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Introduction 
 

Nicotine is one of the most widely consumed psychoactive 

compounds today. However, little is known about the health 

effects of nicotine alone, since most research to date has been 

focused on nicotine in its combusted form, for example, in 

tobacco cigarettes. With the recent surge in popularity of non-

combusted forms of nicotine, such as electronic cigarettes and 

snus, a Swedish smokeless tobacco, which are purported to be 

safer than lethal tobacco cigarettes, a review of the health effects 

of nicotine is timely. For example, snus has been shown to 

possess a similar nicotine content but significantly lower health 

risks, compared to tobacco cigarettes.1,2 In addition, recent 

studies have also shown that electronic cigarettes likely possess 

significantly reduced risks as well.3 Though this suggests that 

most of the harm may lie in the consumption of combusted or 

ingested particulates outside of nicotine, the long-term health 

effects of these alternative nicotine-delivery methods, including 

nicotine replacement therapies (transdermal or gum) remains 

unknown. In fact, some studies have actually proposed 

mechanisms by which exposure to nicotine, the alkaloid found 

in each of these products, may have negative health 

consequences.4 In this paper, we will review what is known 

about the health effects of nicotine, highlighting potential 

causes for concern as well as areas worthy of future 

investigation. 

 

Current State of Nicotine Literature 
 

Studies of nicotine-containing products abound, but many are 

not focused on the potential harms of nicotine instead focusing 

on the other compounds in nicotine products, including the 

particulates in tobacco smoke, or the additives and flavorings in 

electronic cigarettes. With the observation that “nicotine 

addicts, but it is the tar that kills,” which led to the development 

of nicotine replacement therapies as an aid to smoking 

cessation, nicotine has been perpetuated as a relatively harmless 

character.5 Nonetheless, it is worth considering the possibility 

that nicotine, especially aerosolized nicotine, may not be as 

benign as previously believed. 

 

For instance, many studies show that nicotine may have roles in 

promoting apoptosis and neoplasia through reactive oxygen 

species and enhancement of epithelial to mesenchymal 

transitions respectively.6,7 In addition, cotinine, the major 

metabolite of nicotine, which has been believed to be 

physiologically inert, may have additional metabolic activity. 

Cotinine may desensitize ganglionic nicotinic receptors, inhibit 

wound repair, induce cell proliferation through telomerase 

reactivation, and induce oxidative stress in the hippocampus.8, 

9,10,11 In summary, nicotine has been implicated in many 

significant physiologic processes, and it is likely that it may  

 

 

 

 

contribute to pathogenesis of disease in those who consume 

nicotine products. 

 

Conversely, these findings do not imply that nicotine is 

completely without benefit. Aside from being required for 

proper functioning of the autonomic nervous system and other 

physiologies, endogenous nicotine has recently been shown to 

have beneficial effects as well. Nicotine may have significant 

neuroprotective features, especially in the pathogenesis of 

Parkinson’s and Alzheimer’s,12,13,14 and may have a role in 

improving post-operative recovery when used in isolation.15 

Findings such as these have prompted careful reevaluation of 

potential harms and potential benefits of nicotine. 

 

Addiction and The Gateway Hypothesis 
 

The gateway hypothesis is a longstanding theory regarding the 

initiation of addiction and/or progression of drug-seeking 

behavior. Though the gateway hypothesis was initially 

developed as a result of observational epidemiological studies, 

recent findings have provided a molecular foundation for this 

hypothesis. In short, a potential mechanistic explanation has 

been developed to support the notion that an individual, 

following the use of tobacco cigarettes, may have an increased 

propensity for drug- seeking and/or addictive behavior.16,17 

Specifically, nicotine effectively primes the genome to 

widespread expression due to inhibition of histone deacetylase 

(HDAC).16 Lower HDAC activity suggests greater acetylation 

of histones and thus allows increased transcription of a number 

of different genes. One such gene, FoxB, has been correlated 

with addictive and/or risk-taking behavior and may be 

transcriptionally upregulated through this mechanism.17 Given 

these findings, the explosion of e-cigarette use accompanied by 

increased nicotine addiction among adolescents and young 

adults becomes even more concerning. 

 

Nicotine on Cardiovascular Function 
Nicotine and Hemodynamics 

 

Nicotine increases neurotransmission in the brain and 

autonomic nervous system and causes release of norepinephrine 

from post-ganglionic sympathetic nerve terminals. The acute 

nicotine effects on the cardiovascular system largely reflect this 

sympathetic stimulation, including an abrupt increase in blood 

pressure, contractility, and heart rate following acute nicotine 

exposure.4 The increases in heart rate and contractility largely 

lead to increases in cardiac output while peripheral effects can 

vary based on the location. To be specific, nicotine largely 

induces vasoconstriction in microvasculature peripherally but 

vasodilates in skeletal muscle vasculature.18 The 

vasoconstriction may be harmful since limiting blood flow may 



 

impair wound healing, placental blood flow, and kidney 

function.19 

 

Furthermore, the effects of this nicotine-induced 

vasoconstriction may be particularly harmful in patients with 

microvascular-related diseases. For instance, diabetic patients 

with microvascular dysfunction are at risk for a number of 

sequelae including retinopathies, neuropathies, and 

nephropathies. In addition, it has long since been recognized 

that most of these outcomes are strongly correlated with chronic 

cigarette consumption.19 Though not directly studied, nicotine 

itself could be a major constituent in the development of 

microvascular complications in diabetic patients due to its 

vasoconstrictive effects. If found to be true, clinical approaches 

to the diabetic smoker may need to be adjusted to extend beyond 

smoking cessation by incorporating measures to limit nicotine 

consumption. Further investigation in this field is necessary to 

determine the extent of nicotine’s contribution to microvascular 

impairment. 

 

Nicotine and Platelet Function 

 

Historic experiments have shown that epinephrine is capable of 

inducing platelet aggregation through chloride-dependent 

mechanisms.20 As a result, given nicotine’s capacity to induce 

the release of epinephrine from the adrenal glands, there may be 

potential consequences for platelet function in the presence of 

nicotine exposure. Given the physiology, one would expect that 

nicotine exposure would promote platelet aggregation. 

However, numerous studies have come up with contradicting 

conclusions regarding in vivo effects.21,22 In short, specific 

effects of nicotine on platelet function have yet to be 

ascertained. 

 

Nicotine and Endothelial Function 

 

In smokers, endothelial function is often disrupted and is 

believed to be one of the major initiating steps of 

atherosclerosis.23 Typically, endothelial dysfunction seems to 

arise from inflammatory and/or oxidative stress on the 

vasculature, but some studies have suggested that nicotine in 

isolation can result in similar outcomes.24 In one such study 

conducted on humans, direct intravenous infusion of nicotine at 

concentrations similar to that of a habitual smoker was 

sufficient in limiting nitrous oxide-mediated dilatory response 

to bradykinin.24 These results imply that isolated nicotine, in the 

absence of combusted tobacco, may contribute to pathogenesis 

of atherosclerosis. 

 

Nicotine and Inflammation 

 

Historically, nicotine has been seen as an anti-inflammatory 

compound.4,25 Despite this, there is evidence that nicotine may 

also possess harmful inflammatory properties as well. 

Specifically, in mouse models of atherosclerosis, an acute 

myocardial infarction activates the sympathetic nervous system, 

largely producing inflammation through stimulation of β3-

adrenergic receptors. This inflammation accelerates the 

development of atherosclerosis. Nicotine, in having the capacity 

to activate the β3- andrenergic receptors, can mimic the effects 

seen in these models, and may contribute to atherogenesis in 

patients with previous myocardial infarction. Furthermore, 

other studies have shown that nicotine may have additional roles 

in promoting inflammation, such as increasing neutrophil 

chemotaxis and upregulation of toll-like receptors.26,27 

However, it is unclear what role these effects have on human 

physiology. 

 

Nicotine and Lipid Metabolism 

 

A small number of studies have found a role for nicotine in the 

development of dyslipidemia. Although atherogenic lipid 

profiles are more prevalent in experiments using cigarette 

smoke or oral tobacco, other studies using intravenous nicotine 

infusions demonstrated that nicotine in isolation decreased HDL 

and increased LDL and VLDL.28,29,30 Though the mechanisms 

are unclear, it is proposed that nicotine can directly stimulate β3 

receptors to induce lipolysis, increase free fatty acid 

concentrations, and thus, provide fuel for LDL production.31 

 

In spite of this, nicotine-replacement cessation strategies seem 

to indicate that nicotine’s role in altering lipid metabolism is 

likely less significant when compared to dyslipidemia induced 

by cigarette smoking. Former smokers using these therapies 

have shown positive changes in HDL/LDL ratios following 

adoption of alternative nicotine-containing products.4 It remains 

to be seen how nicotine exposure in nicotine-naïve individual, 

such as a non-smoker who starts using e-cigarettes, may affect 

lipid profiles. 

 

Other Potential Roles of Nicotine in Cardiovascular Disease 

 

Additional findings have also supported the idea that nicotine 

may contribute to maladaptive structural changes in the heart. 

Evidence suggests that nicotine, through mechanisms of 

sympathetic activation can induce cardiomyocyte hypertrophy, 

and may contribute to pathogenesis of heart failure.32 

 

Furthermore, nicotine may also have a role in the development 

of cardiac arrhythmias. Though arrhythmogenic effects have 

not been found in pharmacological studies of nicotine 

administered to humans, studies conducted in dogs suggest 

nicotine may induce transient sinus arrest/bradycardia, sinus 

tachycardia, atrial fibrillation, sinoatrial block, AV block, and 

ventricular tachyarrhythmia. Each of these rhythm 

abnormalities is thought to be somehow related to nicotine’s 

ability to induce catecholamine release or interfere with inward 

rectifying potassium channels.33 

 

Lastly, nicotine-induced vasoconstriction of the coronary 

arteries can induce ischemia and, when combined with 

subsequent catecholamine release, may produce the conditions 

necessary to precipitate myocardial infarction.4 

 

Additional Caveats 

 

The degree nicotine contributes to these adverse cardiovascular 

outcomes is difficult to ascertain. Human consumption of 

nicotine is most often accompanied by tobacco smoke, and as a 

result, establishing causality becomes problematic. To date, 



 

findings from research on combustion-free nicotine products or 

other alternative delivery methods are often used to rule in or 

out potential contributions to disease or harm. For example, 

Swedish epidemiological studies regarding the use of snus and 

potential cardiovascular outcomes when compared to tobacco 

cigarette smokers determined that snus users had a lower risk of 

having myocardial infarctions or strokes.34,35 Other studies, 

however, show that these smokeless products are not without 

harm, suggesting that their use is associated with an increase in 

cardiovascular disease in cigarette nonsmokers.36 In either case, 

following a thorough review of the potential cardiovascular 

risks associated with smokeless tobacco use, the American 

Heart Association recommends that clinicians continue to 

discourage the use of these products.37 

 

Clearly, these sorts of contradictions are particularly 

troublesome and exemplify some of the shortcomings of 

available nicotine-related research. However, given the general 

consensus that electronic cigarettes are safer than tobacco 

cigarettes and, in many circumstances, are recommended 

cessation strategies for tobacco smokers, determining the safety 

of nicotine exposure from these devices will soon become the 

crux of the matter. 

 

Implications for Electronic Cigarettes 
 

As of now, the findings of these nicotine studies are insufficient 

to implicate, or absolve, nicotine in causing significantly 

harmful disease processes. However, the growth in popularity 

of electronic cigarette use, in which the most prominent 

bioactive compound is aerosolized nicotine, is particularly 

alarming. With recent studies suggesting that a handful of the 

constituents within electronic cigarette aerosol may be harmful, 

it is plausible that long-term use of these products will manifest 

as a number of different diseases years from now. For these 

reasons, there is an explicit need for further research on 

nicotine, specifically aerosolized nicotine, and we as 

practitioners should be prepared for potential adverse 

consequences that may result from electronic cigarette use in 

the interim.  
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