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Abstract

Aims—There is conflicting evidence whether heart failure (HF) is a risk factor for incident 

cancer. Despite population-based cohorts demonstrating this association, an analysis of the 

Physician’s Health Study found no association in a cohort of mostly healthy males. We 

investigated the association of HF with incident cancer among a large cohort of post-menopausal 

women.

Methods and results—A prospective cohort study of 146 817 post-menopausal women age 

50 to 79 years enrolled in the Women’s Health Initiative from 1993–1998, and followed through 

2015. The primary exposure was adjudicated incident HF diagnosis, including preserved and 

reduced ejection fraction in a sub-cohort. The primary outcome was adjudicated incident total and 

site-specific cancers. Hazard ratios were calculated using multivariable-adjusted Cox proportional 
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hazard regression models. Over a median follow-up of 8.4 years, 3272 and 17 474 women 

developed HF and cancer, respectively. HF developed in 235 women prior to cancer. HF was 

associated with subsequent incident cancer [hazard ratio (HR) 1.28, 95% confidence interval (CI) 

1.11–1.48]. Associations were observed for obesity-related cancers (HR 1.24, 95% CI 1.02–1.51), 

as well as lung and colorectal cancers (HR 1.58, 95% CI 1.09–2.30 and HR 1.52, 95% CI 1.02–

2.27, respectively). HF with preserved ejection fraction (HR 1.34, 95% CI 1.06–1.67), but not HF 

reduced ejection fraction (HR 0.99, 95% CI 0.74–1.34), was associated with total cancer.

Conclusion—Heart failure was associated with an increase in cancer diagnoses in post

menopausal women. This association was strongest for lung cancer. Further research is needed 

to appreciate the underlying mechanisms responsible for this association.

Graphical Abstract

Heart failure (HF) is significantly associated with an increased risk of developing cancer among 

post-menopausal women. HFpEF, heart failure with preserved ejection fraction.
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Introduction

Heart failure (HF) and cancer are clinical and public health issues associated with substantial 

morbidity, mortality, and healthcare expenditures.1,2 As our population ages in parallel 

to medical advancements, the prevalence of HF and cancer have both increased.2–4 

Consequently, the coexistence of cancer among patients with HF has become more common 

and portends a worse prognosis than either HF or cancer alone.5–7 A cancer diagnosis after 

HF, specifically HF with preserved ejection fraction (HFpEF), is an independent predictor of 

mortality and the second leading cause of non-cardiovascular death.8,9

The literature to date has predominately focused on HF as a consequence of cancer 

therapy-related cardiotoxicity. However, several community-based and larger international 

studies have reported an association of HF with subsequent risk of incident cancer.6,7,10,11 
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Specifically, these studies suggest the association may be due to shared pathophysiological 

risk factors. A recent position statement by the European Society of Cardiology advocated 

for greater awareness of incident cancer among HF patients, further highlighting an 

emerging recognition of this association.12

Older women account for a disproportionate burden in HF, specifically HFpEF.13–15 Despite 

this, women have been historically underrepresented in clinical trials and studies within 

cardiology.16 In contrast to earlier studies, an analysis utilizing the all-male Physicians’ 

Health Study (PHS) I and II cohorts found no association between HF and incident 

cancer.17 Previous studies additionally did not differentiate HF by subtype: HFpEF vs 

HF with reduced ejection fraction (HFrEF). These contradictory findings and their clinical 

implications require clarification to determine whether these results were partially driven 

by gender differences or HF classification (HFpEF/HFrEF). In this study, we employ the 

strengths of the large, all-female, Women’s Health Initiative (WHI) cohort with adjudicated 

cancer and HF diagnoses capable of distinguishing HFpEF from HFrEF in order to examine 

the relative risk of incident cancer in patients with HF compared to similar women without 

HF.

Methods

Study population

The WHI is a national, prospective cohort study of post-menopausal women. A total of 

161 808 women aged 50 to 79 were enrolled at 40 clinical centres nationwide between 

1993 and 1998.18,19 Women were enrolled in either one or more of three clinical trials 

or an observational study with initial follow-up until 2005. At the end of the initial follow

up, WHI women were asked to participate in extended follow-up through 2015. Women 

who consented to the extension studies comprise two sub-groups that defined subsequent 

outcome ascertainment procedures: medical records cohort (MRC) and self-report cohort 

(SRC). The MRC consisted of all women who participated in the hormone therapy trials 

and all black and Hispanic participants in any other component of the clinical trial or 

observational study. A total of 41 503 women from the MRC were included where all major 

clinical events were documented and centrally adjudicated.

For the current study, women were excluded if they had no follow-up time (n = 691) in the 

main study, or if they had self-reported HF (n = 1518) or cancer (n = 12 782) at enrolment, 

resulting in a final sample size of 146 817 women for the main analysis (Figure 1).

Exposure

The primary exposure of interest was incident, adjudicated HF diagnosis. HF that occurred 

during WHI follow-up was adjudicated by centrally trained physician adjudicators for all 

participants in the main study (through 2005) and from 2005–2015 for participants in the 

MRC. An adjudicated HF diagnosis, based on review of hospitalization records with a 

primary diagnosis of HF, was required to be included as an exposure.

In the MRC, hence referred to as ‘ejection fraction (EF) sub-cohort’, HF was further 

characterized as HFpEF or HFrEF among participants with available data on left ventricular 
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ejection fraction (LVEF).18,20 HFrEF was defined as HF with a LVEF <50% and HFpEF as 

LVEF >50%. Sensitivity analysis was repeated with an LVEF threshold of 40%.

Outcome

The primary outcome was time to first incident cancer diagnosis (other than non-melanoma 

skin cancer). All self-reported cancers were documented with medical records, and centrally 

reviewed and coded according to SEER standards.21 Cancers first identified through 

regular linkage to the National Death Index (NDI) were coded based on death certificate 

information. For these cancers, diagnosis date was set to date of death. Site-specific 

cancers of breast, lung, and colorectal were analysed. To address our hypotheses regarding 

shared risk factors, we created mechanism-based categories of cancer diagnoses, specifically 

obesity-related and tobacco-related cancers. Obesity-related cancers were defined by 

International Agency for Research on Cancer (IARC) as having anyone of the following 

cancers: oesophageal, gastric, colorectal, liver, post-menopausal breast, pancreatic, ovarian, 

kidney, uterine, thyroid, or multiple myeloma.22 Tobacco-related cancers were defined by 

IARC as having anyone of the following cancers: lung, stomach, pancreas, liver, kidney, 

oral, oropharynx, nasopharynx, nasal, hypopharynx, larynx, oesophageal, bladder, ureter, or 

cervix.23

Statistical analysis

Continuous variables were assessed for normality. Baseline characteristics of the sample are 

reported using means and standard deviations or frequencies and proportions for continuous 

and categorical variables, respectively. Bivariate statistics employed t-tests and chi-square 

tests for continuous and categorical variables, respectively, to compare those with and 

without cancer.

Incidence rates (cases/1000 person-years) and 95% confidence intervals (CI) were calculated 

for any cancer, obesity-related cancer, tobacco-related cancer, and site-specific cancers of 

breast, lung, and colorectal comparing participants with HF vs. no HF, stratified by age 

strata at enrolment (all ages, ages 50–59, 60–69, and 70–79 years).

Time-dependent Kaplan–Meier curves were used to assess cancer-free survival probabilities 

stratified by those with HF and without HF. Follow-up time was defined as days from 

enrolment for all individuals to incident cancer (or censor). HF was modelled as a time

varying exposure. All participants began as unexposed (i.e. free of HF); then if HF 

developed, a participant became classified as exposed and follow-up time was henceforth 

counted in the exposed risk set until the end of follow-up. Censoring time was defined as 

time from enrolment to any other cancer diagnosis, non-cancer death, loss to follow-up, or 

2005 for SRC participants (the end of adjudicated HF ascertainment) and 2015 for the EF 

sub-cohort (end of available follow-up). Hazard ratios (HRs) and 95% CI were calculated 

from multivariable-adjusted Cox proportional hazard regression models. Only participants 

with complete data were included in multivariable analysis (online supplementary Table S1). 

We fit separate models for total cancer, obesity-related cancers, tobacco-related cancers, and 

selected site-specific cancers.
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Baseline covariates were decided a priori and were collected through questionnaires and 

clinic visits. Variables including WHI study component (observational study vs. clinical 

trial), age at enrolment, total physical activity (METs/week), alcohol use, cigarette smoking 

(pack-years), history of hypertension, cardiovascular disease (CVD) and hyperlipidaemia, 

family history of cancer, healthcare utilization (primary care visit within the last year), race/

ethnicity, education, income, cardiac medications, and hormone therapy use were included 

in all multivariable-adjusted models. Additionally, the confounding effects of dietary intake 

were examined utilizing the healthy eating index into multivariable-adjusted models. In 

addition to baseline covariates, body mass index (BMI), cigarette smoking, and diabetes 

were modelled as time-varying covariates as these were hypothesized to be variables most 

strongly associated with HF and cancer.

The above analysis was repeated using HFpEF and HFrEF as exposures in the EF sub

cohort. For this, HF was classified as either HFpEF, HFrEF, or unknown EF and compared 

to no HF (reference group).

In secondary analyses, we explored baseline age, BMI, and smoking (pack-years) as 

potential effect modifiers by including an interaction term in the models. To account for 

surveillance bias, a longitudinal screening variable was created by calculating the average 

number of screening tests performed per year up until 1 year prior to cancer diagnosis (as 

not to include diagnostic tests). Screening tests were self-reported and included physical 

exam, blood pressure, cholesterol, electrocardiogram, breast exam, mammogram, Pap smear, 

rectal exam, hemoccult, and flexible sigmoidoscopy from the WHI annual questionnaire. 

For sensitivity analyses, we explored a LVEF cutoff of 40% for HFpEF and HFrEF. To test 

for residual confounding due to age, we explored time-dependent modelling with age in 

years as the time axis. Additionally, we repeated the main analysis including patients with 

self-reported HF at baseline that was later adjudicated. We also repeated the main analysis 

excluding participants with a cancer diagnosis identified through the NDI.

The proportional hazards assumption was confirmed using Schoenfeld residuals. A two

sided P-value of 0.05 was used to determine statistical significance. All analyses were 

performed using R version 3.6.1 (R Foundation for Statistical Computing, Vienna, Austria).

Results

Study cohort

Baseline characteristics are presented in Table 1. Among 146 817 participants eligible 

for this analysis, median follow-up time was 8.4 years [interquartile range (IQR): 7.1–9.6 

years]. The mean age was 63 ± 7 years and mean BMI 27 ± 6 kg/m2. Most women were 

Caucasian (82.6%) and never smokers (50.3%) with baseline comorbidities of diabetes 

(5.6%), hypertension (33.3%) and CVD (16.6%).

During follow-up, 17 474 (11.9%) participants (12.7 per 1000 person-years) developed any 

cancer. A total of 3272 (2.2%) participants developed HF during follow-up; of those, 235 

(18.8 per 1000 person-years) developed HF prior to cancer. Age-adjusted Kaplan–Meier 

curves for survival free from cancer are shown in Figure 2. Median time from HF to cancer 
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diagnosis was 2.0 years (IQR: 0.5–4.1 years). Incident rates for cancers by age strata for HF 

and non-HF participants are shown in online supplementary Table S2.

Ejection fraction sub-cohort

In the EF sub-cohort, where HFpEF and HFrEF could be distinguished, a total of 41 503 

participants met the inclusion criteria. Median follow-up time was 13.4 years (IQR: 7.9–20.0 

years). The mean age at time of enrolment was 63 ± 7 years. Baseline characteristics of the 

EF sub-cohort and total cohort are compared in online supplementary Table S3. Participants 

in the EF sub-cohort were more likely to identify as Black or African-American, have a 

greater BMI, be a current smoker, and have a history of diabetes, hypertension, and CVD.

Heart failure was diagnosed in 2528 (6.1%) participants during follow-up. Among those 

with available LVEF data, HFpEF and HFrEF accounted for 1193 (58.1%) and 859 (41.9%) 

of participants, respectively. Baseline characteristics of participants with HFpEF and HFrEF 

are presented in online supplementary Table S4.

A total of 7292 (17.6%) participants in the EF sub-cohort developed any cancer during 

follow-up at a mean age of 73 ± 8 years. Of those, 195 developed HF prior to cancer. 

Median time from HF to cancer was 2.2 years (IQR: 0.2–5.4 years).

Primary analysis

Depicted in Table 2, diagnosis of HF was associated with incident total cancer in the 

multivariate-adjusted model (HR 1.28, 95% CI 1.11–1.48). Significant associations were 

observed for obesity-related (HR 1.24, 95% CI 1.02–1.51), as well as site-specific lung 

(HR 1.58, 95% CI 1.09–2.30) and colorectal cancers (HR 1.52, 95% CI 1.02–2.27). No 

significant association was found between HF and breast or tobacco-related cancers (HR 

1.17, 95% CI 0.87–1.56 and HR 1.24, 95% CI 0.94–1.63, respectively).

The association of HFpEF and HFrEF with incident total and site-specific cancers among 

women in the EF sub-cohort is presented in Table 3, using parallel models to those in the 

main analysis. HFpEF was significantly associated with incident total cancer (HR 1.28, 

95% CI 1.09–1.50) and site-specific cancers including lung (HR 1.79, 95% CI 1.09–2.92) 

and colorectal (HR 1.83, 95% CI 0.99–3.35) cancers. There was no statistically significant 

association with HFrEF and total cancer (HR 0.99, 95% CI 0.74–1.34). However, HFrEF 

was significantly associated with decreased incidence of obesity-related cancer (HR 0.59, 

95% CI 0.35–0.99) and increased incidence of lung cancer (HR 1.76, 95% CI, 1.03–3.01).

When testing for differences between HFpEF and HFrEF, there was no significant difference 

between HFpEF and HFrEF in total or site-specific cancer (online supplementary Table S5). 

However, there were significant differences in obesity-related and colorectal cancers (HR 

1.89, 95% CI 1.01–3.53 and HF 4.61, 95% CI 1.02–20.83, respectively).

Exploratory analysis

There was no evidence of effect modification for age or smoking on any cancer outcome. 

There was an interaction with BMI for breast cancer in which the 4th quartile (highest BMI) 

had the largest association between HF and breast cancer but contained a wide CI (HR 1.66, 
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95% CI 0.31–8.92) (online supplementary Table S6). Additionally, results were consistent 

with the main analysis when exploring a LVEF cutoff of 40% for HFpEF and HFrEF (online 

supplementary Table S7). When adjusting for a longitudinal screening variable up to 1 year 

before a cancer diagnosis, results for the association of any incident HF with total cancer 

remained significant (online supplementary Table S8). Similarly, the association between 

HFpEF and total cancer persisted in the EF sub-cohort (online supplementary Table S9). In 

the time-dependent analysis using age as the time scale to account for potential confounding 

by age, results were again consistent with our main analyses (online supplementary Table 

S10). After excluding participants with a cancer diagnosis identified through NDI, any 

HF remained significantly associated with any cancer; however, colorectal cancer was no 

longer significant in either the age- or multivariable-adjusted models (online supplementary 

Table S11). The association between HF and any cancer remained significant after including 

patients with adjudicated HF at baseline (online supplementary Table S12). The addition of 

healthy eating index did not change the results (online supplementary Table S13).

Discussion

In a large cohort of 146 817 post-menopausal women followed over 22 years, incident HF 

was significantly associated with subsequent risk of cancer. Increased risk was observed for 

obesity-related, lung, and colorectal cancers, but not for breast or tobacco-related cancer. 

After stratifying by LVEF, HFpEF appeared to be more strongly associated with total cancer 

as well as site-specific lung and colorectal cancers than HFrEF. Findings did not vary by 

baseline age, BMI, or smoking status.

Our finding of an increased risk of cancer among HF patients is consistent with some, 

but not all, prior studies (Figure 3). In two studies by Hasin et al.,7,10 a 2013 case-control 

study comparing cancer among community subjects newly diagnosed with HF with matched 

controls and a 2016 prospective cohort study of patients with myocardial infarction who 

later developed HF, there was a statistically significant increased risk of cancer among HF 

patients. These results were further reproduced in two large cohort studies of Danish and 

Japanese HF patients.6,11

In contrast, a more recent study by Selvaraj et al.17 reported a lack of association between 

HF and cancer. The study used the two large prevention trials of the all-male PHS.24 

Although the study was supported by a large sample size and median follow-up period 

of 19.9 years, there were several key differences from prior studies. First, the PHS was 

restricted to relatively healthy, all-male participants. This is salient as in Hasin et al.’s 2013 

study, there was a higher risk of any cancer among women compared to men and similar 

findings in the Japanese cohort. Women were underrepresented in these prior studies and 

thus gender differences may account for our findings. Second, the study did not specifically 

address the heterogeneous conditions of HFpEF vs. HFrEF as HF was determined by 

self-reporting rather than echocardiography or adjudication. Related to our findings of an 

association with HFpEF, the Japanese study found increased cancer risk with decreasing left 

ventricular diastolic dimensions – a hallmark of HFpEF – without an observed correlation 

in LVEF. HFpEF may have been underrepresented in the all-male PHS, as HFpEF is more 

common among women than men.25
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When investigating specific cancers, HF was not associated with increased risk of breast 

or tobacco-related cancers in our adjusted models. The lack of association with breast 

cancer, in contrast to prior Danish and Japanese studies, may reflect differences in our 

post-menopausal cohort. For instance, obesity may be protective in pre-menopausal women 

in contrast to a linearly increased risk in post-menopausal women.26–28 It is thus plausible 

that shared risk factors for HF and breast cancer differ between pre- and post-menopausal 

women.

The elevation in tobacco-related cancers with HF was no longer significant after controlling 

for current vs. former and pack-years of smoking, whereas lung cancer remained 

significantly increased. This suggests our modelling of cigarette smoking was adequate to 

detect a confounding impact, but smoking does not completely explain the elevated lung 

cancer risk.

Although the basis for increased cancer incidence in HF cannot be inferred from our 

present study, there is a growing body of research into potential mechanisms. Among several 

hypotheses, interest surrounding shared risk factors between HF and cancer has emerged as 

one possible explanation. Traditional cardiovascular risk factors have been associated with 

increased risk of cancer; however, our findings remained significant after adjusting for these 

factors.29,30 Our findings may be due to unmeasured risk factors shared in the development 

of HF and cancer, as described below, rather than a cause-and-effect relationship.

Shared pathophysiological pathways by ways of oxidative stress, neuro-hormonal activation, 

and chronic inflammation may explain the association. In our study we observed increased 

risk of lung cancer among HF participants, regardless of LVEF, despite controlling for 

smoking at baseline and during follow-up. Trials such as the CANTOS trial (Canakinumab 

Anti-Inflammatory Thrombosis Outcome Study) lend insight into these findings as well 

as the inflammatory intersect between HF and cancer.31 In the CANTOS trial, specific 

targeting of interleukin-1β conferred both a cardiovascular benefit – including a reduction 

in HF-related hospitalization – and a dramatic decrease in lung cancer incidence.32,33 

Similar findings of an increased risk of lung cancer death in patients with HF and elevated 

C-reactive protein has been reported.34

Mutual pathogenic gene variants may also predispose individuals to both cancer and HF. 

Clonal hematopoiesis of indeterminate potential (CHIP) is an emerging entity in which 

somatic mutations in the blood are present in individuals without established haematologic 

abnormalities. Studies have demonstrated the presence of CHIP to be associated with 

increased risk of haematologic cancer, CVD, and both disease progression and mortality 

in HF.35–37 Additionally, a recent study examining the incidence of cancer in peripartum 

cardiomyopathy (PPCM), with mostly LVEF >50%, found women with PPCM had a nine

fold higher risk of cancer following diagnosis compared to matched controls in German and 

Swedish cohorts.38 This was correlated with exome sequencing showing PPCM participants 

had a higher prevalence of genetic variants in cancer promoting syndrome and DNA damage 

repair genes.
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Lastly, another hypothesis suggests HF may promote oncogenesis through release of 

circulating factors. Meijers et al.39 presented evidence suggesting HF may promote intestinal 

precancerous polyp growth in mouse models. Evaluation of serum samples suggested a 

role for myocardium-secreted factors in HF and further provided translational evidence by 

showing these secreted factors were predictive of incident cancer in patients enrolled in the 

PREVEND study (Prevention of Renal and Vascular End-Stage Disease), independent of 

cancer risk factors.40

Strengths and limitations

The current study was conducted among a large cohort of women examining the association 

of incident HF with incident cancer where all endpoints were adjudicated rigorously in this 

study. Additionally, we were able to stratify HF by LVEF, which was not possible in prior 

studies.

Due to the observational nature of the study, causality cannot be determined. Although 

we were able to control for many potential confounding variables related to both HF 

and cancer not available in previous studies, the potential role for residual confounding 

remains. Repeated measures of longitudinal data for some variables, i.e. physical activity 

and dietary intake, were not represented in this analysis. Most variables were measured at 

enrolment and several years prior to HF diagnosis. Secondly, the study population was an 

all-female, post-menopausal cohort and is not generalizable to men or a younger population. 

Nonetheless, women are historically underrepresented in cardiology trials. The WHI was a 

predominantly White/Caucasian cohort and cancer risk may not be generalizable to a more 

diverse population. However, the EF sub-cohort (MRC) was racially diverse and yielded 

similar findings to the main WHI cohort analysis.

Thirdly, with a median time from HF to cancer diagnosis of around 2 years, our findings 

could reflect detection bias related to intensified medical evaluation following the diagnosis 

of HF. However, results remained largely unchanged after controlling for health care 

utilization and cancer screening. With 82% of WHI participants visiting a primary care 

physician in the year prior to enrolment, results may not be applicable in underserved 

populations with more limited access to medical care. EF data were not available for 

all participants due to the data ascertainment structure of the WHI; however, this is the 

largest cohort to date with EF data available addressing this question. Additionally, as HF 

adjudication required a hospitalization for HF as the primary diagnosis, our cohort may 

represent moderate-severe HF and excluded those with milder forms of HF. Lastly, these 

findings are generalizable only to a population who live long enough to develop HF with 

subsequent cancer diagnosis.

Conclusion

Among a large cohort of post-menopausal women, HF was associated with increased 

incident cancer. This association was strongest for lung cancer but was also seen for 

colorectal cancer and obesity-related cancers. There was no association with breast or 

tobacco-related cancer. The association was more pronounced in HFpEF than in HFrEF. 

Further research is needed to identify potential mechanisms driving this association.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram of the study population. EF, ejection fraction; HF, heart failure; LVEF, left 

ventricular ejection fraction; WHI, Women’s Health Initiative.
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Figure 2. 
Kaplan–Meier analysis of cancer in heart failure (HF). Time-dependent Kaplan–Meier curve 

is shown for age-adjusted cancer-free survival probability of cohort participants stratified by 

HF and non-HF. Shaded regions represent 95% confidence intervals over time. aBased on 

unadjusted Cox proportional hazard model.
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Figure 3. 
Studies investigating the association of heart failure (HF) with incident cancer. Hazard 

ratios (HR) and 95% confidence intervals (CI) are shown from studies evaluating the risk 

of incident cancer among patients with HF. HFpEF, heart failure with preserved ejection 

fraction; HFrEF, heart failure with reduced ejection fraction. aHR for HFpEF and HFrEF 

1.28 (1.06–1.67) and 0.99 (0.78–1.34), respectively. bNumber of participants in each study 

with HF at risk of developing cancer.
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