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BACKGROUND The extent to which co-occurrence of cardiovascular disease (CVD) and cancer is due to shared risk

factors or other mechanisms is unknown.

OBJECTIVES This study investigated the association of standard CVD risk factors, CVD biomarkers, pre-existing CVD,

and ideal cardiovascular (CV) health metrics with the development of future cancer.

METHODS This study prospectively followed Framingham Heart Study and PREVEND (Prevention of Renal and Vascular

End-Stage Disease) study participants free of cancer at baseline and ascertained histology-proven cancer. This study

assessed the association of baseline CV risk factors, 10-year atherosclerotic (ASCVD) risk score, established CVD bio-

markers, prevalent CVD, and the American Heart Association (AHA) Life’s Simple 7 CV health score with incident cancer

using multivariable Cox models. Analyses of interim CVD events with incident cancer used time-dependent covariates.

RESULTS Among 20,305 participants (mean age 50 � 14 years; 54% women), 2,548 incident cancer cases occurred

over a median follow-up of 15.0 years (quartile 1 to 3: 13.3 to 15.0 years). Traditional CVD risk factors, including age, sex,

and smoking status, were independently associated with cancer (p < 0.001 for all). Estimated 10-year ASCVD risk was

also associated with future cancer (hazard ratio [HR]: 1.16 per 5% increase in risk; 95% confidence interval [CI] 1.14 to 1.17;

p< 0.001). The study found that natriuretic peptides (tertile 3 vs. tertile 1; HR: 1.40; 95% CI: 1.03 to 1.91; p¼ 0.035) were

associated with incident cancer but not high-sensitivity troponin (p ¼ 0.47). Prevalent CVD and the development of

interim CV events were not associated with higher risk of subsequent cancer. However, ideal CV health was associated with

lower future cancer risk (HR: 0.95 per 1-point increase in the AHA health score; 95% CI: 0.92 to 0.99; p ¼ 0.009).

CONCLUSIONS CVD risk, as captured by traditional CVD risk factors, 10-year ASCVD risk score, and natriuretic peptide

concentrations are associated with increased risk of future cancer. Conversely, a heart healthy lifestyle is associated with

a lower risk of future cancer. These data suggest that the association between CVD and future cancer is attributable

to shared risk factors. (J Am Coll Cardiol CardioOnc 2021;3:48–58) © 2021 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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AB BR E V I A T I O N S

AND ACRONYM S

AHA = American Heart

Association

ASCVD = atherosclerotic

cardiovascular disease

BMI = body mass index

CI = confidence interval

CV = cardiovascular

CVD = cardiovascular disease

DM = diabetes mellitus

HF = heart failure

HR = hazard ratio

HTN = hypertension

hs-cTn = high-sensitivity

cardiac troponin

MI = myocardial infarction

NP = natriuretic peptide

NT-pro-BNP = N-terminal pro-

B-type natriuretic peptide

SBP = systolic blood pressure
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C ardiovascular disease (CVD) and cancer are
among the leading causes of morbidity and
mortality worldwide (1). A growing body of

evidence supports a potential link between the 2 dis-
ease entities (2), with studies showing an increased
risk of CVD among cancer patients (3). In particular,
cancer treatment-related cardiotoxicities have
emerged as an unintended consequence of evolving
therapies and improved cancer-related survival, and
the presence of CVD risk factors has been shown to
potentiate cardiotoxicity (4). The need to better un-
derstand and treat CVD occurring after cancer has
led to the development of the emerging field of
cardio-oncology (5).

Conversely, recent investigations have suggested
that CVD itself may lead to increased risk of cancer
development, although data are conflicting. In
particular, a number of studies support an increased
risk of cancer among patients with heart failure (HF)
(6–8), although this has not been true across all
studies (9). Furthermore, CVD risk factors and ideal
cardiovascular (CV) health as outlined by the Amer-
ican Heart Association (AHA) 2020 Impact Goal, have
previously been associated with cancer risk (10).
Despite a growing body of literature examining the
relationship between cancer and CVD, whether the
association between CVD and cancer is due to shared
risk factors or other mechanisms remains unclear.

In this context, we hypothesized that both CV risk
factors and the development of CVD itself would be
associated with increased risk of future cancer in
otherwise healthy individuals. We sought to inves-
tigate the association of standard CVD risk factors
with incident cancer among participants in the FHS
(Framingham Heart Study) and the PREVEND (Pre-
vention of Renal and Vascular End-Stage Disease)
study. In this sample, incident cancer outcomes
were rigorously ascertained and adjudicated based
on histological and pathological evidence.
Leveraging this longitudinal study design, we
examined the effect of traditional CVD risk factors,
10-year atherosclerotic CVD (ASCVD) risk scores,
CVD biomarkers, prevalent CVD, the development of
interim CVD events, and ideal CV health metrics
(AHA Life’s Simple 7 CV health score) on subsequent
cancer incidence.
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METHODS

STUDY POPULATION. The FHS and PRE-
VEND are prospective, longitudinal
community-based observational cohort
studies. The characteristics and enrollment
of FHS and PREVEND participants have been
previously described (11–13). For FHS, we
included participants in the original cohort
who attended examination cycles 16 (1979 to
1982; n ¼ 2,351) and 24 (1995 to 1998;
n ¼ 831); the offspring cohort who attended
examination cycles 2 (1979 to 1983;
n ¼ 3,863) and 6 (1995 to 1998; n ¼ 3,532);
and the third generation cohort who atten-
ded examination cycle 1 (2002 to 2005;
n ¼ 4,095). For PREVEND, we included par-
ticipants who attended examination 1 (1997
to 1998; n ¼ 8,592). The study sample was a
pooled sample of FHS and PRE-
VEND participants.

For analyses of prevalent CVD, we

excluded subjects with end-stage renal disease
(n ¼ 90), prevalent cancer (n ¼ 922), missing cova-
riates (n ¼ 720), and missing follow-up data (n ¼ 1),
which yielded a final sample of 21,531 participants.
For all other analyses, we further excluded prevalent
major CVD (n ¼ 1,020) and prevalent atrial fibrillation
(n ¼ 206), which yielded a final sample of 20,305
participants.

All participants provided written informed con-
sent, and institutional review board approval was
obtained at all participating institutions.

CLINICAL ASSESSMENT. All participants underwent
a comprehensive medical history, physical examina-
tion, anthropometry, and phlebotomy. The primary
exposures of interest included traditional CV risk
factors, including age, sex, hypertension (HTN)
treatment, systolic blood pressure (SBP) diabetes
mellitus (DM), body mass index (BMI), total
cholesterol/high-density lipoprotein ratio, smoking
status, and statin use. Smoking status was stratified
into 3 groups: nonsmoker, former smoker, and pre-
sent smoker. Secondary exposures of interest
included the estimated glomerular filtration rate and
ASCVD risk score (14).
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CVD events, including major CVD, were docu-
mented using established protocols by FHS and
PREVEND study investigators after review of all
available hospital records. Major CVD events included
myocardial infarction (MI), coronary heart disease,
HF, stroke, and peripheral vascular disease (11).
Cohort-specific details are listed in the Supplemental
Appendix. Prevalent CVD, MI, and HF were present at
or before baseline examination, and interim CVD, MI,
and HF events occurred after the baseline
examination.

BIOMARKER MEASUREMENTS. CVD biomarkers
(natriuretic peptides [NPs] and high-sensitivity
troponin [hs-cTn]) were ascertained among 9,575
subjects, including participants who attended the
FHS Offspring examination 6 and the PREVEND
baseline examination. Methods for biomarker mea-
surements were previously reported and details of
assay specific assays are presented in Supplemental
Table 1 (15–17). For NPs, B-type natriuretic peptide
(BNP) was measured in FHS and its amino terminal
pro-peptide equivalent (N-terminal pro-B-type natri-
uretic peptide [NT-proBNP]) was measured in the
PREVEND study. For hs-cTn, hs-cTnI was measured
in FHS and hs-cTnT was measured in PREVEND.

LIFE’S SIMPLE 7 CARDIOVASCULAR HEALTH METRICS.

CV health metrics, defined by the AHA Life’s Simple 7
metrics, were available for FHS participants only (10).
Ideal CV health metrics included: 1) never or former
smoker; 2) body BMI <23 kg/m2; 3) $75 min/week of
vigorous intensity physical activity or $150 min/week
of moderate intensity physical activity; 4) intake of 4
to 5 of the following: $450 g/day of fruits and/or
vegetables, $198 g/week of fish, $85 g/day of fiber-
rich whole grains, sodium <1,500 mg/day, #1 l/week
of sugar-sweetened beverages; 5) total cholesterol
of <200 mg/dl; 6) blood pressure of <120 mm Hg; and
7) fasting glucose of <100 mg/dl. Each ideal CV health
metric was assigned 2 points, and all points were
added up to produce a CV health score with a range of
0 to 14 points. CV health scores were classified as poor
(0 to 6), average (7 to 9), and optimal (10 to 14).

ASCERTAINMENT OF CANCER OUTCOMES. Partici-
pants were prospectively followed for the occurrence
of incident cancer. Cancer cases were identified
through surveillance of routine examinations, health
updates, hospital admissions, or from death records
through December 31, 2016. All available medical re-
cords and pathology reports were reviewed and
coded based on topology and morphology and were
graded by 2 independent reviewers. The primary
outcome of interest was incident cancer, and sec-
ondary outcomes included specific cancer subtypes.
Incident cancer included all malignancies, except
non-melanoma skin cancers. Specific cancer subtypes
included gastrointestinal, lung, prostate, and breast
cancers. Specifically, gastrointestinal cancers were
defined using International Classification Disease-O
topology codes 150 to 157, behavior codes 2 or 3, and
grade codes 1 to 4. Cancer outcomes included histo-
logically confirmed cancer and cancer deaths (in the
absence of previous histological confirmation). Can-
cer mortality was defined as subjects with a diagnosis
of cancer in whom cancer was identified as the pri-
mary cause of death. Cause of death was ascertained
by review of death certificates, hospital admission
records, and medical records. Cancer deaths (without
previous histologically confirmed nonfatal diagnosis)
constituted 1% of the total adjudicated cases. Cancer
death events were included in the primary analyses
but were excluded from all cancer subtype specific
analyses due to the lack of confirmed histology.

STATISTICAL ANALYSIS. Mean � SD or median (25th
and 75th percentiles [quartile 1 to quartile 3]) for
continuous variables and percentages for dichoto-
mous variables were reported for baseline
characteristics.

In our primary analysis, we used multivariable Cox
proportional hazards regression models to evaluate
the association of traditional CVD risk factors with
incident cancer outcomes. Models were adjusted for
baseline age, sex, HTN treatment, SBP, DM, BMI, total
cholesterol/high-density lipoprotein ratio, smoking
status, and statin use. Regression splines were used
to evaluate the linearity assumption for the relation-
ship between the continuous variables examined in
the primary analysis and incident cancer
(Supplemental Figure 1). Although the relationship of
age with incident cancer statistically violated the
linearity assumption, visual inspection of the
regression spline demonstrated that the association
was approximately linear.

Secondary models also included estimated
glomerular filtration rate, interim CVD, interim MI,
and interim HF separately. Interim events were
treated as time-dependent covariates. Finally, in a
sensitivity analysis, we restricted ascertainment of
follow-up to events that occurred 1 year after baseline
examination to minimize the effect of potentially
undiagnosed cancers present at baseline.

We next examined the association of the 10-year
ASCVD risk score with incident cancer and cancer
outcomes using Cox models (14,18). We examined the
association of 10-year ASCVD risk categories
(low <5%, borderline 5% to 7.5%, intermediate 7.5%
to 20%, and high >20%) with cancer outcomes. We

https://doi.org/10.1016/j.jaccao.2020.12.003
https://doi.org/10.1016/j.jaccao.2020.12.003
https://doi.org/10.1016/j.jaccao.2020.12.003
https://doi.org/10.1016/j.jaccao.2020.12.003
https://doi.org/10.1016/j.jaccao.2020.12.003


TABLE 1 Baseline Demographic and Clinical Characteristics

Total Cohort
(N ¼ 20,305)

Incident Cancer
(n ¼ 2,548)

No Cancer*
(n ¼ 17,757)

Age, yrs 50 � 14 59 � 12 49 � 14

Men 9,426 (46) 1,328 (52) 8,098 (46)

SBP, mm Hg 126 � 19 132 � 20 125 � 19

DBP, mm Hg 75 � 10 77 � 10 75 � 10

HTN treatment 3,097 (15) 624 (25) 2,473 (14)

BMI, kg/m2 26.5 � 4.8 27.0 � 4.7 26.4 � 4.8

DM 839 (4) 171 (7) 668 (4)

Former smoker 6,750 (33) 1,035 (41) 5,715 (32)

Current smoker 5,822 (29) 786 (31) 5,036 (28)

Total cholesterol, mg/dl 210 � 42 215 � 42 209 � 42

HDL, mg/dl 52 � 16 50 � 16 52 � 16

Statin therapy 820 (4) 140 (6) 680 (4)

eGFR, ml/min1/1.73 m2 85 � 25 74 � 21 87 � 26

10-yr ASCVD risk, % 8.2 � 11.9 13.9 � 13.5 7.4 � 11.4

Values are mean � SD or n (%). *No cancer group included participants who died, were lost to follow-up, or had
not developed cancer by the end of follow-up.

ASCVD ¼ atherosclerotic cardiovascular disease; BMI ¼ body mass index; DBP ¼ diastolic blood pressure;
DM ¼ diabetes mellitus; eGFR ¼ estimated glomerular filtration rate; HDL ¼ high-density lipoprotein;
HTN ¼ hypertension; SBP ¼ systolic blood pressure.
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further explored estimated 10-year ASCVD risks as
continuous variables. To evaluate the relationship
between CV risk and cancer development beyond age
and sex, we removed age and sex from the ASCVD risk
equation and re-derived the beta coefficients of the
remaining risk score components based on CV events
available in our dataset. We subsequently examined
the re-derived risk score (without age and sex) in
relation to incident cancer in the secondary analyses
in univariable analyses, as well as in models, adjust-
ing for age and sex as separate covariates.

We assessed the association of 2 established CVD
biomarkers (NPs and hs-cTn), with cancer-related
outcomes using multivariable Cox hazards models,
adjusting for age, sex, HTN treatment, SBP, DM, BMI,
total cholesterol/high-density lipoprotein ratio,
smoking status, and statin use. Because of skewed
distributions, biomarker concentrations were natural
log-transformed. Because of interassay and cohort-
specific differences, biomarker concentrations were
standardized within each cohort to center mean
values to zero and set each unit change to 1 SD before
conducting pooled analyses (17). Associations were
examined for continuous biomarkers and across sex-
specific tertiles. Cox models for NPs (BNP/NT-
proBNP) and hs-cTn violated the proportional hazards
assumption. To account for non-proportionality of
biomarker-related cancer risk, we added a
biomarker � time interaction variable to the model.

Finally, we examined the association of the AHA
Life’s Simple 7 CV health score with cancer-related
outcomes using Cox proportional hazards models,
adjusting for age and sex. Analyses were restricted to
FHS participants because CV health metrics were not
available for the PREVEND participants. Associations
were examined for continuous scores and across CV
health score groups: poor, average, and ideal.

For all survival analyses, patients were followed
until time of event, death, or 15 years of follow-up,
whichever occurred first. To account for competing
risk of noncancer death, we compared cumulative
incidence functions across strata of ASCVD risk and
Life’s Simple 7 CV health score using Gray’s test in
unadjusted analyses and performed cause-specific
Cox regression models in adjusted analyses. For Cox
regressions, we performed Schoenfeld residuals to
confirm that the proportionality hazards assumption
was met. In analyses that examined the association of
CVD risk factors with incident cancer and incident
cancer-specific subtypes, a Bonferroni-corrected p
value threshold of p ¼ 0.006 (0.05/9 risk factors) was
deemed statistically significant. For other secondary
analyses, a 2-sided p value <0.05 was considered
statistically significant. Statistical analyses were
performed using SAS version 9.4 (SAS Institute, Inc.,
Cary, North Carolina).

RESULTS

A total of 20,305 participants were included for
analysis, with mean age of 50 � 14 years, 54% women,
and an average BMI of 26.5 � 4.8 kg/m2 (Table 1). More
than one-half of participants were either former (33%)
or present smokers (29%). Medical comorbidities
included DM (4%), use of antihypertensive medica-
tions (15%), and hyperlipidemia that required statin
therapy (4%), with similar distributions among FHS
and PREVEND participants (Supplemental Table 2).
The mean estimated 10-year ASCVD risk was 8.2%.

A total of 2,548 incident cancer cases (fatal and
nonfatal) occurred over a median follow-up of 15.0
years (quartile 1 to 3: 13.3 to 15.0 years) (Supplemental
Table 3). The most common cancer subtypes included
gastrointestinal (20%), lung (11%), prostate (16%), and
breast (18%) cancers. Compared with participants
who did not develop cancer, participants who devel-
oped cancer had higher rates of current and/or former
smoking (cancer vs. no cancer: 72% vs. 61%), DM (7%
vs. 4%), use of antihypertensive medications (25% vs.
14%), and hyperlipidemia that required statin therapy
(6% vs. 4%). Estimated 10-year ASCVD risk was 13.9%
in participants who developed cancer compared with
7.4% for participants who did not develop cancer.
Over the observation period, a total of 1,454 incident
CVD events occurred (687 MI events and 681 HF
events) with similar proportions among those who

https://doi.org/10.1016/j.jaccao.2020.12.003
https://doi.org/10.1016/j.jaccao.2020.12.003
https://doi.org/10.1016/j.jaccao.2020.12.003


TABLE 2 Association of CV Risk Factors, Biomarkers, and CVD With Cancer

Cancer (n/N ¼ 2,548/20,305)

HR (95% CI) p Value

CV risk factors*

Age 2.12 (2.00�2.26) <0.001

Male 1.39 (1.28�1.51) <0.001

SBP 0.99 (0.94�1.03) 0.49

HTN treatment 1.10 (1.00�1.22) 0.06

BMI 1.03 (0.99�1.08) 0.20

DM 1.10 (0.94�1.30) 0.24

Former smoker 1.30 (1.18�1.43) <0.001

Current smoker 1.74 (1.57�1.93) <0.001

TC/HDL 0.96 (0.91�1.00) 0.048

Statin use 0.92 (0.77�1.10) 0.36

Risk scores†

10-yr ASCVD risk 1.16 (1.14�1.17) <0.001

Low Ref.

Borderline 1.88 (1.63�2.18) <0.001

Intermediate 2.70 (2.44�3.00) <0.001

High 3.71 (3.29�4.19) <0.001

Biomarkers*

NP tertile 1 Ref. ptrend ¼ 0.02

Tertile 2 1.10 (0.90�1.34) 0.35

Tertile 3 1.40 (1.02�1.91) 0.035

NP � time interaction‡ 0.87 (0.81�0.95) 0.001

Continuous 1.26 (1.12�1.41) <0.001

hs-cTn tertile 1 Ref. ptrend ¼ 0.47

Tertile 2 1.24 (1.01�1.53) 0.043

Tertile 3 1.16 (0.84�1.61) 0.37

hs-cTn � time interaction‡ 0.95 (0.88�1.03) 0.18

Continuous 1.10 (0.99�1.21) 0.07

Previous events*

CVD, n ¼ 1,020 0.96 (0.82�1.12) 0.61

MI, n ¼ 793 1.03 (0.87�1.22) 0.71

HF, n ¼ 116 0.66 (0.37�1.17) 0.15

Interim events*

CVD, n ¼ 1454 0.99 (0.85�1.16) 0.91

MI, n ¼ 687 0.99 (0.79�1.25) 0.95

HF, n ¼ 681 1.07 (0.84�1.36) 0.59

*Multivariable model adjusts for age, sex, SBP, HTN treatment, BMI, DM, total cholesterol/high-
density lipoprotein (TC/HDL), statin use, smoking status. HR (hazards ratio) per dichotomous
variable or 1 SD increase in a continuous variable. †Continuous 10-yr ASCVD risk: HR per 5% in-
crease in estimated 10-yr risk. ASCVD categories: HR of ASCVD risk category compared with
ASCVD low-risk category. ‡Time interaction variable is displayed to account for violation of the
proportionality hazards assumption,

CI ¼ confidence interval; CVD ¼ cardiovascular; HF ¼ heart failure; hs-cTn ¼ high-sensitivity
cardiac troponin; MI ¼ myocardial infarction; NP ¼ natriuretic peptide; other abbreviation as in
Table 1.
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developed cancer versus those who remained cancer
free at last contact (Supplemental Table 4).

ASSOCIATION OF STANDARD CV RISK FACTORS

WITH CANCER OUTCOMES. We evaluated the asso-
ciation of standard CVD risk factors with future cancer
and cancer-related outcomes. In multivariable-
adjusted Cox models, we observed that age, male
sex, and smoking status were independently associ-
ated with future risk of cancer (Bonferroni-corrected
p value threshold <0.006 for all) (Table 2; cohort
specific analyses in Supplemental Table 5). Specif-
ically, a 1-SD increase in age was associated with
>2-fold increased hazard of incident cancer (hazard
ratio [HR]: 2.12; 95% confidence interval [CI]: 2.00 to
2.26). By contrast, SBP, HTN treatment, DM, BMI, and
statin use were not associated with future overall
cancer risk (Bonferroni-corrected p value threshold
>0.006 for all). Next, in secondary analyses, we
examined the association of CVD risk factors with site-
specific cancer and found that age and male sex were
consistently associated with cancer subtypes
(Table 3). In addition, DM and smoking status were
associated with incident gastrointestinal cancers
(Bonferroni-corrected p value threshold <0.006
for all), whereas smoking status and BMI were posi-
tively and negatively associated with incident
lung cancer, respectively. Results were similar
after also adjusting for the estimated glomerular
filtration rate (Supplemental Table 6) and pack-years
(Supplemental Table 7) in the secondary analyses.

Sensitivity analyses restricting follow-up to events
occurring >1 year after the baseline visit demon-
strated consistent findings (Supplemental Table 8).
Age, male sex, and baseline smoking status were
significant predictors of future cancer, with only a
slight attenuation of effect size (p < 0.005 for all).

ASCVD RISK SCORE PREDICTS CANCER OUTCOMES. To
further capture the association of CV risk and future
cancer, we examined the association of 10-year esti-
mated ASCVD risk with cancer outcomes. Cumulative
incidence plots showed greater risk of incident cancer
among those with a greater estimated 10-year ASCVD
risk (Central Illustration) (p log rank <0.0001). In Cox
models, the 10-year ASCVD risk score was associated
with incident cancer (ASCVD: HR per 5% increase in
risk estimate: 1.16; 95% CI: 1.14 to 1.17; p < 0.001)
(Table 2). Specifically, subjects with high (>20%) 10-
year ASCVD risk had a 3.7-fold increased risk of
future cancer compared with low-risk (<5%) subjects
(HR: 3.71; 95% CI: 3.29 to 4.19; p < 0.001). To explore
the relationship between CV risk and cancer devel-
opment beyond age and sex, we removed age and sex
from the ASCVD equation, re-derived the beta co-
efficients of the remaining risk score components,
and evaluated the association of these remaining
components with future cancer. Residual estimated
10-year ASCVD predicted future cancer in univariable
analyses (HR: 1.31 per 1-SD increase in score; 95% CI:
1.27 to 1.35; p < 0.001) but not after adjustment for
age and sex (HR: 1.03; 95% CI: 1.00 to 1.07; p ¼ 0.10)
(Supplemental Table 9). Finally, estimated 10-year
ASCVD risk was also associated with greater risk of
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TABLE 3 Association of Traditional CV Risk Factors With Incident Site Specific Cancer Subtypes

GI Cancer
(n/N ¼ 514/20,305)

Lung Cancer
(n/N ¼ 287/20,305)

Prostate Cancer
(n/N ¼ 397/9,426)

Breast Cancer
(n/N ¼ 449/10,879)

HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Age 2.48 (2.17�2.85) <0.001 2.92 (2.41�3.52) <0.001 2.77 (2.37�3.24) <0.001 1.32 (1.14�1.53) <0.001

Male 1.91 (1.58�2.30) <0.001 1.70 (1.33�2.18) <0.001 — — — —

SBP 0.96 (0.87�1.05) 0.36 1.02 (0.90�1.15) 0.75 1.00 (0.90�1.12) 0.94 1.06 (0.95�1.17) 0.30

HTN treatment 1.11 (0.90�1.38) 0.33 1.24 (0.93�1.65) 0.14 1.01 (0.79�1.30) 0.92 1.17 (0.91�1.51) 0.21

BMI 1.14 (1.03�1.26) 0.008 0.77 (0.67�0.90) 0.001 1.02 (0.89�1.16) 0.82 1.01 (0.99�1.03) 0.43

DM 1.63 (1.20�2.21) 0.002 0.97 (0.58�1.60) 0.89 0.73 (0.48�1.12) 0.15 0.88 (0.54�1.44) 0.61

Former smoker 1.36 (1.09�1.69) 0.006 3.90 (2.45�6.20) <0.001 0.93 (0.73�1.17) 0.52 1.08 (0.86�1.35) 0.51

Current smoker 1.75 (1.37�2.22) <0.001 13.0 (8.24�20.6) <0.001 0.79 (0.59�1.06) 0.12 1.32 (1.04�1.66) 0.021

TC/HDL 0.86 (0.77�0.95) 0.004 1.07 (0.99�1.16) 0.08 0.97 (0.87�1.08) 0.53 0.97 (0.86�1.10) 0.62

Statin use 1.13 (0.78�1.63) 0.51 0.99 (0.59�1.66) 0.97 0.66 (0.41�1.08) 0.10 0.79 (0.48�1.31) 0.36

Multivariable model adjusts for age, sex, SBP, HTN treatment, BMI, DM, TC/HDL, statin use, smoking status. HR: per dichotomous variable or 1 SD increase in continuous variables.

GI ¼ gastrointestinal; other abbreviations as in Tables 1 and 2.
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incident cancer by subtypes, including gastrointes-
tinal, lung, prostate, breast, colorectal, hematologic,
and bladder cancers (Supplemental Table 9 for
full results).

NPs, BUT NOT TROPONIN, WERE ASSOCIATED WITH

INCIDENT CANCER. We evaluated the association of
NPs and hs-cTn with future cancer risk. In
multivariable models, NP was significantly associated
with incident cancer, with a 26% increased hazard of
future cancer per 1-SD increase in NP (HR: 1.26; 95%
CI: 1.12 to 1.41; p < 0.001). Similarly, subjects in the
highest NP tertile had a 1.4-fold increased risk of
developing cancer compared with subjects in the
lowest tertile (NP tertile 3 vs. tertile 1: HR: 1.40; 95%
CI: 1.03 to 1.91; p ¼ 0.034) (Table 2). However, the
effect was attenuated over time (BNP � time inter-
action: HR: 0.87; 95% CI: 0.81 to 0.95; p ¼ 0.001).
When we examined BNP and NT-proBNP separately
among FHS and PREVEND samples, respectively, the
association with incident cancer was more robust for
NT-proBNP compared with BNP, although results
were qualitatively similar (Supplemental Table 5). In
contrast to NP, there was no association of hs-cTn
with future cancer in either continuous or tertile an-
alyses (p > 0.05 for both). There were no significant
associations between biomarkers and specific cancer
subtypes (Supplemental Table 10).

PREVALENT AND INTERIM CVD EVENTS DO NOT

PREDICT SUBSEQUENT CANCER. We further exam-
ined the association of prevalent CVD and the
development of interim CV events with subsequent
cancer. We found that prevalent CV events, including
MI, HF, and CVD, were not associated with future risk
of cancer (p > 0.05 for all) (Table 2 and Supplemental
Table 11). Similarly, the development of interim CV
events did not increase risk of subsequent cancer (p >

0.05 for all) (Table 2). The median time between
interim CV event and subsequent cancer diagnosis
was 3.4 years (quartile 1 to 3: 1.3 to 6.1 years).

A HEART HEALTHY LIFESTYLE IS ASSOCIATED WITH

LOWER RISK OF CANCER. To investigate the impact
of ideal CV health on cancer risk, we examined the
association of ideal CV health as ascertained by the
AHA Life’s Simple 7 CV health score with subsequent
cancer. Optimal CV health was associated with a
significantly decreased risk of subsequent cancer,
with a 5% reduced hazard of future cancer per
1-U increase in CV health score (age- and sex-adjusted
HR: 0.94; 95% CI: 0.90 to 0.99; p ¼ 0.01). Compared
with subjects with poor CV health, those with
average and optimal CV health were less likely to
develop incident cancer (p < 0.001) (Figure 1 and
Supplemental Table 12).

DISCUSSION

Our study leveraged 2 longitudinal cohorts of subjects
who were followed prospectively for incident histo-
logically proven cancer outcomes. Within these
inception cohorts, we showed that CV risk, as
captured by traditional CV risk factors, CV risk scores,
and biomarkers, was significantly associated with an
increased risk of incident cancer. Specifically, tradi-
tional CV risk factors, including age, sex, and smoking
status, were found to be independent predictors of
future cancer risk, and estimated 10-year estimated
ASCVD risk was associated with future cancer. Other
risk factors, including DM and BMI, were variably
associated with cancer subtypes but not overall inci-
dent cancer. Higher levels of NPs were associated
with increased risk of subsequent cancer. Finally,
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CENTRAL ILLUSTRATION Risk of Future Cancer by ASCVD Score
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although a history of CVD and the development of
interim CV events were not associated with subse-
quent cancer development, ideal CV health, repre-
sented by the AHA Life’s Simple CV health score, was
associated with decreased cancer risk. Together,
these findings support the assertion that the associ-
ation of CVD with future cancer was attributable to
shared risk factors. By contrast, we did not find that
either prevalent or incident CVD itself was associated
with subsequent increased risk of future cancer,
which was notable in light of previous studies that
suggested otherwise. These data highlight the need
for further studies to better understand underlying
mechanisms linking CVD and cancer development.

STANDARD CV RISK FACTORS AND INCIDENT CANCER.

We found that estimated 10-year ASCVD risk was
associated with future cancer risk, with those at high
CV risk having a >3-fold increased risk of cancer
compared with low CV risk subjects. After removing
age and sex, residual ASCVD risk remained associated
with future cancer events but modestly. Our studies
were in concert with existing studies that support
shared risk factors between CVD and cancer (19,20).

When we examined the components of 10-year
ASCVD risk most strongly associated with future
cancer risk, we found age, sex, and smoking status to
be the most strongly associated. These data under-
score the importance of smoking cessation as a
modifiable risk factor in the prevention of both CVD
and cancer. Moreover, although neither BMI nor DM
were associated with greater risk of future overall
cancer in our cohort, we found associations with BMI
and DM with increased risk of gastrointestinal can-
cers. Previous studies showed an excess of incident
cancer among hospitalized subjects with obesity
compared with their nonobese counterparts (21,22).
Most studies focused on the association of obesity
with cancer subtypes, which might explain the lack of
association between BMI and overall cancer risk.
Obesity and DM are modifiable cardiometabolic risk



FIGURE 1 Time to Incident Cancer by Categories of the AHA’s Life Simple 7 CVH Score

The American Heart Association (AHA) Life Simple 7 cardiovascular health (CVH) score

ranged from 0 to 14 and was classified into poor (0 to 6), average (7 to 9), and optimal

(10 to 14) scores.
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factors; their association with specific cancer sub-
types offers further evidence supporting the impor-
tance of aggressive obesity and diabetes prevention
and management. Finally, this observation suggests
that risk factors for different cancer subtypes may be
distinct and that future investigations of CVD and
cancer examining specific cancer subtypes may
identify clinically actionable risk factors for the pre-
vention of CVD and cancer.

CV BIOMARKERS AND INCIDENT CANCER. Our
findings indicate that NPs, markers of cardiac stress,
but not troponins, are associated with increased risk
of cancer. NPs were previously associated with
prevalent cancers. For example, in a study of patients
with newly diagnosed cancer, CV biomarkers were
sometimes elevated and had prognostic significance
(23). Recently, in a study of 555 patients with a
diagnosis of cancer not yet treated with chemo-
therapy, NT-proBNP and hsTnT levels were elevated
in patients with cancer, particularly in those in an
advanced tumor stage (24). Although troponins are
often elevated in those with prevalent cancer, our
data suggest that HF-related pathways rather than
atherosclerosis might be the common link between
CVD and incident cancer. Support for this hypothesis
comes from a mechanistic study by Meijers et al. (25),
which showed that HF in a murine model of pre-
cancerous polyps led to marked progression of tu-
mor growth in response to cardiac-derived
secreted factors.

PREVALENT AND INTERIM CV EVENTS DO NOT

PREDICT FUTURE CANCER. Although our findings
support a link between traditional CV risk factors
and BNP with future cancer, we did not find an
association between prevalent or interim CVD with
future cancer. Epidemiological data on cancer inci-
dence among patients with CVD is conflicting (6–9).
A number of studies in HF samples showed greater
incident cancer and cancer deaths (6,7). In-
vestigators recently explored the role of CVD itself
in promoting cancer and found that cardiac-derived
secreted factors stimulated tumor growth in an an-
imal model of pre-cancerous polyps, although in-
vestigations in humans demonstrated associations
of NT-proBNP as a clinical surrogate of HF, but not
HF itself, with incident cancer (25). As such, a
recent analysis from the Physicians’ Health Study
found no association between HF and incident
cancer among male physicians (9). The association
of atherosclerosis with incident cancer was also
examined although the data were more limited. In a
previous study of FHS participants, statin eligibility
predicted incident cancer risk, although the coro-
nary artery calcium score did not modify the asso-
ciation, which led the investigators to hypothesize
that shared risk factors and not ASCVD underlay the
association (26).

ADOPTING A HEART HEALTHY LIFESTYLE MAY BE

ASSOCIATED WITH DECREASED CANCER RISK.

Finally, we found that ideal CV health, as measured
by the AHA Life’s Simple 7 CV health score, was
associated with decreased risk of cancer. These find-
ings add to the growing body of evidence that
strongly supports the inverse relationship between
ideal CV health and cancer risk, emphasizing the role
of risk factor modification in the prevention of both
CVD and cancer. Previous analyses examined the as-
sociation of Life’s Simple 7 with future cancer,
including an analysis of 13,253 participants in the
ARIC (Atherosclerosis Risk In Communities) study, in
which participants who met 6 to 7 of Life’s Simple 7
ideal CV health metrics had a 51% lower risk of inci-
dence cancer compared with participants who met
zero ideal CV health metrics (27). Similarly, in 6,506
men and women in the MESA (Multi-Ethnic Study of
Atherosclerosis) cohort found that ideal CV health
significantly reduced the burden of cancer and other
chronic non-CV diseases (28). Both studies ascer-
tained non-CVD outcomes, including cancer, using
International Classification of Disease codes; we
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expand upon these previous investigations and
demonstrate a significant association with AHA Life’s
Simple 7 CV health score and a decreased risk of
histology-proven cancer outcomes.

CVD AND CANCER MAY HAVE POTENTIAL SHARED

MECHANISMS. Our study shows that in 2 cohorts
with careful longitudinal ascertainment of new can-
cer cases, CV risk was associated with future risk of
cancer, and ideal CV health was protective against
incident cancer, whereas history of CVD and devel-
opment of CV events in themselves did not appear to
predict cancer risk. These findings provide support
for the hypothesis that shared risk factors, rather
than CVD itself, contributed to the association be-
tween CVD and cancer. For example, there has been
growing interest in the role of inflammation, clonal
hematopoiesis, and hyperinsulinemia in both CVD
and cancer development. The CANTOS (Canakinu-
mab Anti-inflammatory Thrombosis Outcomes) trial
demonstrated a significant reduction in CVD with
anti�interleukin-1ß immunotherapy in a randomized
trial (29), but the unexpected result was the
concomitant reduction in lung cancer and lung can-
cer mortality (30). Clonal hematopoiesis of indeter-
minate potential, an expansion of somatic blood cell
clones associated with increased risk of hematologi-
cal cancers, was recently implicated in CVD devel-
opment, as demonstrated by a near doubling of
coronary heart disease risk among clonal hemato-
poiesis of indeterminate potential carriers (19,31,32).
Separately, angiotensin II, a hormone involved in
vasoconstriction and HTN, was implicated in the link
between HTN and cancer via stimulation of plasma
vascular endothelial growth factor (33). Vascular
endothelial growth factor is central to the pathogen-
esis of tumor growth by stimulating blood vessel
formation and is increased in hypertensive subjects
(34). The relationship between DM and cancer risk
highlights the role of insulin growth factor and
hyperinsulinemia. Insulin growth factor is released in
response to chronic hyperinsulinemia, and high
serum levels of insulin growth factor have been
associated with an increased risk of colorectal cancer,
prostate cancer, and pre-menopausal breast cancer
(35). Furthermore, increased sex hormone levels
secondary to hyperinsulinemia have been implicated
in post-menopausal breast and endometrial cancers
(36) and may explain the heightened risk of future
cancer in women with diabetes observed in recent
studies (37).

STUDY LIMITATIONS. First, the observational nature
of the analysis might be subject to residual
confounding, and causal inferences cannot be drawn.
However, our results were strengthened by the large
study sample size, the long duration of follow-up,
and prospective ascertainment of both CV and can-
cer outcomes. Furthermore, ascertainment of cancer
cases was based on adjudicated review of histology
reports, making these 2 unique cohorts of new cancer
cases. We could not exclude potential ascertainment
bias, which might have led to a greater likelihood of
cancer diagnoses among subjects with CVD. Although
reverse causality was also a potential limitation, the
longitudinal nature of our study significantly reduced
its probability. Moreover, although both FHS and
PREVEND trials had rigorous methods in place
to systematically obtain the most complete medical
records for participants, rare cancer outcomes
might not have been adjudicated in this analysis if
medical records were not available. Finally, the
study sample was predominantly white and of Euro-
pean ancestry, limiting our generalizability to other
ethnic populations.

CONCLUSIONS

We demonstrated that CV risks, as captured by stan-
dard CV risk factors including age, sex, and smoking
status, 10-year ASCVD risk score, and NP, were asso-
ciated with increased risk of future cancer. Although a
history of CVD and development of CV events did not
predict cancer risk, maintaining healthy life habits
could protect against future cancer risk. Further
studies are needed to elucidate the mechanisms un-
derlying the association of CV risk factors with
cancer.
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