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Abstract
Objective—This secondary data analysis was conducted to evaluate the applicability of the Risk
Reappraisal Hypothesis, which has been proposed to explain the influence of performing a health
behavior on perceived risk. Data were collected in the context of a randomized trial which found
that an individually tailored, multi-component intervention was successful in increasing colorectal
cancer (CRC) screening among first-degree relatives of CRC cases.

Methods—The ethnically-diverse study sample (n = 841; 29% Latino, 21% African American,
20% Asian) consisted of adult siblings and children (40–80 years) of CRC cases, identified
through the California Cancer Registry. Data were collected at baseline, 6- and 12- month follow-
up. Changes in self-reported risk perception (perceived likelihood of developing CRC) were
examined over the study period in relation to study condition and screening status.

Results—Greater increases in perceived risk were observed among intervention versus control
group participants over the study period, but increases were limited to intervention participants
who had not been screened. We also examined trajectories of perceived risk in relation to timing
of screening receipt (e.g., before 6 months, 6–12 months, never). Continued upward shifts in risk
were observed during the study period among intervention participants not screened during the
study. In contrast, participants screened by 6 months displayed a reduction or leveling off in
perceived risk between 6 and 12- month follow-up.

Conclusion—Results provide support for the applicability of the Risk Reappraisal Hypothesis
within a high risk sample enrolled in a CRC screening promotion trial. Future research is needed
to explore the impact of short-term risk reductions on future CRC screening behavior.
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Introduction
Screening is a critical tool in efforts to reduce the burden of colorectal cancer (CRC), the
second most common cause of cancer death in the U.S. (American Cancer Society, 2009)
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CRC screening can detect disease at an early stage when treatments are more effective as
well as prevent development of the disease through identification and removal of
precancerous polyps (Rex et al., 2009; Rozen et al., 2002; 2004). There is ample evidence
that uptake of CRC screening is low, with less than 65% of age-eligible adults adherent to
current recommendations (Meissner et al., 2006; Centers for Disease Control and
Prevention, 2010). First-degree relatives of CRC cases are at increased risk of developing
the disease, and therefore screening is particularly important for this group (St. John et al.,
1993). Yet data suggest that screening rates among first-degree relatives of CRC cases,
although somewhat higher than in the general population, are still suboptimal (See Rees et
al., 2008 for review).

A growing number of studies have attempted to promote CRC screening by targeting
modifiable psychosocial factors, in keeping with prominent health behavior theories (Lipkus
et al., 2005; Manne et al., 2009; Myers et al., 2007). One such factor is perceived risk of
developing CRC, which has been conceptualized as an important influence on screening
behavior and is included in numerous theoretical and conceptual models of health behavior
including the Health Belief Model (Rosenstock, 1974; Janz & Becker, 1984), Precaution
Adoption Model (Weinstein, 1988), Theory of Reasoned Action (Fishbein & Ajzen, 1975),
Theory of Planned Behavior (Ajzen, 1985), Protection Motivation Model (Rogers &
Prentice-Dunn, 1997) and the Health Behavior Framework (Bastani et al., 2010). These
models posit that greater risk perception leads to an increased likelihood of preventive health
behaviors. Many studies have investigated the relationship between risk perception and the
performance of health behaviors including vaccination receipt (see Brewer, et al., 2007 for
review), mammography (see Kapapodi, et al., 2004 and McCaul, et al., 1996 for reviews),
human papillomavirus testing (Marlow et al., 2009), and safe-sex behaviors (Brooks, et al.,
2009; Mills, et al., 2008). With regard to CRC screening, the role of perceived risk in
predicting screening behavior has been investigated in both the general population (Dear, et
al., 2008; Kim, et al., 2008; Lipkus, et al., 2000; 2003; Palmer, et al., 2008; Rider-Stark, et
al., 2006) and among samples at increased risk for the disease due to family history (Bleiker,
et al., 2005; Cordori, et al., 2001).

Although many studies have found a positive relationship between perceived risk and health
behavior performance (Rider Stark, et al., 2006; Moser, et al., 2007; Palmer, et al., 2008;
Weinstein, et al, 2007, Kim, et al., 2008; Cordori et al., 1999; 2001), others have failed to
find a significant relationship (Bleiker, et al., 2005; Lipkus, et al, 2003; 2005). One study
reported an inverse relationship, such that greater risk perception was associated with a
lower likelihood of CRC screening (Dear, et al., 2008).

These mixed findings in the literature have led some researchers to question the association
between perceived risk and protective health behaviors (Dear, et al, 2008; Hezlsouer, et al.,
1994, Lipkus et al., 2005). Rather than refuting the importance of perceived risk in
influencing health behaviors, inconsistent findings may lend support for a more complex
relationship between risk perception and health behavior than commonly conceptualized.
Instead of assuming that changes in perceived risk always precede health behavior
performance, it may be that risk perceptions change following enactment of a health
behavior. Many studies that have investigated the relationship between perceived risk and
behavior have been cross-sectional rather than prospective in nature (Dear et al., 2008;
Hezlsouer et al., 1994; Rider Stark et al., 2006; Codori et al., 2001). Cross-sectional studies,
although adequate for examining static associations between perceived risk and health
behaviors, cannot assess directionality or potential reciprocal relationships between
perceived risk and behavior and thus add little to our understanding of the relationship
between these factors over time.
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Brewer and colleagues (2004) proposed the Behavior Motivation Hypothesis and the Risk
Reappraisal Hypothesis as means of explaining the complex relationships between
perceived risk and health behavior performance. The Behavior Motivation Hypothesis,
similar to common models of health behavior, proposes that an individual’s likelihood of
performing a health behavior (e.g., cancer screening) increases as they perceive themselves
to be at higher risk for the associated health condition (e.g., cancer). The Risk Reappraisal
Hypothesis suggests that performance of a health behavior leads to decreased perceptions of
risk. Presumably this occurs because the individual reconsiders his or her risk after
performance of a behavior that reduces risk in and of itself (e.g., vaccination) or that
reassures an individual about their health (e.g., cancer screening). In one of the few
prospective studies conducted to date that has evaluated the relationship between perceived
risk and health behavior, Brewer et al., (2004), found support for both hypotheses in the
context of Lyme disease vaccination. Higher perceived risk of Lyme disease at baseline
predicted a higher likelihood of vaccination at follow-up and greater decreases in perceived
risk at follow-up were observed among vaccinated compared to unvaccinated participants.

A number of interventions to promote CRC screening have attempted to increase the
likelihood of screening by increasing perceptions of risk for the disease (Rawl et al., 2008;
Manne et al., 2009; Myers et al., 2007, Lipkus et al., 2005; Larkey et al., 2007; Stephens &
Moore, 2008; Ward et al, 2008). Published findings from these studies include multiple
examples of unsuccessful attempts to manipulate risk or to influence screening rates
(Stephens & Moore, 2008; Lipkus et al., 2005; Robb et al, 2008). Among studies that have
successfully influenced screening behavior, few have confirmed an effect on risk perception
or explored the complex relationships between exposure to the intervention, perceived risk
and screening status over time.

The purpose of this study was to evaluate the applicability of the Risk Reappraisal
Hypothesis, which postulates that performance of a health protective behavior will result in a
lowering of risk perceptions for a relevant health condition, in the context of a CRC
screening intervention trial. A randomized trial conducted by our group to promote
screening among first-degree relatives of CRC cases found a significant effect of the
intervention on CRC screening rates at 12-month follow-up (Bastani, forthcoming). The
intervention was designed to improve screening rates by increasing perceived risk of
developing CRC while also focusing on enhancing knowledge, reducing barriers and
addressing relevant health beliefs. Therefore, we expected that greater increases in risk
perception would be observed over the study period among intervention as compared to
control group participants. Subsequent study hypotheses delineate expectations for the
intervention group only, given that minimal changes in perceived risk were expected in the
control group. Specifically, we anticipated that the increases in risk perceptions observed
among intervention participants would be limited to participants who had not been screened,
consistent with the Risk Reappraisal Hypothesis,

Since data were collected from participants at three time points (baseline, 6-month and 12-
month follow-up), we were also able to examine whether perceived risk of developing CRC
decreased among participants after undergoing screening. In contrast to most previous
studies that conceptualize behavior as an outcome of perceived risk, we examined perceived
risk as an outcome of screening behavior. Among intervention participants who were not
screened, we expected to observe continued increases in perceived risk over the two study
follow-up points. Among intervention participants who were screened, we expected to see a
decrease or leveling off in perceived risk by the end of the study.
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Method
Overview of Intervention Trial

CRC cases, identified through the California Cancer Registry, were contacted and invited to
refer their first-degree relatives (40–80 years of age) to the study, by providing their contact
information. CRC screening is recommended for average risk populations starting at age 50
(Rex et al., 2009; Smith et al., 2009; U.S. Preventive Task Force, 2008). Several
professional organizations, such as the American Cancer Society, American College of
Radiology, and American College of Gastroenterology, recommend earlier screening
initiation among individuals at increased risk for the disease due to family history (Rex et
al., 2009; Smith et al., 2009; Levin et al., 2009). Therefore, we recruited participants 40
years and older. Telephone interviews were conducted with eligible first-degree relatives
referred to the study. After completion of the baseline interview, relatives not adherent to
screening guidelines were enrolled in the trial and randomized to the intervention or control
arm. Data for the study were collected from 1999–2004.

CRC cases referred 3667 first-degree relatives to the study, 71% of whom completed the
baseline survey (n = 2595). Among relatives (siblings and children) who completed the
baseline survey, 1280 (49% of baseline) had no recent CRC screening and were randomized
to the intervention or control condition. Participants in the intervention group received a
tailored print intervention within 2 weeks of the baseline interview. All participants were
contacted again 6 months after baseline; intervention participants not adherent to screening
guidelines at that time received brief telephone counseling at the conclusion of the telephone
interview. Twelve month follow-up interviews were conducted with all participants. The
control group received a generic CRC screening pamphlet. The study protocol was approved
by the UCLA Human Subjects Protection Committee. Results revealed a significant
intervention effect such that rates of screening were 8 percentage points higher in the
intervention versus control group using intent-to-treat analyses (Bastani, forthcoming).
Additional details about the intervention study can be found in Bastani and colleagues
(2008).

Description of the Intervention—The print intervention, titled “If my relative had colon
cancer does it mean I will get it?” was a six page booklet that included information about
CRC, available screening tests, current recommendations regarding screening, and risk
factors for the disease, with an emphasis on family history. Three personalized inserts were
enclosed in the front flap of each booklet; including motivating statements tailored to the
participant’s readiness and intentions to get screened, an insert in which the participant’s
barriers were listed and countered and a personalized risk assessment based on actual risk
information assessed during the baseline interview. Increasing perceptions of risk was a
focus of the intervention, which also sought to increase CRC knowledge, reducing perceived
barriers to screening and enhancing participant motivation to be screened.

Trained interviewers conducted the 6-month interviews and telephone counseling.
Interviewers were blinded to participants’ group assignment or need for telephone
counseling until the 6-month interview was completed, whereupon the CATI alerted
interviewers that the participant needed counseling and a series of special screens guided the
counseling process. Specifically, interviewers were guided to review participants’ risk
factors, counter barriers endorsed during the baseline interview, assist in making a plan to be
screened and address any additional issues raised.
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Participants
Analyses for this paper were restricted to individuals who provided data regarding screening
status and perceived risk at baseline and at least one follow-up time point. Additionally, we
treated “don’t know” or “refused” responses to the perceived risk item as missing. Together,
these restrictions resulted in the exclusion of 439 participants from the sample. Those who
were excluded were more likely to be non-white, unmarried, uninsured and to have lower
education and income levels. The final analytic sample for the present study includes 841
participants, 83% (n=694) of whom provided data at all three time points. We also compared
participants (n = 841) who provided data at all three time points (n = 694) to those who
provided data at only one follow-up time point (n = 147). Participants who provided
complete data were more likely than those who completed only one follow-up to be non-
Latino white, have higher levels of education, and to have health insurance. Baseline levels
of perceived risk did not differ between these groups of sample participants.

Data Collection Procedures
Baseline, 6- month and 12-month follow-up telephone interviews were conducted, in
English and Spanish, using a computer-assisted telephone interviewing (CATI) system. The
baseline interview took 20–25 minutes to complete whereas follow-up interviews took 15–
20 minutes. Interviews assessed demographic information (e.g., age, gender, country of
birth), health history (e.g., history of polyps, family cancer history), and psychosocial
correlates of screening, including perceived risk. Analyses for this paper focus on data
regarding perceived risk and CRC screening receipt collected at the three study time points.

Measures
Perceived Risk—Perceived likelihood of developing CRC was assessed with one item,
similar to items included in population-based surveys such as the National Cancer Institute’s
Health Information National Trends Survey (National Cancer Institute, 2010): “How likely
is it that you will get colon cancer during your lifetime?” Response options were: “very
likely”, “somewhat likely”, and “not very likely”. We elected to use one item given the
length of the overall survey and a desire to reduce respondent burden. Single-item measures
of perceived risk have been found comparable to multi-item measures in predicting health
behaviors (Weinstein et al, 2007).

Self-reported receipt of colorectal cancer screening—Individuals who reported
receiving recent CRC screening at baseline (i.e., fecal occult blood test (FOBT) in the past
12 months; sigmoidoscopy in the past 5 years; colonoscopy in the past 10 years) were
excluded from the trial. At follow-up, participants were asked if they had received a FOBT,
sigmoidoscopy or colonoscopy since their last telephone interview (i.e., baseline or 6-month
follow-up interview). A brief definition of each test was provided prior to assessing
screening receipt at all time points. See Bastani and colleagues (2008) for a description of
items used to assess screening receipt.

Statistical Analysis
The three-level ordinal perceived risk variable, which had response options “very likely,”
“somewhat likely” and “not very likely,” was the dependent variable for all analyses.
Analyses were conducted using the generalized ordered logit (gologit) model (Fu, 1998;
Williams, 2006). The gologit model can be written as
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where M is the number of categories of the ordinal dependent variable. When M = 2, the
gologit model is equivalent to the binary logistic regression model. When M > 2, the gologit
model is equivalent to a series of binary logistic regressions defined using M – 1 cutpoints in
which categories above and below each cutpoint are combined and contrasted; for M = 3
(our case), category 1 is contrasted with categories 2 and 3 combined and categories 1 and 2
combined are contrasted with category 3. In the present study, the categories {Y1,Y2,Y3} are
the three levels of our perceived risk variable. The gologit model has as a special case the
proportional odds model (Hosmer and Lemeshow, 2000), which assumes that the β’s are the
same for all values of j, and thus that all contrasting odds ratios are the same. Since the
proportional odds assumption was violated in our case, we used the more general gologit
model rather than the proportional odds model. Analyses were conducted with Stata 11
using the user-contributed gologit2 program (http://www.nd.edu/~rwilliam/gologit2/), with a
cluster robust covariance estimator to account for repeated measures within individuals.

In all analyses, our objective was to estimate change in perceived risk over time within
groups defined by study condition or screening status and test for differences in change over
time between groups. Thus all models included indicators for group, time and a group × time
interaction. This yielded two odds ratios for each group: (1) the odds of “somewhat/very
likely” versus “not very likely” at time 2 divided by the odds of “somewhat/very likely”
versus “not very likely” at time 1, which we refer to as the odds ratio for shifting out of the
lowest perceived risk category; and (2) the odds of “very likely” versus “”somewhat/not
very likely” at time 2 divided by the odds of “very likely” versus “”somewhat/not very
likely” at time 1, which we refer to as the odds ratio for shifting into the highest perceived
risk category. Since these two odds ratios and their associated p-values are based on
overlapping categorizations and are thus dependent, we used Tukey’s adjustment for
dependent hypothesis tests (Tukey et al., 1985; Moye, 2003, pages 163–165) to keep the
familywise type I error rate below 0.05; for two dependent tests, this is achieved by using a
test-specific alpha of 0.036. Tests for change over time within and between groups were
conducted using linear hypothesis tests, which reduce to Wald tests in the case of single
coefficients.

Our first analysis tested whether change in perceived risk from baseline to 12-month follow-
up differed between the intervention and control groups. This analysis used a model that
included condition (intervention vs. control), time (baseline vs.12-month follow-up) and
condition × time interaction, and controlled for marital status, which differed between
intervention and control participants at baseline.

Next, we examined whether participants who reported receipt of screening during the study
period had changes in perceived risk between baseline and 12-month follow-up that differed
from participants reporting no screening receipt. These analyses were stratified on study
condition and used models that included screening status (screened during follow-up versus
not), time (baseline vs. 12-month follow-up) and a screening status × time interaction.

Subsequently, we grouped intervention participants based on timing of self-reported
screening behavior. “Early screeners” are participants who reported receiving screening
between baseline and 6-month follow-up. “Early non-screeners” are participants not
screened at 6-month follow-up. “Late screeners” are participants who reported receipt of
screening between 6 and 12-month follow-up. “Never screeners” are participants who did
not report receiving screening during the study period. The “early non-screeners” category
was used in analyses comparing baseline and 6-month follow-up; at 12-month follow-up,
members of this group became either “late screeners” or “never screeners.” We compared
change in perceived risk from baseline to 6-month follow-up among “early screeners” and
“early non-screeners” using models that included indicators for early screener vs. early non-
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screener, time (baseline vs. 6-months) and an early screening status × time interaction.
Changes in perceived risk from 6 to 12 months among “early screeners,” “late screeners”
and “never screeners” were estimated using models with screening status group (early, late
or never), time (6 vs. 12 months), and their interaction.

Results
Sample Characteristics

Demographic characteristics and perceived CRC risk for the study sample (n = 841) at
baseline appear in Table 1. The sample was ethnically diverse (30% non-Latino white) with
a nearly equal gender distribution (57% female) and a mean age of 51 years. The sample
was relatively advantaged with regard to income (51% > $50,000 annual income) and
education (63% some college), and 90% had health insurance. Most participants (69%) were
adult children, rather than siblings, of the index CRC case. With regard to perceived risk at
baseline, most participants endorsed the middle category (60%; “somewhat likely”) and
fewer participants endorsed the lowest (33%; “not very likely”) or highest (7%; “very
likely”) categories.

No differences between intervention and control participants were observed for perceived
risk or for demographic characteristics at baseline, with the exception of marital status.
Hence, we have presented characteristics for the intervention and control groups combined.
Intervention participants were slightly more likely to be married compared to control
participants (71% married in intervention vs. 64% in control group, p=.019). We controlled
for marital status in all analyses, although no meaningful differences were noted between
analyses that did and did not control for marital status.

Effect of the Intervention on Perceived Risk at 12 Months
Figure 1 displays the proportion of the sample endorsing each perceived risk category by
time and study condition. The proportion of intervention participants endorsing the highest
perceived risk category (i.e., “very likely”) was 8% at baseline and 11% at 12-month follow-
up, while the proportion endorsing the lowest perceived risk category (i.e., “not very likely”)
was 32% at baseline and 26% at follow-up. The proportion of control group participants
endorsing the highest perceived risk category was 34% at baseline and 36% at follow-up,
while 6% of control group participants endorsed the lowest perceived risk category at both
time points. Table 2 displays the results of generalized ordered logistic regression analyses
assessing statistical significance of perceived risk changes. Between baseline and 12-month
follow-up, intervention participants displayed a significant increase in the odds of shifting
out of the lowest perceived risk category into one of the higher categories (odds ratio: 1.31,
p = .025). Intervention participants also displayed a significant increase in the odds of
shifting into the highest risk category from one of the lower two categories (odds ratio: 1.47,
p = .034) at 12- month follow-up compared to baseline. No significant shifts in risk were
observed among control group participants over this time period.

Linear hypothesis tests revealed that the change in the odds of endorsing the highest or
middle category versus the lowest category (i.e., shifting out of the lowest perceived risk
category) from baseline to 12-month follow-up were significantly different between
intervention and control participants (p = .025). Significant differences were not observed
for the odds of endorsing the highest perceived risk category compared to the lowest and
middle categories (i.e., shifting into the highest perceived risk category) by study condition.
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Relationship between Perceived Risk and Screening Behavior at 12 Months
Figure 2 displays the proportion of the sample endorsing each perceived risk category by
time, study condition, and screening status. The proportion of unscreened intervention
participants that endorsed the highest perceived risk category was 8% at baseline and 13% at
follow-up, while the proportion endorsing the lowest category was 35% at baseline and 23%
at follow-up. Among screened intervention participants, 8% endorsed the highest perceived
risk category at baseline and follow-up, while the lowest perceived risk category was
endorsed by 26% at baseline and 32% at follow-up. Among unscreened control group
participants, the highest perceived risk category was endorsed by 5% at baseline and 6 % at
follow-up, while the lowest perceived risk category was endorsed by 35% at baseline and
34% at follow-up. The proportion of screened control group participants who endorsed the
highest risk category was 10% at baseline and 6% at follow-up, while the proportion
endorsing the lowest risk category was 32% at baseline and 41% at follow-up.

Table 3 provides the results of the generalized ordered logistic regression analyses. Between
baseline and 12-month follow-up, intervention participants who did not receive screening
displayed a significant increase in the odds of shifting out of the lowest perceived risk
category into one of the higher categories (OR: 1.73, p < .001) and a significant increase in
the odds of shifting into the highest risk category from one of the lower two categories (OR:
1.84, p = .006) at 12- month follow-up. Among intervention participants who were screened
during the study period, no significant shifts in perceived risk were observed between
baseline and 12-month follow-up. No statistically significant shifts in perceived risk were
observed between baseline and 12-month follow-up for control group participants.

Linear hypothesis tests revealed a significant difference in the odds of shifting out of the
lowest perceived risk category into one of the higher two categories (p = .001) between
intervention participants who were screened and those not screened. No significant
difference in the odds of shifting into the highest perceived risk category from the lower two
categories was detected by screening status. No significant differences in change in
perceived risk over time were observed between screened and unscreened control group
participants.

Examining the Timing of Changes in Perceived Risk Relative to Screening Receipt
Given that we found a significant association between screening status and change in
perceived risk in the intervention group, we conducted more detailed analyses to explore the
relationship between timing of screening receipt and change in perceived risk. Analyses
were limited to intervention participants since no significant changes in perceived risk were
observed among control group participants. Results are displayed in Table 4. As can be seen
in the table, power for some comparisons may be limited given the small sizes of some
screening groups (i.e., late screeners).

We compared changes in perceived risk from baseline to 6-month follow-up between “early
screeners” and “early non-screeners,” i.e., those screened by 6 months and those not. “Early
screeners” and “early non-screeners” showed a difference in perceived risk change over
time, with “early non-screeners” more likely to shift out of the lowest perceived risk
category into one of the higher categories (p = .021) compared to “early screeners.” No
significant differences over time were observed between “early screeners” and “early non-
screeners” in odds of shifting into the highest perceived risk category.

Next, we compared changes in perceived risk from 6 to 12-month follow-up between “early
screeners” (screened between baseline and 6 months), “late screeners” (screened between 6
and 12 months), and “never screeners” (not screened during study period). Odds of shifting
out of the lowest perceived risk category were significantly greater among “never screeners”
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compared to “early screeners” (p = .018). Significant differences were not observed between
these groups in the odds of shifting into the highest perceived risk category from one of the
lower categories. No significant differences were observed between “late screeners” and
“never screeners” or between “early screeners” and “late screeners.”

Figure 3 depicts the proportion of participants who endorsed the lowest perceived risk
category (i.e., “not very likely”) at baseline, 6 and 12-month follow-up, separately for
“never screeners,” “early screeners,” “late screeners” and “early non-screeners.” We chose
to depict the lowest perceived risk category given that most of the statistically significant
changes observed were shifts out of the lowest perceived risk category. Due to the fact that
only the lowest perceived risk category is shown, the y axis has been inverted to facilitate
interpretation so that a positive slope indicates increases in perceived risk (i.e., lower
proportion endorsing lowest category of risk) and a negative slope indicates lower perceived
risk (i.e., higher proportion endorsing lowest risk category). “Early non-screeners” are
depicted in this figure given the significant difference in risk trajectories observed from
baseline to 6 months between this group and participants screened by 6-month follow-up
(i.e., “early screeners”). This group does not appear in Figure 3 at 12-month follow-up, at
which time members of this group were reclassified as “late screeners” or “never screeners.”

Discussion
The objective of the parent study was to motivate first-degree relatives of CRC cases to seek
screening, in part by increasing their perceptions of risk for developing CRC. It is
noteworthy that our efforts to increase perceived risk were successful, given that several
recently published CRC screening interventions failed to affect perceived risk despite
aiming to do so (Stephens & Moore, 2008; Lipkus et al., 2005). Compared to relatives in the
control condition, relatives who received the tailored educational intervention reported
greater increases in perceived risk for CRC, over the study period. Although not a direct test,
this finding appears to lend support for the Behavior Motivation Hypothesis (Brewer et al.,
2004) in that increases in perceived risk accompanied an increase in CRC screening rates.
Based on the literature and theory, we were most interested in exploring how receipt of
screening may have influenced perceptions of risk among those exposed to the intervention.
Although perceived risk increased in the intervention group as a whole, this increase was
limited to those participants who did not receive screening as recommended. This finding
lends support for the Risk Reappraisal Hypothesis, which suggests that individuals who
perform a health behavior subsequently reappraise their risk for the relevant health condition
and lower their risk perception (Brewer et al., 2004). We presume that individuals who
pursued screening in response to the intervention lowered their risk perceptions after
obtaining test results indicating that they did not currently have CRC (94% of screened
participants reported receiving normal test results). Had we examined the relationship
between screening status and perceived risk only at 12-month follow-up, we may have
inaccurately concluded that perceived risk was inversely related to screening, given that un-
screened intervention participants endorsed higher levels of perceived risk than those who
were screened. These findings illustrate the importance of a prospective research design with
more than one follow-up assessment.

To get a better picture of the relationship between the timing of changes in perceived risk
and screening receipt, we examined changes in perceived risk among participants screened
earlier versus later in the study period, as well as among participants who were never
screened. These analyses offered further support for the Risk Reappraisal Hypothesis. Six
months after the start of the study, individuals who had not yet received screening showed
larger increases in perceived risk for CRC compared to those who had already been
screened. One year after study entry, participants who were never screened showed
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continued increases in perceived risk, compared to those who were screened early in the
study period.

However, changes in perceived risk did not differ when comparing unscreened participants
to those who were screened late in the study period. This finding was somewhat unexpected
and the reason underlying it is not entirely clear. One possible contributing factor may be
related to the study design; only participants not screened by 6-month follow-up received the
second intervention component, brief telephone counseling. It is possible that the second
intervention component, or the cumulative effect of the two components, had a more
enduring influence on perceived risk than did the print intervention alone. It is also possible
that “early screeners,” who responded to our initial low-intensity intervention, may be
different than “late screeners,” who did not pursue screening without receipt of a second
intervention component. These individual differences may affect risk perceptions.
Furthermore, we do not have information regarding the exact length of time between
screening receipt and report of screening. “Early screeners”, who we can conceptualize as
highly motivated “early adopters”, may have received screening shortly after receipt of the
mailed intervention while “late screeners” may have allowed more time to pass between the
second intervention and getting screened. We expect that if we were able to follow “late
screeners” over a longer time frame (e.g., 18 month follow-up), we may have seen a
reduction in their perceived risk compared to “never screened” participants. Finally, the
limited number of late screeners (n=57) is a limitation of the study, and analyses including
this group may have been underpowered.

Several additional limitations of our study should be noted. We relied on self-report of CRC
screening, which could lead to over-reporting of screening receipt and misclassification of
participants based on screening status. Also, our measure of perceived risk was not
conditioned on any planned behavior of the participant. Future studies may elect to add
measures of perceived likelihood of developing CRC that are conditioned on individuals not
receiving screening. Brewer and colleagues (2007) suggested that the relationship between
perceived likelihood and behavior may be under-estimated when using un-conditioned
measures. In addition, we were only able to collect data at three time points and may have
missed changes in perceived risk that occurred between assessment points. Finally, the
present paper was limited in focus to specifically examine the relationship between
perceived risk and screening, although the intervention also targeted other potential
influences on screening (i.e., knowledge, perceived efficacy of screening).

In our study, we saw an effect of our intervention on perceived risk and screening among a
sample of first-degree relatives with no recent guideline-consistent screening. Considering
the age of study participants (mean = 51 years) and their increased risk status, repeat
screening according to guidelines will be important in reducing lifetime risk for the disease.
Hence, future research is needed to assess whether risk reappraisal following screening
receipt may negatively impact future screening behavior. Furthermore, research to
understand the duration of impact of various interventions on perceived risk and screening
over time may be informative.

In summary, our results lend support to the notion that the relationship between perceived
risk and health behavior is much more complex than is typically acknowledged.
Inconsistencies in past studies may be explained by reliance on cross-sectional designs that
preclude examination of these relationships over time. Our results demonstrate the
importance of prospective data analysis that accounts for the performance of health
behaviors as well as exposure to messages that may increase risk perceptions.
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Figure 1.
Proportion of Sample Endorsing Colorectal Cancer Perceived Risk Categories over Time by
Study Condition
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Figure 2.
Proportion of Sample Endorsing CRC Perceived Risk Categories from Baseline to 12-Month
Follow-up Study Condition and Screening Status
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Figure 3.
Proportion of Study Participants Endorsing Lowest CRC Perceived Risk Category by
Screening Status and Time
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