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Summary

There are many similar risk factors for both cancer and cardiovascular disease. There are 

substantial biological data to support the hypotheses that the pathogenesis of these 2 diseases 

overlaps. Exercise should be strongly encouraged and should continue to be a focus of ongoing 

research. The management of risk factors for cardiovascular disease and cancer, including tobacco 

use, a healthy diet, and normal weight, should be further addressed. Treatment of cardiac risk 

factors, including hypertension, hyperlipidemia, and diabetes, in cancer patients may actually 

improve overall outcomes not only in cancer patients on active therapy but also in cancer 

survivors. As a result, continued collaboration between oncology and cardiology is essential.
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Cardiovascular disease and cancer are 2 of the largest contributors to death in the United 

States. Currently, there are more than 15 million individuals with a history of cardiovascular 

disease and 14 million with a history of cancer.1 This number is only expected to rise as the 

population in the United States ages and advances in the management of both cardiovascular 

disease and cancer are made. There is a growing body of evidence that suggests cancer and 

cardiovascular disease share a biological mechanism. In the complex process of 

carcinogenesis, cells go through several genetic “hits” before the full neoplastic phenotype 

of growth, invasion, and metastasis occurs. This process of malignant transformation can be 
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divided into the following: initiation (irreversible step), promotion (stimulation of the growth 

of initiated cells), and progression (development of a more aggressive phenotype of 

promoted cells).2 Similarly, the pathogenesis of cardiovascular disease is a multistep 

process. Although inflammation seems to play a major role in both diseases, other 

mechanisms have also been described, including the role of hyperglycemia, 

hyperinsulinemia, and IGF-1.3 Gaining a better understanding of these shared mechanisms is 

vital. This review explores the risk factors common to cardiovascular disease and cancer, 

focusing on the epidemiologic studies that have been completed as well as how underlying 

cardiovascular disease affects cancer and cancer treatments.

Mechanisms Common to Cancer and Cardiovascular Disease

Inflammation and Cancer

The connection between inflammation and cancer has long been established. Initially in the 

nineteenth century, Virchow appreciated the presence of leukocytes within neoplastic tissue. 

From his work, speculations arose as to whether cancer started in inflammatory sites. 

Further work demonstrated the associations between some chronic infections and cancers, 

that is, human papilloma-virus and cervical cancer,4 Helicobacter pylori, and stomach 

cancer,5 Epstein-Barr virus and cancers.6,7 Nonhealing wounds of the skin can develop into 

squamous cell carcinomas. There is also an association between chronic inflammatory 

diseases and cancer, that is, systemic sclerosis and cancer,8 celiac disease, and small bowel 

lymphomas.9 Approximately 10% to 20% of cancers arise at the site of chronic 

inflammation.10 Through time, it has been appreciated that inflammation in the tumor 

microenvironment promotes malignant transformation and carcinogenesis. The presence of 

signaling between immune cells is required for tumor growth. There have been suggestions 

that stopping this inflammation with the use of anti-inflammatory medication actually delays 

cancer growth. For example, the use of aspirin, a cyclooxygenase 2 inhibitor, prevents the 

growth of primary and secondary polyps.11 Similarly, aspirin use may be preventative for 

lung, esophagus, and stomach cancer.12 There is ongoing research that perhaps statins, a 

cholesterol-lowering agent, may decrease inflammation and result in improvements in 

cancer outcomes.3

Inflammation and Cardiovascular Disease

Atherosclerotic disease, initially thought a lipid storage disease, is now known to be well-

characterized by inflammation. Many risk factors for cardiovascular disease (hypertension, 

tobacco use, hyperlipidemia, and insulin resistance) trigger atherosclerosis through the 

promotion of adhesion of endothelial cells and the stimulation of leukocyte attachment to 

blood vessel walls that normally resist attachment.3,13 With hyperlipidemia, excess 

lipoproteins accumulate in the subendothelial space, leading to oxidation and uptake by 

monocytes and macrophages.14 Similarly with hypertension, there is oxidative stress on 

blood vessel walls. Elevations in inflammatory biomarkers, such as the C-reactive protein 

(CRP), have been associated with both primary and secondary cardiovascular events.15–17 

There are ongoing investigations looking at immunotherapy for the reduction in 

cardiovascular events. For example, an inhibitor of interleukin (IL)-1B, a proinflammatory 

cytokine involved in atherosclerosis and the regulation of CRP, is currently being studied for 

Blaes et al. Page 2

Heart Fail Clin. Author manuscript; available in PMC 2017 August 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



its effects on reduction in cardiovascular disease events in the Canakinumab Anti-

inflammatory Thrombosis Outcomes Study (CANTOS) trial (NCT01327846) as well as its 

effects on vascular endothelial function (NCT02272946). Additional trials are also ongoing 

looking at the effects of statins and its effects on a reduction in inflammation.

Although diabetes, smoking, and obesity contribute to inflammation, there are a variety of 

other mechanisms that may also result in the shared risk factors between cancer and 

cardiovascular disease. These mechanisms are discussed.

Shared Risk Factors for Cancer and Cardiovascular Disease

There are many potential risk factors (modifiable and nonmodifiable) common to both 

cancer and cardiovascular disease, include aging, gender, obesity, diabetes mellitus, physical 

activity, diet, and smoking.

Age

The incidence of most cancers increases with advancing age. In developed countries, 78% of 

all newly diagnosed cancers occurs in individuals over the age of 55 years.18 Similarly, 

cardiovascular risk increases with advancing age. Although 4.3% of individuals ages 18 to 

44 years have heart disease, this prevalence increases to 12% for those ages 45 to 64 years, 

24.6% for those ages 65 to 74 years, and 35% in those over the age of 75 years.19

Gender

Although certain cancers are gender-specific (cervix, testicular, uterine, and prostate), 

overall, cancer occurs more frequently in men. Similarly, men have a higher risk of 

developing cardiovascular disease.19,20

Obesity

According to epidemiologic data, 20% of all cancers are considered weight related.21,22 

According to the American Institute of Cancer Research and the World Cancer Research 

Fund, there is a link between obesity and many cancers, including esophageal 

adenocarcinoma, pancreatic, liver, colorectal, postmenopausal breast cancer, endometrial, 

and kidney cancers (Fig. 1).23,24 It also seems that among those with a higher body mass 

index (BMI), cancer risk is higher. For those with a BMI between 27.5 kg/m2 and 29.9 

kg/m2, the risk of cancer increases by 12% whereas those with a BMI greater than 40 kg/m2 

have a 70% increased risk25 of cancer compared with those with a normal BMI. Similarly, in 

a large meta-analysis by Renehan and colleagues,26 a 5-kg/m2 increase in BMI was strongly 

associated with the risk of esophageal adenocarcinoma (relative risk [RR] 1.52, P<.001), 

thyroid cancer (RR 1.33, P = .02), colon cancer (RR 1.24, P<.001), and kidney cancer (RR 

1.24, P<.0001) in men and endometrial cancer (RR 1.59, P<.0001), gallbladder cancer (RR 

1.59, P = .04), esophageal adenocarcinoma (RR 1.51, P<.0001), and kidney cancer (RR 

1.34, P<.0001) in women. On the contrary, dramatic weight loss from gastric bypass surgery 

is associated with reduced cancer mortality by approximately 60%.27,28 These data suggest 

that promoting healthy weight change in adults can have important health benefits and 

outcomes from a cancer perspective.
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Obesity has been associated with an increased risk of cardiovascular disease as outlined by 

the Framingham data.29 The age-adjusted RR for cardiovascular disease is higher for those 

who are overweight (men RR 1.21 [1.05–1.40]; women RR 1.20 [1.03–1.41]) or obese (men 

RR 1.46 [1.20–1.77]; women RR 1.64 [1.37–1.98]). Obesity has been associated with a 

proinflammatory state, a prothrombotic state, insulin resistance, and atherogenic 

dyslipidemia.30,31 Obesity causes an increase in cardiac output and hence overall cardiac 

workload to meet the metabolic demands of the expanded adipose tissue. Obesity has been 

linked to several cardiovascular changes, including hyperdynamic circulation, structural 

changes, sleep apnea, and overt heart failure.32 This combination of factors leads to a 

concentric left ventricular hypertrophy and cardiovascular effects, even without associated 

hypertension.33

Biologically, there are plausible overlapping mechanisms associating the inflammatory state 

of obesity with both cardiovascular disease and cancer (Box 1). Elevated levels of IGF-1, 

found in obesity and the metabolic syndrome, are associated in preclinical models with 

tumor growth.34,35 IGF-1 and its effects are discussed later.36–41 Elevated estrogen levels are 

commonly seen in obesity; elevated estrogen levels are associated with breast and 

endometrial cancers. Biologically, estrogen is associated with tumor proliferation. Higher 

levels of IL-6, produced by adipose tissue, have been associated with hyper-tension and 

hepatic production of CRP, known to be associated with cardiovascular disease. From a 

cancer perspective, IL-6 has been shown to inhibit cancer cell apoptosis, stimulate 

angiogenesis, and play a role in drug resistance and tumor progression.42,43 Leptin, thought 

to be related to cardiovascular disease,44 has been associated with obesity and tumor growth 

and invasion. It has been associated with hepatocellular carcinoma, prostate cancer, and 

ovarian cancer. Leptin seems to up-regulate the expression of cyclin D1 and Mcl-1 to 

stimulate cell growth by activating the PI3K/Akt and MEK/ERK1/2 pathways in ovarian 

cancer.45,46

Diabetes

In 2010, the American Diabetes Association issued a statement linking diabetes to colon, 

liver, endometrial, pancreas, and bladder cancers (see Fig. 1).20 There are also concerns 

about its association with leukemia, kidney cancer, and esophageal cancer. Although some 

inclusion criteria in this analysis were debated,47 a recent review of meta-analyses of 

observational studies provided a significant amount of evidence to support this association of 

type 2 diabetes mellitus with cancer.48

Diabetes mellitus affects large and small vessels in the vasculature system and has long been 

associated with cardiovascular disease. The pathophysiology is likely multifaceted. Insulin 

resistance leads to dyslipidemia and abnormalities in lipoproteins through oxidative stress, 

glycolysis, and triglyceride enhancement. Endothelial function, an early marker for 

atherosclerosis, is stimulated by hyperglycemia induced free radical damage.13 With higher 

levels of glucose, IGF-1 stimulates the migration and proliferation of smooth muscle cells, a 

part of early cardiovascular disease development.20

From a biological perspective, hyperglycemia, hyperinsulinemia, and the role of IGF-1 all 

likely contribute to the underlying biological link between cancer, cardiovascular disease, 
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and diabetes mellitus. Many cancers, such as breast cancer, overexpress the insulin 

receptor.49 IGF-1 promotes cell proliferation by stimulating cancer cell proliferation and 

metastasis; this seems evident even in cells in which the IGF receptors are deficient.49,50 

Multiple signaling pathways are activated after insulin receptors or IGF-1 receptors interact 

with their ligands. This complex pathway leads to proliferation, protection from apoptotic 

stimuli, invasion, and metastasis. Additionally, hyperglycemia allows IGF-1 to stimulate 

vascular smooth muscle proliferation and migration. This mechanism furthers cancer growth 

and metastasis51; the smooth muscle proliferation and migration is also a hallmark of 

atherosclerosis pathophysiology.52

Separate from the direct effects of insulin on cancer cells, it has been theorized that 

hyperinsulinemia may promote carcinogenesis indirectly through IGF-1.53 Insulin reduces 

the hepatic production of IGF-binding protein, resulting in higher levels of IGF-1.54 IGF-1 

has more potent antiapoptotic activities than insulin. It may act as a growth stimulus. Current 

cancer clinical trials are examining inhibitors of IGF-1.55 Although insulin reduces the 

hepatic production of IGF-binding protein, it also reduces blood levels of sex hormone–

binding globulin, leading to increases in bioavailable estrogen in both men and women. 

Although this increase in sex hormones may explain the increased risk of premenopausal 

breast cancer and endometrial cancer seen among those with hyperinsulinemia,21 it does not 

explain a positive association between hyperinsulinemia and the cardiovascular system, 

because estrogen has a beneficial effect in cardiovascular disease. Higher levels of IGF have 

also been associated with colon and prostate cancer.

Tobacco Use

Tobacco usage, in particular cigarette smoking, is a heavily weighted risk factor for multiple 

types of cancers (see Fig. 1), including lung cancer, esophageal cancer, and pancreas 

cancer.56 The American Cancer Society estimates that smoking is responsible for 30% of all 

cancer-related deaths in the United States. Although rates of tobacco use are decreasing in 

the United States and Canada, trends continue to increase globally, according to the World 

Health Organization's Global Report on Trends in Prevalence of Tobacco Use 2015.57

Cigarette smoking contributes to all stages of atherosclerosis, including stroke, myocardial 

infarction, hypertension, and aortic aneurysms; it has also been associated with 

approximately one-third of all first myocardial infarctions worldwide.56 By decreasing nitric 

oxide, causing vasomotor dysfunction, increasing oxidative stress, and contributing to 

endothelial damage, tobacco use contributes to atherosclerosis.58

Biologically, tobacco smoke produces several irritants, carcinogens, proinflammatory 

stimuli, and oxidizing agents. These processes affect signaling found in both tobacco-related 

and cardiovascular disease. Nicotine has also been found directly related to the pathogenesis 

of both cardiovascular disease and cancer by inhibiting apoptosis and increasing 

angiogenesis.58

Hypertension

Hypertension has a particularly strong association with kidney cancers.59,60 Also, in the 

Metabolic Syndrome and Cancer Project,34 hypertension was positively correlated to total 
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incident cancer (hazard ratio [HR] per 10–mm Hg increment: 1.07) and to cancers of the 

oropharynx, colon, rectum, lung, bladder, kidney, and melanoma in men and to cancers of 

the liver, pancreas, cervix, uterus, and melanoma in women.

Hypertension contributes to cardiovascular disease through various mechanisms, including 

its direct hemodynamic consequences, neurohormonal activation, autonomic influences, 

oxidative stress, and inflammation. These mechanisms may also be related to cancer and 

cancerous growth. In hypertension, vascular endothelial growth factor (VEGF) increases. 

VEGF is needed for tumors to induce new blood vessel formation. Angiotensin II, increased 

in hypertension, stimulates VEGF production.61 Additionally further oxidative stress on 

blood vessel walls in the tumor microenvironment may further carcinogenesis.

Hyperlipidemia

Animal models have predicted that a high cholesterol diet may lead to colon polyps. It has 

been hypothesized that chronic saturated fat with increased cholesterol intake leads to an 

increase in hepatic bile acids and promotes carcinogenesis.62–64 Other studies suggest there 

may also be an association between hyperlipidemia and breast cancer.65,66 The cholesterol 

metabolite 27-hydroxycholesterol is similar to estradiol. Studies suggest that 27-

hydroxycholesterol behaves as an endogenous selective estrogen receptor modulator. Similar 

to estradiol, 27-hydroxycholesterol, behaving as a partial agonist, positively regulates gene 

transcription and cell proliferation in cellular models of breast cancer and, as a result, may 

influence the pathology of breast cancer.67 Several recent studies suggest there are improved 

cancer outcomes in those on cholesterol-lowering agents; these are discussed later.

In cardiovascular disease, the link between hyperlipidemia and cardiovascular disease has 

long been established. Excess lipoproteins in hyperlipidemia accumulate in the 

subendothelial space. This accumulation leads to oxidation, and further uptake by 

monocytes and macrophages causing further inflammation, thus promoting carcinogenesis.

Diet

Diet has been linked to both cancer and cardiovascular disease in both direct and indirect 

ways. There are direct carcinogens in foods, such aflatoxins and nitrosamines. Aflatoxins 

can cause liver cancer. Nitrosamines, produced from nitrates and added to processed meat 

for conservation, are genotoxic substances that can act directly on DNA, causing point 

mutations, deletions, and insertions. Additionally, dietary fats found primarily in beef and 

dairy products can lead to inflammation and increases in carcinogenic bile acids and 

nitrosamines. In animal species as well as in human case-control studies, nitrosamines have 

been associated with gastric cancer and esophageal cancer.68 In contrast, the Mediterranean-

style diet, focused on high amounts of fruits, vegetables, whole grains, and unsaturated fats, 

has been associated with an approximately 10% decrease in cancer mortality.69 It has been 

linked to a decrease in the incidence of many cancers, in particular gastric cancer and colon 

cancer.70–73 It is hypothesized that the Mediterranean diet results in a decrease in 

inflammatory cytokines and, as result, a decrease in cancer incidence. The beneficial role of 

fruits and vegetables on cancer incidence is thought to be a result of the high levels of 

polyphenols. Polyphenols seem to affect several metabolic pathways, including mitogen-
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activated protein kinases, phosphatidylinositol 3-kinases, IGF-1, nuclear factor κB, and 

reactive oxygen species, leading to reductions in both cardiovascular disease and cancer.74

Finally, a Mediterranean-style diet indirectly reduces cancer risk by improving 

intermediaries associated with cancer, such as obesity, hyperlipidemia, hyperinsulinemia, 

and inflammation (discussed previously).

Diet and nutrition have long been associated with cardiovascular disease. Based on several 

previously published articles, there is an increased risk of cardiovascular disease associated 

with high content of saturated fats, red meat, sugar, and processed food.71,75–78 In contrast, 

the Dietary Approaches to Stop Hypertension (DASH) diet and a Mediterranean-style diet 

focused on high amounts of fruits, vegetables, whole grains, and unsaturated fats are 

associated with better cardiovascular outcomes. The Mediterranean diet has been linked to 

approximately one-third fewer cardiovascular events.79–81 Although the biological 

mechanisms linking diet and cardiovascular disease are not completely understood, there are 

several intermediaries associated with diet and cardiovascular disease, including high body 

weight, high blood pressure, and uncontrolled lipids. With the Mediterranean diet, there is 

typically less obesity (and its other intermediaries, discussed previously), a decrease in 

adipokines, and a decrease in inflammatory cytokines, all contributing to fewer 

cardiovascular events.

Sedentary Behavior

Exercise can also have a favorable effect on improving cancer risk. Modest exercise has been 

associated with reduced incidence of prostate, breast, bladder, esophageal, kidney, and 

endometrial cancers.82–85 Exercise seems to decrease not only primary incidence of cancer 

but also recurrence in cancer survivors. Sedentary women who begin exercising 150 minutes 

per week can decrease their risk of breast cancer recurrence by 6%.86 Exercise has also been 

associated with a decrease in cancer mortality.87,88 For each 15 minutes of exercise per day, 

cancer mortality decreases by 1%.89 The cancer preventative effects also seem independent 

of weight. An individual with a healthy body weight who is inactive still has a higher risk 

for cancer compared with those who exercise.90

Exercise can have a favorable effect on cardiovascular profiles and heart failure.91 Exercise 

can result in improvements in obesity, diabetes, and lipid profiles; a decrease in 

cardiovascular and cancer events with exercise can occur through these mechanisms 

(discussed previously). Through improvements in aerobic capacity, blood vessel capacitance, 

and vascular wall function, however, exercise can also improve cardiovascular disease.92 

Additionally, not all the benefits of exercise are related to weight management: as outlined in 

the INTERHEART Study, sedentary behavior, even in individuals with a healthy weight, 

results in an increase in cardiovascular mortality.93 It seems the effects of exercise are dose 

related, with exercise of 150 minutes per week reducing the risk of cardiovascular events by 

14%, with exercise of 200 minutes per week reducing the risk of cardiovascular events by 

20%.90,94,95

Biologically, the effects of exercise on cancer and cardiovascular disease prevention are 

likely multifactorial. Some of these mechanisms overlap and have been described previously. 
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For instance, exercise is often seen in conjunction with a healthier diet. Exercise decreases 

diabetes, hypertension, hyperlipidemia, and obesity. With physical activity, there is an 

overall decrease in adipose tissue. Thus the overall effect of exercise is a reduction in 

circulating sex and metabolic hormones, a decrease in insulin, decrease in leptin, and a 

decrease in inflammatory markers (CRP, tumor necrosis factor, and IL-6), several of which 

are known to be carcinogenic.87 Additionally, the impacts of exercise on decreasing cancer 

mortality are likely related to better cardiac reserve and less cardiac toxicity of cancer 

treatment.

Cardiovascular Disease and Oncologic Diseases

Given the shared risk factors for cancer and cardiac disease, it is not surprising that many 

individuals with cancer also have cardiovascular disease. Similarly, many individuals with 

cardiovascular disease also have a history of cancer. In a recent study on cancer survivors 

with a variety of cancers, 62% were overweight or obese, 55% had hypertension, and 21% 

had diabetes.96 This study is consistent with many other published articles where survivors 

have higher rates of obesity, hyperglycemia, hyperlipidemia, and elevations in cardiac 

biomarkers, such as CRP.97 In looking at childhood cancer survivors, compared with 

siblings without cancer, childhood cancer survivors were more likely to be on medications 

for hypertension, hyperlipidemia, and diabetes, even if their prior cancer treatment did not 

include chest radiation.98

Although some of the increased cardiac risk may be related to cancer treatments, such as 

chemotherapy and radiation, other studies suggest that patients with cancer likely have an 

elevated cardiac risk at the time of diagnosis, before receiving any chemotherapy or 

radiation. In a Dutch study, calcium artery scores were elevated in those with a new cancer 

diagnosis when compared with healthy controls in the Multi-Ethnic Study of Atherosclerosis 

(MESA) study.99 In studies of prostate cancer patients in Canada, before starting androgen 

deprivation, individuals with prostate cancer had elevations in hypertension, hyperlipidemia, 

and glucose intolerance compared with population controls.100 Additionally, the prostate 

cancer patients were also more likely to have metabolic syndrome compared with 

controls.101 In summary, the findings of increased cardiac risk factors at the time of cancer 

diagnoses, compared with matched controls, provide further evidence for the shared biology 

underlying both cardiovascular disease and cancer.

Controlling cardiac risk factors may also improve cancer incidence and outcomes (Box 2). 

In the large European Prospective Investigation into Cancer and Nutrition (EPIC) study of 

23,153 individuals ages 35 to 65 years, researchers examined whether those who adhered to 

lifestyle events of a BMI less than 30 kg/m2, no tobacco use, exercise greater than 3.5 h/wk, 

and a healthy diet had improvements in chronic disease outcomes. After a mean follow-up of 

7.8 years, adherence to all 4 lifestyles events compared with 0 lifestyle events resulted in 

decreases in chronic disease (adjusted HR 0.22), diabetes (adjusted HR 0.07), myocardial 

infarction (adjusted HR 0.19), stroke (adjusted HR 0.50), and cancer (adjusted HR 0.64).102 

Additionally, the Atherosclerosis Risk in Communities Study (ARIC) researchers examined 

the impact of 7 ideal cardiovascular health metrics (see Box 2) on individuals ages 45 to 64 

years between 1987 to 2006. Adhering to 6 of the 7 health metrics resulted in a 51% lower 
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incidence of cancer, after adjusting for age, gender, race, and ARIC study site.103 Although 

these risk factors were picked to look at the reduction in cardiovascular events, they also 

resulted in a decrease in cancer risk.

Cardiac Risk Factors and Cancer Outcomes

Cardiac Medications and Cancer Outcomes

Several studies have examined the impact of cardiovascular medications on cancer outcomes 

and incidence. Antiglycemic agents as a whole have reported mixed results in cancer risk. 

Although small studies have suggested a possible increase in cancer risk with the use of 

insulin analogs,104 a significant amount of data suggests metformin may actually reduce 

cancer risk.105,106 Based on the hyperinsulinemia hypothesis discussed previously, 

biologically it seems feasible that antiglycemic agents are associated with a reduction in 

cancer. Mechanistically, metformin activates adenosine monophosphate-activated protein 

kinase in hepatocytes. This kinase is not only a regulator of lipids and glucose but also a 

tumor suppressor. Currently, there are ongoing studies looking at metformin and cancer in 

prostate cancer, colorectal cancer, breast cancer, nonsmall cell lung cancer, bladder cancer, 

ovarian, and endometrial cancers (NCT02360618, NCT02115464, NCT02285855, 

NCT01340300, NCT02122185, NCT02065687, and NCT01243385).

Antihypertensives have mixed results in whether they may increase or decrease cancer risk. 

In animal models, furosemide and hydrochlorothiazide use results in a marginal increase in 

renal cell carcinoma and adrenal adenomatous growths.107 A larger meta-analysis of studies 

in humans by Grossman and colleagues60 also found an association between diuretics and 

renal cell carcinoma (odds ratio [OR] 1.55; 95% CI, 1.42–1.71). This risk has also been 

observed in individuals on diuretics for nonhypertensive reasons.108 Other groups have 

examined the impact of β-blockers and angiotensin-converting enzyme (ACE) inhibitors on 

cancer. A review of 11 observational studies examining 113,048 individuals found a 6% 

decreased incidence of colon cancer in individuals on ACE inhibitors or angiotensin receptor 

blockers (ARBs).109 Most other work has examined whether the use of ACE inhibitors, 

ARBs and β-blockers affect cancer outcomes.110–112 In the Life After Cancer Epidemiology 

(LACE) cohort of breast cancer survivors, risk of breast cancer recurrence was slightly 

increased in women on ACE inhibitors (HR 1.56; 95% CI, 1.02–2.39) and decreased in 

those on β-blockers (HR 0.86; 95% CI, 0.57–1.32).113 Another group examining 1449 

patients found no difference in disease-free survival rates or overall survival rates in breast 

cancer survivors using ACEs or ARBs110 but also found an improvement in responses with 

the use of β-blockers.114 Given the mixed results from these studies and others, it is clear 

that further investigation needs to be performed to better understand the connection between 

ACE inhibitors, ARBs and β-blockers on cancer outcomes.

Inhibitors of hydroxymethylglutaryl coenzyme A reductase (HMGCR), otherwise known as 

statins, are well known to cause a reduction in cardiovascular mortality. Statins lead to a 

decrease in mevalonate and downstream regulators of cholesterol. Mevalonate and the 

downstream regulators of cholesterol can be critical to cancer growth and progression. In 

addition to their anti-inflammatory effects, statins likely lead to anti-tumor effects through 

this pathway and mechanism. These biological data have been confirmed in clinical 

Blaes et al. Page 9

Heart Fail Clin. Author manuscript; available in PMC 2017 August 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



studies.115 Improved disease-free survivals have been demonstrated in breast cancer 

survivors and prostate cancer survivors taking statins.116,117 Recently, a large study of more 

than 4000 veterans with multiple myeloma demonstrated a 12-month overall survival 

advantage in individuals with multiple myeloma on a statin.118 Similarly, in a large study by 

Nielsen and colleagues119 of the Danish population with a cancer diagnosis between 1995 

and 2007, there was a reduced cancer mortality among statin users compared with those who 

had never used statins in 13 different types of cancers (adjusted HR for death of any cause 

0.82; 95% CI, 0.81–0.85).

Finally, the role of inflammatory drugs may also be associated with a decrease in many 

cancers. Aspirin use affects cyclooxygenase-dependent and cyclooxygenase-independent 

mechanisms; its use has been associated with a 24% risk reduction of primary colon 

cancer120; other studies suggest it is useful as a secondary preventative in colon cancer 

survivors. Additional ongoing clinical trials looking at the benefits of aspirin on breast 

cancer recurrence are being proposed by the Alliance for Clinical Trials in Oncology cancer 

clinical trial network.121

Controlling Cardiac Risk Factors May Actually Improve Cancer Outcomes

Risk factors for chemotherapy-related cardiac complications should be assessed in all 

patients diagnosed with cancer who are considered for cancer therapy, whether the 

administration of biologics, chemotherapy, or radiation therapy. Given that advancing age, 

prior cardiac dysfunction, coronary artery disease, hypertension, tobacco use, and obesity 

have been associated with an increased risk of anthracycline cardiac toxicity, it is 

recommended that all patients prescribed anthracyclines should be consulted about risk 

stratification and risk modification.122 Given that a large number of other chemotherapies 

and targeted therapies can cause cardiac toxicity as well,123 it is important to evaluate 

cardiac risk factors in all oncology patients. Hypertension has been linked as a risk factor for 

VEGF-induced hypertension124 as well as trastuzumab cardiac toxicity.125 Other models are 

being developed to look at risk factors for tyrosine kinase–induced cardiac toxicity.126 

Collaborative assessment by oncologists and cardiologists before the start of chemotherapy 

can lead to early identification of patients at risk as well as discussions about the utility and 

benefits of cardiac toxic medications as opposed to potential alternative therapies.127 In 

some situations, as discussed previously, alternative noncardiac toxic chemotherapy 

regimens may be considered. A lower-intensity chemo-therapy regimen, however, given out 

of concern for potential cardiac toxicity, may actually result in worsened cancer survival. In 

a large study of 17,000 individuals, management of these cardiac comorbidities, such as 

hypertension and diabetes, may actually improve cancer survival.128,129 These data suggest 

a need for better collaboration between cardiologists and oncologists as part of not only 

primary prevention but also secondary prevention.
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Key points

• There is a growing body of evidence that suggests cancer and cardiovascular 

disease have shared biological mechanisms.

• There are several shared risk factors for both cancer and cardiovascular 

disease: age, gender, obesity, diabetes mellitus, physical activity, diet, and 

tobacco use.

• Although inflammation seems to play a major role in both diseases, other 

common mechanisms have been described, including the role of 

hyperglycemia, hyperinsulinemia, and insulinlike growth factor 1 (IGF-1).

• Controlling cardiac risk factors may also improve cancer incidence and 

outcomes.

• Further collaboration between oncology and cardiology needs to occur as part 

of not only primary prevention but also secondary prevention.
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Box 1

Biological mediators linking obesity, cancer, and cardiovascular disease

1. IGF-1

2. Estrogen

3. IL-6

4. Leptin

5. Adiponectin
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Box 2

Cardiovascular health metrics also associated with decreases in cancer 
incidence

1. BMI less than 25 kg/m2

2. Glucose (untreated fasting glucose <100 mg/dL)

3. Tobacco use (never smoking or quitting >12 months previously)

4. Physical activity (>75 min/wk of vigorous physical activity or 150 min/wk of 

moderate or moderate 1 vigorous activity)

5. Hypertension (untreated blood pressure <120 mm Hg systolic and 80 mm Hg 

diastolic)

6. Hyperlipidemia (untreated total cholesterol <200 mg/dL)

7. Healthy dieta

aHealthy diet is defined as having 4 to 5 components of a healthy diet score.

Data from Professional Heart Daily. Guidelines and Statements. 2010. Available at: 

http://my.americanheart.org/professional/StatementsGuidelines/ByPublicationDate/

PreviousYears/2010-Publications_UCM_322319_Article.jsp.
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Fig. 1. 
Modifiable cardiac risk factors with their estimated cancer risk. Figure limited to only the 

positive and/or negative associations using the most recently published meta-analysis or 

prospective cohort study investigating the associations between a cardiac risk factor and 

various cancer sites; hyperlipidemia was excluded from the figure due to inconclusive 

evidence that it is associated with cancer risk. All cancer estimates were reported as a RR 

except where noted. aRisk for BMI greater than 30 kg/m2. bNote, there were several 

additional positive (bladder, esophageal, extrahepatic cholangiocarcinoma, gallbladder, 
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gastric, hepatocellular carcinoma, kidney, leukemia, multiple myeloma, non-Hodgkin 

lymphoma, ovarian cancer, and pancreatic cancer) and negative (lung and prostate) 

associations by fixed effects models, but the authors did not deem these positive associations 

because their 95% prediction intervals included the null value. cProspective observational 

cohort; Cox regression was used to calculate HRs of cancer per 10–mm Hg increments of 

mid–blood pressure. dOnly cancer sites with sufficient evidence of carcinogenicity related to 

tobacco exposure in humans were considered in the meta-analysis. (From Koene RJ, 

Prizment AE, Blaes A, et al. Shared risk factors in cardiovascular disease and cancer. 

Circulation 2016;133(11):1106; with permission.)
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