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Abstract

This study investigated predictors of overall and test-specific colorectal cancer screening (CRCS).
Stool blood test (SBT) and/or colonoscopy screening were offered to primary care patients in two
randomized controlled trials which assessed the impact of behavioral interventions on screening.
Data were obtained through surveys and electronic medical records. Among 1942 participants, 646
(33%) screened. Exposure to interventions was associated with higher overall CRCS by twofold to
threefold; older age, African American race, being married, and having a higher screening
decision stage were also associated with higher overall CRCS (odds ratios = 1.30, 1.31, 1.34, and
5.59, respectively). Intervention, older age, female gender, and being married were associated with
higher SBT adherence, while preference for colonoscopy was associated with lower SBT
adherence. Intervention and higher decision stage were associated with higher colonoscopy
adherence, while preference for SBT was associated with lower colonoscopy adherence. Among
older individuals, African Americans had higher overall CRCS than whites, but this was not true
among younger individuals (interaction p = 0.041). The higher screening adherence of African
Americans over whites was due to stronger screening with a non-preferred test, i.e., higher SBT
adherence only among individuals who preferred colonoscopy and higher colonoscopy adherence
only among individuals who preferred SBT. Intervention exposure, sociodemographic background,

Correspondence. Constantine Daskalakis, ScD, Division of Biostatistics, Department of Pharmacology & Experimental Therapeutics,
Thomas Jefferson University, 1015 Chestnut St., Suite 520, Philadelphia, PA 19107., Tel: 215-955-5695,
constantine.daskalakis@jefferson.edu.

AUTHOR CONTRIBUTIONS

CD and REM were responsible for the conceptual design of the manuscript. MD and REM oversaw implementation of the trials and
data collection. CD and SH performed the data analyses. All authors contributed to the interpretation of the results. CD drafted the
manuscript, and all authors worked on revisions and have approved the final version.

The authors report no financial disclosures.
Conflict of interest. The authors declare no conflict of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Daskalakis et al.

Page 2

and screening decision stage predicted overall CRCS adherence. Gender and test preference also
affected test-specific screening adherence. Interactions involving race and test preference suggest
that it is important to provide both colonoscopy and SBT screening options to patients, particularly
African Americans.

INTRODUCTION

Healthy People 2020 has called for colorectal cancer screening (CRCS) rates of at least
70%, and the National Colorectal Cancer Roundtable has set the goal at 80%.2 Currently,
about one in three Americans is not up-to-date with CRCS guidelines, and screening
adherence among African Americans is lower than among whites.34 Colonoscopy is by far
the most common screening modality (about six times more common than stool blood test).*

Previous studies have identified a number of sociodemographic characteristics (e.g., age,
sex, race, and ethnicity, marital status, education, socioeconomic status and income),>~13 and
behavioral factors (e.g., perceived susceptibility and self-efficacy)1912-14 that may influence
CRCS uptake. Provider and access factors (e.g., insurance status, provider recommendation,
and frequency of health care visits) have been reported to play an equally strong role in
primary care patients’ CRCS adherence.>-6:8-9.11-12.14-15 g¢reening test preference has also
been identified as a potential predictor of whether an individual screens and through which
modality.16-17

This paper aims to identify predictors of overall and test-specific CRCS adherence (i.e.,
stool blood test, SBT, and colonoscopy screening) among primary care patients, using data
from two completed randomized controlled trials of CRCS behavioral interventions.16-17
We also aimed to determine whether the role of such predictors differs among whites and
African Americans.

METHODS

Participants

Participants in two randomized controlled trials were between 50 and 79 years of age and
were not up to date with American Cancer Society (ACS) and United States Preventive
Services Task Force (USPSTF) CRCS guidelines. The first trial enrolled whites and non-
whites at 10 primary care practices in Delaware, between 2007 and 2010.16 Participants
were randomized to one of three groups: usual care (UC), mailed standard intervention (SI),
or tailored navigation intervention (TNI). The second trial enrolled African Americans at 13
primary care practices in Philadelphia, Pennsylvania, between 2008 and 2011.17 Participants
were randomized to either an SI or a TNI group. In addition, a linked sub-study included a
non-randomized group of African American patients who received a mailed tailored
intervention (TI). The trials were approved by the Institutional Review Boards of the
participating sites and informed consent was obtained from all participants.

Intervention delivery and data collection procedures were similar in the two trials. The
control group (UC) received the usual care at their practice, typically relying on providers to
identify eligible patients, discuss CRCS, and recommend screening. When this occurred, the
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screening modality offered was almost invariably colonoscopy. Sl participants were mailed
both a stool blood test kit (SBT) and instructions on how to schedule a colonoscopy. Tl
participants received the mailed screening materials, but only for the screening test they
preferred at enrollment. TNI participants were mailed similar tailored materials for their
preferred test, and received telephone navigation to encourage adherence. Details about the
rationale, design, and main outcomes of these studies have been reported elsewhere 16-17

Data Collection

Data on sociodemographic characteristics and perceptions related to CRCS were obtained
via administration of a baseline and an endpoint survey. In accordance with the Preventive
Health Model,18-19 we collected data that allowed us to compute a global CRCS perceptions
scale score and perception scores on five component subscales: perceived colorectal cancer
risk/susceptibility; perceived salience and coherence of screening; perceived response
efficacy of screening; worries about screening; and perceived social support and influence
related to screening. We also assessed each participant’s stage of decision making for overall
CRCS, and stage of decision making separately for SBT screening and colonoscopy
screening. These separate measures allowed for the determination of screening test
preference.20 Each of these measures has been validated and has been used in previous
studies.16-17

Screening adherence was assessed via an endpoint medical records review, supplemented by
data from the endpoint survey. Adherence was defined as performance of any CRCS test
recommended by guidelines that were in place when the trials were conducted (i.e., SBT
annually or colonoscopy every 10 years). We counted any test performed within 12 months
following trial enroliment.

Data Analyses

The objectives of this paper were to: 1) identify predictors of overall CRCS and test-specific
screening adherence; and 2) determine if the effect of these factors differs for whites vs.
African Americans. We pooled data from both trials, and analyzed overall CRCS adherence
(yes/no) via binary logistic regression, and test-specific screening adherence (no screening,
SBT screening, or colonoscopy screening) via multinomial logistic regression. The main
model included practice, study group (exposure to behavioral intervention), five
sociodemographic variables (age, sex, race, marital status, and education), the global
screening attitudes score, the overall decision stage (decided to screen, undecided about
screening, or decided not to screen), and test preference (prefer SBT, equal preference for
SBT and colonoscopy, or prefer colonoscopy). Furthermore, we assessed interactions
between race and other variables, one at a time. All statistical analyses were performed in
SAS 9.4 in 2017. The study had 80% power to detect interaction odds ratios (ORs) of about
2.0 or higher, depending on the distribution of each candidate predictor in the two racial
groups.
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RESULTS

The two trials originally enrolled 1988 participants between 2007 and 2011 (see
supplementary Figures S1 and S2). After excluding 28 participants who reported a race other
than white or African American and 18 participants with incomplete data, we conducted
analyses for 1942 individuals (732 whites and 1210 African Americans).

Table 1 shows that participants were predominantly female (65%) and between 50 and 59
years of age (71%), and overwhelmingly (90%) held favorable views on screening. The
distribution of CRCS decision stage was: prefer to screen (82%), undecided about screening
(15%), and prefer not to screen (3%). Finally, 32% of participants preferred colonoscopy
screening, 50% had an equal preference for SBT and colonoscopy, and 18% preferred SBT.

Overall CRCS Adherence

A total of 646 (33%) participants adhered to screening within 12 months following
enrollment. Table 2 summarizes the predictors of overall CRCS adherence. Exposure to
behavioral interventions increased screening (twofold to fourfold, depending on the intensity
of the intervention). Participants were also more likely to screen if they were 60 or more
years of age (odds ratio, OR = 1.30; 95% confidence interval, Cl: 1.04 to 1.63), were
married (OR = 1.34, 95% CI: 1.08 to 1.68), or had a higher screening decision stage
(undecided vs. prefer not to screen, OR = 2.33, 95% CI: 0.86 to 6.34; prefer to screen vs.
prefer not to screen, OR = 5.59, 95% CI: 2.11 to 14.8). In additional analyses, no CRC
screening perceptions were found to be associated with CRCS adherence (results not
shown).

SBT Screening Adherence

There were 329 (17%) participants who completed SBT screening. Table 3 shows that all
interventions substantially increased SBT screening adherence, compared to usual care (ORs
= 32.8, 7.84, and 42.6). SBT screening adherence was higher for individuals who were
female (OR = 1.39), 60 years of age or older (OR = 1.53), married (OR = 1.44), and had a
higher screening decision stage (OR = 2.17 for undecided vs. prefer not to screen and 4.14
for prefer to screen vs. prefer not to screen). Compared to an equal preference for SBT and
colonoscopy, having a preference for SBT screening was also associated with higher SBT
screening adherence (OR = 1.58), while having a preference for colonoscopy screening was
associated with lower SBT screening adherence (OR = 0.41).

Colonoscopy Screening Adherence

We found that 317 (16%) participants adhered to colonoscopy screening. Table 3 shows that
exposure to the tailored navigation intervention was modestly associated with colonoscopy
screening adherence (OR = 1.50). Higher screening decision stage was also associated with
higher colonoscopy screening adherence (OR = 3.61 for undecided vs. prefer not to screen
and 11.7 for prefer to screen vs. prefer not to screen). Compared to an equal preference for
SBT and colonoscopy, having a preference for SBT was associated with lower colonoscopy
screening adherence (OR = 0.52), while having a preference for colonoscopy screening was
associated with slightly higher colonoscopy screening adherence (OR = 1.20).
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Racial Differences in Overall and Test-Specific Adherence

Figure 1 summarizes odds ratios for the interactions between race (African American versus
white) and selected predictors. Only the interaction between race and age was statistically
significant (p = 0.041). That is, older African Americans were more likely to screen than
older whites (OR = 1.82, 95% ClI: 1.07 to 3.11), while younger African Americans and
younger whites had similar overall CRCS adherence (OR = 1.13, 95% ClI: 0.72 to 1.77).

Figure 2 summarizes the odds ratios for African Americans versus whites with respect to
test-specific screening adherence. Here, significant interaction effects for race again involved
age, but also preferred screening test (global p-values for interaction = 0.017 and 0.002,
respectively).

Racial differences with respect to SBT screening depended on both age and preferred
screening test (interaction p = 0.004 and 0.006, respectively). Older African Americans were
somewhat more likely to complete SBT screening than older whites (OR = 1.87, 95% ClI:
0.94 to 3.72), while there was a small inverse association in the younger age group (OR =
0.79, 95% CI: 0.43 to 1.44). Among participants who preferred SBT, SBT screening
adherence was similar for African Americans and whites (OR = 1.05, 95% CI: 0.51 to 2.14),
and the same was true among participants who had and equal preference for SBT and
colonoscopy screening (OR = 0.73, 95% CI: 0.39 to 1.38). However, among participants
who preferred colonoscopy, African Americans were more likely than whites to complete
SBT screening (OR = 2.32, 95% CI: 1.09 to 4.94).

With respect to colonoscopy screening adherence, the interaction between race and age was
not statistically significant (p = 0.564), while that between race and preferred screening test
was marginally significant (p = 0.052). Among participants who preferred SBT, African
Americans were much more likely than whites to undergo colonoscopy (OR = 5.78, 95% CI:
1.73 to 19.4). In contrast, among participants who preferred colonoscopy, adherence to
colonoscopy screening was not very different for African Americans vs. whites (OR = 1.33,
95% CI: 0.72 to 2.47), and the same was true for participants who had an equal preference
for SBT and colonoscopy screening (OR = 1.56, 95% CI: 0.82 to 2.96).

DISCUSSION

In randomized controlled trials that we have conducted in diverse primary care patient
populations,16-17.21 CRCS adherence has been shown to improve after exposure to
behavioral interventions. The combination of mailing SBT kits and information for
scheduling a colonoscopy, informed decision making, and navigation has had the greatest
impact. Furthermore, individuals with a high baseline CRCS decision stage have shown
greater overall screening adherence.

In our analyses, sociodemographic factors predicted overall CRCS adherence. These
findings are consistent with other studies that have cited older age®2:22-24 and being
married?2:24 as positive predictors of overall CRCS adherence. Regarding age, we found that
higher CRCS adherence among older participants was due to higher SBT screening, but not
colonoscopy screening. Again, this finding is consistent with prior studies that have reported
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higher SBT screening for older individuals,®1328 but comparable colonoscopy screening
rates across different age groups.12 This phenomenon may reflect a higher sensitivity among
older individuals to the inconvenience of test preparation and the need to arrange
transportation and address other logistical issues involved in colonoscopy screening,
compared to SBT screening. The higher level of CRCS adherence among married
participants may reflect increased encouragement and support for screening offered by a
significant other. It is unclear why SBT screening was more likely in this subgroup.

We did not find any effect of sex on overall CRCS adherence. Some prior studies have
reported higher screening adherence among men,8:9:22-24.26 pt others have reported higher
adherence among women, or no gender differences.”-14:25 Perhaps this inconsistency is due
to the type(s) of screening tests offered to study participants and the differential receptivity
of women versus men to different screening modalities. Regarding test-specific screening
adherence, women had higher SBT adherence than men, a finding that may reflect concern
among women about the invasiveness of the colonoscopy procedure.2

The behavioral interventions used in our clinical trials involved offers of both SBT and
colonoscopy screening to participants. Compared to individuals with an equal preference for
the two tests, those who preferred SBT had higher SBT adherence and lower colonoscopy
screening, while those who preferred colonoscopy had lower SBT adherence but only
modestly higher colonoscopy adherence. This result probably reflects the fact that,
compared to completing a SBT, actually undergoing a colonoscopy is more influenced by
external factors (such as scheduling, transportation, and cost), beyond personal preferences.

A significant statistical interaction between race and age reflected the fact that older African
Americans were more likely to have CRCS screening than older whites, while such a racial
difference was not seen in younger individuals. It is possible that this effect may be due to a
sense of greater vulnerability among older African Americans, compared to older whites,
and may also reflect differential views related to challenges associated with performance of
the screening tests.2’-28 Nevertheless, our finding should be regarded with caution. One
previous study found no interactions between race and any other patient characteristics,
including age.2% Another previous study actually reported an interaction between race and
age in the opposite direction: although there were no racial differences in the lower age
groups, whites were more likely to screen than African Americans in older age groups.30

Our analyses produced some surprising findings related to race and screening test
preference. Specifically, African Americans were more likely than whites to complete a non-
preferred test (but had similar adherence with the preferred test). Among participants who
preferred colonoscopy screening, African Americans had more than twice the odds of whites
for completing SBT screening. And among participants who preferred SBT screening,
African Americans had almost six times the odds of whites for undergoing colonoscopy
screening. These results may suggest that factors other than test preference may be more
likely to affect adherence among African Americans than among whites. These findings
underscore the importance of providing diverse populations targeted for CRCS programs
with access to both SBT and colonoscopy screening options, along with decision support
and navigation contacts.31-32
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Our data reflect the patient populations of 23 different primary care practices, serving urban,
suburban, and rural areas in Pennsylvania and Delaware. However, the two trials that were
the source of the data included only English-speaking patients and did not include any
Hispanic/Latino or Asian patients. Therefore, our analyses cannot address screening
disparities involving those populations. Generalizability is further limited by the fact that
participants volunteered to join the randomized intervention trials, and that 85% of them
were exposed to some type of intervention which provided no-cost access to CRCS
modalities. Thus, our findings may not generalize to populations that would not normally
participate in a research study with free access to screening, or populations that may have
limited access to screening. A strength of our data is that they were based on primary care
patient medical records, augmented by direct reporting from the laboratory that analyzed the
stool blood test kits and participant surveys, an approach that allowed us near-complete
ascertainment of screening. Finally, due to the large sample size, our analyses were powered
to identify weak-to-modest predictors of CRCS adherence, as well as modest interactions.

Supplementary Material

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

Colorectal cancer screening is very effective, yet one in three Americans is
not up-to-date with it

Older age, African American race, and being married are associated with
higher likelihood of colorectal cancer screening

Both African Americans and whites are more likely to have colorectal cancer
screening through the test they prefer

African Americans are more likely than whites to use a non-preferred test for
colorectal cancer screening

Offering both a colonoscopy option and a stool blood test kit maximizes the
likelihood of colorectal cancer screening
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Figure 1.

Adjusted odds ratio for race (African Americans versus whites) with respect to overall
screening adherence, within subgroups defined by sex, age, marital status, education,
screening attitudes, screening decision stage, and preferred screening test.

P-values shown are for the interaction of race with each predictor.

HS: high school. SBT: stool blood test. CX: colonoscopy.
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Figure 2.

Adjusted odds ratio for race (African Americans versus whites) with respect to test-specific
screening adherence, within subgroups defined by age and preferred screening test.

(A) Results for stool blood test performance (vs. no screening).
(B) Results for colonoscopy completion (vs. no screening).
P-values shown are for the interaction of race with each predictor (age or preferred test).
SBT: stool blood test. CX: colonoscopy.
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Table 1.

Characteristics of study participants (N = 1,942).

Study group/intervention, n (%)
Usual care (UC)
Standard intervention (SI)
Tailored intervention (TI)
Tailored navigation intervention (TNI)
Sex, n (%)
Male
Female
Age (years), n (%)
50-59
60+
Marital status, n (%)
Not married
Married
Education, n (%)
High school or less
Beyond high school
Screening attitudes (global score), n (%)
Low (<3)
High (>3)
Susceptibility, *n (%)
Low (<3)
High (>3)
Screening salience, “n (%)
Low (<3)
High (>3)
Screening response efficacy, *n (%)
Low (<3)
High (>3)
Screening worries, “n (%)
Low (<3)
High (>3)
Social influence/support*
Low (<3)
High (>3)
Decision stage
Prefer not to screen
Undecided about screening

Prefer to screen

299
685
278
680

575
1267

1375
567

1061
881

1005
937

195
1747

1531
391

53
1887

262
1629

1240
676

250
1670

51
290
1601

(15)
(35)
(14)
(35)

(30)
(65)

(1)
(29)

(55)
(45)

(52)
(48)

(10)
(90)

(79)
(20)

®
o7

(13)
(84)

(64)
(35)

(13)
(86)

©)
(15)
(82
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Preferred test

Stool blood test (SBT) 351 (18)
Equal preference 975 (50)
Colonoscopy (CX) 616 (32)

e
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ounts for the attitudes subscales may not sum to 1,942 because of occasional missing data.
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Predictors of overall screening adherence among study participants.

Table 2.

Screened
N n (%) OR (95% Cl)

Study group/intervention

Usual care (UC) 299 52 (17) 100 Ref

Standard (SI) 685 233 (34) 250 (1.72,3.62)

Tailored (T1) 278 67 (24) 170 (1.05,2.75)

Tailored navigation (TNI) 680 294 (43) 3.76 (2.60, 5.45)
Sex

Male 675 209 (31) 1.00 Ref

Female 1267 437 (35) 112 (0.90, 1.40)
Age (years)

50-59 1375 445 (32) 1.00 Ref

60+ 567 201 (35) 1.30 (1.04,1.63)
Race

White 732 237 (32) 1.00 Ref

African American 1210 409 (34) 131 (1.04,1.63)
Marital status

Not Married 1061 330 (31) 1.00 Ref

Married 881 316 (36) 1.34 (1.08,1.68)
Education

High school or less 1005 313 (31) 1.00 Ref

Beyond high school 937 333 (36) 1.19 (0.96, 1.46)
Screening attitudes

Low (<=3) 195 60 (31) 1.00 Ref

High (>3) 1747 586 (34) 0.85 (0.59,1.23)
Decision stage

Prefer not to screen 51 5 (10) 1.00 Ref

Undecided about screening 290 58 (20) 233 (0.86,6.34)

Prefer to screen 1601 583 (36) 5.59 (2.11,14.8)
Preferred test

Stool blood test (SBT) 351 130 (37) 1.08 (0.82,1.42)

Equal preference 975 322 (33) 1.00 Ref

Colonoscopy (CX) 616 194 (32) 0.78 (0.62,0.99)

OR: adjusted odds ratio (multivariable model included study practice and all variables shown in the table). Cl: confidence interval.
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Predictors of test-specific screening adherence among study participants.

Table 3.

SBT SBT vs. No screening CX CXvs. No screening
n (%) OR (95%Cl) n (%) OR (95%Cl)

Study group

Usual care (UC) 3 (1) 1.00 Ref 49 (16) 1.00 Ref

Standard (SI) 150 (22) 328 (10.2,105) 83 (12) 079 (0.51,1.24)

Tailored (T1) 16 (6) 7.84 (2.15,28.5) 51 (18) 110 (0.63,1.93)

Tailored navigation (TNI) 160 (24)  42.6 (13.2,137) 134 (20) 150 (0.98,2.31)
Sex

Male 93 (14) 1.00 Ref 116 (17) 1.00 Ref

Female 236 (19) 139 (1.03,1.87) 201 (16) 093 (0.70,1.23)
Age (years)

50-59 207 (15) 1.00 Ref 238 (17) 100 Ref

60+ 122 (22) 153 (1.15,2.03) 79 (14) 110 (0.81,1.48)
Race

White 128 (17)  1.00 Ref 109 (15) 1.00 Ref

African American 201 (17) 1.07 (0.61,1.87) 208 (17) 159 (0.92,2.74)
Marital status

Not Married 168 (16)  1.00 Ref 162 (15) 1.00 Ref

Married 161 (18) 144 (1.07,1.93) 155 (18) 1.27 (0.96, 1.69)
Education

High school or less 162 (16) 1.00 Ref 151 (15) 1.00 Ref

Beyond high school 167 (18) 1.17 (0.89,1.54) 166 (18) 1.15 (0.88,1.50)
Screening attitudes

Low (<=3) 39 (200 1.00 Ref 21 (11) 1.00 Ref

High (>3) 200 (17) 077 (0.49,1.20) 296 (17) 092 (0.55,1.55)
Decision stage

Prefer not to screen 4 (8) 1.00 Ref 1 (2 1.00 Ref

Undecided about screening 38 (13) 217 (0.69, 6.79) 20 (7) 3.61 (0.46, 28.2)

Prefer to screen 287 (18) 414 (1.37,12.5) 296 (18) 11.7 (1.55,87.4)
Preferred test

Stool blood test (SBT) 102 (29) 158 (1.14,2.19) 28 (8) 052 (0.33,0.82)

Equal preference 169 (17) 1.00 Ref 153 (16) 1.00 Ref

Colonoscopy (CX) 58 (9) 041 (0.29,058) 136 (22) 120 (0.90, 1.60)

Page 16

SBT: stool blood test. CX: colonoscopy. OR: adjusted odds ratio (multivariable model included study practice and all variables shown in the table).

CI: confidence interval.
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