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Abstract

Individuals with a sibling who has had colorectal cancer diagnosed before age 61 are at increased
risk for colorectal cancer and may derive particular benefit from screening. Tailored interventions
may increase participation in appropriate colorectal cancer screening. This study evaluated the
efficacy of two tailored interventions and a generic print intervention. Participant siblings (N = 412)
who were not up-to-date with colorectal cancer screening were randomly assigned to receive either
a generic print pamphlet, a tailored print pamphlet, or a tailored print pamphlet and tailored
counseling call. Colorectal cancer screening six months after the baseline interview was the outcome
measure. Results indicated that colorectal cancer screening adherence increased among intermediate
risk siblings enrolled in all three intervention groups. Participants in both tailored intervention groups
reported having colorectal cancer screening at significantly higher rates than participants in the
generic print group. The increase in colorectal cancer screening in the tailored print and counseling
call group was not significantly higher than that achieved by the tailored print alone. Decisional
balance partially mediated treatment effects. Tailored behavioral interventions are an effective
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method for increasing screening adherence but telephone counseling did not add significantly to

treatment effects.
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Colorectal cancer (CRC) is the fourth most commonly diagnosed cancer and the second leading
cause of cancer deaths in the United States (1). Lifetime risk for CRC is approximately 5%
after age 50. Individuals with a first-degree relative (FDR; sibling, parent, child) diagnosed
with CRC have an estimated lifetime CRC risk of 10% (2—4). The risk increases as the age of
the proband at diagnosis decreases (5,6) with estimates ranging between two and four times
the average risk (3,5).

Screening results in earlier detection of CRC and reduces disease-specific mortality (7,8).
Various agencies have published screening guidelines for relatives of CRC patients. A humber
of professional organizations recommend that FDRs should follow population screening
guidelines but begin CRC screening (CRCS) at a younger age than general guidelines with
recommended screening starting at age 40 (9). Others specifically recommend colonoscopy
starting at an age that depends on the family history (1). Estimates of CRCS among family
members at increased risk for CRC have varied widely with reported rates of 22% (10), 39%
(11), 55% (12), 64% (13) and 79% (14), depending upon the screening procedure examined
and the targeted at-risk population.

Given the increased risk for CRC among FDRs of individuals diagnosed with CRC and the
relatively low participation in this at-risk population, effective methods of increasing CRCS
participation are needed. Unfortunately, the few behavioral interventions targeting this at-risk
population have shown limited impact on screening adherence. Glanz and colleagues (15)
evaluated the impact of an individual face-to-face health counseling intervention that was
accompanied by tailored print material and two follow-up phone calls compared with a general
health counseling intervention among FDRs of CRC patients. Results indicated that the
counseling intervention increased screening significantly among non-adherent participants
compared with the general health counseling. Rawl and colleagues (16) compared the efficacy
of a tailored print intervention versus a non-tailored print intervention on CRCS among FDRs
of CRC patients. While both interventions resulted in increased CRCS, CRCS rates did not
differ between the study groups nor were there differences in forward progression in stage of
adoption of CRCS.

The primary aim of this study was to evaluate the effect of three increasingly intense behavioral
interventions on CRCS adherence among FDRs of individuals diagnosed with CRC before the
age of 61 years who were not on-schedule with regard to CRCS. We compared a generic print
intervention (GP), a tailored print intervention (TP), and a tailored print and telephone
counseling intervention (TP + TC). We hypothesized that the greatest CRCS would be among
individuals participating in the TP + TC intervention followed by individuals enrolled in the
TP intervention. The lowest CRCS adherence was predicted in the GP intervention because it
would lead to messages that were not perceived as directly relevant to the individual. In
contrast, by tailoring materials superfluous information would be eliminated. The remaining
tailored information would be considered more personally relevant and receive greater
attention and, thus, would be more likely to have an effect (17). A recent meta-analysis of
tailored interventions indicated that tailored messages are more effective in triggering
behavioral change than generic messages (18) and recent work has suggested that tailored
messages result in significant effects on CRCS among average risk individuals (19).
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Because tailoring is not in itself a theoretical or conceptual framework, we drew on established
health behavior theories as well as the constructs shown to be associated with screening
adherence for guidance concerning which variables to use as the basis for developing tailored
messages. In our prior work (12), we integrated constructs from three conceptual models: the
Health Belief Model (HBM) (20-22), the Transtheoretical Model (TTM; 23,24), and the Dual
Process Theory (25,26). The models are largely complementary and there is considerable
overlap among them. For the present study, tailoring for both the printand telephone counseling
was based upon the following constructs from these models that we found to be associated
with CRCS adherence and intention in the targeted population in our previous work (12): pros
of CRCS, cons of CRCS, processes of change (i.e., commitment to CRCS), stage of adoption,
perceived CRC preventability, perceived CRC risk, physician and family support for CRCS,
the closeness of the relationship with the affected sibling, medical insurance status, and
knowledge of CRC and CRCS.

The secondary aim was to evaluate possible moderators and mediators for intervention effects.
Behavioral interventions may not be beneficial for all participants and thus it is important to
identify subgroups of persons who are particularly amenable or resistant to the effect of each
intervention. Ultimately, this will provide more effective and possibly cost-effective
interventions for those who will benefit most. Intervention moderators were selected based
upon factors predictive of response to other cancer screening interventions such as
mammography (27,28). Moderators evaluated included previous CRCS history, the number
of family members with CRC, whether the participant had received a physician
recommendation for CRCS at the baseline interview, baseline screening intention, and the
closeness of the participant’s relationship to the affected sibling.

Although accumulating evidence indicates that CRCS interventions show efficacy in
improving CRCS adherence, little is known about why these interventions work; that is, we
have not identified the mediators of intervention effects. An understanding of why these
interventions work will guide the development of more effective screening interventions as
well as provide support for theories guiding these interventions. We selected potential
mechanisms of change based upon HBM, TPB, and Dual Process Theory constructs that were
targeted in the tailored interventions. Mediators evaluated included CRC knowledge, CRCS
knowledge, physician support for CRCS, family support for CRCS, perceived CRC risk,
perceived CRC severity, perceived CRC preventability, four processes of change, decisional
balance, and personalization of the print materials.

In the present study, we targeted siblings of individuals diagnosed with CRC prior to the age
of 61 years for intervention rather than patients’ children or parents. The age range of children
would likely be too young to meet screening guidelines and the parents of these individuals
may no longer be alive.

Sample Recruitment and Randomization

Participants were siblings of patients recruited from the oncology, gastroenterology, and
surgical practices at 26 participating medical centers located across the U.S. (sites contributed
1-93 participants). Prospective patients were identified from tumor registries or medical
records. IRB approval was received for each site. Physicians of record for each patient name
identified gave permission for their patients to be contacted. Sample recruitment began in
December 2003 and ended in July 2007. Follow-up assessments were completed in January
2008.
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Eligibility criteria for patients whose siblings were the focus of this study included: (a) patient
was diagnosed with colon or rectal cancer since 1997, (b) patient currently living; (c) patient
age was less than 61 years at diagnosis, (d) patient had no history of hereditary cancer syndrome
(e.g., Familial Adenomatous Polyposis Syndrome, Hereditary Nonpolyposis Colorectal
Cancer), (e) patient had no history of Inflammatory Bowel Disease (ulcerative colitis or
Crohn’s disease), and (f) patient was able to comprehend English. Patients who met these
criteria were mailed a letter describing the study and subsequently contacted by telephone to
determine eligibility. At this time, patients gave permission to contact all biological siblings
and permission for medical information to be obtained from their medical chart. Next,
identified siblings were mailed a letter describing the study. They were contacted by telephone
and eligibility was determined. After written informed consent and HIPAA acknowledgement
(which was required after April, 2003), a telephone interview was conducted. During the
telephone interview, data for the present study were obtained. Eligibility criteria for siblings
were: (a) sibling age was greater than or equal to 35 years or less than 10 years younger than
the age at which the patient was diagnosed (if the proband’s diagnosis was made at an age less
than 50 years); (b) sibling was a full biological sibling (no half-siblings); (c) sibling was not
on-schedule with regard to CRCS defined as: had not had a colonoscopy in the past five years
or had not had a flexible sigmoidoscopy in the past five years and had not had annual FOBT;
screening is recommended for a person of this age (e.g., if the proband was diagnosed at age
40, the sibling had CRCS if s/he was 30 years or more at the time of the proband’s diagnosis);
(d) sibling had no history of cancer with the exception of non-melanoma skin cancer or
childhood cancer diagnosed under the age of two years, (e) sibling had no family history of
hereditary cancer syndromes, (f) sibling had no history of inflammatory bowel disease, ()
sibling was able to give meaningful informed consent, and (h) sibling was English-speaking.

The flow diagram of progress through the study is shown in Figure 1. The main reasons for
patient ineligibility were that the patient was no longer alive (34.5% of ineligible), the patient
had no siblings (34.5%), and the patient did not meet medical history criteria (IBD, hereditary
cancer syndrome) (11.4%). The main reasons for sibling ineligibility were that the sibling was
compliant with CRCS guidelines (93% of ineligible siblings) and the sibling did not meet
medical history criteria (did not meet age at diagnosis criteria or diagnosis criteria, personal
cancer history, IBD, hereditary cancer syndrome) (3%).

A comparison between the 769 siblings who refused the study with the 412 sibling participants
on available demographic information indicated that refusers were more likely to be male than
participants (x 2(1, 1187) = 30.7, p < .001; percent male participant sample = 42.2%; percent
male refuser sample = 57.8%). Participants were also significantly younger than refusers (t (1186)
=3.4, p <.0L; M participants = 47.9, SD = 9.0, M refysers = 51.0, SD = 9.1).

Participants completed the baseline survey by telephone. After that time, participants were
randomized to study condition. Randomization was done by family. All participants received
intervention materials (see below). Six months after the baseline survey, participants were
contacted by telephone to complete the six month follow up survey. Participants were given
$15 gift certificates for each assessment completed.

Interventions

Generic Print intervention (GP)—Participants were mailed a cover letter and the generic
pamphlet. The letter contained a reference to the pamphlet, asked the participant to read the
pamphlet, and reminded the participant that the best way to prevent CRC is by having screening.
The Centers for Disease Control and Prevention pamphlet, ““Colorectal Cancer Screening
Saves Lives™ (29), was the generic educational print material. The pamphlet reviewed the basic
screening tests, presented the screening guidelines for average and increased risk individuals,
and presented basic information about CRC. The information was not developed specifically
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for at-risk populations. The pamphlet was mailed within one week of the baseline survey
completion.

Tailored Print Intervention (TP)—Participants were mailed a personalized cover letter and
the tailored booklet. The letter contained a statement that the pamphlet was prepared
specifically for the participant, asked the participant to read the pamphlet, and reminded the
participant that the best way to prevent CRC is by having screening. The tailored booklet had
four pages and four pictures. The first page was a cover page which was entitled, “The Good
News: Colorectal Cancer is Preventable!” The introductory section outlined the contents of the
booklet and informed the participant that the pamphlet was tailored specifically to their survey.
A picture of a gender- and ethnicity-matched individual had a caption discussing the
participant’s highest ranking barrier. The remaining three pages were tailored to participants’
marital status, gender, ethnicity, incorrect CRC knowledge, incorrect colonoscopy knowledge,
CRC risk, low-rated benefits (with alternative views of benefits), highly-rated barriers (with
alternative views of barriers), the level of family support for CRCS, stage of adoption, closeness
with the affected sibling, and commitment to screening.

One month after the participants received the tailored print they received a one page tailored
follow up newsletter. The newsletter reviewed the participants’ stage of adoption, reinforced
facts and alternative views of barriers, and contained a picture of a colorectal cancer survivor
who discussed the importance of screening.

Tailored Print and Telephone Counseling (TP + TC)—Participants were mailed a
personalized letter and TP using the same procedures as described above. The telephone
counseling session was scheduled at least one week after the TP was mailed. The counselor
utilized a motivational interviewing style (30). Motivation and readiness to have CRCS was
assessed by asking the participant to rate the perceived importance of having CRCS and
perceived confidence of having CRCS and to provide a rationale for each rating. Benefits of
having CRCS and not having CRCS, ways of obtaining greater support for CRCS from family
and friends, correcting factual information about CRC and colonoscopy, and recommended
screening guidelines were reviewed. Perceptions of how the family history affected personal
risk on the decision to have CRCS were discussed. The interventionist used open questions to
facilitate discussion. The session was guided by a script (available from the first author).

One month after the participants received the tailored print they were mailed a one page tailored
follow-up newsletter. The newsletter reviewed the participants’ stage of adoption, reinforced
facts about CRC, and presented alternative views of barriers. A picture of the health educator
who conducted the session was included with a quote summarizing the call and recommending
screening.

TCtraining, supervision, and fidelity—Three health educators conducted the counseling
sessions. All were trained in the intervention by a review of the manual and practice TC sessions
that were reviewed by an expert in MI. Ongoing supervision was also provided by the Ml expert
which consisted of reviewing audiotapes, discussion of alternative strategies, and providing
feedback. Treatment fidelity was scored by three treatment fidelity coders using a rating system
designed specifically for this study. The rating system contained 27 fidelity criteria (e.g., “How
motivated is the participant to have screening?”) rated by whether or not the topic was covered.
Fidelity coder training consisted of a review of the health education script and fidelity criteria
followed by practice ratings with the project manager and first author. Once raters achieved
an 80% inter-rater reliability with the criterion coder, they were permitted to code tapes. A
fidelity score consisted of the percentage of topics completed divided by the total number of
fidelity criteria. Fifty-two of the 98 sessions were audible and able to be coded. Treatment
fidelity was 80%.

Ann Behav Med. Author manuscript; available in PMC 2010 April 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Manne et al.

Page 6

Outcome Measure: Screening status at follow-up

Covariates

Participants were asked whether they had a CRCS test since the baseline survey, what the
screening test was, and the date of the screening test. Because some follow-up assessments
were conducted after the six month time frame, a cut off of 8 months post-baseline was selected
to calculate screening status. The variable was defined as either had appropriate screening (had
a colonoscopy or had a FS and an FOBT) or did not have appropriate screening. Because no
participants had both a FS and an FOBT, screening compliance reflected colonoscopy status
at 8 months and therefore will be labeled colonoscopy screening.

Participants who reported a screening test at the follow-up were asked for the name and contact
information of the physician who performed the test. Of the 88 colonoscopy procedures
reported at follow-up, 77 were confirmed by the participant’s physician, 9 could not be
confirmed as physician information provided by the participant was not correct, and 2 were
not confirmed thus comprising an 87.5% confirmation rate. Of the two FS reported at follow-
up both were confirmed. Of the 34 FOBTSs reported, 16 were confirmed, 6 were denied by the
physician, 12 could not be confirmed as the physician information was not correct or the
physician’s office did not respond to requests for confirmation comprising a 47% confirmation
rate. All analyses were conducted on self-report screening data.

If screening status was not collected at follow-up, the participant was considered non-compliant
for the ITT analyses.

Participant gender, marital status (married or not), ethnicity (Caucasian or not), current
employment (full time, part time, unemployed, retired), age, income, education, medical
insurance status (yes/no), and the number of siblings in the family were evaluated as possible
covariates. In addition, the gender of the affected sibling, the cancer stage at diagnosis, the
affected sibling’s age at the time of diagnosis, and time elapsed since diagnosis were evaluated.

Mediators (Baseline and Follow-up)

Moderators

Participants completed measures of CRC knowledge (7 items), procedural knowledge (35
items), physician support for CRCS (3 items), family support for CRCS (2 items), perceived
CRCrrisk (4 items), perceived CRC severity (5 items), perceived CRC preventability (2 items),
decisional balance (28 items; calculated as the mean of the 10 pros of screening items minus
the mean of the 18 cons of screening items), processes of change (commitment to CRCS, 9
items; information sharing, 7 items; thinking beyond oneself, 8 items; and avoidance of the
health care system, 4 items), and personalization of the print materials (2 items). Further details
about the scales are available from the authors.

At baseline, participants completed a cancer family history form, indicated whether their
physician had recommended CRCS (yes/no), and answered questions about their prior CRCS
history, closeness with the affected sibling (31) (5 items, a.=.93), and CRCS intentions (4 items,
a =.89).

Evaluation of Intervention materials

Participants completed a 10-item evaluation of the telephone counseling session. The recall
variable assessed whether participants remembered receiving the telephone call from the
counselor. The ten evaluation questions were modeled after those used in prior research (32,
33). Items assessed the extent to which the session provided information that was interesting,
new, comprehensible, valid, prepared with them in mind, made it easier to think about getting

Ann Behav Med. Author manuscript; available in PMC 2010 April 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Manne et al.

Results

Page 7

screening, and addressed reasons they may have had for not getting screening. Internal
consistency was good (o = .86). Ten items evaluated the print materials. Participants reported
whether they remembered receiving the print materials (yes/no) whether they were
comprehensible, valid, made it easier for them to think about getting screening, addressed
reasons they may have had for not getting screening, and whether they saved the material (yes/
no), showed it to others (yes/no), or discussed it with their physician (yes/no).

Sample Characteristics

Participant characteristics are shown in Table 1. Three hundred twelve patients (and therefore
312 families) provided siblings for this study. Among the 312 patients, 58% were diagnosed
with colon cancer and 42% were diagnosed with rectal cancer. Approximately half (53%) were
diagnosed with advanced disease. The average time since the initial cancer diagnosis was 2.1
years (SD = 1.6 years, range = within the past year — 8 years ago).

Process Evaluation

Intervention

The majority of participants remembered receiving a pamphlet in the mail (92%). Similarly,
the majority of participants reported reading (85%) and saving the pamphlet (85%).
Approximately half of the sample showed the pamphlet to others (57%) but only a subset (15%)
reported discussing it with their physician. There were no differences across study groups in
any of these outcomes. On average, the print materials were evaluated positively (M = 5.6,
SD = .95) and there were no significant differences in the print evaluation (other than
personalization which is reported in the next section) across study groups.

Among the 98 participants who received the TC session, the mean call length was 19 minutes
(range 4 — 75 minutes, median = 18 minutes). Seventy-two participants completed the follow-
up counseling evaluation survey (73.4%). Sixty-three of these individuals (88%) reported that
they remembered receiving the call. On average, the sessions were evaluated positively (M =
5.6, SD = 0.8). The highest rating regarded the helpfulness of the session (M =5.8, SD = 1.1).
Participants felt the length of the call was acceptable (M = 4.4; SD = .99, 4 = “just right”, 7 =
“much too long”). A relatively low average rating was noted for the item, “I feel the telephone
health educator addressed reasons that | may have had for not getting screened” (M = 5.0,
SD =1.9).

Effects

Overview of Statistical Approach to Analysis—Colonoscopy at follow-up was the
primary outcome measure. An Intent to Treat (ITT) analysis was conducted on these data.
Because the sample included some individuals from the same family (a nested data structure),
the assumption of statistical independence of the observations was not necessarily tenable. To
accommodate this possibility, a Generalized Estimating Equations (GEE) analysis was
undertaken using the Generalized Linear Model approach implemented in the SAS procedure
GENMOD. Since the outcome was binary, a logit link function was employed using the
binomial distribution and an exchangeable error structure. Moderator analyses were conducted
using the procedures just described and each moderator was crossed with the treatment
condition in an ITT analysis. Mediation analyses were undertaken following Baron and
Kenny’s (34) approach as modified by Kenny et al. (35). Since decisional balance was a
continuous variable, prior to undertaking the mediation analyses described below, a mixed
linear model was used to determine if it was necessary to account for the nested data structure
noted above. An unconditional means model implemented in the SAS procedure MIXED was
used for this purpose. Again, the mediation analyses were conducted as ITT.
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In addition to following the recommendation of Kenny et al. (35), the significance of the
indirect effect was assessed using bootstrap sampling with a 95% confidence interval (Cl)
around the indirect effect. If the interval did not contain zero, it was assumed that the indirect
path was statistically significant and would represent evidence for mediation. For this purpose,
1000 bootstrap samples were generated using random sampling with replacement.

Intervention Effects on CRCS Adherence—At the follow-up, 88 of the 412 participants
reported having been appropriately screened while 264 did not report appropriate screening.
There were 60 people for whom data on screening at follow-up were missing. For the ITT
analysis, the latter group was coded as not having been screened. Across study conditions,
CRCS adherence at follow-up was: 15.4% in GP (19/123), 28.4% in TP (40/141), and 33.0%
in TP + TC (29/88). In ITT analyses, CRCS adherence at follow-up was 13.7% in GP, 24.8%
in TP, and 25.9% in TP + TC.

In the initial ITT analyses, potential covariates of screening adherence were assessed and none
were significant. The GEE analysis of screening adherence as a function of the intervention
indicated that there was a significant (Wald Chi-Square = 6.84; p = 0.033) intervention effect.
Contrasts indicated that those in the TP + TC condition were significantly (Wald Chi-Square
= 4.40; p = 0.036) more likely to be screened than those in the GP condition as were those in
the TP condition (Wald Chi-Square = 6.15; p = 0.013). However, there was no difference in
screening adherence for those in the two tailored conditions.

Since there were no differences between the two tailored conditions, the data for these arms
were combined and compared to GP. In what follows, the reconfigured group will be referred
to as the combined tailored condition. The GEE analysis continued to indicate a significant
(Wald Chi-Square = 6.97, p = .008) combined treatment effect. In this analysis, those in the
combined tailored condition were 2.12 times more likely to be adherent than those in the GP
condition.

Moderator Effects—Moderator effects included previous CRCS history (yes/no), number
of family members with CRC, whether the participant had received a physician
recommendation for CRCS at the baseline interview, baseline CRCS intention, and the
closeness of the participant’s relationship to the affected sibling. None of these variables
moderated the treatment effects on screening adherence.

Mediator Effects—The results for screening adherence reported above address Kenny and
colleagues’ (35) first criterion for mediation which was satisfied. In the second step of the
mediation procedure, it is necessary to demonstrate that the treatment predicts the hypothesized
mediating variable. For decisional balance and personalization of the print materials, a
preliminary analysis using an unconditional means approach within a linear mixed model
framework was conducted to determine whether it was necessary to take into account the
possibility that responses of individuals within the same family might be correlated with one
another thus requiring control in any subsequent analyses. Two models were run for decisional
balance and personalization. The first model assumed that the responses were uncorrelated
with one another and the second that they were correlated. The difference in the deviance
measures for these two models are distributed as a Chi-Square with degrees of freedom equal
to the difference in the number of parameters to be estimated in the two models (36). These
tests indicated no statistical support for the hypothesis that an analysis controlling for clustering
within families was necessary. As a result, the second step of mediation employed a traditional
ANCOVA with the baseline assessment of decisional balance as the covariate. Since
personalization was measured only once (at follow-up), the combined tailored condition was
the only explanatory variable in the model.
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If decisional balance and personalization met the criterion of being predicted by the combined
tailored condition, each was then included in the GEE model predicting screening adherence
as a function of the combined tailored condition. This analysis allowed an assessment of the

possible mediating effect of decisional balance and personalization.

The combined tailored condition was a significant predictor of decisional balance at follow-
up (F (1,393) =5.92; p = 0.015). The mean decisional balance score for those in the combined
tailored condition was significantly higher than for those in the GP condition (5.89 vs. 3.71).
As noted above, those in the combined tailored condition were significantly more likely to be
compliant with CRCS compared to those in the GP condition. When decisional balance was
added to this model, those with higher decisional balance scores (more pros of CRCS than
cons) were significantly more likely to be adherent (z = 4.01; p < 0.0001). The addition of the
follow-up decisional balance score (controlling for baseline decisional balance) indicated that
while the magnitude of the parameter estimate for treatment condition decreased compared to
the model without decisional balance (0.73 vs 0.75), it was still statistically significant (z =
2.53; p=.012).

To assess the significance of the indirect path from the combined tailored conditions compared
to the GP arm on decisional balance and from decisional balance to screening adherence, 1000
bootstrap samples were used to generate the 95% CI for the indirect effect. Since this interval
did not contain zero (0.014, 0.297), decisional balance did mediate the effect of the combined
tailored condition on screening adherence. However, since the combined tailored condition
continued to be a significant predictor of screening adherence after decisional balance was
included in the model, this result suggests that, in addition to decisional balance, there are other
potential mediators of the combined tailored condition.

The combined tailored condition was also a significant (F (1,268) = 15.87, p <.0001, predictor
of personalization of the print materials. The mean personalization score for those in the
combined tailored condition was significantly higher than for those in the GP condition (5.68
vs. 5.02). When personalization was added to the model predicting screening adherence, it was
a significant predictor of screening adherence (z = 2.63, p = 0.009). However, rather than
decreasing in magnitude as one would expect if personalization was a mediator, the parameter
estimate for treatment condition increased (1.05 vs 0.75). Thus, personalization was not a
mediator of the effect of the combined tailored condition on screening adherence.

Discussion

Results of our analyses indicate that CRCS adherence increased among intermediate risk
siblings enrolled in all three intervention groups. Participants in both tailored intervention
groups obtained CRCS at a significantly higher rate than participants in the generic print group.
These findings are impressive because this population was relatively resistant to CRC
screening. Indeed, the average time since the affected sibling’s diagnosis was more than two
years and these participants had not yet obtained appropriate CRC screening. The fact that the
tailored interventions were able to assist participants in overcoming barriers to having
screening is encouraging.

CRCS adherence in the two tailored groups (ITT results = 24.8% in TP, 25.9% in TP + TC)
was greater than that noted in previous studies of intermediate risk FDRs of individuals with
CRC. Rawl and colleagues (16) reported risk-appropriate screening rates of 14.3% in their
tailored print group and Glanz and colleagues (15) reported an increase in CRCS screening of
20% after 4 months in their CRC risk counseling intervention group. However, our rates were
lower than Glanz’s one year follow-up, in which the risk counseling resulted in a 33% increase
in CRCS over baseline rates. The significant increase in screening rates in the two tailored
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intervention groups of 11-12.8% relative to GP is consistent with Glanz and colleagues (15)
who reported a 13% to 14% difference between their more intensive risk counseling and general
health counseling groups.

Our finding that the addition of a telephone counseling session did not increase CRCS
significantly is consistent with a study of average risk individuals in which a phone contact
did not produce significant gains in CRCS when it was added to a tailored print intervention
(19). We do not know why telephone counseling was not effective. It is possible that the
telephone counseling, while highly regarded by participants, did not address barriers to
screening that had not already been covered by the tailored print and/or the relatively structured
approach may not have allowed the participant and counselor to process thoroughly the
practical and emotional barriers to screening in a great deal of depth. It is also possible that a
single telephone session was not a sufficient dose to motivate screening adherence beyond that
achieved by TP. Perhaps adding more telephone sessions, as has been done in behavioral
interventions for other health behaviors (e.g., 37) would have increased the call’s effectiveness
particularly considering the lack of screening adherence evident in this sample. Resistance to
the counseling contact may have been a factor. Although we were able to complete 87% of
these sessions, in most cases, the effort required to complete the session was significant. Fifty
percent of participants assigned to this condition canceled or missed their session at least once
before completing it. Overall, the additional time and expense to deliver the single telephone
counseling offered in this study did not result in improved CRCS rates beyond that achieved
by the tailored print and it is doubtful that additional telephone contacts or a more
comprehensive discussion of screening barriers would be either feasible or effective.

Mediators of change have received little attention in intervention studies seeking to improve
cancer screening practices. In our study, we examined a number of social-cognitive variables
that were targeted in the interventions. Among these factors, we identified only one mediator,
decisional balance. Decisional balance partially mediated the relationship between intervention
group and CRCS adherence among participants in the combined tailored condition. Knowledge
of CRC and CRCS, perceived CRC risk, CRC preventability, CRC severity, physician and
family support for screening, four processes of change, and personalization of the print
materials did not meet criteria for mediation. Surprisingly, although personalization of the print
materials was significantly impacted by the combined tailored interventions and not the generic
intervention, it did not mediate treatment effects. These findings are the first published attempt
to evaluate possible mechanisms for CRCS interventions. There have been two other published
studies examining possible mechanisms for behavioral interventions to improve cancer
screening. Our results are partially consistent with one of these studies. Aiken and colleagues
(27) reported that their psychological intervention targeting mammography adherence resulted
in increased perceptions of risk, which in turn lead to increased perceptions of the benefits of
mammaography, which then lead to increases in screening intentions and ultimately to increased
progression in steps to mammaography (e.g., making an appointment). Although we did not
evaluate these complex intermediate associations (risk and/or severity leading to intentions),
our results are somewhat consistent with Aiken in that we found that decisional balance was
impacted by the combined tailored interventions and served as a partial mediator of CRCS.
Our results are also similar to research identifying mediators of physical activity interventions
suggesting that benefits and barriers mediate activity changes (38).

The identification of mediators was challenging for this study. A review of the limited relevant
literature suggests that mediator identification has been relatively challenging for other cancer
screening interventions as well. For example, Hay and colleagues (39) also evaluated several
social-cognitive theory constructs as possible mediators of a nurse intervention to increase skin
self-examination and reported that only self-efficacy mediated treatment effects. One factor

that may have influenced our results is the fact that mediators were assessed at the same time
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as screening status, at the six month follow-up time point. Future studies should include an
immediate post-intervention assessment to assess changes in putative mediators which may
not have lasted for six months.

It is surprising that decisional balance was the only mediator for the tailored interventions and
that it only partially mediated the treatment effect. Along with our results suggesting that TC
did not add to the effects of TP on CRCS, these results suggest that unknown characteristics

of the counseling session did not add to the efficacy of TC. A more in-depth process or content
analysis of the elements of the TC sessions may elucidate the reasons why TC did not add to
the experimental effects.

Several limitations of this study should be noted. First, the population was primarily white,
married, and possessed health insurance. There were more women in the sample than men.
The gender inequity is not representative of this population which is likely comprised of an
equal representation of men and women. This could limit the ability to generalize the study’s
findings. Second, the acceptance rate among index patients and siblings was modest. It should
be noted that our participation rate among eligible index patients (32%) was slightly higher
than rates reported in other studies (16) (19%). The acceptance rate among eligible siblings
(34.9%) was lower than the rates of 50% and 75% reported in two prior studies study (15,
16). Participant siblings in the present study were more likely to be female and younger than
refusers which may have biased our study results in an unknown manner. A third limitation
regards the timing of the assessment of mediating variables which were assessed at the time
of the follow-up assessment. One criterion for proving mediation is that change in the mediator
should occur before meaningful change in the outcome significantly more frequently than
would be expected on the basis of chance in the intervention condition (34). Because we did
not collect data after the intervention but before the six month follow-up, it is possible that a
change in the outcome (screening) preceded a change in the mediators which is incompatible
with the concept of mediation. For example, it is possible that once the participant had
screening, he/she realized that it was not as aversive as he/she initially believed (e.g., screening
lead to a reduction in perceived barriers). It has been noted that it is vital to document that
change in the mediator precedes change in the outcome to establish mediation in randomized
trials (40). Several of the mediation measures consisted of one or two items (preventability,
curability, family support) and it is possible these measures were not sufficiently sensitive to
detect experimental effects. Fourth, the follow-up period was only six months and it is possible
that there would have been greater reported CRCS rates with a longer follow-up. A final
limitation is the external validity and potential for dissemination of the tailored print
intervention evaluated in this study. Green and Glasgow (41) have developed a set of criteria
for evaluating the external validity and potential for implementation of research which include
reach and representativeness, implementation and consistency of effects, and maintenance and
institutionalization. Although the present study meets a number of these criteria such as the
reporting of the sample characteristics, an evaluation of possible mechanisms of change, and
an assessment of moderators, it may be a challenge to access siblings of early onset CRC
patients in the community and it may be difficult and costly to implement a tailored print
intervention in a clinic setting. Future effectiveness research on tailored print interventions in
clinic settings may best be able to address the external validity of this study.

These limitations notwithstanding, we developed and evaluated an efficacious tailored print
intervention for intermediate risk siblings of individuals diagnosed with CRC and we provide
initial evidence to suggest that the impact of the tailored print intervention may be partially
due to increases in perceived benefits and reductions in perceived barriers. Our data also
suggest that tailored telephone counseling did not add to the effects of the tailored print
intervention indicating that it may not be worthwhile to pursue telephone counseling
interventions of this nature with this population. However, it may be fruitful to more carefully
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evaluate tailored telephone counseling in terms of identifying reasons why it was not helpful.
Future research should evaluate other moderators for treatment effects, additional mediators
such as self-efficacy for intervention effects, assess mediators during the immediate post-
intervention time interval, and consider methods to bolster screening adherence in addition to
tailored print. Further, assessment of the cost-effectiveness of these interventions may assist
in policy decisions regarding their subsequent dissemination as a component of standard care.
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