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Abstract

The primary objective of this article is to provide an overview of studies in humans that evaluate and compare the effects of
heated tobacco products (HTPs) with those of conventional cigarette smoking on cardiovascular and respiratory diseases.
To address this research question, a scoping review methodology was employed.

A comprehensive literature search was conducted in the PubMed, Scopus, Web of Science, and Cochrane Library databases
to identify relevant articles published between January 2014 and March 2025. Two reviewers independently screened all
articles. This process resulted in the identification of 34 articles deemed appropriate to the aims of this scoping review.
Despite the heterogeneity of the available data, the current evidence suggests that HTPs are associated with a lower harm-
ful impact on the cardiovascular and respiratory systems as compared to conventional cigarettes. However, considering
the relatively recent introduction of HTPs, in contrast to the long latency periods typically required for the development
of smoking-related chronic diseases, as well as the evolving design and composition of these products, it is not surprising
that definitive conclusions regarding their clinical, and public health impact bring up the need to be integrated by long-term
evidence derived from independently conducted studies.
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Objective

Design and methods

The scoping review analyzes human studies
comparing the effects of heated tobacco
products (HTPs) and conventional cigarette
smoking, with particular focus on chronic
cardiovascular and respiratory diseases.

Databases: PubMed, Scopus, Web of
Science, and the Cochrane Library.
Eligibility: Peer-reviewed studies published
in English that compared the association
between HTPs and conventional cigarette
use with cardiovascular and respiratory
diseases.

Conclusions

34 articles were included in the scoping
review.

Evidence suggests that HTPs are associated
with a lower harmful impact on the
cardiovascular and respiratory systems
compared to conventional cigarettes.

The available clinical studies confirm that
the HTPs are not free from harmful effects,
but in most cases, the risk appears reduced
compared to conventional cigarettes. Long-
term and large-scale prospective studies are
essential to establish the actual risk
trajectory associated with sustained HTP use
and its potential role in chronic disease
prevention strategies.
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Introduction

Tobacco smoking remains one of the leading causes of
mortality worldwide and continues to be one of the major
modifiable risk factors for global public health. Despite
an extensive body of evidence demonstrating the harm-
ful effects of both active and passive exposure to tobacco
smoke, efforts to reduce smoking initiation and increase
smoking cessation remain significant challenges in reduc-
ing smoking prevalence and improving public health
[1-3]. To mitigate the harmful effects of smoking and to
deliver nicotine in a form deemed less harmful, several
novel products have been developed in the recent years.
One of the most notable developments in this regard is
the introduction of heated tobacco products (HTPs) as an
alternative to conventional cigarettes.

Unlike conventional cigarettes, HTPs function by heat-
ing tobacco through a battery-powered device that strictly
regulates the temperature to which the tobacco is heated.
Depending on the product, HTP units typically operate
within a controlled temperature range that can reach up
to approximately 350 °C, whereas conventional cigarettes
burn tobacco at around 800 °C. This reduced heating is
thought to produce aerosols containing significantly lower
concentrations of toxicants [4].

Cigarette smoking is a well-established risk factor for
the development and exacerbation of respiratory and car-
diovascular diseases [5]. Cells continuously produce reac-
tive oxygen species (ROS) and antioxidant molecules at
the cellular level under normal physiological conditions
to maintain redox homeostasis. However, the chemical
constituents of conventional cigarette smoke (CS) can
disrupt this equilibrium by inducing the production of
proinflammatory mediators and regulating intracellular
inflammatory signaling pathways, thereby promoting
oxidative stress [6]. There is evidence that conventional
cigarettes produce significantly (p <0.05) higher levels of
particulate-phase radicals and gas-phase free radicals com-
pared to HTPs [7]. Several studies, many of which were
funded and conducted by HTP manufacturers, have exam-
ined biomarkers of exposure and potential harm, reporting
that individuals who switch from conventional cigarettes
to HTPs experience reduced exposure to tobacco smoke
toxicants [8-21]. A systematic review of randomized con-
trolled trials in which conventional cigarette smokers were
randomized to switch to exclusive HTP use demonstrated
that HTP users have lower exposure to toxicants and car-
cinogens than conventional cigarette smokers [22]. Fur-
thermore, another systematic review evaluating differences
in cardiovascular and respiratory biomarkers between HTP
users and conventional cigarette smokers has reported
improvements in clinically relevant risk factors, including
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soluble intercellular adhesion molecule type 1 (SICAM-
1), 8-epi-prostaglandin F2a (8-epi-PGF2a), 11-dehydro-
thromboxane B2 (11-DTX-B2), cholesterol concentration,
high-density lipoprotein cholesterol (HDL-C) and forced
expiratory volume in 1 s (FEV1) in HTP users compared
to those who continued smoking conventional cigarettes
[23]. However, despite the growing adoption of HTPs,
even among individuals with chronic disease [24, 25], the
extent to which these products confer a reduced health risk
remains a subject of ongoing scientific debate [4].

The primary objective of this article is to provide an over-
view of available studies comparing the effects of HTPs and
conventional cigarette smoking, with particular focus on
chronic cardiovascular and respiratory diseases. A scoping
review methodology has been adopted to address the afore-
mentioned research question.

Methods
Search strategy

This scoping review was registered in the Open Science
Framework (OSF), https://doi.org/10.17605/OSF.10/
6MG4Z. A comprehensive literature search was conducted
in PubMed, Scopus, Web of Science, and the Cochrane
Library databases to identify relevant articles published in
English between January 1, 2014, and March 31, 2025. The
search strategy utilized the following terms: “heated tobacco
products” OR “HTPs” OR “heat-not-burn” OR “HnB” OR
“IQOS” OR “modified risk tobacco products” OR “tobacco
heating system” OR “Tobacco heating device*” OR “Non-
combusted tobacco” OR “Glo” OR “Ploom” OR “PAX”
AND “cardiovascular diseases” OR “cardiovascular” OR
“heart” OR “blood pressure” OR “atherosclerosis” OR
“myocardial infarction” OR “arrhythmia” OR “heart failure”
OR “stroke” OR “TIA*” OR “respiratory tract diseases”” OR
“lung diseases” OR “COPD” OR “asthma” OR “respiratory
failure”.

Inclusion and exclusion criteria

The inclusion criteria comprised peer-reviewed studies pub-
lished in English that compared the association between
HTPs and conventional combustible cigarette use with car-
diovascular and respiratory diseases. Both independently
conducted studies and those sponsored by the tobacco indus-
try were considered. Exclusion criteria included nonpeer-
reviewed studies, conference abstracts, duplicate or irrel-
evant studies, surveys, publications in languages other than
English, and studies conducted in vitro, ex vivo, or using
animal models.
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Data extraction

Two reviewers (MM and MP) independently screened the
titles, abstracts, and full-text articles for eligibility. Any
discrepancies in study selection were resolved through
consensus, and, when necessary, in consultation with two
additional reviewers (PA and GG). The reference lists
of all included studies were also manually reviewed to
identify any further relevant publications. For each study
included in this scoping review, the following data were
extracted: authors, year of publication, country, independ-
ence from industry, study design, population, and clini-
cal outcomes related to cardiovascular and respiratory
diseases.

Fig. 1 PRISMA flowchart
explaining the steps followed in

Results

The PRISMA flow diagram (Fig. 1) illustrates the study
selection process. The initial database search identified 1670
articles. After removing duplicates, 1107 articles remained
for screening. Following the title and abstract screening and
full-text assessment, 34 articles were identified as relevant
and included in this scoping review.

Cardiovascular clinical outcomes
The characteristics of the included cardiovascular studies

are summarized in Table 1. The association between HTPs
and conventional cigarette use with cardiovascular outcomes

PRISMA flowchart explaining the steps followed in the review.

the scoping review
[ Identification of studies via databases and registers J
M
- Records identified from:
o PubMed (n = 339) Records removed before
‘§ Scopus (n =617) screening:
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Table 1 (continued)
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Main results

Main cardiovascular outcomes

Study design and population

Sponsor

Country

Year of
publica-
tion

Authors

Springer

Smoking heated tobacco or

Heart rate (HR)

Independent Prospective observational study

Egypt

2025

Ahmed et al.

traditional cigarettes produced
increases in HR (p <0.05)

of 91 participants (46 current
cigarette smokers divided into 2

https://doi.org/10.4081/monaldi.

2025.3316

[39]

smoking groups, plus 45 healthy

nonsmokers)

was examined in 8 industry-dependent and 20 independent
studies.

A cross-sectional observational study compared endothe-
lial function, oxidative stress, and platelet activation in 20
chronic users of HTPs, 20 chronic smokers of conventional
combustion cigarettes (CCs), and 20 nonsmokers. The
results showed that the use of HTPs and CCs was associ-
ated with increased oxidative stress, endothelial dysfunction,
and platelet activation [26]. However, this study has several
limitations, including a small sample size, lack of randomi-
zation, and the performance of multiple statistical tests,
which may increase the risk of a Type I error. In addition,
CC smokers were younger and had a lower pack-year smok-
ing history compared to HTP users, who may have recently
switched to HTPs. This difference could mask the actual
differences between the two groups in terms of endothelial
function, oxidative stress, and platelet activation [26].

In a study assessing the impact of HTPs by sex, no statis-
tically significant differences were found between males and
females for biomarkers such as nitric oxide (NO), hydrogen
peroxide (H202), soluble CD40 ligand (sCD40L), solu-
ble Nox2-derived peptide (sNox2-dp), soluble P-selectin
(sP-selectin), platelet aggregation, cotinine levels, or flow-
mediated dilation (FMD). Although several biomarkers
showed similar levels between HTPs and conventional cig-
arettes, HTPs were associated with lower levels of sNox2-
dp (—5.3 ng/mL, p=0.026) and sP-selectin (—1.5 ng/mL,
p=0.050) [27].

Another study involving 984 adult smokers in the US
assessed changes in eight co-primary endpoints, includ-
ing HDL-C, white blood cell (WBC) total count, solu-
ble intercellular adhesion molecule-1 (sSICAM-1), uri-
nary 11-dehydrothromboxane B2 (11-DTX-B2), urinary
8-epi-prostaglandin F2 alpha (8-epi-PGF2a), urinary total
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (Total
NNAL). Participants were randomized to either continue
smoking their preferred cigarette brand (n=496) or switch to
using HTP (n=488) for 6 months. Significant improvements
were observed in those who switched to HTP compared
with those who continued smoking cigarettes, including an
increase in HDL-C (+3.09 mg/dL, p <0.001), reduced WBC
count (—0.420 G/L, p <0.001), reduced endothelial dysfunc-
tion (—2.86% SICAM-1, p <0.030), lower oxidative stress
(—6.8% 8-epi-PGF2a, p <0.018), and reduced exposure to
carcinogens (—43.5% Total NNAL, p <0.001). These find-
ings suggest a potential reduction in disease risk for indi-
viduals who transition from conventional cigarettes to HTP
[28]. A 6-month extension of this study confirmed the trend
toward favorable changes in multiple risk biomarkers among
participants predominantly using HTP [29].

Two studies, one conducted in adult US smokers and
the other in adult Japanese smokers, investigated changes
in relevant risk markers among participants who switched
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to mentholated HTP (mHTP) 2.2 compared to those who
continued smoking menthol cigarettes [30, 31]. In the study
involving adult US smokers, 80 subjects were randomized
to the m HTP group and 41 to the menthol cigarette (mCC)
group, and were followed for 90 days. Switching to m HTP
was associated with a significant reduction in sSICAM-1
(=11%, p<0.05) and 8-epi-PGF2a (—13%, p <0.05) when
compared with participants who continued smoking menthol
cigarettes [31]. In the study involving adult Japanese smok-
ers, 78 subjects were randomized to the mHTP group and
42 to the mCC group, and were also followed for 90 days.
Switching to mHTP was associated with a significant reduc-
tion in SICAM-1 (-8.7%, p=0.012), 8-epi-PGF2a (—13%,
p=0.016), and WBC count (—0.57 G/L, p=0.017), as well
as an increase in HDL cholesterol (+4.5 mg/dL, p=0.008),
compared with participants who continued smoking men-
thol cigarettes [30]. In an observational cross-sectional study
comparing exclusive HTP users (n=259) with conventional
cigarette smokers (n=100), adult HTP users showed sig-
nificantly lower blood levels of triglycerides, SICAM-1, and
WBC count (—22.8%,—12.4%, and —17.8%, respectively),
and higher levels of HDL-C (+ 13.9%) compared to ciga-
rette smokers. Similarly, urinary levels of 11-DHTXB2,
2,3-d-TXB2, and 8-epi-PGF2a were significantly lower
in the HTP group (—24.5%, —34.4%, and —21.6%, respec-
tively) compared to the cigarette smoker group [32]. Another
study investigating changes in biomarkers of potential harm
(BoPH) in smokers who switched from conventional ciga-
rettes to the exclusive use of HTP (n=127) over 180 and
360 days found a significant reduction in 8-epi-prostaglan-
din F,a type III (—=31% at 360 days) and in WBC count
(—=18% at 360 days) among those who switched to HTP
compared with smokers who continued using conventional
cigarettes (n=59) [18, 19]. In a cross-sectional study com-
paring adults who smoked conventional cigarettes (n=296)
with those who had voluntarily switched to exclusive HTP
use for more than 2 years, HTP use was associated with
lower levels of 8-epi-PGF2a (—23.6%, p <0.001), SICAM-1
(—11.8%, p<0.001), 11-dehydrothromboxane B2 (11-DTX-
B2) (—=30.4%, p<0.001), and WBC count (—0.694 x 10°
cells/L, p<0.001), as well as higher HDL cholesterol
(+0.094 mmol/L, p=0.002), as compared to the current
conventional cigarette smokers [21].

Circulating microRNAs (miRNAs) are key molecular
mediators in pathogenic mechanisms and potential biomark-
ers for personalized risk assessment. A recent study aimed
at identifying the circulating miRNA profile in chronic
users of HTP, chronic smokers of conventional cigarettes,
and nonsmokers found a differential expression of miRNAs
associated with chronic diseases, including cardiovascular
disease. Specifically, 72 miRNAs were exclusively expressed
in conventional cigarette users, 10 miRNAs exclusively in
HTP users, and 26 miRNAs were shared between the two

smoking groups. These findings suggest that the circulat-
ing miRNA profile in HTP users is intermediate between
that of nonsmokers and conventional cigarette smokers,
indicating a potentially reduced—yet not absent—biologi-
cal impact [33]. Another study investigating metabolomic
profile changes found that users of HTPs who had switched
from conventional cigarettes exhibited a metabolite profile
more similar to that of cigarette smokers than nonsmokers.
These changes included alterations in the glutamate metabo-
lism pathway, which has been implicated in the development
of cardiovascular disease. These results suggest that even
after switching to HTPs, some metabolic effects of prior
cigarette smoking—particularly those involving glutamate
metabolism—may persist [34]. Furthermore, another study
showed that HTPs increased inflammatory markers and pro-
inflammatory cytokines, similar to those found in conven-
tional cigarettes, which correlated with clinical measures of
arterial stiffness [35].

A randomized crossover study conducted among 20 con-
ventional cigarette smokers aimed to compare the effects of
HTPs, electronic vaping cigarettes (EVCs), and conventional
cigarettes on oxidative stress, antioxidant reserve, flow-
mediated dilation (FMD), platelet function, and blood pres-
sure [36]. Compared with conventional cigarette smoking,
HTP use was associated with significantly lower levels of
soluble Nox2-derived peptide (p=0.004), soluble P-selectin
(»<0.001), 8-iso-prostaglandin F,a-1II (» < 0.001), vitamin
E (p=0.044), hydrogen peroxide (H,0,) (p =0.042), and
systolic blood pressure (p =0.002), as well as a smaller
reduction in FMD (p =0.048) [36].

Studies investigating the acute effects of HTPs and con-
ventional cigarette smoking on heart rate, arterial blood
pressure, and arterial stiffness have produced inconsistent
results. Some have reported that conventional cigarette
smokers and HTP users exhibit similar acute increases in
heart rate, arterial blood pressure, and arterial stiffness
[37-42]. In contrast, others have observed either no change
or numerically smaller, but not statistically significant,
increases in arterial stiffness among HTP users compared
with conventional cigarette smokers [43, 44].

However, in this context, the observed hemodynamic
effects are primarily attributable to the well-known tran-
sient action of nicotine during acute exposure. Therefore,
the design of these studies may not be entirely appropri-
ate for evaluating clinically meaningful changes in arterial
stiffness, due to the limited duration of exposure to com-
bustion-related toxicants. Additionally, other studies have
shown that, similar to conventional cigarette smoking, acute
use of HTPs impairs both systolic and diastolic myocardial
function [45].

A study comparing the effects of HTPs and conventional
cigarette smoking on coronary flow and myocardial and vas-
cular function found that one month of HTP substitution

@ Springer
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resulted in favorable changes in several key parameters.
These included reductions in carbon monoxide (CO) lev-
els, flow-mediated dilation, enhanced coronary flow reserve
(CFR), increased total arterial compliance, improved global
longitudinal strain, decreased wasted myocardial work, and
lower levels of malondialdehyde and thromboxane B2.
These findings suggest that HTPs may be less harmful to
cardiac and vascular function than conventional cigarettes
[46].

A pooled analysis from the Japan Epidemiology Collabo-
ration on Occupational Health (J-ECOH) study, including
48,771 workers, found that exclusive HTP users had slightly
but significantly lower HDL cholesterol levels compared
with never smokers (pooled mean difference —1.1 [95%
CI—-1.5 to —0.6] mg/dL), while exclusive cigarette smok-
ers exhibited a larger reduction (—4.3 [-4.7 to —3.9] mg/
dL). Exclusive HTP users also had an increased likelihood
of low HDL-C when compared with never smokers (pooled
OR, 1.25 [95% CI, 1.09-1.43]), although this risk was lower
than that observed in exclusive cigarette smokers (OR, 2.09
[95% CI, 1.88-2.32]) [47].

A 2.6-year prospective cohort study involving 30,152
workers participating in the Japan Epidemiology Collabo-
ration on Occupational Health (J-ECOH) Study reported a
similar risk of developing hypertension among exclusive
conventional cigarette smokers (HR 1.20, 95% CI 1.08-1.34)
and exclusive heated tobacco product (HTP) users (HR 1.26,
95% CI 1.13-1.42) compared with never smokers [48]. In
addition, HTP use was associated with an increased risk of
developing metabolic syndrome (adjusted HR 1.68, 95% CI
1.25-2.26) compared with never users [49]. However, fur-
ther studies are needed to confirm these findings, particularly
given that the study relied on self-reported tobacco use data,
which may be subject to reporting bias [49].

A population-based study involving 5,159,538 adult
men from the Korean National Health Insurance Service
database found that individuals who switched from con-
ventional cigarettes to noncombustible nicotine or tobacco
products (NNTPs) had a lower risk of cardiovascular disease
(adjusted HR, 0.77 [95% CI 0.65-0.91]) compared to those
who continued smoking conventional cigarettes. However,
individuals who stopped smoking conventional cigarettes
but continued using noncombustible nicotine or tobacco
products showed a higher cardiovascular risk compared with
long-term (=5 years) combustible cigarette quitters who
did not use NNTPs (adjusted HR, 1.23 [95% CI 1.04—1.45])
[50].

Respiratory clinical outcomes
The characteristics of the included pulmonary studies are

summarized in Table 2. The association between the use of
HTPs and conventional cigarettes with respiratory outcomes

@ Springer

was examined in 7 industry-sponsored and 10 independent
studies.

A clinical investigation comparing current cigarette
smokers, former smokers, never smokers, e-cigarette users,
and HTP users assessed mucociliary clearance using the sac-
charin transit time test (MCCTT). The results showed that
former smokers who had switched to exclusive HTP use
exhibited a shorter MCCTT (median 8.00 min) compared
with current smokers (median 13.15 min), and values com-
parable to those of never smokers (median 7.24 min) and
former smokers (median 7.26 min), suggesting recovery of
mucociliary function [51]. In a study involving adult US
smokers, 80 participants were randomized to the menthol
tobacco heating system (mTHS) group and 41 to the men-
thol conventional cigarette (mCC) group and were followed
for 90 days. Switching to mTHS was not associated with
significant changes in percent predicted forced expiratory
volume in one second (FEV1% pred) compared with partici-
pants who continued smoking menthol cigarettes [31]. Simi-
larly, acute exposure to HTPs did not result in any significant
change in FEV1% predicted values among a group of 40
HTP users compared with 40 conventional cigarette smok-
ers [41]. In a study conducted in the United Kingdom, 79
current cigarette smokers and 197 former smokers who had
switched to HTP use were followed for 180 and 360 days.
HTP users exhibited higher FEV1% pred values (91.9% at
baseline, 93.0% at 180 days, and 92.1% at 360 days, respec-
tively) compared with cigarette smokers (91.5% at baseline,
88.1% at 180 days, and 86.2% at 360 days, respectively)
[18, 19]. Similarly, in another previously reported study,
smokers who transitioned from conventional cigarettes to
HTPs demonstrated significant improvements in post-bron-
chodilator FEV.1% pred (+1.28, p=0.008) and reductions
in carboxyhemoglobin (COHD) levels (-32.2%, p <0.001)
compared with individuals who continued smoking conven-
tional cigarettes [28]. These results were confirmed during a
six-month extension period, although the statistical signifi-
cance of the differences in FEV1% pred was not maintained
[29]. In another previously mentioned cross-sectional study
conducted under real-world conditions with participants
followed for at least two years, former smokers who had
switched to tobacco heating system (THS) use exhibited
higher FEV1% predicted values (+2.983%, p=0.002) com-
pared with current conventional cigarette smokers [21]. In
the above observational cross-sectional study, exclusive HTP
use was associated with significantly higher FEV: levels
(+4.1%, p=0.035) compared with conventional cigarette
smoking [32]. A study conducted among 46 current con-
ventional cigarette smokers compared the acute effects of
HTPs on exhaled carbon monoxide (CO) levels and pulmo-
nary function. One group of 23 participants smoked their
usual cigarette brand, while the other 23 participants used an
HTP stick. In both groups, parameters were assessed before
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Table 2 (continued)

Main results

Main pulmonary outcomes

Study design and population

Sponsor

Country

Year of

Authors

publica-
tion

1) Exhaled carbon monoxide (CO) HTPs have acute respiratory effects

2) Serum cotinine (nicotine

Independent Prospective observational analyti-

Egypt

2025

Ahmed et al.

like conventional cigarettes (CCs)
but with less exhaled CO than

cal study
91 participants were randomized

10.4081/monaldi.2025.3316

[39]

exposure)
3) Oxygen saturation and pulmo-

CCs, although these changes were

into 3 smoking categories:
- Group 1: 23 subjects of current

relatively minor and not likely to
be of major clinical significance

nary parameters (PFR)

cigarette smokers. No smoke

for a minimum 12 h before the
study assessment of one normal

cigarette
- Group 2: 23 subjects of current

cigarette smokers. No smoke for

a minimum 12 h before the study
assessment of one IQOS tobacco

stick
Group 3: control group of 45

normal healthy subjects with no

history of any type of smoking

smoking and five minutes after smoking either the heated
tobacco product or the conventional cigarette, according to
the study protocol. Exhaled CO levels were significantly
higher after conventional cigarette smoking than after HTP
use (p<0.001). No significant changes were observed in
spirometric parameters, while oxygen saturation (SpO,) was
modestly reduced in both groups. However, it is important
to note that the two groups showed significant differences in
pre-smoking spirometry measurements, making the results
difficult to interpret [39].

A longitudinal study involving 40 smokers who were
unwilling or unable to quit evaluated the impact of switch-
ing to electronic cigarettes (e-cigarettes) or THS over six
months. Both groups, each comprising 20 participants,
showed a significant reduction in exhaled carbon monoxide
(eCO) levels (median % COHD reduction: —1.6 and —1.28
for e-cigarettes and THS, respectively; p <0.001 for both),
reaching levels comparable to those of nonsmokers by the
end of the study period [52]. Another investigation examined
the effects of conventional combustible cigarettes and HTP
aerosols on systemic inflammation in patients with ulcera-
tive colitis (UC; n="74), diabetes mellitus (DM; n=33), and
chronic obstructive pulmonary disease (COPD; n=78). In
patients with COPD, exposure to HTP aerosols was asso-
ciated with enhanced production of immunosuppressive
cytokines, including interleukin-10 (IL-10), IL-35, and
the pro-fibrotic cytokine transforming growth factor-beta
(TGF-p), while exerting a lesser effect on proinflamma-
tory cytokines such as interferon-gamma (IFN-vy), IL-1p,
IL-6, IL-22, IL-17, and tumor necrosis factor-alpha (TNF-
a), compared with exposure to conventional cigarettes. In
patients with DM, exposure to HTP aerosols was associ-
ated with increased concentrations of IL-10 and TGF-f and
lower serum levels of proinflammatory cytokines, includ-
ing TNF-a, IL-12, IFN-y, IL-1f, IL-6, and IL-17, compared
with exposure to conventional cigarettes. Both conventional
cigarette smoke and HTP aerosols significantly modulated
cytokine profiles in circulating immune cells, contributing to
systemic inflammation in individuals with COPD and DM,
but not in those with UC. These findings suggest that the
immunomodulatory effects of both conventional cigarettes
and HTP aerosols may be disease-specific, underscoring the
need for further research to elucidate their roles in immune-
mediated inflammatory diseases.

In a single-center, five-arm crossover study, the acute
effects of two heated tobacco products (HTPs) and conven-
tional cigarette consumption on small airway function were
investigated in 17 healthy occasional smokers. Both small
airway obstruction and resistance significantly increased
after the consumption of conventional cigarettes and HTPs
[40]. Similar results were observed in another crossover
study involving 20 healthy subjects [42]. In a study con-
ducted among cancer patients undergoing preoperative
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assessment, exclusive HTP users (n=92) showed a lower
prevalence of airway obstruction—defined as a ratio of
forced expiratory volume in one second (FEV:) to forced
vital capacity (FVC) below the lower limit of normal—
as compared to current conventional cigarette smokers
(n=266) (21.7% vs. 29.7%, respectively) [53]. In a pro-
spective cohort study involving 1200 participants (400 HTP
users and 800 conventional cigarette smokers) followed for
24 months, HTP use was associated with a smaller decline in
lung function, as measured by FEV: (-0.0873, p <0.0001)
and six-minute walk distance (6MWD) (11.6988,
p<0.0001), as well as better COPD Assessment Test (CAT)
scores (—1.7816, p <0.0001) when compared with cigarette
smoking [54]. In a three-year prospective study of 38 indi-
viduals with COPD, daily HTP users exhibited clinically
significant improvements from baseline in CAT scores (-5,
p=0.006) and 6MWD (69 m, p=0.005), along with a sub-
stantial reduction in the annual rate of COPD exacerbations
(=0.8, p=0.004) when compared with conventional ciga-
rette smokers [55].

Discussion

This scoping review aimed to analyze the current evidence
available in the scientific literature regarding the poten-
tial for HTPs to exhibit a different risk profile compared
to conventional cigarettes, with a particular focus on car-
diovascular and chronic respiratory diseases. HTPs have
been commercially available for several years. Given their
growing prevalence, there is considerable interest within
the scientific and medical communities in determining
whether these products present a modified risk profile
compared to conventional cigarettes. Despite the hetero-
geneity of available data, current evidence suggests that
HTPs exert a lower harmful impact on the cardiovascular
and respiratory systems than conventional cigarettes. A
recent article by Andreozzi et al. [5], which explored the
effects of noncombustion alternatives to cigarette smok-
ing—such as HTPs and electronic cigarettes—on chronic
respiratory conditions, including COPD and asthma,
concluded that although these products are not devoid of
health risks, they are likely to be less harmful than con-
ventional combustible cigarettes. Nonetheless, it is essen-
tial to highlight that the primary public health objective
should remain complete smoking cessation and relapse
prevention, in line with the principles of primary pre-
vention. From a policy perspective, the present findings
have implications for tobacco harm reduction strategies.
Although promoting complete smoking quitting is the pri-
mary goal of cardiovascular and respiratory disease pre-
vention, regulatory authorities could consider evidence-
based differentiation between combustible conventional

@ Springer

cigarettes and HTPs when designing risk communication
policy. Human studies have shown that switching to HTPs
is associated with significant reductions in blood and uri-
nary biomarkers of tobacco-related toxicants, especially in
cases of complete substitution. In the respiratory domain,
some studies have reported that former smokers who tran-
sition to HTPs tend to experience lower odds of adverse
respiratory outcomes, fewer exacerbations, and improve-
ments in symptoms and physical performance compared to
those who continue smoking or engage in dual use. Similar
trends have also been observed in extensive population-
based studies concerning cardiovascular risk [56].

These findings support the consideration of HTPs as
potential tools for harm reduction, particularly among indi-
viduals who are unwilling or unable to quit smoking through
conventional pharmacological or behavioral interventions,
which often yield low long-term cessation rates. In align-
ment with broader public health principles, harm reduc-
tion represents a pragmatic medical strategy—especially
when complete risk elimination is not feasible—and may
be particularly relevant for individuals with chronic health
conditions.

Nevertheless, considerable debate persists within the sci-
entific community regarding the effectiveness of noncom-
bustible alternatives, particularly e-cigarettes and HTPs, in
promoting smoking cessation or reduction. Equally debated
is the concern that such products may act as gateways to
nicotine dependence and conventional smoking, particu-
larly among tobacco-naive individuals. While much of the
available data pertains to e-cigarettes, there is growing con-
cern over the increasing use of both e-cigarettes and HTPs
among adolescents and young adults, with the potential for
nicotine addiction, increased susceptibility to conventional
cigarette use, and the resulting health threats [57, 58]. How-
ever, recent data from the United States indicate a decline in
dual use among youth, suggesting a potentially less alarming
trend [59].

A well-designed randomized controlled trial showed that
switching to HTPs, in combination with motivational coun-
seling, led to a significant reduction in cigarette consumption
among smokers with no initial intention to quit. This sug-
gests that HTPs may serve as valuable additions to the arse-
nal of reduced-risk alternatives to conventional cigarettes
[60]. However, long-term follow-up studies are essential
to assess sustained smoking abstinence and to determine
whether these findings can be generalized beyond highly
structured cessation programs that offer intensive support.

Given the relatively recent introduction of HTPs, in con-
trast to the long latency periods typically required for the
development of smoking-related chronic diseases, as well
as the evolving design and composition of these products,
it is not surprising that definitive conclusions regarding
their clinical and public health impact bring up the need
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to be integrated by long-term evidence derived from inde-
pendently conducted studies. The lack of long-term studies
represents a significant limitation in assessing the effect of
HTP use on chronic disease outcomes. Most available stud-
ies focus on short-term biomarkers or physiological changes,
which, although informative, cannot fully capture the cumu-
lative effects of chronic exposure over decades. Long-term
and large-scale prospective studies are therefore essential to
establish the actual risk trajectory associated with sustained
HTP use and its potential role in chronic disease prevention
strategies.

Moreover, the interpretation of available evidence is
complicated by marked heterogeneity across studies. The
HTP devices evaluated differ considerably in design, heat-
ing temperature, tobacco substrate, and aerosol genera-
tion technology, all of which may influence emissions and
toxicant profiles. Exposure protocols vary widely, includ-
ing randomized and real-life studies, as well as acute and
long-term observational follow-up, and product use dura-
tions. Outcome measures also differ from one biomarker
level and physiological parameter to subjective symptom
reports and clinical endpoints, making direct comparison
difficult. In addition, study populations are heterogeneous,
including healthy volunteers, current smokers, patients with
pre-existing chronic diseases, and mixed samples, each with
differing risk profiles. These variations highlight the need
for standardized methodologies and harmonized reporting
criteria to facilitate comparison between studies.

Several additional limitations of the studies included in
this review, comparing the health effects of conventional
cigarette smoking and HTP use, merit consideration. First,
the potential for bias in study design, data analysis, and the
selective reporting of favorable outcomes is a significant
concern, particularly in industry-sponsored research. Fur-
thermore, independent replication of findings remains lim-
ited. Nevertheless, some of the studies cited in this review
focus on at-risk populations (i.e., smokers who do not quit
despite having a smoking-related chronic disease), for whom
evidence on the clinical effects of switching to combustion-
free products appears to be relevant in any case. Second, the
majority of available studies are of short duration, whereas
tobacco-related diseases such as COPD and cardiovascular
disease typically develop over extended periods, often span-
ning decades. Third, many studies rely on biomarkers or
surrogate endpoints rather than hard clinical outcomes such
as disease incidence, mortality, or hospitalization. Although
surrogate measures are widely accepted in clinical research
across various therapeutic areas and are valuable for early
assessments, they may not fully reflect the long-term health
effects of switching to HTPs. Nonetheless, the use of sur-
rogate biomarkers can provide methodologically robust
insights that, in some instances, serve to complement the
available evidence on clinical outcomes.

In addition, many studies suffer from small sample sizes,
with several ranging from 20 to 160 participants, and non-
randomized designs, which limit their statistical power and
generalizability. Finally, in real-world settings, dual use of
HTPs and conventional cigarettes is highly prevalent and
represents a critical issue that merits attention. Dual-use pat-
terns may weaken the potential harm-reduction benefits of
switching by maintaining exposure to combustion-related
toxicants. Evidence suggests that partial substitution, rather
than complete replacement, often produces limited health
improvements. Given that dual use reflects real-world behav-
ioral patterns, future studies should address this phenom-
enon from both behavioral and psychosocial perspectives
to better understand its determinants and implications for
public health outcomes.

These findings underscore the importance of conducting
independent, high-quality research with adequate sample
sizes and follow-up studies to accurately assess the long-
term health implications of HTP use [61].

Conclusions

Preventing risk factors for chronic cardiovascular and res-
piratory diseases is one of the most critical challenges for
healthcare systems. It involves adopting a healthy lifestyle,
which certainly includes abstaining from tobacco smoking.
The association of cigarette smoking with several severe and
very severe diseases (oncological, cardiovascular, and res-
piratory), which have dramatic epidemiological, medical,
social, and financial impacts, is a well-known public threat.
In recent years, there has been a growing interest and use
of alternative products to conventional cigarettes, in par-
ticular e-cigarettes and heated tobacco products, which are
proposed and are perceived as modified risk products. This
scoping review was focused on the comparison between con-
ventional cigarettes and HTPs in the fields of cardiovascular
and respiratory diseases. In our opinion, it provides a series
of indications that can be summarized as follows:

e The currently available clinical studies confirm that the
HTPs are not free from harmful effects, but in most cases,
the risk appears reduced compared to conventional ciga-
rettes.

e Every effort should be made to encourage and achieve
smoking cessation, but a significant portion of smokers
(sometimes patients as well) find quitting challenging or
undesirable. In this specific setting, switching to HTPs
could be a worthwhile consideration.

e There are many doubts about whether these products can
help to reduce or stop smoking progressively. In addition
to that, concerns about their role in promoting initiation
among nonsmokers are a significant matter of debate.

@ Springer
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e Strict epidemiological and medical monitoring is neces-
sary in relation to the use of HTPs, as well as the acquisi-
tion of evidence from well-designed, independent stud-
ies with adequate sample sizes, follow-up, and clinically
relevant endpoints.

e Globally, the growing need for clarity among citizens and
healthcare providers regarding the characteristics of these
products necessitates a specific commitment by institu-
tions, scientific societies, and health associations to sup-
port activities of educational, informative, and preventive
value, addressing a topic of significant health relevance.
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