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Abstract

The cardiovascular safety of nicotine is an important question in the current debate on the benefits 

vs risks of electronic cigarettes and related public health policy. Nicotine exerts pharmacologic 

effects that could contribute to acute cardiovascular events and accelerated atherogenesis 

experienced by cigarette smokers. Studies of nicotine medications and smokeless tobacco indicate 

that the risks of nicotine without tobacco combustion products (cigarette smoke) are low compared 

to cigarette smoking, but are still of concern in people with cardiovascular disease. Electronic 

cigarettes deliver nicotine without combustion of tobacco and appear to pose low cardiovascular 

risk, at least with short term use, in healthy users.
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 Introduction

Worldwide in the 21st century, tobacco smoke from cigarettes remains the single largest 

preventable cause of morbidity and premature death, including from cardiovascular disease 

(CVD), and is an urgent public health target (1, 2). As medical advances have shifted the 

global burden of disease from etiologies like infection and trauma to chronic disease, 

decreasing use of manufactured products that cause or exacerbate chronic disease is the most 

logical population intervention. Promoting the use of products that deliver nicotine but not 
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combustion products has been advocated as one approach to promoting smoking cessation 

and reducing the harm from smoking. The objectives of this paper are to review data on the 

cardiovascular pharmacology and toxicology of nicotine and to assess the likelihood that 

products that deliver nicotine without combustion of organic materials, such as nicotine 

medications or electronic cigarettes, are likely to cause or aggravate cardiovascular disease.

 Cigarette smoking and cardiovascular disease

To understand the potential adverse cardiovascular effects of nicotine, it is necessary to 

consider what we know about cigarette smoking and CVD. Cigarette smoking is one of the 

major causes of premature CVD around the world (1-3). Smoking markedly increases the 

risk of acute coronary and cerebrovascular events, including myocardial infarction, stroke 

and sudden death. Smoking accelerates atherogenesis producing premature atherosclerosis 

in epicardial coronary arteries, the aorta, carotid, and cerebral arteries, as well as peripheral 

circulation. Other cardiovascular effects of smoking include aggravation of stable angina 

pectoris, intermittent claudication, vasospastic angina, and restenosis after thrombolysis or 

angioplasty of coronary or peripheral arteries. Cigarette smoking also promotes progression/

aggravation of heart failure, chronic kidney disease and cardiovascular morbidity and 

mortality in people with chronic kidney disease and increases the risk of developing atrial 

fibrillation.

Table 1 summarizes various adverse effects of cigarette smoking on cardiovascular health. 

Smokers experience acute myocardial infarction on average at a younger age than 

nonsmokers, and myocardial infarction is associated with more thrombus and less severe 

underlying atherosclerosis. Paradoxically, smokers who quit smoking after myocardial 

infarction have a much better prognosis than non-smokers because they have less severe 

underlying atherosclerosis and multiple reversible pathophysiological adverse effects caused 

by smoking.

 Mechanisms by which smoking causes cardiovascular disease

Several excellent recent reviews have examined the mechanisms by which smoking causes 

cardiovascular disease (3-8). In brief, the major mechanisms of smoking-induced CV 

disease (many of which are overlapping) are 1) oxidative injury, 2) endothelial damage and 

dysfunction, 3) enhanced thrombosis, 4) chronic inflammation, 5) hemodynamic stress, 6) 

adverse effects on blood lipids, 7) insulin resistance and diabetes, 8) reduced oxygen 

delivery by red blood cells, and 9) arrhythmogenesis. Enhanced angiogenesis has also been 

of concern, although its relevance to human cardiovascular disease has not yet been 

established.

Figure 1 illustrates some of the mechanisms contributing to acute cardiovascular events. 

Each mechanism will be discussed in more detail in relation to the effects of nicotine later in 

this review.
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 Constituents of tobacco smoke that contribute to CVD

Cigarette smoke contains more than 9,000 chemicals, and greater than 69 known 

carcinogens, the vast majority of which are products of tobacco combustion (3, 6). 

Constituents of most concern with respect to cardiovascular disease are: 1) oxidizing 

chemicals, 2) carbon monoxide, 3) volatile organic compounds 4) particulates, 5) heavy 

metals and 6) nicotine.

Oxidizing chemicals such as free radicals (a puff of cigarette contains 1017), reactive oxygen 

species, and reactive nitrogen species are thought to be the main contributors to 

atherogenesis and thrombogenesis from cigarette smoke. Oxidative damage occurs by 

endothelial cell activation, dysfunction and damage (both reducing bioavailability of nitric 

oxide [NO] and depleting endogenous antioxidants), inflammation, platelet activation, and 

lipid abnormalities (3, 7).

Chronic exposure to carbon monoxide, which can produce a carboxyhemoglobin 

concentration as high as 10% in heavy smokers, produces a functional anemia as it binds 

more readily to hemoglobin than oxygen, outcompeting for and blocking oxygen-binding 

sites, and impairing release of the oxygen that does bind. Carbon monoxide- related 

hypoxemia not only worsens preexisting conditions (angina pectoris, CHF, intermittent 

claudication, or COPD), it contributes to smoking-related thrombogenesis via increased 

blood viscosity as the body compensates by increasing red blood cell mass.

Toxic organic chemicals in cigarette smoke include polycyclic hydrocarbons (PAHs) and 

reactive aldehydes such as acrolein, formaldehyde and acetaldehyde. PAHs accelerate 

atherosclerosis in some animal models. Aldehydes form reactive oxygen species with 

downstream effects described above (3, 6, 7). Additionally, acrolein co-localizes with 

intimal atherosclerotic macrophages, modifies apolipoprotien A-1, the major protein in 

HDL, contributes to endothelial damage, enhances thrombogenesis (by activating platelets 

and inhibiting antithrombin), and causes coronary vasospasm in animal studies.

Cigarette smoke consists of an aerosol of particulates carried in a gas phase. Smoke 

particulates are droplets containing solid carbonaceous materials, with characteristic 

diameter-dependent airway deposition patterns (9). In diameters <2.5 μm they are known as 

“fine” and “ultra-fine” (PM2.5 and PM0.1 respectively), deposit in alveoli, and can even pass 

into the pulmonary and systemic circulations. Inhalation of particulates results in oxidative 

injury, vascular inflammation, platelet activation, increased blood viscosity, and altered 

cardiac autonomic function. Chronic particulate inhalation, from cigarette smoke as well as 

from environmental pollution, results in non-linear dose-response increases in cardiovascular 

risk, and is considered a modifiable risk factor for cardiovascular morbidity and mortality.

Potentially cardiotoxic metals in tobacco smoke include lead, cadmium and arsenic. Metals 

can oxidize intracellular proteins their deposition in serum and aortic walls contributes to 

endothelial damage (3, 6).
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 Basic Pharmacology of Nicotine

 Actions of Nicotinic Cholinergic Receptors (nAChRs)

Nicotine acts on pentameric nAChRs throughout the nervous system (brain, autonomic 

nervous system, and skeletal-muscle), as well as some non-neuronal sites (2, 3). The subunit 

composition of nAChRs varies by tissue and conveys different agonist binding and 

electrophysiologic characteristics. Nicotine binds to the outside of the channel and activates 

the release of various neurotransmitters, including catecholamines. The α4 β2 receptor is 

thought to mediate nicotine addiction. α3 β4 receptors, present in autonomic ganglia and the 

adrenal gland, mediate cardiovascular responses. α7 homomeric receptors, are present not 

only in the brain but also in non-neuronal tissue such as endothelial cells, airway epithelial 

cells, inflammatory cells (lymphocytes and macrophages) and keratinocytes.

A crucial attribute of nicotinic receptors is desensitization, which results in the development 

of acute tolerance. In the presence of nicotine, nAChRs transition to an inactive state during 

which time they cannot be reactivated by nicotine. The effects of desensitization or tolerance 

are important in considering whether acute nicotine exposure studies, in-vitro or in animals, 

can be generalized to human exposure of nicotine over a prolonged period of time.

 Pharmacokinetics of Nicotine

Nicotine in cigarette smoke is inhaled primarily in the particulate phase, followed by a rapid 

diffusion of nicotine into the vapor phase within the lungs. Nicotine from cigarette smoke is 

absorbed quickly and reaches the brain in 15-20 seconds after a puff, providing rapid 

feedback on desired psychological effects. Each puff of a cigarette delivers about 100-150ug 

of nicotine (but with considerable variability from person to person), and a cigarette 

normally delivers 1-2mg of nicotine to the systemic circulation. The result of taking a puff is 

a spike in arterial nicotine levels, and followed by a rapid fall off between cigarettes.

Nicotine has an average terminal half-life of two hours. With regular dosing blood nicotine 

levels rise over 6-8 hours, then plateau throughout the rest of the day during smoking. The 

pattern of human exposure is a combination of intermittent peaks and troughs throughout the 

day, with gradually declining nicotine exposure overnight. Typically average blood nicotine 

concentrations are 10-40ng/ml. Levels in the brain or heart are 2-3 fold higher.

 Caveats in extrapolating nicotine basic science studies to human disease

Several caveats should be considered in extrapolating effects of nicotine in vitro and in 

animal studies to its effects on human disease. 1) Nicotine acts on receptors that are 

normally activated by endogenous acetylcholine. The cholinergic nervous system modulates 

major physiological functions in the context of multiple other modulating inputs and 

feedbacks. Showing that nicotine has an effect in an isolated test system in-vitro does not 

mean that such effect will occur in-vivo where normal homeostatic mechanisms are 

operative. 2) Many responses to nicotine exhibit complex dose- response relationships, such 

that lower doses activate and higher doses depress responses. Thus, doses of nicotine used in 

pre-clinical studies need to be considered carefully when extrapolating to effects in people. 

Optimally nicotine concentrations in blood or other fluids acting on receptor systems should 

Benowitz and Burbank Page 4

Trends Cardiovasc Med. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



be measured and shown to be relevant to exposures in humans]. 3) Acute desensitization or 

tolerance needs to be considered. An acute response in a model system may not be relevant 

to the effects of repeated nicotine exposure in people who regularly use nicotine products. 4) 

Animal vs human pharmacokinetic differences need to be considered. Nicotine from 

cigarettes is generally taken as intermittent doses which result in peaks in arterial blood and 

various body organs, followed by a decline, during which brain and tissue levels fall. Oral 

nicotine replacement products and smokeless tobacco result in more gradual and sustained 

rises in blood nicotine concentrations and result in less fluctuation between doses. The rate 

and pattern of nicotine metabolism varies markedly across species. Thus, the relevance of 

the route, rate and pattern of nicotine administration in animal studies needs to be considered 

in relating effects to those in humans.

 Cardiovascular actions of Nicotine

In this section we consider evidence regarding actions of nicotine that could contribute to 

smoking-induced CVD. Some of these effects could influence acute ischemic events, such as 

shown in Fig 1. Other effects, such on lipids, insulin resistance and diabetes and 

hypertension, are more relevant to accelerated atherogenesis, but there is considerable 

overlap across mechanisms and type of CVD risk.

 Systemic Hemodynamic Effects of Nicotine

The systemic hemodynamic effects of nicotine are mediated primarily by activation of the 

sympathetic nervous system. Nicotine releases norepinephrine from adrenergic neurons and 

increases adrenal release of epinephrine (3). Sympathetic stimulation is thought to be a 

result of activation of nAChRs in the peripheral nervous system, such as the carotid 

chemoreceptor, as well as by central nervous system nAChR activation.

Cigarette smoking causes a >150% increase in plasma epinephrine and acutely increases 

cardiac work by stimulating heart rate (as much as 10-15 bpm acutely and on average 7 bpm 

throughout the day), myocardial contractility, and blood pressure (acute increase 5-10 mm 

Hg) (3). Heart rate and blood pressure increase regardless of whether the route of 

administration is tobacco-smoke or nicotine (intravenous, intranasal, chewing gum or 

smokeless tobacco).

Cardiac output increases as a result of increased heart rate, enhanced cardiac contractility 

and enhanced cardiac filling, the latter due to systemic venoconstriction. Nicotine constricts 

blood vessels, including those in the skin and coronary blood vessels, but dilates blood 

vessels in skeletal muscle. Vasoconstriction of the skin results in reduced skin blood flow 

and reduced fingertip skin temperature. Actions of nicotine that reduce blood flow in 

microvascular beds may contribute to impaired wound healing, macular degeneration, 

progressive renal disease and placental dysfunction during pregnancy.

 Nicotine and coronary blood flow

Nicotine can decrease coronary blood flow by acting on vascular smooth muscle α1-

adrenergic receptors to constrict coronary arteries, but can also increase coronary blood flow 

by increasing cardiac output, causing subsequent flow-mediated dilation (FMD), and 
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directly stimulating coronary artery β2-receptor for coronary vasodilation. Thus the net 

effect of an acute exposure on coronary blood flow is the balance of the two actions, 

typically a blunting of the expected FMD increase in coronary blood flow that would be 

expected from the nicotine-induced increase in cardiac output and increased myocardial 

oxygen demand.

In healthy people smoking a cigarette increases coronary blood flow by up to 40%, but 

smokers with CVD show decreases in cardiac reserve and increased coronary vascular 

resistance proportional to the severity of their CAD (3). In patients with stable angina 

cigarette smoking causes silent impairment of coronary blood supply, mimicking exercise-

induced ischemia. Cigarette smoking can cause coronary spasm and is a risk factor for 

vasospastic angina. It is unclear to what extent these adverse effects of smoking on coronary 

blood flow are due to nicotine vs adverse effects of smoke constituents on endothelial 

function.

 Nicotine and Myocardial Remodeling

Cigarette smoking and smokeless tobacco use have been associated with an increased risk of 

heart failure. Heart failure occurs in the context of tissue remodeling. Beta adrenergic 

stimulation enhances tissue remodeling, including hypertrophy and fibrosis (10). Nicotine 

acting via persistent sympathetic activation could contribute to myocardial remodeling. 

Nicotine has been shown in some animals to promote remodeling and fibrosis (11).

 Nicotine and arrhythmogenesis

The risk of sudden cardiac death in smokers compared to non-smokers is disproportionately 

increased compare to risks of myocardial infarction. This might result from the combined 

effects of ischemia and the arrhythmogenic effects of nicotine. Catecholamine release from 

nicotine could contribute to fatal ventricular tachycardia and fibrillation. Animal studies find 

that nicotine decreases the ventricular fibrillation threshold and promotes the development of 

ventricular fibrillation after experimental myocardial infarction. Smoking is also associated 

with an increased risk of atrial fibrillation. This is likely due to a combination of atrial 

fibrosis and remodeling and systemic catecholamine release, both of which could be 

contributed to by actions of nicotine. Smokers with implanted cardiac defibrillators have a 

higher risk of inappropriate shocks compared to non-smokers, and this could also be 

contributed to by nicotine mediated catecholamine release.

 Nicotine and thrombogenesis

Nicotine, presumably by releasing epinephrine, activates platelets acutely in some animal 

studies, but in long term studies in rodents reduced platelet activation is observed. However, 

recent in-vitro and in-vivo studies comparing cigarettes with normal and low nicotine 

content suggest that nicotine may decrease platelet aggregability in people (12). Most 

studies of nicotine medication and smokeless tobacco users do not indicate that nicotine 

activates platelets based on urinary TxA2 metabolite excretion. (3, 8)
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 Nicotine and endothelial dysfunction

Endothelial cells synthesize and release NO, which dilates blood vessels, inhibits 

inflammation and prevents platelet activation. The vasodilatory response to increase local 

blood flow, FMD, is dependent on NO release. Endothelial dysfunction (impaired FMD) is 

consistently seen in both active cigarette smokers and passive smokers (3, 5). The main 

mediators of endothelial dysfunction appear to be oxidative stress and chronic inflammation. 

The mechanisms include inactivation and reduced bioavailability of nitric oxide. Nicotine 

infused locally and the use of nicotine nasal spray in people can impair endothelial function, 

but it is unclear how important nicotine is compared to the powerful effects of oxidants and 

pro-inflammatory agents.

 Nicotine and Inflammation

Exposure to tobacco smoke induces a chronic systemic inflammatory response via multiple, 

interrelated pathways (3, 5, 6). Inflammation plays a key role in atherogenesis as well as in 

acute ischemic events. An atherosclerotic plaque forms when activated monocytes adhere at 

the site of damaged endothelium, migrate into the sub-endothelium, differentiate into 

macrophages and eventually foam cells. A chronic inflammatory state ensues with 

macrophages secreting inflammatory mediators which promote spread, destabilization, and 

ultimately rupture of the plaque resulting in local vasoconstriction and thrombosis. Markers 

of inflammation, including elevated leukocyte counts, C-reactive protein (CRP), and 

fibrinogen, all of which are seen in smokers, are powerful predictors of future CV events.

Nicotine may act on the immune system directly, acting on nAChRs that modulate immune 

function, or indirectly, by activating the sympathetic nervous system. There is a cholinergic 

immune system, mediated by non-neuronal nAChRs, primarily homomeric alpha 7 type. In 

general, stimulation of this system has an anti-inflammatory effect.(13) In animal models of 

systemic inflammatory disease, such as sepsis, acute lung injury and viral myocarditis 

systemic administration of nicotine suppresses inflammation and has a beneficial effect on 

mortality.

However nicotine might also have pro-inflammatory effects. Nicotine has been reported to 

be a chemotactic agent for the attraction and extravasation of neutrophils into the 

subendothelium. In mouse models of atherosclerosis, acute myocardial infarction activates 

the sympathetic nervous system, which acts primarily via beta 3 receptors to induce an 

inflammatory state, liberating hematopoietic stem and progenitor cells from bone marrow, 

boosting monocyte production and accelerating atherosclerosis (14). Thus, the sympathetic 

activating effects of nicotine are of concern with respect to chronic inflammation as a 

contributor to ischemic vascular disease. Smoking cessation studies using nicotine 

medications have shown significant improvement in inflammatory markers over time. It 

appears on balance that nicotine is not a major contributor to the chronic inflammatory state 

caused by smoking.

 Nicotine and angiogenesis

Nicotine acting on α7 nAChRs acutely enhances angiogenesis, promoting endothelial cell 

migration, proliferation and survival, and enhances the angiogenic response to inflammation, 
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ischemia, and atherosclerosis.(15) On the other hand chronic nicotine treatment in rodents 

found impairment rather than enhanced angiogenesis mediated by downregulation of 

vascular nAChRs.(16). Thus the clinical importance of nicotine-mediated angiogenesis is 

questionable.

 Nicotine and dyslipidemia

On average, cigarette smokers have lower levels of HDL cholesterol (10-15% decreased 

overall) and higher levels of LDL cholesterol than nonsmokers (3). Nicotine induces 

lipolysis via catecholamine action at β-adrenoreceptors, increasing plasma free fatty acid 

concentrations which could result in enhanced synthesis of LDL and lowering of HDL (3, 

17). HDL increases within 2 weeks of cessation of smoking, suggesting a short term 

pharmacologic effect, such as could be mediated by nicotine. Studies of nicotine gum use 

reported no effect on serum lipids, although a cross-sectional study of smokeless tobacco 

users found a higher prevalence of hypercholesterolemia. While it is reasonable to conclude 

that there is a link between nicotine and a more atherogenic lipid profile, multiple cessation 

studies using nicotine medications (NRT and nicotine nasal spray) report reduced 

dyslipidemia with significant improvement in HDL/LDL ratios (3, 18)

 Nicotine and hypertension

Smoking a cigarette acutely increases blood pressure, an effect mediated by nicotine. 

However in regular smokers, smoking is not associated with higher blood pressure in most 

epidemiological studies. The measurement of blood pressure is usually made after short term 

abstinence from smoking when blood pressure effects have disappeared. Cigarette smoking 

transiently increases blood pressure many times throughout the day, and when blood 

pressure is assessed by ambulatory blood pressure monitoring, average blood pressures are 

higher when a person is smoking. Supporting a persistent effect on blood pressure is the 

observation that muscle sympathetic activation is chronically increased in smokers, 

presumably an effect of nicotine (19). A recent analysis of large cohorts of persons 55 years 

of age and older reported significant associations between smoking and hypertensive heart 

disease and hypertensive renal disease (20).

Progression of chronic hypertension to accelerated or malignant hypertension is more 

common in smokers. Nicotine could contribute to this progression by aggravating 

vasoconstriction, although other tobacco smoke toxin are also likely to be contributing to 

progressive vascular injury. The majority of smokeless tobacco studies do not support an 

increase in the incidence or prevalence of hypertension in users exposed to nicotine via this 

route (21).

 Nicotine and insulin resistance

Cigarette smoking is an important risk factor for developing type 2 diabetes. Smokers have 

increased insulin resistance relative to non-smokers, although there is no evidence of an 

effect on insulin secretion (3). Nicotine could enhance insulin resistance via increased levels 

of insulin-antagonistic hormones (catecholamines, cortisol, and growth hormone). Nicotine 

also directly activates AMP-activated protein kinase via a7 nAChR effects in adipose to 

produce insulin resistance (22). Studies examining long term use of nicotine gum have noted 
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a dose-response association between hyperinsulinemia and insulin resistance, suggesting 

nicotine is the primary constituent in tobacco smoke responsible for this finding in people 

(3).

 Human Experimental and Epidemiologic studies Relating Nicotine to 

Cardiovascular Toxicity

It is difficult to distinguish the independent roles of nicotine vs tobacco combustion products 

in cigarette smokers because all smokers are exposed to both. We can however examine 

circumstances in which individuals are exposed to nicotine without combustion products – 

namely with the use of nicotine medications or smokeless tobacco.

 Nicotine Medications and Cardiovascular Disease

Randomized clinical trials (RCT's) testing nicotine medication in cessation trials for CVD 

patients, case control studies, long term longitudinal studies, and meta-analysis have found 

no increased risk of serious CV events in patients given nicotine medication, even in the 

context of acute and chronic CVD. (2, 18, 23, 24) A RCT in 1996 randomized 584 smokers 

with high-risk pre-existing CVD to transdermal nicotine vs placebo and found no significant 

increase in CV events. (24) Another study treated 36 smokers awaiting elective coronary 

bypass surgery with nicotine patches (initially 14 then 21mg) and urged them to stop 

smoking (25). Participants underwent exercise nuclear perfusion studies and measurement of 

exhaled carbon monoxide, and plasma nicotine and cotinine levels at baseline and after 

patch use. By self-report most continued to smoke, but did reduce tobacco consumption 

while on the patch, which was confirmed by lowered carbon monoxide levels but higher 

serum nicotine and cotinine levels. Despite higher nicotine levels, tobacco reduction 

markedly improved myocardial perfusion, suggesting that combustion products rather than 

nicotine were the primary contributors to smoking-induced cardiac ischemia. A five year 

longitudinal study of 3,094 COPD users of nicotine gum in 1996 showed no association 

between rates of hospitalization for CVD conditions or deaths from CVD with use of 

nicotine gum, dosage of nicotine in gum, or dual use of nicotine with cigarettes (18). A 

network meta-analysis performed in 2013 analyzed 63 RCT of nicotine medications 

including 21 NRT studies, 28 bupropion studies and 18 varenicline studies and found no 

significant increase in major adverse CV events (death, myocardial infarction, or stroke) 

with any of the three therapies, but a slight increase in less serious CV events (e.g. 

tachycardia and arrhythmia) with NRT (23)

 Smokeless Tobacco and Cardiovascular Disease

Smokeless tobacco (ST) delivers as much nicotine to the systemic circulation as does 

cigarette smoking, albeit with slower absorption (21). Worldwide, ST exists in many forms, 

but the best epidemiologic studies of smokeless tobacco and CV health have been conducted 

in Sweden, where 25% of men use a form of ST called snus. Non-invasive studies of the 

extent of atherosclerosis, using carotid intimal wall thickness, found the expected increase 

among smokers, but no difference between snus users and non-smokers. Case control studies 

in Sweden have shown no increased risk of myocardial infarction or stroke, but a small and 

statistically significant increased case fatality rate for both among snus users compared to 
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non-tobacco using controls. In contrast the a large cohort study in the United States and the 

InterHeart study of smokeless tobacco users in many countries around the world did find an 

association between ST and myocardial infarction (26, 27). The explanation for discrepant 

findings may be differences in ST products or other CV risk factors in various regions of the 

world. A recent Swedish study raises concern about nicotine safety in people with CVD. 

Among survivors of acute myocardial infarction who were snus users at the time of the 

event, those who continued to use snus after the event had a significantly higher mortality 

compared to those who quit.(28) This study suggests that nicotine may be hazardous in 

patient with CAD. Smokeless tobacco has also been reported to increase in the risk of heart 

failure, but unlike cigarette smoking does not increase the risk of atrial fibrillation. (29, 30) 

The American Heart Association reviewed the cardiovascular risk of ST and concluded that 

while ST most likely conveys less cardiovascular risk than smoking, it still poses some CV 

risk and recommended against it use in patients with cardiovascular disease. (21)

 Cardiovascular Toxicity of Electronic Cigarettes

Electronic cigarettes (e-cigarettes) are battery-powered devices that heat a liquid composed 

of propylene glycol (PG) and/or vegetable glycerin (VG), nicotine and flavoring, to form an 

aerosol that is inhaled like a cigarette (31). Introduced to the US in 2007, and without 

effective regulation for manufacture or sale, devices have undergone rapid innovation and 

differentiation (>460 brands and >7,000 flavors in 2014). Public adoption of e-cigarettes has 

been rapid, and use is occurring both as an alternative to combustible cigarettes and for 

recreational use.

 Nicotine delivery and pharmacokinetics from e-cigarettes

Important considerations in interpreting studies of the CV effects of e-cigarettes are the dose 

of nicotine delivered and the resultant nicotine blood levels. Using standardized puffing 

procedures simulating cigarette smoking, early cigarette-like devices (“cig-alikes”) deliver 

much less nicotine, but newer devices with high voltage batteries deliver higher doses of 

nicotine, in some cases similar to cigarettes; and the rate of nicotine absorption is rapid but 

somewhat slower than from cigarette smoke (31, 32). The fact that early devices delivered 

low levels of nicotine is important to consider in interpreting cardiovascular responses to 

such devices. It is also important to recognize that cigarette smokers typically take 8-10 

puffs over 5-8 minutes resulting in an arterial spike of nicotine levels, whereas most e-

cigarette use is intermittent throughout the day, resulting in lower and more stable nicotine 

levels and no arterial spikes. Since the rate of rise and peak levels of nicotine influence the 

intensity of pharmacologic effects, nicotine from e-cigarettes could have less cardiovascular 

impact than nicotine from tobacco cigarettes.

 Cardiovascular effect of e-cigarettes

A few studies have examined the CV effects of e-cigarettes, as reviewed in recent 

publications. (33, 34) Studies of more advanced devices with effective nicotine delivery find 

that e-cigarette use produces the expected heart rate acceleration similar to that seen with 

cigarette smoking. Blood pressure effects are variable. Longitudinal studies report no 

significant changes in heart rate or blood pressure. An echocardiographic study of 40 
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subjects after vaping a second generation e-cigarette for 7 minutes found no significant 

changes, whereas cigarette smoking resulted in impaired myocardial relaxation (35). 

Overall, the acute cardiovascular effects of e-cigarettes reported to date are consistent with 

the expected effects of nicotine. No data are available on long term cardiovascular effects or 

effects in people with CVD.

 Cardiovascular concerns from e-cigarette aerosol constituents other than nicotine

Low levels of PAHs, volatile organic compounds, phenolic compounds, acrolein, 

acetaldehyde, and formaldehyde have been found in some aerosols (36, 37). While levels are 

generally much lower than those generated by cigarettes, at high battery voltage and power, 

aldehyde generation can be as high as that from cigarettes. Particulates are generated by e-

cigarettes and are present in concentration similar to those of conventional cigarettes. 

However, the particulates are primarily liquid, dissipate quickly, and are of uncertain 

relevance with respect to human disease. This is in contrast to particles from combustion that 

contain solid matter and are persistent in the environment. Heavy metals (cadmium, lead, 

nickel, silver) and silicates may be present in trace amounts due to device heating element 

rather than liquid. Novel compounds in e-cigarette vapor with unknown cardiovascular 

effects, include a wide variety of flavorings and fragrances (largely untested in inhaled 

products). Propylene glycol can be a pulmonary irritant, although chronic exposure studies 

in rodents report few significant pulmonary effects. If e-cigarettes do produce pulmonary 

injury and chronic inflammation, this could increase cardiovascular risk.

 Conclusions

Studies of the pharmacology and toxicology of nicotine in animals and some epidemiologic 

studies in people support the biological plausibility that nicotine contributes to acute 

cardiovascular events in smokers with underlying CVD, and exerts pharmacologic effects 

that could contribute to accelerated atherogenesis. Short-term nicotine use, such as nicotine 

medication to aid smoking cessation, appears to pose little cardiovascular risk, even to 

patients with known CVD. Longer term nicotine use, such as in ST users, appears not 

accelerate atherogenesis, but may contribute to acute cardiovascular events in the presence 

of CVD.

The cardiovascular safety of nicotine is an important element in the debate on the benefits vs 

risk of e-cigarette use and related public policy. Based on current knowledge, we believe that 

the cardiovascular risks of nicotine from e-cigarette use in people without CVD are quite 

low. We have concerns that nicotine from e-cigarettes could pose some risk for users with 

CVD. Other constituents of e-cigarette aerosol could theoretically pose some cardiovascular 

risk, but experimental evidence of such risk is lacking. While people with established CVD 

might incur some increased risk from e-cigarette use, the risk is certainly much less than that 

of smoking. If e-cigarettes can be substituted completely for conventional cigarettes, the 

harms from smoking would be substantially reduced and there would likely be a substantial 

net benefit for cardiovascular health.

While the role of e-cigarettes for smoking cessation is not established, it is clear that some 

smokers do quit successfully by using e-cigarettes (38). For smokers who present to 
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physicians expressing interest in using e-cigarettes to quit smoking, we endorse the 

statement of the American Heart Association: “If a patient has failed initial treatment, has 

been intolerant to or refuses to use conventional smoking cessation medications, and wishes 

to use e-cigarettes to aid quitting, it a reasonable to supp0ort the attempt” (39). For patients 

with cardiovascular disease in particular, we recommend that when they are confident that 

they no longer need to use e-cigarettes to keep from smoking, that they discontinue e-

cigarette use.
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Fig 1. 
Overview of mechanisms by which cigarette smoking causes an acute cardiovascular event
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Table 1

Cardiovascular Disorders Causing by Cigarette Smoking

Vascular Disease Myocardial Disease

Accelerated atherosclerosis Increases risk and aggravation of heart failure

Acute myocardial infarction Hypertensive heart disease

Shorter exercise time to angina

Coronary spasm Inducing Cardiac Risk Factors

Stroke Diabetes, type 2

Aortic Aneurysm Dyslipidemia

Peripheral obstructive arterial disease Hypertension, including malignant hypertension

Stent thrombosis after PCI Hypertensive renal disease

Graft occlusion after coronary bypass surgery

Others

Arrhythmias Impaired wound healing

Sudden cardiac death Erectile dysfunction

Atrial fibrillation Reproductive disorders

Implantable debrillator shocks Macular degeneration
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