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Background: Risk for colorectal cancer may accumulate
through multiple environmental factors. Understanding their
effects, along with genetics, age, and family history, could allow
improvements in clinical decisions for screening protocols. We
aimed to extend the previous work by recalibrating an environ-
mental risk score (e-Score) for colorectal cancer among a sample
of US veteran participants of the Million Veteran Program.

Methods: Demographic, lifestyle, and colorectal cancer data
from 2011 to 2022 were abstracted from survey responses and
health records of 227,504 male Million Veteran Program partic-
ipants. Weighting for each environmental factor’s effect size was
recalculated using Veterans Affairs training data to create a recali-
brated e-Score. This recalibrated score was compared with the
original weighted e-Score in a validation sample of 113,752 (n
cases = 590). Nested multiple logistic regression models tested as-
sociations between quintiles for recalibrated and original e-Scores.
Likelihood ratio tests were used to compare model performance.

Introduction

Colorectal cancer is the second leading cause for cancer-related
mortality in the United States (1). Colorectal cancer risk may be
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Results: Age (P < 0.0001), education (P < 0.0001), diabetes
(P < 0.0001), physical activity (P < 0.0001), smoking (P < 0.0001),
NSAID use (P < 0.0001), calcium (P = 0.015), folate (P = 0.020),
and fruit consumption (P = 0.019) were significantly different
between colorectal cancer case and control groups. In the vali-
dation sample, the recalibrated e-Score model significantly im-
proved the base model performance (P < 0.001), but the original
e-Score model did not (P = 0.07). The recalibrated e-Score model
quintile 5 was associated with significantly higher odds for co-
lorectal cancer compared with quintile 1 (Q5 vs. Q1: 1.79; 95%
CI, 1.38-2.33).

Conclusions: Multiple environmental factors and the recali-
brated e-Score quintiles were significantly associated with colo-
rectal cancer cases.

Impact: A recalibrated, veteran-specific e-Score could be used
to help personalize colorectal cancer screening and prevention
strategies.

influenced, in part, by the cumulative effects of sociodemographic
factors and lifestyle collectively referred to as environmental factors.
Understanding the effects of environmental factors on colorectal
cancer risk could be useful to inform clinical decision-making to
tailor screening and surveillance protocols, which traditionally only
account for age, family history (2, 3), and colonoscopy findings (4).
An understanding of these effects could support clinicians having
meaningful discussions during clinical visits that may motivate their
patients to modify relevant lifestyle behaviors and thereby lower
their colorectal cancer risk.

In the work conducted by the Colorectal Transdisciplinary Study
and Genetics and Epidemiology of Colorectal Cancer Consortium
(GECCO), Jeon and colleagues (5) found that a sex-specific envi-
ronmental risk score (e-Score) comprising a weighted sum of lifestyle
and sociodemographic factors combined with a polygenic risk score
was more predictive of colorectal cancer risk than family history
alone. Their findings also suggested that a comprehensive assessment
could provide a risk-adjusted age for screening initiation. Data were
harmonized across 14 cohort studies comprising an overall homo-
geneous sample of participants. The socioeconomic and lifestyle
factors of participants in the GECCO studies are not representative of
US veterans that receive care at the Veterans Health Administration—
a unique population of individuals at substantially elevated risk of
chronic diseases, including colorectal cancer (6). It is accepted that
risk scores perform inconsistently across different populations (7).
Thus, we sought to “recalibrate” the GECCO e-Score to help us un-
derstand its use in cancer prevention studies for veterans.
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Although genetic testing for colorectal cancer risk has also be-
come a more commonplace for those with family history, its utility
is limited by our imperfect understanding of the interactions be-
tween environmental factors and genetic expression. Screening co-
lonoscopy is an ideal time to assess risk because of both genetics and
lifestyle/environment. With the GECCO work as a foundation,
lifestyle data from a pilot sample (n = 2,846) of male US veteran
participants of the Cooperative Studies Program #380 (8) were used
to construct an e-Score weighted according to the GECCO study
findings. This e-Score was tested for associations with colonoscopy
findings of advanced neoplasia (AN; n cases = 405), colorectal
cancer precursor lesions with variable neoplastic potential. The re-
sults of this pilot study did not detect a significant association be-
tween AN and the e-Score, possibly because of low statistical power,
potential differences in population demographics, environmental
exposures, risk factor profiles, and other clinical factors of AN
compared with colorectal cancer. Furthermore, there are known
disparities for colorectal cancer across race with unclear mecha-
nisms (9), but both GECCO and the Cooperative Studies Program
#380 study participants were nearly all of European ancestry (10).

Using environmental and lifestyle survey and electronic health
record data collected from Veterans Affairs (VA) Million Veteran
Program (MVP) participants, the objectives of the current study
were to test for associations between colorectal cancer diagnoses and
composite e-Scores among US veterans controlling for age, family
history, and race using (i) an e-Score weighted according to the
GECCO findings and (ii) a recalibrated (11) veteran-specific e-Score
weighted using data from the US veteran MVP sample. The hy-
pothesis tested in this study is that higher risk e-Scores compared
with lower risk e-Scores are significantly associated with higher odds
for colorectal cancer cases.

Materials and Methods

Study design and population

In 2011, the VA’s Office of Research and Development launched
the MVP (12). MVP is an observational cohort study and biobank of
US veterans used by researchers to study how genes, lifestyle, mil-
itary experiences, and exposures affect health and wellness among a
diverse cohort of US veterans. By December 2022, there were
913,319 participants enrolled. The program includes participant
surveys designed to obtain individual self-reported social and life-
style information to use alongside participants’ genomic data for
clinical research (13). As this research project is a data-only study
using previously collected data from the MVP Central Research
Database, it uses a Waiver of Health Insurance Portability and
Accountability Act Authorization.

Data used in this analysis were collected between January 2011
and December 2022. Every participant completed the MVP baseline
and lifestyle surveys, in which the lifestyle survey completion date is
considered the index date for the participant in the study. Survey
items included questions about family history of colorectal cancer,
education level, smoking status, alcohol use, dietary habits, physical
activity, and medication use (13) described in detail below. Addi-
tional data used to ascertain colonoscopy history and colorectal
cancer diagnosis were obtained from participants’ health records
relative to the index date through December 2022. Excluded MVP
participants had a colorectal cancer diagnosis identified in their VA
health records prior to index date, a diagnosis of inflammatory
bowel disease or a hereditary colorectal cancer syndrome, or in-
complete baseline and lifestyle survey data necessary to construct
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the e-Score. As participants were not required to fully respond to
either survey, we have missingness for the study variables that ac-
cumulated to approximately 50%. Given the large sample size and
rare outcome, complete cases were used in the study. The final
sample comprised participants with complete data to calculate the
e-Score (n = 227,504). Figure 1 depicts the sample selection.

Measures
e-Score

Factors used to construct the e-Score were the same as those used
in the GECCO study described by Jeon and colleagues (5); this was
chosen so that a direct comparative analysis could be conducted
between their published weights and our recalculated weighting for
each lifestyle and environmental variable. These include body mass
index (BMI; kg/m?), height (cm), prior type 2 diabetes diagnosis
(yes = 1; no = 0), regular use of aspirin (yes = 0; no = 1), regular
use of NSAID (yes = 0; no = 1), educational attainment (<high
school = “category 17; high school graduate = “category 2”; some
college or technical school = “category 3”; college or graduate
degree = “category 4”), physical activity level that meets the rec-
ommendations of the American Heart Association’s Life’s Simple
Seven (yes = 0; no = 1; ref. 14), ever-smoked (yes = 1; no = 0),
smoking pack-years (if ever-smoked = “yes”, assigned a quartile
from sample distribution: 1,2, 3, or 4), alcohol use (<1 g/day = 1;
1-28 g/day = 0; >28 g/day = 2), and dietary intake: fiber (g/day),
calcium (mg/day), folate (ug/day), processed meat (servings/day),
red meat (servings/day), fruit (servings/day), vegetable (servings/
day; all assigned a quartile from sample distribution: 0, 1, 2, or 3 in
the order of increasing risk); and total energy (scaled by dividing
by the standard error 1.06).

Covariates

In all main analyses, covariates included self-reported family
history of colorectal cancer among siblings, parents, or grandpar-
ents, age at index date, and race (categorized as White, Black, or
unknown/underrepresented/multiple races). Race is a social con-
struct that was either self-reported in the MVP baseline survey or
the most common recorded race found in the veterans’ health
records, if conflicting with the self-report. For additional sensitivity
analyses, colonoscopy history prior to index date was derived from
procedure codes in health records, and history of other cancers was
identified using data from the VA Central Cancer Registry.

Colorectal cancer diagnosis

The primary outcome is a diagnosis of colorectal cancer (yes/no)
identified using either of two ascertainment approaches previously
described (15). The first is a published list of International Classi-
fication of Diseases (ICD) 9 and ICD10 codes used by VA Coop-
erative Studies Program Epidemiology Analytics Resource to
identify colorectal cancer diagnoses for population summaries of
colorectal cancer incidence and prevalence rates (https://www.vacsp.
research.va.gov/CSPEC/Studies/ CSPEAR/Main.asp). Colorectal
cancer was ascertained if at least one inpatient or at least two out-
patient health records contained relevant colorectal cancer diagnosis
ICDY/10 codes. The second uses data stored in the Veterans Health
Administration Corporate Data Warehouse from the Veterans Af-
fairs Central Cancer Registry, a population-based cancer registry of
VA cancer cases (https://www.data.va.gov/dataset/Veterans-Affairs-
Central-Cancer-Registry-VACCR-/jvmd-8fgj). Colorectal cancer cases
were ascertained by colon-specific tumor sites. Cases ascertained as
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colorectal cancer that had characteristics not associated with colo-
rectal cancer such as certain tumor sites (e.g., appendiceal or anal
canal) or histology (e.g., neuroendocrine) were not considered co-
lorectal cancer cases.

Statistical analyses
Descriptive statistics

MVP participant demographics and relevant health factors were
assessed for distribution, missingness, and outliers. Subsequent
analyses were restricted to participants with complete data needed
to construct the e-Score. Descriptive statistics included frequencies
and proportions for categorical variables and means, SDs, medians,
and ranges for the continuous variables, stratified by controls and
colorectal cancer cases. Bivariate analyses for each demographic,
clinical indicator, and colorectal cancer risk factor considered in this
study were conducted to assess differences between the control and
colorectal cancer case groups using either x> or Kruskal-Wallis as
appropriate.

e-Score derivation and calibration

The independent 3variable of interest in this analysis is the sex-
specific e-Score among the male sample, which is a weighted sum of
risk factors, in which lower e-Scores suggest lower cumulative risk
for colorectal cancer. e-Scores were not calculated for the female
participants in the study because of insufficient colorectal cancer
cases among females in the MVP cohort. However, a description of
the female MVP participants with complete data needed to calculate
an e-Score is provided in Supplementary Table S1.

Two sets of e-Scores were calculated using the male sample (N =
227,504) by applying (i) GECCO study-derived weights (GECCO
e-Score) and (ii) MVP recalibrated weights (recalibrated e-Score). To
calculate the GECCO and recalibrated e-Scores, the MVP male
sample was first split randomly into two halves to produce training
and validation samples (each n = 113,752; colorectal cancer cases n =
590). To accomplish this, the SAS procedure SURVEYSELECT used
simple random sampling with strata based on the colorectal cancer
variable such that an equal distribution of cases and controls exist in
each sample. The published GECCO weights were applied to re-
spective risk factors and summed to calculate the GECCO e-Score
among the male validation sample. For the recalibrated e-Score, a
multiple logistic regression model used the training sample with
colorectal cancer as the outcome and all the risk factors as inde-
pendent variables controlling for age and family history of colorectal
cancer to produce parameter estimates. To calculate the recalibrated
e-Score, parameter estimates from the training model were applied as
weights to respective risk factors among the validation sample and
summed. See Supplementary Table S2 for a table of the parameter
estimates from the GECCO study and the recalibrated training
model. Both the GECCO and recalibrated e-Scores were standardized
to percentages to be used as continuous variables, and participants
were categorized into quintiles for use in statistical models. Higher
e-Scores are expected to indicate higher risk for colorectal cancer.

Both the GECCO and recalibrated e-Score percentages and
quintiles were assessed for distribution by control and colorectal
cancer case groups.

Statistical models

Nested logistic regression models among the all-male validation
sample were created using the SAS (SAS Institute, RRID:
SCR_008567) procedure LOGISTIC with the outcome of colorectal
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cancer case yes/no. The base model used age, race, and family
history of colorectal cancer as the independent variables. Two
separate expanded models included the GECCO e-Score quintiles
and the recalibrated e-Score quintiles. Adjusted ORs and 95%
confidence intervals (CI) are presented for all models. Statistical
significance of the test that the OR = 1 was defined as a Wald test P
value < 0.05. The likelihood ratio comparison test (LRT; ref. 16) was
used to compare fit of the GECCO and recalibrated e-Score ex-
panded models with the base model. Model fit statistics Akaike
information criterion and AUC are also presented for all nested
models to show model fit comparisons.

Sensitivity analyses were performed comparing additional models
with the recalibrated e-Score-expanded models to evaluate robust-
ness to the assumption of population homogeneity. We fit a model
that incorporated an interaction term between race and the recali-
brated e-Score and the interaction term was not significant. Addi-
tional sensitivity analyses considered a full validation sample model
and the following categorical variables for cohort definition for
additional sensitivity analyses: (i) age 50+; (ii) Black race; (iii) at
least one colonoscopy prior to index date; and (iv) absence of any
type of cancer prior to index date. The LRT (16) was used to
compare fit of the GECCO and recalibrated e-Score expanded
models with the base model, and the sensitivity analyses models
with the recalibrated e-Score expanded models. Model fit statistics
Akaike information criterion and AUC are also presented for all
nested models to show model fit comparisons. All data manipula-
tions and analyses were performed using SAS Enterprise Guide 8.3
(SAS Institute, RRID: SCR_008567) software.

Data availability

Statistical code that supports this study is available upon rea-
sonable request to the corresponding author. Due to the sensitivity
of data collected for this study, analytic datasets underlying this
study cannot be shared outside the VA, except as required under the
Freedom of Information Act, per VA policy. However, upon formal
request and pending approval from the Veterans Health Adminis-
tration Office of Research Oversight (ORO), a deidentified, ano-
nymized dataset for this study can be created and shared (https://
www.mvp.va.gov/pwa/researcher-FAQ). Summary-level informa-
tion, including phenotype metadata, can be shared on the publicly
accessible VA Centralized Interactive Phenomics Resource (https://
phenomics.va.ornl.gov/).

Results

Selection of the final sample used in the study (n = 227,504) is
depicted in Fig. 1. Descriptive statistics of demographics and co-
lorectal cancer risk factors used to construct the e-Score for the full
male sample are presented in Table 1. Differences in demographics
and risk factors between control and colorectal cancer case groups
varied; age (P < 0.0001), education (P < 0.0001), history of diabetes
(P < 0.0001), physical activity level (P < 0.0001), smoking status
(P < 0.0001), NSAID use (P < 0.0001), calcium (P = 0.015), folate
(P = 0.020), and fruit consumption (P = 0.019) were significantly
different between the groups.

The multiple logistic regression training model yielded a set of
recalibrated B-estimates that were used as weights in the recalibrated
e-Score calculation (see Supplementary Table S2). Variables with
significant parameter estimates in the original GECCO study were
some college or college graduate educational attainment, BMI,
heavy alcohol intake, aspirin use, and vegetable intake. Among the
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MVP participants as of 2022
N =913,319

A 4

MVP participants with no previous colorectal cancer diagnosis
n = 904,500

A 4

Exclude MVP participants with colorectal cancer*
cases prior to completing MVP Lifestyle Survey
n=28,819

MVP participants excluding

those with IBD or hereditary

colorectal cancer syndromes
n = 882,568

A 4

A 4

Exclude IBD or
hereditary colorectal cancer syndromes
n=21,932

MVP participants with complete data for calculating e-Score
n = 247243

A 4

A 4

Exclude participants with incomplete data
needed for calculating e-Score
n = 635,325

Male participants
n = 227504
Colorectal cancer* incident to MVP
Lifestyle Survey completion n = 1,180 (0.5%)

y

y

Male training sample (split 50%)
n = 113,752; colorectal cancer*
n =590 (0.5%)

Male validation sample (split 50%)
n = 113,752; colorectal cancer*
n =590 (0.5%)

Female MVP participants with colorectal cancer
cases insufficient for sex-specific analysis
n =19,739; CRC* n = 53 (0.3%)

Figure 1.

Sample selection for the final analytic sample. *, Colorectal cancer diagnosis identified by Oncology Domain of the VA Corporate Data Warehouse or by ICD9/10
in inpatient/outpatient records, excluding non-colorectal cancer histologic findings. IBD, inflammatory bowel disease.

MVP male training sample, variables with significant parameter
estimates were college graduate educational attainment, height, di-
abetes diagnosis, lack of recommended physical activity, NSAID use,
calcium, fruit, and total energy intake.

Unadjusted and adjusted odds of colorectal cancer comparing
colorectal cancer cases (n = 590) with controls (n = 113,162) for
GECCO e-Score and recalibrated e-Score quintiles among the male
validation sample are shown in Table 2. The proportion of colo-
rectal cancer cases ranged 0.39% to 0.69% and trended upward
across participant quintiles of increasing recalibrated e-Scores, ex-
cept for a slight decrease between quintiles 3 and 4. However, the
proportion of colorectal cancer cases across quintiles increasing
GECCO e-Scores varied with no discernible trend. This distinction
was validated by the adjusted odds for colorectal cancer across
GECCO and recalibrated e-Score quintiles (P for trend 0.58
and <0.0001, respectively). Participants with recalibrated e-Scores in
quintiles 3, 4, and 5 had significantly higher odds for colorectal
cancer compared with those in quintile 1 (ORs Q3 vs. Q1: 1.44, 95%
CI, 1.10-1.89; Q4 vs. QL: 1.34, 95% CI, 1.02-1.77; and Q5 vs. QL:
1.79, 95% CI, 1.38-2.33, respectively). Across all three models, Black
race had higher odds for colorectal cancer compared with the White
reference group (base model OR: 1.46, 95% CI, 1.13-1.92; GECCO
e-Score model OR: 1.44, 95% CI, 1.09-1.88; and recalibrated e-Score
model OR: 1.38, 95% CI, 1.05-1.82). Age, but not family history,
was also significantly associated with colorectal cancer.

Results from the nested model analyses to test for significance of
the GECCO e-Score and recalibrated e-Score associations with the
outcome of colorectal cancer diagnosis are presented in Table 3.
Using the LRT to compare performance with that of the base model
that controlled for age, race, and family history of colorectal cancer,
the GECCO e-Score model was not statistically significantly better
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[)(2(4) = 8.61, P = 0.07]. However, adding the recalibrated e-Score
to the base model significantly improved model performance [y*-
(4) = 23.95, P < 0.001]. In sensitivity analyses of the recalibrated
e-Score among subset cohorts of the full validation sample, which
included all the following: (i) those aged 50+, (ii) those with at least
one colonoscopy prior to index date; and (iii) those with no history
of any cancer prior to index date, the expanded model including the
recalibrated e-Score showed statistically significant improvement in
performance compared with a base model (see Supplementary Table
S3). However, in the nested models among the Black race category
only cohort, the expanded model with the recalibrated e-Score was
not statistically significantly better.

Discussion

Given the challenges associated with effectively screening all eligible
individuals using existing colorectal cancer prevention paradigms, it is
important to explore strategies that could personalize screening rec-
ommendations for various populations across a variety of clinical
settings. In this study, we sought to test the predictive performance for
colorectal cancer of an evidence-based environmental risk score based
on prior work and recalibrate (17) the data point in an independent
population of male US veterans. Despite the robust methods used in
the work by the GECCO study upon which our study was based, an
e-Score using their study’s weighting was not significantly associated
with colorectal cancer among the male veteran sample. However, data
from nearly a quarter million (n = 227,504) male US veteran partici-
pants of the MVP were used to recalibrate the e-Score to be veteran
specific, and the recalibrated e-Score validation showed that it was
significantly associated with colorectal cancer. Race was used as a co-
variate and in all models, was significantly associated with the risk for
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Table 1. Participant demographics and environmental risk characteristics for the male sample (N = 227,504) controls and colorectal

cancer cases.

Colorectal cancer cases Total sample
Characteristic Controls (n = 226,324) (n =1,180) (N = 227,504) P value
Age, years, mean (SD) 66.6 (10.8) 69.4 (8.8) 66.6 (10.8) <0.00012
Race, n (%) 0.2186°
Black or African American 19,522 (8.6%) 17 (9.9%) 19,639 (8.6%)
White 188,509 (83.3%) 976 (82.7%) 189,485 (83.3%)
Unknown/underrepresented/multiple 18,293 (8.1%) 87 (7.4%) 18,380 (8.1%)
Ethnicity, n (%) 0.3431°
Hispanic/Latinx 14,176 (6.3%) 66 (5.6%) 14,242 (6.3%)
Not Hispanic/Latinx 212,148 (93.7%) 1,114 (94.4%) 213,262 (93.7%)
Education®, n (%) <0.0001¢
Less than high school 7,287 (3.2%) 54 (4.6%) 7341 (3.2%)
High school or GED 50,464 (22.3%) 314 (26.6%) 50,778 (22.3%)
Some college or technical school 98,308 (43.4%) 528 (44.7%) 98,836 (43.4%)
College graduate or more 70,265 (31.0%) 284 (24.1%) 70,549 (31.0%)
Height, cm, mean (SD) 177.7 (7.0) 1781 (6.9) 177.7 (7.0) 0.0745°¢
BMIY, kg/cm?, mean (SD) 29.5 (5.4) 29.5 (5.5) 29.5 (5.4) 0.6072°
Diabetes®, n (%) 75,675 (33.4%) 472 (40.0%) 76,147 (33.5%) <0.0001°
Physical activity (vigorous)', n (%) 95,464 (42.2%) 405 (34.3%) 95,869 (42.1%) <0.0001¢
Smoking status, n (%)
Ever-smoker® 158,565 (70.1%) 907 (76.9%) 159,472 (70.1%) <0.0001°
Smoking pack-years", mean (SD) 19.4 (25.6) 24.1 (27.9) 19.5 (25.6) <0.0007°
Alcohol consumption, n (%) <0.0518°
<1 g/day 108,372 (47.9%) 605 (51.3%) 108,977 (47.9%)
1-28 g/day 97,401 (43.0%) 468 (39.7%) 97,869 (43.0%)
>28 g/day 20,551 (9.1%) 107 (9.1%) 20,658 (9.1%)
Pharmaceutical use', n (%)
Aspirin 32,377 (14.3%) 167 (14.2%) 32,544 (14.3%) 0.8809°?
NSAID 62,843 (27.8%) 245 (20.8%) 63,088 (27.7%) <0.00071®
Nutrients’, mean (SD)
Fiber (g/day) 14.0 (5.6) 13.8 (5.4) 14.0 (5.6) 0.2584°¢
Calcium (mg/day) 797.0 (409.3) 768.6 (395.0) 796.9 (409.2) 0.0150¢
Folate (ug/day) 637.2 (410.8) 611.2 (401.9) 637.0 (410.7) 0.0204¢
Diet), mean (SD) of daily servings, mean (SD)
Processed meat 0.4 (0.5 0.5 (0.5) 0.4 (0.5 0.3998¢
Red meat 0.7 (0.6) 0.8 (0.6) 0.7 (0.6) 0.2442°
Fruit 12 (1.2) 12 (1.2) 12 (1.2) 0.0188°¢
Vegetable 13 (1.3) 13 (1.2) 1.3 (1.3) 0.2483°¢
Total energy* mean (SD) 1,429.6 (613.3) 1,424.5 (629.6) 1,429.6 (613.4) 0.4445°¢
Family history of colon cancer', n (%) 28,857 (12.8%) 159 (13.5%) 29,016 (12.8%) <0.4569°
>1 Colonoscopy™, n (%) 139,196 (61.5%) 1,003 (85.0%) 140,199 (61.6%) <0.0001°

®Result from the Kruskal-Wallis test for differences between groups; P value < 0.05 is significant.

PEducation—educational attainment response on the MVP baseline survey.

“Result from the Xz test for differences between groups; P value < 0.05 is significant.

9BMI—kg/m? derived from MVP baseline survey and VA health record data sources.

®Diabetes—Previous diagnosis of type 2 diabetes derived from (a) either >1 use of ICD code 250.xx at a primary care visit, or >2 uses of the code in any setting
and (b) an outpatient prescription of a diabetes drug.

Vigorous physical activity—physical activity level that meets the recommendations of the American Heart Association’s Life’s Simple Seven®® reported on the
MVP Lifestyle Survey.

9Ever-smoked—responded “Yes” to the question “In your lifetime, have you smoked a total of at least 100 cigarettes?” on the MVP Lifestyle Survey.
"Pack-years—number of years smoked times number of packs/day (current or former) derived from responses to questions on the MVP Lifestyle Survey.
INSAID and aspirin use—used 2 or more days/week as reported on the MVP Lifestyle Survey.

)Nutrient and diet categories—derived from the MVP Lifestyle Survey food frequency questionnaire responses.

Total calories—kCal/day derived from MVP nutrient tables.

'Family history of colon cancer—responded “Yes” to questions on the MVP baseline survey that ask whether a grandparent/parent/sibling had colon cancer.
M>1 colonoscopy—at least 1 procedure code (CPT) for colonoscopy found in participant’s VA health records prior to completing the MVP Lifestyle Survey.

colorectal cancer. Synthesizing these findings shows that the recali- We found that in this sample of US veterans, the e-Score recali-
brated, veteran-specific e-Score may have clinical utility for improving  brated using sample-derived weights performed better than the
colorectal cancer preventive care by predicting risk-based colorectal — e-Score that used GECCO’s published weights. Investigations that
cancer screening needs for individuals within the Veterans Health  produce and test predictive risk scores may require calibration when
Administration. developing such a tool for use in diverse populations (11). Indeed, US
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Table 2. Logistic regression tests for e-Score quintile associations with colorectal cancer among all-male MVP validation sample

(n = N3,752).
0Odds for colorectal cancer
e-Score e-Score e-Score e-Score e-Score P for

Metrics Quintile 1 (referent) Quintile 2 Quintile 3 Quintile 4 Quintile 5 trend
GECCO? e-Score (median; range) 8.1; 0-12.2 15.6; 12.2-18.7 21.9; 18.7-25.4 29.5; 25.4-34.7  43.3; 34.7-100.0

Number of participants 22,751 22,750 22,751 22,750 22,750

Number (%) of colorectal cancer cases 122 (0.54) 112 (0.49) 94 (0.41) 130 (0.57) 132 (0.58)

Unadjusted modelPOR (95% CI) 1.00 0.99 (0.77,1.23) 0.71(0.55, 0.93) 0.85 (0.66,1.09) 0.92 (0.72,1.18) 0.436

Multivariable-adjusted model°OR 1.00 0.99 (0.77,1.26) 0.71(0.55, 0.93) 0.86 (0.67,111)  0.95 (0.74,1.22) 0.587

(95% ClI)
Recalibrated® e-Score (median; range) 32.5; 0-376 41.4; 37.6-44.7 478; 44.7-50.8 54.1; 50.8-57.9 63.1; 57.9-100.0

Number of participants 22,751 22,749 22,752 22,749 22,751

Number (%) of colorectal cancer cases 88 (0.39) 99 (0.44) 128 (0.56) 119 (0.52) 156 (0.69)

Unadjusted model®OR (95% Cl) 1.00 113 (0.84,1.50) 1.46 (1.11,1.91) 1.35 (1.03,1.79) 1.78 (1.37, 2.31) <0.0001

Multivariable-adjusted model"OR 1.00 112 (0.84,1.49) 1.44 (1.10,1.89) 1.34 (1.02,1.77) 1.79 (1.38, 2.33) <0.0001

(95% CI)

%e-Score calculated using B estimates derived from a GECCO training model.
PUnadijusted colorectal cancer modeled for GECCO e-Score.

“GECCO e-Score multivariable adjusted: colorectal cancer modeled for GECCO e-Score, adjusted for age, race (Black, White, or unknown/underrepresented/

multiple), and family history of colorectal cancer.

de-Score calculated using B estimates derived from a recalibrated e-Score training model.

®Unadjusted colorectal cancer modeled for recalibrated e-Score.

fRecalibrated e-Score multivariable adjusted: colorectal cancer modeled for recalibrated e-Score, adjusted for age, race (Black, White, or unknown/underrep-

resented/multiple), and family history of colorectal cancer.
Bold P value < 0.05 is significant.

veterans that receive VA healthcare are known to have unique de-
mographic characteristics (18) and lifestyle behaviors (19) compared
with the US population as a whole, as well as an increased risk for AN
during colorectal cancer screening (20). We found risk factors that
comprised the e-Score carried different weights of association with
colorectal cancer among the MVP study sample compared with the
GECCO study sample as shown in Supplementary Table S2. This may
be due to distinct differences in characteristics between the all-veteran
MVP and the GECCO study samples. In the GECCO study, re-
searchers harmonized data across 14 cohort and case/control studies
to produce a matched sample of cases and controls in sex-specific
cohorts of White/European ancestry participants. Others have also
experienced improvements with recalibrated predictive scoring in
other settings, such as surgical outcomes, in a Veteran population (21,
22). We found that our results using the full cohort were

Table 3. e-Score model comparisons and LRT.

consistent in sensitivity analyses among various cohorts of the
MVP sample, with overall similar findings of a dose-response
relationship between the e-Score and odds for colorectal cancer.
See Supplementary Table S3 for nested model fit statistics results
for all models. Thus, the results of our study indicate that the
recalibrated e-Score may be useful in personalizing screening
protocols by age and other risk factors. Potential future uses of
the e-Score in all-veteran populations include informing clinical
guidelines for screening, focus areas for training clinicians and
staff on preventive lifestyle and behavior changes in clinical
settings, and development of messaging and prompts in health
records to alert both patients and providers to individuals who
are potentially at high risk for colorectal cancer.

Findings from this study are additive to the current literature
about colorectal cancer risk. The future of colorectal cancer

Model 12 (df) P AIC AUC LRT?

Primary analytic models® GECCO e-Score: 8.608 > 9.49; P = 0.07
Recalibrated e-Score: 23.969 > 9.49; P < 0.001

Base model 56.610 (4) <0.0001 7339.076 0.579 7329.076

GECCO e-Score expanded model 65.218 (8) <0.0001 7338.468 0.589 7320.468

Recalibrated e-Score expanded model 80.579 (8) <0.0001 7323107 0.600 7305.107

Abbreviation: AIC, Akaike information criterion.

ALRT: If difference between the —2LogL for the base model and expanded model is greater than the XZ statistic for difference in degrees of freedom based on an

a = 0.05, then the expanded model is significantly better.

Primary analytic models use the male validation sample in the following form for the base model: colorectal cancer ~ age + race + family history; with the
addition of the GECCO e-Score and recalibrated e-Score quintiles in separate expanded models.

AACRJournals.org

Cancer Epidemiol Biomarkers Prev; 33(11) November 2024 1461


https://aacrjournals.org/

Williams et al.

prevention seems to be most informed by a combination of both
genetic and environmental risks. The GECCO study showed that
genetic test findings combined with lifestyle risks may be more
useful than genetic test findings alone when personalizing age for
colorectal cancer screenings. Wells and colleagues (23) developed a
risk calculator for colorectal cancer using data from >180,000 pa-
tients who had colorectal cancer, which showed good accuracy.
Erben and colleagues (24) also used a lifestyle risk score in com-
bination with genetic risk for colorectal cancer and found the
strongest associations for ANs among the highest tertile lifestyle risk
scores compared with the lowest risk tertile (1.96, 95% CI, 1.53-
2.51). Zheng and colleagues (25) calibrated a family history colo-
rectal cancer risk prediction model using lifestyle factors as well, of
which calcium and fruit were significantly associated with reduced
risk for colorectal cancer, mirroring our findings of dietary com-
ponents in the recalibrated e-Score. Furthermore, a risk score can
supplement the heuristics of clinical decision-making. Kostopoulou
and colleagues (26) tested the effects of sharing a cancer risk score
on referral-making to specialists after presenting vignettes of patient
scenarios with general practitioners in the United Kingdom. They
found that the clinicians were willing to take into consideration the
risk score results alongside their own assessment of the patient and
their decision to refer to an oncologist. Other risk scores and risk
prediction models have been posited to be used for personalizing
screening recommendations and addressing colorectal cancer pre-
vention overall. For example, in one study, less invasive and lower
cost fecal immunochemical tests were offered before colonoscopy to
those with a lower risk for colorectal cancer based on age, sex,
family history, and smoking status (27). Given overlap in risk fac-
tors, an e-Score may have utility in the prediction and screening of
other chronic diseases as well.

Risk factors comprising the MVP e-Score that were significantly
associated with odds for colorectal cancer in our study are known
contributors to colorectal cancer risk. These include educational
attainment (28), height (29), type 2 diabetes (30, 31), physical ac-
tivity (32, 8), regular use of NSAIDs (33, 34), and specific dietary
factors [calcium (35) and fruits (36)]. Interestingly, intake of red
meat (37), alcohol (38), and fiber (36) was not related to odds for a
colorectal cancer diagnosis as have been seen in population studies
of colorectal cancer. There are also known disparities in colorectal
cancer outcomes across race in the general population and among
US veterans (39). Interestingly, results from all the validation
models did not show any associations between family history and
colorectal cancer. This may be due to the older age of the MVP
study participants as family history has a smaller effect beyond the
age of risk for early-onset colorectal cancer. Furthermore, our use of
family history did not include the age of family member’s diagnosis,
which is important for risk considerations (40).

Unlike the work of GECCO, which used cohorts of only Eu-
ropean ancestry participants, the MVP cohort included partici-
pants with one or more of several racial identities. This allowed us
to build on the work of the GECCO study. In our study, the use of
race was limited as a moderator for the e-Score and was defined as
a crude, three-category variable that included Black, White, and
unknown/underrepresented/multiple, in which the last category
included American Indian/Alaskan Native, Pacific Islander, and
Asian categories. We found in all models of the primary analyses
that Black men had significantly higher odds for colorectal cancer
compared with White men, but the other race categories in this
study were not significantly associated with colorectal cancer. We
found no interaction effects between race and the recalibrated
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e-Score. In sensitivity analysis among the sample of Black MVP
participants, there was no significant association between the
recalibrated e-Score and a colorectal cancer diagnosis, which is
possibly due to a sparsity of colorectal cancer cases in that sample
(n = 9,693; cases = 61). Our study’s results that Black male
veterans had higher odds for colorectal cancer were notable and
consistent with other population studies’ findings. One study that
explored the benefits of colorectal cancer screening as it has be-
come more widely available showed that although rates of colo-
rectal cancer have been decreasing among screen-eligible
individuals, the rates of decrease seem largest among Whites in
the United States (39). Another simulation study that used pop-
ulation data concluded that screening, not risk, was the most
important factor related to disparities in odds for colorectal
cancer among Black individuals in the United States (9). Further
work, particularly in understanding screening uptake and acces-
sibility among all veterans, is needed to better understand these
complex multifactorial disparities surrounding equitable care
across populations.

There are limitations to this work and the interpretation of its
findings. First, the available data used in this study derived from
complete case, self-report data collected for the MVP study are sub-
jected to recall and self-selection bias (41, 42). Thus, representativeness
is unknown. Second, for many research studies that utilize veteran
health data, the findings are limited in generalizability to other pop-
ulations. Next, the sample of Black veterans used in sensitivity analysis
may have been insufficient to draw meaningful conclusions using the
methods in this study. It should be noted that the GECCO work and
most other explorations of colorectal cancer risk are sex-specific, and we
sought to examine colorectal cancer risk factors among the female
sample of MVP participants in our study. However, there were insuf-
ficient data to calculate veteran-specific e-Score weights in a training
sample of females. Alternative methods may be explored in a follow-up
study given that females comprise the largest growing population
among US veterans. Both Black and female US veteran populations are
sorely underrepresented in research and are important to consider in
follow-up studies of colorectal cancer risk including endoscopy, family
history, and the risk factors discussed in this study.

The development of a recalibrated veteran-specific e-Score in our
study provides a foundation for future studies that address the
challenges of utilizing risk prediction tools in understudied pop-
ulations, as well as explore the utility of the e-Score in providing
clinical guidance for personalized screening protocols and colorectal
cancer prevention strategies. For example, more work is needed to
determine if using an e-Score in a veteran population to determine
whether lifestyle choices in aggregate should affect starting age of
screening. Likewise, if someone reduces a high-risk e-Score,
assessing whether risk truly goes down with lifestyle or behavioral
changes, or if there is some permanent or other inherent risk that
persists is important. Finally, ongoing studies are testing the ability
to enhance these risk prediction models with genetic factors for
improved colorectal cancer prevention and more effective use of
colorectal cancer screening resources.
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