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Abstract

Introduction: Active and passive smoking are leading global causes of cardiovascular (CVD) mortality,
accounting for 2.25 million deaths annually (2021 data). Alternative nicotine delivery systems (e-cigarettes, heated
tobacco products [HTP], snus, nicotine pouches) have surged in popularity, driven by aggressive marketing,
15,000 known flavor additives, and misconceptions of negligible harm, especially among youth. This study
assesses how eliminating combustion in these products modifies CVD risk. Nicotine's independent role in
atherosclerosis pathogenesis remains under investigation. It strongly stimulates the sympathetic nervous system,
increasing plasma adrenaline up to 2.5-fold. This heightens hemodynamic load, potentially triggering acute CVD
events, particularly in patients with existing cardiac conditions.

Materials and methods: A PubMed literature review was conducted using keywords: "Nicotine
pharmacokinetics”, "Cardiovascular risk", "E-cigarettes"”, "Heated tobacco products", "Snus", "Nicotine pouches",
"Endothelial dysfunction”.

Conclusions: Eliminating combustion (pyrolysis) significantly reduces released toxins compared to tobacco
smoke. HTP aerosols contain >90% fewer harmful substances, and e-cigarettes release <2 ug of HPHC versus
3000 pg in tobacco. However, these products remain unsafe for the CV system. Nicotine's sympathomimetic
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effects increase blood pressure and heart rate, and exacerbate insulin resistance; animal studies indicate up to a 57%
decrease in insulin-dependent glucose uptake. Furthermore, HTP and ENDS aerosols induce inflammation
(increased IL-6, TNF-a, hsCRP), oxidative stress, and secondary vascular endothelial dysfunction. Popular flavor
additives (cinnamaldehyde, eugenol, diacetyl) also demonstrate proven cytotoxic effects. Alternative nicotine
products have high addictive potential and an undeniably negative CV impact, highlighting an urgent need for
long-term health outcome studies.

Key words: Nicotine pharmacokinetics, Cardiovascular risk, E-cigarettes, Heated tobacco products, Snus,
Nicotine pouches, Endothelial dysfunction, Hemodynamic load, Health
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1. Introduction

Smoking traditional cigarettes and passive exposure to tobacco smoke are known risk factors for cardiovascular
disease (CVD) morbidity and mortality [1]. Regardless of sex, they cause an increase in the incidence of, among
others, myocardial infarction, coronary artery disease, and stroke by affecting all stages of atherosclerosis
development, starting with vascular endothelial dysfunction. Tobacco smoke aspirated into the smoker's



respiratory tract consists of a gas phase and a particulate (tar) phase. It is nicotine, a component of the particulate
phase, that is associated with the development of addiction [2].

According to the GBD 2021 study, in 2021, smoking-related cardiovascular diseases caused 2.25 million deaths
and 3.09 million years lived with disability (YLDs) worldwide, representing an increase of 26.16% and 59.73%
compared to 1990. During the same period, the global age-standardized mortality rate (ASMR) and the age-
standardized YLD rate (ASYR) for smoking-related cardiovascular diseases decreased by 1.94 and 0.92,
respectively [3].

Recently, due to the misconception of their negligible harm, widespread marketing campaigns by nicotine product
manufacturers, and the appeal associated with flavor additives, other nicotine-delivering stimulants have gained
popularity. These products include electronic nicotine delivery systems (ENDS), heated tobacco products (HTPs),
snus, and nicotine pouches. The frequency of using these types of products is also growing among adolescents and
young adults [4].

The nicotine contained in the aforementioned products exerts a strong addictive effect associated with the
stimulation of NAChR receptors in the mesolimbic pathway and the increased release of dopamine, which is linked
to feelings of pleasure [5, 6]. Through its receptors, it significantly affects the cardiovascular system, primarily via
the activation of the sympathetic nervous system (SNS). This leads to an increased release of catecholamines
(norepinephrine, epinephrine), causing, among other effects, an increase in heart rate and blood pressure [7]. It
exerts a vasoconstrictive effect on multiple vascular beds [8]. The exact extent to which nicotine acts as an
independent factor in inducing vascular endothelial dysfunction and the development of atherosclerosis remains
uncertain. However, due to its mechanism of action, it may contribute to the induction of acute cardiovascular
events in individuals with pre-existing cardiovascular diseases [8].

The route of nicotine administration plays a crucial role in its absorption rate, maximum plasma concentration,
and the time required to reach this peak concentration, which in turn significantly influences its systemic impact
on the body and its addictive potential [9]. The core of the research problem is to analyze how the elimination of
the combustion process in alternative nicotine delivery systems modifies cardiovascular risk.

2. Research results

2.1. Pharmacokinetics and pharmacodynamics of nicotine

Nicotine is a naturally occurring alkaloid in tobacco leaves. Currently, nicotine obtained through chemical
synthesis is increasingly being used. Its absorption is influenced by the pH of its environment and the route of
administration (respiratory tract, mucous membranes, skin). In an alkaline environment, nicotine exists in a non-
ionized form (it is a weak base, pKa = 8); in this form, it easily penetrates biological membranes. After absorption,
it is distributed throughout the body, binding to plasma proteins only to a small extent [9]. The parameters used to
assess nicotine absorption are Cmax, representing the maximum concentration in venous or arterial blood plasma,
and Tmax, which is the time required to reach Cmax. On average, a cigarette contains about 10-14 mg of nicotine
[10], of which an average of 1-1.5 mg is absorbed into the body; the remaining part undergoes pyrolysis, escapes
into the environment with smoke, or remains in the cigarette filter. The Cmax achieved in venous blood within 5
minutes of smoking one cigarette is approximately 15-30 ng/ml of nicotine, and the time to reach this concentration
is about 5-8 minutes, with an 80-90% bioavailability of the nicotine inhaled with the smoke [9, 11].

The tissues of the liver, kidneys, spleen, and lungs exhibit the highest affinity for nicotine. The affinity for nicotinic
receptors located in the central nervous system is also high, being even higher in smokers [9]. This is associated
with a greater density of NAChR receptors in certain brain regions of these individuals, mainly the cerebellum,
midbrain, and pons. The predominant nAChR receptor subtype in the brain is the a4p2 type, featuring an ion
channel structure composed of five subunits [12]. It is considered the primary central nervous system (CNS)
receptor involved in the development of addiction. After crossing the blood-brain barrier (BBB) and binding to
receptors, nicotine induces—both directly and indirectly, involving other neurotransmitters such as glutamate—
an increase in the concentration of other neurotransmitters. This primarily involves dopamine in the mesolimbic
system, released by dopaminergic neurons in the ventral tegmental area of the midbrain and in the nucleus
accumbens, thereby stimulating the reward system [6]. Repeated exposure leads to the desensitization of nAChR
receptors and the aforementioned increase in their density (upregulation). A drop in nicotine concentration in an
addicted individual can lead to unpleasant sensations associated with a decrease in dopamine levels [13]. Another
receptor type, the a34 nAChR, mediates the systemic cardiovascular responses of the body. Nicotinic receptors
are also present in the peripheral nervous system, muscles, and many other tissues [6].

Nicotine is a substance with sympathomimetic effects; by influencing the cardiovascular system through its
receptors, it causes an increase in heart rate and myocardial contractility, vasoconstriction of coronary and
cutaneous vessels, an elevation in blood pressure, and an increase in myocardial oxygen demand [14].



It also contributes to an increase in insulin resistance. The association between tobacco smoking and the
development of diabetes, along with its characteristic vascular complications, is well known. Many of the
pathophysiological mechanisms are closely related to the nicotine contained in tobacco smoke itself [15]. There
are two known types of muscle-type nAChR receptors, composed of two ol subunits and one each of the B1, 9,
and vy subunits, or B1, 8, and € subunits, forming pentameric receptors similar to neuronal-type nAChR receptors
[16]. A study on the effects of nicotine conducted on rat muscle cell cultures (Rat L6 myotubes) confirmed a 57%
decrease in insulin-dependent glucose uptake by cells subjected to a two-hour nicotine exposure. The
pathomechanism of this phenomenon was associated with the activation of the mTOR signaling pathway and the
secondary phosphorylation of the IRS-1 signaling protein [17]. The onset and exacerbation of insulin resistance in
humans are primarily associated with chronic nicotine exposure [18].

The increase in sympathetic nervous system (SNS) activity associated with nicotine intake is linked to the
activation of nicotinic receptors located in both the central and peripheral nervous systems, including the
chemoreceptors of the carotid bodies [7]. This leads to the release of catecholamines. A 2.5-fold increase in blood
plasma epinephrine concentration is observed in cigarette smokers, leading to an increase in heart rate, contractility,
and blood pressure, regardless of the route of nicotine administration, thereby increasing myocardial oxygen
demand. The release of catecholamines may also contribute to the arrhythmogenic effects of nicotine [7].
Depending on the vascular bed, nicotine can exert vasoconstrictive (coronary vessels, cutaneous vessels) or
vasodilatory (skeletal muscle vascular bed) effects. Adverse effects are also noted in the microcirculation of the
retina and kidneys; furthermore, nicotine negatively impacts the wound healing process. Secondary intensified
beta-adrenergic stimulation of the myocardium can lead to cardiac tissue remodeling associated with fibrosis,
ventricular hypertrophy, and the risk of developing heart failure [19]. Despite the proven impact of nicotine on
vascular endothelial function, it remains unclear how significant this effect is compared to the effects of oxidative
stress and pro-inflammatory factors associated with tobacco smoke inhalation [8, 20].

Nicotine can be particularly dangerous in patients with pre-existing, diagnosed cardiovascular disease. A Swedish
study conducted on a cohort of 21,220 individuals, which compared the effects of snus use among post-myocardial
infarction patients, found an almost 50% decrease in the risk of death in patients who ceased their use compared
to those who continued using snus. Similar benefits were achieved by post-myocardial infarction patients who quit
smoking cigarettes, relative to patients who continued smoking [8, 21].

2.2. Conventional cigarettes and combustion products

Cigarette smoking and passive exposure to tobacco smoke are among the most well-known modifiable risk factors
for many cardiovascular diseases [1]. Despite decades of unequivocal evidence of its harm, tobacco smoking is,
according to the WHO, the cause of over 8 million deaths annually. Tobacco smoke generated during tobacco
combustion contains over 9,000 chemical compounds, including 69 with proven carcinogenic effects. The
chemical compounds and reactive oxygen species contained therein contribute to an unfavorable
pathophysiological profile of smoking-induced changes. Oxidizing compounds induce adverse vascular
endothelial changes associated with oxidative stress. This initiates the development of atherosclerosis and its
numerous medical implications. Chemical compounds associated with tobacco smoke also exhibit a pro-
aggregatory effect on blood platelets while simultaneously limiting the fibrinolytic properties of blood plasma,
which is associated with a high prothrombotic potential [8, 22].

A 2013 American study analyzing data from a cohort of 216,917 adults between 1997 and 2004 found a significant
increase in mortality among smokers associated with neoplastic, cardiovascular, respiratory, and other diseases.
Overall mortality among smokers aged 25-79 was 300% higher than among non-smokers. Tobacco smokers,
compared to those who had never smoked, lost at least 10 years of life. However, smoking cessation at age 25-34
was associated with a gain of 10 years of life, at age 35-44 with a gain of 9 years of life, and at age 45-54 with a
gain of 6 years of life [23].

The composition of tobacco smoke is complex and varies depending on whether it is mainstream smoke (MS),
sidestream smoke (SS), or secondhand smoke (SHS) [2], but the main substances associated with an increased risk
of cardiovascular diseases are considered to be carbon monoxide (which binds with hemoglobin to form
carboxyhemoglobin), oxygen free radicals, oxidizing compounds, and the extensively discussed nicotine [24].
Tobacco smoke aspirated into the smoker's respiratory tract is primarily mainstream smoke (MS), composed of a
particulate (tar) phase—which includes nicotine and constitutes 8% of the smoke—and a gas phase, which
constitutes 92% of the smoke [2].

Tobacco smoke induces endothelial dysfunction by reducing nitric oxide (NO) bioavailability, caused by a
decrease in eNOS enzyme activity. Superoxide (O2-) present in tobacco smoke reacts with nitric oxide, leading to
the formation of highly toxic peroxynitrite (ONOO-). This drives further endogenous processes associated with
oxidative stress [25]. Pro-inflammatory and proatherogenic effects, which favor prothrombotic states, are
associated with, among other things, the increased expression of adhesion molecules (VCAM-1, ICAM-1) and the



expression and release of selectins (P, E), enabling the adhesion of leukocytes and platelets to the vessel wall.
[Figure 1] The relationship between tobacco smoke and an increase in the amount of macrophage
metalloproteinases MMP-9 and MMP-12, as well as endothelial MMP-8, which are associated with the formation
of atherosclerotic plagues and subsequent acute cardiovascular events, is well known. It should be remembered
that any amount of smoked tobacco significantly increases the risk of cardiovascular events, such as myocardial
infarction and stroke [24].

Figure 1. Based on: Rahman M, Alatigi M, Al Jarallah M, et al. Cardiovascular Effects of Smoking and Smoking
Cessation: A 2024 Update. Glob Heart. 2025;20(1):15. Published 2025 Feb 19. https://doi.org/10.5334/gh.1399
[24] Barua RS, Ambrose JA, Srivastava S, DeVVoe MC, Eales-Reynolds LJ. Reactive oxygen species are involved
in smoking-induced dysfunction of nitric oxide biosynthesis and upregulation of endothelial nitric oxide synthase:
an in vitro demonstration in human coronary artery endothelial cells. Circulation. 2003;107(18):2342-2347.
https://doi.org/10.1161/01.cir.0000066691.52789.be [25]
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2.3. Heated Tobacco Products (HTP)

Heated tobacco products (HTPs) are electronic devices used to heat tobacco via heating elements without leading
to the combustion process (pyrolysis), unlike traditional cigarettes. The temperature reached is typically below
350 degrees Celsius, and the tobacco heating time is limited by the number of puffs or a specific duration. In the
case of conventional cigarettes, the temperature reaches up to 900 degrees Celsius. Unlike tobacco smoke, the
aerosol generated during tobacco heating is devoid of a particulate phase, consisting solely of a gas phase. Contrary
to popular beliefs suggesting negligible or no harm, the resulting aerosol contains nicotine, free radicals, and many
other toxic substances, albeit at lower concentrations than tobacco smoke [26].

For the popular IQOS and Glo devices, a 2020 study found that the amount of nicotine and the total amount of
free radicals per puff were 122.2 + 9.6 micrograms of nicotine, 12.6 + 1.1 picomoles of free radicals, and 72.1 £
10.6 micrograms of nicotine, 12.5 £ 0.3 picomoles of free radicals, respectively. The amount of free radicals is
significantly lower than in the case of a traditional cigarette (567.6 + 78.3 picomoles in the gas phase and 73.9 +
7.5 picomoles in the particulate phase); however, these amounts are clinically significant. The amount of delivered
nicotine largely depends on the heating temperature and the device model, reaching values comparable to or much
lower than those of conventional cigarettes [27]. Lower nicotine concentrations could hypothetically be associated
with a higher number of puffs in order to achieve a nicotine concentration comparable to smoking a conventional
cigarette [28].

An analysis of the aerosol generated during tobacco heating indicates a much higher concentration of water and
glycerin compared to tobacco smoke. By eliminating the combustion process, the concentration of most harmful
and potentially harmful substances was reduced by over 90%. The concentration of aromatic amines, polycyclic
aromatic hydrocarbons, aldehydes, and phenols was reduced by approximately 75% [29].
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Similar to tobacco smoking, the use of HTPs leads to an exacerbation of oxidative stress and an increase in
inflammatory parameters. However, this impact is lesser than in the case of cigarettes [30].

A 2023 study demonstrated the impact of IQOS on an increase in the blood leukocyte count (p<0.05), including
lymphocytes (p<0.001), a significant increase in the concentration of inflammatory parameters IL-6 (p<0.05), IL-
2 (p<0.05), TNF-a (p<0.01), hsCRP (p<0.01), and an increase in the CO content in exhaled breath (p<0.001). In
terms of cardiovascular risk, a significant increase in pulse wave velocity (PWV) and the augmentation index
(Alx@75) (p<0.05) was also noted [31]. The aforementioned changes can be associated with vascular endothelial
dysfunction, contributing to the development and progression of atherosclerosis. Platelet activation is also
observed [30].

The value of HTPs in assisting smoking cessation is uncertain. Their use for this purpose may have consequences
opposite to those intended. A recent Japanese study proved that using HTPs significantly decreases the chances of
quitting the addiction and promotes relapse to traditional cigarettes among former smokers. For this reason, these
types of devices should be discouraged as support in smoking cessation therapy [32].

2.4. Electronic cigarettes (ENDS)

In the case of electronic cigarettes, the nicotine carrier is an aerosol generated during the vaporization of a liquid
by electronic heating elements. This liquid is most commonly a mixture of glycerol, propylene glycol, nicotine,
and flavorings [31]. The amount of nicotine delivered depends on the liquid used, reaching 0-35 micrograms of
nicotine per puff. The total amount of nicotine delivered to the bloodstream through the respiratory tract depends
on how the device is used [33]. The aerosol, formed without the pyrolysis process, consists mainly of propylene
glycol (PG) and glycerol (Gly), which upon heating can convert into harmful aldehydes (formaldehyde,
acetaldehyde) and acrolein [34].

In a 2023 study, 45 nicotine-addicted users were recruited and divided into 15-person subgroups. Each subgroup
was assigned electronic cigarette products (JUUL), HTPs (IQOS 3 Duo), or conventional cigarettes. Over a 90-
minute period, their behaviors were assessed, including the number of puffs and puff duration, and the
concentration of nicotine and its metabolites in venous blood was evaluated at appropriate time intervals (Table
1). The group assigned electronic cigarettes achieved the highest number of puffs and the longest puff duration:
71.9 puffs and 2.8 seconds, respectively (HTP - 52.2 puffs and 1.9 seconds, traditional cigarette - 42.3 puffs and
1.8 seconds) [28].

The use of electronic cigarettes is associated with lower and more stable concentrations of nicotine absorbed via
the respiratory tract over a 24-hour period compared to tobacco smoking. This is associated with a lesser impact
of these types of devices on the cardiovascular system and less pronounced nicotine-induced blood pressure spikes

[8].

Analysis of the aerosol composition revealed a predominant content of propylene glycol, glycerol, water, and
approximately 2% nicotine (about 30 micrograms of nicotine per puff compared to about 200 micrograms for
conventional cigarettes). Trace concentrations below 2 micrograms of HPHCs (Harmful and Potentially Harmful
Constituents) were also found, compared to 3000 micrograms in the case of tobacco smoke [35].

Flavor additives are a major problem, determining the attractiveness of these types of products among minors and
young adults [36]. Over 15,000 flavor additives are known; cytotoxicity has been confirmed, among others, in the
case of cinnamon-flavored liquids (cinnamaldehyde, 2-methylcinnamaldehyde). Other flavor additives with
confirmed cytotoxicity are O-vanillin, pentanedione, diacetyl, 2,3-pentanedione, and acetoin [37].

The use of electronic cigarettes is less harmful than tobacco smoking; however, this does not imply an absence of
negative health impacts. Many human studies have referred to an increase in oxidative stress, vascular endothelial
dysfunction, and the activation of leukocytes and blood platelets resulting from the use of such devices, which
could potentially be linked to the development of atherosclerosis and its complications [39]. Long-term assessment
of health outcomes in the general population is necessary, and the effectiveness of these types of devices in
assisting smoking cessation requires further analysis [37].



Table 1 Based on: Rabenstein A, Rahofer A, Vukas J, et al. Usage Pattern and Nicotine Delivery during Ad Libitum
Consumption of Pod E-Cigarettes and Heated Tobacco Products. Toxics. 2023;11(5):434. Published 2023 May 5.

Electronic cigarette HTP Traditional cigarette
Cmax (ng/mL) 8.0 (136%*) 17.7 (66%%*) 24.0 (45%*)
AUC 0-90 min 8.3 (126%*) 17.3 (68%%*) 24.8 (51%*)
(ng/mL * h)
Tmax (min) 90 75 75

https://doi.org/10.3390/toxics11050434 [28]

*coefficient of variation (CV)

2.5. Oral products: Snus and Nicotine Pouches

Snus, similarly to traditional cigarettes and HTPs, is a tobacco product, with the difference being the route of
administration, which in this case is oral. Snus is a moist product based on ground tobacco and salt, molded with
fingers into a single portion or in the form of ready-made cellulose pouches placed under the upper lip [40]. It has
been a banned product since 1992 in European Union countries, except for Sweden. It is also available in Norway.

Nicotine pouches, unlike snus, are not tobacco products. Nicotine is suspended in plant fibers and may contain
flavor additives, including those with confirmed cytotoxicity, such as cinnamaldehyde and eugenol. The entire
content is placed in cellulose pouches. The pouch is placed, similarly to snus, between the lip and the gum [5].

The nicotine contained in these types of stimulants is absorbed directly through the mucous membranes, largely
bypassing the first-pass effect in the liver. This form allows for discreet, odorless consumption, in contrast to
cigarettes, which are associated with tobacco smoke and exposing individuals in the addicted person's vicinity [41].

In a 2014 study evaluating 12 nicotine products against 14 criteria of harm to the user and their environment,
traditional cigarettes achieved a maximum score of 100 points. The scoring system ranged from 0 to 100, where 0
indicates a complete absence of harm to the user and their environment. Snus ranked significantly lower on this
scale, scoring 5 points, while electronic cigarettes scored 4 points. Snus was only slightly associated with cancer
development and an increased cardiovascular risk [42]. The relationship between snus use and increased
cardiovascular risk most likely stems from the nicotine delivered to the body [40].

Nicotine pouches are characterized by high variability in parameters such as nicotine content (from <2 mg to 50
mg per pouch), pH (from 5.5 to >10, median 8.8), and flavor additives. These differences affect nicotine absorption
and the achieved blood concentration [Table 2], and the potential risk is primarily associated with the
pharmacological action of the nicotine itself [5]. Attractive flavor additives, combined with nicotine doses
frequently equaling or exceeding those in traditional cigarettes, pose a significant threat. These products effectively
attract young people, which drastically increases the risk of developing an addiction [44]. Composition analysis
of many tobacco-free products has revealed concentrations of formaldehyde, tobacco-specific nitrosamines
(TSNAs), ammonia, chromium, and nickel at levels comparable to or exceeding those found in snus. Although
these types of products constitute a less harmful alternative to traditional cigarettes, their long-term health
consequences should be the leading topic of further research [41].
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Table 2 Based on: Lunell E, Fagerstrom K, Hughes J, Pendrill R. Pharmacokinetic Comparison of a Novel Non-
tobacco-Based Nicotine Pouch (ZYN) With Conventional, Tobacco-Based Swedish Snus and American Moist
Snuff. Nicotine Tob Res. 2020;22(10):1757-1763. https://doi.org/10.1093/ntr/ntaa068 [43]

ZYN 3mg ZYN 6mg General snus 8mg
Cmax (ng/mL) 7.7 (6.3-9.0%) 14.7 (12.3-17.1%) 10.6 (8.9-12.3%)
AUC (ng/mL * h) 32.0 (23.3-40.7%) 57.7 (43.9-71.6%) 45.9 (29.8-62.1%)
Tmax (min) 61 (56-66%) 66 (59-72%) 69 (60-78%)

*95% Cl

3. Summary and Conclusion

Traditional tobacco smoking remains one of the leading causes of cardiovascular (CVD) mortality, accounting for
2.25 million deaths worldwide annually, according to 2021 data. The primary danger lies in the combustion process
(pyrolysis), during which over 9,000 chemical substances are released, including many toxic ones and 69 with
proven carcinogenic effects. Among these are, inter alia, highly reactive free radicals that induce oxidative stress.
The search for less harmful forms of nicotine delivery has led to a rapid increase in the popularity of alternative
systems, such as heated tobacco products (HTPs), electronic nicotine delivery systems (ENDS), and oral
products—nicotine pouches and snus. Studies clearly indicate that the elimination of the combustion process
results in a significant reduction in the concentration of released toxic substances compared to classic tobacco
smoke. For example, the aerosol from HTP devices is characterized by a concentration of harmful and potentially
harmful substances that is over 90% lower, while in the case of e-cigarettes, the amount of released HPHC-type
compounds is below 2 micrograms, compared to approximately 3,000 micrograms released in the case of cigarette
smoke.

This trend, driven by intensive marketing, is largely based on the misconception of the negligible harm of these
products, especially among young users. However, it must be firmly emphasized that the aforementioned analytical
data regarding harm reduction absolutely do not mean that these products are risk-free. As demonstrated in this
literature review, alternative nicotine delivery systems are by no means safe for the cardiovascular system. The
sympathomimetic effect of nicotine itself leads to an increase in blood pressure, heart rate, and the exacerbation
of insulin resistance. It has been proven that, regardless of the route of administration, this substance stimulates
chemoreceptors and receptors in the central and peripheral nervous systems, leading to up to a 2.5-fold increase in
blood plasma epinephrine concentration. A direct impact of nicotine on glucose metabolism has also been
demonstrated. In animal muscle cell studies, a 57% decrease in insulin-dependent glucose uptake was noted after
just two hours of exposure. These phenomena induce a significant hemodynamic load and increase myocardial
oxygen demand. Consequently, this may trigger acute cardiovascular events, making these products particularly
dangerous for patients with pre-existing, diagnosed cardiovascular diseases.

Moreover, the analysis of aerosols from alternative nicotine delivery systems shows that these devices generate
their own dangerous toxicological profile. Despite the absence of pyrolysis, the propylene glycol and glycerol
vaporized during vaping convert into toxic aldehydes (e.g., formaldehyde) and acrolein. The aerosol from HTP
devices still delivers clinically significant amounts of free radicals (from 12.5 to 12.6 picomoles per puff). This
has been proven to induce inflammation, expressed by a significant increase in the concentrations of IL-6, IL-2,
TNF-a, and hsCRP, as well as oxidative stress and the activation and adhesion of leukocytes and blood platelets,
driving secondary endothelial dysfunction. The presence of flavor additives (over 15,000 are available on the
market) is also of considerable importance in assessing the toxicity of ENDS products and nicotine pouches. The
most popular of these, such as cinnamaldehyde, eugenol, O-vanillin, or diacetyl, demonstrate proven cytotoxic
effects. It is also worth noting significant behavioral differences: the lower nicotine dose per puff from an e-
cigarette is associated with a significantly higher total number of puffs (average 71.9) and a longer puff duration
(2.8 seconds) compared to traditional smoking (42.3 puffs for 1.8 seconds), which significantly extends the total
exposure time.

In conclusion, alternative nicotine products are characterized by a very high addictive potential and exert an
undeniably negative impact on the cardiovascular system. This indicates an urgent need for further, long-term
studies on their distant health outcomes. It should be emphasized that using products such as HTPs does not
increase the chances of successfully quitting the addiction and even promotes a relapse to traditional cigarettes;
therefore, recommending them as a form of support in smoking cessation therapy is discouraged.
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