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FACTS

• Large majority of smokers unable or 
unwilling to quit;

• E-cig use is displacing tobacco smoking; 
>6 million EU smokers reported having 
quit using an e-cig (Eurobarometer 2014);

• E-cig use is much less risky than smoking; 
at least 95% less harmful (Public Health 
England 2015).
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LETTER TO THE EDITOR Open Access

Carbon monoxide levels after inhalation
from new generation heated tobacco
products
Pasquale Caponnetto1,2, Marilena Maglia1,2, Gaetano Prosperini3, Barbara Busà4 and Riccardo Polosa1,2,5,6*

Abstract

Heated tobacco products (HTPs) are new tech devices that release nicotine and other volatile compounds into
an inhalable aerosol by heating the tobacco. At their operating temperatures, tobacco combustion is unlikely.
The aim of this randomized cross-over study was to measure the exposure levels of the combustion marker,
carbon monoxide in the exhaled breath (eCO) of subjects after use of two HTPs and to compare these levels
with participants’ own brand of cigarettes.
A total of 12 healthy smokers who reported smoking ≥10 conventional cigarettes per day for at least 5 years
took part in the study. Product administration consisted of a first round of 10 puffs, which was followed by an identical
second round after a 5 min pause in between rounds. After obtaining a baseline eCO value, this measure was recorded
at 5, 10, 15, 30, and 45 min after the first puff of the first round. In contrast to combustible cigarettes, no eCO elevations
were observed in the exhaled breath after use of the HTPs under investigation in any of the study participants.

Keywords: Heated tobacco products, Tobacco-heating products, Combustion, Exhaled breath carbon monoxide

Introduction
The health risks associated with cigarette smoking are
well established [1]. The harmful effects of smoking re-
sult from chronic exposure to thousands of toxic chemi-
cals and carcinogens in cigarette smoke following the
combustion of tobacco in the cigarette.
In conventional cigarettes, tobacco combustion is

known to release nicotine together with a multitude of
harmful and potentially harmful chemical constituents
(HPHCs) including carbon monoxide (CO) [2]. Con-
versely, products that do not require combustion to de-
liver nicotine (e.g. nicotine replacement therapies - NRTs,
smokeless tobacco, electronic cigarettes) are less likely to
release much HPHCs, including CO. For this reason,
non-combustible nicotine sources have been proposed for
smoking harm reduction [3].

Heated tobacco products (HTPs) - the newest addition
to the smoking harm reduction approaches - are an
emerging class of nicotine delivery devices that do not
burn tobacco. HTPs generally consist of a holder (a bat-
tery and an electronically controlled heating element)
and a rod (containing processed tobacco, glycerine, and
other additives). Newer generation HTPs release nico-
tine and other volatile compounds by heating the to-
bacco rod at temperatures not exceeding 350 °C. At
these temperatures, tobacco combustion is unlikely and
as a consequence far fewer chemical toxicants (including
CO) are formed [4]. However, earlier generation HTPs
that were marketed as less harmful alternatives to com-
bustible tobacco still produced high levels of carcinogens
and more CO than conventional cigarettes [5]. This is in
contrast to electronic cigarettes (ECs), which heat a
tobacco-free nicotine solution and do not elevate CO
levels [6–8].
Studies of subjects who have switched from smoking

to the newest generation of HTPs show substantial ex-
posure reductions to a wide range of smoke chemicals
[9–12]. However, surprisingly, in two of these studies,
when exposure to CO was evaluated by measurement in
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exhaled breath, a significant elevation was detected
[13, 14]. It is possible that combustion can still take
place in some HTPs designs.
The aim of this randomized cross-over study was to

measure the exposure levels to the combustion marker,
carbon monoxide in the exhaled breath (eCO) of sub-
jects after use of two HTPs and to compare these levels
with participants’ own brand cigarettes. Smokers will be
able to make better choices if they are guided by findings
of independent studies focused on the relative reduction
in exposure risk after switching to HTPs.

Methods
A total of 12 healthy smokers (6 Males, 6 Females; mean
age of 28.6 yrs), smoking ≥10 conventional cigarettes per
day (cig/day) for at least 5 years took part in this random-
ized cross-over trial. At screening participants provided a
baseline eCO ≥ 10 ppm (ppm) and were provided training
for at least 30 min. The training focused on use of both
HTPs as per manufacturers’ recommendations.
Participants were randomized to use either iQOS

(iQos device with Marlboro Heets, Philip Morris
International), or GLO (Glo device with Kent Neostik,
British American Tobacco), or their own brand con-
ventional cigarettes on three separate study days (sep-
arated by at least 48 h). The randomization sequence
was computer-generated.
Subjects were asked to refrain from smoking for at

least 12 h prior to each study visit. As per eligibility

criteria, smoking abstinence was verified upon arrival by
eCO measurements ≤ 10 ppm obtained from a single ex-
piratory breath using a hand-held eCO meter (Micro
CO; Micro Medical Ltd., UK) according to the manufac-
turer’s recommendations. Product administration was
like that described by Vansickel et al. [6] and consisted
of a first round of 10 puffs with a 30-s interpuff interval
(puff number and interpuff interval were monitored by
study staff ) followed by an identical second round after
a 5 min pause in between rounds. Fully charged HTPs
were used during study sessions. After obtaining a base-
line value, eCO was recorded at 5, 10, 15, 30, and
45 min after the first puff of the first round.

Results
Figure 1 illustrates time trends of eCO levels, separately
for each product. Baseline eCO levels were similar among
study days and all were below 5 ppm. As expected, large
significant within-subject effect (i.e. time, P < 0.0001) was
found for changes in eCO following participants’ use of
their own brand of traditional cigarettes as compared to
either HTP. No significant changes in eCO levels were ob-
served after using the two HTPs under investigation; their
median eCO level (95%CI) reaching a max peak at 45 min
for GLO with 4.5 (3.9;5.2) ppm and at 15 min for iQOS,
with 4.9 (4.1;5.6) ppm, respectively. Repeated-measures
ANOVA post-hoc comparisons showed significant differ-
ences between-product effect (iQOS/GLO vs own brand
cigarette; P < 0.0001; iQOS vs GLO; P =NS) (Table 1).
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Fig. 1 Time trends of eCO levels, separately for each tobacco product use. Time-trends (means ±95% confidence intervals) of exhaled carbon
monoxide (eCO) measured at baseline (BL), and at 5, 10, 15, 30 and 45 min after using iQOS (X), GLO (+), and own brand cigarettes (open circle). The
model used to produce the repeated measures ANOVA had product and time-point as main effects and it was adjusted by age, sex and baseline
measurements. The within-product effect was significant only for own brand cigarette (p < 0.0001). The between-product effect was significantly
different for both HTPs compared to own brand cigarette (p < 0.0001), but no different when iQOS was compared to GLO. Shaded area delineates
commonly accepted eCO reference ranges for non smokers
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concentrating, irritability, and presence of phlegm over the course 
of 2 weeks. One survey conducted among e-cigarette users suggest 
use of these products pose minimal side effects to users and can in 
fact improve reported health issues experienced when using tobacco 
cigarettes.43

Strengths and Limitations of the Study
To our knowledge, this is the first study showing substantial reduc-
tions in exposure to several toxicants among smokers who switched 
to e-cigarettes. However, relatively small sample size and laboratory 
settings limit the ability to generalize findings to the general popula-
tion of e-cigarette users. The small sample size limited our ability to 
perform in depth analysis of effects among dual users, however our 
data suggest that there may be some patterns of change in metabo-
lites that may differ based on whether or not an individual continues 
to smoke tobacco cigarettes or switches completely to e-cigarettes. 
Future studies should aim to assess variability of toxicant exposure 
among dual users and smokers who completely switch to e-cigarettes 
among larger sample of users. During our study, we did not moni-
tor environmental and dietary exposure to carcinogens. There are 
several sources of exposure to those toxicants in addition to tobacco 
smoke, and there may have been a certain background exposure in 
our study group, in particular PAHs and many of the volatile organic 
compounds have dietary and environmental sources that lessen 
the difference seen in comparing users with tobacco smokers. We 
studied only one product, which we had previously determined to 
deliver adequate nicotine and low concentrations of toxic chemicals. 
While other studies have determined this to be a popular product in 
Poland8,9 other devices may not be as effective in delivering nicotine 
and may deliver more of various toxic chemicals, including aldehydes 
such as acrolein. Given possible variability in exposures from emerg-
ing e-cigarette products (particularly, third generation e-cigarette 
models) future studies should expand measurement of toxicants and 
carcinogens to users of other types of e-cigarette products. Finally, 

we tested a selection of key toxic and carcinogenic substances for 
which adequate biomarkers of exposure were available. Yet there 
may be other toxicants delivered by e-cigarettes not measured in this 
study (eg, formaldehyde, harmful metals such as lead).

Conclusions
This study showed for the first time that after switching from 
tobacco to e-cigarettes, nicotine exposure remains unchanged, while 
exposure to selected carcinogens and toxicants is substantially 
reduced. These findings suggest that e-cigarettes may effectively 
reduce exposure to toxic and carcinogenic substances among smok-
ers who switched to these products. Future research should assess 
the effects of e-cigarettes on reduction in disease risk among dual 
users, as well as smokers who substituted their regular cigarettes 
with these products.

Supplementary Material
Supplementary Tables 1–3 can be found online at http://www.ntr.
oxfordjournals.org
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Figure 3. Changes in select carcinogen levels over 2 weeks of electronic cigarette (e-cigarette) use among 20 smokers (mean ± SD). *Denotes statistically 
significant differences from baseline according to repeated measure analysis of variance (p < .05).

 at M
U

SC
 Library on A

ugust 19, 2016
http://ntr.oxfordjournals.org/

D
ow

nloaded from
 

Reduced exposure to toxicants in EC users
M.L. Goniewicz et al. Nicotine Tob Res 2017

≈ 60% reduction ≈ 80% reduction

≈ 75% reduction ≈ 70% reduction



10.27 mg/g creat for CC), decreased slightly from Day 1 to Day 2
(8.66 mg/g creat for THS and 8.91 mg/g creat for CC), to progres-
sively increase to Day 5 (10.60 mg/g creat) for THS and (9.76 mg/g
creat) for CC. The values on Day 5 correspond to percent changes
from baseline of 22.95% and 14.78% for the THS and CC groups,
respectively (Table 4). The NEQ levels in the THS groupwere similar
to those of the CC group on Day 5, with a THS vs. CC ratio of 104.9%
(95% CI: 92.0; 119.6). Similar results were obtained with plasma
nicotine and cotinine. On Day 5, the geometric mean (95% CI)
plasma nicotine (ng/mL) concentrations were similar in the THS
and CC groups and were 20.7 (17.46; 24.62) vs. 19.0 (16.52; 21.87)
for CC, and plasma cotinine (ng/mL) was 240.0 (211.30; 272.58) vs.
219.7 (190.21; 253.83) for CC.

3.5. Cytochrome 1A2 activity

At baseline, CYP1A2 activity was similar in all three groups. On
Day 5, the LS mean CYP1A2 activity following coffee intake was
91.35% and 124.95% in the THS and CC groups respectively with LS
mean difference THS-CC of !33.60% (95% CI: !40.59, !26.61). The
activity was comparable between the THS and the SA groups (LS
mean difference THS-SA: !1.99% (95% CI: !9.10, 5.12).

3.6. Urine mutagenicity test

At Baseline, median Ames mutagenicity test values were 19681
Rev/24 h (min: 0; max: 107,250 Rev/24 h) for THS, 22540 Rev/24 h
(min: 3060; max: 113,620 Rev/24 h) for the SA arms, and 15,775
Rev/24 h (min:0; max: 72,216 Rev/24 h) for the CC arm. On Day 5, in
the THS and SA arms, the median decrease from baseline for Ames
mutagenicity test values was approximately !57% (8823 Rev/24 h;
min:0; max: 39,600 Rev/24 h) and !62% (7437 Rev/24 h; min:0;
max: 65,400 Rev/24 h), respectively, while in the CC arm, median
values increased from Baseline by approximately 29% (21,689 Rev/
24 h; min:0; max: 63,840 Rev/24 h).

3.7. Human puffing topography

The baseline values for each assessed HPT parameter were
generally comparable in the THS and CC groups while subjects were
smoking their own preferred brand of CC and remained unchanged
in the CC group between Baseline and Day 1, and between Day 1
and Day 4.

In the THS group, values for total puff volume, average puff
volume, and total number of puffs were within the same ranges
from Baseline to Day 4. In contrast, average puff duration, total puff

Fig. 3. Disposition of cases. Relative change from baseline were calculated from the geometric means values for each biomarker of exposure. # for total NNN, the median change
from Baseline is reported. CC: combustible cigarette; SA: smoking abstinence.

C. Haziza et al. / Regulatory Toxicology and Pharmacology 81 (2016) S139eS150 S145

Reduced exposure to toxicants in THP users
C. Haziza et al. Regul Toxicol Pharmacol 2016
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CONCERN

Long-term exposure to e-cig aerosol 
emissions might carry significant health risk.



Respiratory Effects - Acute

• throat irritation
• dry cough
• other symptoms of respiratory irritation 



significant smoking reduction and smoking abstinence. These
positive findings were associated with a substantial decrease in
adverse events. Moreover, a limited evaluation of withdrawal
symptoms indicates that they were reported only occasionally.

Based on our previous experience with smoking cessation media
campaigns, the large participation in ECLAT following placement
of advertisements in a local newspaper was unexpected. This was
driven by an important factor: curiosity. Please note that
advertisements were promoted in 2010 when – at least in Italy –
the level of awareness of e-cigarettes was very low. Thus, it is more
plausible that subjects took interest in the study because they were
simply curious about a new electronic product looking like a
cigarette and wanted to try it on. For this reason, we are confident
that participants enrolled in ECLAT were not interested in
quitting.

Soon after inclusion in the study, smokers substantially reduced
cig/day use from baseline by more than 50% in all three study
groups and this was coupled by reductions in eCO levels. The level
of reduction in cig/day use reported here is in agreement with
those reported in surveys of e-cigarette users [8,22,23] and in our
earlier work with the same product [11]. The observed reduction
in cig/day use appears to be unrelated to the nicotine content in
the cartridges, the non-nicotine study group (C) behaving like both
nicotine groups (A and B) at most time-points. This was
unpredicted, bringing into question the key function of nicotine
in cigarette dependence and suggesting that other factors such as
the rituals associated with cigarette handling and manipulation
may also play an important role [24,25].

The percentage decrease in cig/day use from baseline was
greater that the percentage decrease in eCO. Besides the obvious
element of compensation (i.e. more intense puffing) when smoking
fewer cig/day, there is also the possibility that a variability in the
time lapse from the last cigarette smoked before eCO measure-
ments may introduce inconsistency (i.e. higher than expected eCO
values).

Switching to e-cigarettes resulted in significant smoking
reduction and smoking abstinence with a substantial number of
quitters (26.9%) still using these products by week-52.

Of note, those who abstained completely from tobacco from the
beginning of the study were more likely to stay quit at subsequent
follow-ups, whereas those who at first became reducers (dual users)
were more likely to relapse later on in the study. Quit rates in the
control group (C) were consistently lower at each visit, with a
difference that was statistically significant for the most part of the
intervention phase of the study. This seems to be in contrast with
the earlier interpretation of the observed reduction in cig/day use
being unrelated to the nicotine content (discussed earlier). Indeed,
saliva cotinine levels in those who had completely switched to the
e-cigarette were measurable only in those belonging to groups A
and B (and markedly correlates with the number of cartridges/
day), however with the exception of a handful of participants,
saliva cotinine levels were well below the concentration threshold
considered to be representative for regular smokers [26] or
experienced e-cigarette users [27]. This is not surprising consid-
ering that the model under investigation is not very efficient at
delivering nicotine [28]. Furthermore, this product is equipped
with a small 90 mAh lithium-ion battery that allows (on a full

Figure 8. Time-course of changes in the frequency of the five most commonly reported adverse events (AEs) from baseline,
separately for each study group. On Y-axis, the number of subjects reporting AEs is depicted. Compared to baseline, a significant reduction in
frequency of cough, dry mouth, shortness of breath, and headache was observed at each study visits in all three study groups (per-protocol
evaluation, p,0.001, x2 test). No difference was found in frequency distribution of AEs among study groups (x2 test).
doi:10.1371/journal.pone.0066317.g008

e-Cig, Smoking Reduction, Cessation, and Safety
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ECLAT	Study:
Changes in	the	frequency of	the	3	most commonly reported symptoms

• AEs reported in some e-cig users
• Usually mild and transient
• No prognostic significance!



Respiratory Effects – Long-term

A prospective 4-year study of daily e-cig 
users who have never smoked shows no 
long-term health concerns.



Respiratory Effects – Long-term

A prospective 4-year study of daily e-cig 
users who have never smoked shows no 
long-term health concerns.

high	resolution	CT	of	the	lung

Of	note,	no	early	pathological	signs	
were	observed	in	subjects	with	the	
highest	e-liquid	consumption	(i.e.	5	

mls/day)	and	longest	overall	vaping hx
(i.e.	57	months)	
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Respiratory Effects - Respiratory Patients

Reducing cigarette consumption by switching to e-
cig may yield clinically relevant benefits:
q Asthma

• Improved	lung	function,	BHR,	respiratory	symptoms,	QoL
• Improvements	also	in	dual	users
Polosa	R,	et	al.	Int J	Environ	Res	Public	Health	2014
Polosa	R,	et	al.	Discov Med	2016

q COPD
• Improved	respiratory	exacerbations,	QoL,	6MWD,	and	

reduced	disease	severity
• Improvements	also	in	dual	users
Polosa	R,	et	al.	Respir Res	2016
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Respiratory Effects - Respiratory Patients

Reducing cigarette consumption by switching to e-
cig may yield clinically relevant benefits:
q Asthma

• Improved	lung	function,	BHR,	respiratory	symptoms,	QoL
• Improvements	also	in	dual	users
Polosa	R,	et	al.	Int J	Environ	Res	Public	Health	2014
Polosa	R,	et	al.	Discov Med	2016

q COPD
• Improved	respiratory	exacerbations,	QoL,	6MWD,	and	

reduced	disease	severity
• Improvements	also	in	dual	users
Polosa	R,	et	al.	Respir Res	2016
Polosa	R,	et	al.	Int J	COPD	2018
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Electronic cigarettes harm reduction in COPD patients

as many COPD patients continue their tobacco habit despite 
their symptoms and show little interest in relinquishing 
it;15,16,28 a contradiction that may be justified by the highly 
addictive disposition of tobacco smoking and the fear of 
developing depressive symptoms.28,29

Over an observation period of 3 years, only two (8.3%) 
patients from the COPD EC user group (both were dual 
users) relapsed to cigarette smoking. Relapse prevention may 
be another way by which ECs contribute to individual and 
public health. This is an important consideration, given that 
smokers with COPD are known to perform poorly in smoking 
cessation programs due to their high relapse rate.16,28,29 
Perhaps the fact that ECs reproduce the smoking experience 

and accompanying rituals with large compensatory effect 
at both physical and behavioral levels may explain the low 
relapse rates in this study of COPD smokers who switched 
to ECs. A similar mechanism might explain the low relapse 
rates observed among smokers not intending to quit30,31 as 
well as in smokers with schizophrenia, asthma, and high 
blood pressure after switching to EC use.32–34

This study corroborates previous observations of a lack 
of worsening in respiratory physiology (post-bronchodilator 
FEV1, FVC, and %FEV1/FVC) in patients with COPD who 
stopped or considerably reduced their conventional cigarette 
use by switching to EC use. The absence of marked changes 
in spirometric indices following smoking cessation is not 
unusual in COPD smokers and particularly in patients with 
advanced disease and irreversible airway obstruction35,36 as 
is the case in our study population.

The finding that COPD exacerbations were halved in 
patients who stopped or considerably reduced their smoking 
habit following switching to ECs was an important finding. 
This is in agreement with results from two large population 
studies: one reporting a 43% lower risk COPD-related hos-
pitalizations in previous smokers compared with existing 
smokers;37 and the other showing a 22% reduction in COPD 
exacerbation risk in ex-smokers compared with ongoing 
smokers when adjusted for comorbidity, COPD sever-
ity indices, and socioeconomic status.38 In contrast, there 
have also been reports of a lack of any marked differences 
in hospital admissions between current smokers and ex-
smokers with COPD.39,40 Importantly, these studies did not 
take into consideration important COPD exacerbation risk 
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Figure 1 Changes in the number of COPD exacerbations per year from baseline, at 
follow-up visit 1 (12 1.5 months), visit 2 (24 2.5 months), and visit 3 (36 3 months) 
separately for COPD EC users (closed triangles) and COPD controls (closed 
circles). All data are expressed as mean and error bars are standard deviation of 
the mean. The ** and *** indicate the within-group p-value of 0.01 and 0.001, 
respectively, compared to baseline.
Abbreviations: COPD, chronic obstructive pulmonary disease; EC, electronic 
cigarette.
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Figure 2 Changes in the FEV1 (A) and FVC (B) from baseline, at follow-up visit 1 (12 1.5 months), visit 2 (24 2.5 months), and visit 3 (36 3 months) separately for COPD 
EC users (dark gray boxes) and COPD controls (light gray boxes). The boxes represent the 25th to 75th percentiles; the line in the boxes indicates the median, and error 
bars are 5th and 95th percentiles.

Abbreviations: COPD, chronic obstructive pulmonary disease; EC, electronic cigarette; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; BL, baseline.

DocuSign Envelope ID: 585872C2-C9EE-4F23-8990-4B605B7D37DDNumber of	COPD	exacerbations
are	reduced in	EC	users only

EC	users

Smokers



Polosa	R,	et	al.	Int J	COPD	2018

europapress / comunicados / comunicados internacional

COMUNICADO: El uso de cigarrillo electrónico puede
revertir el daño del tabaquismo en pacientes con EPOC,
incluso a largo plazo
Publicado 28/08/2018 12:01:13 CET

NUEVA YORK, 28 de agosto de 2018 /PRNewswire/ -- Un nuevo estudio que se publicó
recientemente en la Revista Internacional de Enfermedad Pulmonar Obstructiva Crónica,
dirigida por Riccardo Polosa, MD, PhD (Departamento de Clínica y Medicina Experimental
de la Universidad de Catania, Italia), sugiere que el uso del cigarrillo electrónico (CE) puede
revertir parte del daño resultante del tabaquismo en pacientes con enfermedad pulmonar
obstructiva crónica (EPOC). Además, el uso del CE puede mejorar los resultados objetivos y
subjetivos de la EPOC, que pueden persistir a largo plazo.

Los investigadores realizaron una reevaluación prospectiva a largo plazo de los cambios en
los parámetros respiratorios objetivos y subjetivos en un total de 44 pacientes con EPOC:
un grupo compuesto por pacientes que habían dejado de fumar cigarrillos convencionales
o reducido su consumo sustancialmente pasando a usar cigarrillos electrónicos (n = 22); el
otro, en comparación, pacientes con EPOC bajo control, que eran fumadores y no usaban
cigarrillos electrónicos en el momento del estudio (n = 22). Los convincentes hallazgos del
estudio mostraron que los pacientes con EPOC que cambiaron al CE presentaron los
siguientes efectos positivos a largo plazo (3 años):

-- Consumo de cigarrillos convencional significativamente reducido (de una media de 21,9
cigarrillos al día al inicio a una media de 2 al día tras un año de seguimiento) -- Tuvieron
infecciones respiratorias y exacerbaciones de la EPOC marcadamente atenuadas, y su
fisiología respiratoria no empeoró con el uso del CE -- Mostraron un estado de salud
general y una actividad física consistentemente mejorados -- Recayeron en el uso de
cigarrillos convencionales a un ritmo menor (8.3%)

Es importante destacar que los pacientes con EPOC que utilizaron cigarrillos electrónicos
pero continuaron fumando cigarrillos convencionales (usuarios duales), atenuaron el
consumo diario de cigarrillos convencionales en al menos un 75%. Los pacientes duales
con EPOC mostraron una mejora consecuente en sus parámetros respiratorios y calidad
de vida.

«Si bien el tamaño del estudio fue relativamente pequeño, los resultados pueden servir
como una evidencia preliminar de que no es probable que el uso a largo plazo del CE
resulte en problemas de salud sustanciales en pacientes con EPOC», dijeron los autores.
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Are	e-cigs safe?	
Yes

…	e-cigs are	much less
harmful than tobacco

cigarettes!



q E-cigs are unlikely to raise significant health
concerns for the respiratory tract under normal
condition of use

q Former smokers using and smokers intending to 
use E-cigs should receive correct information about
residual risks and potential benefits

q Promoting further access to E-cigs may reduce risk
and reverse harm
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