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Abstract

Objective—To evaluate how personalized quantitative colorectal cancer (CRC) risk information 

affects laypersons’ interest in CRC screening, and to explore factors influencing these effects.

Methods—An online pre-post experiment was conducted in which a convenience sample 

(N=578) of laypersons, aged >50, were provided quantitative personalized estimates of lifetime 

CRC risk, calculated by the National Cancer Institute Colorectal Cancer Risk Assessment Tool 

(CCRAT). Self-reported interest in CRC screening was measured immediately before and after 

CCRAT use; sociodemographic characteristics and prior CRC screening history were also 

assessed. Multivariable analyses assessed participants’ change in interest in screening, and 

subgroup differences in this change.

Results—Personalized CRC risk information had no overall effect on CRC screening interest, 

but significant subgroup differences were observed. Change in screening interest was greater 

among individuals with recent screening (p=.015), higher model-estimated cancer risk (p=.0002), 

and lower baseline interest (p<.0001), with individuals at highest baseline interest demonstrating 

negative (not neutral) change in interest.

Conclusion—Effects of quantitative personalized CRC risk information on laypersons’ interest 

in CRC screening differ among individuals depending on prior screening history, estimated cancer 

risk, and baseline screening interest.
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Practice implications—Personalized cancer risk information has personalized effects—

increasing and decreasing screening interest in different individuals.
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1. Introduction

Personalized risk information—information about the probability of future health outcomes 

for individual patients1—has become an increasingly important form of clinical evidence. 

The supply of such information has greatly expanded in recent years due to growing efforts 

to develop clinical prediction models (CPMs)—multivariate statistical algorithms that utilize 

characteristics of patients, diseases, and treatments to estimate individualized probabilities 

of health outcomes.2 Meanwhile, the demand for personalized risk information has 

correspondingly expanded, fueled by growing efforts to promote informed and shared 

medical decision making based on the expected outcomes, values, and preferences of 

individual patients.3 Emerging evidence, furthermore, supports the value of personalized 

risk information in achieving this goal. A 2013 Cochrane review concluded that 

personalized disease risk information improves informed decision making about disease 

screening.4

An important unanswered question, however, is how personalized disease risk information 

affects judgments and decisions about medical interventions. The 2013 Cochrane review 

found weak evidence of a small effect of personalized risk information in increasing 

screening uptake, but significant heterogeneity and methodological limitations among the 41 

randomized controlled trials (RCTs) reviewed. Most of these trials were limited to 

examining the effects of either personalized risk factor lists or qualitative (categorical)—as 

opposed to quantitative (numeric)—risk information.4 Only 6 trials evaluated the effects of 

personalized quantitative risk information produced by CPMs. These 6 trials, furthermore, 

all focused on breast cancer risk estimates calculated by the Gail Model5 and found 

inconsistent effects on patients’ cancer screening intentions and uptake.4

Existing evidence on the effects of personalized risk information is further limited by other 

methodological problems. Past studies have generally provided such information to patients 

as one component of multidimensional decision support interventions—e.g., counseling 

protocols and decision aids—that supply more than personalized risk information alone.4 

The independent effects of risk information on medical judgments and decisions are thus 

unclear. With few exceptions,6,7 furthermore, past studies have focused on main (average) 

effects of personalized risk information for given populations. Such information, however, 

may have variable effects for individuals due to various effect-modifying factors including 

individuals’ prior screening history,8 interest in screening,9,10 and the magnitude of their 

estimated cancer risk.11,12 Finally, most past studies have focused on patients receiving care 

in clinical settings, rather than the general public that is increasingly exposed to personalized 

cancer risk information through the growing number of CPMs that are easily accessible 

online. These include not only the Gail model but the Colorectal Cancer Risk Assessment 

Tool (CCRAT) developed by Freedman et al13 and made publicly available by the U.S. 
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National Cancer Institute (NCI) at http://www.cancer.gov/colorectalcancerrisk/. 

Consequently, we know little about the independent effects of personalized quantitative 

cancer risk information on laypersons, and the factors that influence these effects.

In the current study we attempted to address these knowledge gaps. We conducted an 

experiment designed to evaluate the effects of personalized, quantitative CRC risk 

information, produced by the NCI CCRAT, on laypersons’ interest in CRC screening, and to 

identify factors that influence these effects. Screening interest is a strong predictor of actual 

screening behavior9,10,14–17 and thus a useful and important proxy outcome for exploring 

the effects of personalized risk information. The objective of our study was not only to 

assess the average effects of personalized cancer risk information on CRC screening interest, 

but to explore how these effects differ among individuals.

2. Materials and Methods

2.1. Data source and study population

The study population consisted of a convenience sample of the Internet-using general public 

accessing a fully functional replica of the NCI CCRAT, programmed by User-Centered 

Design, Inc. (Ashburn, VA), and linked to an educational website, “Are You at Risk for 

Colon Cancer?” developed for the study. The website provided no other cancer screening 

decision support, and was freely accessible to the general public and hosted by MaineHealth, 

a statewide healthcare system, from April 2013–October 2014. Web traffic data from 

Google Analytics showed that during this time the website was visited by persons in all 50 

US states, with the most visits from California, Texas, New York, Florida, and Illinois 

(accounting for 35% of all page views), and the least from Rhode Island, South Dakota, 

Delaware, North Dakota, and Vermont (0.1% of all page views). The replica site utilized 

statistical code provided by the NCI and presented both the individual’s estimated CRC risk 

as well as the age- and sex-matched population average CRC risk. The replica site 

resembled the current CCRAT in all respects except for the landing page which was altered 

to direct users to the pre-tool measures (described below), and the output page (Figure 1) 

which was simplified by providing point estimates of risk rather than 95% confidence 

intervals, and integrating the CCRAT’s “randomness” visualization18 on a single page along 

with the rest of the CCRAT output.

2.2. Data collection and measures

The experiment utilized a pre-post, within-subjects design in which participants responded 

to survey measures immediately before and after exposure to the CCRAT and served as their 

own controls. Study recruitment was passive; participants independently accessed the 

CCRAT site, voluntarily entered the risk factor information needed to use the tool, reviewed 

their personalized risk estimates, and completed the study’s measures as they wished, 

without incentives. Notably, the CCRAT is not validated in adults less than 50 years old, 

and the CCRAT user interface does not allow respondents to enter any age < 50. We 

therefore excluded from analysis respondents who reported age 50, reasoning that a 

substantial proportion of them were likely younger and thus ineligible to use the CCRAT. 

No other personal identifying information was collected, and the study was granted 
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exemption from review and a waiver of informed consent by the Maine Medical Center 

Institutional Review Board. The survey instrument and procedure are in the Appendix.

Interest in colorectal cancer screening, the primary outcome variable measured both before 

and after CCRAT use, was measured by a single item, “How interested are you in getting 

tested, or “screened,” for colon cancer?” A 5-point numeric Likert response scale was 

used, with the endpoints labeled “Not at all” and “Extremely.”

Recent history of colorectal cancer screening was measured by a single item, “In the last 10 

years, did you have a colonoscopy, sigmoidoscopy, or both?” Response options were “Yes,” 

“No,” and “Don’t know”; the latter option was grouped with the “No” responses for analysis 

purposes. This variable was hypothesized to be an important determinant of individuals’ 

interest in CRC screening, given that prior completion of screening likely reflects positive 

attitudes towards this service.8

Estimated colorectal cancer risk was calculated by the CCRAT as a positive continuous 

point estimate expressing the model-projected lifetime risk of CRC. This variable is another 

potentially important determinant of interest in future CRC screening; higher risk would be 

expected to increase interest in screening.

Sociodemographic characteristics included age, sex, and race (White, Black, Other), all of 

which have been shown to be associated with CRC screening behavior; lower rates of 

screening have been observed in younger adults, males, and non-White racial groups.19–22

2.3. Data analyses

Descriptive statistics were obtained as numbers and percentages for categorical variables 

and means and standard deviations for continuous variables. Univariate analyses were 

performed using chi-squared tests for categorical variables and Student’s t-tests for 

continuous variables.

To facilitate interpretation of the moderating effects of various factors on CCRAT use, 

general linear models (multivariable analysis of covariance (ANCOVA) and analysis of 

variance (ANOVA) models) were used to assess the change in interest (Δ) in CRC screening 

following CCRAT use. The first model adjusted for sociodemographic factors (age, sex, 

race) only, and a second model adjusted for both sociodemographic factors and recent 

history of CRC screening, estimated CRC risk, and baseline interest in CRC screening. All 

analyses were conducted using PROC GLM in SAS/STAT (Version 9.2).

To assess potential bias resulting from our exclusion of respondents age 50, we conducted 

sensitivity analyses including these respondents. We also conducted analyses to assess 

differences between participants who completed both the pre- and post-CCRAT measures 

vs. those who completed only the pre-CCRAT measure.
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3. Results

3.1. Descriptive statistics

A total of 1279 individuals accessed the CCRAT site and completed the pre-CCRAT 

measure; of these individuals 578 (45.2%) also completed the post-CCRAT measure and 

were included in the analysis (Table 1). These individuals were older, 61.7 (s.d. 7.9) vs. 60.2 

(s.d. 7.0) years (p=.0004), but did not otherwise differ from participants who did not 

complete both measures in terms of sociodemographic characteristics, model-estimated 

CRC risk, or past CRC screening history or interest.

The model-estimated point estimates of lifetime CRC risk that were calculated and 

communicated to participants ranged from 0.8% to 22%. The distribution of risks was highly 

skewed towards lower risk but included a small number of higher values. For this reason, 

and because publicly accessible non-quantitative cancer risk CPMs such as Your Disease 

Risk (www.yourdiseaserisk.wustl.edu)23 categorize risk in terms of “lower than average,” 

“average,” and “higher than average” groups, we created a categorical model-estimated risk 

variable, the levels of which (<5%, 5–7%, >7%) not only corresponded to this conceptual 

division (population average CRC risks range between 5 and 7%) but reflected the empirical 

distribution of estimated CRC risks in our sample (Table 1).

3.2. Main effects of CCRAT use on interest in CRC screening

ANCOVA adjusting for sociodemographic factors only (age, race, sex) showed no 

significant difference in change in interest in CRC screening following CCRAT use (Δ 

interest = +0.08 points, 95% CI −0.07–0.23, p=.31), and no significant effects of age, race, 

or sex. This finding was corroborated by repeated measures ANOVA which showed no 

main effect of time (CCRAT use) on screening interest (Wilks’ λ = .998, F (1, 571) = 1.05, 

p=.31), and no interactions between time and any sociodemographic factor.

3.3. Subgroup effects of CCRAT use on interest in CRC screening

ANCOVA with change in interest in CRC screening as the dependent variable, adjusting for 

sociodemographic factors as well as prior colonoscopy, estimated CRC risk, and prior 

interest in CRC screening, showed a small positive effect of CCRAT use on screening 

interest (Δ interest = +0.28 points, 95% CI 0.13–0.43, p=.0003). There were significant 

effects of recent CRC screening (F (1, 564) = 6.0, p= .015), estimated colorectal cancer risk 

(F (2, 564) = 8.55, p = .0002), and prior interest in screening (F (4, 564) = 22.56, p < .0001) 

on change in interest in CRC screening. In other words, each factor moderated the effect of 

CCRAT use on screening interest, and the magnitude of their effects is shown in Figures 2a 

– 2c. Age, sex, and race had no significant effects.

To illustrate the magnitude of subgroup differences in responses to use of the CCRAT, 

Figure 3 shows the combined effects of the two strongest moderators of the effect of 

CCRAT use on screening interest: estimated CRC risk and prior screening interest. The 

greatest between-group difference in change in screening interest was between participants 

in the lowest-risk/highest-interest and highest-risk/lowest-interest categories (p<.0001 for 

the individual contrast), amounting to a change of 1.41 scale points (95% CI: 1.05–1.77).
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3.4. Sensitivity analyses

Including individuals aged 50 produced the same results, with the exception that the effect 

of race on screening interest became significant (F (2, 739) = 4.65, p= .0098). The 50-year-

old category had a significantly larger proportion of non-White individuals (21.3% non-

white in the 50 year-old group versus 13.0% in the > 50 year-old groups, p=0.019). 

Including individuals aged 50 produced no changes in the direction or magnitude of 

observed associations.

4. Discussion and Conclusion

4.1. Discussion

This study evaluated the effects of personalized colorectal cancer risk information, produced 

by a validated, freely available clinical prediction model and unaccompanied by additional 

decision support, on the lay public’s interest in colorectal cancer screening. To our 

knowledge, it is the first study to experimentally assess the effects of quantitative estimates 

of lay individuals’ CRC risk on screening interest, and to assess the extent to which these 

effects are moderated by particular individual factors. These are important issues given the 

proliferation of CPMs and their growing application in cancer screening and other clinical 

decisions. Our findings have several implications for these efforts.

First, our study demonstrated no main (average) effect of personalized CRC risk information 

on interest in screening at the study population level. This finding is consistent with most 

although not all24 recent studies examining the effects of personalized qualitative CRC risk 

information on both colorectal cancer screening intentions and actual uptake. Both Schroy et 

al25 and Wilkins et al26 conducted RCTs utilizing the publicly accessible qualitative “Your 

Disease Risk” CPM for CRC risk.23 Although these studies evaluated the effects of non-

quantitative personalized risk information, their findings support the validity of our results. 

Our study also demonstrated a small positive effect of CCRAT use on screening interest 

when potential effect-modifying factors were statistically controlled, suggesting that the 

distribution of these factors influences the effects of personalized CRC risk information.

Most importantly, our study revealed individual differences in the effects of personalized 

risk information. CCRAT use caused changes in CRC screening interest among particular 

population subgroups, and the direction and magnitude of change varied according to 

several factors. Individuals with a recent history of CRC screening showed a greater 

increase in screening interest compared to individuals with no recent history. The underlying 

mechanisms remain to be determined, but motivation to reduce cognitive dissonance may be 

one possibility. Change in screening interest was also positively associated, in dose-response 

fashion, with the magnitude of individuals’ estimated CRC risk. This is arguably an 

expected and rational response to personalized risk information. Finally, change in screening 

interest was strongly and inversely associated with individuals’ baseline screening interest, 

prior to CCRAT use; it was the most positive for individuals with the lowest baseline 

interest, and actually negative for individuals with the highest baseline interest. At least part 

of this effect reflects mathematical dependency of the observable change in screening 

interest on individuals’ baseline interest level; individuals with the highest baseline interest 
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simply cannot exhibit positive change as ascertained by our study’s measure. This 

phenomenon does not completely explain our findings, however, given that the observed 

change in screening interest was not null (as would be expected if personalized risk 

information had no additional effect for this subgroup). Instead, the change in interest was 

negative, suggesting a non-neutral effect of such information.

The overarching implication of these findings is the need for a personalized approach to 

evaluating the effects of personalized risk information. Our study shows how an exclusive 

focus on main effects of personalized risk information, averaged across populations, may 

miss important differences in the responses of individuals. Such individual differences, 

furthermore, are precisely what personalized risk information is intended to facilitate; one 

would expect individuals’ interest in CRC screening to vary according to the magnitude of 

their model-estimated cancer risk. But if such differences are not attended to—i.e., if one 

focuses only on main effects and not interactions—then one might erroneously conclude that 

personalized risk information had no effect, or that CPMs themselves were otherwise 

ineffective.

Of course, change in interest alone is insufficient to cause change in actual behavior; 

numerous other factors influence health behaviors in general and cancer screening in 

particular.15,27,28 Nevertheless, our study raises the need for greater attention to 

heterogeneity of treatment effect29 due to individual differences in responses to personalized 

risk information. More research is needed to confirm our findings and to quantify the effects 

of other factors—unmeasured in our study—that might moderate the effects of personalized 

risk information.11 Low education, for example, has been associated with reduced 

mammography use following personalized breast cancer risk counseling.6 Further research 

is increasingly important given growing efforts to utilize genetic and genomic information to 

personalize health promotion and disease prevention.30 Although available evidence 

suggests that genomic information has no overall (population-level) effects on health-related 

behaviors,31,32 its effects on subgroups of individuals, such as those identified in our study, 

remain to be fully explored. Future studies evaluating the effects of genomic and non-

genomic personalized risk information should be designed and powered to examine these 

effects.

A larger question, beyond the scope of the current study, is whether CPMs ought to be used 

in disease screening decision making in the first place. An individualized approach to 

screening based on personalized risk estimates, for example, has been advocated not only for 

CRC cancer screening33–36 but for low-dose computed tomography (LDCT) screening for 

lung cancer.37,38 Personalized cancer risk information may enable informed patient choice 

and targeted screening—i.e., focused on patients at highest risk.36 It may also help 

remediate unrealistic expectations that the general public has been shown to harbor about 

disease risks and the benefits of cancer screening.39,40 The tradeoff suggested by our study, 

however, is that some individuals will be dissuaded from screening. The acceptability of this 

outcome ultimately depends on the level of evidence supporting particular screening tests, 

and on whether the appropriate corresponding goal is to maximize screening uptake or to 

enable patients to decide whether screening is worthwhile to them.41 In any case, our study 

suggests that diminished screening interest among certain individuals is a potential 
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consequence of disseminating personalized risk information to the general public. It also 

raises questions about the appropriate level of informational precision for screening 

decisions,42 and amount of additional decision support that should accompany personalized 

risk information.

Our study had several limitations that qualify its conclusions and raise the need for further 

research. The study examined only self-reported screening interest; more research is needed 

to determine how CPM use affects actual uptake of CRC screening, and how specific 

changes in interest relate to changes in screening uptake. The study did not assess past 

history of non-endoscopic CRC screening tests (e.g., FOBT or FIT), nor did it evaluate other 

factors known to affect screening uptake (e.g., perceived efficacy). The study population had 

limited sociodemographic diversity and consisted of a convenience sample of laypersons 

outside of clinical care settings, whose unsolicited participation—not only in using the CPM 

but in completing pre-post survey questions—likely manifested a high level of interest in 

CRC screening and/or motivation to improve their health. The generalizability of our 

findings to other populations, including those outside the US, is unknown.

These limitations, however, do not undermine our study’s principal finding of individual 

differences in laypersons’ responses to personalized risk information. We believe our 

findings also have ecological validity in representing the responses of members of the 

general public who independently seek cancer risk information online. Such individuals 

constitute a growing, increasingly important population as CPMs continue to be developed 

and made publicly accessible on the Internet. Nevertheless, our findings have unknown 

generalizability to less motivated individuals and patients in clinical care settings, for whom 

exposure to the prospect of CRC screening may be initiated or mediated by health 

professionals. Additional research is needed both to target such individuals and to examine 

how their responses are affected by the way in which personalized risk information is 

communicated.

4.2. Conclusion

The current study provides seminal evidence on the effects of quantitative personalized 

cancer risk information on interest in cancer screening among the lay public. Such 

information both increases and decreases interest in CRC screening in different individuals, 

depending on their prior screening history, interest in screening, and estimated cancer risk.

4.3. Practice implications

Personalized cancer risk information has personalized effects—increasing or decreasing 

individuals’ interest in screening depending on their personal characteristics. Individual 

differences in the effects of personalized risk information need to be considered when 

applying CPMs to cancer screening and other clinical decisions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• We evaluated how personalized quantitative colorectal cancer (CRC) risk 

information affects laypersons’ interest in CRC screening.

• Personalized CRC risk information had no overall effect on laypersons’ interest 

in CRC screening, but significant subgroup differences were found.

• Change in interest in CRC screening was greater among individuals with recent 

screening, higher model-estimated cancer risk, and lower baseline interest.

• Interest in CRC screening decreased among individuals with the highest 

baseline screening interest.

• Personalized cancer risk information has personalized effects, increasing or 
decreasing individuals’ interest in CRC screening depending on their 
personal characteristics.
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Figure 1. 
Screenshots of sample risk estimate output from Colorectal Cancer Risk Assessment Tool 

(CCRAT).
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Figure 2. Change in colorectal cancer screening interest in different subgroups of individuals 
following use of the Colorectal Cancer Risk Assessment Tool (CCRAT)
Model-adjusted means and p-value for effect of prior colorectal cancer (CRC) screening on 

change in screening interest in multivariable ANCOVA model adjusting for age, sex, race, 

prior CRC screening, model-estimated CRC risk, and baseline interest in CRC screening

Prior CRC Screening – colonoscopy or flexible sigmoidoscopy in past 10 years

Model-adjusted means and p-value for effect of model-estimated lifetime risk of colorectal 

cancer (CRC) on change in screening interest in multivariable ANCOVA model adjusting 

for age, sex, race, prior CRC screening, model-estimated CRC risk, and baseline interest in 

CRC screening

Low Risk – < 5% lifetime risk of CRC; Medium Risk – 5–7% lifetime risk of CRC; High 

Risk – >7% lifetime risk of CRC

Model-adjusted means and p-value for effect of baseline colorectal cancer (CRC) screening 

interest on change in screening interest in multivariable ANCOVA model adjusting for age, 

sex, race, prior CRC screening, model-estimated CRC risk, and baseline interest in CRC 

screening

Lowest Interest (Level 1) – “Not at all” response to baseline CRC screening interest 

question (“How interested are you in getting tested, or “screened,” for colon cancer?”); 

Highest interest (Level 5) – “Extremely” response to baseline screening interest question
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Figure 3. Combined effects of model-estimated colorectal cancer risk and baseline colorectal 
cancer screening interest on change in screening interest following Colorectal Cancer Risk 
Assessment Tool (CCRAT) use
Model-adjusted means for combined effects of model-estimated lifetime colorectal cancer 

(CRC) risk and baseline screening interest on change in screening interest in multivariable 

ANCOVA model adjusting for age, sex, race, prior CRC screening, model-estimated CRC 

risk, and baseline interest in CRC screening

Lowest Risk – < 5% lifetime risk of CRC; Highest Risk – >7% lifetime risk of CRC

Lowest Interest – “Not at all” response to baseline CRC screening interest question (“How 

interested are you in getting tested, or “screened,” for colon cancer?”); Highest interest – 

“Extremely” response to baseline screening interest question
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Table 1

Study population characteristics (N=578)

n %

Age

 51 – 54 124 21.5

 55 – 59 142 24.6

 60 – 64 131 22.7

 65+ 181 31.3

Sex

 Male 225 38.9

 Female 353 61.1

Race

 White 503 87.0

 Black 37 6.4

 Other 38 6.6

Colonoscopy or sigmoidoscopy in past 10 years

 No or Unknown 215 37.2

 Yes 363 62.8

Model-estimated lifetime colorectal cancer risk

 < 5% 185 32.0

 5% – 7% 221 38.2

 > 7% 172 29.8

Baseline interest in colorectal cancer screeninga

 1 (Lowest) 56 9.7

 2 81 14.0

 3 120 20.8

 4 113 19.6

 5 (Highest) 208 36.0

a
Lowest Interest (Level 1) – “Not at all” response to baseline screening interest question (“How interested are you in getting tested, or “screened,” 

for colon cancer?”); Highest interest (Level 5) – “Extremely” response to baseline screening interest question
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