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Abstract

Objective—Although health behavior theories postulate that risk perception should motivate
colorectal cancer (CRC) screening, this relationship is unclear. This meta-analysis aims to
examine the relationship between CRC risk perception and screening behavior, while considering
potential moderators and study quality.

Method—A search of six databases yielded 58 studies (63 effect sizes) that quantitatively
assessed the relationship between CRC risk perception and screening behavior.

Results—Most included effect sizes (75%) reported a positive association between CRC risk
perception and screening behavior. A random effects meta-analysis yielded an overall effect size
of z=0.13 (95% CI 0.10-0.16), which was heterogeneous (12=99%, t2=0.01). Effect sizes from
high-quality studies were significantly lower than those from lower quality studies (z=0.02 vs.
0.16).

Conclusions—We found a small, positive relationship between CRC risk perception and
reported screening behavior, with important identified heterogeneity across moderators. Future
studies should focus on high quality study design.
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Multiple professional societies have recommended routine colorectal cancer (CRC)
screening starting at age 50 (American Cancer Society, 2015; U. S. Preventive Services
Task Force, 2008) due to strong evidence that screening reduces mortality (Zauber et al.,
2012) from this extremely common malignancy in both men and women (American Cancer
Society, 2015). Multiple screening methods are available, including annual fecal occult
blood testing (FOBT), flexible sigmoidoscopy (FS) every five years with FOBT every three
years, and colonoscopy every ten years. Colonoscopy has become a standard of care (U. S.
Preventive Services Task Force, 2008), and is widely covered by public and private health
insurance policies, given the potential of colonoscopy to identify and remove both cancerous
and precancerous adenomas as the time of the colonoscopy (Rex et al., 2002). Despite the
demonstrated clinical benefit of routine screening for CRC, screening rates have stalled at
around 65% nationwide (Centers for Disease Control and Prevention, 2012).

Efforts to increase CRC screening rates often focus on increasing adults’ perceptions of risk
for developing CRC. Perceived illness risk involves a belief about their potential likelihood
of developing illness (Weinstein, 2000). Most theories of health behavior change propose
that heightened perceptions of illness risk encourage self-protective actions (Beck &
Frankel, 1981; Cummings, Becker, & Maile, 1980; Janz & Becker, 1984; Leventhal &
Cameron, 1987; Weinstein, 1988). Addressing risk perception for CRC might be particularly
important to increase screening rates, because CRC risk perception is quite low in the
general population (Clipp et al., 2004; J.L. Hay, Coups, & Ford, 2006; Vernon, Myers,
Tilley, & Li, 2001). Further, CRC often develops to an advanced stage in the absence of
symptoms, suggesting that risk appreciation may be an important impetus for screening
among asymptomatic individuals. Based in part on this theoretical and empirical
groundwork, interventions to encourage CRC screening frequently include components that
aim to increase CRC risk perception (Rawl, Menon, Burness, & Breslau, 2012). While there
is evidence that individual-level interventions effectively promote CRC screening (Holden,
Jonas, Porterfield, Reuland, & Harris, 2010; Sabatino et al., 2012), a recent Cochrane review
indicates that the inclusion of personalized risk information in these interventions does not
consistently lead to higher CRC screening rates (Edwards et al., 2013). For example, in a
general population sample of 50-70 year-old individuals who were non-adherent with
screening guidelines, VVernon and colleagues (Vernon et al., 2011) found no effect for a
tailored intervention approach to increasing CRC screening compared to a general
information website alone; the tailored approach increased risk perception, but this did not
translate to improved screening rates. Similarly, Schroy and colleagues (Schroy et al., 2012)
found that among screening-nonadherent individuals aged 50-79, adding a personalized risk
assessment to a shared decision aid did not improve screening rates over use of the decision
aid alone.

These findings lead us to an important question: Should CRC screening interventions
abandon efforts to change CRC risk perception? If risk perception is not consistently related
to screening adherence, then a shift in intervention content may be warranted, either overall,
for certain CRC screening tests, or for some specific population subgroups that may be less
responsive to CRC interventions that highlight risk perception. To address this, we applied
systematic review and meta-analytic techniques to the body of research examining the
association between CRC risk perception and screening behavior (i.e., FOBT, FS,
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colonoscopy, or overall adherence). We hypothesized that this overall relationship would be
characterized by a small, significant effect size, consistent with what has been found
regarding risk perception and other behaviors (r = 0.10 — 0.25; (Brewer et al., 2007; Floyd,
Prentice-Dunn, & Rogers, 2000; Harrison, Mullen, & Green, 1992; McCaul, Branstetter,
Schroeder, & Glasgow, 1996; Milne, Sheeran, & Orbell, 2000), and that the relationship
between CRC risk perception and screening behavior would differ based on type of
screening test. In a seminal 1997 narrative review paper, Vernon found that CRC risk
perception was more consistently related to FS than FOBT (Vernon, 1997), but the literature
has grown and clinical practice has changed substantially since that time.

We also aimed to examine whether the association of CRC risk perception and screening
behavior differs systematically based on whether CRC risk perception and screening are
assessed at the same time in a cross-sectional study design, or whether CRC risk perception
is assessed prior to subsequent adoption of screening in a prospective study design. A larger
effect for prospective studies may indicate that CRC risk perception does indeed promote
screening across time, because cross-sectional studies may confound the effect of CRC risk
perception on screening behavior and the subsequent effect of screening completion on CRC
risk perception (Brewer, Weinstein, Cuite, & Herrington, 2004).

Finally, we examine whether the association between CRC risk perception and screening
behavior differs systematically based on other potential moderators of the effect size,
including whether participants were at higher or average risk for CRC (Edwards et al.,
2013), as well as demographic factors, including educational attainment, racial and gender
study composition, and whether the studies were conducted in the United States or
internationally. These findings may indicate whether interventions targeted to specific sub-
populations should include personalized risk information. We also evaluated the impact of
risk perception item format (i.e., social comparative, verbal absolute, numerical absolute,
(Brewer et al., 2007)), study screening rate, year of publication, as well as four study quality
indicators (i.e., study recruitment rate, whether the screening outcome variable excluded
tests provided in the context of symptoms, whether CRC risk perception information used
single or multiple items, given that the use of a multiple item measure increases
measurement reliability, and whether the screening outcome variable was self-reported or
medical chart-confirmed). We expected a more consistent effect will be found in higher
quality studies of the association of CRC risk perception and screening behavior.

Search Strategy

We searched English language journal articles using EMBASE (1947 — March 2015),
Thomson Reuters Web of Knowledge (1955 — March 2015), PubMed (1966 — March 2015),
PsycINFO (1967 — March 2015), and SciVerse Scopus (1996 — March 2015). The search
terms were: (perceived risk OR perceived risks OR risk perception OR risk perceptions OR
perception of risk OR perception of risks OR perceived vulnerability OR perceived
susceptibility OR perceived likelihood OR subjective risk OR subjective risks) AND
(colonoscopy OR sigmoidoscopy OR FOBT OR FOBTSs OR fecal occult blood test OR fecal
occult blood tests OR barium enema OR barium enemas OR colorectal cancer screening OR
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colorectal cancer screenings OR colorectal cancer screens OR colon cancer screening OR
colon cancer screenings OR colon cancer screens OR diagnostic bowel test OR diagnostic
bowel tests OR bowel test OR bowel tests OR bowel screening OR bowel screenings OR
bowel screens OR Fecal Immunochemical Test OR CT colonography OR stool DNA test
OR stool DNA tests OR sDNA). An additional grey literature search was completed to
identify unpublished dissertations and abstracts from conference proceedings.

Selection Strategy

We deemed studies were eligible for inclusion if they: (1) included an original report of a
quantitative assessment of the relationship between CRC risk perceptions and patient self-
reported, physician-reported, or medical chart-documented CRC screening using any test,
and (2) included participants without a CRC history ages 40 or older.

Screening Process

First, two co-authors independently reviewed each title for eligibility, with discrepancies
resolved in discussion. Second, each potentially eligible article was randomly assigned to a
pair of co-authors for full abstract screening. Articles moved forward for full-text review if
both coauthors agreed on eligibility. In instances of disagreement, a third co-author
arbitrated the article. Third, we randomly assigned each article to a pair of co-authors for
full-text review. This included a primary reviewer and a secondary reviewer for the purposes
of verification and quality assurance. Both reviewers independently completed standardized
coding forms to extract the pre-determined data from each potentially eligible article.
Reviewers then met as a group and compared full-text article reviews to resolve any
potential discrepancies between reviewers and make final decisions regarding article
inclusion. Following final selection, each author searched references from included articles
to determine whether they should be considered for inclusion. We screened potentially
eligible articles for eligibility using the same process as articles identified through database
searches (Figure 1).

Data abstraction

Two co-authors independently abstracted data on CRC screening test, perceived risk
measures, potential moderators, and the association of risk perception and screening
behavior for each effect size in each study. For each relationship between perceived CRC
risk and the outcome measure, the data abstractor documented bivariate statistics. If the
original study authors only reported multivariate statistics, and if bivariate statistics could
not be obtained after two attempts to contact the authors, abstractors documented
multivariate statistics. For instances where null findings were explicitly presented but
neither multivariate nor bivariate statistics were reported, we imputed the effect size was as
zero, with the standard error calculated based on the sample size (Higgins, White, & Wood,
2008). For the purposes of analysis, we transformed all effect sizes to a z statistic
(Rosenthal, 1984).

We deemed the following variables potential moderators a priori, with cutoffs empirically
defined when possible, and otherwise defined by an equal split of the data at the mean:
screening test modality (FOBT, FS in combination with FOBT, colonoscopy, or a
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combination of screening modalities); research design (prospective or cross-sectional); risk
status of the study population (e.g., first-degree family members of patients with CRC were
coded as “high risk;” unselected samples consisting of the general population coded as
“average risk™); high versus low educational attainment (< 50% high school graduate),
majority versus minority of white participants in study sample; and high (= 50%) versus low
proportion of males; United States versus international study sample; study screening
prevalence (above or below 64.5%, (Joseph et al., 2012)); the potential impact of publication
year (continuous); and whether a reported effect size was used versus an imputed standard
deviation for a reported null effect. We also examined potential differences related to the
type of perceived risk measure scale used in a given study. Frequently used options included
social comparison scales, and absolute likelihood scales with verbal (e.g., “not very likely™)
or numerical (e.g., 30% risk) anchors.

Four potential moderators served as indicators of study quality: recruitment rate (= 60% of
eligible participants or lower); whether the screening outcome variable excluded tests
provided in the context of symptoms (yes/no); whether the screening outcome was based on
patient self-report or medical chart abstraction; and whether studies differed based on
whether single or multiple items were used to assess CRC risk perception.

Statistical Analysis

Results

We conducted a random-effects meta-analysis to determine association between CRC risk
perception and screening behavior (Thompson & Higgins, 2002). We examined presence
and degree of heterogeneity using the 12 and 2 statistics (Higgins, Thompson, Deeks, &
Altman, 2003). To investigate sources of potential heterogeneity and the role of moderators,
we conducted a multivariate meta-regression (Thompson & Higgins, 2002), with moderators
entered into the meta-regression one at a time. Additionally, we completed a meta-
regression to determine whether a composite study quality variable (i.e., studies that met at
least three of the four quality indicators) significantly affected the relationship between CRC
risk perception and screening behavior. We examined publication bias through examination
of a funnel plot (Begg & Mazumdar, 1994; Sterne et al., 2011). As an additional indicator of
publication bias, we examined whether a given study prioritized risk perception as a specific
research aim impacted the relationship between CRC risk perception and screening
behavior. We conducted this and all other analyses using the metaerg, metan, and
metafunnel functions of Stata v.11.1.

Search Results

The initial literature search yielded a total of 834 titles. Two titles were identified through
additional hand searching. Following sequential title screening, two of the primary authors
reviewed each of the 258 unique article abstracts, with 154 retained for full text review.
Reasons for article exclusion during the full text review included: personal risk perception
was not assessed, CRC screening behavior was not assessed, CRC screening intentions were
assessed rather than actual behavior, the sample was primarily younger than age 40,
qualitative study design, and the effect size had been reported in the same dataset in a prior
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publication. Additionally, abstracts from conference proceedings were excluded if we
received no response from study authors after two e-mail requests for additional
information. A total of 58 articles (describing 58 unique studies and 63 effect sizes) met
eligibility criteria (Figure 1) and were included in this review. Interrater agreement was high
(Cohen’s x = 0.84).

Study Characteristics (K = 58 studies)

Table 1 provides study demographics and clinical characteristics of included studies. Half of
the studies (k = 29) used current adherence with any screening test modality (i.e., FOBT, FS,
or colonoscopy), rather than use of one specific screening modality, as the primary outcome.
Twelve studies (21%) used a prospective design. Fourteen included studies (24%) addressed
a high-risk population such as first-degree family members of colorectal cancer patients. Of
42 studies that reported educational attainment, 22 (52%) included samples with a majority
of individuals who did not complete high school. Of 44 studies that reported racial
composition, 27 (61%) had a study sample consisting of at least half non-white participants.
Most (72%) were conducted in the United States. Twenty of the studies (34%) were
published prior to 2005. Of 53 studies that reported the percent of individuals in the sample
screened, only 13 (25%) had a percentage greater than 64.5%. CRC risk perception
measures employed by these studies were comprised of the following scale formats: 21
social comparative, 21 verbal absolute, 4 numeric absolute, and 12 used a combination of
these types.

Of the study quality indicators, most (67%) reported an adequate recruitment rate (at least
60%), yet only 22% explicitly excluded from the analysis study participants who underwent
testing in the context of a workup for specific gastrointestinal symptoms rather than for
asymptomatic screening. Twenty-one studies (36%) used two or more items to assess CRC
risk perception. Thirty-eight studies (66%) used patient-reported rather than chart-confirmed
screening as the behavioral outcome variable.

Meta-Analytic Findings

We meta-analyzed the 58 included studies to assess the relationship between CRC. Fifty-
five of these studies contained a single effect size, one (Paskett, Rushing, D’ Agostino,
Tatum, & Velez, 1997) reported two effect sizes (i.e., separate effect sizes for African-
American and Caucasian patients), and two (Moser, McCaul, Peters, Nelson, & Marcus,
2007; Teng, Friedman, & Green, 2006) reported three effect sizes each (i.e., separate effect
sizes for FOBT, FS, and colonoscopy, with different participants in each analysis); a total of
63 effect sizes were included in the meta-analysis. We imputed an effect size of zero, along
with a corresponding imputed standard deviation, for four studies where null findings were
reported (Codori, Petersen, Miglioretti, & Boyd, 2001; Griffith, 2009; Lipkus, Lyna, &
Rimer, 2000; Myers et al., 1994). In general, 47 of the 63 effect sizes (75%) reflected a
positive relationship between CRC risk perception and screening behavior. The pooled
effect size was z = 0.13, 95% CI [0.10, 0.16], with a range of —0.28 to 0.93, see Figure 2.
The meta-analyzed effect sizes were quite heterogeneous (12 = 99%, t2 = 0.01).
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Twelve effect sizes satisfied the a priori criteria for study quality (i.e., possessed at least
three out of four of the following: recruitment rate > 60%, study excluded tests provided in
the context of symptoms, screening behavior was captured via medical chart abstraction
rather than from patient self-report, and multiple items were used to measure CRC risk
perception). The study quality meta-regression indicated a statistically significant difference
between the high quality (n = 11) and lower quality (n = 52) groups (t(62) = —2.00, p = 0.05,
Adjusted R? = 0.05). The pooled effect size for the “high quality” effect sizes was z = 0.02,
95% CI[-0.04, 0.09], with the pooled effect sizes for the lower quality effect sizes being z =
0.16, 95% CI[0.13, 0.19].

Meta-regression analyses separately included each of the four quality indicator variables to
determine their individual relationship to CRC risk perception and screening behavior. We
found that whether a given study excluded tests provided in the context of symptoms
moderated the association between CRC risk perception and screening behavior (t(62) =
-2.12, p = 0.04, Adjusted R? = 0.06). The pooled value for the effect sizes that excluded
tests provided in the context of symptom follow-up (n = 13) was z = 0.03, 95% CI[-0.05,
0.10], whereas the pooled value for the effect sizes that did not exclude tests provided in the
context of symptoms (n = 50) was z = 0.17, 95% CI[0.14, 0.20]. None of the remaining
primary hypothesized variables statistically moderated the relationship between CRC risk
perception and screening behavior when individually entered into the meta-regression.

Publication Bias

A funnel plot of all studies with pseudo 95% confidence limits is displayed in Figure 3. The
funnel plot is asymmetrical and is a potential indicator of the presence of publication bias;
however, a contributing factor to the asymmetry could be the large number of studies with
an effect size at or around zero (i.e., 36 effect sizes include zero in their respective
confidence intervals). Additionally, since there was not a significant relationship between
study sample size and effect size (Pearson r = —=0.12, p = 0.37), there may be a minimal
influence of publication bias in this analysis.

Given that many studies did not prioritize the assessment of perceived risk as a primary
research aim, we also examined publication bias by determining whether prioritization of
risk perception in study emphasis (operationalized as mention of the perceived risk-
screening relationship as a specific research aim, or not) and CRC screening behavior in the
research aims moderated study effect size. Thirty-four studies prioritized risk perception as a
study aim, however this was not associated with effect size (p > 0.05).

Discussion

As hypothesized, we observed a small, positive, statistically significant relationship between
CRC risk perception and screening adherence, z = 0.13, 95% CI [0.10, 0.16], which falls
consistently within what has been found regarding risk perception and other behaviors (z =
0.10 — 0.25); (Brewer et al., 2007; Floyd et al., 2000; Harrison et al., 1992; McCaul et al.,
1996; Milne et al., 2000). This supports the idea that CRC risk perception may be a stronger
determinant of behavior in combination with other theory-driven factors (e.g., self-efficacy,
(Sheeran, Harris, & Epton, 2014)), or structural or physician factors, and may be best tested
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as moderators or mediators of behavior change, as well as direct effects (McQueen et al.,
2010).

We observed a highly heterogeneous relationship between CRC risk perception and
screening behavior, and though there was preliminary evidence of publication bias, effect
sizes of the studies that prioritized the relationship between CRC risk perception and
screening as a primary study aim did not statistically differ from those that explored the
relationship as a secondary outcome, nor was there a relationship between sample size and
effect size. The complex elements inherent in the assessments of overall colorectal cancer
screening adherence could contribute to effect size heterogeneity. For instance, the
association of CRC risk perception and screening may vary by test modality as different
tests present different behavioral challenges. Unfortunately we could not examine this
potential source of heterogeneity because the majority of studies assessed whether
participants underwent screening of any modality. Data from the 2012 Behavioral Risk
Factor Surveillance System (Klabunde, Joseph, King, White, & Plescia, 2013) indicates that
61.7% of individuals between the ages of 50-75 years had a colonoscopy within 10 years,
whereas 10.4% had an FOBT within one year. Future work should include other newly
developed screening modalities (e.g., fecal immunochemical testing; FIT), to examine
whether CRC risk perception and screening may change as more options become available.

Additionally, most studies in the meta-analysis (k = 40) relied upon self-reporting of
screening behavior, which is subject to recall bias. Studies of CRC screening self-report
have found a wide range of sensitivity and specificity of self-report, compared to the gold
standard of chart review, for each test (Baier et al., 2000; Bastani et al., 2008; Gordon, Hiatt,
& Lampert, 1993; Hall et al., 2004; Mandelson, LaCroix, Anderson, Nadel, & Lee, 1999;
Montano & Phillips, 1995; Rauscher, Johnson, Cho, & Walk, 2008). Validity of self-
reported CRC screening appears to be best with carefully worded questions that describe the
specific testing experience (Baier et al., 2000; Hall et al., 2004). Of the 38 studies in the
meta-analysis that included self-reported screening behavior, only one provided an explicit
description of screening tests, while four studies mentioned that tests were briefly described.
The remaining studies that included self-reported screening behavior did not report whether
or how screening tests were described to survey respondents. Further, recall issues likely
differ based on the screening modality, with more invasive testing being more salient. Recall
may also be better for more recent testing. The studies that relied on chart review for
assessment of screening behavior are presumably less subject to bias, though heterogeneity
was found within these studies as well. Ultimately, the unmeasured sources of heterogeneity
arising from outcome measurement may complicate the assessment of relationship between
risk perception and screening behavior.

We examined a wide range of variables as potential moderators of CRC risk perception and
screening behavior. These included screening outcomes, study design, sample composition,
and four study quality indicators (recruitment rate = 60% of eligible participants, whether
the screening outcome variable excluded tests for symptoms, whether the screening outcome
was based on medical chart abstraction, and whether multiple items were used to assess
CRC risk perception, See Table 1, top panel, for the high quality studies). Study quality was
a significant moderator of the relationship between CRC risk perception and screening. But
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contrary to our hypothesis, higher quality studies had lower effect sizes (i.e., 0.16 vs. 0.02).
In an examination of each quality indicator in turn, we found the effect size was
significantly higher in studies that did not exclude tests for symptoms compared to studies
that did exclude tests for symptoms (i.e., z = 0.17 vs. 0.03), suggesting that the observed
relationship between CRC risk perception and screening may be inflated by heightened risk
perceptions among those who pursue testing in the diagnostic context. Accordingly, risk
perceptions may be less important in the asymptomatic screening context than the overall
effect size indicates. Of note, most studies reviewed here (78%) did not exclude tests for
symptoms. Future studies of the effect of CRC risk perception on screening behavior should
only include screening tests among asymptomatic adults.

Another quality indicator, risk perception measure format (i.e., measurement scale type or
whether single or multiple items were used), also did not moderate the effect size of the
relationship between CRC risk perception and screening behavior, which may have been due
to the exclusion of lower quality studies, such as those that assessed CRC screening
intentions. Examination of other measurement issues, such as whether CRC risk perceptions
were conditional on screening non-adherence or not, or risk within a specific time frame or
lifetime, could not be accomplished in this review since risk perception measures were
universally not conditional, and largely did not specify a time frame. Finally, the great
diversity in risk perception item wording could also contribute to effect size heterogeneity.

Study design did not moderate the association between risk perception and screening. We
expected that there would be a significantly stronger relationship between CRC risk
perception and screening for prospective studies compared to cross-sectional studies
(Brewer et al., 2004), but we found no effect size differences between prospective and cross-
sectional studies. Prior meta-analytic findings that have examined study design as a
moderator have also not consistently found that prospective studies reveal stronger effect
sizes. Brewer and colleagues (Brewer et al., 2007) found that the effect size between disease
risk perception and vaccination was smaller for cross-sectional studies versus prospective
studies; in contrast, McCaul and colleagues (McCaul et al., 1996) found that the effect size
between breast cancer risk perceptions and mammaography screening was actually larger for
cross-sectional versus prospective studies. Sheeran and colleagues (Sheeran et al., 2014)
found stronger effects for risk appraisals on intentions for change rather than subsequent
behavioral adoption, proposing that this may reflect more proximal timing and active
deliberation inherent in intention formation about behavioral choices. We did not
specifically test this aspect in our review, as we excluded studies that measured intentions
for CRC screening. Yet, our findings justify continued work to clarify factors that may help
explain the role of risk perceptions in different stages of behavioral decision-making and
behavioral adoption, both prior to screening offers, as well as after screening has been
completed. In future work, a larger pool of prospective intervention studies would allow for
direct examination of whether changes in CRC risk perceptions specifically lead to
increased screening uptake.

The imputation of zero for four of the effect sizes in this analysis may potentially bias our
effect size toward the null; however we found that whether an effect size was imputed did
not have a statistically significant relationship with CRC risk perception and thus we chose
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to retain these imputed studies to prevent additional publication bias. Additionally, it is
possible that the cutoffs selected for the meta-regression are not generalizable to all samples
(e.g., low educational attainment defined as samples with < 50% high school graduates). In
instances where there was no clear empirical cutoff to utilize for the analysis, multiple
cutoffs were explored (e.g., 40% high school graduates vs. 60% high school graduates; high
(= 40%) versus low (< 40%) proportion of males), however this did not substantively alter
the results of the analysis.

The goal of the present study was to determine whether CRC screening interventions should
abandon efforts to change CRC risk perception. The small, positive relationship between
CRC risk perception and screening behavior reflects the importance of interventions that
target multiple factors. Our findings highlighted the importance of conducting high-quality
studies. In particular, studies should include only asymptomatic adults undergoing routine
screening, rather than including adults who are receiving testing to address symptoms.
While further research may well reveal lower effect sizes for the CRC risk perceptions and
screening relation, given the considerable effect size heterogeneity, before abandoning risk
perception as a potentially important predictor of screening, assessments should be
standardized to allow for better determination the impact of CRC risk perception on
screening behavior in future research.
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