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ABSTRACT

Tobacco habit still represents the leading preventable
cause of morbidity and mortality worldwide. Heat-not-
burn cigarettes (HNBCs) are considered as an alternative
to traditional combustion cigarettes (TCCs) due to the
lack of combustion and the absence of combustion-
related specific toxicants. The aim of this observational
study was to assess the effect of HNBC on endothelial
function, oxidative stress and platelet activation in
chronic adult TCC smokers and HNBC users. The results
showed that both HNBC and TCC display an adverse
phenotype in terms of endothelial function, oxidative
stress and platelet activation. Future randomised studies
are strongly warranted to confirm these data.

INTRODUCTION
Tobacco habit still represents the leading prevent-
able cause of morbidity and mortality worldwide,
responsible for over six million deaths each year.'
Tobacco smoking significantly impacts on all phases
of the atherothrombotic process, contributing to
endothelial dysfunction, oxidative stress, platelet
activation and plaque development.” Concerning a
realistic clinical scenario, tobacco smoking increases
the risk of coronary heart disease, cerebrovascular
disease, peripheral artery disease, and abdominal
aortic aneurysm development and progression.
Accordingly, smoking cessation decreases subse-
quent cardiovascular and cerebrovascular events
with their related mortality and morbidity.” Heat-
not-burn cigarettes (HNBCs) are considered as a
possible alternative to traditional combustion ciga-
rettes (TCC) due to the lack of both combustion and
absence of combustion-related specific toxicants.”

Recently, adverse acute effects of HNBC on
vascular function, oxidative stress and platelet acti-
vation have been demonstrated,”” with evident
implications for atherosclerosis development and
progression and, ultimately, vascular disease. Specif-
ically, we found that HNBC had less impact, even
if non-negligible, than TCC on oxidative stress,
flow-mediated dilation (FMD) and platelet aggre-
gation (PA). However, to date, no independent
comparative data on the chronic impact of HNBC
on vascular function, oxidative stress and platelet
activation are available in smokers.

The aim of the The Sapienza University of

32 Giacomo Frati®?

Rome-Vascular Assessment of Proatherosclerotic
Effects of Smoking chronic study was to assess
endothelial dysfunction, oxidative stress and
platelet activation in chronic HNBC users.

METHODS
All methods are reported in the online supple-
mental material.

RESULTS

The study was conducted in 20 chronic users of
HNBC, 20 chronic smokers of TCC and 20 non-
smokers (table 1 and online supplemental mate-
rial). In order to evaluate endothelial dysfunction,
we analysed FMD and nitric oxide (NO) bioavail-
ability. Results showed that compared with non-
smokers, both TCC smokers and HNBC users had
a significant decrease of FMD and NO bioavaila-
bility (table 2 and online supplemental figure S1),
without significant differences between them.

In order to evaluate the impact of chronic smoking
on oxidative stress, we analysed the concentration
of soluble Nox2-derived peptide (sNox2-dp), a
marker of nicotinamide adenine dinucleotide phos-
phate oxidase oxidase activation, and the produc-
tion of hydrogen peroxide (H,0,). We observed
that, compared with non-smokers, TCC smokers
and HNBC users had higher levels of sNox2-dp and
H,O, production (table 2 and online supplemental
figure 52). Notably, H,O, production was similarly
high in TCC smokers and HNBC users, whereas
sNox2-dp was less markedly increased in HNBC
users in comparison to TCC smokers. Platelet func-
tion was evaluated by the analysis of PA, sCD40L
and sP-selectin. Compared with non-smokers, a
significant increase of PA, sCD40L and sP-selectin
was observed in TCC smokers and HNBC users
(table 2 and online supplemental figure S3), without
significant differences between them.

Finally, we explored the correlation between
various features analysed in the study, highlighting
several potential associations and clustering features
between different variables, ranging from PA and
sP-selectin to FMD and NO (online supplemental
tables S1, S2 and online supplemental figures S4,
S5), and performed multivariable linear regression
analysis to expand on the results of the bivariate
analysis (online supplemental tables S3, 54).
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Table 1

Clinical characteristics of non-smokers, TCC smokers and HNBC users

P value for non- P value for TCC
smokers versus  smokers vs HNBC

P value for non-
smokers versus TCC

Characteristic Non-smokers TCC smokers HNBC users Overall P value*  smokerst HNBC userst userst
Subjects 20 20 20 - - - -
Age (years) 28 (23-33) 27 (24-30) 33 (28-44) 0.008 0.370 0.018 0.005
Female gender 11 (55%) 10 (50%) 12 (60%) 0.946 1 1 0.751
Height (cm) 166 (160-175) 170 (165-181) 175 (170-181) 0.039 0.175 0.008 0.362
Weight (kg) 66 (59-76) 64 (60-84) 65 (57-76) 0.874 0.818 0.755 0.616
Body mass index (kg/m?) 23.8(21.8-24.8) 22.4(20.4-25.0) 21.2(19.7-23.9) 0.143 0.449 0.053 0.224
Cigarettes per day 0 (0-0) 13 (10-15) 11 (10-17) <0.001 <0.001 <0.001 0.901
Pack-year 0 (0-0) 3.47 (2.4-4.8) 5(3.7-10) <0.001 <0.001 <0.001 0.049
Systolic blood pressure (mm Hg) 120 (110-123) 120 (110-123) 113 (108-120) 0.346 0.834 0.246 0.164
Diastolic blood pressure (mm Hg) 75 (70-80) 78 (70-80) 76 (69-80) 0.917 0.738 0.956 0.690
Mean blood pressure (mm Hg) 91 (83-95) 90 (85-93) 89 (83-93) 0.730 0.956 0.569 0.422
Total cholesterol (mg/dL) 180 (170-188) 181 (173-191) 173 (159-180) 0.039 0.684 0.048 0.018

*Kruskall-Wallis test.
‘tWilcoxon-Mann-Whitney rank-sum test.
HNBC, heat-not-burn cigarette; TCC, traditional combustion cigarette.

DISCUSSION

In this observational cross-sectional study, chronic HNBC
use was associated with having reduced endothelial function,
increased oxidative stress and platelet activation.

In particular, we found that sNox2-dp levels were increased
in chronic HNBC users, confirming the persistent effect on
Nox2 activation on oxidative stress as documented by increased
serum levels of H,O,. The increased oxidative stress derived
by Nox2 activation may reduce the bioavailability of NO and
may contribute to atherosclerosis progression by endothelial
dysfunction.

In fact, compared with controls, chronic HNBC users had
reduced FMD and NO bioavailability, suggesting an unbalance
between oxidative stress and NO responsible of endothelial
dysfunction. Conversely, no significant difference was observed
between HNBC users and TCC smokers. Another interesting
result was the close association between cotinine and FMD.
This result is in accordance with a previous study that found an
association with the number of TCCs smoked, assessed by coti-
nine, and FMD modification.'’ Platelets play a critical role in the
pathophysiology of cardiovascular diseases as they play a main
role in pathological thrombus formation."" It is well known that
TCC smoke enhances spontaneous PA ex vivo and PA in vitro
and increases sP-selectin expression.'>

We have previously demonstrated that biomarkers of platelet
activation increased after acute use of a single HNBC device.’

In this study, we showed that compared with non-smokers,
chronic HNBC users had a significant increase of PA, sCD40L
and sP-selectin circulating levels, compared with non-smokers,
confirming the negative impact of platelet function.

The negative impact of HNBC on health may depend on
the emission of HNBC products." In particular, formaldehyde
cyanohydrin (a toxic precursor of formaldehyde and cyanide)
is released from the polymer filter at the lower temperatures
achieved by the IQOS. Both in vivo (human clinical and rat)
and in vitro studies suggest that HNBC could have a negative
cardiovascular and cerebrovascular effect. In particular, a recent
study showed negative effects of HNBC on a panel of cardio-
vascular assessments: heart rate, blood pressure, carotid—femoral
pulse wave velocity and brachial-ankle pulse wave velocity."* In
addition, cultured mouse mononuclear macrophages exposed to
HNBC aerosols elicited increased oxidative stress, as indicated
by elevated reactive oxygen species and depleted intracellular
glutathione.*

This work has many limitations, including the lack of rando-
misation, risk of residual confounding and also the risk of type
I error due to the many statistical tests performed with several
study groups despite a small sample size. Another limitation of
the study is represented by the fact that absence of dual smoking
was self-reported. Lastly, the TCC smokers were younger and had
a lower pack-year history compared with HNBC users, possibly
due to the fact that HNBCs have been available commercially

Table 2  Endothelial function and laboratory characteristics of non-smokers, TCC smokers and HNBC users

P non-smokers vs TCC P non-smokers vs P TCC smokers vs

Characteristic Non-smokers TCC smokers HNBC users Overall P* smokerst HNBC userst HNBC userst
Subjects 20 20 20 - - - -

FMD (%) 7.1(2.8-11.5) 1.6 (0-3.9) 3.3(2.4-6.0) 0.002 0.001 0.019 0.088

NO (uM) 41 (38-49) 10 (9-13) 10 (8-13) <0.001 <0.001 <0.001 0.775
sNox2-dp (pg/mL) 19 (15-23) 46 (41-50) 40 (34-41) <0.001 <0.001 <0.001 0.003

H,0, (M) 8.8(7.2-11.9) 33.5(19.5-52.7) 26.7 (21.9-33.8) <0.001 <0.001 <0.001 0.433
sCD40L (ng/mL) 1.6 (1.1-2.1) 32(2.5-4.4) 3.0(2.5-3.3) <0.001 <0.001 <0.001 0433
sP-selectin (ng/mL) 3.0(2.0-3.9) 9.2 (6.7-12.0) 8.1(5.5-9.2) <0.001 <0.001 <0.001 0.099
Platelet aggregation (%) 62 (58-70) 80 (77-80) 76 (70-80) <0.001 <0.001 <0.001 0.186
Cotinine (ng/mL) 2(2-3) 139 (130-148) 137 (103-163) <0.001 <0.001 <0.001 0.818

*Kruskall-Wallis test.
‘tWilcoxon-Mann-Whitney rank-sum test.

FMD, flow-mediated dilation; HNBC, heat-not-bumn cigarette; H,0,, hydrogen peroxide; NO, nitric oxide; sNox2-dp, soluble Nox2-derived peptide; TCC, traditional combustion cigarette.
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only recently in Italy, and indeed it is conceivable that previous
chronic TCC smokers may have recently converted to HNBC
use for health reasons.

Nonetheless, multivariable analysis supports the validity
of our findings, and in particular that chronic HNBC users
have increased oxidative stress generated by Nox2, endothe-
lial dysfunction and platelet activation compared with non-
smokers without significant differences compared with TCC
smokers (online supplemental figure S6). If confirmed by other
large studies, these findings could provide evidence to strongly
discourage non-smokers to start using HNBC and to encourage
TCC smokers to quit smoking.

Most experts in tobacco control recommend limiting or
even banning the use of HNBC and other modified risk prod-
ucts (MRPs). Few of them, however, have a more pragmatic
approach, allowing its use among chronic TCC smokers as a
strategy to limit the adverse impact of TCC and promoting in a
stepwise fashion eventual abstinence."” Yet, it is unclear whether
individual responses to MRP differ among consumers. Our find-
ings, although hypothesis-generating, may be important for an
individualised choice of MRP.'®

Nonetheless, prospective future randomised controlled trials
are needed to analyse the relationship among endothelial func-
tion, oxidative stress and cardiovascular events in HNBC users.
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