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1. INTRODUCTION

Smoking is one of the most common modifiable risk factors for the development of
cardiovascular disease (CVD). Despite clear evidence provided since the 1950s, smoking
remains a major risk factor for CVD, which is the leading cause of death among adults
worldwide (1). According to the World Health Organization (WHO) and Global Heart Journal,
smoking is responsible for more than 8 million deaths annually, and one in every five
cardiovascular patients dies because of smoking (2, 3). Conditions such as coronary artery
disease, cerebrovascular disease, aneurysms, and peripheral artery diseases are among the
numerous diseases caused by smoking. Both active and passive exposure to smoke inevitably
predisposes to cardiac and vascular disorders.

Several factors contribute to the challenge of providing comprehensive data in a single report.
Some factors include the amount of exposure to cigarette smoke, the age of onset of smoking,
and the subtype of cigarette or tobacco (2, 3). This paper aims to provide current status,
updates, and evidence of cigarette smoking and its association with CVD for 2024.

2. PHYSIOCHEMICAL PROPERTIES OF CIGARETTE SMOKE

Approximately 7,357 chemicals of many different classes can be found either bound to or in
free form in the aerosol or gas phase (4). Tar (Total Aerosol Residue) is the weight of solids
collected after water and nicotine have been removed. Tar is the sticky brown substance
that stains the teeth and turns fingers yellow-brown. The tar is the material that is trapped
through the Cambridge glass-fiber filter that retains 99% of all particulate material. The
gaseous phase consists of nicotine, which is an addictive substance, but in low doses,
it’s relatively harmless, a mild stimulant/relaxant, and carbon monoxide. Chronic carbon
monoxide exposure can increase carboxyhemoglobin concentration up to 10% in heavy
smokers, producing a functional anemia and related hypoxemia (5). To assess the most
significant among these, this paper follows the guidelines of Fowles and Dybing (6), who
suggested identifying chemical components with the greatest potential for toxic effects,
specifically those associated with cancer, respiratory, and cardiovascular diseases. For
CVDs, cyanide, arsenic, and cresols are considered primary risks, while other concerns are
N-nitrosamines and polycyclic aromatic hydrocarbons. These concerns, along with Hoffman’s
(7) list of biologically active chemicals, can be used to differentiate the toxic chemicals from
others in cigarette smoke.

The chemical composition varies between different types of cigarette smoke: mainstream
smoke (MS), which is inhaled into the lungs; side-stream smoke (SS), which is released from the
burning tip; and second-hand smoke (SHS), which is a mixture of the two. Heavy metals and
nitrosamines are present in higher concentrations in SS than in other components. The mean
concentration of polycyclic aromatic hydrocarbons (PAHs) is higher in both MS and SS compared
to cigarette butts (CBs). The mean phenol concentration is higher in SS compared to MS and
CBs (8). The MS also consists of 8% tar and 92% gases. The tar contains >10" free radicals/g,
which last hours to months, and the gas contains >10" free radicals/puff, which lasts for a few
seconds (9).

Although cigarette smoke is very complex, consisting of over 4,000 compounds linked to
CVD, most studies suggest that carbon monoxide, reactive oxygen species, and nicotine are
responsible for the pathogenesis of smoking-induced cardiovascular disorders (10, 11).

Earlier studies suggested that carbon monoxide (CO) might be correlated with smoking-induced
cardiovascular changes, as in hypoxic hypoxia (12). However, more recent studies indicated that
CO was an unlikely rationale for the progression of atherosclerosis (13). So far, nicotine is the
most studied component. Although nicotine is crucial in increasing cardiac output, pulse rate,
and blood pressure, its role in athero-thrombotic diseases is poorly understood (14). Currently,
reactive oxygen species (ROS) play a significant role in the development of atherosclerosis. The
source of ROS varies between the gas or tar phase of cigarette smoke, monocytes, macrophages,
neutrophils, and endogenous sources from xanthine oxidase, endothelial nitric oxide synthase
(eNOS), and the mitochondrial electron transport chain (15, 16). The detailed role of ROS will be
provided in the section on pathogenesis.
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2.1 TOBACCO INDUSTRY AND TOBACCO CONTROL

Tobacco control is an effective tool that provides comprehensive strategies to protect the
people from active as well as SHS. The World Health Organization Framework Convention on
Tobacco Control (WHO FCTC), implemented in 2005, is one of the most powerful tools designed
to reduce health and economic stress due to tobacco products. The WHO FCTC aims to achieve
the sustainable development goals that further visions to reduce the premature mortality due
to chronic cardiovascular, respiratory, cancer, and diabetes by one third by 2030 (17). Among
the various barriers to successful progression of the tobacco control ideology, the tobacco
industry has remained a strong competitive inhibitor to tobacco control’s success.

In the last three decades, the tobacco industry has developed cigarettes that carry lower
levels of tar, nicotine, and CO. Since the 1990s, tobacco industries have started advertising
products that are to cause less harm to smokers who are health conscious. Although there
is very little evidence, some of these products were advertised as nicotine-free (Quest®),
lowered carcinogens (Omni®), and reduced hazardous chemicals, specifically in heated, not
burned, cigarette-like products (Accord® and Eclipse®). However, in 2006 the U.S. Department
of Justice stated the tobacco industry consciously deceived the people through false
advertisement claims of light and ultralight cigarettes of having reduced harm compared to
flavored or electronic cigarettes. In 2010, tobacco industries were prohibited by the FDA from
advertising reduced exposure, such as light and low, on packaging under the Family Smoking
Prevention and Tobacco Control Act. However, the tobacco industries still persist in perpetuating
misinformation of reduced harm by using colors to depict the lightness of tobacco content in
cigarettes (18, 19).

Use of these cigarettes or cutting down on the number of cigarettes in reducing harmful effects
on health is still controversial. The tar levels in top brand cigarettes range from 1 mg/cig to 13
mag/cig, the nicotine yield from 0.1 mg/cig to 1 mg/cig, and CO levels from 1 mg/cig to 10 mg/
cig, which are made mandatory to publish on the cigarette packs (20). In a large study involving
3,500 lung cancer cases, smokers of ultra-low tar cigarettes (machine yield <3 mg tar/cigarette)
for 8+ years had a somewhat lower risk of lung cancer than those who only smoked high
tar cigarettes (210 mg tar/cigarette) (21). Thus, the US cancer control department statement
opined that some epidemiological studies have found lesser risk of lung cancer among smokers
of reduced-yield cigarettes (22). However, they warn that smokers keep cigarette smoke longer
in the lungs, increase the speed and depth of inhalation, and increase the number of cigarettes
as well when smoking low-tar or low-nicotine cigarettes, in order to increase the nicotine dose.
This ‘compensation’ will offset the benefits of low-tar cigarettes.

Reducing consumption of cigarettes per day may reduce harm. It’s found that smoking one
instead of 20 cigarettes per day has about one-twentieth (5%) of the risk. This appears to hold
true for lung cancer, as demonstrated by the extensive American Cancer Society Prevention
Study II, which found a roughly linear relationship between lung cancer risk and cigarette
consumption and number of cigarettes smoked per day (23).

Are the above results w.r.t smoking and lung cancer similar to those of cardiovascular disease?
There are conflicting results in the literature about low-yield cigarettes benefits concerning
cardiovascular diseases. However, in a large meta-analysis of 26 studies, data showed smokers
of lower-tar-yield cigarettes having a lower risk than smokers of higher-tar-yield cigarettes.
Using estimates adjusted for amount smoked and avoiding overlaps, the risk in the lowest tar
group is estimated to be 22% lower for lung cancer and 14% for heart disease than that in the
highest tar group (24).

In yet another meta-analysis of 55 studies, smoking only about one cigarette per day carries
a risk of developing coronary heart disease and stroke that is about half that for people who
smoke 20 per day. In men, the pooled relative risk for coronary heart disease was 1.74 for
smoking one cigarette per day and 2.27 for 20 cigarettes per day, and among women, it was
2.1 and 3.95 for one and 20 cigarettes per day, respectively. There was no safe level of smoking
for cardiovascular disease (25).

The overall message underscores the significant health risks of smoking, regardless of the
type of cigarette or quantity. In the end, even slight smoking raises the likelihood of significant
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health problems, such as cardiovascular disease and lung cancer. The most effective strategy
for maintaining health is to completely refrain from smoking.

3. PATHOPHYSIOLOGY OF CARDIOVASCULAR DISORDERS DUE TO
CIGARETTE SMOKE

Cigarette smoking is associated with an increased risk of various clinical atherosclerotic
syndromes, including acute coronary syndromes, aortic and peripheral arterial disease,
cerebrovascular disease, and sudden cardiac death (26). Endothelial dysfunction, inflammation,
and a hypercoagulable state are integral to the initiation and progression of atherosclerosis.
These factors precede the clinicopathologic manifestation of atherosclerosis (27).

3.1 ENDOTHELIAL DYSFUNCTION

Various clinical and laboratory studies have shown that endothelial dysfunction induced
by cigarette smoke is mediated by decreased nitric oxide (NO) bioavailability, increased
production of superoxide anions, and increased production and release of endothelin
(28). Reactive oxygen species (ROS) formation and dysfunctional endothelial NO synthase
(eNOS) contribute to smoking-induced atherosclerosis. The gas phase of cigarette smoke
contains large amounts of free radicals and pro-oxidants such as NO, nitrogen dioxide (NO,),
phenols, and nitrosamines. In contrast, the tar phase contains large quantities of quinones,
which undergo redox cycles to produce superoxide (O,_), hydrogen peroxide (H,0,), and
other oxidant species (Figure 1). Superoxide in cigarette smoke is transported through
the bloodstream to the vascular endothelium, where it reacts with nitric oxide to form
peroxynitrite anion (ONOO-), which is severely cytotoxic (29). Furthermore, the activation of
nicotinamide adenine dinucleotide phosphate hydrogen (NADPH) and xanthine oxidase has
been shown to increase ROS production in endothelial cells (30, 31). Water-soluble tobacco
components can cause mitochondrial outer membrane permeabilization (MOMP). Although
this does not cause cell death, it does result in the leakage of mitochondrial contents,
including mitochondrial DNA and electrolytes, into the cytoplasm. This can lead to ROS
production and the release of damage-associated molecular patterns (DAMPs), which are
pro-inflammatory molecules (32).

3.2 INFLAMMATION

Chronic inflammation in the vessel wall is a key factor in the pathogenesis of atherosclerosis,
with smoking being the first trigger (Figure 2). At the cytological level, pattern recognition
receptors of the innate immune system, particularly Toll-like receptor 9 (TLR9), the NLRP3/AIM?2
inflammasome, and cyclic GMP-AMP synthase (cGAS)-stimulator of interferon genes (STING),
play crucial roles in the development of vascular lesions.
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Figure 1 Pathogenesis of
endothelial dysfunction.

EC, endothelial cells; VSMC,
vascular smooth muscle cells;
ICAM-1, intercellular adhesion
molecule-1; VCAM-1, vascular
cell adhesion molecule-1; NO,
nitric oxide; ET-1, endothelin 1.
Created using Biorender.com.
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cGAS is activated by free mitochondrial DNA (mtDNA) released via minor MOMP. Both TLR9 and
CGAS-STING pathways lead to increased cytokine synthesis, particularly interleukin-6 (IL-6) and
interleukin-8 (IL-8) (33).

Cytosolic mtDNA released via minor MOMP also activates the AIM2 inflammasome, whereas
ROS usually activates the NLRP3 inflammasome. These inflammasomes induce gasdermin D
(GSDMD)-mediated pyroptosis and subsequent release of cytokines IL-1p and IL-18 (34).

3.3 HYPERCOAGULABLE STATE

Cigarette smoke activates endothelial cells, leading to increased expression of ICAM-1,
VCAM-1, and selectins (P and E). This promotes the adhesion of monocytes/macrophages,
lymphocytes, and platelets to the prothrombotic endothelium. Furthermore, the expression
of von Willebrand factor (VWF) on the exposed subendothelium leads to platelet activation,
adhesion, and aggregation, resulting in thrombus formation. Chronic smoking also leads to the
formation of atheromatous plaques due to increased expression of matrix metalloproteinases
(MMP), particularly MMP-12 and MMP-9 in macrophages, MMP-8 and MMP-9 in endothelial cells,
and MMP-2 and MMP-9 in vascular smooth muscle cells (35, 36).

4. EPIDEMIOLOGY

Cardiovascular diseases are the leading category of non-communicable diseases globally,
responsible for about one-fifth of all deaths worldwide (2). Modifiable risk factors, such as
smoking, contribute to both existing and new cases of CVD. However, the extent of their impact
can differ based on the population under study and the methodologies employed in the
research (37, 38). Tobacco use is also closely linked to an increased risk of early death (39). A
more effective reduction in the burden of CVD can be achieved by understanding how regional
and gender-specific risk factors contribute to CVD development. The following epidemiological
review is based on the Global Cardiovascular Risk Consortium, which has analyzed a harmonized
individual-level dataset from population-based cohorts.

The study combined and standardized data from 1,518,028 individuals across 112 cohort
studies in 34 countries and 8 geographic regions (North America, Latin America, Western
Europe, Eastern Europe and Russia, North Africa, the Middle East, sub-Saharan Africa, Asia, and
Australia).

The datawas thenaligned using variable definitions established by the MONICA/MORGAM project
(40) (see Tables 1 and 2). The analysis revealed that 57.2% of new CVD cases in women and
52.6% in men can be attributed to five modifiable risk factors: elevated body mass index, blood
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Figure 2 Inflammation at
the cellular level induced by
smoking.

TLR, Toll-like receptor; cGAS,
cyclic GMP-AMP synthase;
STING, stimulator of interferon
genes; mtDNA, mitochondrial
DNA; IL, interleukin; ROS,
reactive oxygen species;
GSDMD, Gasdermin
D-mediated pyroptosis.
Created using Biorender.com.
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pressure, low-density lipoprotein cholesterol, tobacco smoking, and diabetes. The prevalence
and influence of these risk factors on new CVD cases differ by gender and geographic location.
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REGION NUMBER OF NUMBER OF RANGE OF BASELINE AGE PERCENTAGE SMOKING
PARTICIPANTS STUDY COHORTS SURVEY YEARS  (INTERQUARTILE OF MALES PREVALENCE (%)
RANGE, YEARS)

Global 1,518,028 112 1963-2020 54.4 (45.2t063.0)  45.9 21.6

North America 65,182 11 1971-2011 54.0 (45.0t063.0) 459 22.5

Latin America 191,244 10 1990-2013 54.0 (45.0t0 63.0)  45.9 30.8

Western Europe 907,760 58 1970-2015 54.6 (45.5t063.0) 459 20.9

Eastern Europe and Russia 51,133 16 1983-2014 54.1 (45.5t063.0) 45.9 29.2

North Africa & Middle East 185,608 5 1963-2020 54.0 (45.0t0 62.6)  45.9 14.2
Sub-Saharan Africa 10,390 2 2011-2017 54.0 (45.0t0 63.0)  45.9 18.6

Asia 59,802 4 1988-2015 54.0 (45.0t0 63.0)  45.9 235

Australia 46,909 6 1983-2007 54.6 (45.5t063.0)  45.9 14.3
GEOGRAPHIC REGION WOMEN (PAF) MEN (PAF) Table 1 Health study data

% 10 YEARS OF % 10 YEARS OF

CVvD CVvD
Global 6.7 10.7
North America 7.0 7.9
Latin America 6.6 9.6
Western Europe 8.7 8.6
Eastern Europe and Russia 3.0 16.3
North Africa and Middle East 4.8 133
Asia 5.4 20.2
Australia 5.7 5.7

4.1 RISK ADVANCEMENT PERIODS AFTER SMOKING CESSATION.

In a recent study, the relationship between the duration of smoking cessation and CVD events
was examined by retrospectively analyzing prospectively collected data from the Framingham
Heart Study (41). This analysis included participants who were free of CVD at the start and
were followed up in time. The findings revealed that heavy smokers (>20 pack-years) who quit
smoking experienced a significantly lower CVD risk within five years compared to current heavy
smokers, with a hazard ratio of 0.61, thus confirming the cardiovascular benefits of smoking
cessation seen in other research. However, the study also indicated that the reduction in CVD
risk occurs very slowly over time. Former heavy smokers only stopped showing a significantly
increased CVD risk compared to non-smokers after 10 to 15 years of quitting (5-10 years in the
initial cohort and 225 years in the offspring cohort). For those with fewer than 20 pack-years
of smoking, the excess CVD risk compared to never smokers became insignificant within 10 to
15 years of cessation. This highlights the need to stratify risk advancement periods to avoid
underestimating the risk for former heavy smokers after 5 years of cessation.

The risk advancement period refers to the additional time a person must remain smoke-free
to counteract the elevated cardiovascular risks caused by prior smoking. An analysis in Heart
Journal introduced a method to measure risk advancement periods. Their model calculates
the number of years a former smoker needs to remain tobacco-free to achieve cardiovascular
risk levels similar to those of individuals who have never smoked. It suggests that each year of
smoking adds approximately 2-3 years to the risk advancement period, meaning that former
smokers need a longer duration of abstinence than their smoking history to fully mitigate their
increased risk (42). Reporting on risk advancement periods involves considering the duration

overview by region (40).

Table 2 Population-
attributable fraction (PAF) of
smoking to cardiovascular
diseases (CVD) according to
different regions (40).



of previous smoking, the time since quitting, and the remaining excess risk compared to
non-smokers. A study by Jones et al. provides a framework for reporting these periods. This
approach combines traditional risk measures with time-dependent data to estimate how long
former smokers need to match the cardiovascular risk levels of never-smokers. The findings
indicate that a former smoker who quits at age 40 would generally need about 10-15 years
of abstinence to reduce their cardiovascular mortality risk to that of someone who has never
smoked (43).

Baseline characteristics of cohort studies standardized by sex and age across different
geographic regions. The baseline assessment for all Global Cardiovascular Risk Consortium
groups shown here was conducted between 1963 and 2020. 1,518,028 individuals were
analyzed using age-and sex-standardized methods.

4.2 FEMALES ARE RELATIVELY AT HIGHER RISK OF SMOKING-INDUCED CVD.

Over the past 50 years, the risk of chronic diseases related to smoking in women has
significantly increased, with CVD risks now comparable to those seen in men. In a 2011
study, Huxley and Woodward reviewed 8,005 abstracts. They included 26 articles with data
on 3,912,809 individuals across 75 cohorts (totalling 2.4 million participants) to estimate the
effect of smoking on coronary heart disease in women compared to men, adjusting for other
cardiovascular risk factors. They reported a pooled adjusted female-to-male relative risk ratio
(RRR) of 1.25 for coronary artery disease (CAD) associated with smoking (44). The specific
mechanisms underlying these differences remain unclear, though they may involve factors
such as thrombin signaling or variations in smoking behavior between genders. One possible
explanation provided by gene expression data in 2024 suggests that smoking is significantly
associated with the upregulation of the cytokine receptor-like factor-1 (CRLF1) gene, which
translates to actin alpha 2 (ACTA2+) smooth muscle cells, particularly found in carotid plaques.
This gene was reported to be upregulated in females compared to males (45).

In a 2013 study by Campesi et al., healthy adult men and women with regular menstrual cycles
who were not using oral contraceptives were enrolled. The study found that cigarette smoking
led to a more significant reduction in DNA methylation in women compared to men. In addition,
women appeared to have increased numbers of platelets, monocytes, lymphocytes, homocysteine,
arginine, and asymmetric dimethylarginine (ADMA) levels, which wasn’t observed in men.

Conversely, men showed higher numbers of neutrophils and eosinophils. The study highlighted
that smoking has the most severe negative impact on younger females (46).

The Pooling Project on Diet and Coronary Heart Disease found that women aged 40-49 who
smoke have a hazard ratio of 8.5 for coronary heart disease compared to non-smokers.
In contrast, this ratio decreases to 3.1 for women aged 70 and older. This suggests that
cardiovascular risk factors develop earlier in young, healthy female smokers compared to their
male counterparts, highlighting the need for more research to explore gender differences in
smoking-related health effects. Additionally, women face unique risks associated with smoking,
such as those related to pregnancy and the use of oral contraceptives. Therefore, targeted
smoking cessation programs for women are urgently needed (47).

5. COMPLICATIONS OF SMOKING ON THE CARDIOVASCULAR
SYSTEM

Complications of smoking can be classified as short-term or long-term.

Under short-term complications, smoking leads to immediate spikes in blood pressure and
heart rate. This is primarily due to nicotine’s effect on blood vessels, which causes constriction
and temporary cardiovascular stress. A recent study demonstrates that smoking can cause
acute elevations in both blood pressure and heart rate (48). These effects contribute to short-
term cardiovascular strain and increased risk of acute cardiovascular events. Short-term
smoking impairs the endothelial cells lining the blood vessels, disrupting their ability to reqgulate
blood flow and maintain vascular health. Findings show that smoking induces oxidative stress
and inflammation that damage the endothelium, compromising vascular function almost
immediately (49). Smoking can precipitate an acute myocardial infarction by promoting plaque
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rupture and increasing blood clotting tendencies. Research featured highlights that smoking is
a significant risk factor for acute myocardial infarction, especially in individuals with underlying
cardiovascular conditions (50).

Under long-term complications, chronic smoking accelerates the development of
atherosclerosis, where fatty deposits build up in the arteries, leading to chronic cardiovascular
issues. A comprehensive study reveals that sustained smoking significantly speeds up the
progression of atherosclerosis, increasing the risk of severe cardiovascular events over time (51).
Prolonged smoking is a major risk factor for developing CAD, characterized by the narrowing
of coronary arteries and reduced blood flow to the heart. Evidence indicates that long-term
smoking substantially raises the risk of CAD and is linked to poorer outcomes in those already
suffering from the disease (52). Chronic smoking contributes to the development of peripheral
arterial disease (PAD), a condition where arteries in the legs become narrowed, leading to
reduced blood flow and associated complications. A study shows that long-term smoking
is closely associated with a higher incidence of PAD, and quitting smoking can significantly
improve patient outcomes (53).

In a meta-analysis study comparing multiple prospective cohort studies, tobacco smoking
showed a two-fold (past smokers) and a five-fold (current smokers) increased risk of abdominal
aortic aneurysm compared to non-smokers. Although the risk reduces with increasing duration
of smoking abstinence, the time period can be up to 25 years for the risk to be similar to a
non-smoker (54). A study conducted by Zieske et al. in which Patho-biological Determinants
of Atherosclerosis in Youth (PDAY) were observed to understand atherosclerosis in trauma
victims (15-34 years old). Using the American Heart Association (AHA) classification to describe
the lesions of atherosclerosis seen in coronary arteries and the abdominal aorta, smoking
individuals showed a significantly higher ratio of advanced lesions (types IV and V) compared
to non-smokers (55).

Long-term smoking exacerbates chronic heart failure by contributing to CAD and other
cardiovascular disorders. Heart Failure Reviews discusses how smoking accelerates the
progression of chronic heart failure and is linked to increased mortality rates among affected
individuals (56). Prolonged smoking has also been shown to change the morphology of cardiac
muscles, leading to the development of LV hypertrophy from young adulthood to middle
age (57). Long-term smoking increases the risk of both ischemic and hemorrhagic strokes by
contributing to vascular damage and enhancing clotting tendencies. According to a review,
sustained smoking is a significant modifiable risk factor for stroke, with noticeable reductions
in risk observed following smoking cessation (58).

6. ELECTRONIC CIGARETTES AND VAPING PRODUCTS

Electronic cigarette (e-cigarette) and vaping use has seen rapid growth in the past decade,
particularly among youth and young adults. The battery-powered electronic device works by
heating orvaporizing aliquid solution whose base contains mainly propylene glycol/vegetable
glycerin that delivers vaporized nicotine and other flavorings released in aerosols that are
inhaled (59) (Figure 3). Other reported compounds, most commonly tetrahydrocannabinol
and varying or minute amounts of methamphetamine, methadone, and vitamins, could
also be found (60). Currently, all e-cigarettes do not need to undergo premarket animal
and human safety studies necessary for drug products, as they are regulated as tobacco
products (61).

According to the Nicotine Youth Tobacco Survey (NYTS), electronic nicotine delivery system
(ENDS) products are the most commonly used tobacco product among youth in the US. Data
from a 2019 analysis by the NYTS showed that around 4.1 million (27.5%) of high school
students reported current e-cigarette use compared to 5.8% of combustible cigarettes (62).
This data from the US was consistent with similar findings in Canada and England (63). In
addition, the US National Health Interview Survey (NHIS) showed a significant increase in
ENDS use among adults aged 18-24 from 2014 to 2018. Specifically, current ENDS use among
smokers rose from 5.1% to 7.6%, while use among non-smokers increased from 1.5% to 4.6%,
and former smokers rose from 10.4% to 36.5% (64).
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Figure 3 Structure and
evolution of electronic
cigarettes. E- electronic
cigarette (59). Created using
Biorender.com.

Current studies on the cardiovascular effects of ENDS are primarily based on short-term
research. A systemic review has shown an estimated increase of 2 mm Hg for both systolic
and diastolic pressure and 2 bpm for pulse rate in nicotine-containing ENDS product users (65).
Although these increases are lower than those observed in combustible smoke users, they are
still clinically significant compared to non-users. Cross-sectional studies have shown a higher
prevalence of symptoms such as chest pain, palpitations, and arrhythmias in ENDS users (66).
Changes to ventricular repolarization are found to be present in combustible smoking as well
as ENDS product use (67). Imaging studies via magnetic resonance imaging (MRI) have also
shown a reduction in vascular reactivity, blood velocity, and oxidative stress after ENDS use,
which suggests its role in endothelial dysfunction and CVD development (68). Although long-
term users of ENDS products may show similar endothelial function compared to non-smokers,
some studies suggest these endothelial changes as post-use effects (69). A randomized
study found increased peripheral blood pressure, heart rate, augmentation index, and pulse
wave velocity in users of nicotine-containing ENDS products, similar to effects observed with
combustible cigarettes (70). Table 3 shows a comparison of adverse effects among active,
passive, and electronic cigarette smoking (71-73).

ACTIVE SMOKING

PASSIVE SMOKING

VAPING

Heart disease

Significant risk due to
plaque buildup and
oxidative stress

Increased risk especially
with prolonged exposure

Possible increased risk, but
lower than smoking

Stroke

Significant risk due to
hypercoaguable state

Increased risk

Limited evidence

Hypertension

Nicotine-induced
vasoconstriction

Possible mild increase
due to nicotine exposure

Temporary elevation in BP with

nicotine-containing e-liquids

Heart Rate

Increase in resting pulse
due to nicotine stimulation

Possible temporary
increase.

Increase in heart rate after
vaping with nicotine

Atherosclerosis

Accelerated plaque
formation

Risk of contributing to
plaque formation

Limited data; less risk than
smoking

Oxidative Stress

Increased oxidative
stress contributing to
atherosclerosis

Increased oxidative
stress from secondhand
smoke

Reduced oxidative stress

compared to smoking but not

eliminated

Cholesterol

Increased LDL and
decreased HDL

Indirect effects possible
with long-term exposure

potential mild effect on lipid
profiles

Additionally, platelet dysfunction, leading to a hypercoagulable state, has been observed
after exposure to both nicotine-containing and non-nicotine-containing e-liquid aerosols (74).
ENDS products also alter coronary flow during stress exercise without affecting myocardial
contraction or relaxation (75). Nicotine and ENDS product use can both lower brain glucose

Table 3 Comparison of
cardiovascular adverse

effects in active, passive, and

electronic smoking.
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utilization and increase vascular stiffness, which may enhance the risk of ischemic brain injury
or stroke (76). These effects are more pronounced in women and are thought to be partially due
to both nicotine and oral contraceptive use. An in vitro study on female rats demonstrated that
nicotine decreases the activity of the aromatase enzyme responsible for estrogen synthesis,
which protects the brain from ischemic injury. This suggests that decreased estrogen levels
may worsen cerebral ischemia caused by nicotine in women (77).

Clinical studies on the long-term effects of ENDS products are still limited, and more prospective
studies are needed. Some cross-sectional case studies have indicated that users, compared to
non-users, exhibit increased sympathetic drive, higher low-density lipoprotein (LDL) oxidation,
and elevated pro-inflammatory markers, suggesting a higher cardiovascular risk (78).

When discussing management and intervention, limited empirically tested preventive programs
for youth ENDS use exist. Such strategies may include the use of novel technology (social media
awareness, texting) to advertise ENDS products to youth.

Educational efforts should also extend to parents and healthcare workers, along with other
behavioral methods, such as incentives and cognitive behavioral therapy, to effectively promote
smoking cessation among youth and young adults (79). Given that ENDS are still relatively new
compared to combustible smoking, further development and testing of effective interventions
are required to better understand their long-term effects and ensure proper management in
the future.

7. MANAGEMENT OF SMOKING CESSATION

In 2024, WHO introduced a comprehensive set of tobacco cessation interventions. This includes
behavioral support in clinical and community settings through digital tobacco cessation,
pharmacological and systemic-level interventions, and policies to maintain the implemented
tobacco cessation interventions. For behavioral support, the WHO strongly recommends advice
in brief (30 seconds-3 minutes per session), consistently provided as a routine practice by
clinicians for all tobacco users. Digital tobacco cessation (text messaging, artificial intelligence-
based interventions, or internet-based interventions) was conditionally recommended or used
as an adjunct to other cessation interventions or a self-management tool. WHO also made
a strong recommendation for all clinicians to include tobacco use status and use of tobacco
cessation interventions in their medical records. WHO, as well as the World Heart Federation,
strongly recommends increasing and maintaining the adoption of evidence-based treatment
interventions (80). In this review, we have briefly discussed the non-pharmacological and
pharmacological approaches, as shown below.

7.1 NON-PHARMACOLOGIC MANAGEMENT

More than 50% of cigarette smokers visit physicians annually in the US alone (81). Identifying
them early provides a better chance for clinicians to assess and intervene effectively for
smoking cessation. Most patients approaching treatment undergo successive stages of change
(Figure 4). Hence, for effective intervention, it is necessary to identify the stage of change under
which the patient falls and manage the patient accordingly (82).

In a primary care setting, physicians can offer a brief counselling intervention using a five-
step algorithm called the five A’s (ask, advise, assess, assist, arrange). During the counselling,
it might be apparent that patients are unwilling to quit due to a wide range of reasons, from
being unaware of cigarette smoking’s harmful effects to not having the financial resources
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Figure 4 Stages of change in
patients undergoing smoking
cessation management.
Created using biorender.com.
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to facilitate smoking cessation (Figure 5). Patients under such circumstances may respond to
motivational interventions that are based on the principles of motivational interviewing. To
address motivational interviewing, most clinicians can use the five R’s (relevance, risk, rewards,
repetition, roadblocks) to summarize the areas for smoking cessation (82) (Figure 6).

Non-pharmacologic interventions for smoking cessation can be mainly categorized under
three approaches: clinical, public health, and alternative. Clinical approaches include self-help
programs, telephone counselling, cognitive-behavioral therapy, and exercise programs. Public
health approaches consist of workplace, multimedia, and community interventions, as well
as public policy changes. Alternative approaches include aversive therapy, acupuncture, and
hypnosis (44). A systemic review done by Twyman et al. reported the most common barriers to
smoking cessation. The review found that lack of support from healthcare providers, smoking
for stress management, and acceptability of smoking in vulnerable communities were the three
major barriers to smoking cessation among vulnerable groups. It is essential to understand such
barriers to smoking cessation and effectively address them by using motivational intervention
techniques (83).

Globally, a wide range of tobacco cessation programs are available for patients seeking to quit
smoking. Among the various smoking cessation services, in 2004, the Centers for Disease Control
and Prevention (CDC), National Cancer Institute (NCI), and Prevention’s Office on Smoking
and Health (OSH) formed the National Network of Tobacco Cessation Quitlines (NNTCQ) (84).
Quitlines are telephone-based resources that are available in all 50 states of the US. Through the
NNTCQ, a person interested in quitting smoking is connected with the state-based resources via
NCI’s national access numbers (1-855-DEJELO-YA, 1-800-QUIT-NOW). Other ways to refer a
patient would be through the state’s quitline referral system, in which health care providers can
send a referral via mail, fax, or electronic health record. Doing so prompts the quitline to directly
call the patient, provide feedback, and track patient progress. Quitlines provides its services
through counselling, self-help materials, and, if required, referral to other cessation resources.
Other than telephone support, text messaging support (National Texting Portal), web-based
support (Smokefree.gov), and smartphone apps (quitSTART) are also effective in smoking
cessation services. Up to 2024, NNTCQ has successfully provided access to 11.6 million people
to cessation services (85). Similar steps were also taken by the National Health Service (NHS)

Rahman et al.
Global Heart
DOI: 10.5334/gh.1399

Figure 5 Five A’s algorithm
(ask, advise, assess, arrange,
assist) in smoking cessation
counselling. Created using
biorender.com.

Figure 6 Five R’s algorithm
(relevance, risk, rewards,
repetition, roadblocks) in
motivational interviewing of
smoking cessation. Created
using biorender.com.
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of the UK to implement local stop smoking services. Either via direct (England’s Smoke Free
National Helpline on 0300 123 1044) or via referral of GP’s, pharmacists, or other health care
providers, an appointment can be made with the smoking cessation service. Services provided
include counselling (one-to-one or group), providing smoking cessation aid (pharmacologic
therapy), and prevention of relapse through a 4- or 8-week follow-up (86).

7.2 PHARMACOLOGIC MANAGEMENT

All patients willing to quit smoking should be offered pharmacologic treatment unless
there are contraindications (82). Currently, seven drugs are approved by the Food and Drug
Administration (FDA) for smoking cessation (Table 4): nicotine inhalers, nicotine nasal spray,
transdermal nicotine patches, nicotine gum, nicotine lozenges, bupropion sustained-release

(SR), and varenicline.

GENERIC NAME

DOSE

ADVERSE EFFECTS

Nicotine Gum

2 mg gum for <25 cig./day
4 mg gum for >25 cig./day
Use up to 12 weeks, no more than 24/day

Jaw pain, mouth soreness,
dyspepsia, hiccups

Nicotine Lozenge

2 mg lozenge for 1*t cig >30 min
4 mg lozenge 1* cig <30 min of waking
Use up-to 12 weeks, no more than 20/day

Mouth and throat hiccups

Nicotine Patch

>10 cig/day, 21 mg patch for 6-8 weeks
<10 cig/day, 14 mg for 6 weeks, 7 mqg for 2-4
weeks

Mild skin irritation at placement
site

Nicotine Inhaler

A dose form consists 1 inhalation.
Recommended dosage is 6-16 cartridges/day, up
to 6 months

Mouth and throat irritation and
cough

Nicotine Spray

Spray 1-2 dose/hour
Minimum 8 dose/day, maximum 40 dose/day
Recommended for 3-6 months

Runny nose, nasal and throat
irritation, cough

Bupropion SR Begin 1-2 weeks before quit date. Start at 150 Insomnia, dry mouth, headaches,
mg for 3 days, then 150 mg twice a day, up to 6 tremors, nausea, anxiety
months post-quit

Varenicline Start 1 week before quit date at 0.5 mg once Nausea, headaches, insomnia,

daily for 3 days, then 0.5 mg twice daily for 4 abnormal dreams

days, then 1 mg twice daily for 3-6 months

These medications are first-line in the management according to US Public Health Service
guidelines. Patients who remain refractory or have contraindications to first-line agents may be
given second-line agents like clonidine and nortriptyline. Although the FDA has not approved the
second-line agents yet, they have shown effectiveness against cigarette smoking (87). Using a
second line drug should be considered only after using first-line or if there are contraindications
to first-line. A combination therapy of short-acting (nicotine gum, lozenge, inhaler, or spray)
with long-acting (nicotine patch or bupropion SR) can be used in the case of patients who
remain refractory to monotherapy (87). The treatment must aim to administer an affordable
agent that the patient can adhere to with proven efficacy and a good tolerability profile.

7.2a Nicotine Replacement Therapy (NRT)

Among the five NRT products approved by the US FDA for the treatment of tobacco dependence,
the nicotine inhaler and spray are prescription drugs in the U.S. In contrast, the other three—
nicotine gum, lozenge, and patch—are available over the counter.

NRTs work by partially replacing nicotine obtained by tobacco use, which in turn reduces the
severity and duration of withdrawal symptoms (88). A study conducted by a 2008 meta-
analysis of 69 clinical trials observed that all five NRT products are superior to placebo with
almost double abstinence rates (89). A Cochrane review of 150 trials also found increased quit
rates of smoking cessation by 50%-70% after using NRTs (90). Among the adverse effects
caused by NRTs, the three most common are reportedly headache, nausea, vomiting, and other
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gastrointestinal symptoms. Conventionally, NRTs were to be used cautiously in cardiovascular
patients, but current studies suggest they are generally safe to use in these patients.

7.2b Bupropion Sustained-Release (SR)

Although bupropion is an inhibitor of dopamine and norepinephrine reuptake, its mechanism in
smoking cessation is still not well understood. A systemic review published in 2014 of 44 clinical
trials found that monotherapy with bupropion significantly increased smoking abstinence (>6
months) (91). Common adverse effects when used for smoking cessation are insomnia (40%)
and dry mouth (10%) (87). A more serious side effect to consider is seizures, as bupropion
is said to reduce the seizure threshold. In 2009, the FDA issued alerts to clinicians regarding
neuropsychiatric symptoms ranging from agitation to suicidal ideation among patients without
preexisting psychiatric symptoms and worsening in psychiatric patients. Hence, the FDA
recommends close monitoring of neuropsychiatric symptoms in patients receiving bupropion
and to stop bupropion therapy if any contraindications were to be found (92). Following the
recommendations of the FDA, a trial conducted by Evins et al. in which they found bupropion,
varenicline, and NRTs used among psychiatric patients with psychotic, mood, and anxiety
disorders was well tolerated in smoking cessation and superior to placebo (93).

7.2c Varenicline

Varenicline is a partial agonist of the neuronal acetylcholine receptor subtype a4p2 and also
functions as an agonist of dopamine turnover, ultimately reducing symptoms of nicotine
withdrawal (87). A 2008 meta-analysis showed that varenicline increased quitting rates
threefold compared to placebo, with a 33% quit rate at the six-month follow-up (81). In another
systematic review of 39 clinical trials, varenicline significantly increased smoking abstinence at
six months or longer compared to bupropion (94). Similar findings were observed in the above-
mentioned study by Evins et al., where varenicline was superior to both NRTs and bupropion
in patients with psychiatric disorders (93). The most common adverse effects reported with
its use are nauseaq, insomnia, and headache. The FDA published a warning in 2011 based on
data stating that cardiovascular adverse events were infrequent overall (95, 96). Nevertheless,
data collected from EVITA trial showed that varenicline was effective in post-ACS patients for
smoking cessation (97).

7.2d Clonidine

Clonidine is an a2-adrenergic agonist that is thought to work by counteracting central nervous
system (CNS) features of nicotine withdrawal like craving and anxiety. A Cochrane review
found that clonidine doubled the rate of abstinence compared to placebo (98). Adverse effects
include postural hypotension, drowsiness, fatigue, and dry mouth (87).

7.2e Nortriptyline

Nortriptyline is a tricyclic antidepressant; its mechanism in smoking cessation is not well
understood. A meta-analysis review of six randomized clinical trials showed that it doubles
the odds of smoking cessation (99). The most common adverse effects are anticholinergic,
including dry mouth, constipation, and sedation (87).

7.2f Cytisine

Cytisine, a drug similar to varenicline, is a partial agonist selective for a4p2 nicotinic receptors.
A cross-sectional study revealed a smoking abstinence of 50.5% by six months (100). Although
it isn’t considered a worldwide pharmacological intervention and is not yet approved by the
FDA, it has been used for decades in Western European countries, and it is currently used and
reimbursed in some European countries (101, 102). However, a randomized clinical trial in the
US that is currently in phase 3 has shown promising results in terms of efficacy and tolerability
compared to the placebo group (103).

7.3 COMBINATION OF PHARMACOTHERAPY

According to WHO, there was high-certainty evidence for combination nicotine replacement
therapy (CNRT) (a patch plus a short-acting form such as gum or lozenge) in long-term quit
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rates than NRT alone (104). For varenicline with bupropion/NRT, there was moderate certainty
evidence in long-term quit rates compared to varenicline alone; however, due to insufficient
evidence for the combination of bupropion with NRT versus NRT alone, WHO has categorized it
as low-certainty evidence (105).

In a study conducted in a double-blind, placebo-controlled, sequential, multiple assignment
randomized trial (SMART), patients who didn’t respond initially to monotherapy like varenicline
or combination therapy with CNRT were later shown to achieve abstinence via increasing the
dosage of varenicline or patients who were already on CNRT to either increase the dose or to
switch with varenicline (106).

7.4 TREATMENT RECOMMENDATIONS FOR CARDIOVASCULAR PATIENTS

Patients with CVD should abstain from smoking during the acute phase of their condition.
Additionally, it is important to note the contraindications of NRT during the first 48 hours post-
event of CVD (107).

Pharmacotherapy becomes more effective when coupled with behavioral interventions. One of
the drugs to consider in this case is varenicline, which is shown to be reasonably safe in cases of
chronic, stable CAD with no psychiatric disorders (108). In addition, a biopsychosocial approach
is recommended rather than medication alone (102). Also reported in many studies is that the
implementation of laws to maintain clean indoor air in hospitals has shown a significant decline
in the admission of cardiac disease patients in hospitals (109). Conclusively, in management,
we reviewed two international guidelines for smoking cessation by the European Network for
Smoking and Tobacco Prevention (ENSP) and the Journal of American College of Cardiology
(JACC) (110) (Figures 7, 8).

8. POST-SMOKING CESSATION

Quitting smoking yields significant improvements in cardiovascular health almost
immediately. In the initial weeks after cessation, blood pressure and heart rate stabilize, and
the risk of acute cardiovascular incidents declines markedly. A study published highlights
that individuals who stop smoking experience a notable decrease in the occurrence of acute
myocardial infarction and stroke within the first year. The research also demonstrates that
cardiovascular risk declines substantially within months after quitting (111). Long-term
cessation significantly lowers the risk of chronic cardiovascular diseases, such as CAD and
heart failure.

Over time, the risk of cardiovascular-related mortality approaches that of individuals who have
never smoked. According to a longitudinal study, the risk of CVD and mortality continues to
decrease progressively with sustained smoking cessation. After five years without smoking, the
risk of CAD and stroke is considerably lower compared to those who continue smoking. By 10
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to 15 years of abstinence, the risk of cardiovascular mortality becomes comparable to that of
never-smokers (112).

Smoking cessation is commonly linked with weight gain, with individuals typically experiencing
an increase of about 4-5 kg within the first year after quitting. Additionally, there may be
a decline in glucose and lipid metabolism, and weight gain can often lead individuals to
resume smoking. One study investigated the factors related to weight gain following smoking
cessation by analyzing data collected during the initial visit to a smoking cessation clinic (113).
No significant link was found between smoking-cessation-induced weight gain and worsening
prognosis of CVDs.

Among various biomolecular studies, the alphal-antitrypsin LDL (AT-LDL) complex, which
consists of alphal-antitrypsin (AT) bound to oxidized LDL, is a significant cardiovascular
biomarker. Smokers typically have much higher serum levels of AT-LDL compared to non-
smokers. However, studies have shown that AT-LDL levels decrease significantly within three
months after quitting smoking. In essence, weight gain within the first three months of quitting
may hinder improvements in AT-LDL levels. Nevertheless, one year after quitting, serum AT-LDL
levels decreased more significantly than at the three-month mark, regardless of any increase
in obesity (114-116).

Research has found that individuals without diabetes experience a significant reduction in CVD
risk within four years of quitting smoking, even if they gain a considerable amount of weight.
Conversely, individuals with diabetes saw a decreased risk of CVD if they remained smoke-free
for at least four years and gained no more than 5 kg (117). Hence, such findings emphasize
that weight gain, particularly for secondary risk factors of CVD such as diabetes, might require
additional management relative to the less morbid risk groups.

In summary, weight gain often occurs after quitting smoking. While obesity by itself is a significant
risk factor of CVDs, the transient weight change due to smoking cessation does not hinder the
advantages of quitting smoking that will eventually provide greater long-term benefits (118).

9. CONCLUSIONS

Cardiovascular diseases are currently the leading cause of non-communicable diseases globally,
with modifiable factors such as smoking contributing to both existing and new cases. Both
combustible and electronic cigarettes can affect health in numerous ways. For effective global
management and reduction, itis essential to study regional distribution as well as age and gender
factors; they are the foundational level for evidence-based interventions, which are strongly
recommended by WHO and the World Heart Federation. The complications of smoking on the
cardiovascular system can range from acute life-threatening emergencies to chronic irreversible
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health issues. Effective management incorporates both pharmacological and behavioral
therapies to treat smoking dependence. From literature review, although cardiovascular risk is
reduced in smokers of low-tar or low-nicotine cigarettes or by reducing the number of cigarettes,
the estimated reductions in risk are much less than the increase in risk associated with cigarette
smoking when compared to never-smoked individuals. Although post-cessation challenges,
such as weight gain, may arise, the overall benefits significantly outweigh the major risks and
mortality associated with smoking. This paper aims to enhance our understanding of smoking
and improve treatment strategies for cardiovascular patients who smoke.
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