
Technology and Health Care 31 (2023) 1457–1491 1457
DOI 10.3233/THC-220677
IOS Press

Review Article

Heat-not-burn tobacco products and
cardiovascular risk reduction: A systematic
review of randomized controlled trials
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Abstract.
BACKGROUND: Heat-not-burn (HNB) technology by the U.S. Food and Drug Administration has been classified as a modified
risk tobacco product, which can be a better option for those populations who cannot give up the habit of smoking. The outlook
on the effects of these products is quite controversial in the scientific world.
OBJECTIVE: To present the effect of HNB tobacco products on the cardiovascular system, with reference to the existence of
possible benefits of the technology.
METHODS: The literature search was conducted in PubMed/Medline, the Cochrane Central Register of Controlled Trials
(CENTRAL), and ClinicalTrials.gov databases, with reliance on a well-defined guiding research statement. Quality appraisal
was performed using the CASP checklist for randomized controlled trials.
RESULTS: The search of three databases identified 167 records, and after selection process, 25 randomized controlled trials
were eligible for our study’s criteria. Twenty studies investigated the effects of HNB products on biomarkers of clinical relevance.
Five studies evaluated other functional heart parameters rather than biomarkers.
CONCLUSION: With HNB tobacco products, significant reductions were found in biomarkers of exposure and biological
effect related to pathways involved in cardiovascular disease, including inflammation, oxidative stress, lipid metabolism, platelet
function, and endothelial dysfunction.

Keywords: Tobacco products, nicotine delivery devices, cardiovascular system, risk, parameters

1. Introduction

Atherosclerosis forms the basis of about 80% of cardiovascular diseases [1]. Therefore, a correct
understanding of the pathogenesis of this disease is of great importance for determining the optimal
modality of prophylaxis and therapy, with a highlight on prevention, which should be an integral part
of the daily work of doctors. Atherosclerosis is a chronic inflammatory process of the intimal layer of
arteries [1]. The mechanism of arterial thrombosis is characterized by endothelial dysfunction, reduced
bioavailability of nitric oxide, and excessive production of endothelin 1, thereby disrupting vascular
hemostasis and increasing blood thrombogenicity [1,2]. There are two groups of risk factors that lead to
the occurrence of an acute cardiovascular incident, preventable and non-preventable. Perhaps a correct
division is into conventional, predisposing, and unconventional. Conventional ones include nicotinism,
arterial hypertension, hyperlipidemia, low-density lipoproteins (LDL), high-density lipoprotein (HDL),
and diabetes mellitus [2,3]. These are factors that must be prevented or treated in daily clinical practice.

A modern approach in cardiology encompasses the use of pleiotropic angiotensin-converting enzyme
(ACE) inhibitors, selective beta-blockers, fourth-generation dihydropyridines, statins that prevent cardio-
vascular disease and reduce major adverse cardiovascular events (MACE), sodium-glucose cotransporter 2
(SGLT2) inhibitors in heart failure, and glucagon-like peptide-1 agonists in coronary artery disease [4,5].
However, the effect of the above, without lifestyle changes, such as smoking cessation and reduction of
alcohol intake, as well as reduction of salt and carbohydrate intake, is not fully meaningful, and without
that, the therapeutic modality cannot be completed. It is estimated that 80% of respondents want to quit
nicotine, and only 3% do not return to the habit in the next six months (although they have a desire to
quit). The aim must be to quit smoking (withdrawal of nicotine), which is the only correct option [6]. The
use of bupropion and varenicline, as well as nicotine in the form of “transdermal patches” or chewing
gums, did not give satisfactory results [6].

Reduced-Risk Products (RRPs) is a term used to denote products that have (probably have) or may
exhibit a reduced risk to an individual’s health and represent an alternative to those individuals who cannot
stop using traditional cigarettes (or electronic cigarettes (e-cigs), which often have a dubious chemical
composition in e-liquid). For example, the combustion of tobacco in a cigarette (at a temperature of
900�C–1300�C) releases substances that have harmful or potentially harmful effects on the consumer (up
to 100 ingredients) [7]. The use of HBN technology, rather than combustion (heated to 350�C), reduces
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this number by up to 95% [8]. There are two types: an electronic heating device with a removable sticker
and another carbon tip wrapped in glass fibers (available in limited supply).

Tobacco consumption is still the leading etiological factor of mortality, and it is directly and indi-
rectly associated with six million exits each year, either due to the oncological process, cardiovascular
incident (acute myocardial infarction or cerebrovascular stroke), chronic bronchitis, and pulmonary
emphysema [9,10]. The habit of smoking is not only an established risk factor for lung cancer but also for
seventeen different cancers of the human body [9,10]. Active smoking is the individual’s responsibility,
but passive smoking, i.e., exposure of the individual to tobacco smoke and aerosol potentially containing
procarcinogenic substances, is the responsibility of both individuals and the health system of a particular
community [9,10]. It is noteworthy to emphasize that smoking cessation has benefits at any time, both in
prevention and after the cardiovascular incident itself. Smoking cessation depends on the individual’s
will, but in practice, one in ten patients will adopt it. In addition to triggering substantial pulmonary
damage [10–13], cigarettes themselves have a detrimental effect on the process of atherosclerosis and
coronary circulation; they reduce cardiac output in patients with myocardial infarction, increase systolic
and diastolic blood pressure, increase heart rate, pulmonary arterial resistance, left ventricular filling
pressure, as well as systemic and pulmonary vascular resistance; vasoconstriction itself increases the need
for oxygen, which consequently reduces the supply of oxygen to the heart muscle and accelerates the
work of the heart as a compensatory mechanism [9,10]. The U.S. Food and Drug Administration states
that heating technology, rather than burning, is a less harmful alternative for those who cannot reject the
habit of smoking [11–13], which can positively affect the therapeutic modality of the cardiac patient.

The development of HNB technology progresses through the generations, and the consumer himself
“limits the use” – through the act, an attempt is made to achieve an even greater benefit for the patient.
Since there is no combustion process (heating temperature ranges between 330 and 350 degrees), it is
believed that exposure to harmful substances should be lower. Also, the device, based on tobacco heating
technology, has a usable duration of 6 minutes and then needs to be filled, thus limiting its use. Each
breath is in the interval of 25 seconds, so the number of breaths is 12–14 in six minutes, which again tries
to have an impact on the consumer [7]. Also, through generations of devices, the heating temperature
decreases, which is thought to bring a benefit in the release of potentially harmful substances to the
body [7].

The primary objective of this paper was to present the effect of HNB tobacco products on the cardio-
vascular system, with reference to the existence of a possible benefit of the technology.

2. Methods

A systematic review of the randomized controlled trials on HNB tobacco products and their link to
cardiovascular risk was conducted in accordance with the recommendations of the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) statement and the Cochrane Handbook for
Systematic Reviews of Interventions [14,15].

2.1. Search methods for identification of studies

The literature search was conducted in PubMed/Medline, the Cochrane Central Register of Controlled
Trials (CENTRAL) and ClinicalTrials.gov databases. Articles containing keywords related to tobacco
products and cardiovascular risk (“Tobacco Products”, “Nicotine Delivery Devices”, “Cardiovascular
System”, “Risk”, “Parameters”) were then imported into Rayyan Systematic Review Screening Software
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(n = 167). The titles and abstracts were assessed for eligibility whereby only those explicitly mentioning
tobacco products and cardiovascular risk were retained, leaving n = 25 articles for inclusion. The complete
search strategy is provided in Supplements 1–4. The rationale for performing this systematic review
and the methodology that was used were determined with a well-defined guiding research statement,
with reliance on the PECO elements (Population, Exposure, Comparison, Outcome) matching with adult
smokers with or without history of cardiovascular disease, heat-not-burn tobacco products, compared
with alternative tobacco products, electronic cigarettes, conventional cigarettes, nicotine replacement
therapy, or smoking abstinence arms, and potential harms and cardiovascular risk according to biomarkers
of exposure, biological biomarkers, or cardiovascular parameters assessment. Further, clear inclusion and
exclusion criteria for the studies of interest were determined.

The full texts of the 48 articles were assessed for eligibility manually using the following inclusion and
exclusion criteria, and 25 articles remained for the next stage.

Inclusion criteria (PECO):
– Types of studies: randomized controlled trials (RCTs)
– Populations: human adult population (age > 18), both males and females, who were smokers, with

or without previous history of cardiovascular disease
– Exposure: heat-not-burn tobacco products from electronic nicotine delivery devices
– Outcomes: biomarkers of effect or exposure to tobacco products associated with the cardiovascular

system, disease or risk (endothelial dysfunction, oxidative stress, inflammation, platelet activation,
lipid metabolism, as well as other cardiovascular parameters such as heart rate variability (HRV),
flow-mediated dilation (FMD), pulse wave velocity (PWV), coronary flow reserve (CFR), systolic
and diastolic blood pressure)

Exclusion criteria:
– Types of studies: non-randomized controlled trials (review articles, observational studies, cross-

sectional studies, clinical answers, non-randomized trials, etc.)
– Outcomes: not related to the cardiovascular system, disease, or risk

2.2. Data extraction and synthesis

The results from the remaining papers were then synthesized manually. Studies eligible for this review
were randomized controlled trials (RCTs) with data reported. All studies which were not RCTs and did
not report data or were systematic reviews, studies not reporting any cardiovascular outcomes, and studies
with full text not in English were excluded. Each step in this systematic review was carried out by two
independent reviewers to eliminate any bias. Any conflicts were resolved with a conversation between
reviewers or by asking another reviewer to break a tie. Study characteristics included information on study
design, patient characteristics, follow-up durations, intervention, comparison, baseline characteristics,
and results regarding the related outcomes of interest with different drugs relevant to our review. Any
missing data were found on ClinicalTrials.gov for the included randomized controlled trials (RCTs).
Where results from a single trial were reported in more than one article, the most complete publication
was preferred. If deemed relevant for the purpose of this study based on the established criteria, selected
reports and analyses were also included. Study information, including biomarker levels, units, sample
sizes, and treatment, were extracted and reported, and data were presented as given in the published
articles.

Some of the included studies had a mixture of comparisons of different tobacco products with different
comparators, each combination of which may need to be considered separately. Also, some of the
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outcomes of the RCTs focused only on biomarkers of effect, while others only on biomarkers of exposure
or a combination of both, and the rest focused on other functional heart parameters only, not on biomarkers.
As a result, a meta-analysis was not feasible to be conducted.

Results on the different biomarkers and HNBs’ effects on their levels in the interventional studies
included were reported and interpreted in terms of 95% confidence intervals (CI) and p-value for
statistical significance of the findings. Moreover, continuous variables were presented as means ±
standard deviations, and categorical variables were presented as absolute values and percentages. In
certain cases, the LS mean difference from baseline was also presented along with the 95% confidence
intervals.

2.3. Quality assessment

The included randomized controlled trials were critically appraised by five independent assessors
(E.B., B.A., E.O., A.I., B.S., A.B.) using The Critical Appraisal Skills Programme CASP Checklist
for Randomized Controlled Trials (16), a methodology recommended by the Cochrane Handbook for
Systematic Reviews of Interventions (15). Studies were assessed for risk of bias using eleven pre-defined
questions with regard to sections on the validity of the basic study designs for randomized controlled
trials, methodological rigor, reported results, and whether they were applicable locally (Supplement
5). The critical appraisal process was based on an assessment of trial publications and protocols. The
response options were as follows: “Yes”, “No”, or “Can’t tell”. Additionally, this systematic review of
randomized controlled trials has been self-evaluated through the AMSTAR 2 Checklist for the Quality
Assessment of Systematic Reviews (Supplement 6) [17].

3. Results

The search of three databases identified 167 records dating until September 30, 2022. The study
selection process is illustrated in PRISMA (Fig. 1). Screening of titles and abstracts led to the assessment
of forty-eight publications for full-text review, out of which twenty-three publications were ineligible.
Fifteen records could not be retrieved for full-text assessment. Excluded studies and the pertinent reasons
for their exclusion are provided in Supplement 7. Ultimately, a total of twenty-five publications were
eventually included in our systematic review, specifically nineteen RCTs [18–36], with six reports [37–42]
of included studies. An overview of studies analyzing HNB tobacco products is shown in Supplement
8 with corresponding study characteristics of each trial. Markers of oxidative stress, inflammation and
endothelial dysfunction parameters, coagulation factors and hypercoagulability, and cardiac function
were analyzed with reference to the toxic effect of degradation substances. Studies were conducted in
numerous countries, including Japan, Poland, Arizona, Florida, Kentucky, Nebraska, Nevada, North
Carolina, Ohio, Tennessee, Texas, and Virginia, Germany. The included studies’ total sample size was
3740 participants.

In ten studies, Tobacco Heating System (THS) was the main exposure product [19,24–26,33–36,39,40].
In three studies, a carbon-heated tobacco product (CHTP) was the main exposure product [20,21,27]. In
five studies, an electrically heated cigarette smoking system (EHCSS) was the main exposure product [29–
32,42]. The rest of the trials used other heated tobacco products as exposure. Eight studies investigated
the effects of HNB products on both biomarkers of exposure and those of biological and clinical relevance
associated with cardiovascular disease [20,24,26,29,32,36–38], seven studies reported only on biomarkers
of exposure [19,21,25,27,28,34,35], while three studies solely focused on biological biomarkers [39–41].
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Fig. 1. PRISMA flow diagram.

Five studies evaluated other functional heart parameters, rather than biomarkers [18,22,30,31,42]. At last,
two studies evaluated all three outcomes together, that is, biomarkers of exposure, biological biomarkers,
and other functional heart parameters [23,33].

Because every biomarker of effect could predict a range of clinical conditions, therefore biomarkers
of systemic inflammation or oxidative stress relating to cardiovascular disease, cancer, and lung dis-
ease were reported (Supplements 9 and 10). Biomarkers that were reported, either directly related to
cardiovascular risk or contributing to mechanistic pathways of cardiovascular disease (Fig. 2), were high-
sensitivity C-reactive protein (hs-CRP), fibrinogen, homocysteine, white blood cell (WBC) count, soluble
intracellular adhesion molecule-1 (sICAM-1), and 11-dehydrothromboxane B2 (11-DTX-B2), 8-epi-
prostaglandin F2 alpha (8-epi-PGF2↵), low-density lipoprotein (LDL) cholesterol, high-density lipopro-
tein cholesterol (HDL), glucose, hematocrit (HCT), hemoglobin (Hb), apolipoprotein A1, apolipoprotein
B, total cholesterol, triglycerides, myeloperoxidase, systolic and diastolic blood pressures. Furthermore,
we reported biomarkers of exposure that were common to the selected studies, including carboxyhe-
moglobin (COHb), monohydroxybutenylmercapturic acid (MHBMA), 3-hydroxypropyl mercapturic acid
(3-HPMA), S-phenylmercapturic-acid (S-PMA), total 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol
(NNAL), total N’-Nitrosonornicotine (NNN), 1-Naphthylamine (1-NA), 2-Naphthylamine (2-NA), 4-
aminobiphenyl (4-ABP), Nicotine (NEq), cotinine, total 1-hydroxypyrene (1-OHP), o-toluidine (o-TOL),
3-hydroxyl-methylpropylmercapturic acid (HMPMA), N-acetyl-S-(2-carboxyethyl)-L-cysteine (CEMA),
and N-acetyl-S-(2-hydroxyethyl)-L-cysteine (HEMA).
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Table 1
Inclusion criteria for screening of the articles

Eligibility criteria
P: Randomized controlled trials (RCTs)
E: Heat-not-burn tobacco products
C: Cigarettes, other types of tobacco products, nicotine replacement therapy, or smoking abstinence
O: Biomarkers of effect or exposure to tobacco products associated with the cardiovascular system, disease, or risk

Fig. 2. Patho-mechanistic effects of smoking on the cardiovascular system and common HNB tobacco product effects reported
in randomized controlled trials. Cigarette smoking leads to deleterious effects on the cardiovascular system by contributing
to an increase in inflammatory response, endothelial dysfunction, oxidative stress, platelet activation, LDL cholesterol, and a
decrease in HDL cholesterol. Smoking further causes arterial stiffness, leading to changes in blood pressure, heart rate, and other
parameters related to myocardial dysfunction. These mechanisms have been implicated in atherosclerotic disease, increasing the
risk of cardiovascular events. Findings from studies investigating the effects of HNB technology on cardiovascular system, as
compared to conventional tobacco products, indicate reductions in biomarkers related to the pathophysiological mechanisms
of smoking-related cardiovascular disease. Reductions in high-sensitivity C-reactive protein, fibrinogen, and homocysteine
as established cardiovascular risk markers, as well as WBC count, sICAM-1, LDL cholesterol, 8-epi-prostaglandin F2 alpha,
11-deyhdrothromboxane B2, and elevations in HDL, following exposure to HNB tobacco products, were indicated. Favorable
changes were also observed in blood pressure, parameters of arterial stiffness, as well as myocardial deformation. CVS =
cardiovascular system; HNB = heat-not-burn; EC = endothelial cell; NO = nitric oxide; HDL = high-density lipoprotein;
LDL = low-density lipoprotein; hs-CRP = high-sensitivity C-reactive protein; WBC = white blood cells; 8-epi-PGF↵ =
8-epi-prostaglandin F2 alpha; 11-DTXB2 = 11-deyhdrothromboxane B2; sICAM-1 = soluble intracellular adhesion molecule-1.
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Table 2
Characteristics of included studies

Author/reference Type of study Methods Main conclusions
Ikonomidis et al.
(2021) [18]
(NCT03452124)

Randomized,
cross-over
acute and
chronic phase
trial study

75 smokers were randomized to either
HNBC or Tcig during an acute phase of 7
minutes and a chronic phase of one month.
PWV, MDA, TXB2, CO, CFR, FMD, and
other echocardiographic parameters were
assessed.

Switching from tobacco cigarettes to
HNBC product for a month significantly
improved myocardial, coronary and arterial
function.

Haziza et al.
(2020) [19]
(NCT01989156)

Randomized,
three-arm
parallel group,
controlled
clinical study

160 US adult menthol cigarettes (mCCs)
smokers were either switched to menthol
Tobacco Heating System (mTHS) 2.2 or
mCCs or smoking abstinence (SA) for five
days. Biomarkers of exposure to 16
HPHCs were measured.

Switching from mCCs to mTHS
significantly reduced the exposure to
HPHCs.

Bosilkovska et
al. (2020) [20]

Randomized,
controlled,
open-label,
2-arm
parallel-group,
single-center
study

120 adult healthy smokers were random-
ized to switch to CHTP 1.2 or to continue
using cigarettes for five days in confinement
followed by 85 ambulatory days.
Changes in biomarkers of effect related to
cardiovascular disease, oxidative stress,
inflammation, and lung function upon
switching to CHTP, as well as the safety
profile in those switching to this product,
were evaluated.

Favorable changes were reported by
switching from cigarettes to CHTP
resulted, with significantly reduced
exposure to HPHCs and improvements in
some biomarkers of effect with reduction
in inflammation, endothelial dysfunction,
and platelet activation, which represent
mechanistic pathways underlying the
development of cardiovascular diseases.

Tran et al.
(2020) [21]
(NCT02503254)

Controlled,
randomized,
open-label,
two-arm
parallel-group,
single-center
clinical study

80 subjects were randomized to switch to
CHTP 1.0 or to continue cigarette smoking
for five days in confinement.
Fifteen biomarkers of exposure were
assessed for reductions in their levels with
switch to CHTP 1.0 product use.

The study found a significant reduction in
biomarkers of exposure by switching to
CHTP, but the carboxyhemoglobin level in
this group was slightly above (2.7%) the
WHO-recommended values (2.4–2.5%) for
smokers at risk for cardiovascular diseases.

Franzen et al.
(2020) [22]

Randomized,
cross-over trial

20 healthy smokers were randomized to
HTP, cigarettes, and e-cigarettes for four
study visits, focusing on the acute effects
of HTPs on arterial stiffness as a marker
for cardiovascular events.

HTPs demonstrated acute changes in
peripheral and central blood pressure, with
an increase of SBP, HR, and significant
changes in PWV. The results indicated
more pronounced changes with
conventional cigarettes than with HTP and
e-cigarettes.

Biondi-Zoccai
et al. (2019)
[23]
(NCT03301129)

Cross-over
randomized
trial

20 combustible tobacco cigarette (TC)
smokers were exposed to TC,
heat-not-burn (HNB) products, and e-cigs
with an intercycle washout of one week.
The effects of different tobacco products
on oxidative stress, antioxidant reserve,
platelet activation, flow-mediated dilation,
blood pressure, and satisfaction scores
were assessed.

Single-use of any product leads to an
adverse impact on oxidative stress,
antioxidant reserve, platelet function,
flow-mediated dilation, and blood pressure.
HNB has less impact than e-cigs and TC on
soluble Nox2-derived peptide,
8-iso-prostaglandin F2a-III, and vitamin E.
HNB and re-cigs are equally less impactful
than TCs on flow-mediated dilation, H2O2,
H2O2 breakdown activity, soluble CD40
ligand, and soluble P-selectin. The effect of
HNB and, to a lesser extent, e-cigs on
blood pressure was less evident than that of
TC.
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Table 2, continued

Author/reference Type of study Methods Main conclusions
Lüdicke et al.
(2019) [24]

Randomized,
controlled,
2-arm
parallel-group,
multicenter,
open-label,
ambulatory
study

803 healthy smokers were randomized to
conventional nonmenthol cigarettes or THS
(IQOS) for six months.
Eight biomarkers of effect related to
cardiovascular and other smoking
disease-related risks were evaluated for any
improvements with switching to THS
product use.

The study found statistically significant
improvements in five of the eight
co-primary endpoints by switching to THS
use in the same direction as with smoking
cessation.

Gale et al.
(2019) [25]

Randomized,
controlled,
dual-center,
open-label,
ambulatory
study design

180 Japanese smokers were randomized to
either continue smoking combustible
cigarettes, switch to using mentholated or
non-mentholated variants of gloTM

(gloTM/THP1.0), non-mentholated variant
of iQOS (THS), or abstinence for five days,
to assess exercise performance by
spiroergometry (SLSE). The aim was to
investigate whether there were reductions
in biomarkers of toxicant exposure when
switching to gloTM/THP1.0.

The study found statistically significant
reductions in biomarkers of exposure in
those switching to glo or abstaining from
smoking, indicating a potential for changes
in risk by reduced-exposure tobacco
products.

Lüdicke et al.
(2018) [26]

Randomized,
three-arm
parallel-group,
controlled
clinical study

160 Japanese adult menthol cigarettes
(mCCs) smokers were either switched to
menthol Tobacco Heating System (mTHS)
2.2 or mCCs or smoking abstinence (SA)
for five days. Biomarkers of exposure to 16
HPHCs were measured.

Switching from mCCs to mTHS
significantly reduced exposure to HPHCs
relative to continuing smoking mCCs.

Lüdicke et al.
(2016) [27]

Randomized,
open-label,
three-arm,
parallel-group,
single-center
clinical study

112 Caucasian adult smokers were
randomized to continue combustible
cigarette smoking (CC), switch to a
carbon-heated tobacco product (CHTP), or
smoking abstinence (SA), for five days.
Effects of exposure to selected harmful and
potentially harmful constituents (HPHCs)
of cigarette smoke with switching to a
CHTP were evaluated.

Reductions in levels of biomarkers of
exposure to HPHCs of tobacco smoke by
switching to CHTP, similarly to smoking
abstinence, were found, which could
potentially also reduce the incidence of
cardiovascular and respiratory diseases,
aside from cancer.

Ogden et al.
(2015) [28]
NCT02061917

Randomized,
multi-center
clinical study

Adult cigarette smokers were introduced to
either snus, tobacco-heating cigarettes, or
ultra-low machine-yield tobacco-burning
cigarettes (50 per group), and differences in
biomarkers of tobacco exposures were
assessed.

Results indicate reduced exposure to many
potentially harmful constituents found in
cigarette smoke following product
switching.

Leroy et al.
(2012) [29]

Randomized,
open-label,
ambulatory,
controlled
clinical study

316 male and female Polish TC-smoker
were randomized to continue smoking TC
or switch to smoking the EHCSS.
Biomarkers of exposure (HPHC) and effect
(C-reactive protein, white blood cell
counts, high-density lipoprotein
cholesterol, red blood cell count,
hemoglobin, and hematocrit reduced
levels) were measured at several time
points during the study.

Results indicate an increase in high-density
lipoprotein cholesterol and reductions in
red blood cell count, hemoglobin, and
hematocrit levels in the EHCSS group. All
biomarkers of exposure to cigarette smoke
were decreased in the EHCSS group.

Munjal et al.
(2009) [30]

Randomized,
cross-over
study

30 adult Caucasian male smokers were
exposed to the TC or EHCSS smoke for
three days, and the 24-hour
electrocardiograms (ECGs) were recorded.

Heart rate variability tended to increase
with reduced smoke exposure.



1466 E. Begić et al. / Heat-not-burn tobacco products and cardiovascular risk reduction

Table 2, continued

Author/reference Type of study Methods Main conclusions
Unverdorben et
al. (2007) [31]

Randomized,
controlled,
open-label,
3-period,
crossover
study

18 male adult smokers were randomized to
CC, EHCSS, or no smoking (NS), and the
effects of tobacco smoke exposure on
spiroergometric parameters were evaluated
after three days, including oxygen uptake,
carbon dioxide exhalation, heart rate, and
systolic and diastolic blood pressure, as
well as carboxyhemoglobin concentrations.

There were improvements in CV function
as detected by spiroergometry (SLSE),
with reduced exposure from EHCSS and
no smoking, with a decline in
carboxyhemoglobin concentration, and
thus change in exercise performance.

Roethig et al.
(2008) [32]

Randomized,
controlled,
forced-
switching,
open-label,
parallel-group,
clinical study

97 adult male and female TC smokers were
either switched to EHCSS or continued
smoking TC for 12 months. Biomarkers of
exposure and cardiovascular risk factors
were measured.

There was a rapid and sustained reduction
in all biomarkers of exposure after
switching to the EHCSS. In the EHCSS
group, various cardiovascular risk factors,
including white blood cell count,
hemoglobin, hematocrit, urine
11-dehydrothromboxane B2, and
high-density lipoprotein cholesterol, have
changed in a statistically significant and
pathophysiologically favorable way as a
result of the reductions.

NCT03887117
[33]

Randomized,
controlled,
open-label,
4-arm parallel
group study

94 healthy adult smokers were randomized
to four arms (IQOS and exercise training
program, IQOS without exercise training
program, cigarette smoking, and exercise
training program, or smoking abstinence
and exercise training program) to evaluate
the effect of switching to THS (IQOS)
from cigarette smoking on exercise
capacity over 12 weeks.

Switching to THS from cigarette smoking
led to an increase in maximum oxygen
uptake during exercise, as well as a
decrease in systolic blood pressure and
heart rate.

NCT01959932
[34]

Randomized,
parallel,
open-label

169 healthy adult smokers were
randomized to Tobacco Heating System
(THS 2.2), smoking abstinence (SA), and
conventional cigarette (CC) to evaluate the
reduction in the levels of biomarkers of
exposure for HPHCs with THS 2.2 use for
five days.

Hypertension occurred less with THS 2.2
(1.25%, two events) in those at risk, as
compared to those in smoking abstinence
(5.13%, five events) or CC (2.44%) (one
event) groups.

NCT01970982
[35]

Randomized,
controlled,
open-label,
3-arm parallel
group study

166 participants were randomized to THS
2.2, abstinence from smoking, and
conventional cigarette (CC), for five days
in confinement.

THS 2.2 use resulted in a smaller increase
in blood triglycerides in those at risk
(2.50%) as compared to the CC use (5%
increase).

NCT02649556
[36]

Randomized,
parallel,
open-label
clinical study

672 participants were randomized to THS
2.2 arm and CC arm in an ambulatory
setting for 26 weeks.

With THS 2.2 use, none of those at risk for
acute myocardial infarction were affected,
as compared to CC use, whereby one
serious adverse event occurred.

Reports
Gale et al.
(2022) [37]

Randomized,
controlled,
parallel-group,
open-label,
ambulatory
clinical study

267 cigarette smokers were randomized to
continue smoking, switch to a THP (gloTM,
THP1.1), or quit tobacco use, with an ad-
ditional group of never smokers, for 12
months.
Numerous biomarkers of exposure and
potential harm related to oxidative stress,
cardiovascular and respiratory diseases, as
well as cancer were assessed after 360
days.

Switching to THP use was associated with
sustained reductions in biomarkers of
exposure and improvements in biomarkers
of potential harm, similar to smoking
cessation. The large changes in the
biomarker of potential harm levels from
baseline relate to CVD progression.
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Table 2, continued

Author/reference Type of study Methods Main conclusions
Gale et al.
(2021) [38]

Randomized,
controlled,
parallel-group,
open-label,
ambulatory
clinical study

285 healthy volunteer smokers were
randomized to continue smoking, switch to
a THP, or abstinence. Numerous
biomarkers of exposure and potential harm
related to oxidative stress, cardiovascular
and respiratory diseases, as well as cancer
were assessed after 180 ambulatory days.

Switching to using THP led to exposure
reductions with favorable changes in
disease-risk biomarkers, similar to smoking
abstinence, hence with a reduction in
deleterious health impacts.

Haziza et al.
(2020) [39]
(NCT01989156)

Randomized,
three-arm
parallel-group
controlled
clinical study

160 US adult menthol cigarettes (mCCs)
smokers were either switched to menthol
Tobacco Heating System (mTHS) 2.2 or
mCCs or smoking abstinence (SA) for 85
ambulatory days following five days in
confinement. Biomarkers of exposure as
well as clinical biomarkers of potential
harm (BOPH), were measured.

Switching to mTHS resulted in reduced
exposure and subsequently in favorable
changes in endothelial dysfunction and
oxidative stress.

Lüdicke et al.
(2018) [40]

Randomized,
three-arm
parallel-group,
controlled,
open-label,
multicenter
clinical study

160 Japanese adult menthol cigarettes
(mCCs) smokers were either switched to
menthol Tobacco Heating System (mTHS)
2.2 or mCCs or smoking abstinence (SA)
for 85 ambulatory days following five days
in confinement. Biomarkers of exposure
and clinically relevant biomarkers involved
in mechanistic pathways of
smoking-related diseases were measured.

In the mTHS group, clinically relevant
biomarkers of oxidative stress, endothelial
function, lipid metabolism, and
inflammation were improved analogously
to smoking cessation leading to harm
reduction.

Ogden et al.
(2015) [41]

Randomized,
multi-center
clinical study

163 adult smokers were randomized to
switching to tobacco-heating cigarettes,
snus, or ultra-low machine yield
tobacco-burning cigarettes for 24 weeks,
with an additional group of never-smokers.
Biomarkers of biological effect,
particularly inflammation, lipids, and
hypercoagulable state, were evaluated.

The study reported that biological
biomarkers of inflammation or oxidative
stress, hypercoagulable state, and DNA
damage were statistically significantly
higher in smokers than in never-smokers,
with no other statistically significant
differences in pairwise product group
comparisons.

Unverdorben et
al. (2008) [42]

Cross-over
randomized
trial

18 adult male TC smokers were divided
into three groups: TC, second-generation
electrically heated cigarette smoking
system (EHCSS), and non-smoker (NS) for
three days. The effects of TC and EHCSS
series JLI smoke exposure on the
prognostic parameters of heart rate (HR)
and RPP were investigated.

Reduced exposure to tobacco smoke and
no smoking for three days lead to
improvements in HR and RPP parameters,
and these improvements are more
pronounced during no smoking than during
the use of the EHCSS.

HNBC = heat-not-burn cigarettes; mCCs = mentholated combustible cigarettes; mTHS = menthol tobacco heating system; Tcig
= tobacco cigarette; TC = tobacco cigarette; CHTP = carbon-heated tobacco product; HTP = heated tobacco product; HPHCs
= harmful and potentially harmful constituents; e-cigarettes = electronic cigarettes; HNB = heat-not-burn; THS = tobacco
heating system; THP = tobacco heated product; CC; EHCSS = electrically heated cigarette smoking system; NS = no smoking;
SA = smoking abstinence; WHO = World Health Organization; PWV = pulse wave velocity, MDA = malondialdehyde, TXB2
= thromboxane B2; CO = carbon monoxide; CFR = coronary flow reserve, FMD = flow-mediated dilation, SBP = systolic
blood pressure, HR = heart rate, H2O2 = hydrogen peroxide; SLSE = spiroergometry; ECGs = electrocardiograms; CVD =
cardiovascular disease; DNA = deoxyribonucleic acid; RPP = rate pressure product; BOPH = biomarkers of potential harm.
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E. Begić et al. / Heat-not-burn tobacco products and cardiovascular risk reduction 1475

Ta
bl

e
3,

co
nt

in
ue

d

B
io

m
ar

ke
r

U
ni

t
Sa

m
pl

e
Ex

po
su

re
C

om
pa

ra
to

r
B

as
el

in
e

va
lu

es
En

d-
of

-s
tu

dy
va

lu
es

Ef
fe

ct
si

ze
of

in
te

rv
en

tio
n

C
om

m
en

ts
R

ef
.

H
N

B
pr

od
uc

t
M

ea
n
±

SD
;

LS
M

ea
ns

(9
5%

C
I)

C
om

pa
ra

to
r

M
ea

n
±

SD
;

LS
M

ea
ns

(9
5%

C
I)

H
N

B
pr

od
uc

t
M

ea
n
±

SD
;

LS
M

ea
ns

(9
5%

C
I)

C
om

pa
ra

to
r

M
ea

n
±

SD
;

LS
M

ea
ns

(9
5%

C
I)

M
ea

n,
95

%
C

I,
p

-v
al

ue
;%

ch
an

ge
LS

M
ea

n
di

ff
er

en
ce

or
ra

tio
,o

r%
re

du
ct

io
n

pg
/2

4
h

U
rin

e
EH

C
SS

-K
6

C
C

EH
C

SS
-K

6:
14

.4
7

±
8.

49
;1

2.
7

(1
.7

,
81

.0
)

C
C

:1
3.

55
±

5.
62

;1
3.

6
(1

.7
,2

8.
1)

EH
C

SS
-K

6:
13

.2
5

±
8.

68
;1

1.
4

(1
.2

,
81

.0
)

C
C

:1
3.

33
±

6.
78

;1
2.

4
(1

.6
,4

2.
6)

N
o

m
ea

ni
ng

fu
lc

ha
ng

e
In

EH
C

SS
-K

6
gr

ou
p,

ex
cr

et
io

n
#

fr
om

ba
se

lin
e

to
th

e
en

d-
of

-s
tu

dy

Le
ro

y
et

al
.

(2
01

2)
[2

9]

ng
/2

4
h

U
rin

e
EH

C
SS

C
C

EH
C

SS
:1

82
6

(1
08

)
C

C
:1

85
6

(1
61

)
EH

C
SS

:1
45

0
(3

2)
C

C
:1

89
5

(5
9)

A
st

at
is

tic
al

ly
si

gn
ifi

ca
nt

di
ff

er
en

ce
in

ch
an

ge
s

be
tw

ee
n

th
e

gr
ou

ps
,p

=
0.

00
31

#
fr

om
18

26
ng

/2
4

h
to

14
50

ng
/2

4
h

w
ith

EH
C

SS
us

e,
th

us
#

pl
at

el
et

ac
tiv

at
io

n;
re

m
ai

ne
d

re
la

tiv
el

y
st

ab
le

in
th

e
C

C
gr

ou
p

R
oe

th
ig

et
al

.
(2

00
8)

[3
2]

pg
/m

g
cr

ea
t

U
rin

e
TH

S
2.

2
C

C
–

–
TH

S
2.

2:
58

2
(5

18
to

65
4)

C
C

:5
86

(5
38

to
63

8)
%

R
el

at
iv

e
R

ed
uc

tio
n

3.
44

;
95

%
C

I:
�

8.
74

to
14

.3
Sl

ig
ht

#
w

ith
TH

S
2.

2
us

e
co

m
pa

re
d

to
co

m
bu

st
ib

le
ci

ga
re

tte
s

N
C

T0
26

49
55

6
[3

6]

ng
/2

4
h

U
rin

e
TH

P
C

C
TH

P:
85

C
C

:5
3

TH
P:

�
27

4
C

C
:�

10
0

#
of

le
ve

ls
w

ith
TH

P
us

e
w

as
by

ov
er

2.
5

tim
es

th
an

th
at

se
en

in
th

os
e

w
ho

co
nt

in
ue

d
sm

ok
in

g;
no

t
st

at
is

tic
al

ly
si

gn
ifi

ca
nt

:
�

17
3

(�
39

9,
53

),
p
=

0.
03

96

Fa
vo

ra
bl

e
ch

an
ge

s
ov

er
tim

e
by

#
le

ve
ls

of
11

-d
TX

B
2

fr
om

ba
se

lin
e

til
ld

ay
18

0
by

sw
itc

hi
ng

to
TH

P;
ho

w
ev

er
,

co
m

pa
ris

on
w

ith
th

e
gr

ou
p

th
at

co
nt

in
ue

d
sm

ok
in

g
di

d
no

tr
ea

ch
st

at
is

tic
al

si
gn

ifi
ca

nc
e

G
al

e
et

al
.

(2
02

1)
[3

8]

ng
/2

4
h

U
rin

e
TH

P
C

C
or

C
es

sa
tio

n
TH

P:
11

01
.5

1
C

C
:1

10
5.

35
;C

es
sa

tio
n:

13
02

.5
6

TH
P:

89
0.

06
C

C
:1

00
7.

60
;C

es
sa

tio
n:

91
9.

17
#

le
ve

ls
by

29
%

by
ce

ss
at

io
n;

by
19

%
by

sw
itc

hi
ng

to
TH

P
us

e,
an

d
by

9%
in

th
os

e
w

ho
co

nt
in

ue
d

sm
ok

in
g

ci
ga

re
tte

s

#
le

ve
ls

co
m

pa
re

d
to

ba
se

lin
e

by
sw

itc
hi

ng
to

TH
P

us
e,

an
d

by
ce

ss
at

io
n,

af
te

r3
60

da
ys

G
al

e
et

al
.

(2
02

2)
[3

7]

pg
/m

g
cr

ea
t

U
rin

e
m

TH
S

m
C

C
or

SA
m

TH
S:

61
1.

9
(5

32
.7

;7
02

.9
)

m
C

C
:5

75
.6

(4
94

.0
;6

70
.8

)
SA

:5
18

.1
(3

77
.9

;7
10

.2
)

m
TH

S:
42

1.
4

(3
52

.7
;5

03
.5

)
m

C
C

:4
31

.1
(3

45
.6

;5
37

.7
)

SA
:3

72
.1

(2
25

.4
;6

14
.4

)
m

TH
S:

m
C

C
:

96
.4

4
(7

5.
43

;
12

3.
31

),
p
=

0.
77

01
m

TH
S:

SA
:1

03
.8

8
(7

0.
42

;
15

3.
23

),
p
=

0.
84

61

Fa
vo

ra
bl

e
ch

an
ge

s
w

er
e

ob
se

rv
ed

in
th

e
m

ea
n

le
ve

ls
,i

n
no

rm
al

w
ei

gh
ts

ub
je

ct
s

(m
TH

S:
m

C
C

ra
tio

#
fr

om
96

.4
%

to
88

.5
%

)

H
az

iz
a

et
al

.
(2

02
0)

[3
9]

pg
/m

g
cr

ea
t

U
rin

e
TH

S
C

C
TH

S:
58

8
(5

35
;

64
7)

C
C

:5
77

(5
35

;6
22

)
TH

S:
50

2
(4

58
;

55
0)

C
C

:5
27

(4
91

;5
64

)
M

ea
n

ch
an

ge
:

11
.3

(�
8.

0
to

27
.2

)
%

R
ed

uc
tio

n:
4.

74
,p

=
0.

19
3

Fa
vo

ra
bl

e
ch

an
ge

s
in

pl
at

el
et

ac
tiv

at
io

n,
bu

tn
on

si
gn

ifi
ca

nt
Lü

di
ck

e
et

al
.

(2
01

9)
[2

4]

pg
/m

g
C

r
U

rin
e

m
TH

S
m

C
C

or
SA

m
TH

S:
58

0.
41

(5
31

.0
9;

63
4.

32
)

m
C

C
:5

33
.1

3
(4

87
.3

2;
58

3.
24

)
SA

:6
04

.7
7

(5
40

.2
0;

67
7.

06
)

m
TH

S:
49

8.
22

(4
47

.5
4;

55
4.

63
)

m
C

C
:5

15
.1

8
(4

66
.9

9;
56

8.
35

)
SA

:4
50

.7
6

(3
98

.1
2;

51
0.

37
)

m
TH

S
vs

.m
C

C
:9

1.
02

(8
0.

48
;1

02
.9

4)
,p

=
0.

13
27

m
TH

S
vs

.S
A

:1
12

.8
9

(9
9.

47
;1

28
.1

2)
,p

=
0.

06
03

[1
1-

D
TX

-B
2]

w
as

#
by

9%
by

sw
itc

hi
ng

to
m

TH
S

us
e,

w
hi

ch
w

as
si

m
ila

rt
o

SA

Lü
di

ck
e

et
al

.
(2

01
8)

[2
6]

So
lu

bl
e

N
ox

2-
de

riv
ed

pe
pt

id
e

pg
/m

L
Se

ru
m

TH
S

2.
2

(I
Q

O
S)

TC
or

EV
C

TH
S

2.
2

(I
Q

O
S)

:
22

.8
±

7.
6

TC
:2

3.
1
±

8.
4

EV
C

:1
9.

9
±

9.
9

TH
S

2.
2

(I
Q

O
S)

:
29

.9
±

5.
0

TC
:4

4.
1
±

17
.1

EV
C

:1
9.

9
±

9.
9

TH
S

2.
2:

p
<

0.
00

1
TC

:p
<

0.
00

1
EV

C
:p

<
0.

00
1

A
si

gn
ifi

ca
nt

#
of

sN
ox

2-
dp

re
le

as
e

af
te

rs
m

ok
in

g
ea

ch
de

vi
ce

w
as

ob
se

rv
ed

;T
H

S
2.

2
ha

d
si

gn
ifi

ca
nt

ly
le

ss
im

pa
ct

th
an

EV
C

an
d

TC
on

so
lu

bl
e

N
ox

2-
de

riv
ed

pe
pt

id
e;

N
B

C
ha

d
le

ss
ac

ut
e

ef
fe

ct
s

on
so

lu
bl

e
N

ox
2-

de
riv

ed
pe

pt
id

e

B
io

nd
i-Z

oc
ca

i
et

al
.(

20
19

)
[2

3]

N
itr

ic
ox

id
e

bi
oa

va
ila

bi
lit

y
µ

m
ol

/L
Se

ru
m

TH
S

2.
2

(I
Q

O
S)

TC
or

EV
C

TH
S

2.
2

(I
Q

O
S)

:
24

.4
±

16
.5

TC
:2

5.
8
±

18
.9

EV
C

:2
4.

9
±

13
.6

TH
S

2.
2

(I
Q

O
S)

:
19

.8
±

6.
6

TC
:1

2.
7
±

6.
6

EV
C

:1
7.

0
±

5.
4

TH
S

2.
2:

p
=

0.
20

6
TC

:p
=

0.
00

6
EV

C
:p

=
0.

00
6

A
si

gn
ifi

ca
nt

#
af

te
rE

V
C

an
d

TC
w

as
ob

se
rv

ed
,b

ut
no

si
gn

ifi
ca

nt
ch

an
ge

s
w

ith
TH

S2
.2

in
ni

tri
c

ox
id

e
av

ai
la

bi
lit

y;
no

ns
ig

ni
fic

an
ti

nt
er

ac
tio

n
p-

va
lu

es

B
io

nd
i-Z

oc
ca

i
et

al
.(

20
19

)
[2

3]
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3.1. Quality of the evidence

The risk of bias for each study was evaluated using an eleven-questions checklist that focused on
key elements of internal and external validity (Supplement 11). Most studies reported reproducible
and comparable methods of patient recruitment, cardiovascular risk consideration, as well as means of
measuring and analyzing outcome measures.

All the studies addressed a clearly focused research question regarding population, exposure, compari-
son, and outcomes; thus, they were endorsed with a “Yes.” Also, for all of the included studies, the study
groups were reported to be similar at the start of the randomized controlled trial, with comparable baseline
characteristics; hence the pertinent checklist item was also positive. Furthermore, in all studies, the effects
of the exposure were reported comprehensively, and the precision of the estimate of the exposure effect
was reported with 95% confidence intervals (CIs), except for five studies [22,29,31,32,42], which did
not present CI limits. Six trials were 3-arm studies whereby participants were randomized in a ratio of
2:1:1 [19,26,34,35,39,40], one trial randomized participants in a 5:5:5:3 ratio [33], and the rest, either in
1:1 [21,36], 2:1 [32], or 3:1 ratio [29].

Furthermore, in ten studies, the randomization process was performed based on stratification by sex and
daily average cigarette consumption [20,21,24,26,27,29,32,34,35,38,40]; therefore, the corresponding
checklist item was labeled as “Yes”.

Regarding the checklist item concerning blinding of the trials, eighteen studies were labeled with
a “No”; two of them were single-blind studies [18,31], and the others due their open-label nature
described [20,21,24–27,29,32–38,40,42]. There was an uncertainty for five studies under this checklist
section, and only two studies were reported to be double-blinded, hence regarded as positive [22,23]; the
remainder were labeled “Can’t tell” because blinding was not explicitly mentioned in the publications.
None of the included studies conducted a cost-effectiveness analysis.

4. Discussion

Overall, the randomized controlled trials comparing HNB technology with other tobacco products
indicated a reduction in biomarkers related to cardiovascular disease, as well as an improvement in
functional cardiac parameters. These effects on the cardiovascular system are mainly attributable to the
reduced exposure to harmful smoke constituents with HNB tobacco products.

4.1. Comparison of the chemical composition of aerosols from HBN products and tobacco cigarettes

Despite the identification of over 7,000 toxic chemicals in tobacco smoke [43], studies characterizing the
chemical composition of aerosols of conventional cigarettes (3R4F reference cigarette), e-cigs [44], and
HNB products mainly included detection and determination of the content of nicotine, carbon monoxide
(CO), and chemicals from the classes of volatile organic chemicals (VOCs), carbonyls, aromatic amines,
hydrogen cyanide, ammonia, N-nitrosamines, phenol, and polyaromatic hydrocarbons (PAH). Because
there are no standard smoking regimes for HNB products or e-cigs, the studies used the International
Organization for Standardization (ISO) [45] regimen or the Health Canada Intense (HCI) [46] puffing
regimen to produce the aerosol and release the constituents of different tobacco products. The main
difference between those two smoking regimens lies in the volume and frequency of puffs that smoking
machines draw [47–49]. Under the ISO regimen, the smoking machine draws a 35 mL puff volume every
60 s with a puff duration of 2 s in combination with no blocking of filter ventilation, while under the
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HCI regimen, the smoking machine draws a 55 mL puff volume every 30 s with a puff duration of 2 s
in combination with 100% blocking of filter ventilation [47]. When comparing the results of available
studies, it is important to pay attention to the mainstream aerosol production methods as well as the
method of expressing the chemical content (e.g., per puff or per cigarette) in order to get a more objective
picture of the chemical composition of different tobacco products.

In the Li et al. study [47], the authors examined the release of toxic chemicals from conventional
cigarettes and HNB under both ISO and HCI regimens and found that HNB released 90% per cigarette ba-
sis less CO than reference cigarettes. The content of the analyzed chemicals expressed per cigarette/HNB
varied significantly depending on the smoking regimen. The nicotine content was lower, and the total
particulate matter (TPM) and glycerin were higher in HNB products than in conventional cigarette main-
stream aerosol. The content of nitrosamine compounds, some VOCs, and individual carbonyl components
was lower in HNB for the ISO and HCI smoking regimen compared to conventional cigarettes [47].
Another study compared the composition of emissions from HNB, three models of e-cigs, and conven-
tional cigarettes using the HCI smoking regimen for aerosol generation, whereby hexanal was the only
carbonyl found at a higher level in HNB emission than in 3R4F tobacco smoke, whereas m-tolualdehyde
and 2,5-dimethyl benzaldehyde were the two carbonyls that were only detected in aerosols from the
e-cigarette but not in HNB or conventional cigarettes. Authors also found that HNB delivered about 30%
less nicotine to its aerosol than the 3R4F cigarette under the HCI puffing profile, and in the case of e-cigs,
authors noticed that increasing the power supply of e-cigs increases nicotine level in vapor due to more
efficient vaporization of the e-liquid [48]. Wang et al. [49] conducted the study intending to measure
the levels of 55 harmful and potentially harmful constituents (HPHCs) and found that the level of each
HPHC compound was significantly lower in the mainstream smoke of HNB than in 3R4F [50]. The rate
of reduction in HPHCs was between 68.6% and 99.9%. Observed results in the reduction rate of main
tested chemicals in distinct tobacco products (HNB and e-cigs) from different studies were expected if
the burning/heating condition in HNB, e-cigs, and conventional cigarettes were taken into account [47].
According to Dusautoir et al. [48], HNB mainstream aerosol contained acetaldehyde and formaldehyde,
which is the mark of pyrolysis and thermogenic degradation of tobacco [53]. Helen et al. [54], in their
study, examined claims of reduced exposure to HNB products and found that some of the chemicals
belong to chemical classes that are known to have significant toxicity, such as ↵, �-unsaturated carbonyl
compounds and epoxides; however, some of these substances were components of flavor additives in
IQOS or thermal degradation, generally regarded as safe, while others showed a mutagenic effect in-vitro.

4.2. Biological markers of atherosclerotic disease in relation to HBN products and tobacco cigarettes

Findings from the included studies indicate changes in biological markers that have been implicated in
atherosclerotic disease mechanisms reflected by inflammatory response, increased risk of cardiovascular
events, endothelial dysfunction, disturbances in lipid metabolism, oxidative stress, and platelet activation.
In this regard, the common ground in all these trials was reductions in levels of biomarkers associated
with cardiovascular disease, including high-sensitivity C-reactive protein, fibrinogen, and homocysteine
as established cardiovascular risk markers, white blood cells, soluble intracellular adhesion molecule-1,
low-density lipoprotein, 8-epi-prostaglandin F2 alpha, 11-deyhdrothromboxane B2, and elevations in
high-density lipoprotein, following exposure to heated tobacco, as compared to conventional (combustible)
tobacco products. Most of the trials found an improvement in biomarkers of effect that was analogous
to smoking cessation, resulting in harm reduction. In addition, favorable changes were also observed in
blood pressure, parameters of arterial stiffness, as well as myocardial deformation, following comparison
of HNB tobacco products with traditional tobacco cigarettes.
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Of particular interest is the improvement of endothelial dysfunction with HNB tobacco products
deduced by several of the RCTs following significant reductions in sICAM-1 biomarker as well as
flow-mediated dilation (FMD) and coronary flow reserve (CFR) parameters, compared to combustible
tobacco cigarettes [18,20,26,36–39,41]. In addition, a favorable shift in oxidative stress and platelet
function is supported by significant reductions in 8-epi-PGF2↵ and 11-DTXB2 biomarkers, alongside
reductions in malondialdehyde (MDA) as a marker of lipid peroxidation and protein carbonyls (PC)
formed early during oxidative stress [18,20,23,26,29,32,36–39].

SUR-VAPES (Acute Effects of Heat-Not-Burn, Electronic Vaping, and Traditional Tobacco Combustion
Cigarettes: The Sapienza University of Rome-Vascular Assessment of Proatherosclerotic Effects of
Smoking) clinical study found that in terms of increased systolic and diastolic pressure and reducing nitric
oxide concentration, heating technology has less effect than traditional cigarettes, which is especially
important for cardiac patients. It is the only independent study, university-supported, and included 20
respondents during a four-week study. After a one-week washout period, subjects were randomized to
consume HNB cigarettes, e-cigs, and conventional cigarettes. Also, the benefit was verified through
soluble CD40 ligand and soluble P-selectin, and it was less harmful with regard to HNB cigarettes and
e-cigs than conventional cigarettes [23].

4.3. HNB aerosol and cardiovascular system

During a six-month period, Lüdicke et al. [26] showed a benefit to 488 users of HNB technology in
terms of traditional cigarette consumption, in terms of HDL cholesterol concentration, leukocyte values,
soluble intercellular adhesion molecule-1 values, carboxyhemoglobin, forced expiratory volume, values
of 11 dehydrothromboxane B2, 8-epi-prostaglandin F2 alpha, and total 4-methylnitrosamino-1-3-pyridyl-
butanol. Moreover, these substances are related to the development of lung cancer, which opens space for
new research.

Unverdorben et al. [31], Roethig et al. [32], and Munjal et al. [30] showed that HNB technology could
reduce heart rate and both systolic and diastolic blood pressure (it should be noted that this research was
conducted before this technology went on the market and proved to indicate the potential benefit of using
the same).

Roethig et al. [32] argued that warming technology could also reduce cardiovascular risk parameters
(white blood cell count, hemoglobin, hematocrit, urine 11-dehydrothromboxane B2, and HDL choles-
terol). Munjal et al. [30], through a three-day study period, reveal increased heart rate variability if
exposure to traditional cigarettes is reduced, where there could be a potential benefit to the autonomic
nervous system. Leroy et al. [29] reported an increase in HDL cholesterol and a reduction in erythrocyte
levels, hemoglobin, and hematocrit upon exposure to the electrically heated cigarette smoking system
series-K cigarette. Ogden et al. stated that there is a reduction in nicotine exposure, 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone (NNK), aromatic amines, and acrylamide, while acrolein exposure increased by
20–27% [28]. Picavet et al. [55] indicate that HNB technology will reduce the need for frequent nicotine
use, which Adriaens et al. [56] confirmed, implying a benefit to the cardiovascular system. Adriaens et
al. [56] showed that there is some effect on acute withdrawal symptoms with HNB technology, while there
is a minimal impact on exhaled carbon monoxide levels. Haziza et al. [19] observed a benefit in changes
in lipid metabolism (total cholesterol and high and low-density cholesterol), endothelial dysfunction
(soluble intercellular adhesion molecule-1), oxidative stress (8-epi-prostaglandin F2), and cardiovascular
risk factors (highly sensitive C- reactive protein) in subjects exposed to HNB technology. Toorn et al. [57]
state that aerosol from HNB products represents a less cytotoxic product with a smaller inflammatory and
chemotactic effect than traditional cigarettes.
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Moreover, switching from conventional tobacco products to HNB products further revealed improved
myocardial function through increases in coronary flow reserve and flow-mediated dilation [18]. Moreover,
Franzen et al. found that HNB products play a role in arterial stiffness and hemodynamic changes as well,
predominantly owing to an increase in sympathetic activation aided by nicotine [22].

Experimental data reveal that e-cigs and HNB emissions have significantly lower levels of several
HPHCs compared with combustible cigarettes. However, some data also show that other substances in
HNB emissions appear to be markedly higher than in combustible cigarette smoke. It remains unknown
how these substances affect the all-around toxicity or harm of HNB products.

Per literature, there are no clear conclusions, owing to the short duration of exposure to HNB products,
the lack of information for a specific population, the small sample of participants in the trials, and the
issue of conflict of interest (only SUR-VAPES study is independent, while others have links with the
device manufacturer, so even review articles are questionable in terms of commercial character). In
fact, only a few clinical trials, particularly long-term trials, have examined HNB products. Furthermore,
chronic exposure is very important, as well as passive exposure which has not been addressed so far in
the scientific literature. Also, the appearance of formaldehyde cyanohydrin at temperatures above 90�C
represents a danger to the consumer [58–60].

4.4. HNB aerosol and chemical analysis

The nicotine concentration in the studies proved to be similar to traditional cigarettes, with a much
lower concentration of carbon monoxide, with 50% less tar [58]. Nitrosamines and carbonyls are part of
an aerosol device based on tobacco heating technology [59]. Farsalinos et al. [60] stated that a device
based on tobacco heating technology produces significantly less formaldehyde, acetaldehyde, acrolein,
propionaldehyde, and crotonaldehyde than traditional cigarettes but more than electronic cigarettes.
Liu et al. [61] confirmed the same, and Leigh et al. [62] pointed to the benefit of a device based on
tobacco heating technology over traditional cigarettes in terms of reducing tobacco-specific nitrosamine
concentrations. Protano et al. [63] suggested that the submicron particles are still found in both electronic
cigarettes and heating technology; however, Pataka et al. [64] verified significantly fewer submicron
particles in consumers with heating technology but indicated that they were unsure of the long-term
benefit of the technology.

Furthermore, Salman et al. [65] have shown by aerosol analysis of tobacco products by liquid chro-
matography and gas chromatography that a device based on tobacco heating technology produces products
with significantly lower concentrations of free radicals and carbonyl compared to conventional tobacco
cigarettes. The same author also stated that when comparing smoking devices based on tobacco heating
technology with smoking one pack of conventional tobacco cigarettes per day, daily formaldehyde and
acetaldehyde intake can be reduced by about 70% and 65%, respectively, and free radical generation
by about 85% [65]. Although switching from tobacco cigarettes to a device based on tobacco heating
technology can reduce exposure to free radicals and carbonyls by 85%, these substances can be harmful
even in small doses to non-smokers [65]. Kaur et al. [66] also suggest that the presence of components
such as tar and organic compounds related to oxidative stress in the aerosol of a device based on tobacco
heating technology increases exposure to them and stimulates the inflammatory response in the respiratory
system. Research by Sohal et al. [67] argued that in vitro and in vivo testing were not in favor of devices
based on tobacco heating technology, with substantial results pointing to the same aerosol inducing
oxidative stress and inflammation.

On the other hand, a large number of e-cigs, which do not have a precise composition and numerous
flavor enhancers or substances that enrich the intensity of taste, have also put e-cigs in a position that
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they will not be established as a lower health risk product. Also, the manufacturers of the technology
itself have never given complete insight into potentially harmful substances, which has been proven in
independent research. A minimal number of studies on the clinical significance of heating technology and
electronic cigarettes, especially on their concentration in the biological sample, motivate independent
researchers for further work, all with the aim of imperative protection of community health.

4.5. Limitations of the research

Evidence from the included trials was also faced with limitations. Some of the included studies’
duration was short, precluding the possibility of deducing long-term biochemical effects and vascular
changes with HNB products and whether the observed favorable reductions in exposure and biomarkers
of potential harm would be sustained with reiterative use of heat-not-burn tobacco products. A lot of the
studies lacked blinding due to their open-label nature. Also, the relatively small sample sizes did not favor
precise effect estimations. The lack of a placebo and comparison with other tobacco products is another
limitation of the existing evidence. Furthermore, it is worth mentioning that in the studies where cardiac
parameters, other than biomarkers, such as heart rate, were evaluated, there was a notable intraparticipant
variance. In addition, one of the limitations of our systematic review was the inability to retrieve relevant
full-text articles whose abstracts provided promising findings related to cardiovascular risk. Also, it is
worth mentioning that the elimination half-lives of biomarkers of exposure did not correspond to the
duration of each study, making it difficult to estimate an optimal reduction in cardiovascular risk; hence,
some of the findings could be of only statistical significance rather than clinical significance.

On the other hand, the synthesized evidence has its strengths, one of them being the confinement study
designs used in some of the randomized controlled trials provided a controlled environment where only
assigned tobacco products were utilized, therefore excluding the presence of additional confounding
factors, which seemed to simplify the evaluation of exposure changes following use of HNB tobacco
products.

4.6. Future directions

To our knowledge, this is the first systematic review synthesizing thus far conducted randomized
controlled trials on the impact of HNB tobacco products as exposures particularly aiming at relation with
cardiovascular risk.

Overall, data synthesized in this systematic review reveals that by switching to HNB tobacco products
from either conventional cigarettes, e-cigs, or other types of tobacco products, the reduced exposure
is linked to improvements in biomarkers of effect related to cardiovascular disease risk, which carries
clinical implications with respect to mechanistic pathways engaged in CVD development and progression.

Even though there are indications that HNB products could benefit the cardiovascular system, further
research to elucidate such indications would provide valuable knowledge that could strengthen the
confidence in conclusions about the benefits themselves since reductions in biomarkers should not be
generalized to imply health risk reduction [68]. Perhaps dose-response relationships with biomarkers
that are strongly predictive of adverse or favorable effects on the cardiovascular system could be a future
direction of investigation. In addition, to further explore the impact of HNB products on cardiovascular
disease, it is imperative that researchers aim for larger sample sizes and longitudinal studies.

5. Conclusion

In this study, we investigated the effect of HNB tobacco products on the cardiovascular system. This



1488 E. Begić et al. / Heat-not-burn tobacco products and cardiovascular risk reduction

approach highlighted current uncertainties, inconsistencies and knowledge gaps guiding further research.
Switching to HNB tobacco products has been linked with favorable alterations in biomarkers implicated
in cardiovascular disease, including a decrease in sICAM-1, 8-epi-PGF2↵, 11-DTXB2, WBC count,
LDL cholesterol, and an increase in HDL cholesterol, as well as improvements in cardiac parameters like
FMD, CFR, PWV, and heart rate. Additional research is essential on the long-term effect of warm-up
technology, possibly clinical cardioprotection studies, and primary and secondary prevention. Also,
detailed research is needed on the benefits of the technology itself, in the form of benefits on reducing
the risk of malignancy, as well as an apparent effect of the aerosol on endothelial dysfunction in the
pulmonary circulation, the effect of nitric oxide on pulmonary vascular resistance, and consequently
on the right heart. The development of this type of industry depends on continuous investment and
encouragement of scientific research projects.
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