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Abstract

Nicotine-containing products, whether combustible or smokeless, pose a growing threat to cardiovascular (CV) health. While tobacco smoking 
continues to cause millions of deaths annually, the rapid uptake of e-cigarettes, heated tobacco, and synthetic nicotine pouches, particularly among 
the youth, risks reversing decades of progress in tobacco control. In this policy statement, 12 evidence-based key messages that highlight the CV 
toxicity of nicotine are presented, irrespective of delivery system, and the urgent need for comprehensive regulations. These messages address 
the vascular and metabolic harms of nicotine, the dangers of passive exposure, the key pathophysiological pathways leading to CV morbidity 
and mortality, and the economic burden of nicotine-induced CV disease. Importantly, this is the first expert consensus paper to address nicotine 
itself as a direct CV toxin, independent of combustion. Special attention is given to the paediatric addiction crisis, driven by flavoured products and 
aggressive marketing, and to the misleading narrative of ‘safer nicotine.’  

This paper appears at a critical regulatory turning point: the European Commission’s revised Tobacco Taxation Directive (July 2025), which for the first 
time introduces minimum excise duties on e-liquids, heated tobacco, and nicotine pouches. While this directive represents an important step, it must 
be complemented by broader regulations, including advertising bans, flavour restrictions, and indoor-use prohibitions, applied consistently across all 
nicotine products.  

Together, the 12 key messages provide a policy blueprint to protect CV health and prevent the rise of a new generation of nicotine-addicted 
youth.
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Graphical Abstract

Cardiovascular consequences of nicotine-containing products.
Various nicotine delivery systems, including tobacco cigarettes, e-cigarettes, heat-not-burn devices, shisha (waterpipe), and ONPs (e.g., nicotine pouches) as well as traditional 
smokeless tobacco (snus), emit aerosols or smoke containing nicotine and other harmful compounds. Both mainstream smoke (inhaled directly by the user) and sidestream smoke 
(second-hand smoke) contribute to systemic vascular injury. Nicotine and associated toxicants trigger oxidative stress and in�ammation, leading to endothelial dysfunction—a key 
early marker of vascular damage. Persistent endothelial injury promotes cardiovascular disease (CVD), ultimately manifesting as hypertension, acute and chronic acute coronary 
syndromes (ACS), heart failure, stroke, and arrhythmia

ACS, acute coronary syndrome; CVD, cardiovascular disease; E-Cigarette, electronic cigarette, ONPs, oral nicotine products
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Introduction
This policy paper presents 12 key messages that provide a clear, 
evidence-based framework for tackling the cardiovascular (CV) harms 
of nicotine products. These messages are designed to guide policy
makers through the complex and rapidly evolving landscape of nicotine 
regulation, covering both combustible and non-combustible products 
(Table 1). This is the first Expert Consensus paper explicitly addressing 
nicotine itself as a CV toxin, providing novelty and urgency to our re
commendations. Each message is discussed in detail, highlighting the sci
entific rationale and the regulatory implications.

This document comes at a pivotal moment: Across Europe, there is a 
renewed debate about increasing tobacco and e-cigarette prices, driven 
by growing concerns about uptake and long-term health impacts, par
ticularly in the young. On 16 July 2025, the European Commission 
adopted a modernized Tobacco Taxation Directive, which extends 
the scope of taxation to include e-liquids, heated tobacco, and nicotine 

pouches. The directive aims to harmonise excise duties across Member 
States, reduce affordability, particularly for the young, and to close 
regulatory loopholes that have enabled the expansion of novel nicotine 
products1

This legislative milestone reinforces the urgency of our recommen
dations: Nicotine in all its forms poses a serious CV threat and calls 
for unified, cross-product regulatory responses. The following sections 
discuss each key message, based on epidemiological and mechanistic 
justifications for a unified nicotine regulation.

Nicotine-related cardiovascular 
disease as a leading global health 
burden
Tobacco smoking and other nicotine-containing products remain 
among the leading causes of premature mortality worldwide, with 
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CV disease (CVD) as the largest single contributor. According to the 
Global Burden of Disease (GBD) studies (Figure 1): 

• Tobacco use accounted for 7.7 million deaths annually, or 13.6% of all 
global deaths.3,4

• It was responsible for nearly 200 million disability-adjusted life years 
(DALYs) lost worldwide.4

• In 2021, smoking alone was responsible for ∼2.25 million CVD 
deaths globally, mainly from ischaemic heart disease and stroke, con
firming CVD as one the leading pathway of tobacco-attributable 
mortality.5

• Globally, smoking also caused an estimated 2.5 million cancer deaths, 
underscoring that tobacco is both the leading CV and oncological risk 
factor.3,4

In Europe alone: 

• Tobacco use is responsible for about 1.2 million deaths every year, ac
counting for 18% of all non-communicable disease deaths in the WHO 
European Region. Among these, approximately one quarter of CV deaths 
in men and around 8% in women are attributable to tobacco use.6

• The economic cost of smoking in Europe, including healthcare ex
penditures, productivity loss, and premature mortality, exceeds 
€300 billion annually6

Even more worrisome is that e-cigarettes and new oral nicotine products 
(ONPs) are accelerating nicotine addiction among the young, especially in 
high-income countries. Surveys show up to 40% of European adolescents 
have tried e-cigarettes.7 Dual use with cigarettes is now common.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Twelve policy-driven key messages, each grounded in evidence and designed to resonate with legislators, 
ministries of health, and public health agencies

No. Title Policy message summary
Part I: What are the consequences of nicotine consumption

1 Nicotine-Related CV Disease as a Leading Global Health 
Burden

Nicotine-related products, including e-cigarettes and oral pouches, cause mil-lions of deaths 
annually, mostly due to CV disease, and will endanger public health without regulation.

2 Nicotine is a Powerful CV Toxin—Regardless of Delivery 
Method

Nicotine activates the sympathetic nervous system, increases blood pressure, causes 
endothelial dysfunction, and accelerates atherosclerosis, even in non-combusted forms.

3 No Nicotine-Containing Product Is Safe for the Heart or 
Blood Vessels

All forms of nicotine use, e.g. cigarettes, e-cigarettes, heat-not-burn devices, waterpipes, or 
oral pouches, impair vascular function and elevate CV risk.

4 E-Cigarettes Are Less Harmful Than Cigarettes—But Far 
from Harmless

E-cigarettes reduce exposure to some toxins, but still cause vascular damage, foster 
addiction, encourage dual use, and lack proven long-term safety.

5 Passive Nicotine Exposure: An Invisible CV Risk Passive nicotine exposure be it cigarettes, e-cigarettes, waterpipes, and heated tobacco— 
causes immediate vascular harm and increases CV risk in non-users, especially children 
and vulnerable groups, demanding comprehensive smoke-free legislation.

6 The Vascular Red Flag: How Nicotine Disrupts 
Endothelial Health Across All Products

Nicotine, whether smoked, vaped, heated, or chewed, impairs endothelial function through 
oxidative stress and eNOS uncoupling, making endothelial dysfunction a powerful early 
warning sign and regulatory benchmark for cardiovascular harm.

7 The Hidden Bill: How Nicotine Harms Hearts—and 
Bleeds Public Budgets

Nicotine use not only causes persistent vascular damage and CV deaths but also imposes 
massive economic burdens on healthcare systems and national productivity, making 
strong nicotine regulation a fiscal as well as a public health imperative.

Part II: Policy actions to address nicotine-induced adverse health effects

8 The Next Generation Hooked: How the Nicotine 
Industry Rebrands Addiction for Teens

Aggressively marketed flavoured nicotine products are fuelling a youth addiction crisis 
across Europe and North America, exploiting regulatory gaps and neuro-biological 
vulnerability, demanding urgent political action to prevent a new epidemic.

9 One Message, One Risk: No Safe Nicotine for the 
Cardiovascular System

Decades of accumulating evidence and global expert consensus confirm that all nicotine 
products, regardless of form or dose, pose serious CV risks, demanding unified, 
risk-based regulation that ends the illusion of ‘safer’ alternatives.

10 From Loopholes to Leadership: Turning Cardiovascular 
Science into Binding Nicotine Policy

Despite consistent scientific evidence, comprehensive policy measures, including closing 
regulatory gaps, harmonizing taxation across all nicotine products, and strengthening 
youth protection, are required to reduce the CV harms of nicotine and safeguard public 
health.

11 Fighting Passive Exposure: The Case for Total 
Smoke-Free Spaces

Comprehensive indoor and outdoor bans on smoking, vaping, and waterpipes are essential 
to protect public health, especially in urban and high-risk settings.

12 A Call to Action for Cardiologists and Policymakers Cardiologists must integrate nicotine prevention into routine care, and policymakers must 
enact decisive, unified regulation to protect current and future generations from 
nicotine’s CV harms
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Policy Implication: Nicotine addiction is not declining, it is diversifying. 
The GBD data show that nicotine-related death and disability remain 
high. If governments fail to regulate new products, we risk reversing 
decades of public health gains.

Nicotine as a direct cardiovascular 
toxin, regardless of delivery 
method
Nicotine, the principal alkaloid of the tobacco plant, is often mistakenly 
considered relatively harmless and addictive, but not causally linked to 
CVD. This misconception is concerning as growing evidence now iden
tified nicotine itself, independent of combustion, as a potent CV toxin 
(Figure 2). Its effects are biologically active across all delivery systems, 
e.g. cigarettes, e-cigarettes, heat-not-burn (HNB) devices, waterpipes, 
and smokeless ONPs.

Activation of the sympathetic nervous 
system
Nicotine is a powerful sympathomimetic. It binds to nicotinic acetylcholine 
receptors in the adrenal medulla and autonomic ganglia, stimulating the 
release of catecholamines such as norepinephrine and epinephrine. This trig
gers acute increases in heart rate, myocardial contractility, cardiac output, 
and peripheral vasoconstriction, all elevating blood pressure (BP) and myo
cardial oxygen demand.8 With chronic exposure, sustained sympathetic 
activation promotes hypertension, arrhythmias, and cardiac remodelling.8

Vascular dysfunction
Endothelial dysfunction is a well-established early marker of CV risk and 
atherosclerosis. Nicotine impairs endothelial function through sympa
thetic activation, reactive oxygen species (ROS), nitric oxide (NO) de
pletion, inflammatory signalling and BP increases.9,10 These effects are 
seen not only in traditional cigarette smokers but also in users of 

Figure 1 Figure A and B. Global mortality burden of tobacco and other risk factors (Our World in Data, GBD 2021). Panel A shows that in 2021, 
smoking was the third leading global risk factor for death, responsible for an estimated 6.18 million deaths annually. It surpasses high blood sugar, obesity, 
and cholesterol, and is only exceeded by high blood pressure (10.9 million) and air pollution (8.08 million). Second-hand smoke contributes an additional 
1.29 million deaths, bringing the total tobacco-related burden to over 7.4 million deaths/year, making it one of the most preventable causes of prema
ture mortality. Panel B traces the trajectory of tobacco-related deaths from 1990 to 2021. Smoking-related deaths have remained persistently high, with 
only a slight upward trend since the mid-2000s, but no evidence of a global decline despite decades of tobacco control. Together, these panels em
phasize that tobacco use, both active and passive, continues to be a leading global killer, demanding intensified efforts in tobacco cessation, regulation, 
and public health education to reduce its cardiovascular and respiratory burden. (adapted with permission from.2)
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e-cigarettes and nicotine pouches. Nicotine reduces flow-mediated 
dilation (FMD)11 and increases arterial stiffness in healthy volunteers, 
even in the absence of other tobacco constituents.12,13

In animal models, nicotine leads to endothelial NO synthase (eNOS) 
uncoupling, increases ROS, and promotes mitochondrial dysfunction.14

In vitro studies using human endothelial cells show that nicotine upregu
lates adhesion molecules (e.g. vascular cell adhesion molecule 1 and 
intracellular adhesion molecule 1, enhancing leukocyte adhesion and 
vascular inflammation.10

Arterial stiffness and hemodynamic load
Nicotine increases arterial stiffness both acutely and chronically. 
Increases in pulse wave velocity and augmentation index) reflect in
creased vascular rigidity following use of cigarettes, e-cigarettes, and 
ONPs alike.15–17 These changes amplify left ventricular afterload and 
promote heart failure and vascular ageing.

Cardiac remodelling and fibrosis
Rodent studies demonstrate that nicotine enhances myocardial fibrosis 
and hypertrophy, resulting in impaired systolic and diastolic function.18

These effects occur independently of combustion products and are 
likely driven by chronic catecholamine stimulation, ROS, and changes 
in myocardial gene expression.19

Prothrombotic and vasoconstrictive 
effects
Nicotine also exerts strong prothrombotic effects. It enhances platelet 
aggregation, increases thromboxane A2, and reduces fibrinolysis. 
Furthermore, it induces coronary vasoconstriction, particularly in seg
ments with pre-existing endothelial dysfunction,8 raising the risk of 
vasospasm and ischaemia in individuals with coronary artery disease.

Proangiogenic effects
Nicotine exerts potent proangiogenic effects, primarily by activating ni
cotinic acetylcholine receptors on endothelial cells. Nicotine stimulates 
endothelial cell proliferation, migration, and capillary tube formation via 
pathways involving NO, vascular endothelial growth factor, and fibro
blast growth factor-2.1 This may contribute to plaque neovasculariza
tion and instability as well as tumour growth, suggesting that nicotine 

Figure 2 This illustrates the multifaceted CV toxicity of cigarette smoke, highlighting combined effects of ROS, carbon monoxide, and nicotine. 
Oxidant compounds and particulate matter trigger vascular inflammation, platelet activation, and endothelial dysfunction, central processes that impair 
vasodilation and promote thrombosis. Carbon monoxide reduces O2 availability, exacerbating myocardial hypoxia. Simultaneously, nicotine activates 
the sympathetic nervous system, leading to increased heart rate, elevated BP, heightened myocardial contractility and also endothelial dysfunction. 
These haemodynamic changes increase myocardial oxygen demand. Endothelial dysfunction and coronary vasoconstriction compromise coronary 
blood flow, while platelet activation and thrombosis result in acute coronary occlusion. This mismatch between myocardial O2 supply and demand 
culminates in myocardial ischaemia and infarction, which may lead to sudden cardiac death. Thus, multiple smoke constituents synergistically impair 
vascular function, destabilize coronary perfusion, and trigger fatal CV events. (adapted with permission from8)
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is not a benign component of tobacco and alternative nicotine 
products.19

Addiction as a cardiovascular multiplier
The high addictive potential of nicotine ensures repeated, long-term ex
posure. Adolescents are especially vulnerable to their neurobiological 
effects, increasing the risk of lifelong use20 and becoming a chronic 
CV burden.

Thus, nicotine is not merely a vector for tobacco addiction; it is itself 
a biologically active CV toxin acting through well-defined molecular and 
hemodynamic pathways contributing to all stages of CVD. The policy 
implications are clear: Regulating nicotine, not just tobacco, is essential 
to reduce the population with CVD.

No nicotine-containing product is 
safe for the heart or blood vessels
The marketing narrative surrounding ‘safer nicotine products’ evolved 
rapidly, from cigarettes to filtered cigarettes, then to e-cigarettes, 
HNB products, and now to nicotine pouches. Yet despite different de
livery platforms and content, scientific evidence confirms that no 
nicotine-containing product is safe for the CV system. This is now en
dorsed by the European Society of Cardiology (ESC),21 the American 
Heart Association (AHA),22 the U.S. Food and Drug Administration 
(FDA),23 and the World Health Organization (WHO),24 and by all or
ganisations together,25

Tobacco cigarettes: the benchmark of 
harm
Traditional cigarettes remain the most toxic form of nicotine delivery, 
responsible for the majority of tobacco-attributable deaths worldwide, 
almost 8 million/year,3 Cigarette smoke contains over 9000 chemical 
compounds, including carbon monoxide (CO), acrolein, benzene, and 
tobacco-specific nitrosamines (TSNAs).26,27 However, even when 
these combustion by-products are removed, as in nicotine-only pro
ducts, CV toxicity largely persists, because nicotine itself is harmful,8,9

E-cigarettes: less harmful, not harmless
E-cigarettes have often been marketed as ‘harm reduction’ tools. While 
they emit fewer carcinogens than combusted tobacco, they still expose 
users to high doses of nicotine, aldehydes (e.g. acrolein, formaldehyde), 
fine particulate matter, and metal nanoparticles from heating coils.28,29

These have been shown to cause endothelial dysfunction, oxidative 
stress, and arterial stiffness in both animals and humans.12,30,31

In FMD studies, e-cigarette users consistently show impaired endo
thelial function comparable to cigarette smokers.13,32 Switching from 
cigarettes to e-cigarettes may reduce short-term vascular damage,33

but chronic use continues to sustain CV risk.17,34 Dual use is common 
and eliminates potential health benefits.35

Heat-not-burn products: cleaner smoke, 
same threat
HNB devices heat, rather than burn, tobacco. They emit fewer combus
tion products, reducing exposure to CO and some polycyclic aromatic 
hydrocarbons (PAHs).36,37 However, human and rodent studies show 
that HNB aerosols still impair endothelial function, and increase ROS 
and thus reduce vascular NO bioavailability.38–40

Switching from cigarettes to HNB products leads to partial vascular 
recovery, but not normalization.41 Moreover, passive exposure to 
HNB aerosol induces endothelial dysfunction in children, comparable 
to second-hand cigarette smoke.42

Waterpipes (shisha): misperceived as less 
harmful
Waterpipe use is often believed to be less harmful due to water ‘filtra
tion’. However, a single 45-minute session delivers as much smoke as 
100 cigarettes.43 Waterpipe smoke contains CO, TSNAs, heavy metals, 
and acrolein in concentrations like or exceeding cigarette smoke.44

Chronic waterpipe users have impaired FMD, increased arterial stiff
ness and higher systemic inflammation.45–47 Acute waterpipe use, 
even in passive exposure, causes vascular damage, especially in enclosed 
spaces with poor ventilation.48,49

Cigars: misperceived safety
Cigar smoking is frequently regarded as less harmful because many 
users do not actively inhale. However, nicotine and toxic combustion 
products are readily absorbed through the oral mucosa and upper air
ways, leading to systemic CV effects. Epidemiological evidence demon
strates that regular cigar use increases the risk of coronary heart 
disease, stroke, and aortic aneurysm, even among non-inhalers. In 
103 642 adults, current cigar use was significantly associated with higher 
risks of stroke, atrial fibrillation, and heart failure, independent of cigar
ette smoking.50 The perception of ‘harmless’ mirrors the misconcep
tions surrounding waterpipe use and requires explicit correction in 
public health communication.

Smokeless oral nicotine products: a new 
cardiovascular hazard
Nicotine pouches, lozenges, snus, and gums deliver nicotine through 
the oral mucosa, bypassing combustion. Though they may reduce ex
posure to inhaled toxicants, they still cause endothelial dysfunction, ele
vate sympathetic tone, likely impair autonomic regulation and 
increase BP.16,22,51

Recent studies from Sweden link Snus use to higher CV and all-cause 
mortality, particularly in individuals with prior myocardial infarction or 
stroke.52,53 NHANES and ARIC54 confirm increased prevalence of 
hypertension, peripheral artery disease, and metabolic risk factor clus
tering among users.55,56 Youth-targeted flavours and synthetic nicotine 
increase the risk of first-time addiction and long-term harm.

Nicotine Replacement Therapy (NRT): a 
special case
Nicotine replacement therapy is administered in medically supervised, 
time-limited contexts to support smoking cessation. Although NRT 
acutely raise BP and heart rate, CV risks seem low and substantially out
weighed by the benefits of quitting.8 However, NRT is not risk-free and 
should not be used chronically or outside cessation frameworks. 
Importantly, the WHO does not recommend e-cigarettes as a cessa
tion strategy (Figure 3).57

Thus, no form of nicotine use is without CV risk. While non- 
combusted products may vary in their toxicant profiles, the presence 
of nicotine is sufficient to impair vascular function, raise BP, and drive 
atherosclerosis. Policymakers must move beyond combustion as the 
benchmark of harm and recognize that nicotine itself is harmful.
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Policy takeaway: Despite marketing claims of ‘safer’ alternatives, 
no nicotine-containing product, whether smoked, heated, inhaled, or 
absorbed, can be considered safe for the heart and blood vessels, a con
sensus formally supported by the ESC, AHA, FDA, and WHO.25 While 
e-cigarettes, HNB products, waterpipes, and oral nicotine pouches dif
fer in toxicant exposure, all impair endothelial function, elevate BP, and 
promote atherosclerosis due to nicotine’s inherent CV toxicity. 
Policymakers must regulate all nicotine products, regardless of whether 
‘combusted’ or ‘non-combusted’, under a unified CV harm framework.

E-cigarettes are less harmful than 
cigarettes, but far from harmless
E-cigarettes have been promoted as a harm reduction tool for adult 
smokers. Yet the real-world evidence documents sustained addiction, 

and commonly dual use with continued public health impact. Rather 
than serving as an exit from smoking, e-cigarettes have become a high- 
speed on-ramp for youth nicotine addiction.9

A youth epidemic in numbers
Among U.S. high school students, e-cigarette use surged between 2011 
and 2019 from 1.5% to 27.5%, surpassing conventional cigarette use.58

In the European ESPAD survey, up to 40% of adolescents in certain 
countries reported having tried e-cigarettes by age 16.7 In the UK, 
Action on Smoking and Health (ASH) has observed similar trends, 
e.g. there was a 50% growth in experimentation (trying once or twice) 
from 7.7% in 2022 to 11.6% in 2023 and the number of 11- to 
17-year-olds with current vaping has been greater than that of current 
smoking (7.6% compared with 3.7% in 2023).59 The ASH concluded 
that youth vaping is continuing to grow, as is children’s awareness of 
promotion. The big increase in the use of disposable products has 

Figure 3 WHO’s 2024 cartoon outlines a comprehensive, evidence-based approach to tobacco cessation centred on clinical engagement. It recom
mends 12 key strategies to quit. Brief advice (1) should be offered routinely in all healthcare encounters. Intensive behavioural support (2), including 
individual or group counselling, is advised for those ready to quit. Digital tools like text messages or apps (3) may support cessation, though evidence 
varies. Pharmacological therapies, varenicline, NRT, bupropion, and cytisine, are first-line options (4), with combination therapies (5) to consider when 
needed. For smokeless tobacco users, behavioural counselling (6) and varenicline or NRT (7) are also recommended. Combining behavioural and 
pharmacological support (8) is especially effective. While evidence on alternative therapies (9) is lacking, they may be used alongside established meth
ods. Tobacco use and cessation efforts should be recorded in medical records (10), and all healthcare staff should be trained in cessation delivery (11). 
Finally, all evidence-based treatments should be available at no or low cost (12). (adapted with permission under the Creative Commons licence 
CC-BY-NC-SA 3.0 IGO from57)
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happened concurrently with higher levels of youth use.59 The British 
Medical Association has called this rapid increase a ‘public health emer
gency’ and urged immediate regulatory action.60

Together, these data highlight a cross-continental surge in adolescent 
nicotine use, underscoring an urgent need for policy intervention. 
Alarmingly, up to 75% of young adult e-cigarette users (ages 18–20) 
have never smoked traditional cigarettes.22 Thus, e-cigarettes are not 
replacing cigarettes, but recruiting new users who might otherwise 
never have used nicotine.

Addiction by design
Modern e-cigarettes, especially pod-based systems like JUUL, use nico
tine salts to deliver high doses of nicotine rapidly and with minimal 
throat irritation. This pharmacokinetic profile mimics that of combust
ible cigarettes, promoting deep inhalation and rapid brain delivery.61

Nicotine salt formulations are so addictive that even a single pod con
tains the equivalent of 20 cigarettes.61 This has profound implications 
for adolescent neurodevelopment, with nicotine exposure affecting at
tention, learning, impulse control, and mood regulation.20

The global vaping surge
The addiction potential of e-cigarettes within a broader epidemiological 
and public health framework illustrates in Figure 4 the rapid rise in global 
vaping prevalence, regional market expansion, and the steep trajectory 
of new users, particularly among youth in high-income countries. Due 
to mechanistic pathways such as oxidative stress, sympathetic activa
tion, and endothelial dysfunction, this underscores that vaping is not 
just a behavioural concern, but an evolving CV and neurodevelopmental 
threat on a global scale.

From vaping to smoking: the gateway 
pathway
Longitudinal studies have demonstrated that adolescents who start 
with e-cigarettes are significantly more likely to initiate cigarette smok
ing within 12–24 months.63,64 In fact, e-cigarette use is now a consistent 
predictor of future combustible tobacco use, even in youth with no 
prior interest in smoking.

The gateway effect is amplified by social normalization, flavour var
iety, and the misperception that e-cigarettes are safe or ‘just water va
pour’. Flavoured products, such as mango, cotton candy, and cola, are 
especially appealing to the young and are strongly associated with high
er initiation rates.65

Dual use: the norm, not the exception
Contrary to their marketed strategy, most e-cigarette users do not fully 
switch from cigarettes to vaping. Instead, dual use is the dominant pat
tern, especially in the 18–35 age group.35 This dual exposure under
mines harm reduction and sustains CV risk from both combustion 
and nicotine. In line, a recent study in post-myocardial infarction pa
tients established that only those who completely stopped smoking 
and vaping showed reductions in major adverse cardiovascular events 
(MACE). Dual users had outcomes similar to smokers66

Limited efficacy as a cessation tool
Evidence for the efficacy of e-cigarettes in smoking cessation is mixed 
and context-dependent. A Cochrane review reported modest benefit, 
with about 10%–18% of smokers quitting successfully using e-cigarettes 

vs 9% with NRT.67 However, most quitters continued vaping at 12 
months, indicating persistent nicotine dependence.68

Importantly, the 2024 WHO guidelines explicitly do not recommend 
e-cigarettes as a cessation tool, due to insufficient long-term safety 
data.57 The ESC and AHA adopt a similar position and suggest that 
e-cigarettes should be considered only as a last resort, within struc
tured cessation programmes and not as over-the-counter consumer 
products.21,22

How quitting, switching to e-cigarettes, or 
sticking to smoking shapes cardiovascular 
outcomes after percutaneous coronary 
intervention
Studies investigating CV outcomes following a switch from tobacco ci
garettes to e-cigarettes remain scarce. A recent large-scale study of 
over 33 000 patients after percutaneous coronary intervention (PCI) 
compared persistent smokers, complete quitters, exclusive e-cigarette 
users, and dual users.66 As expected, smoking cessation conferred the 
greatest reduction in MACE. Those who switched to e-cigarettes ex
perienced a modest risk reduction, whereas dual users derived no 
benefit. While short-term vascular improvements have been observed 
with e-cigarettes, the absence of long-term safety data, especially amid 
escalating youth addiction, remains a major public health concern66

(Figure 5).

Regulatory responses and gaps
In response to mounting evidence of youth harm, numerous countries 
have banned flavoured e-liquids, restricted social media marketing, or 
raised the minimum legal purchase age. In 2022, the U.S. FDA issued 
marketing denial orders for several flavoured e-cigarette products, in
cluding JUUL.23 However, enforcement gaps and online availability 
erode these measures.

In contrast, the UK continues to promote e-cigarettes as harm re
duction tools via the National Health Service, despite growing calls 
for a more precautionary approach.70

Policy takeaway: E-cigarettes have failed to fulfil their promise in 
smoking cessation, while fuelling a youth addiction crisis. Nicotine de
pendence has shifted, not disappeared. These products must be subject 
to the same advertising bans, indoor-use restrictions, and taxation pol
icies as combustible tobacco to prevent another generation from life
long CV harm.

Passive nicotine exposure: an 
invisible cardiovascular risk
Nicotine policies primarily centre on active users. Yet non-users are not 
spared from passive exposure. Inhaling smoke, aerosol, or vapour 
second-hand, whether from cigarettes, e-cigarettes, waterpipes, or 
heated tobacco products, can cause measurable endothelial dysfunc
tion in minutes. Passive nicotine exposure is a silent but potent driver 
of CVD and should be a regulatory priority.

Second-hand smoke: a well-documented 
killer
According to the WHO, over 1.2 million deaths/year are attributable to 
second-hand tobacco smoke exposure alone.24 Non-smokers living 
with smokers have a 30% increased risk of coronary artery disease, 
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Figure 4 A-C. Global expansion of nicotine-vaping product markets, user numbers, and country-level prevalence. A shows the change in market size 
of nicotine-vaping products worldwide, as a ratio relative to 2015 levels. By 2021, the market increased 1.98-fold in North America, in Western Europe 
1.48-fold and in the Asia Pacific 1.27-fold. Other regions showed slower market expansion. B displays the estimated global number of vapers in 2007– 
2021. Starting from near-zero in 2007, the number increased steeply, reaching 58.1 million in 2018, 68.0 million in 2020, and 81.9 million by 2021re
flecting exponential adoption worldwide. C Estimated prevalence of vaping by country. NA, UK, France, and New Zealand have the highest prevalence 
(>7%), while most of Africa, South America, and Southeast Asia remain below 1%–3%. This highlights significant geographic disparities in vaping uptake, 
with high-income countries emerging as key markets. (with permission under the Creative Commons CC-BY 4.0 licence from62)
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even after adjusting for other risk factors.71 Exposure of less than 
30 min, acutely impair endothelial function and increase platelet aggre
gation, triggering myocardial infarction or stroke in vulnerable 
individuals.10,72

Sidestream smoke, emitted from the burning end of a cigarette, 
contains higher concentrations of toxicants than the mainstream 
smoke inhaled by smokers (Figure 6). This includes ammonia, 
benzene, formaldehyde, acrolein, and fine particulate matter 
(PM2.5).9 Sidestream smoke is also richer in ultrafine particles, which 
more easily penetrate the alveolar membrane and reach systemic 
circulation.73

E-cigarette aerosols: not just harmless 
vapour
The widespread perception that e-cigarette aerosols are ‘just water va
pour’ is incorrect. Passive exposure to exhaled vapour, particularly in 
enclosed environments, introduces nicotine, propylene glycol, alde
hydes (e.g. acrolein, formaldehyde), metals, and ultrafine liquid particles 
into the ambient air.31,74

Even short-term exposure to e-cigarette aerosol in animal and hu
man studies induces ROS, inflammation and endothelial dysfunction, 
comparable to passive cigarette smoke.30,75 A recent study found 
that non-smokers exposed to exhaled e-cigarette aerosols showed im
paired FMD and elevated markers of vascular inflammation.13

As a result, both the ESC and WHO now recommend banning e-cig
arette use in public indoor spaces, alongside traditional smoking, to pro
tect bystanders.76,77

Waterpipes: a hidden threat in communal 
settings
Waterpipe sessions produce dense smoke clouds that easily spread 
through homes, cafes, and lounges. The burning charcoal used for heat
ing tobacco generates high levels of CO, PAHs, PM2.5, and benzene. 
Passive exposure can exceed that of cigarettes, one session may equal 
the smoke volume of over 100 cigarettes.43,78

Passive exposure to waterpipe smoke causes acute endothelial dys
function and impairs vascular reactivity in healthy bystanders.48

Children and pregnant women are particularly at risk, and yet many 
waterpipe venues lack ventilation regulations or smoke-free zones.49

Heated tobacco products: still a risk to 
bystanders
While HNB devices release fewer visible emissions, the aerosol still 
contains nicotine, aldehydes, volatile organic compounds, and ultrafine 
PM, all of which can affect non-users. Even passive exposure to HNB 
aerosol impairs FMD and increases oxidative stress markers in children 
and young adults.42,79

Figure 5 The potential CV outcomes after PCI for tobacco-related CVD. Continuing smoking leads to negative short- and long-term impacts. 
Switching to e-cigarettes or dual use shows positive short-term effects, but uncertain long-term outcomes. Stopping smoking entirely results in positive 
outcomes both short- and long-term. Additionally, the diagram highlights the other side of the coin concerning vaping addiction, especially among youth. 
(with permission from69)
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Because aerosols are often odourless and dissipate quickly, bystan
ders may not even be aware of their exposure, creating an invisible 
but real CV risk.

Smokeless nicotine products: minimal 
airborne risk, surface contamination 
concerns
Smokeless oral nicotine products (ONPs), such as snus, nicotine 
pouches, lozenges, and gums, do not emit aerosols or sidestream va
pours because they do not involve combustion or heating. Thus the 
risk of airborne passive exposure is negligible.

Policy Implication: Indoor air quality must be protected from all 
forms of nicotine delivery. Policymakers should extend smoke-free laws 
to cover e-cigarettes, heated tobacco, and waterpipe use in public and 
private enclosed spaces. Public messaging must refrain of the ‘clean va
pour’ myth and educate citizens on the vascular risks of passive nicotine 
exposure.

The vascular red flag: how nicotine 
disrupts endothelial health across 
all products
The vascular endothelium serves as a gatekeeper for CV health. It reg
ulates blood flow, inflammation, platelet activity, and vascular tone. 
When it becomes dysfunctional, characterized by reduced NO bioavail
ability and increased ROS, setting the stage for atherosclerosis, 

thrombosis, and ultimately MACE. Nicotine, regardless of its delivery 
system, has been shown to impair endothelial function consistently 
and rapidly.

This makes endothelial dysfunction an ideal early biomarker of 
nicotine-induced vascular damage, a scientific insight with direct policy 
relevance.

A central mechanism across all nicotine 
products
The harmful CV effects of nicotine have been demonstrated 
in: 

• Cigarette smokers: Chronic and even single-cigarette exposure sig
nificantly reduces FMD.80,81

• E-cigarette users: Acute and chronic use impairs FMD and micro
vascular reactivity.12,32

• Waterpipe smokers: FMD is markedly reduced even after a single 
session.45,46

• Heated tobacco and HNB users: Comparable endothelial impair
ment has been documented.38,39

• Smokeless oral nicotine users: Lower FMD and increased arterial 
stiffness reported in both acute and chronic settings.16,82

Oxidative stress and endothelial nitric 
oxide synthase uncoupling
The molecular mechanism behind nicotine-induced endothelial dys
function centres on ROS and the uncoupling of eNOS. Under normal 

Figure 6 Toxicological comparison of mainstream and sidestream smoke. While mainstream smoke is inhaled directly by the smoker and contains a 
lower toxin concentration, sidestream smoke (a major component of passive smoking) carries a higher concentration of toxicants, including ultrafine 
particles and reactive chemicals. This leads to ROS, endothelial dysfunction and CVD. Vulnerable groups, such as infants, the elderly, and patients with 
CVD, are at risk even after brief exposure. Sidestream smoke contributes to over 1.2 million deaths/year worldwide
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conditions, eNOS produces protective NO. In nicotine-exposed indivi
duals, the enzyme becomes dysfunctional, generating O2

- instead of NO, 
amplifying oxidative damage.75,83 Indeed, antioxidant treatment (e.g. 
vitamin C, tetrahydrobiopterin) acutely improves endothelial function 
in smokers, confirming the role of oxidative stress as a reversible 
contributor.81

Endothelial dysfunction predicts events
Endothelial dysfunction is not merely a mechanistic curiosity, it is a va
lidated predictor of MACE, including myocardial infarction and 
stroke.84 The degree of dysfunction correlates with smoking intensity 
and duration, and recovery is only partial even after cessation. 
This underscores why even occasional, or low-dose nicotine exposure 
cannot be considered safe, particularly in individuals with pre-existing 
CVD.

Animal and cellular confirmation
Nicotine-containing aerosol exposure (e.g. from e-cigarettes or HNB) 
induces oxidative stress, nicotinamide adenine dinucleotide phosphate 
oxidase 2 (NOX-2 activation), and eNOS uncoupling. FMD is impaired 
in vivo, and similarly is vascular reactivity in isolated aortic rings.12,85,86

Cell culture models add further confirmation: When endothelial cells 
are incubated with sera from e-cigarette or cigarette users, NO release 
is sharply reduced, and ROS increase substantially.13,32

Together, these findings clarify that nicotine, through oxidative in
jury, causes vascular dysfunction across all product types and species, 
providing a mechanistic basis for regulatory harmonization.

Policy takeaway: Endothelial dysfunction offers policymakers 
a unique opportunity: a sensitive and early, non-invasive biomarker 
that reveals vascular toxicity of emerging nicotine products long 
before clinical disease manifests. Regulators should treat any nicotine 
product that impairs endothelial function as inherently unsafe for CV 
health.

The hidden bill: how nicotine harms 
hearts, and bleeds public budgets
The harm caused by nicotine is not confined to endothelial cells or la
boratory conditions. It manifests itself as CVD, such as stroke, heart fail
ure, and early death. But beyond the clinical toll lies an enormous 
economic public burden for healthcare systems, employers, and society 
at large. Policymakers must reckon with nicotine not only as a biochem
ical hazard, but as an economic liability.

Cardiovascular disease: the leading cause 
of tobacco-attributable death
Globally, tobacco use is responsible for almost 8 million deaths/year, of 
which more than half are CV in origin.24 The GBD 2019 study ranked 
high systolic BP and tobacco use among the top global risk factors for 
death and DALYs.3,4

A systematic analysis of 52 countries (INTERHEART) showed that 
current smokers had a 2.95-fold higher risk of acute myocardial infarc
tion compared with never smokers.87 These effects are dose- 
dependent and begin even at low exposure. Similar results have been 
replicated for stroke, heart failure, peripheral artery disease, and sud
den cardiac death.88,89

Emerging nicotine products also raise 
cardiovascular risk
Contrary to industry messaging, alternative nicotine delivery systems 
are not benign. Evidence now implicates e-cigarettes, HNB products, 
and smokeless nicotine products in a broad spectrum of MACE: 

• E-cigarettes: Associated with increased risk of myocardial infarction 
(odds ratio up to 2.1).90,91

• Waterpipes: Linked to coronary artery stenosis and ischaemic heart 
disease.92,93

• Snus and ONPs: Associated with increased post-infarction mortality 
and progression of atherosclerosis.52,53

While relative risk may be lower than for cigarettes, absolute risk re
mains substantial, especially in patients with underlying CVD.

The economic cost: a heavy burden on 
public systems
The WHO estimated global economic cost of tobacco use at over USD 
1.4 trillion/year, amounting to 1.8% of the world’s annual GDP. CV care 
accounts for a significant proportion of these costs, given the need for 
long-term treatment, medications, PCI, hospitalisations, and rehabilita
tion. In the EU alone, tobacco-related healthcare costs exceed €25 bil
lion/year, with additional losses in productivity from disability and 
premature death, estimated at €8.3 billion. E-cigarettes and newer pro
ducts, while often excluded from tobacco cost models, are expected to 
contribute increasingly to future CVD-related expenditures, particular
ly through: 

• Higher incidence of hypertension and arrhythmias in the youth.
• Increased use of cardiac imaging, interventions, and chronic 

pharmacotherapy.
• Growing incidence of dual use, compounding exposure and cost.

Disproportionate impact on low- and 
middle-income countries
Over 80% of the world’s 1.3 billion tobacco users now live in low- and 
middle-income countries (LMICs).24 These nations are often targeted 
aggressively by tobacco and vaping companies and have weaker health
care systems, less regulatory oversight, and limited access to CV care. 
The result is a vicious cycle of addiction, CVD, and economic stagna
tion. Unlike high-income countries, where the cost burden is partially 
absorbed by insurance and health infrastructure, LMICs absorb the 
cost directly through lost productivity and avoidable mortality.

Policy takeaway: Nicotine-containing products are not just a 
health hazard, they are an economic drain. Their continued use 
fuels hospital admissions, burdens healthcare budgets, and 
undermines national productivity. Policymakers must treat nicotine 
regulation as fiscal policy. Banning flavoured products, raising excise 
taxes, and closing regulatory loopholes will yield both health and eco
nomic dividends.

The next generation hooked: how 
the nicotine industry rebrands 
addiction for teens
Nicotine addiction is increasingly seeded not in adulthood, but in ado
lescence. Today’s adolescents are exposed to an unprecedented array 
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of flavoured, sleek, and socially marketed nicotine products, many of 
which are incorrectly perceived as safe. Behind this lies a powerful in
dustry that aggressively markets addiction under the guise of ‘harm re
duction’. Policymakers must treat this as an urgent public health 
emergency.

An explosion of youth nicotine use
Across Europe and North America, youth nicotine use has 
skyrocketed: 

• In the USA, e-cigarette use among high school students rose from 
1.5% in 2011 to 27.5% in 2019, making it the most used tobacco 
product among the young.74

• In Germany, 38% of adolescents aged 14–17 have tried e-cigarettes, 
and over 60% of these users prefer flavoured variants.94

• The 2019 ESPAD survey across 35 European countries found that 
over 40% of 15–16-year-olds had tried an e-cigarette, often as a first 
exposure to nicotine.7

More worryingly, three-quarters of young adult e-cigarette users 
(aged 18–20) in Europe have never smoked conventional cigarettes, a 
reversal of the cessation narrative and evidence that these products 
are creating new addicts.22,95

Industry playbook: flavours, influencers, 
and ‘harm reduction’
Nicotine companies use strategies eerily reminiscent of the 
20th-century tobacco playbook: 

• Flavours like cotton candy, mango, and mint make products more 
palatable and disguise the harshness of nicotine.24

• Social media influencers, many with millions of adolescent followers, 
promote vaping devices as lifestyle accessories.96

• ‘Tobacco-free’ labelling misleads consumers into believing that ONPs 
are safer, when they are equally addictive.97

The goal is simple: rebrand nicotine as a wellness product. In doing 
so, the industry sidesteps decades of anti-tobacco regulation, targeting 
the most vulnerable population, youth, before regulatory frameworks 
can respond.

Neurobiological vulnerability 
in adolescence
The adolescent brain is highly susceptible to nicotine-induced neuroa
daptations. Nicotine exposure during this critical developmental 
window: 

• Alters dopamine signalling, enhancing reward sensitivity and addiction 
potential.8

• Primes the brain for other substance use, as shown in longitudinal 
studies linking adolescent vaping to subsequent smoking and cannabis 
use.20

• Increases lifetime risk of impulse disorders, mood instability, and ad
diction persistence.98

In effect, early nicotine exposure locks young people into a lifelong 
health and economic disadvantage.

The failure of current youth protections
Despite declarations of youth protection, flavoured products remain 
widely available in most EU countries, often online and with minimal 
age verification. 

• In France, over 90% of 16-year-olds can access nicotine pouches and 
e-cigarettes online.

• Only a minority of EU countries have banned flavours or implemen
ted plain packaging for non-cigarette nicotine products.

Moreover, taxation and legal age limits are inconsistent, with synthet
ic nicotine often escaping tobacco regulations entirely.

Policy takeaway: Nicotine addiction is being reshaped as a youth 
epidemic, enabled by aggressive marketing and regulatory loopholes. 
Governments must act decisively: ban flavours, enforce plain packaging, 
close synthetic nicotine loopholes, raise the minimum age for purchas
ing all nicotine products, and extend smoke-free laws to cover all pro
ducts. Without urgent action, the next generation will be the most 
addicted since the cigarette era began.

One message, one risk: no safe 
nicotine for the cardiovascular 
system
Across decades of research and shifting product landscapes, one truth 
has emerged with growing clarity: there is no safe form of nicotine for 
the CV system. From conventional tobacco cigarettes to modern de
vices like e-cigarettes, heated tobacco, and oral pouches, the effects 
of nicotine on the vasculature are consistent, harmful, predictable, 
and preventable.

Endothelial dysfunction: a shared outcome
The vascular endothelium serves as a gatekeeper for CV health. It reg
ulates blood flow, inflammation, platelet activity, and vascular tone. 
When it becomes dysfunctional, characterized by reduced NO bioavail
ability and increased ROS, it sets the stage for atherosclerosis, throm
bosis, and ultimately MACE. Nicotine, regardless of its delivery system, 
has been shown to impair endothelial function consistently and rapidly. 
This makes endothelial dysfunction an ideal early biomarker of 
nicotine-induced vascular damage, a scientific insight with direct policy 
relevance.

A central mechanism across all nicotine 
products
Experimental and clinical studies confirm that nicotine activates the 
sympathetic nervous system, increases heart rate and BP, induces 
oxidative stress, and reduces NO availability. These effects con
verge to impair FMD, a well-established marker of endothelial 
function.10,99

This has been demonstrated in: 

• Cigarette smokers: Chronic and even single-cigarette exposure sig
nificantly reduces FMD.80,81

• E-cigarette users: Acute and chronic use impairs FMD and micro
vascular reactivity.12,32

• Waterpipe smokers: FMD is markedly reduced after a single 
session.45,46

Nicotine and the cardiovascular system                                                                                                                                                             13
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article/doi/10.1093/eurheartj/ehaf1010/8377624 by guest on 29 D
ecem

ber 2025



• Heated tobacco and HNB users: Comparable endothelial impair
ment has been documented.38,39

• Smokeless oral nicotine users: Lower FMD and increased arterial 
stiffness reported in both acute and chronic settings.16,82

Scientific societies speak with one voice
Major CV and public health organisations now align behind a clear 
stance: 

• The ESC stated in 2024 that ‘no form of nicotine use is safe for 
cardiovascular health,’ and called for inclusion of all nicotine 
delivery systems in indoor smoking bans and taxation 
frameworks.21,76

• The AHA warns that ‘smokeless and electronic nicotine products pre
sent novel cardiovascular risks, particularly among youth and dual 
users’.22

• The WHO reiterated in its 2024 technical note that ‘there is no public 
health basis for classifying any nicotine product as safe or approved for 
cessation,’ urging member states to regulate or ban novel nicotine 
products.77

• In 2021, the WHO, AHA, ACC, and ESC issued a joint 
‘tobacco endgame’ statement, calling for accelerated global ac
tion to eliminate tobacco use as a driver of CVD and premature 
mortality25

• In their recent 2025 report, the European Environment Agency 
(EEA) firmly rejects the tobacco industry’s ‘harm reduction’ narra
tive. Under the EU’s Zero Pollution and Health Protection agenda, 
it stresses that no industry can claim to reduce harm while selling 
products that damage health and the environment.100 Tobacco 
and nicotine products, including e-cigarettes and heated tobacco, 
are identified as sources of preventable pollution and disease, 
not instruments of health protection. The EEA warns that the in
dustry’s so-called harm reduction strategies divert attention 
from proven measures such as taxation, advertising bans, and 
smoking cessation.100

• This consensus extends to multiple clinical guidelines, which have re
moved e-cigarettes from smoking cessation recommendations, 
underscoring that their long-term safety is unproven and their short- 
term harms are already visible.

From pharmacology to public health
The CV effects of nicotine are not dose-dependent in the way many 
policymakers assume. Even occasional or low-dose use: 

• Increases heart rate and arterial stiffness.101

• Promotes endothelial dysfunction and platelet activation.13

• Can trigger ischaemia in vulnerable individuals.33

These effects are compounded by poly-use, which is increasingly 
common, e.g. dual use of e-cigarettes and pouches, or waterpipe and 
cigarettes. This shifts the burden from individual behaviour to 
population-level exposure and cost.

Policy Takeaway: The CV evidence is unambiguous: no nicotine 
product is safe. A unified message from science must translate into a 
unified policy that rejects industry narratives of harm reduction in fa
vour of explicit, enforceable protections against all nicotine forms. 
Regulation must be risk-based, not market-driven. In addition, no 
more exceptions in legislature to tobacco use (i.e. Snus in Sweden).

From loopholes to leadership: 
turning cardiovascular science into 
binding nicotine policy
Scientific consensus alone is not enough. To protect CV health at the 
population level, evidence must be translated into binding regulation. 
And to defend the next generation, policymakers must stop allowing 
the nicotine industry to outpace public health law. Countries that im
plement comprehensive nicotine regulation now are likely to achieve 
long-term benefits in population health, workforce productivity, and 
economic sustainability.

Tobacco control works—if applied without 
loopholes
The WHO Framework Convention on Tobacco Control, ratified by 
181 countries, remains the global gold standard. Its pillars, taxation, ad
vertising bans, health warnings, smoke-free laws, and cessation services, 
reduced smoking rates and CV mortality;98 however, these pillars were 
designed for cigarettes, and many countries have failed to apply them to 
new nicotine products.

In Europe: 

• Snus is banned in most EU countries, but synthetic oral pouches are 
legal and unregulated in many of the same states.

• E-cigarette flavours remain available in over 25 EU nations, even as 
youth uptake surges.7

• HNB products are taxed significantly lower than conventional cigar
ettes in 21 EU countries.102

These inconsistencies weaken the credibility of public health policy 
and leave the door wide open for the nicotine industry to exploit regu
latory loopholes and attract new users.

Recommended legislative actions
To address these shortcomings and bring nicotine regulation in line 
with current CV science, we propose the following legislative measures: 

(1) Ban Flavoured Products: All nicotine-containing products with fla
vouring agents, especially fruit, mint, and candy variants, should be 
prohibited. Flavours are a major driver of youth initiation and 
undermine cessation efforts.20,24

(2) Tax All Nicotine Products Equally and raise taxation gradually. 
Create a unified excise tax structure based on nicotine content 
and risk profile. The principle: more nicotine, more tax, regardless 
of delivery method. Differential taxation incentivises dual use and 
industry circumvention.

(3) Mandate Plain Packaging: Extend plain packaging requirements to 
e-cigarettes, ONPs, and HNB devices. Branding, colours, and shape 
modifications are major marketing tools used to attract youth.97

(4) Close Online Sales and Advertising Loopholes: Enforce age verifica
tion and restrict all online sales of nicotine products. Ban marketing 
via social media and influencer platforms. Device-only advertising, 
which HNB brands use to sidestep tobacco laws, should also be 
prohibited.103

(5) Expand indoor air laws to cover e-cigarettes, HNBs, and water
pipes. Exhaled aerosol contains fine particles, aldehydes, and metals 
harmful to bystanders. These protections should also extend to 
outdoor terraces, cafés, and similar semi-enclosed public spaces, 
where exposure can be substantial.34,74

14                                                                                                                                                                                                  Münzel et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article/doi/10.1093/eurheartj/ehaf1010/8377624 by guest on 29 D
ecem

ber 2025



(6) National Cardiovascular Prevention Plans Must Address Nicotine: 
Countries must integrate nicotine harm into non-communicable 
disease strategies, CV action plans, and health cost modelling. A 
tobacco-free generation requires intersectoral planning, not siloed 
regulation.

(7) Redirecting public funds away from tobacco subsidies and towards 
health promotion is essential to protect CV health and ensure re
sponsible use of taxpayers’ money.

(8) Ban Tobacco Product Placement in Media and Entertainment: The 
continued visibility of tobacco and nicotine products in movies, 
streaming platforms, and social media perpetuates the normaliza
tion of smoking and vaping. Product placement, often showing ac
tors smoking in close-up, serves as indirect advertising, particularly 
influential among adolescents and young adults. To counter this, 
strict bans on tobacco imagery and sponsorship in films, television, 
and digital media are essential, accompanied by mandatory anti- 
tobacco disclaimers where historical depictions are unavoidable.

The role of health ministries and scientific 
societies
Regulation alone is insufficient. Ministries of Health must: 

• Invest in cessation services, especially in primary care, cardiology, and 
pulmonology.

• Fund public education campaigns highlighting nicotine’s CV harms.
• Monitor emerging products—including synthetic nicotine variants— 

for toxicity and marketing practices.

Scientific societies (e.g. ESC, ACC, AHA) must act as independent 
watchdogs, resisting industry attempts to rebrand nicotine as thera
peutic. Their guidelines must continue to exclude all nicotine products 
from CV prevention frameworks unless they are proven safe, which 
none currently are.

Policy takeaway: The inconsistent regulation of nicotine products 
is not due to lack of evidence but to lack of political resolve. A uniform 
framework, covering taxation, flavour bans, plain packaging, advertising 
restrictions, smoke-free laws, and cessation support, is urgently 
needed. Applying these proven measures to all nicotine delivery sys
tems will reduce CVD, protect youth, and strengthen the integrity of 
public health policy against industry influence.

Fighting passive exposure: the case 
for total smoke-free spaces
The CV effects of passive nicotine exposure are now unequivocally es
tablished. Even brief exposure to second-hand smoke or exhaled e-cig
arette aerosol can impair endothelial function, raise oxidative stress, 
and increase thrombogenicity in healthy non-smokers.9,31 Children, 
pregnant women, and patients with cardiovascular disease are particu
larly vulnerable.

To protect bystanders, especially in densely populated urban envir
onments, regulatory action must extend beyond indoor bans. The fol
lowing measures are essential: 

• Prohibit smoking and vaping in all outdoor areas where children or 
vulnerable populations are present, including:
⚬ Playgrounds, schools, and recreational zones.
⚬ Outdoor seating areas of restaurants, cafes, and bars.
⚬ Public transport stops, platforms, and stations.

⚬ Hospital and healthcare facility grounds.
⚬ Parks and sports stadiums.

• Introduce visible signage and enforceable fines for violations, mirror
ing successful models from countries like France and New Zealand, 
where bans on outdoor smoking near schools and playgrounds are 
already implemented.

• Include waterpipes and e-cigarettes in all smoke- and aerosol-free 
regulations, due to their proven potential to harm bystanders 
through CO, aldehydes, ultrafine particles, and nicotine 
residue.24,46

• Monitor air quality in high-traffic public venues to detect and 
document second-hand aerosol pollution, especially in semi- 
enclosed spaces like train stations, stadiums, or covered restaur
ant terraces.

Policy takeaway: Every citizen deserves clean air, regardless of 
where they sit, eat, or play. Expanding smoke-free laws to outdoor pub
lic spaces is not only a health intervention, it is a declaration of public 
dignity and equity.

A call to action for cardiologists and 
policymakers
The evidence is unequivocal: nicotine, across all delivery systems, is a 
direct cardiovascular toxin.8,9,32,81 Its CV side effects are consistently 
demonstrated in mechanistic studies, clinical trials, and epidemiology. 
The damage begins early, persists beyond cessation, and is amplified 
by poly-use of products.

For cardiologists, nicotine prevention must become a standard part of 
CV prevention, just like hypertension or lipid management. Every con
sultation should include nicotine screening and cessation support, with 
integration into guidelines, professional training, and reimbursement for 
pharmacotherapy and counselling.

For policymakers, the mandate is equally clear. Protecting future gen
erations requires banning flavoured and synthetic nicotine products, 
enforcing plain packaging and advertising restrictions, expanding 
smoke-free laws indoors and outdoors, ensuring taxation proportional 
to harm, and funding robust cessation services.

This is not a lifestyle issue but a structural determinant of CV 
health. Although our focus here is Europe, the implications are glo
bal, especially in LMICs where nicotine use is rising under weak regu
lation. Every day of delay costs lives, fuels addiction, and widens 
inequalities.

Thus, we call on governments, ministries, parliaments, and 
supranational agencies to act decisively, not cautiously. The CV evi
dence leaves no room for compromise. The next infarction, the 
next stroke, and the subsequent death may not come from a cigar
ette but from a sleek pod, a flavoured pouch, or a waterpipe in a 
café.
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