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Abstract: Electronic cigarettes (e-cigarettes) are sometimes considered as an adjunct to quitting
smoking, and the number of people using e-cigarettes among young people and adults is increasing
rapidly. However, limited knowledge exists about the long-term health effects of e-cigarette use. Both
animal models and human studies have demonstrated that e-cigarette, especially nicotine, is closely
associated with cardiovascular diseases. However, there is not that much research focus on the
mechanism of how e-cigarettes affect cardiovascular disease. Some studies have demonstrated that
the content of e-cigarette, especially nicotine and flavouring additive may result in cardiovascular
disease due to damage in the endothelium. The relationship between e-cigarette usage and
hypertension has been nearly confirmed, which might be the potential cause of other cardiovascular
diseases. This review aims to summarize the trends and existing scientific information on the use of
e-cigarettes, focusing on potential cardiovascular health risks and benefits, characteristics related to
the use of e-cigarettes, and key areas for future research.

1. Introduction

Electronic cigarettes (e-cigarette), a portable device that looks like cigarettes, provide nicotine
vapour to users by a heating liquid containing, but not limited to, propylene glycol or glycerine,
nicotine, and flavouring ingredients [1]. It has been widely used as a replacement for conventional
cigarettes. However, number of studies have proved that the degree of injury that e-cigarette bring to
the body is not lower than that of conventional cigarettes.

E-cigarettes have been listed in the United States since 2007. The supply and use of e-cigarettes lag
behind other industrialized countries, but they have increased rapidly in recent years. Global usage is
growing exponentially. Among adults who also use traditional cigarettes, the use rate of e-cigarettes
is the highest. Youth e-cigarette use in the United States doubled or tripled every year between 2011
and 2014, and by 2014, e-cigarette use had surpassed conventional cigarette use in youth. By 2015, up
to 16% of young high school students in the United States had used e-cigarettes in the past 30 days,
The United States Secretary of Health issued a report, pointing out that the use of e-cigarettes by
adolescents and young people has been regarded as a major public health problem, and emphasizing
the need to strengthen prevention and education to reduce the use of e-cigarettes by young people [2-
4].

Cardiovascular diseases (CVDs) are a set of disorders involves heart and blood vessels. CVDs
include coronary heart disease, cerebrovascular disease, peripheral arterial disease, rheumatic heart
disease, congenital heart disease, and deep vein thrombosis and pulmonary embolism. CVD is the
major cause of mortality and early death in China, accounting for 40% of all fatalities. The risk factors
of CVD have been studied widely. Major modifiable risk factors for cardiovascular disease include
high blood pressure, smoking habits, diabetes, and lipid abnormalities. Tobacco usage is a major risk
factor for cardiovascular disease (CVD) and the primary preventable cause of death globally [5].
According to World Health Organisation (WHO), tobacco use has a well-established causal
relationship with CVD morbidity and death. High blood pressure is linked to the most substantial
evidence for causation and has a high incidence of exposure among them [6].
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Besides, mixed evidence suggests that e-cigarette may promote smoking cessation attempts, and
recent evidence supports the view that e-cigarette may also help TC quit smoking. In addition, the
possible benefits of e-cigarette as a smoking cessation aid must be balanced with its increasing
popularity among people who never smoke, especially adolescents [7].

Therefore, in this review, we summarise the known effects of e-cigarette on cardiovascular health
and areas for further research and discuss the effects of e-cigarette on public health.

2. E-cigarette and Cardiovascular Disease
2.1 E-cigarette and atherosclerosis

Atherosclerosis is a disease in which plaque builds up inside the arteries [8], which might result in
major complications such as a heart attack, stroke, or even death. Endothelial cells are the basis of
regulating vascular tension, inflammation, vascular growth, platelet aggregation and coagulation.
Endothelial cells produce important vasodilators with anti-atherosclerotic and anti-aggregation
properties, such as nitric oxide and prostacyclin. Endothelial dysfunction (impaired biochemical
pathway of endothelial cells) is a feature of coronary artery disease, a predictor of atherosclerosis and
future cardiovascular events [9]. Electronic cigarettes contain nicotine, particulates, and other
compounds [10]. The addictiveness of nicotine is known to all. Nicotine induces the release of
catecholamine and cortisol, and causes hemodynamic changes (increase in heart rate, rise in blood
pressure, and the vasoconstriction) [11]. Researchers at Danderyd hospital in Sweden found that
smoking e-cigarettes only 10 times could lead to vascular damage. Subsequently, they further studied
the effects of inhaling e-cigarettes 30 times on healthy people. Magnus Rudbeck, a doctor at Danderyd
hospital who participated in the study, believes that e-cigarette users have poor vascular elasticity,
which may lead to heart disease and stroke [12]. Farsalinos, K.E. et al. studied the acute effect of e-
cigarette on the cardiovascular system of the contacts [13]. The results showed that the cardiac output
and blood pressure (nicotine content of 11mg / ml) of the contacts increased slightly; when the
smoker's heart contracts, the cardiac output and heart rate increase significantly. They also verified the
toxic effect of atomized e solution on cultured cardio myocytes by MTT test [13].

Also, vascular smooth muscle cell (VSMC) plays a significant role in atherosclerosis by generating
a new neointima layer [14]. Study shows nicotine will be adjusting the function of VSMCs. To be
more specific, nicotine appears to cause VSMCs to undergo a phenotypic flip, causing migration into
the intima, or inner layer of the artery [15-16]. When the potent vasoconstrictor Angiotensin Il (Ang
I1) work with nicotine, a strong compounding effect on VSMC will be generated, which causing
atherosclerosis [17]. Flavours additive adds another degree of complication when it comes to
evaluating the risk of hazardous health impacts [18]. Thus, Gideon St. Helen et al. concluded that
flavours increase nicotine intake through flavour preference, which may change nicotine absorption
rate via pH effects, and lead to e-cigarette heart rate acceleration and subjective effects. Centner et al.
also claimed that by the way, atherosclerosis is closely associated with hypertension as well [14]. The
endothelium is damaged by untreated hypertension, which leads to cell multiplication, vascular
remodelling, and immune cell recruitment [19]. Moreover, hypertension can lead to loss of vasomotor
activity, which eventually develop to arterial constriction, partly through the production of free
radicals, inflammation, and the creation of foam cells and atherosclerotic plaque.

2.2 E-cigarette and hypertension

The long-term impacts of smoking on blood pressure remain unknown. After acute ventilator
ventilation in humans, a brief increase in systolic blood pressure was observed. After a large number
of exposures to electronic flue gas sol in mice and in vitro studies, accelerated aortic stiffness and
abnormal vascular inflammation were reported respectively. If confirmed in humans, both of these
conditions may lead to hypertension [20-21].

Numbers of intervention studies demonstrated that there is a short-term association between e-
cigarette usage and increase in blood pressure, both systolic blood pressure (SBP) and diastolic blood
pressure (DBP), immediately to a period after exposure to e-cigarette containing nicotine [22].
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Currently, smokers with standard to normal hypertension (120 — 139/ 75 — 89 mmHg) have a higher
risk of cardiovascular disease than non-smokers with average to normal hypertension [5].
Additionally, tobacco usage increases arterial stiffness, which lasts for a decade after smoking
cessation; persistent arterial stiffness is also associated with a higher risk of CVD events [23].

One possible explanation would be nicotine in the e-cigarette vapour activates the sympathetic
nervous system, resulting increase in heart rate, blood pressure, sympathetic nerve activity (SNA) and
myocardial contractility [24-25]. The relative balance between the direct sympathetic excitation effect
of tobacco smoke and the opposite sympathetic inhibition effect mediated by baroreflex determines
the overall effect of acute smoking and nicotine exposure on SNA.

Another possible explanation would be flavouring chemicals in e-cigarette result in oxidative stress
causes endothelial dysfunction [26-27]. Although the processes behind endothelial dysfunction are
complex, a growing number of research shows that increased reactive oxygen species (ROS)
generation contributes significantly to this phenomenon of endothelial dysfunction in a variety of
ways. In particular, ROS may react with NO, reducing its bioavailability [28]. Which hurts the
response of vascular smooth muscle to the vasodilators, increased vasoconstrictor substance synthesis
or boosted shear stress. Some experts also mentioned that increased ROS or oxidative stress is linked
to classic and nontraditional risk factors for cardiovascular events.

2.3 E-cigarette and hyperlipidemia

Hyperlipidemia involves an imbalance of cholesterol levels, including low-density lipoprotein
cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) in the blood. LDL-C and HDL-
C regulate the amount of cholesterol in the body and an imbalance can increase the risk of
cardiovascular events [29].

Smoking can lead to dyslipidemia, which is a modifiable risk factor. Nicotine has adverse effects
on blood lipid, which can lead to adenylate cyclase activation and triglyceride decomposition in
adipose tissue. The study found that the total lipid composition of rats exposed to e-cigarette smoke
increased significantly, the content of saturated fatty acids increased significantly, while the content
of unsaturated fatty acids decreased significantly, and the induction of insulin resistance [30-32].

There are few studies on hyperlipidemia caused by e-cigarettes, but it is well known that
hyperlipidemia is also a risk factor for atherosclerosis, hypertension, and other chronic diseases. Thus,
it is worth doing more research to further explore its impact mechanism

3. Conclusions

Traditional cigarettes have a history of hundreds of years. As e-cigarettes have been on the market
for only a few years, the long-term impact on people's health is still unknown. The small sample size
in population survey and epidemiological statistical analysis limits the research on its safety. WHO
(2021) the latest tobacco report that e-cigarettes are harmful, and there is no sufficient evidence to
prove that they can be used as a tool to quit smoking [33]. In vivo and in vitro evidence has confirmed
that the ingredients are harmful to the respiratory and cardiovascular systems. Our study further proved
that there is an association between e-cigarette smoke and some cardiovascular diseases. The possible
mechanism is that nicotine contained in e-cigarette affects endothelial cells, vascular smooth muscle
cells, causes oxidative stress disorder, or activates the sympathetic nervous system, affects sympathetic
nerve activity, and finally leads to abnormal cardiovascular diseases. However, at present, the research
on e-cigarette is still fragmented and incomplete, and there is no systematic evaluation on its safety.
In addition, due to the lack of quality control and authorization policies, it is not convenient for further
research and development. Finally, given the concerns of teenagers about the increased use of e-
cigarettes, it is necessary to further strengthen the supervision of these products to limit the availability,
as well as the supervision of liquids and condiments.
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