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Abstract
Objective
We aimed to evaluate the association between cancer and cerebrovascular disease in a pro-
spective cohort study with adjudicated cerebrovascular diagnoses.

Methods
We analyzed participants from the Reasons for Geographic and Racial Differences in Stroke
(REGARDS) study who were 45 years and older and had Medicare coverage for 365 days
before their baseline study visit. Participants with a history of cancer or cerebrovascular events
were excluded. The time-dependent exposure was a new diagnosis of malignant cancer iden-
tified through Medicare claims algorithms. Participants were prospectively followed from their
baseline study visit (2003–2007) through 2014 for the outcome of a neurologist-adjudicated
cerebrovascular event defined as a composite of stroke (ischemic or hemorrhagic) or TIA. Cox
regression was used to evaluate the association between a new cancer diagnosis and subsequent
cerebrovascular events. Follow-up time was modeled in discrete time periods to fulfill the
proportional hazard assumption.

Results
Among 6,602 REGARDS participants who met eligibility criteria, 1,149 were diagnosed with
cancer during follow-up. Compared to no cancer, a new cancer diagnosis was associated with
subsequent cerebrovascular events in the first 30 days after diagnosis (hazard ratio 6.1, 95%
confidence interval 2.7–13.7). This association persisted after adjustment for demographics,
region of residence, and vascular risk factors (hazard ratio 6.6, 95% confidence interval
2.7–16.0). There was no association between cancer diagnosis and incident cerebrovascular
events beyond 30 days. Cancers considered high risk for venous thromboembolism demon-
strated the strongest associations with cerebrovascular event risk.

Conclusion
A new diagnosis of cancer is associated with a substantially increased short-term risk of cere-
brovascular events.
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Cancer is diagnosed in 1.6 million Americans each year.1

Hypercoagulability is a well-known complication of cancer,
and up to 20% of patients with cancer develop venous
thromboembolism.2,3 Single-center cohort studies have sug-
gested that incident stroke is common in patients with cancer,
and in a large autopsy study, 15% of patients with cancer had
evidence of cerebrovascular disease.4–6 Despite these data,
cancer is not typically viewed as an independent risk factor for
stroke, and patients with cancer are not routinely targeted for
stroke prevention strategies.7

Recent data justify a rigorous assessment of the association
between cancer and stroke. A Swedish study reported that
several cancer types were associated with stroke, but this
study was limited to inpatient data, a homogenous pop-
ulation, and retrospective identification of strokes using ad-
ministrative codes.8 A US study using cancer registry data
linked to Medicare claims demonstrated that patients with
common solid tumor cancers had an increased risk of stroke,
especially in the first 3 months after cancer diagnosis.9

However, this study also relied on claims data to identify
strokes, which is less reliable than the gold standard of pro-
spectively adjudicated stroke diagnoses.10,11 Furthermore,
because of their dependence on claims-based data, prior
studies were unable to comprehensively adjust for stroke risk
factors. For example, smoking and obesity, known risk factors
for both cancer and stroke, are not reliably recorded in ad-
ministrative claims.12–15

We used prospectively collected data, including neurologist-
adjudicated stroke and TIA diagnoses, from the population-
based Reasons for Geographic and Racial Differences in
Stroke (REGARDS) study to evaluate the association be-
tween cancer and cerebrovascular disease.16 We hypothesized
that cancer would be associated with an increased risk of
stroke/TIA independent of vascular risk factors.

Methods
Design
This analysis used data from the REGARDS study in con-
junction with linked Medicare claims from the Centers
for Medicare and Medicaid Services. REGARDS is a na-
tionwide, population-based, prospective cohort study with
adjudicated ascertainment of cerebrovascular events.16

Between 2003 and 2007, 30,239 participants aged 45 years
and older were enrolled. REGARDS oversampled black
participants and those living in the Stroke Belt (South-
eastern United States).

Standard protocol approvals, registrations,
and patient consents
Participating institutions’ review boards approved the
REGARDS study protocol. All participants provided written
informed consent, including for data linkage with Medicare
claims.

Participants
We included participants who had continuous fee-for-service
Medicare Parts A and B but not C (Medicare Advantage)
coverage for the 365 days before their baseline in-home study
visit. Sixty-seven percent of REGARDS participants had
linked Medicare data; baseline characteristics were similar
between participants linked and not linked to Medicare ex-
cept those not linked were more often men and black.17

Participants with history of cerebrovascular events or cancer
at baseline were excluded. History of stroke/TIA was identi-
fied through self-report during the baseline study interview or
the presence of a Medicare ICD-9-CM diagnosis code for
cerebrovascular disease, 430.xx–438.xx, in the year before
baseline study visit. History of cancer was identified through
self-report during the baseline study interview or through
a Medicare ICD-9-CM code for cancer in the year before the
baseline visit (see appendix e-1 for codes, links.lww.com/
WNL/A504). In prior research, Medicare claims data iden-
tified incident cancer with specificity of ≥98%.18

Measurements
The primary exposure was any new diagnosis of cancer during
follow-up except cutaneous basal cell or squamous cell car-
cinoma. New diagnoses of cancer were defined by ≥1 of the
following Medicare claims algorithms: any inpatient or out-
patient emergency department claim with ICD-9-CM di-
agnoses of 140.xx–172.xx, 174.xx–208.xx, or 209.0–209.3 in
any diagnosis position; any inpatient or outpatient claim with
ICD-9-CM, Healthcare Common Procedure Coding System,
or Current Procedural Terminology codes for chemotherapy,
radiation, or hormone therapy; or ≥2 outpatient claims with
an ICD-9-CM diagnosis of 140.xx–172.xx, 174.xx–208.xx, or
209.0–209.3 in any diagnosis position associated with physi-
cian evaluation and management codes 30–365 days apart. In
the algorithm requiring ≥2 outpatient claims, the cancer di-
agnosis was assigned the date of the second cancer claim. No
participants included in the current analysis were diagnosed
with cancer solely by a claim for hormone therapy.

At baseline, enrolled participants completed a 45-minute
telephone interview to provide information on demographics,
socioeconomic status, cardiovascular risk factors, and medical
history, including history of cancer. Participants then

Glossary
CI = confidence interval; HR = hazard ratio; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical
Modification; IQR = interquartile range;REGARDS = Reasons for Geographic and Racial Differences in Stroke;WHO =World
Health Organization.
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completed an in-home study visit, which included blood
pressure measurements, ECG, and collection of urine and
blood samples.

The primary outcome was a REGARDS-adjudicated stroke or
TIA. After the baseline visit, participants were contacted every
6 months to identify possible cerebrovascular events. These
phone interviews included the validated questionnaire for
verifying stroke-free status and questioning about whether
participants had been hospitalized for cerebrovascular disease
since their last follow-up encounter.16,19 When participants
reported stroke/TIA symptoms or diagnosis or the in-
terviewer suspected a cerebrovascular event, relevant medical
records were reviewed by an expert stroke panel for central
adjudication. Stroke events were defined per the World
Health Organization (WHO) definition but also included
cases with neurologic symptoms lasting <24 hours with brain
imaging demonstrating acute ischemia/hemorrhage and cases
in which the expert adjudicators believed the event was a likely
stroke but clinical information was insufficient for the WHO
or imaging-based definitions.16,20 TIA events were defined as
neurologic symptoms attributed to ischemia lasting <24 hours
and with negative brain imaging for stroke.

Analysis
Descriptive statistics were used to calculate baseline charac-
teristics. Kaplan-Meier statistics were used to calculate the
cumulative incidence of cerebrovascular events among par-
ticipants with and without cancer. Time of study entry for all
participants was the date of their baseline REGARDS study
visit with new diagnoses of cancer modeled as a time-
dependent exposure. Participants who developed cancer
during follow-up contributed follow-up time to both the
cancer and noncancer groups. Specifically, they contributed
follow-up time to the noncancer group from the date of their
baseline study visit to the date of their cancer diagnosis, and to
the cancer group from their date of cancer diagnosis through
the end of study. Among participants with multiple cancers
diagnosed during the study period, only the first cancer di-
agnosis was analyzed. Follow-up was censored when partic-
ipants developed stroke/TIA, withdrew from the REGARDS
study, lost Medicare fee-for-service coverage, or on December
31, 2014.

To account for possible confounding by baseline differences
in stroke risk factors between those with and without cancer,
we performed multivariable Cox proportional hazard analyses
adjusting for age, race, sex, region of residence, annual in-
come, highest education level achieved, systolic and diastolic
blood pressure, antihypertensive medication use, left ven-
tricular hypertrophy, diabetes, atrial fibrillation, total and
high-density lipoprotein cholesterol, coronary heart disease,
estimated glomerular filtration rate, albuminuria, physical
activity, body mass index, smoking history (current smoking
and smoking pack-years), and alcohol use. Cumulative in-
cidence curves were not parallel in the first year of follow-up,
and maximum likelihood estimates analyses showed that the

hazard for cerebrovascular events associated with cancer
varied as a function of follow-up time, indicating that the
proportional hazard assumption was violated for the entirety
of participant follow-up. Therefore, we calculated hazard ra-
tios (HRs) during discrete time periods during which the
assumption was met. These time periods were 0–30 days,
31–90 days, 91–180 days, 181–365 days, and >365 days;
previous analyses reported stable stroke risk among patients
with cancer during these time periods, and maximum likeli-
hood estimation techniques confirmed time proportionality.9

Using the multivariable model, we performed 2 sensitivity
analyses. First, we restricted the outcome of interest to stroke.
Second, we assigned the date of the first outpatient cancer
claim as the date of cancer diagnosis.

In addition, we conducted subgroup analyses evaluating ce-
rebrovascular event risk among participants with (1) tradi-
tionally high-risk cancers and (2) common cancers (see
appendix e-2 for methods, links.lww.com/WNL/A504).

In post hoc sensitivity analyses, we used a matched cohort
design to evaluate cerebrovascular event risk in patients with
cancer (see appendix e-3 for methods, links.lww.com/WNL/
A504).

Figure 1 Study eligibility criteria

Flow diagram detailing selection criteria for study participants. REGARDS =
Reasons for Geographic and Racial Differences in Stroke.
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In exploratory analysis, we evaluated the incidence rate of
venous thromboembolism among participants with and
without cancer (see appendix e-4 for methods/results, links.
lww.com/WNL/A504).

Statistical analyses were performed by H.Z. using SAS version
9.4 (SAS Institute Inc., Cary, NC). The threshold for statis-
tical significance was p < 0.05.

Data availability
The data used in this analysis include potentially identifying
participant information as well as restricted Medicare claims
data and therefore cannot be made publicly available because
of ethical/legal restrictions. However, qualified investigators
who have been granted access by the University of Alabama at
Birmingham and the Centers for Medicare and Medicaid
Services can obtain deidentified data on request at regard-
sadmin@uab.edu.

Results
Characteristics
Among 20,403 REGARDS participants with Medicare-linked
data, 6,602 met eligibility criteria and were included in this
analysis (figure 1). During a median follow-up period of 6.0
years (interquartile range [IQR] 2.3–9.3), 1,149 study par-
ticipants (17% of cohort) were diagnosed with cancer, in-
cluding 850 solid tumor cancers, 100 hematologic cancers, 21

Table 1 Participant characteristics at baseline REGARDS
visit, stratified by the diagnosis of cancer during
the follow-up period

Characteristic
Cancer
(n = 1,149)

No cancer
(n = 5,453) p Value

Age, mean (SD), y 71.9 (6.5) 70.9 (7.4) <0.01

Female 518 (45.1) 3,102 (56.9) <0.01

Race <0.01

White 800 (69.6) 3,367 (61.7)

Black 349 (30.4) 2,086 (38.3)

Annual income <0.01

<$20,000 186 (16.2) 1,326 (24.3)

$20,000–$34,000 345 (30.0) 1,566 (28.7)

$35,000–$75,000 382 (33.2) 1,354 (24.8)

>$75,000 96 (8.4) 425 (7.8)

Unknown 140 (12.2) 782 (14.3)

Highest education level <0.01

Less than high school 130 (11.3) 927 (17.0)

High school 294 (25.6) 1,515 (27.8)

Some college 318 (27.7) 1,457 (26.7)

Higher than college 406 (35.4) 1,552 (28.5)

Urban/rural 0.05

Urban 788 (75.0) 3,746 (76.6)

Rural 116 (11.0) 592 (12.1)

Mixed 146 (13.9) 553 (11.3)

Region of residencea 0.52

Stroke Belt 397 (34.6) 1,981 (36.3)

Stroke Buckle 288 (25.1) 1,335 (24.5)

Non–Stroke Belt 464 (40.4) 2,137 (39.2)

Vascular risk factors

SBP, mean (SD), mm Hg 129.5 (16.4) 130.0 (17.0) 0.39

DBP, mean (SD), mm Hg 75.5 (9.2) 75.7 (9.7) 0.57

Antihypertensive
medication use ever

602 (54.0) 3,094 (58.8) <0.01

Left ventricular
hypertrophy

117 (10.3) 614 (11.4) 0.27

Diabetes mellitus 219 (19.9) 1,307 (24.8) <0.01

Coronary heart disease 250 (22.2) 1,187 (22.1) 0.97

Atrial fibrillation 103 (9.1) 529 (9.9) 0.40

Total cholesterol,
mean (SD), mg/dL

186.1 (38.9) 190.1 (40.4) <0.01

High-density cholesterol,
mean (SD), mg/dL

51.4 (15.9) 52.1 (16.6) 0.19

Table 1 Participant characteristics at baseline REGARDS
visit, stratified by the diagnosis of cancer during
the follow-up period (continued)

Characteristic
Cancer
(n = 1,149)

No cancer
(n = 5,453) p Value

eGFR <60, mL/min/1.73 m2 174 (15.9) 874 (16.7) 0.52

Urinary albumin/creatinine
ratio >30, mg/g

186 (17.2) 879 (17.0) 0.88

Physical activity 741 (65.7) 3,349 (62.5) 0.04

Body mass index ≥30 kg/m2 339 (29.6) 1,992 (36.9) <0.01

Alcoholic drinks, wk
(>2 for M, >1 for F)

240 (21.3) 970 (18.1) 0.01

Current smoking 148 (13.0) 595 (10.9) 0.05

Smoking pack-years,
mean (SD), yb

18.5 (27.1) 14.6 (25.4) <0.01

Abbreviations: DBP = diastolic blood pressure; eGFR = estimated glomerular
filtration rate; REGARDS = Reasons for Geographic and Racial Differences in
Stroke; SBP = systolic blood pressure.
Data are presented as n (%) unless otherwise specified. Percentages may
not add up to 100 because of rounding.
a The Stroke Buckle includes coastal areas of North Carolina, South Carolina,
and Georgia, while the Stroke Belt includes the remainder of these states
and Alabama, Mississippi, Louisiana, and Arkansas. These geographic
regions of the Southeastern United States have an increased stroke mor-
tality compared to other parts of the country.
b Among participants with any smoking history.
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primary brain cancers, and 178 cancers of unknown primary
site. The breakdown of cancer types was generally represen-
tative of national rates; prostate, lung, and breast cancers were
the most common primary sites.1 Mean age of patients with
cancer at the time of cancer diagnosis was 75.5 years (±7.0).
Older age, male sex, white race, higher income, higher
education level, mixed urban-rural residence, more physical
activity, and higher alcohol and smoking consumption were
more common among participants diagnosed with cancer as
compared to participants not diagnosed with cancer (table 1).
In addition, participants with incident cancer had lower total
cholesterol levels and less often had diabetes, a body mass
index ≥30 kg/m2, and previously used antihypertensive
medication.

Primary analysis
Among participants diagnosed with cancer, median follow-up
from time of cancer diagnosis to cerebrovascular event or end of
follow-up was 2.9 years (IQR 0.8–5.9), and during this period,
44 participants (3.8%) had a stroke (ischemic n = 34, hemor-
rhagic n = 1) or TIA (n = 9). Most cerebrovascular events
occurred in participants with solid tumor cancers, particularly
prostate (n = 10), lung (n = 9), or breast (n = 5) cancer,
although 5 participants with hematologic cancers also de-
veloped events (table e-1, links.lww.com/WNL/A503). No
cerebrovascular events were diagnosed in participants with
primary brain cancers. Conversely, among participants not di-
agnosed with cancer, median follow-up timewas 7.3 years (IQR
2.7–9.6), and 412 (6.2%) were diagnosed with cerebrovascular
events (92% ischemic). All strokes in both groups were di-
agnosed using the WHO or tissue-based imaging definitions.
Cerebrovascular event mechanisms as defined by the TOAST
(Trial of Org 10172 in Acute Stroke Treatment) classification
are provided in table e-2. Data on censoring and the timing of
stroke events are presented in table 2. The 30-day cumulative
incidence of cerebrovascular events was higher in participants
who developed cancer vs those who did not (figure 2). Beyond
30 days, the cumulative incidence of cerebrovascular events
among the cancer and noncancer groups converged.

Compared to no cancer, a new diagnosis of cancer was as-
sociated with an increased risk of cerebrovascular events in the
first 30 days after diagnosis (HR 6.1, 95% confidence interval
[CI] 2.7–13.7) (table 3). This association persisted after ad-
justment for demographics, region of residence, and vascular
risk factors (HR 6.6, 95% CI 2.7–16.0). A similar association
was found when the outcome of interest was stroke only
(adjusted HR 4.7, 95% CI 1.5–14.6). At later time periods,
incident cancer was no longer significantly associated with the
development of cerebrovascular events. The results were
materially unchanged in a sensitivity analysis that used the
date of the first outpatient cancer claim as the date of cancer
diagnosis (table e-3, links.lww.com/WNL/A503).

Subgroup analyses
Among participants who developed cancers other than
prostate (n = 920), the adjusted HR for cerebrovascular

events in the first 30 days after cancer diagnosis was 8.3 (95%
CI 3.4–20.2). When restricted to lung, colorectal, or pancre-
atic cancer (n = 257), the adjusted association between cancer
and stroke/TIA during the first 30 days after diagnosis was
similarly strong (HR 11.1, 95% CI 2.7–44.9). When restricted
to cancers with claims for metastases (n = 322), the adjusted
HR for cerebrovascular events in the first 30 days after cancer
diagnosis was 20.8 (95% CI 7.7–96.5) (table e-4, links.lww.

Table 2 Crude number and percentage of
cerebrovascular events stratified by diagnosis of
cancer and time period

Time period
Cancer
diagnosis

No cancer
diagnosis

Days 0–30

Total at riska 1,149 6,602

Stroke or TIA 6 (0.52) 3 (0.05)

No stroke or TIA 1,143 (99.48) 6,599 (99.95)

Days 31–90

Total at risk 1,074 6,653

Stroke or TIA 2 (0.19) 5 (0.08)

No stroke or TIA 1,072 (99.81) 6,558 (99.92)

Days 91–180

Total at risk 1,002 6,475

Stroke or TIA 1 (0.10) 23 (0.36)

No stroke or TIA 1,001 (99.90) 6,452 (99.64)

Days 181–365

Total at risk 929 6,297

Stroke or TIA 4 (0.43) 33 (0.52)

No stroke or TIA 925 (99.57) 6,264 (99.48)

Days 365 to end of study follow-up

Total at risk 821 5,952

Stroke or TIA 31 (3.78) 348 (5.85)

No stroke or TIA 790 (96.22) 5,604 (94.15)

Data represent n (%). Time of study entry for all participants was the date of
the baseline, in-home, Reasons for Geographic and Racial Differences in
Stroke (REGARDS) study visit, which occurred between 2003 and 2007, when
the REGARDS cohort was enrolled. New diagnoses of cancer were modeled
as a time-dependent exposure. Therefore, participants who developed
cancer during study follow-up contributed follow-up time to both the cancer
and noncancer groups. Specifically, they contributed follow-up time to the
noncancer group before their cancer diagnosis and to the cancer group
after their cancer diagnosis. Follow-up was censored when participants had
a stroke or TIA, withdrew from the REGARDS study, lost Medicare fee-for-
service insurance coverage, or on December 31, 2014. Median follow-up
time was 2.9 years (interquartile range 0.8–5.9) in the cancer group and 7.3
years (interquartile range 2.7–9.6) in the noncancer group. Cerebrovascular
events were defined as a composite of ischemic or hemorrhagic stroke
or TIA.
a Refers to the number of participants at risk of stroke or TIA at the beginning
of each time period. The number at risk does not include participants who
had a cerebrovascular event or were censored for death, loss of Medicare
coverage, or end of study in previous time periods.
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com/WNL/A503). When restricted to cancer types consid-
ered high risk for venous thromboembolism (n = 314), the
adjusted HR for cerebrovascular events in the first 30 days
after cancer diagnosis was 15.1 (95% CI 4.8–47.4) (table 2).
In addition, this latter cancer subgroup also demonstrated an
increased risk of cerebrovascular events in the 31- to 90-day
period following cancer diagnosis (HR 6.0, 95% CI 1.5–24.4).
Beyond 90 days from cancer diagnosis, these more aggressive
cancer subgroups did not have increased stroke/TIA risk.

Among common specific cancer types, the adjusted HR for
cerebrovascular events in the first 30 days after diagnosis was
increased for lung (n = 146) (20.5, 95% CI 5.0–83.6) and
breast (n = 120) (12.7, 95% CI 1.8–91.5) cancers but not for
prostate, colorectal, or pancreatic cancer.

Matched cohort sensitivity analysis
Participants with incident cancer had an increased risk of cere-
brovascular events in the first 30 days after their cancer diagnosis
when compared to age-, sex-, race-, and education-matched
controls without cancer (HR 5.4, 95% CI 2.4–12.5) (table e-5,
links.lww.com/WNL/A503). This association persisted after
multivariable adjustment (HR 5.9, 95% CI 2.3–15.0).

Discussion
In this nationwide, prospective cohort study with adjudicated
stroke and TIA events, a new diagnosis of cancer was asso-
ciated with a substantially increased short-term risk of cere-
brovascular events independent of vascular risk factors.
Typically more aggressive solid tumor cancers, particularly
lung cancer, and cancer types previously shown to increase
venous thromboembolism risk had the strongest association
with subsequent stroke/TIA. Known metastatic disease
strengthened the short-term association between cancer and
cerebrovascular events, implicating cancer stage as a possible
mediator of stroke risk. Beyond 30 days after cancer diagnosis,
the risk of cerebrovascular events was no longer increased for
all patients with cancer, although those with cancers consid-
ered high risk for venous thromboembolism did demonstrate
increased cerebrovascular risk from 31 to 90 days after
diagnosis.

These data corroborate prior studies that reported associa-
tions between cancer and stroke using claims data.8,9,21 In
a Swedish study that used nationwide claims data to identify
strokes, patients diagnosed with cancer from 1987 to 2008

Figure 2 Cumulative incidence of cerebrovascular events among participants with and without a new diagnosis of cancer

New diagnoses of cancer were modeled as a time-dependent exposure. Participants who developed cancer during study follow-up contributed follow-up
time to the noncancer group before their cancer diagnosis and to the cancer group after their diagnosis. Follow-up day 0 refers to the date of the baseline
REGARDS study visit for participantswithout cancer, and to the date of cancer diagnosis for participantswhodeveloped cancer. Follow-upwas censoredwhen
participants experienced stroke or TIA, withdrew from the REGARDS study, left Medicare insurance coverage, or on December 31, 2014. The inset shows the
same data on a magnified x-axis up to 360 days of follow-up. REGARDS = Reasons for Geographic and Racial Differences in Stroke.
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had a significantly increased risk of stroke, particularly in the
first 6 months after diagnosis.8 Furthermore, most individual
cancer types were associated with increased stroke risk, in-
cluding cancers unrelated to smoking or sex. Similarly, using
US cancer registry data linked to Medicare claims, we
reported that patients diagnosed with the 4 most common
cancers had an increased risk of stroke compared to control
patients without cancer matched by demographics and
comorbidities.9 In that study, the HR for stroke in the first
month after cancer diagnosis ranged from 1.3 for prostate
cancer to 7.4 for lung cancer. One limitation of these prior
studies was reliance on administrative diagnosis codes to
identify strokes, which could have introduced mis-
classification leading to false associations. The current study
addresses this concern, as cerebrovascular events were pro-
spectively identified and adjudicated by an expert panel, and
even with this more robust design, new diagnoses of cancer
were independently associated with an increased short-term
risk of stroke/TIA.

Various mechanisms might explain the association between
cancer and cerebrovascular disease. Cancer often produces
a hypercoagulable state through circulating microvesicles and
alterations in coagulation function, platelet activity, and en-
dothelial integrity.3,22–24 This hypercoagulability can lead to
thrombosis in the heart or cerebral vasculature, thereby
causing stroke. In addition, stroke may occur through mar-
antic endocarditis, a manifestation of cancer-mediated hy-
percoagulability, which, according to autopsy data, may be the
most common cause of symptomatic stroke in the cancer
population.6 Furthermore, venous thromboembolism, which
is common in patients with cancer, could cause cerebrovas-
cular events by paradoxical embolism through patent foramen
ovale.2,3,25 Cancer treatments, especially platinum-based
compounds and angiogenesis inhibitors, are associated with
thrombotic risk, including stroke.26,27 These treatments are
frequently used soon after cancer diagnosis when stroke risk
appears highest. Patients with primary brain tumors can de-
velop stroke from radiation vasculopathy, complications of
surgery, and use of angiogenesis inhibitors, although in the
current study, which included 21 such patients, none de-
veloped stroke.28 Of note, we found fewer cryptogenic strokes
in participants with cancer vs participants without cancer,
which contradicts some publications on this topic, and may
reflect differences in age and vascular risk factors between
groups or the stroke subtype classification methods used by
the REGARDS adjudication committee.29 Cancer has also
been associated with an increased risk of hemorrhagic stroke,
which might be explained by intratumoral hemorrhage and/or
the frequent thrombocytopenia attributed to chemotherapy.5,9

Future translational studies are needed to clarify the patho-
physiologic basis for the association between cancer and stroke.

This study has limitations. First, incident cancer was identified
through a Medicare claims algorithm, and although previous
studies have demonstrated high sensitivity and specificity for
identifying cancer diagnoses through Medicare claims, it is

Table 3 Cox regression analyses evaluating the
association between a new cancer diagnosis and
cerebrovascular events

Model and time period following
cancer diagnosisa

Hazard ratio
(95% CI)

All cancers (n = 1,149)

Unadjusted

0–30 d 6.1 (2.7–13.7)

31–90 d 1.1 (0.3–4.4)

91–180 d 0.4 (0.1–2.8)

181–365 d 0.9 (0.3–2.3)

>365 d 1.0 (0.7–1.4)

Adjustment for demographics,
region of residence, and
vascular risk factorsb

0–30 d 6.6 (2.7–16.0)

31–90 d 1.5 (0.4–5.9)

91–180 d 0.6 (0.1–3.9)

181–365 d 0.9 (0.3–2.7)

>365 d 0.9 (0.6–1.4)

Cancers considered high risk for
venous thromboembolism (n = 314)c

Unadjusted

0–30 d 15.9 (5.9–42.7)

31–90 d 4.6 (1.2–18.6)

91–180 d —d

181–365 d 1.1 (0.2–7.5)

>365 d 1.0 (0.4–2.5)

Adjustment for demographics,
region of residence, and
vascular risk factorsb

0–30 d 15.1 (4.8–47.4)

31–90 d 6.0 (1.5–24.4)

91–180 d —d

181–365 d 1.5 (0.2–10.6)

>365 d 1.2 (0.4–3.2)

Abbreviation: CI = confidence interval.
Cerebrovascular events were defined as a composite of ischemic or hem-
orrhagic stroke or TIA.
a The proportional hazard assumption was violated for the entirety of pa-
tient follow-up. Therefore, hazard ratios were calculated for discrete time
periods during follow-up during which the assumption was met. Reference
group is participants without a diagnosis of cancer.
b Vascular risk factors included systolic blood pressure, diastolic blood
pressure, diabetes mellitus, atrial fibrillation, total and high-density cho-
lesterol, coronary heart disease, smoking history, annual income, highest
education level, antihypertensive medication use, left ventricular hyper-
trophy, estimated glomerular filtration rate, urine albumin-creatinine ratio,
physical activity, body mass index, and alcoholic drink consumption.
c Cancers considered high risk for venous thromboembolism were pan-
creas, gastric, lung, gynecologic, bladder, or testicular cancer or lymphoma.
d Too few data points to calculate a hazard ratio.
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possible that some cancer diagnoses were missed or in-
correct.18 This could have biased the analysis toward not
finding an association between cancer and stroke.18 Second,
because of our reliance on claims-based data, we do not have
clinical data on exact cancer stage, histopathology, and
treatments. We also do not know the exact onset of partic-
ipants’ cancers, just when they were diagnosed. It is possible
that some cancers were biologically active before diagnosis
thereby affecting stroke risk. Third, REGARDS included only
black and white US adults, so our results may not apply to
other populations. REGARDS also oversampled black par-
ticipants and those living in the US Stroke Belt; however, the
association between cancer and stroke risk should not have
been affected by the oversampling because race and region of
residence were adjusted for in the multivariable models.
Fourth, besides cancer diagnoses, some other covariates likely
changed with time, including age, cerebrovascular risk factors
and treatments, and cancer screening tools, and changes in
these time-dependent factors could have confounded the
relationship between cancer and cerebrovascular disease.
Detection bias is also a consideration because patients with
cancer might be monitored more closely than noncancer
patients. Finally, despite a sample size of 6,602 participants,
including 1,149 with new cancer diagnoses, there were few
strokes/TIAs, which limited the statistical power to detect
associations between cancer and cerebrovascular events as
evidenced by wide CIs for estimated HRs. While statistical
power was not an issue during the first month after cancer
diagnosis since the association between cancer and stroke/
TIA was highly significant then, it may have hindered the
ability to detect a true association between cancer and cere-
brovascular events at later time periods, as suggested by the
associations seen in the high-risk cancer subgroups.

In a large population-based study, a new diagnosis of cancer
was associated with an increased short-term risk of cerebro-
vascular events independent of vascular risk factors. Stroke/
TIA risk was highest among cancer types known to be high
risk for venous thromboembolism, and attenuated soon after
cancer diagnosis. Randomized trials are needed to determine
the optimal stroke prevention strategies in these high-risk
patients. In the meantime, physicians should target cardio-
vascular risk factors in patients newly diagnosed with cancer.
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