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Abstract

Background—New methods are needed to improve health behaviors such as adherence to
colorectal cancer (CRC) screening. There is increasing availability of personalized genetic
information to inform medical decisions. It is not known if such information motivates behavioral
change.

Objective—To determine, in average risk persons, if individualized gene-environment risk
assessment about CRC susceptibility improves adherence to screening.

Design—Two-arm, randomized, controlled trial
Setting—Four medical school affiliated primary care practices
Patients—783 patients at average risk for CRC, but not adherent with screening at study entry

Intervention—~Patients were randomized to usual care or to receipt of Gene Environmental Risk
Assessment (GERA), which assessed Methylene Tetrahydrofolate Reductase (MTHFR)
polymorphisms and serum folate level. Based on pre-specified polymorphism/folate level
combinations, GERA participants were told they were at either “elevated” or at “average” risk for
CRC.

Measurements—The primary outcome was receipt of CRC screening within 6 months of study
entry.

Results—CRC screening rates were not statistically significantly different between usual care
(35.7%) and GERA (33.1%) arms overall. After adjustment for baseline participant factors, the
odds ratio (OR) for screening completion for GERA vs usual care was 0.88 (95% CI 0.64 - 1.22).
Within the GERA arm, there was no significant difference in screening rates between GERA
average risk (38.1%) and GERA elevated risk (26.9%) groups. Odds ratios for elevated vs.
average risk remained non-significant after adjustment for covariates (OR=0.75, 95% CI 0.39 -
1.42).

Clinicaltrials.gov Registration NCT0087360



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Weinberg et al. Page 2

Limitations—Only one personalized, gene-environment interaction and only one health
behavior, colorectal cancer screening, were assessed.

Conclusion—In average risk persons, there was no positive association between CRC screening
uptake and feedback of a single personalized gene-environment risk assessment (GERA).
Additional studies will be required to assess whether other approaches to providing GERA affect
screening utilization differently. These findings raise concern about the effectiveness of
moderately predictive genetic risk assessment to promote favorable healthcare behavior.

Funding—National Institutes of Health (USA)

Introduction

Genetic testing for cancer susceptibility is offered most frequently for single gene disorders.
A mutation in the adenomatous polyposis coli (APC) gene confers a colorectal cancer
(CRC) risk of approximately 90%.1 Identification of this mutation carries substantial clinical
impact. However, most cancers do not arise from single mutations. Instead, susceptibility
results from the modest contributions of many genes, usually with environmental
interaction. ldentification of these genes and their modifiers is an active area of research.?

Gene-environment risk assessment (GERA) for common diseases is anticipated to become a
common component of healthcare.34 In this project, we assessed polymorphic variants of
Methylene TetraHydroFolate Reductase (MTHFR), an important regulator of cellular folate
metabolism. Specific MTHFR polymorphisms are associated with variable susceptibility to
colon cancer.5 6 7.8 Epidemiological data also supports a link between serum folate level
and CRC risk.? Assessment of the gene (MTHFR) and environment interaction (serum
folate) is attractive because data already exist that allows for CRC risk stratification among
“average risk” persons. Risk elevation for CRC associated with specific polymorphisms in
combination with low folate is roughly 1.5-2.0x baseline in US Whites and African
Americans.8

Unlike genetic testing for high-risk individuals such as in familial adenomatous polyposis,
little is known about the impact on health behaviors or the psychological effects of
providing average risk individuals with moderately predictive genetic

information. 410.11.12.13 ynderstanding the benefits and harms of such testing in average
risk individuals is important as similar testing is marketed directly to the public in an
unsupervised fashion.14

We conducted a prospective, randomized controlled trial assessing the impact of GERA
feedback on CRC screening among average risk individuals who were not adherent to
screening recommendations at study entry. CRC prevention is an optimal area to study the
emerging role of moderately predictive genetic testing. CRC is the second leading cause of
cancer death in the US.15 Screening can reduce disease incidence and mortality.16

Our primary hypothesis was that the provision of personalized GERA information would
improve CRC screening uptake compared to usual care. Further, we anticipated that
participants characterized as “elevated” risk by GERA would screen more than those at
“average” risk. Although MTHFR and folate testing provided personalized risk information,
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the intent of this project was not to evaluate the specific, predictive value of this
combination for colorectal neoplasia.

Methods

Design Overview

We conducted a randomized, controlled trial to compare CRC screening utilization in the
GERA arm to the usual care (control) arm, and also to detect differences in screening
proportion between the GERA average and elevated risk groups.12 To increase the statistical
power for comparisons within the GERA arm, participants were randomized 2:1 to GERA
or to usual care, respectively. Participants provided baseline, three week and six month
survey data, and agreed to medical record review to ascertain CRC screening status. GERA
arm subjects also participated in GERA counseling and disclosure sessions, and had blood
drawn for genotyping and blood-based folate assessment.

Setting and Participants

Participants in this institutional review board approved trial were recruited from four
Internal Medicine and Family Medicine practices affiliated with Thomas Jefferson
University. We searched scheduling, billing and medical records databases applying filters
matching eligibility requirements which included: (a) men and women 50-79y; (b) average
risk for CRC defined as: asymptomatic, without a personal history of colorectal adenomas or
cancer, inflammatory bowel disease, or a family history of familial adenomatous polyposis
(FAP), hereditary non-polyposis colorectal cancer (HNPCC) or CRC in a first-degree
relative; (c) non-adherence with CRC screening guidelines at study initiation defined as
none of the following: home stool blood test in the last 12 months; barium enema or flexible
sigmoidoscopy in the last 5 years, or colonoscopy in the last 10 years; (d) no antibiotics or
anti-folate medications (sulfasalazine or methotrexate) within the past 6 weeks; (e) English
speaking.

Potential participants were mailed a letter outlining the study (see Supplement, “GERA
Study Description™), a pamphlet reviewing standard CRC screening options, a consent form
and information describing how to opt out of the study. We telephoned individuals who had
not opted out, confirmed eligibility, obtained verbal consent and administered a baseline
survey containing demographics, past medical and multivitamin (MV1) use history.
Participants also responded to previously described questionnaires regarding CRC screening
knowledge and the possible role of genes and diet in cancer development.1” Finally, they
completed the Impact of Event Scale (IES), a well validated assessment tool for
psychological distress.18

Randomization and Intervention

Study arm allocation was implemented by a secure, web-based application using
randomization tables generated prior to the start of study.

GERA Intervention Arm—~Participants randomized to GERA met with specially trained
study nurses rather than genetic counselors. This research design reflected an effort to study
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feasible approaches to genetic test disclosure that could be incorporated in primary care
settings, as there appear to be an inadequate number of genetic counselors to meet health
service needs even in high risk settings.1® Study nurses underwent training by genetic
counselors prior to study initiation as well as regular monitoring of disclosure sessions to
ensure process uniformity.

Employing a standardized, study pamphlet describing GERA, the nurse and intervention arm
participants together reviewed the purpose of the gene-environment risk assessment, the
potential range of results from genotyping and folate measurement and how results would be
disclosed. A basic description of genes and their importance in cancer was provided. An
average lifetime risk of CRC of 1 in 20 was described. Participants were told their GERA
results would be either “elevated” or “average”. An “elevated” result should not be viewed
as a guarantee of disease. It was described as only one potential risk factor for CRC,
suggesting modestly increased risk compared to a similarly aged person. Conversely, an
“average” risk result was not assurance of protection against CRC now or in the future, it
simply indicated the absence of this risk factor. The study nurse emphasized that GERA was
a method to stratify CRC risk, but was not intended to be a substitute for screening.

Venipuncture was performed to assess serum folate and MTHFR polymorphism for
participants randomized to the GERA arm. Folate analysis was conducted in a single
commercial laboratory employing a standard 12%1 RIA kit with controls. All genotyping was
performed at Fox Chase's Genomics Facility. After DNA extraction, separate PCR
amplifications of exons 4 and 7 of the MTHFR gene were completed, followed by
pyrosequencing specific for codons 677 and 1298.

Characterization of GERA-associated CRC risk was based on specific combinations of age
specific serum folate and Methylene TetraHydroFolate Reductase (MTHFR) polymorphism
(Supplemental Table 1). MTHFR is an important regulator of cellular folate metabolism.
Separately, either MTHFR polymorphic variant or serum folate level is associated with
variable susceptibility to CRC. %6:9:20.21 The majority of compound genotype combinations
carry a modestly elevated CRC risk in the setting of low folate, compared to carriers of these
same genotypes with normal serum folate level or to persons with less common
combinations (TT/AA and CC/CC) regardless of folate level. 82223

“Low” folate status was conventionally assigned to any individual in the 25th percentile or
below for age-based population norms, according to US National Health and Nutrition
Examination Survey (NHANES) data at study commencement.24

Within two weeks of blood collection, GERA results were disclosed and explained to every
participant first by telephone and then by mail (see Supplement, “Results Mailing™). In the
disclosure session, the same points about multiple potential risk factors (GERA being only
one) were emphasized as was the importance of screening regardless of GERA result.

Usual care (control) Arm—Usual care participants completed the same baseline
questionnaire as GERA participants; however they did not meet with a study nurse, discuss
GERA, participate in decision counseling or provide a blood sample.
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Regardless of study arm or risk, all participants were encouraged to undergo screening.

Outcomes and Follow-up

Control and intervention participants subsequently completed similar procedures including:

1. Receipt of a two-card fecal immunochemical test kit with instructions to minimize
the impact of variable access to CRC screening.

2. Three week and six month post enrollment questionnaires were administered by
telephone. These questionnaires asked about CRC screening utilization and
repeated the IES assessment.

As part of the post-visit three-week and six month telephone questionnaires, participants
randomized to GERA were also asked about receipt of counseling and GERA results.
Participants who recalled receiving GERA results were given the Multidimensional
Inventory of Cancer Risk Assessment (MICRA) which measures psychological reactions
specific to genetic testing.2> MICRA includes three subscales, including distress,
uncertainty, and positive experiences (where a higher score reflects fewer positive
experiences).

The primary study outcome of CRC screening within 6 months of enrollment was calculated
based upon electronic and manual medical chart review. Electronic reviews were conducted
first, searching for completion date of any screening test (stool blood test, sigmoidoscopy,
barium enema or colonoscopy). If no electronic entry was found, paper charts were
reviewed. Chart abstractors were blinded to study arm allocation.

Statistical Analysis

A target sample size of N=1760 was selected to provide 80% power to detect a clinically
relevant 10% absolute difference between the proportion of participants screened in the
“elevated” compared to the “average” risk groups of the GERA arm. This sample size also
provided 99% power to detect a 10% absolute difference in the screening proportions
between the usual care and GERA arms. As planned, the study's data and safety monitoring
board (DSMB) performed periodic interim analyses to monitor the impact of the GERA
intervention. When it was recognized that the effect of the study intervention was
substantially smaller than hypothesized, the DSMB recommended stopping recruitment
because further enrollment was extremely unlikely to yield statistically significant
differences for increased screening in the intervention arm.

Potential confounders associated with CRC screening identified from a priori literature
reviews were compared across study arms using Chi-square tests and Wilcoxon rank sum
tests for categorical and continuous variables, respectively. Factors examined included age,
gender, race, marital status, education, regular multi-vitamin use, impact of events scale,
CRC screening knowledge scale, and genetics and diet knowledge scale. IES results are
dichotomized as higher stress (score =26 vs. <25) based on standard convention.18

The primary efficacy analysis used univariate logistic regression to compare the proportions
of patients completing CRC screening within six months of enroliment between study arms.
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Statistical significance was assessed by the Wald Chi-square test. Following intention-to-
treat methodology, all enrolled study participants were included in the primary outcome
analysis. Participants without chart audit information (n=6) were included in the analysis as
non-adherent. Within the GERA arm, the association of GERA risk (elevated vs. average)
with CRC screening was evaluated in a similar way. Participants randomized to the GERA
arm who did not receive GERA risk determination were excluded from this analysis (n=77,
due to lab error, blood not drawn, or no receipt of GERA counseling). To explore whether
the study's results would be affected by a substantial imbalance in the proportion of
participants with unknown GERA risk across risk groups, we performed sensitivity analyses
in the GERA arm. We considered two extremes: all participants with unknown risk were (1)
allocated to the average risk group, or (2) designated as elevated risk.

Univariate logistic regression was used to assess the association of potential baseline
confounders with CRC screening. Participants with missing values for a baseline variable
were excluded from analyses involving that variable. The same approach was used to
evaluate the relationships between baseline factors and the proportions of GERA arm
patients defined as “elevated” risk.

Multivariable logistic models were fit to the data to assess the effect of the primary
intervention on CRC screening after adjusting for potential confounders. Covariates in these
models included study arm allocation and all a priori defined potential confounders. The
effect is reported as an adjusted odds ratio and 95% two-sided confidence interval. A second
multivariable model was fit to data from GERA arm participants only to evaluate the impact
of GERA risk on CRC screening adherence after adjusting for these same potential
confounders.

Propensity score-based analyses were conducted to further assess the effect of GERA risk on
screening after controlling for confounding. The details of these analyses are described in
the Appendix.

Univariate logistic models were used to explore the associations of CRC screening status
and GERA risk with MICRA scores among GERA arm participants. All tests were two-
sided using a 5% type 1 error, and analyses were performed using SAS version 9.3 and Stata
version 12.

A total of 783 participants were randomized and completed the baseline survey (Figure 1).
Baseline demographic, multivitamin use, psychometric and knowledge characteristics are
presented in Table 1. Nearly half of the participants reported being married, and 56%
indicated their race as white. Most had at least some college education. Across study arms,
there were no significant differences in any of these parameters. At baseline, multivitamin
use, IES score and assessments of knowledge regarding CRC screening and genes and diet
were similar in participants randomized to either arm.

Table 2 demonstrates that CRC screening at 6 months was similar for GERA and usual care
arms. In both groups, approximately 1/3 of participants completed screening during the
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follow-up period. The unadjusted odds ratio estimate for CRC screening for GERA versus
usual care was 0.89 (95% CI 0.65 - 1.21).

Although the covariates were well-balanced in the two arms, we conducted additional
analyses to assess the impact of potential confounders on the association between screening
and study arm. We first determined if any participant factors were associated with greater
screening adherence at 6 months (Supplemental Table 2). We then used multivariable
logistic regression to evaluate the effect of study arm on screening after adjusting for a
priori defined baseline patient characteristics. The adjusted odds ratio estimate was 0.88
(95% C1 0.64 - 1.22) (Table 3). Statistically significant participant factors related to CRC
screening in the multivariable analysis included older age (70-79 vs. 50-59 yrs, OR=2.27,
95% CI 1.32 - 3.90; 60-69 vs. 50-59 yrs, OR=1.29, 95% CI 0.89 -1.86), higher baseline
psychological stress score (OR=0.49, 95% CI1 0.27 - 0.90), and greater knowledge about
CRC screening (OR=1.12, 95% CI 1.01 - 1.24).

Surprisingly, among GERA recipients, “average” risk participants had higher screening rates
than “elevated” risk participants, although the odds ratio estimate of 0.60 (95% CI 0.33 -
1.07) was not significant (Table 4). Of note, 85% (437/514) of GERA participants were
considered in this analysis. The remaining 77 were considered to be unknown risk as
described (Figure 1). Because no difference in screening uptake was seen between risk
groups, we investigated if any baseline factors may have confounded our results among
participants randomized to the GERA arm (Table 5). Black participants were significantly
more likely than white participants to be at “elevated” risk presumably because of well
described allele distribution frequency differences across race26 (OR=5.92, 95% CI 3.26 -
10.74). Also expected was the finding that regular MV1 was significantly inversely
associated with “elevated” risk status (OR=0.24, 95% CI 0.13 - 0.44), as regular MV users
may have higher serum folate levels. Other significant differences included generally lower
education levels in the “elevated” risk group (college graduate vs. high school graduate
OR=0.36, 95% CI 0.18 - 0.71) as well as lesser baseline knowledge about CRC screening
(OR =10.78, 95% CI 0.68 - 0.88) and genetics and diet knowledge (OR=0.80, 95% CI 0.70
-0.90). To adjust for potential confounding, we fit a multivariable logistic model including
all covariates to assess the effect of elevated vs. average risk designation on CRC screening.
The adjusted odds ratio estimate was 0.75 (95% CI 0.39 - 1.42). The results of this analysis
did not alter the conclusion that GERA risk classification had no significant effect on
screening behavior (Supplemental Table 3).

We performed additional analyses to control for potential confounders in the association
between GERA risk group and CRC screening using propensity score based methods
(Appendix 1). In a propensity score matched analysis with 58 pairs, the adjusted odds ratio
estimate was 0.71 (95% CI 0.34-1.48) (Supplemental Table 4).

Because we had excluded GERA “risk unknown” participants (n=77) from the comparison
of elevated and average risk, we performed sensitivity analyses (Supplemental Table 5).
None of the analyses indicated that exclusion of unknown risk participants affected the
conclusion that screening rates in the GERA elevated group were not significantly higher.
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Finally, because of the inverse relationship between higher baseline IES score and
subsequent screening (Supplemental Table 2), we examined the specific association between
concern about genetic testing results (measured via the MICRA questionnaire) and screening
uptake. Two hundred sixty four of the 283 GERA arm participants who indicated receiving
risk results completed the MICRA questionnaire. Total MICRA scores as well as all
subscales were significantly higher for those designated at “elevated” versus “average” risk
(Table 6, top panel). However, MICRA scores were not significantly associated with
screening uptake (bottom panel).

Discussion

This study examined the effect of combined gene (MTHFR genotype) and environment
(serum folate level) assessment, or GERA, on subsequent CRC screening in average risk
individuals not currently adherent with screening. We found no significant difference in
screening uptake at 6 months between those randomized to GERA or usual care arms, or
between GERA participants identified at “elevated” versus “average” risk.

A dominant claim in the media is that enhanced knowledge of individual genetic make-up
will promote a healthier lifestyle2”-28 and several companies market gene testing services
directly to patients. Personalized, gene-based risk assessment could provide an attractive
potential motivator to improve an array of health behaviors ranging from cancer screening to
smoking cessation.2? However, most relevant research about the impact of genetic testing on
health behavior decision-making has focused on persons with high risk, single gene
mutations. If personalized, genetic information proves to be an effective motivator, its
greatest benefit will come when testing expands to populations at average risk for common
disease.

Previous studies in this broader arena have not emphasized specific disease risk, instead they
tend to concentrate on broader “lifestyle” issues of diet, exercise and smoking cessation.*
Those studies evaluating genetic feedback on cancer screening have had small sample sizes
and focus exclusively on populations at substantially elevated risk for diseases like
hereditary breast and ovarian cancer (BRCA1/2)2° or CRC (FAP and HNPCC).12 Overall,
there is little evidence that moderately predictive, personalized information effectively
promotes positive behavior change in average risk settings.*30 Our findings that the GERA
intervention failed to improve CRC screening participation are consistent with the small
published literature. For example, Bloss et al. reported there was no significant change in
screening test utilization in an uncontrolled, convenience sample of persons who purchased
an online genomics test.3!

There is concern that moderately predictive genetic testing may have a negative
psychological impact, either through increased alarm about newly identified risk, or the fear
about misinterpretation of imprecise information.13 Although we found some increase in
distress related to GERA receipt, this effect did not appear related to screening rates (Table
6). In addition, a lack of familiarity with genomics on the part of patients (and providers) has
been cited as a concern limiting the impact of genetic testing.28 We did see a consistent
increase over time in knowledge about CRC screening, and the role of genetic risk (data not
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shown), suggesting the educational component of the intervention was successful. However,
neither baseline knowledge, nor increasing post intervention knowledge was associated with
screening uptake.

In a recent report by the National Science Foundation, the most important issue identified
for social science researchers was how to motivate people to change their behavior.32 The
current study addresses an important question: does an intervention built on participant
specific gene-environment risk assessment improve utilization of a clinically effective risk
reduction strategy, CRC screening? As utilized in this study, personalized GERA is
ineffective in this role. Potential explanations worthy of future study include the possibility
that individuals with more behavioral risk factors may focus on genetic, not behavioral
explanations as causes for potential illness.33 As a result, they are unable or unwilling to
alter behavior to reduce their risk. Similarly, some have speculated that genetic risk is
perceived as immutable, and hence those persons who carry such a predisposition believe
their fate is sealed.2? Provision of FIT cards was intended to minimize screening barriers for
motivated individuals. However, additional efforts to facilitate screening utilization may
have produced different results. Alternatively, despite consistent reminders about the value
of accepted screening methods, some participants may have believed that GERA testing
itself was a form of screening or that folate supplementation alone was adequate protection
against CRC. Finally, perhaps the most likely explanation is that the perceived risk
associated with moderately predictive testing is simply not great enough to motivate
behavior change, particularly in persons not oriented towards healthy behaviors like cancer
screening.2’

This study had several limitations. At present, for common diseases with a polygenic basis,
nearly any gene or gene plus environment assessment can identify only modest
predisposition to disease. Such testing is not intended to be deterministic.28 We studied only
one combination of gene and environmental interaction. Other combinations or other forms
of personalized information could be more effective motivational tools. We also studied
only one risk reduction behavior, CRC screening. A wide range of behavioral interventions
have been tried with uneven effect to increase such screening. Hence, generalizability to
other behavioral targets remains an open question. Finally, a better understanding of the
impact of the perceived risk associated with GERA results might explain why our
intervention was ineffective.

In summary, this large, randomized trial found no effect on CRC screening rates in an
average risk population exposed to personalized genetic and environmental risk information.
Further study would be required to assess whether other gene-enviromental risk information
and different means of presenting individualized results for common diseases like CRC will
spur more healthy behaviors to reduce risk. Genetic and molecular testing to predict
response to specific therapeutic options has an increasing role in healthcare delivery,
however the potential for similar testing to motivate behavioral change is less clear.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Propensity score methods for covariate adjustment

We used propensity score analysis to adjust for differences in patient characteristics between
the GERA elevated and average risk groups. All a priori selected confounders were
included in a logistic regression model to estimate a propensity score (Rosenbaum and
Rubin, 1983) for each participant, defined as the probability of being in the GERA elevated
risk group given the covariates. Participants were excluded from the analysis due to missing
values for covariates (n=2) or insufficient overlap of propensity scores between the two risk
groups (n=25). We conducted a 1:1 matched analysis, where GERA elevated risk
participants were paired to GERA average risk participants using the propensity score.
Matches were chosen using a SAS macro (Parsons, 2004), and were considered successful if
the difference in propensity scores was less than 0.02. Matches were found for 58 of 67
elevated risk participants. Fisher's Exact and Wilcoxon rank-sum tests were used to test for
balanced covariate distributions across paired samples (Supplemental Table 6). Conditional
logistic regression was then used to estimate the adjusted odds ratio and 95% confidence
interval for the impact of GERA risk on CRC screening.

Rosenbaum, Paul R., and Donald B. Rubin. “The central role of the propensity score in
observational studies for causal effects.” Biometrika 70.1 (1983): 41-55.

Parsons LS, “Performing a 1:N Case-Control Match on Propensity Score”. Proceedings of
the Twenty-ninth annual SAS users group international conference, Cary, NC: SAS Institute
Inc, 2004.
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Attempted phone contact (n = 13,410)

‘ } Unable to contact by phone (n = 5,688)

Contacted by phone and assessed for
eligibility (n = 7,722)

Ineligible
Up to date with screening (n = 4,381)
History of CX or polyps (n = 207)
Taking folate supplement (n = 20)
Ineligible, other (n = 73)

Eligible for study (n = 3,041)

} Not enrolled (n = 2,258)

‘ Completed baseline survey and randomized (n = 783) |

Allocated to Usual Care arm (n = 269) ‘ Allocated to GERA Intervention arm (n = 514)

Received decision counseling, lab test
complete (n = 437)

Chart unavailable for audit (n = 1) }— “ Chart unavailable for audit (n = 5)

Incomplete lab results (n = 3)
No successful blood draw (n = 10)
Did not receive counseling (n = 64)

\ CRC screening behavior assessed (n = 268) ‘ ‘ CRC screening behavior assessed (n = 509)

Figure 1. Study Flowchart
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Table 1
Baseline characteristics by study arm

Usual Care (n=269) GERA (n=514)
N % N %

Age
50-59 years 181 67.3 365 71.0
60-69 years 65 242 107 20.8
70-79 years 23 8.6 42 8.2
Gender
Female 155 57.6 304 59.1
Male 114 424 210 40.9
Race
White 142 52.8 294 57.2
Black or African American 112 41.6 202 39.3
Other 15 5.6 18 35
Marital status’
Married 132 49.1 248 48.3
Single/Divorced/Widowed 137 50.9 265 51.7
Education®
Less than high school 28 10.5 36 7.0
High school graduate 64 239 123 239
Some college 64 23.9 150 29.2
College graduate 112 41.8 205 39.9
Regular Multivitamin Use
No 151 56.1 263 51.2
Yes 118 439 251 48.8
Impact of Event Scalef
0-25 244 91.0 461 89.9
26+ 24 9.0 52 10.1
Knowledge Questionnaires Median (Q1,Q3) Median (Q1,Q3)
CRC screening knowledge 7 (5,8) 7 (5,8)
Genetics & diet knowledge 5 (3,6) 5 6,7)

TMissing values excluded, n=1 for Marital status, n=1 for Education, and n=2 for Impact of Events Scale

None of the baseline characteristics differed by study arm (all P>0.05, Pearson Chi-square tests for categorical variables or Wilcoxon rank sum
tests for continuous variables)

The knowledge questionnaire scores represent the number of correct responses (10 items in each questionnaire), where a higher score indicates a
greater level of CRC screening knowledge or diet-genetics interaction knowledge. Elevated Impact of Event Scale scores indicate higher levels of
stress.

Abbreviations: CRC = Colorectal Cancer; Q1, Q3 = First and third quartile value (25th and 75th percentiles)

Ann Intern Med. Author manuscript; available in PMC 2015 April 28.



Page 15

Weinberg et al.

aled [ensn = DN ‘43due) [E19310]0D = DD ‘[eAIa1UI 30UPLUOD = | :SUONEIAIGAY

*(1591 asenbs-1yD prem ‘S0°0<d) Wwie Apnis Aq Japiip 1ou Aq pip Bulusalos D4 YHM Juadiad

" Buiusaios

ou, se s)nsal ays u1 papnjoul ase siuedioiued asay) ‘yoeoidde 1es11-01-UonUBIUL 8Y) BUIMO||04 {(T=U W 818D [ensn ‘G=U WIe \YHID) MaIAsI Lieyd ay) oy eiep Buissiw sjuedionted XIS a1am aisy |

Author Manuscript

¢ ?olgel

Author Manuscript

1

(699 e (ev9) €T (0°99) LTS
(T2'1-69°0) 68°0
(Tee)osr (1ge)96  (0%€) 992
(12 %S6) 011y SPPO (%) N (%) N (%) N
8D BN SAVYID  VYID  8fe)d [ensn 1\

wiy Apnis

+mc_cmeum ON

Buruaalos peH

snyess Buluss I0s DYD

w.re Apnis Aqsyuow xis 1e Buiuss 1as DY)

Author Manuscript

Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2015 April 28.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Weinberg et al.

Table 3

Page 16

CRC screening at six months and study arm, adjusted for covariates using multivariable
logistic regression

Adjusted Odds Ratio estimates

OddsRatio  95% ClI  pvalue®

Study Arm NS
GERA vs Usual Care 0.88 0.64-1.22

Age Category 0.010
60-69 years vs 50-59 years 1.29 0.89-1.86

70-79 years vs 50-59 years 2.27 1.32-3.90

Gender NS
Male vs Female 1.12 0.82-1.53

Race NS
Black/AA vs White 0.88 0.61-1.25

Other vs White 0.87 0.40-1.88

Marital status’ NS
Single/Divorced/Widowed vs Married 0.86 0.63-1.18
Education’ NS
<HS vs HS graduate 2.23 1.20-4.16

Some college vs HS graduate 1.13 0.72-1.76

College graduate vs HS graduate 1.19 0.77-1.83

Regular Multivitamin Use NS
Yes vs No 1.32 0.97-1.80

Impact of Events Scale! 0.021
26+ vs 0-25 0.49 0.27-0.90

CRC screening knowledge 1.12 1.01-1.24 0.035
Genetics & diet knowledge 1.03 0.95-1.13 NS

p-value from Wald Chi Square test

TMissing values excluded from multivariable analyses, n=4 (n=1 for Marital status, n=1 for Education, and n=2 for Impact of Events Scale)

Abbreviations: CI = Confidence interval for odds ratio; CRC = Colorectal Cancer; NS = Not significant (P>0.05)
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