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Purpose: The growing number of colorectal cancer (CRC) survivors often have multiple chronic
conditions. Comparing nonmetastatic CRC survivors and matched noncancer controls, our objec-
tives were to determine the odds of CRC survivors being diagnosed with cardiovascular disease
(CVD)-related chronic conditions and their likelihood of control during the year after CRC diagnosis.
Patients and methods: We retrospectively identified patients diagnosed with nonmeta-
static CRC in the Veterans Affairs health care system from fiscal years 2009 to 2012 and
matched each with up to 3 noncancer control patients. We used logistic regression to assess
differences in the likelihood of being diagnosed with CVD-related chronic conditions and
control between nonmetastatic CRC survivors and noncancer controls.

Results: We identified 9,758 nonmetastatic CRC patients and matched them to 29,066 noncancer
controls. At baseline, 69.4% of CRC survivors and their matched controls were diagnosed with
hypertension, 52.4% with hyperlipidemia, and 36.7% with diabetes. Compared to matched non-
cancer controls, CRC survivors had 57% higher odds of being diagnosed with hypertension
(OR=1.57, 95% CI=1.49-1.64) and 7% higher odds of controlled blood pressure (OR=1.07,
95% CI 1.02, 1.13) in the subsequent year. Compared to matched noncancer control patients,
CRC survivors had half the odds of being diagnosed with hyperlipidemia (OR=0.50, 95%
CI=0.48-0.52) and lower odds of low-density lipoprotein (LDL) control (OR 0.88, 95% CI
0.81-0.94). There were no significant differences between groups for diabetes diagnoses or control.
Conclusion: Compared to noncancer controls, nonmetastatic CRC survivors have 1) greater
likelihood of being diagnosed with hypertension and worse blood pressure control in the year
following diagnosis; 2) lower likelihood of being diagnosed with hyperlipidemia or LDL
control; and 3) comparable diabetes diagnoses and control. There may be a need for hyperten-
sion control interventions targeting cancer survivors.

Keywords: Veterans Affairs, colorectal neoplasms, cancer survivors, cardiovascular disease,

comorbidity, chronic disease management

Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed cancer in the US as
well as users of the Veterans Affairs (VA) health care system.'* CRC survival rates are
improving, resulting in a large population of CRC survivors.>® There are an estimated
750,000 living CRC survivors in the US.” With this increased survivability of CRC,
many CRC survivors must also focus on and manage other chronic conditions.

In addition to their CRC, many survivors are also diagnosed with multiple chronic
conditions.® For cardiovascular disease (CVD), the presence of CVD-related chronic
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conditions may be partially attributed to shared risk factors
such as obesity, physical inactivity, diet, and other lifestyle
behaviors.”'> When combined, these behavioral factors may
synergistically impact health."?

Among CRC survivors, CVD is a leading cause of
death.'*'® Emerging evidence suggests that CRC survi-
vors may be more likely to develop diabetes in the five
years following their cancer diagnosis.'” However, there is
a paucity of research about control of CVD-related chronic
conditions among CRC survivors. Understanding the con-
trol of CVD-related chronic conditions following CRC
diagnosis is critical to ensure survivors’ optimal health.

The VA is a national, high-volume provider of CRC care,
and the prevalence of CVD is high among veterans.” Thus, we
compared VA nonmetastatic CRC survivors and matched
noncancer controls to accomplish two objectives: (1) deter-
mine the odds of nonmetastatic CRC survivors being diag-
nosed with CVD-related chronic conditions (eg, hypertension,
diabetes, hyperlipidemia) and (2) determine their likelihood of
CVD-related chronic condition control, each over 12 months
following CRC diagnosis or identification.

Patients and methods

This is a retrospective, matched case—control cohort study
that was approved by Durham VA Health Care System
Institutional Review Board (IRB). The study data con-
tained personally identifiable health information. The
IRB granted a waiver of informed consent and HIPAA
authorization. The waiver was granted because these ana-
lyses used existing, retrospective data originating from the
electronic health record and it would not be feasible to
recontact every patient, many of whom were deceased.

Nonmetastatic CRC survivor case
eligibility criteria

Nonmetastatic CRC survivors were identified from the VA
Central Cancer Registry (VACCR), a database capturing
information on cancer cases diagnosed and/or treated at any
VA facility nationwide.>'® We identified patients diagnosed
with CRC at any VA hospital nationwide from fiscal years
2009 to 2012 (ie, October 1, 2008, through September 30,
2012). To be eligible, CRC survivors must have been newly
diagnosed with invasive, stages I, II, or III) at a VA facility
during the study time frame and have had at least one primary
care or oncology visit in the year prior to their CRC diag-
nosis. Nonmetastatic CRC survivors were excluded if we
were unable to link their VACCR record with VA

administrative data sources, had insufficient data to construct
covariates, or were not matched with a noncancer control
patient (Figure 1).

Noncancer control eligibility criteria
Potential noncancer control patients were identified through
VA celectronic health record (EHR) data via the VA
Informatics and Computing Infrastructure.'® To match non-
metastatic CRC survivors and noncancer control patients,
we used sequential stratification exact matching.?>*' This
technique allowed for multiple anchor dates and time-
varying characteristics, for example, longitudinal variation
in body mass index (BMI). These time-varying character-
istics may affect patterns of health care utilization and
diagnoses with CVD-related chronic conditions (eg, more
frequent interaction with health care system leads to more
opportunities to be diagnosed), so properly accounting for
them via a longitudinal matching process that allowed for
these characteristics changing over time was critical. In
order to be eligible to match to a nonmetastatic CRC
survivor, potential noncancer controls could have no history
of any cancer from five years prior until that CRC survi-
vor’s diagnosis date and must have had one or more pri-
mary care visits in the previous six months. We chose five
years as a threshold because evidence suggests that a pattern
of stability emerges by that time.*

Case—control matching process

Nonmetastatic CRC survivors and noncancer control
patients were first exact matched on the following char-
acteristics: sex; race (white, non-white); age (within 5
years of the age of the matched case at time of diagnosis),
copayment status (no copayment because of disability, no
copayment because of low-income, must pay); Veterans
Integrated Service Network geographic area; distance to
VA healthcare; and health care use (high users [>3 out-
patient visits in the 14 months to 2 months prior to their
CRC diagnosis], low users [<3 outpatient visits in the
same period]). We used the period from 14 months to 2
months prior to their CRC diagnosis to avoid measuring
a temporary increase in health services use related to
obtaining a CRC diagnosis. CRC cases and noncancer
control patients were matched on three BMI categories
(underweight or healthy [BMI<24.9], overweight
[25<BMI<29.9]), and obesity [BMI>30.0] using the clo-
sest BMI to the case’s diagnosis date between 2 and 14
months prior to diagnosis (1 year for controls). Because
CRC patients may experience weight changes around the
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Figure | Patient flow diagram.

time of diagnosis that might influence BMI, we excluded
measurements within the 2 months prior to diagnosis.
Additionally, CRC
patients were matched on the presence of CVD-related

survivors and noncancer control
chronic conditions (hypertension, hyperlipidemia, diabetes
diagnoses) between 2 and 26 months prior to the CRC
survivor’s diagnosis date (2 years for controls).

After exact matching on the above characteristics,
matching was further refined by selecting control patients
closest to each CRC survivor based on minimizing the
Mahalanobis distance function® including the continuous
variables of age and distance to VA health care. Based on
the smallest variance that enabled the balance of covariates
while minimizing the loss of potential controls, up to three
matches were selected for each CRC survivor. An anchor
date was established for all patients. For CRC cases, the
date of CRC diagnosis was the anchor date. For matched,
noncancer controls, the anchor date was the closest primary

Non-
cancer
controls

Potential controls
identified in VA
administrative data
(n=54,538,312)

Excluded ineligible controls (n=118,844)

- Conflicting information regarding

7] copayment status on the same visit day

n=117,192; missing zip code or date of
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matching
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Y

Controls remaining
after matching on
variables
(n=5,486,929)

Y

Controls for analysis
limit to best 3
matches
(n=29,066)

care visit date that occurred prior to and within six months
of the corresponding CRC case’s diagnosis date.

Outcome measures

The three primary outcomes of interest were dichotomous
measures of diagnosis of hypertension, diabetes, and/or
hyperlipidemia in the first year following CRC diagnosis
(or anchor date for matched noncancer controls). The three
secondary outcomes of interest were time-varying binary
indicators from CVD-related chronic disease control based
on clinical practice guidelines that covered the study per-
iod: blood pressure (for nondiabetic patients <150/90 mm
Hg, for diabetic patients <140/90 mm Hg),?* diabetes (Alc
<7% vs >7%),%> and hyperlipidemia [low-density lipopro-
tein (LDL) <100 mg/dL vs >100 mg/dL].%® Chronic dis-
ease control outcomes were collected from EHR data
measured in outpatient clinics over the year following
the anchor date; diabetes diagnosis in the pre-period was
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used to define the blood pressure threshold. If an indivi-
dual had multiple measurements of an outcome per day,
the average measurement for the day was used.

Statistical analysis

We used logistic regression to assess associations between
CRC survivors’ and matched noncancer controls prevalence
of hypertension, diabetes, and hyperlipidemia diagnoses.
Odds of control of BP, Alc, and LDL were estimated using
a generalized linear mixed model for each outcome, with an
individual-level random intercept to account for correlation
among multiple measures per person. The model included an
indicator for whether a patient was a CRC survivor vs
a matched noncancer control, continuous time from anchor
date, and their interaction. Statistical analyses were con-
ducted using SAS Enterprise Guide 7.1 and SAS 9.4 (SAS
Institute Inc., Cary, NC) with a priori two-sided statistical
significance level set at 0.05.

Additional analyses

We conducted a sensitivity analysis, using stratified age as an
interaction term, examining whether the associations found
varied by categorical age group. Given the differences in
hypertension control, we conducted a post-hoc analysis to
evaluate differences in polypharmacy and antihypertensive
medication-taking behaviors. We report the overall number
of oral cardiovascular medications patients were prescribed.
To assess adherence to antihypertensive medications, we
calculated Medication Possession Ratio (MPR), a pharmacy
refill-based measure of medication adherence, for patients
prescribed metoprolol tartrate in the outpatient setting in
the year following the anchor date.””*® Due to the MPR not
being normally distributed, a difference in MPR between
cases and controls was checked using the Wilcoxon Rank
Sum test, a nonparametric test.

Results

Patient sample

We identified 15,218 CRC survivors who were diagnosed
during the study period. After applying exclusion criteria (eg,
stage IV, diagnosed outside of study time frame), 9,758 CRC
survivors and 29,066 matched noncancer control patients
were included in the analytic sample (Figure 1).

Patient characteristics
Baseline characteristics for CRC survivors and matched non-
cancer control patients, including presence of CVD risk

factors, are presented in Table 1. Most cases were white
(79.3%), males (97.7%). Patients were commonly married
(48.9%), overweight (BMI 25.0-29.9; 29.7%), or obese
(BMI >30; 32.5%). Most patients received VA health care
without a copay (78.9%) because of either low annual income
(44.3%) or military service-related disability (34.6%).

Among CRC cases, the mean age at diagnosis was 67.0
years. A larger proportion of CRC cases died within three
years of the anchor date compared to the noncancer con-
trol patients (22.83 vs 9.22%, respectively).

Presence of CVD-related chronic

conditions among CRC survivors

At baseline, 69.4% of CRC survivors were diagnosed with
hypertension, 36.7% with diabetes, and 52.2% with hyper-
lipidemia. In the post-period, approximately 7% of cases
and 11% of controls had newly diagnosed hypertension; 6%
and 24% of cases and controls, respectively, had newly
diagnosed hyperlipidemia; and 5% and 4% of cases and
controls, respectively, had newly diagnosed diabetes. In
the year following the anchor date, compared to matched
noncancer control patients (Table 2), CRC survivors had
57% higher odds of being diagnosed with hypertension
(OR=1.57, 95% CI=1.49-1.64). This includes all diagnoses
of hypertension in the sample (ie, not limited to new diag-
nosis). Also, at 1 year post-anchor date, we identified no
difference between CRC survivors and controls regarding
(OR=0.97, 95% CI=0.93-1.02).
Compared to matched noncancer control patients, CRC

diabetes  diagnoses
survivors had half the odds of being diagnosed with hyper-
lipidemia (OR=0.50, 95% CI=0.48-0.52).

CVD-related chronic condition control

Twelve months post-anchor date (Table 3), CRC cases
experienced 7% higher odds of good blood pressure
control (OR=1.07, 95% CI 1.02-1.13) and 12% lower
odds of LDL control (OR=0.88, 95% CI 0.81-0.94)
compared to matched noncancer controls. There was
no significant difference between CRC cases and
matched controls in odds of Alc control at 12 months.

Sensitivity analysis for age stratification
There was minor variation by age group, but the magni-
tude and direction of the associations were consistent
(Table 4). We also report age-stratified analysis with
regard to CVD risk factor control (Table 5).
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Table 1 Demographic characteristics of patient sample

CRC survivors Noncancer controls
(n=9,758) (n=29,066)
No. % No. %
Sex
Male 9,530 97.7 28,440 97.8
Female 228 23 626 22
Race
White 7,738 79.3 23,136 79.6
Minority 1,945 19.9 5712 19.7
Marital status
Married 4,769 48.9 16,219 55.8
Not married 4,946 50.7 12,649 435
Copay status
Free — disability 3,379 34.6 10,086 347
Free — low-income 4,320 443 12,856 442
Must pay 1,529 15.7 4,549 15.7
Region
Midwest 2,089 21.4 6,232 21.4
Northeast 1,502 15.4 4,453 15.3
Southeast 3,931 40.3 11,740 404
West 2,236 229 6,641 228
Body mass index
Underweight & healthy weight (<18.5-24.9) 1,921 19.7 5718 19.6
Overweight (25.0-29.9) 2,895 29.7 8,635 29.7
Obese (230.0) 3,176 325 9,482 326
Hypertension 6,774 69.4 20,168 69.4
Diabetes 3,585 36.7 10,669 36.7
Hyperlipidemia 5,098 522 15,250 525
Age
Years, mean (SD) 67.0 (10.33) 66.7 (10.25)
18—49 years 293 3.0 970 33
50-59 years 1,739 17.8 5,291 18.2
6069 years 4,108 42.1 12,371 42.6
70-79 years 2,249 23.1 6,586 22.7
>80 years 1,369 14.0 3,848 13.2
Distance, miles, mean (SD) 12.4 (12.50) 12.1 (11.89)
Number of primary care visits within | year of anchor date, mean (SD) | 3.6 (3.53) 3.8 (4.07)
Died within 3 years of anchor date 2,228 228 2,679 9.2

Notes: The following variables had missing data: race (cases n=75, controls n=218); marital status (cases n=43, controls, n=198); copay status (cases n=530, controls
n=1,575); body mass index (cases n=1,766, controls n=5,231). Diagnoses of diabetes, hyperlipidemia, and hypertension were based on documented ICD-9 codes in the EHR
from 2 years prior to the anchor date. Distance was calculated from the centroid of the veteran’s home zip code to the centroid of the nearest VA facility’s zip code. The
number of primary care visits includes visits to VA primary care provider in the year prior to the anchor date.

Abbreviations: CRC, colorectal cancer; VA, Veterans Affairs; EHR, electronic health record.
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Table 2 Model-estimated odds ratios of being diagnosed CVD risk factors post-CRC diagnosis (CRC survivors vs matched noncancer

controls)
Odds ratio 95% confidence interval p-value
Hypertension 1.57 1.49—1.64 <0.0001
Diabetes 0.97 0.93-1.02 0.21
Hyperlipidemia 0.50 0.48-0.52 <0.0001

Notes: This depicts the odds ratio of being diagnosed with CVD risk factors in the first year post-CRC diagnosis date (or matched anchor date for noncancer controls) for
CRC patients compared to matched controls. The entire sample (n=38,824) was used for these models.

Abbreviations: CRC, colorectal cancer; CVD, cardiovascular disease.

Table 3 Model-estimated odds ratios of CVD risk factor control |-year post-CRC diagnosis

Odds ratio 95% confidence interval p-value
Blood pressure 1.07 1.02-1.13 0.005
Alc 1.04 0.95-1.15 0.364
LDL 0.88 0.81-0.95 <0.001

Notes: This depicts the odds ratio of achieving CVD risk factor control at |-year post-CRC diagnosis date (or matched anchor date for noncancer controls) for CRC
patients compared to matched controls. There were 37,752 patients with blood pressure data, 20,066 patients with Alc data, and 30,196 patients with LDL data.
Abbreviations: CRC, colorectal cancer; CVD, cardiovascular disease; LDL, low-density lipoprotein.

Table 4 Age-stratified analysis of being diagnosed CVD risk factors post-CRC diagnosis (CRC survivors vs matched noncancer controls)

Odds ratio estimate Hyperlipidemia Hypertension Diabetes

(95% confidence interval)

Test for interaction p-value <0.0001 0.0068 0.7425

Case vs control at age 1849 0.66 (0.50, 0.88) 1.02 (0.78, 1.35) Not applicable since test for interaction was not significant
Case vs control at age 50-59 0.57 (0.51, 0.63) 1.76 (1.58, 1.96)

Case vs control at age 60—69 0.55 (0.51, 0.59) 1.54 (1.44, 1.66)

Case vs control at age 70-79 0.45 (0.41, 0.49) 1.52 (1.37, 1.69)

Case vs control at age >80 0.33 (0.29, 0.37) 1.63 (1.43, 1.85)

Abbreviations: CRC, colorectal cancer; CVD, cardiovascular disease.

Table 5 Age-stratified analysis of CVD risk factor control |-year post-CRC diagnosis

Odds ratio estimate (95% confidence inter- LDL Blood Alc
val) p-value pressure
Test for interaction p-value 0.0486 <0.0001 0.0540
Case vs control at age 1849 0.56 (0.34, 0.78 (0.59, Not applicable since test for interaction was not
0.92) 1.03) significant
Case vs control at age 50-59 0.83 (0.69, 0.94 (0.84,
0.99) 1.05)
Case vs control at age 60-69 0.86 (0.76, 1.03 (0.96,
0.96) I.11)
Case vs control at age 70-79 0.93 (0.79, 1.24 (1.12,
1.10) 1.38)
Case vs control at age >80 0.95 (0.74, 1.27 (111,
1.21) 1.46)

Abbreviations: LDL, low density lipoprotein; CVD, cardiovascular disease; CRC, colorectal cancer.
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Polypharmacy and differences in

medication adherence

Regarding polypharmacy, CRC survivors and matched
noncancer controls were prescribed similar numbers of
overall oral medications (CRC cases, mean =4.21, SD
3.70; matched noncancer controls, mean 4.13, SD 3.67).
Based on pharmacy refill data, adherence was significantly
lower among CRC survivors compared with matched non-
cancer controls (mean MPR 85% and 93%, respectively,
p<0.001).

Discussion

Our analysis suggests that, compared to matched peers,
nonmetastatic CRC survivors may be more likely to be
diagnosed with hypertension. While the magnitude of the
effect appears relatively small, we assert that this is still an
important difference when considered from a population
health perspective. It is also worth noting that nonmeta-
static CRC survivors and controls had very similar rates of
primary care visits in the three years post-anchor date and,
as a result, similar opportunities to receive a hypertension
diagnosis. Specifically, CRC survivors had a mean of
approximately 9 primary care visits over the three years
post-anchor date (SD 8) and controls had a mean of 8§
primary care visits (SD 7). CRC and hypertension share
common risk factors (eg, sedentary behavior, poor quality
diet, with  healthy behaviors).?~°
Prolonged sedentary time is associated with increased

noncompliance

risk of developing both CRC*® and hypertension, as well
as poor blood pressure control.>’* Among CRC survi-
vors, sedentary time is associated with decreased health-
related quality of life** and higher CRC-specific
mortality.’> Although the relationship between risk factors
is similar for hyperlipidemia, we saw the opposite associa-
tion with the likelihood of being diagnosed with hyperli-
pidemia and/or cholesterol control. While beyond the
scope of this project, it is possible that patients who do
not follow CRC screening guidelines may have both
a higher risk of CRC and be less likely to be compliant
with other health behaviors, like blood pressure manage-
ment. Hyperlipidemia among CRC survivors merits addi-
tional study.

Of note, hypertension is a transient side effect of certain
chemotherapy regimens, such as bevacizumab for the treat-
ment of metastatic CRC. While our sample includes patients
with nonmetastatic disease, we were concerned that some
patients might have been prescribed bevacizumab for disease

progression. We reviewed VA administrative health data and
found that only 7 CRC cases and 11 controls were exposed to
bevacizumab during their first year post-anchor date. These
small numbers suggest that bevacizumab exposure is not
a driver of our results.

In contrast to a prior analysis,'” we did not find more
diabetes diagnoses among CRC survivors in the year fol-
lowing their CRC diagnosis. This may be because the VA
patient population, irrespective of cancer status, has
a higher prevalence of diabetes (16%) compared to the
US (7.2%).>**7 The VA has a strong history of diabetes

risk reduction research*®4°

and has nationally dissemi-
nated two programs targeting diabetes. These programs
include the Veterans Affairs Diabetes Prevention
Program (VA-DPP) and MOVE! weight management
program.*'** We did not have data about whether people
in our cohort participated in these programs.

The association between nonmetastatic CRC and CVD
risk-related chronic conditions, such as hypertension, is com-
plex. CRC and CVD share common behavioral risk factors
including obesity, physical inactivity, diet, and other lifestyle
behaviors.”'? In Australia, Hawkes and colleagues con-
ducted a telephone-based behavioral change intervention
targeting improved dietary habits, increased physical activity,
smoking cessation, and alcohol moderation among CRC
survivors.** The intervention improved CRC survivors’ phy-
sical activity, dietary habits, and BMI, as well as their psy-
chosocial outcomes.***** While this is a promising beginning,
there is a need for additional interventions of this type,
particularly those targeting hypertension management
among CRC survivors. In addition to addressing traditional
healthy lifestyle behaviors, future self-management interven-
tions should address medication adherence.

Medication therapy is often necessary to achieve ther-
apeutic goals for CVD-related chronic conditions and
maximum clinical effectiveness.*” Medication nonadher-
ence for chronic disease medications among people with
cancer has been documented potentially harming their
cardiovascular health.*®*” Therefore, we examined adher-
ence to antihypertensive medications. In our study, we
found that CRC survivors had lower adherence to
a commonly prescribed antihypertensive medication com-
pared to controls. Because we observed poorly managed
hypertension and suboptimal medication adherence among
CRC survivors, improving medication adherence may be
an area for future interventional work in this population.

Our analysis had several limitations. We studied users of
the VA health care system who are, on average, older, sicker,
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and engage in different health behaviors than the general US
population.>”*® This may impact the generalizability of study
findings including generalizing to metastatic CRC, other can-
cers, or patient populations with a higher proportion of women.
Additionally, we did not have data on lifestyle behaviors (eg,
diet and physical activity) that might impact CRC and CVD-
related chronic conditions. Instead, we relied on BMI prior to
diagnosis as a proxy measure. Because we relied on BMI
measured in the last six months, we could have missed the
inclusion of healthier controls who had no visits and therefore
no recent BMI measurements. We also did not have access to
information about patients’ diet quality, tobacco, alcohol use,
or cancer-related therapies that they received. We considered
outcomes within the first year after CRC diagnosis. It is prob-
able that there will be variation at different points in the
survivorship trajectory. Despite these limitations, our analysis
also had several advantages. We used a national cohort with
a large sample size. Additionally, we exactly matched on
a myriad of variables that might not be possible in other large
administrative datasets (eg, distance from care).

Conclusions
We identified no difference in the presence of diabetes or
diabetes control between CRC cases and matched controls in
the year following CRC diagnosis. During the same time
period, we found that hyperlipidemia was better controlled
among CRC survivors. This may merit additional study.
However, we found that CRC survivors may be more likely
to have hypertension and may be more likely to struggle with
blood pressure control in the years following their CRC
diagnosis.

There may be a need to address care for hypertension,
a CVD-related chronic condition, among CRC survivors, and
to understand the impact of CRC treatment on development
and management of hypertension. Future studies should eval-
uate adherence to antihypertensives medications and how the
management of hypertension among CRC survivors is relative
to their peers. There may be a need for blood pressure control
interventions targeted toward cancer survivors.
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