 (68.8 vs −54.2), 20% 
mortality reduction was preferred to 1% (17.6 vs −31.1), and 
10% false‐positive rate was preferred to 40% (21.1 vs −23.7). In 
addition, a health‐care provider recommendation against LCS 
had the lowest part‐worth utility (−35.8) for that attribute, in-
dicating that screening was least desirable when a provider rec-
ommended against it. In terms of access, respondents found the 
LCS conditions with extended hours most desirable.

3.4  |  Propensity to be screened
The average propensity for screening, on a scale of 1‐9, was 
just 3.63 (SD 1.6), indicating relatively low inclination for 
screening. Among the 22 hypothetical scenarios, the average 
ratings ranged from 2.60 (SD 2.00) to 5.57 (SD 2.13). The 
most favorable screening scenario's attributes were: $100 out 
of pocket costs; 10% reduction in mortality; PCP recommen-
dation to screen; 10% false‐positive rate and inconvenient 
location but open evenings and weekends. Even with these 
characteristics, the average willingness to be screened was 
only slightly over the midpoint from "definitely no" to "defi-
nitely yes". (NB: Since not all combinations of attribute lev-
els were used for conjoint scenarios, our "best" scenario in 
the survey was not the "best possible" scenario.)

3.5  |  Univariate associations
After planned Bonferroni adjustment for multiple compari-
sons, the only significant associations of important scores/
propensity to be screened with respondent demographic char-
acteristics were: (a) a negative association between income 
and the importance of cost for screening decisions (P < 0.05), 
and (b) a positive association between race/ethnicity of Black 
non‐Hispanic and higher average propensity to be screened 
(P < 0.05).

4  |   DISCUSSION

Low‐dose CT screening has been shown to reduce lung can-
cer mortality in selected high‐risk groups and is covered 
by both Medicare and a large number of private insurance 
companies. However, screening is not without risks and 
constitutes a quintessential “preference‐sensitive” decision. 
Therefore, it is important that informed decision making for 
LCS be emphasized, and as part of that, understanding the 
factors that affect higher risk individuals’ attitudes toward 
screening and screening decisions provides key information 
on how to engage candidates. This research provides unique 
information on attributes of LCS and the influence these as-
pects likely have on decisions to pursue screening.

Results show the relative importance values that potential 
screening candidates place on 5 screening attributes previ-
ously identified as potentially influential through qualitative 
research (see Table 1). Specifically, decisions about screen-
ing were most highly influenced by cost, with health‐care 
provider recommendations a close second. Surprisingly, re-
duction in mortality and false‐positive rates associated with 
screening was not nearly as influential on decisions at a 

F I G U R E  2   Mean (SD) importance 
scores for conjoint scenario attributes; 
minimum and maximum individual values 
in brackets
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population level. However, we also found a wide variation in 
which factors/attributes were most influential.

Similar to other cancer screening contexts, we found that 
clinician recommendations played a substantial role in pa-
tient ratings of anticipated screening [eg, 35], highlighting the 
importance of clinician‐patient communication and training 
with regard to LCS and shared decision making. However, 
some previous studies of primary care clinicians36-39 have 
demonstrated suboptimal knowledge, attitudes, and practices 
with regarding to LCS. For example, only 22%36 to 31%39 
of primary care providers knew the correct LCS eligibility 
criteria, which led to inappropriate LCS referrals. Thus, our 
research highlights the need for up‐to‐date knowledge about 
LCS among primary care providers.

Previous research on LCS has shown relatively favorable 
attitudes toward screening when participants are asked about 
interest in screening or willingness to be screened [eg, 19-22]. 
However, conjoint‐generated "propensity" to be screened re-
sults show generally low levels of interest in screening when 
the respondent is considering a more fully described screen-
ing scenario. These findings are in alignment with LDCT 
screening uptake data, specifically that the actual number of 
people being screened for lung cancer following publication 
of the NLST is lower than anticipated.40,41

Achieving optimal implementation of LCS (including 
individual preferences as well as objective risk factors) re-
quires development of comprehensive and organized LCS 
programs and rigorously quality standards. To date, this 
has not occurred on a national level (only individual pro-
grams). Part of the reason for this may be the relative re-
cency of recommendations for LCS by USPSTF and other 
organizations. However, other barriers to achieve optimal 
screening—which may be even more difficult to overcome 
include achieving suitable availability and access to high‐
quality screening programs, and improving patient naviga-
tion across the screening cascade.

Limitations of this study are consistent with other stud-
ies that elicit preferences and explore decision making 
using conjoint methods. First, attribute preferences and in-
tention to screen in a hypothetical scenario are treated as 
an indication of real‐world attribute preferences and actual 
screening behavior, despite their differences.42 Second, 
the attribute information is, by necessity, presented in a 
simplified way which may lead to biases in judgement. 
Finally, despite a degree of oversimplified attribute infor-
mation, conjoint analyses can be complex for participants. 
However, we restricted our conjoint scenarios to a number 
previously shown not to induce decision fatigue,43 and the 
order of scenario presentation was randomized to reduce 
potential order effects.

Our study also has several important strengthens. Our 
sample population was nationally representative with ad-
ditional oversampling by race/ethnicity. Our conjoint sce-
narios were developed using a rigorous mixed methods 
approach. Use of the conjoint methodology allowed us to 
capture a variety of benefits, harms and other potentially 
important factors in LCS decisions. Finally, qualitative 
feedback indicated great potential for the future use of con-
joint exercises as part of an informed and shared decision 
making process for LCS.

5  |   CONCLUSIONS

Overall, findings highlight the need for patients to be edu-
cated about both the benefits (eg, mortality reduction) and 
risks (eg, false‐positive rates) of LCS. Information on these 
and other aspects of screening has to be presented in a way 
that is comprehensible and relevant. In addition, if we want to 
help individual patients make the most appropriate decision 
about screening for themselves, eliciting preferences and put-
ting data in the context of the screening candidate must be a 

F I G U R E  3   Attribute part-worth 
utilities from CVA
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vital component of that process. Only in this way will we be 
able to ensure quality decision making for LCS.
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