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Introduction: Colorectal cancer screening (CRCS) remains underutilized. Decision aids (DAs) can
increase patient knowledge, intent, and CRCS rates compared with “usual care,” but whether inter-
activity further increases CRCS rate remains unknown.

Study design: A two-armed RCT compared the effect of a web-based DA that interactively
assessed patient CRC risk and clarified patient preference for specific CRCS test to a web-based DA
with the same content but without the interactive tools.

Setting/participants: The study sites were 12 community- and three university-based primary
care practices (56 physicians) in southeastern Michigan. Participants were men and women aged
50−75 years not current on CRCS.

Intervention: Random allocation to interactive DA (interactive arm) or non-interactive DA (non-
interactive arm).

Main outcome measures: Primary outcome was medical record documentation of CRCS 6
months after the intervention. Secondary outcome was patient decision quality (i.e., knowledge,
preference clarification, and intent) measured immediately before and after DA use, and immedi-
ately after the office visit. To determine that either DA had a positive effect on CRCS adherence,
usual care CRCS rates were determined from the three university-based practices among patients
eligible for but not participating in the study.

Results: Data were collected between 2012 and 2014; analysis began in 2015. At 6 months, CRCS rate
was 36.1% (95% CI=30.5%, 42.2%) in the interactive arm (n=284) and 40.5% (95% CI=34.7%, 46.6%)
in the non-interactive arm (n=286, p=0.29). Usual care CRCS rate (n=440) was 18.6% (95%
CI=15.2%, 22.7%), significantly lower than both arms (p<0.001). Knowledge, attitude, self-efficacy,
test preference, and intent increased significantly within each arm versus baseline, but the rate was not
significantly different between the two arms.

Conclusions: The interactive DA did not improve the outcome compared to the non-interactive DA. This
suggests that the resources needed to create and maintain the interactive components are not justifiable.

Trial registration: This study is registered at www.clinicaltrials.gov NCT01514786.
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INTRODUCTION
Colorectal cancer screening (CRCS) is recom-
mended for all average-risk U.S. adults aged
50−75 years because it reduces CRC death and

morbidity.1−4 Main CRCS test options are stool blood
test (SBT) and colonoscopy, unless the adult is at
increased risk for CRC, in which case colonoscopy is rec-
ommended.1,5 CRCS rates have shown an upward trend,
with overall CRCS rates increasing from 34% in 2000 to
nearly 63% in 2015.6 However, millions of eligible people
remain unscreened by any method.6 No strong evidence
exists that favors one CRCS test over another for reduc-
ing CRC mortality in average-risk adults.1,6 Offering
patients CRCS test options improves CRCS rates.6,7

Physicians are encouraged to incorporate patient val-
ues when discussing CRCS and eliciting patients’ screen-
ing choice, and to counsel patients to choose the CRCS
test most congruous with their risk and values.8−11

Shared decision making (SDM) recognizes the central
role of the patient−physician relationship in helping
patients make such decisions.10,12 However, SDM
requires more time and resources than most physicians
have, especially with multiple, competing agendas.13−16

Also, physicians do not always correctly perceive and
address those factors important to patients and may not
have the training and skills to provide for an effective
SDM encounter.9,12,15,17,18

Decision aids (DAs) may facilitate SDM by reducing
patient decisional conflict, improving patient knowl-
edge, and activating patients in decision making with-
out increasing anxiety.19 Studies utilizing DAs with or
without other interventions have shown variable
increases in CRCS adherence.20−46 However, much is
still unknown about DAs and CRCS, especially the role
of interactivity in determining the patients’ risk for
CRC and clarifying their CRCS test preference. In par-
ticular, it is unknown whether these additional interac-
tive elements lead to increased CRCS adherence and
decision quality. Interactivity of electronic education
resources is promoted to improve communications
with patients, as it allows for two-way communication,
synchronicity, and a personalized experience.47−49

However, none of the examined studies compared the
new technology with interactivity with a similar system
without interactivity. The common comparisons were
usual practice or an existing system that did not have
the same content or formatting.
ColoDATES Web (CW) is an interactive DA for

CRCS designed to be used prior to a clinic visit.35,50,51 It
contains an interactive tool to clarify patient preference
for a specific CRCS test, and was developed through
extensive formative research, including focus groups,

78 Jimbo et al / Am J Pre
usability testing, and a pilot RCT, which showed that
42% of previously unscreened patients using CW under-
went CRCS at 6 months, compared with 20% of those
who used a generic website (p=0.035). To the authors’
knowledge, the pilot RCT was the first published study
to show that an interactive, preference-tailored DA
improved CRCS adherence compared with generic
CRCS information.21,23 However, there were several lim-
itations. First, it was not clear which components of CW
(e.g., the interactive tool to clarify patient preference for
a certain CRCS test, graphics, comparison table of CRCS
options) improved the CRCS rate compared with the
generic website. Second, CRCS adherence was self-
reported and not verified by chart audit. Third, CW did
not incorporate patients’ risk for CRC. As the CRCS test
option is limited to colonoscopy for those with increased
risk, not knowing their risk may give patients with
increased risk a false sense of choice. Therefore, an inter-
active risk assessment component was added. Screen
shots of the DA are provided in Appendix Figure 1
(available online). In this study, Decision Aid to Techno-
logically Enhance Shared Decision Making (DATES),
the authors tested CW’s effectiveness for increasing
CRCS adherence with Standard Web (SW), a DA that
was identical to CW in all aspects except for lack of
interactive components of CRC risk assessment and
CRCS preference clarification. The study also assessed
the effects on patient’s decision quality (e.g., knowledge,
attitude, preference clarification, and intent).
METHODS

Study Population
This study was a single-blinded, two-armed RCT comparing CW
(interactive arm) to SW (non-interactive arm). The tool’s concep-
tual framework was adapted from the Theory of Planned Behav-
ior52,53 (Appendix Figure 2, available online). In the interactive
arm, CW had two interactive components. One consisted of the
Interactive Risk Assessment Tool. Patients were asked questions
about their personal and family history of conditions that may
increase their risk for CRC (e.g., family history of CRC). If they
answered yes to any of them, they were notified of possible
increased risk of CRC and asked to consider colonoscopy as the
CRCS option. (They could proceed further to review the CRCS
options if they so desired.) If they answered no to all questions,
they were notified of average risk and recommended to proceed
with reviewing CRCS options. The other component consisted of
the Interactive CRCS Preference Clarification Tool. After reviewing
the CRCS options, patients were provided with 12 CRCS test attrib-
utes (e.g., accuracy, not missing work, not sedated) and asked to
select the three attributes most important to them. Once these
three attributes were selected, the test, either colonoscopy or SBT,
that best matched these attributes was presented. If the patients
were at increased risk of CRC and the three top attributes were
www.ajpmonline.org
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best matched to SBT, a recommendation was posted that they
may benefit more from colonoscopy. If they were of average risk,
either test was recommended as a good choice. An option of not
undergoing CRCS was not presented because all U.S. guidelines
strongly recommend CRCS. The updated CW also had the read-
ing level decreased from the previous 11th grade to 8th grade
level. It used a renewed platform with faster speed, better graphics,
and more straightforward flow, and aligned the CRCS options to
those actually available in the community practice setting: colo-
noscopy and SBT.

The participants were patients in one of 12 community- and
three university-based primary care practices (family medicine or
general internal medicine; 56 total physicians) in Southeast Michi-
gan, aged 50−75 years, and not current in CRCS. Ineligibility cri-
teria included dementia, psychosis, previous CRC, medical
contraindication to CRCS (e.g., terminal illness), and inability to
read or write English. One of four research assistants designated
to each practice reviewed the scheduled chronic care and health
maintenance visits several weeks in advance and prepared a list of
eligible patients. Blacks were oversampled to ensure a robust com-
parison with whites. There was no sex bias in the selection of par-
ticipants. The research assistant called the patient before the
scheduled visit and asked them to come to the clinic 1 hour before
the scheduled visit. On the day of the visit, the research assistant
met the patient in a private space identified beforehand in each
office. The patient was handed a laptop with wireless connection
and electronically worked through the informed consent and
baseline survey, after which they were automatically randomized
to the interactive or non-interactive arm. They subsequently
underwent CW (interactive arm) or SW (non-interactive arm)
and post-web survey. Both CW and SW were formatted in a way
that recommended that the patient proceed in the following
sequence: introduction, facts about CRC, risks for CRC, Interac-
tive Risk Assessment Tool (for CW only), description of CRCS
test options, comparison table of the CRCS test options, Interac-
tive CRCS Preference Clarification Tool (for CW only), final page
that asks the patient to select a CRCS test, and a summary of
results. In CW, the patient could not proceed further without
completing the Interactive Risk Assessment Tool or the CRCS
Preference Clarification Tool. DA web use data were collected to
ensure that the patient went through all of the pages. Immediately
after DA use, the patient completed the post-web survey. Then,
the patient met with the physician and afterward underwent a
post-encounter survey (paper). Steps are summarized in Appen-
dix Figure 3 (available online). The detailed study protocol is pub-
lished elsewhere.54 The IRB at the University of Michigan
approved the data collection protocols (HUM00044733). The
study is registered at https://clinicaltrials.gov (NCT01514786).

Measures
The primary outcome was the proportion of patients having
received CRCS 6 months after the intervention. Secondary out-
come was patient decision quality (i.e., knowledge, attitude, self-
efficacy, test preference, and intent to get screened). Knowledge,
attitudes, and self-efficacy were measured twice, at baseline and at
the end of DA intervention (post-web). Intent and test preference
were measured additionally at the end of the physician encounter.
Knowledge was measured as the total number of correct responses
to eight questions about CRCS. Patient attitude were measured
using a number of 5-point Likert items from a validated scale.55
July 2019
Intent was scored on a 5-point ordinal scale: Definitely Will Do,
Will Do, Will Not Do, Definitely Will Not Do, and Don’t Know. At
baseline, only 2.5% of the responses fell into the categories Will
Not Do and Definitely Will Not Do combined. Thus, this variable
was dichotomized by combining Definitely Will Do and Will Do
into one category and the remaining three responses into another.
Self-efficacy was measured by a 5-point ordinal item. For analysis,
self-efficacy was subsequently converted to a three-category ordi-
nal variable denoting low (Strongly Disagree, Disagree), medium
(Neither Agree nor Disagree), and high (Strongly Agree, Agree).
This was how self-efficacy was coded when used as a covariate.
However, as a three-category multinomial outcome in a longitudi-
nal setting (three time points), the comparisons became complex
and hard to interpret. Thus, when treated as an outcome, low and
medium self-efficacy were collapsed so that they could be treated
as a dichotomous variable modeling the likelihood of high self-
efficacy. Patient preference for particular CRCS test was originally
collected on a five-category nominal scale: Colonoscopy, Stool
Blood Test, No Preference, Neither, and Don’t Know. This was also
initially converted into a scale with three categories: (1) having a
specific preference for SBT or colonoscopy formed by collapsing
the first two categories, (2) not having a preference (No Preference,
Don’t Know), and (3) wanting neither test (Neither). The preva-
lence of the third category was extremely low (around 5%). Thus,
Categories 2 and 3 were combined when considered as an out-
come modeling the likelihood of having a specific preference.56

Demographic information, current health status (patient self-
rating), and information on prior exposure to CRCS were used as
covariates and were obtained from patient’s medical chart and
baseline survey. The baseline survey also provided estimates of
degree of CRC and CRCS testing worries.56 Another covariate
used in the analyses was perceived risk, which was converted from
an original 5-point scale to a dichotomy (high/medium versus
low). The rationale for the analytic structure and further details
about each of the measures have been described elsewhere.34 The
measures covered by each survey are summarized in Appendix
Table 1 (available online).

Statistical Analysis
Demographic and baseline measures were compared between
study arms using chi-square and independent sample t-tests. The
main outcome of screening was compared across the study arms
under the framework of a logistic regression. The primary covari-
ate of interest was the study arm. The model was further adjusted
for measures of test worries, cancer worries, perceived risk, dura-
tion of DA use, increased risk for CRC, prior exposure to CRCS,
current health, sex, age, and race. Two separate models were
explored that controlled for knowledge, attitude, self-efficacy,
intent, and test preference measured at baseline and end of study.

To investigate whether the intervention had any effect on the
secondary outcomes, each was analyzed under a mixed-model
framework. Models for the outcomes of knowledge and attitude
used linear mixed models, whereas the measures of self-efficacy,
test preference, and intent were analyzed using a logistic random
effects regression model. The primary covariates in each model
were time, group, and the time X group interaction. The clustering
within each subject was accounted for by a random subject-level
intercept. Model for knowledge was controlled for demographic
factors such as age, race, sex, current health status, and prior
CRCS exposure. Models for all other secondary outcomes were

https://clinicaltrials.gov
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additionally controlled for cancer and test worries, perceived risk,
and the baseline measures of other secondary outcomes. A parallel
analysis was carried out using the time-dependent versions of
knowledge, attitude, and self-efficacy as covariates.
RESULTS

Patients were recruited from May 2012 to September
2014. Recruitment results based on CONSORT are pre-
sented in Appendix Figure 4 (available online). No
harms or unintended effects were noted. Web use data
Table 1. Demographic and Baseline Characteristics of Study Par

Variable Overall (n=570) C

Age, years, M (SD) 57.7 (6.9)

Race

White 313 (55.1)

Black 208 (36.6)

Other 47 (8.3)

No answer (missing) 2

Sex

Women 320 (56.1)

Current health

Excellent 48 (8.4)

Very good 175 (30.7)

Good 213 (37.4)

Fair 113 (19.8)

Poor 21 (3.7)

Prior exposure to CRCS

Yes 318 (55.8)

Baseline knowledge, M (SD) 4.6 (1.8)

Baseline attitudes, M (SD) 17.0 (2.8)

Baseline cancer worries, M (SD) 5.4 (1.9)

Baseline test worries, M (SD) 8.3 (2.4)

Baseline perceived risk

Low 285 (50.0)

Medium 227 (39.8)

High 58 (10.2)

Baseline self-efficacy

Low 138 (24.2)

Medium 142 (24.9)

High 290 (50.9)

Baseline test preference

Has preference 286 (50.2)

No preference 254 (44.6)

Neither 30 (5.3)

Baseline intend to be screened

Yes 357 (62.6)

Increased CRC risk

Yes 202 (35.4)

Note: Boldface indicates statistical significance (p<0.05). Data presented as
CRC, colorectal cancer; CRCS, colorectal cancer screening.
showed that patients reviewed all screens in the DAs.
Patient satisfaction regarding DA use was similarly high
in both arms (Appendix Table 2, available online).
Demographic and baseline characteristics of study par-
ticipants are shown in Table 1. Recruitment was very
close to the target of 600. Participants mean age was
58 years, and slightly more than half were white (55.1%)
and women (56%). The non-interactive arm had slightly
older participants (M [SD]=58 [6.9] years vs 57 [6.8]
years, p=0.04), more women (62% vs 50%, p=0.006), and
higher prior CRCS exposure (60% vs 51%, p=0.04) than
ticipants

ontrol (n=286) Intervention (n=284) p-value

58.3 (6.9) 57.1 (6.8) 0.04

0.70

157 (55.1) 156 (55.1)

107 (37.5) 101 (35.7)

21 (7.4) 26 (9.2)

1 1

0.006

177 (61.9) 143 (50.4)

0.21

30 (10.5) 18 (6.3)

83 (29.0) 92 (32.4)

109 (38.1) 104 (36.6)

57 (19.9) 56 (19.7)

7 (2.5) 14 (4.9)

0.04

172 (60.1) 146 (51.4)

4.6 (1.9) 4.7 (1.8) 0.49

16.8 (2.9) 17.1 (2.6) 0.26

5.3 (1.9) 5.6 (1.9) 0.05

8.3 (2.5) 8.4 (2.3) 0.53

0.31

150 (52.5) 135 (47.5)

105 (36.7) 122 (43.0)

31 (10.8) 27 (9.5)

0.79

66 (23.1) 72 (25.3)

71 (24.8) 71 (25.0)

149 (52.1) 141 (49.7)

0.48

150 (52.5) 136 (47.9)

123 (43.0) 131 (46.1)

13 (4.5) 17 (6.0)

0.98

179 (62.6) 178 (62.7)

106 (37.1) 96 (33.8) 0.42

n (%) unless otherwise indicated.

www.ajpmonline.org



Table 2. Demographic and Sociocognitive Characteristics
Associated With CRCS

Characteristics

Logistic regression of
CRCS status after
6 months (n=514)

OR (95% CI) p-value

Study arm

Non-interactive ref —
Interactive 0.94 (0.63, 1.39) 0.741

Age 0.99 (0.96, 1.02) 0.623

Race

White ref —
Black 0.45 (0.29, 0.71) 0.001

Other 1.14 (0.57, 2.27) 0.716

Female 1.14 (0.77, 1.69) 0.516

Current health 1.36 (1.10, 1.69) 0.005

Increased risk 1.08 (0.70, 1.67) 0.712

Prior exposure 1.75 (1.14, 2.68) 0.010

Web duration 0.99 (0.97, 1.00) 0.082

Knowledgea 1.05 (0.92, 1.19) 0.479

Attitudea 0.99 (0.90, 1.09) 0.810

Cancer worriesa 0.97 (0.87, 1.09) 0.673

Test worriesa 0.99 (0.89, 1.09) 0.827

Perceived riska

Low ref —
Medium 1.08 (0.68, 1.70) 0.748

High 1.04 (0.57, 1.89) 0.908

Self-efficacya

Low ref —
Medium 0.86 (0.41, 1.82) 0.697

High 1.58 (0.80, 3.10) 0.184

Intent to be screenedb 1.90 (0.98, 3.67) 0.056

Test preferenceb

Preference ref —
No preference 1.23 (0.59, 2.56) 0.582

Neither 0.36 (0.04, 3.42) 0.371

Note: Boldface indicates statistical significance (p<0.05).
aMeasured at post-web.
bMeasured at post-encounter.
CRCS, colorectal cancer screening.
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interactive arm participants. Study arms were compara-
ble in all other baseline measurements.
Six-month chart audit data were finished in March

2015 and available for 549 participants, of which 548
CRCS statuses were determined. More than one-third
(38%) of participants received CRCS within 6 months of
study enrollment. CRCS rate was not significantly differ-
ent between the two arms (41% non-interactive vs 36%
interactive, p=0.29). To determine that either DA
increased CRCS adherence compared with no DA, 440
patients across the three university-based clinics who
were eligible but did not participate in the study were
analyzed for CRCS adherence 6 months after the invita-
tion. These patients were comparable in sex distribution
(59% female vs 57% female in study, p=0.57), but slightly
older (M [SD]=57.6 [6.5] vs 55.9 [6.3] in study, p=0.002)
compared with the study participants from the same
sites. This “usual care” group had significantly lower
(p<0.001) screening rates (19%) during the same time
period compared with the 207 patients enrolled in these
sites within both arms (47% non-interactive, 41% inter-
active). There was a significant association between race
and CRCS rate. Overall, the CRCS rate in blacks was sig-
nificantly lower than that in whites (28% vs 47%,
p<0.001). CRCS rate between the non-interactive arm and
the interactive arm remained similar for blacks (p=0.71)
and whites (p=0.29).
The two adjusted analyses using either the baseline or

the end-of-study measurements of knowledge, self-effi-
cacy, attitudes, intent, and test preference as covariates
yielded very similar results. Here, the findings from the
model using the end-of-study measurements are
reported. The study arm was not significantly associated
with any outcome. Race, baseline health status, prior
exposure to CRCS, post-web self-efficacy, and post-
encounter intent were all significantly associated with
CRCS (Table 2). Blacks were significantly less likely to
be screened than whites. Patients who self-rated their
health to be higher had previous CRCS, had higher self-
efficacy, and had higher intent had higher odds of CRCS
adherence.
The time X group interaction term was not significant

for each of the secondary outcomes. There was no signif-
icant difference between the two arms. In either arm,
there was a statistically significant improvement across
time, the extent of which was quite similar. Thus, in
reporting the tables, the interaction term was dropped
and the group-averaged time effect was presented. Simi-
larly, the group coefficient denotes the effect averaged
across all time points.
These were measured at two time points, baseline and

post-web. Mean knowledge score was significantly
higher at post-web (M [SD]=6.1 [1.7]) versus baseline
July 2019
(M [SD]=4.6 [1.8]) (Table 3). Knowledge was also higher
in blacks (compared with whites), women, individuals
with higher self-reported health, and those who had
CRCS previously. Women had a higher mean attitude
score compared with men. Attitudes surrounding CRCS
improved significantly at post-web (M [SD]=17.3 [2.2]
vs 16.9 [2.8]). Overall attitude was inversely related to
age and test worries, whereas increased health, perceived
risk, knowledge, and self-efficacy were all positively asso-
ciated with CRCS attitudes. Odds of having high self-
efficacy were higher at post-web versus baseline (OR
[SE]=6.50 [1.58]). There was a racial difference with
regard to this outcome, as blacks had higher odds than



Table 3. Changes in Knowledge, Attitudes, and Self-Efficacy

Variable

Knowledge (n=568) Attitudes (n=568) Self-efficacy (n=568)

B (SE) p-value B (SE) p-value OR (SE) p-value

Study arm

Non-interactive ref — ref — ref —
Interactive 0.20 (0.12) 0.10 0.16 (0.17) 0.35 0.93 (0.30) 0.81

Time

Baseline ref — ref — ref —
Post-web 1.46 (0.08) <0.001 0.37 (0.09) <0.001 6.50 (1.58) <0.001

Age 0.01 (0.01) 0.78 −0.04 (0.01) 0.001 0.98 (0.02) 0.52

Race

White ref — ref — ref —
Black −0.36 (0.13) 0.006 −0.07 (0.19) 0.72 4.69 (1.82) <0.001
Other −0.17 (0.23) 0.46 −0.48 (0.32) 0.13 2.67 (1.56) 0.09

Sex

Male ref — ref — ref —
Female 0.37 (0.12) 0.002 0.36 (0.17) 0.04 0.64 (0.21) 0.16

Current health 0.24 (0.06) <0.001 0.09 (0.09) 0.34 1.77 (0.32) 0.001

Prior CRCS exposure

No ref — ref — ref —
Yes 0.26 (0.13) 0.045 0.21 (0.18) 0.26 1.91 (0.66) 0.06

Baseline perceived risk

Low — — ref — ref —
Medium — — 0.70 (0.19) <0.001 1.09 (0.38) 0.82

High — — 0.59 (0.30) 0.047 1.83 (1.05) 0.29

Baseline cancer worries — — 0.01 (0.05) 0.88 1.01 (0.09) 0.95

Baseline test worries — — −0.19 (0.04) <0.001 0.59 (0.05) <0.001
Baseline knowledge — — 0.25 (0.05) <0.001 1.19 (0.11) 0.06

Baseline self-efficacy

Low — — ref — — —
Medium — — 0.70 (0.24) 0.004 — —
High — — 1.51 (0.23) <0.001 — —

Baseline attitude — — — — 1.40 (0.09) <0.001

Note: Boldface indicates statistical significance (p<0.05).
CRCS, colorectal cancer screening.
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whites of having high self-efficacy. The odds of having
higher self-efficacy were also noted in those with better
self-reported health and baseline knowledge, and lower
for those having increased test worries.
Odds of having a specific CRCS test preference

were significantly higher at both post-web and post-
encounter compared with baseline (Table 4). Having
high self-efficacy at baseline also increased the odds
of having a specific CRCS test preference. Odds of
intending on being screened also rose significantly at
post-web and post-encounter compared with baseline.
Older participants had slightly lower odds of intend-
ing to get screened, while blacks had significantly
higher odds of intent than whites. Higher values of
baseline attitudes toward CRCS, higher self-efficacy,
and high perceived risk at baseline were associated
with higher odds of intent.
DISCUSSION

This study addressed whether interactivity of DA about
CRCS made a difference. The interactivity allowed
patients to determine whether they were at increased
risk for CRC and to engage in an exercise to clarify their
preference for a specific CRCS test. These interactive ele-
ments did not result in higher CRCS adherence, as CW
(interactive DA) and SW (non-interactive DA) had simi-
lar CRCS rates. Review of web use data pulled automati-
cally at the time of patient participation showed that the
patients reviewed all elements of CW and SW, including
the interactive elements in CW. Also, the DA was set up
in a way that the patient could not proceed to additional
steps without completing the interactive elements. To
ensure that the DA had a positive impact on CRCS, data
from eligible but non-participating patients in the three
www.ajpmonline.org



Table 4. Changes in Test Preference and Intent

Variable

Test preference (n=566) Intent (n=568)

OR (SE) p-value OR (SE) p-value

Study arm

Non-interactive ref — Ref —
Interactive 0.97 (0.18) 0.87 0.84 (0.24) 0.53

Time

Baseline ref — ref —
Post-web 8.94 (1.78) <0.001 3.49 (0.71) <0.001
Post-encounter 19.71 (4.79) <0.001 20.34 (5.80) <0.001

Age 1.03 (0.02) 0.05 0.94 (0.02) 0.01

Race

White ref — ref —
Black 1.46 (0.31) 0.076 2.27 (0.77) 0.02

Other 0.93 (0.32) 0.82 1.76 (0.92) 0.28

Sex

Male ref — ref —
Female 1.02 (0.19) 0.90 1.10 (0.32) 0.75

Current health 1.14 (0.11) 0.20 1.17 (0.18) 0.31

Prior CRCS exposure

No ref — ref —
Yes 1.22 (0.25) 0.32 1.49 (0.46) 0.20

Baseline perceived risk

Low ref — ref —
Medium 0.84 (0.17) 0.39 0.90 (0.28) 0.75

High 0.81 (0.26) 0.52 3.87 (2.21) 0.02

Baseline cancer worries 1.01 (0.05) 0.86 1.01 (0.08) 0.87

Baseline test worries 0.99 (0.05) 0.85 0.87 (0.06) 0.06

Baseline knowledge 1.07 (0.06) 0.18 1.17 (0.10) 0.05

Baseline self-efficacy

Low ref — ref —
Medium 0.76 (0.21) 0.32 2.18 (0.85) 0.04

High 0.56 (0.15) 0.03 6.70 (2.75) <0.001
Baseline attitude 1.01 (0.04) 0.76 1.25 (0.07) <0.001

Note: Boldface indicates statistical significance (p<0.05).
CRCS, colorectal cancer screening.
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university-based clinics were compared. The latter usual
care group had a significantly lower CRCS adherence
rate at 6 months. Although there is a possibility that the
usual care patients would have behaved differently in
other practices, it is notable that the difference in CRCS
rate between the two arms and the usual care group was
even more significant when the comparison was limited
to the three university-based practices.
In the pilot RCT, the interactive DA was compared

with a generic website not designed as a DA and was
publicly available (http://preventcancer.org/colorectal/;
no longer available online).35 The graphics and reading
levels were different from the interactive DA. In the cur-
rent study, the non-interactive DA was identical in con-
tent to the interactive DA and had a lower reading level
and a more refined and user-friendly interface54 (Appen-
dix Figure 1, available online). By making everything
July 2019
identical in the two DAs, except the interactivity, it is
likely that having a user-friendly DA with graphics that
are easy to comprehend and lower reading levels made
the inclusion of labor- and cost-intensive interactive
tools for risk assessment and CRCS preference clarifica-
tion unnecessary. It is notable that both arms in the cur-
rent study approached the CRCS rate of the pilot RCT
intervention arm. The impact of the pilot RCT may have
come from a better overall user experience with better
information content and clarity of presentation rather
than the interactive CRCS preference clarification tool.
Recent systematic review and meta-analysis concluded
that DAs improve CRCS over no information, but not
necessarily over general CRCS information.21 Also, there
is conflicting evidence about whether tailoring messages
and providing explicit clarification in DAs improve deci-
sion quality, let alone health outcomes.57 This study

http://preventcancer.org/colorectal/
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showed that providing interactive elements in a DA did
not further improve CRCS adherence over a non-inter-
active DA. This was despite linking the results from the
interactive risk assessment to differentiate CRCS option
recommendation for those with average versus increased
CRC risk, a feature even more tailored than a previous
study that linked risk assessment to DAs on CRCS.36,37

The important message for researchers and DA develop-
ers is to make sure the content of the intervention and
control DA is matched. The influential component may
not be the essential ingredient that was hypothesized
and designed. Given that DA implementation is low in
actual practice, more efforts are needed to improve prac-
tice adoption of DA rather than producing a “perfect”
DA.58

There are other possible explanations for the lack of
effect of interactivity. At the end of their use, both DAs
asked the patient to choose a CRCS test. This was also
asked in all three surveys: baseline before the DA inter-
vention, post-web immediately after the DA interven-
tion, and post-encounter immediately after the visit with
the physician. Asking to make a choice and multiple
questions about preference may have affected the
patient’s perception regarding preference and intent.
However, the presence of multiple data points is also a
strength of the study. It is also possible that the subse-
quent discussion and thus SDM with the physician was
different in the two arms following the intervention,
thus negating the effect of the interactivity. However, the
secondary outcomes that looked at patient knowledge,
attitude, self-efficacy, preference, and intent were similar
immediately after the DA use in both arms, as well as
preference and intent after physician encounter.
Notably, blacks had higher knowledge, self-efficacy,

and intent than whites. This difference persisted through
all three surveys (baseline, post-web, post-encounter),
showing that the DA and subsequent physician encounter
had an equally positive effect on both racial groups.
Despite this, blacks had a lower CRCS rate compared
with whites. Factors outside the control of this study likely
affected the outcome. To examine this, insurance status as
proxy for access to screening was analyzed. Compared
with whites, blacks were more likely to have Medicare/
Medicaid or no insurance than private insurance. Incor-
porating insurance status into the model, however, the
racial difference remained significant with similar magni-
tude. Previous studies have raised lack of time and lower
SES as additional barriers to CRCS among blacks.59 These
factors could not be examined in this study.
The study has several strengths. First, information was

collected on sociobehavioral factors that are potential
drivers of patient preference and intent and based on a
conceptual model applied from a validated theory.
Second, information was collected in the small to mod-
erate−sized practice settings in communities of varying
socioeconomic profiles, making the conclusion broadly
applicable. Third, blacks were intentionally over-repre-
sented in the study, providing a robust analysis of racial
effects. Fourth, all patients received the DA intervention
immediately before the visit with their physicians, mini-
mizing the effect of time lapse and involvement of
others. Finally, it is one of the first practice-based RCTs
that investigated the combined effect of broad patient
characteristics with DA in potentially changing knowl-
edge, attitude, preference, and intent regarding CRCS.

Limitations
The study also has limitations. First, it was a comparative
effectiveness study and did not have true usual care con-
trol. The authors were employed by the academic institu-
tion that oversaw the three academic practices, and thus
could obtain data on patients who did not participate in
the study with permission from the IRB. This usual care
group was slightly older, yielding a statistically significant
p-value, primarily due to the tightness of the age distribu-
tion. CRCS rates within these clinics, after adjustment for
sex and age, still differed significantly, with ORs >3 for
either comparison (usual care group versus interactive
arm and usual care group versus non-interactive arm).
Similar data were not obtained from other practices owing
to the lack of similar privilege. There is a possibility that
the non-participating patients had baseline sociobehavio-
ral factors that were less correlated with CRCS adherence.
The community offices’ usual care rates may have been
higher than the academic practices, but very unlikely. The
community offices are more likely to have lower usual
care CRCS rates because they do not have the resources of
academic offices in large integrated health systems. Recent
reports of baseline CRCS rates in a community health
center range from 9.7% to 67.2% (median, 30.6%) in 12
community health centers across multiple urban areas.60
CONCLUSIONS

A user-friendly DA led to positive changes in patient
knowledge, attitude, self-efficacy, preference, intent, and
CRCS adherence. Interactivity to determine risk and
clarify CRCS option preference did not affect the out-
come. A simple, user-friendly DA may be just as effec-
tive as a more complex interactive DA.
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