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ABSTRACT
Introduction: Quitting is the only proven method to attenuate the progression of chronic obstructive 
pulmonary disease (COPD). However, most COPD smokers do not seem to respond to smoking 
cessation interventions and may benefit by lessening the negative health effects of long-term cigarette 
smoke exposure by switching to non-combustible nicotine delivery alternatives, such as heated tobacco 
products (HTPs) and e-cigarettes (ECs).
Areas covered: Compared with conventional cigarettes, HTPs and ECs offer substantial reduction in 
exposure to toxic chemicals and have the potential to reduce harm from cigarette smoke when used as 
tobacco cigarette substitutes. In this review, we examine the available clinical studies and population 
surveys on the respiratory health effects of ECs and HTPs in COPD patients.
Expert opinion: The current research on the impact of ECs and HTPs on COPD patients’ health is 
limited, and more high-quality studies are needed to draw definitive conclusions. However, this review 
provides a comprehensive overview of the available literature for health professionals looking to advise 
COPD patients on the use of these products. While ECs and HTPs may offer some benefits in reducing 
harm from cigarette smoke, their long-term effects on COPD patients’ health are still unclear.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is the third leading 
cause of global death, causing more than 3.2 million deaths in 2019 
[1]. As a result of an inherent unremitting inflammation and remo-
deling of the airways, COPD may result in respiratory symptoms, 
progressive deterioration in lung function, respiratory failure, and 
death [2,3]. Protracted exposure to smoke toxicants is assumed to 
be the cause of the distinct airway inflammatory response of COPD 
[4,5]. Notably, the inflammatory processes in smokers with COPD 
do not respond well to topical corticosteroids [6,7]. Additionally, 
current and ex-smokers with COPD have a higher risk of lung 
cancer, cardiovascular disease, and diabetes [8–10].

Abstinence from conventional tobacco use is the only reported 
evidence-based strategy known to prognostically improve COPD 
[11,12], to significantly attenuate the decline in lung function and 
to enhance overall health status [13–15]. Besides, stopping smok-
ing reduces the risk of lung cancer, cardiovascular disease, and 
other tobacco-related diseases [16].

Although stopping smoking should be a priority for any smo-
kers with COPD, most of them are unable to experience high 
success rates during their quit attempts [17,18]. Licensed quitting 
therapies (nicotine replacement therapy – NRT, bupropion, and 
varenicline) have only limited success in patients with COPD who 

smoke and many COPD patients continue smoking despite their 
symptoms [19,20]. Studies have also documented much higher 
relapse rates in patients with COPD [21]. This may be attributed to 
their higher pack-year history, enhanced degree of nicotine depen-
dence, greater risk for depressive symptoms, and poor motivation 
to quit [17,22].

These patients struggle to completely stop nicotine use 
and may require prolonged treatment and/or sustained nico-
tine use to achieve longstanding abstinence and to prevent 
relapse. Obviously, cessation interventions and outcomes may 
be improved by taking into consideration specific predictors 
of quitting attempts and quitting success [23,24] or by 
promptly addressing relapse [25]. However, this specific 
knowledge is lacking for COPD patients who smoke.

Hence, more effective strategies that enhance successful 
quit rates are warranted in a population that usually responds 
poorly to smoking cessation and that it is vulnerable to 
relapse. For patients with COPD who are having difficulty 
stopping smoking, the alternative harm reductionist approach 
of substituting conventional cigarettes with consumer pro-
ducts that do not require combustion to deliver nicotine (i.e. 
e-cigarettes – ECs, and heated tobacco products – HTPs) 
should be considered.
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ECs are battery powered devices that operate by heating 
a metal coil that vaporizes a solution (e-liquid) mainly consist-
ing of glycerol, propylene glycol (PG), distilled water, and 
flavorings, and which may or may not contain nicotine. The 
user inhales the aerosol generated by vaporizing the e-liquid 
in a process commonly referred to as ‘vaping.’ ECs do not 
contain tobacco, do not create smoke, and do not rely on 
combustion to operate. Their design and efficiency in nicotine 
delivery have improved substantially since their market intro-
duction in 2006.

Another class of combustion-free products that has been 
introduced for cigarette substitution is that of heated tobacco 
products (HTP, also known as heat-not-burn). They consist of 
a holder that electronically transfers controlled heat at tem-
peratures that are below 350°C (instead of burning tobacco) to 
tobacco sticks, plugs, or capsules that generate nicotine- 
containing aerosols [26,27]. The user places the tobacco pro-
duct in a holder and draws on it in the same fashion as 
cigarettes or cigars.

ECs and HTPs have evolved as a popular, yet controversial, 
tobacco cigarettes substitute method among smokers world-
wide [28–33]. Compared with conventional cigarettes, they 
offer substantial reduction in exposure to toxic chemical emis-
sions [26,27,34–36] and, for this reason, they are proposed for 
harm reduction from cigarette smoke [36–39] and for smoking 
cessation [40].

2. Objective and methods of the review

Considering that only limited information is available about 
the health impact of nicotine delivery technologies in COPD, 
we authored this narrative review to carefully identify and 
critically appraise the existing evidence from human studies 
on the respiratory health effects of ECs/HTPs substitution for 
COPD patients who smoke. The primary goal is to provide 
clinicians with evidence on the health effects of ECs/HTPs 

substitution to inform their recommendations and plans. The 
twin goal of this narrative review is to promote health literacy 
in COPD patients who are using or intending to use ECs/HTPs 
with a specific focus on existing evidence on their respiratory 
health. Emphasis will be on clinical studies and surveys only. 
Findings from in vitro and animal studies cannot be directly 
applied to humans, and they tend to overemphasize negative 
effects of ECs/HTPs because of abnormal exposure protocols 
that do not replicate normal condition of use and lack of 
appropriate experimental controls as discussed extensively in 
a state-of the-art review [39].

We thoroughly searched published English literature on 
the impact of EC and/or HTP use on COPD. The literature 
search was conducted in September 2021 using the following 
databases: PubMed, Embase, ScienceDirect library, and 
Scopus. Search terms included ‘COPD’ OR ‘Chronic 
Obstructive Pulmonary Disease’ OR ‘Chronic Obstructive 
Airway Disease’ OR ‘COAD’ OR ‘Chronic Obstructive Lung 
Disease’ OR ‘Chronic Airflow Obstructions’ OR ‘Bronchitis’ OR 
‘Emphysema’ AND ‘E-Cigarette’ OR ‘Vaping’ OR ‘Electronic 
Nicotine Delivery Systems’ OR ‘e-cig*’ OR ‘Electronic 
Cigarette’ OR ‘vape*’. A separate search string was developed 
for HTPs and included the following terms: Alternative 
Nicotine Delivery Systems, Heat-not-burn, Reduced Risk 
Product, Modified Risk Tobacco Product, MRTP, Tobacco heat-
ing systems/products/device, THS/THP, Tobacco heated sys-
tems/products/device, Heated tobacco systems/products/ 
device, HTS/HTP, IQOS, glo, PLOOM. Search results were fil-
tered to include only human studies published from 
1 January 2000. Titles, abstracts, and full texts of the search 
results were sequentially screened by JM and GC indepen-
dently for inclusion, with disagreements resolved via blind 
review by a third reviewer (RP).

In view of the plethora of discordant findings and interpre-
tations from surveys and clinical studies of patients with 
COPD, a positive health impact of nicotine delivery technolo-
gies cannot be proven or disproven and a clear conclusion 
cannot be reached. This review article emphasizes the poor 
quality of the existing scientific literature and highlights the 
need for high-quality research to assess health effects in COPD 
patients.

3. Harm reduction and cessation potential of 
combustion-free nicotine delivery devices

Harm reduction is a public health strategy to reduce or elim-
inate harms that are caused by unhealthy behaviors, one of 
which is illicit drugs use/abuse [41]. Harm reduction acknowl-
edges that, while the preferred goal is abstinence, this is not 
always achievable, and that helping people change to less 
harmful alternatives may be a more effective approach [41].

In the case of tobacco, it refers to preventing or reducing 
morbidity and mortality from tobacco use among smokers. 
While eliminating exposure to toxic chemicals and carcino-
gens generated by tobacco combustion would result in the 
greatest reduction of harm, tobacco harm reduction (THR) 
acknowledges that this is not always achievable, and users 
may not always be able or willing to quit. So THR advocates 

Article highlights

● Patients with chronic obstructive pulmonary disease (COPD) who 
smoke find it very hard to quit smoking and many do not intend 
to quit smoking

● Most COPD patients who smoke rarely have success with standard 
cessation interventions, with many continuing to smoke despite their 
symptoms

● Compared with conventional cigarettes, e-cigarettes (ECs) and heated 
tobacco products (HTPs) offer substantial reductions in exposures to 
toxic chemicals

● For patients with COPD who are having difficulty stopping smoking, 
the alternative of lessening the negative health effects of smoking by 
switching from conventional cigarettes to EC or HTPs should be 
considered

● Relapse prevention may be an important mechanism by which EC or 
HTP use contributes to long-term smoking abstinence

● Clear conclusions on the impact of EC and HTP on COPD patients’ 
health long term cannot be reached due to limitations in the avail-
able studies

● Well-controlled clinical trials and large-scale prospective cohort stu-
dies with long-term follow-up are needed to obtain conclusive evi-
dence for or against EC and HTPs use in patients with COPD.
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that smokers switch to less harmful forms of nicotine con-
sumption [42].

While, in itself, nicotine cannot be ruled out completely as 
a cause for harm, the current scientific consensus is clear that 
there is no clinical proof that nicotine is linked to cancer in humans 
[16,43]. Moreover, the Lung Health Study (a multicenter clinical 
trial of nicotine gum in a large cohort of smokers with mild-to- 
moderate COPD with a long-term follow-up of about 15 years) 
indicated no evidence for an effect of NRT use on overall cancer 
[44]. Likewise, studies evaluating long-term use of oral smokeless 
tobacco products (e.g. snus – an oral form of nitrosamine-free 
smokeless tobacco that has been consumed in Scandinavian coun-
tries for decades) have shown that the cancer risks from nicotine 
intake are minimal [45,46]. The most compelling evidence comes 
from large population studies of snus. For example, Ramstrom and 
Wikmans [47], using data from the WHO Global Report on Mortality 
Attributable to Tobacco to compare rates of smoking-related lung 
cancer mortality between male snus consumers in Sweden and 
men in European nations (where snus is banned), found that 
Swedish men had approximately three times lower rates of lung 
cancer deaths than men in the European Union. Nonetheless, 
several experimental studies have found that nicotine can act as 
a tumor promoter [48–51]. Tumor-promoting activity of nicotine is 
an area of ongoing research, and prospective clinical and epide-
miological studies will be required to obtain conclusive evidence.

There is also a scientific consensus that nicotine consump-
tion does not contribute to respiratory morbidity either [16]. In 
general, nicotine is relatively safe for human consumption [52]. 
Smokers die from inhaling toxicants and carcinogens present 
in cigarette smoke, not nicotine.

A plethora of studies supply evidence for the harm reduc-
tion potential of ECs and HTPs.

In a large cross-sectional trial of 181 participants biochemically 
tested for biomarkers of exposure (BoEs) in five groups: (1) cigar-
ette-only-users, (2) ECs-only-users (>6 months smoking cessation), 
(3) NRT-only-users (>6 months smoking cessation), (4) dual-users of 
cigarettes and ECs, and (5) dual-users of cigarettes and NRT, exclu-
sive EC users had substantially lower 4-(Methylnitrosamino)- 
1-(3-pyridyl)-1-butanol (NNAL; a proxy for the cancerogenic nico-
tine-derived nitrosamine ketone – NNK) levels than all other 
groups – equivalent to a 97% overall reduction compared to 
combustible cigarette smokers. In exclusive EC users, 1,3-buta-
diene and acrylonitrile (among two of the greatest source of cancer 
risk in tobacco cigarettes) levels were markedly reduced at 11.0% 
(CI 7.5, 16.1) and 2.9% (CI 1.7, 4.7) of cigarette smokers [53]. Strong 
evidence of vaping-associated reduction in carcinogens (i.e. NNAL) 
has also been confirmed in 17.830 participants with urine samples 
from the Population Assessment of Tobacco and Health (PATH) 
study, a nationally representative longitudinal study of US 
adults [54].

Similar evidence has been reported with HTPs in a Cochrane 
review showing moderate-certainty evidence for lower BoE levels 
at follow-up in HTP than cigarette smoking groups [55]. Gale et al. 
enrolled 506 participants in a 12-month randomized controlled 
switching trial, which were tested to selected cigarette smoke 
toxicants (including NNAL, 3-HPMA, HMPMA, MHBMA, HEMA, 
4-ABP, 2-AN, 1-OHP, eCO, S-PMA, and CEMA) [56]. In continuing 
smokers, BoE remained stable between baseline and day 180, 

while huge decreases in most toxicant levels were reported in 
HTP users, becoming similar to those of controls abstaining from 
cigarette smoking. Moreover, it was found that switching to HTPs 
(glo) not only reduced exposure to cigarette smoke toxicants but 
also improved several health effect indicators when compared to 
continuing to smoke [56]. Another large switching trial of 984 
smokers allocated to continue smoking cigarettes or to use an 
HTP device (IQOS) for 6 months confirmed similar markedly 
reduced levels of BoE at follow-up [57]. Another important reduc-
tion in exposure provided by EC and HTP use compared to 
smoking is the elimination of elevated levels of carbon monoxide, 
a major risk factor for cardiovascular disease, in the exhaled 
breath. Switching from conventional cigarettes to ECs quickly 
and universally leads to normalization in exhaled carbon mon-
oxide levels (eCO) [58–60]. Similar findings have been reported 
with HTPs [55–57,61].

In spite of substantial evidence from analytical chemistry 
and exposure studies demonstrating that chemical production 
in EC emission aerosols does not pose a major health concern 
according to quantitative risk assessment [62,63], opposing 
viewpoints have been presented [64]. While BoEs are not 
indicators of disease rates, the significant reduction in expo-
sures experienced by exclusive ECs/HTP users is a positive 
marker for tobacco harm reduction. With the growing popu-
larity of combustion-free nicotine delivery technologies, such 
as ECs and HTPs, product substitution is now an important 
aspect of THR, with the aim of reducing health damage asso-
ciated with combustible tobacco cigarettes.

There is also growing evidence that ECs and HTPs use may 
help smokers to achieve sustained abstinence from cigarette 
smoking. The most recent Cochrane review concludes that 
‘There was high certainty that quit rates were higher in people 
randomized to nicotine EC than in those randomized to NRT (RR 
1.63, 95% CI 1.30 to 2.04),’ indicating in absolute terms an 
additional four quitters per every 100 using ECs [40]. An 
elegant randomized controlled trial of 886 motivated quitters 
at the UK National Heath Stop Smoking Service compared ECs 
and NRTs for successful cessation at one year with biochemical 
verification [65]. In this study, quit rates were 18.0% for ECs 
compared to an atypically low 9.9% with NRT (RR 1.83; CI 1.30, 
2.58; p < 0.001). Of note, among those achieving one-year 
abstinence with ECs, 80% were still using ECs at the one-year 
follow-up, a possible indication of the effectiveness of ECs for 
relapse prevention. As discussed earlier, relapse is 
a widespread problem for smoking cessation. A study drawn 
from survey data shows the effectiveness of EC use in pre-
venting relapse. Based on combined data from the 2014 and 
2015 US National Health Interview Surveys, the prevalence of 
being quit during the prior 6 years was significantly higher 
among daily EC users compared to those who had never used 
ECs (52.2% vs. 28.2%). After adjustment for co-variates, daily 
EC use was consistently the strongest independent correlate 
of smoking cessation and did not vary by gender [66]. How 
could EC use act to prevent relapse? It is possible that for 
some, ECs can substitute the physical, psychological, social, 
cultural, and identity-related dimensions that were previously 
enjoyed when smoking tobacco cigarettes, thus may uniquely 
support long-term smoking relapse prevention [67]. However, 
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conflicting findings on the topic of relapse prevention among 
EC users that have stopped smoking have been shown in large 
cross-sectional surveys in the US [68,69]. There is no informa-
tion about relapse prevention among EC users with COPD. 
Formal demonstration of the efficacy of HTPs for smoking 
cessation is just emerging from analyses of large surveys 
showing that the current use of HTPs is common among 
former smokers [70] and from randomized controlled trials 
showing that HTPs are as effective as refillable ECs for stop-
ping smoking [71].

Many users do not switch exclusively to ECs and do use ECs and 
combustible cigarettes (dual use) for a variable period of time thus 
potentially prolonging exposure to harmful toxic chemicals in the 
tobacco smoke. Dual use is known for being a common transitory 
state, with transitions to exclusive use taking a variable time to 
occur [72,73]. Recent trends show a fall in dual-use prevalence; in 
the UK and US, dual-use prevalence among adult EC users is about 
30% [74–76]. Greater declines in dual usage rate have been 
reported for youth in the US [77–79].

Complete cigarette substitution with combustion-free nico-
tine delivery products (either ECs or HTPs) may reduce health 
damage associated with tobacco smoke. A large inter- 
laboratory replication study conducted in parallel in Italy, 
Greece, Serbia, Oman, Indonesia, and USA has confirmed 
that combustion-free nicotine delivery technologies can sub-
stantially reduce cytotoxicity and inflammatory burden com-
pared to conventional cigarettes by >80% [80]. Experiments 

were conducted and validated using the International 
Organization for Standardization (ISO) standard and protocols 
resembling normal condition of use.

Therefore, it is expected that switching away from combus-
tible tobacco cigarettes would produce significant improve-
ments. This is consistent with what we have learnt over the 
last 50 years about tobacco smoke chemical composition and 
respiratory disease pathogenesis. Nonetheless, only limited 
information is available regarding the health impact of these 
nicotine delivery technologies in COPD.

4. Health impact of combustion-free nicotine 
delivery devices: surveys

A number of surveys have looked into the question of whether 
the use of combustion-free nicotine delivery technologies by 
patients at risk of, or with, COPD may impact respiratory 
health outcomes. We identified a total of 16 relevant papers 
investigating the association between EC use and COPD or 
COPD/asthma-like symptoms: 3 longitudinal studies [81–83] 
and 13 cross-sectional surveys [84–96] (Table 1). The search 
did not find any surveys on HTP use. Their quality assessment 
indicated poor quality ratings for most studies.

In summary, most of these cross-sectional studies have 
reported significant association between EC use and self- 
reported diagnosis of COPD or COPD-like symptoms. The 
association is expected considering that the vast majority of 

Table 1. Summary list and description of included surveys.

Lead 
author

Year of 
publication

Reference 
no.

Cross- 
sectional 

study Description

Bowler RP, 
et al.

2017 [78] NO Results from 3536 consecutive COPDGene subjects who completed the questionnaire at the time of the 5-year 
follow-up visit (2014–2016) and 1060 consecutive SPIROMICS subjects who completed the questionnaire at 
the time of enrollment (2014–2015)

Xie W, 
et al.

2018 [79] NO An annual longitudinal survey . . . Wave 1 data were collected from 12 September 2013, through 
14 December 2014, and the most recent wave (ie, wave 4) of data collection was performed from 
1 December 2016, to 3 January 2018. Retention rates for the wave 1 cohort were 83.2% at wave 2, 78.4% at 
wave 3, and 73.5% at wave 4

Bhatta DN, 
et al.

2020 [80] NO Longitudinal analysis of the adult Population Assessment of Tobacco and Health Waves 1, 2, and 3. retention 
rates at Waves 2 and 3 were 83.2% and 78.4%, respectively

Bircan E, 
et al.

2021 [81] YES Cross-sectional data from the Behavioral Risk Factor Surveillance System (BRFSS) from 2016 to 2018

Kang HS, 
et al.

2022 [82] YES Cross-sectional survey was conducted at the outpatient clinic of eight teaching hospitals in South Korea 
between November 2019 and December 2019

Antwi GO, 
et al.

2020 [83] YES 2018 Behavioral Risk Factor Surveillance Survey (BRFSS)

Parekh T, 
et al.

2020 [84] YES Behavioral Risk Factor Surveillance System 2016–2017

Xie Z, et al. 2020 [85] YES Cross-sectional association of vaping with self-reported COPD diagnosis
Perez MF, 

et al.
2019 [86] YES First wave of the Population Assessment of Tobacco and Health (PATH) survey adult data

Kioi Y, 
et al.

2018 [87] YES Respondents aged 40–69 years from a 2015 internet survey

Wang JB, 
et al.

2018 [88] YES Cross-sectional analysis was performed using baseline data from the Health eHeart Study

Lewis NM, 
et al.

2021 [89] YES 2018 Utah Behavioral Risk Factor Surveillance System

Soriano JB, 
et al.

2021 [90] YES A random population screening sample, requiring 600 participants per region performed a questionnaire plus 
post-bronchodilator (post-BD).

Osei AD, 
et al.

2020 [91] YES Pooled 2016 and 2017 data from the Behavioral Risk Factor Surveillance System (BRFSS).

Wills TA, 
et al.

2019 [92] YES 2016 Hawaii Behavioral Risk Factor Surveillance System (BRFSS).

Kruse GR, 
et al.

2017 [93] YES Cross-sectional evaluation of 2014 and 2015 National Health Interview Survey
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EC users are former (single users) or current smokers (dual 
users). Nonetheless, cross-sectional studies cannot establish 
a causal relationship. They also fail to provide a consistent 
and meaningful characterization of exposure; definitions of 
exposure for vaping studies (e.g. daily, one puff in last 
30 days, one puff ever, average duration of EC use) should 
be tailored to the hypothesis and consistent with metrics in 
related research. Moreover, these studies should be adjusted 
for previous smoking history, a clear confounder in COPD.

For example, a paper analyzing data pooled from two large 
observational US cohorts – which was rated of high quality 
[97] – concluded that EC users had more rapid decline in lung 
function [81], but this trend did not persist after adjustment 
for conventional cigarette smoking (which is an obvious key 
factor driving the accelerated decline in lung function). Also, 
selection bias was an important potential confounder, with EC 
users having heavier cigarette smoking history thus explaining 
why they were more likely to report chronic bronchitis and 
poorer respiratory health and to have more rapid decline in 
lung function [81]. As for most studies in this category, the 
authors relied on poorly constructed measures of EC use (i.e. 
mixing together ever and current use to define EC exposure), 
which makes it hard to determine if the reported association 
between EC use and self-reported diagnosis of COPD is real or 
merely the result of misclassification error. A more detailed 
appraisal of this study has been published [98].

Another study that segmented never and current smokers 
was the cross-sectional random-dial phone survey by Wills 
et al. [95]. The authors examined respiratory health among 
e-cigarette users in Hawaii, USA, aged 55 years and older and 
found no significant association between EC use and self- 
reported chronic respiratory conditions (asthma and COPD) 
in the entire sample, which included smokers (AOR 1.27, CI 
0.96–1.67; p = 0.10); however, when the analysis was limited to 
nonsmokers, there was a barely significant association (AOR 
1.33, CI 1.00–1.77; p < 0.05). The study did not appear to 
account for relevant confounders (e.g. information that could 
have an impact, such as a family history of allergy disorders, 
passive smoking, or occupational exposures, was not 
obtained). As for the other surveys in this review article, this 
study shares the obvious weaknesses of inferring causality 
from cross-sectional design that does not have information 
about temporal sequence between cause (i.e. vaping) and 
effect (i.e. disease outcomes), and the absence of exposure 
data that does not allow examination of potential dose– 
response relationships. Notably, vaping behavior was defined 
as ‘one puff ever’ (indicating insignificant EC exposure, prob-
ably casual experimentation with the product), whereas smok-
ing behavior in a group with a mean age of 55 years suggests 
that people have smoked cigarettes more regularly and over 
a longer period of time (probably for decades) [95]. Attributing 
respiratory injury to such a modest degree of exposure would 
imply that vaping has a significant unfavorable acute and 
chronic impact; this is very unlikely, as biologically implausible. 
The link is clearly due to residual confounding from smoking. 
The authors may have reported how associations could 
change when different strata of former smokers (recency of 
quitting, intensity/frequency of use) are considered. Or should 
have looked at the associations for regular daily vaping rather 

than just presenting results for all ever-triers. Or could have 
assessed whether the subjects had symptoms before they 
started vaping.

Perez et al. [89] examined the association between EC use 
and COPD and found an association. Unfortunately, EC use is 
poorly characterized, and the definition of COPD is ambigu-
ous. Exposure in this study was a vague mix of daily and 
occasional use of unknown duration. Even if we accept that 
the exposure to vape aerosols was as intense as daily and as 
prolonged as 5 years among never smokers, and that EC 
aerosol emissions are as harmful as tobacco smoke, it is 
implausible to expect development of COPD in such a short 
period of time. Given that >80% of the study population was 
not in the age-risk category for COPD, a major flaw of the 
study is that the dependent variable appraised by the authors 
is unlikely to be COPD (especially in younger ages). Transient 
dry cough is frequently (approx. 20–30%) reported in first-time 
users, due to the irritant effect of PG/VG inhalation. If doctors 
in this study have deemed this transient cough to be 
a symptom for the diagnosis of COPD, then we have 
a serious problem of misclassification.

In their cross-sectional study, using a large representative 
sample of 18–24 years old from the Behavioral Risk Factor 
Surveillance System (BRFSS), Bircan et al. [84] reported signifi-
cant associations between EC use and self-reported diagnosis 
of asthma, COPD, and asthma-COPD overlap syndrome. These 
authors elegantly excluded people with previous and current 
smoking history from their study sample, thus limiting the 
impact of this major confounder on chronic respiratory dis-
eases. Once again, diagnostic mislabeling (a problem not 
unique to BRFSS) cannot be underestimated. Also, the 
reported association rests on a small number of cases and 
their propensity score only matches demographic conditions, 
but does not measure the propensity of developing COPD. 
Last but not least, if the causal claim is that a substantial 
frequency of vaping causes chronic respiratory problems to 
develop, and then the study design should not have been 
based on 18–24-year-old whose historical exposure is perforce 
minimal. Nonetheless, the authors found an association 
between vaping and COPD among never cigarette smokers 
in the 18–24-year-old age bracket, with over a quarter of the 
vapers and over a fifth of the non-vapers reporting having 
COPD alone or COPD plus asthma. This is an unexpected 
finding since COPD is very unlikely to be diagnosed prior to 
the age of 40 and is much less prevalent among never cigar-
ette smokers than current or former smokers. There is no 
obvious explanation then that these respondents were mis-
classified as COPD. Most importantly, BRFSS – but same limita-
tion also applies to another federal survey, the National Health 
Interview Survey (NHIS) – does not introduce questions that 
would generate information about the age of disease diagno-
sis and the correct timing of EC use initiation.

A prospective evaluation of EC users would be the most 
useful approach to prove or disprove the negative health 
impact of combustion-free nicotine delivery technologies. In 
a longitudinal survey of the Population Assessment of 
Tobacco and Health (PATH) study, Xie et al. [99] investigated 
the respiratory health effect of EC use in a nationally repre-
sentative cohort of US young adults. The authors showed 
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that both former and current EC use was associated with 
higher odds of developing any respiratory symptom 
(aOR = 1.20 and 1.32 for former and current EC use, respec-
tively). However, cigarette smoking history was insufficiently 
adjusted for in the analysis. Using cigarette smoking as 
a binary covariate (i.e. yes/no) in an adjusted model is insuffi-
cient. A much stronger analytical approach is to adjust for 
cumulative amount of cigarette smoked (i.e. pack-years) as 
used in the recent study by Sargent et al. [100]. These authors 
also used dataset from the PATH study, but when they 
adjusted for pack-years of smoking history the significant 
association became non-significant – illustrating how much 
residual confounding there is when using ‘crude’ binary mea-
sures. While there is a tendency for EC use at baseline to be 
associated with the onset of new symptoms, the ORs have 
quite wide confidence intervals and are not always signifi-
cant. Furthermore, where associations with cigarette smoking 
are seen, the odds ratios are typically somewhat larger. Thus 
(as seen in Table 3 of Xie et al.), all the ORs for EC only relative 
to cigarette only are below 1, and even where they are 
significant – e.g. wheezing in the chest where we have 
a fully adjusted OR of 0.62 (95% CI 0.39–0.99) – one cannot 
really tell whether EC is only slightly better or quite a lot 
better than cigarettes. Last but not least, Xie et al. note that 
a limitation of their study is that ‘exposure and outcome 
measures were self-reported and may be subject to 
misclassification.’

That efficient adjustment of cigarette smoking history is para-
mount to correctly evaluate association between EC use and COPD 
incidence has been confirmed by a recent analysis of PATH Study 
data [101]. An association between 30-day EC use and increased 
risk of COPD was found in the unadjusted models, but this relation-
ship disappeared after adjusting for cigarette pack-years. In addi-
tion, exclusive use of ECs was not associated with higher COPD 
incidence (RR = 1.36, CI [0.55, 3.39]).

In addition to the lack of adequate adjustment for previous 
smoking history as a clear confounder, cross-sectional population- 
based data that fail to include data on the age of initiation of EC 
and combustible cigarette use cannot be relied on for drawing 
conclusions regarding potentially causal associations with COPD. 
Rodu and Plurphanswat have used data from the first wave of the 
PATH Study (which has information about the age of disease 
diagnosis and EC and combustible cigarette use initiation) to 
examine the reliability of associations found in cross-sectional 
studies [102]. The authors’ analysis concluded that COPD was 
only rarely diagnosed in respondents who had initiated EC use 
prior to the age of COPD diagnosis. On the contrary, as expected, 
COPD was nearly always diagnosed following many years after the 
age of initiation of smoking and represented 97% of all COPD 
diagnoses. This important article has been examined in a recent 
commentary [103].

5. Health impact of combustion-free nicotine 
delivery devices: clinical studies

The negative evidence emerging from surveys is in stark con-
trast with longitudinal clinical studies of real patients with 
COPD. A 5-year multicenter study monitored the health para-
meters in COPD patients who substantially attenuated or 

ceased their cigarette consumption after switching to ECs 
[104]. Changes in daily cigarette smoking, annualized disease 
exacerbations, lung function indices, patients reported out-
comes (COPD assessment test – CAT scores) and 6-minute 
walk distance (6MWD) from baseline were measured in smo-
kers with COPD prior to and over a 5-year follow-up period 
after switching to ECs in comparison with an age-sex-matched 
control group of smokers with COPD who did not use ECs and 
continued smoking. Complete data sets were available for 39 
patients (20 in the EC group). The study findings indicated 
a significant and sustained improvement in lung function, 
symptoms, and functional ability in the EC users compared 
with the reference group, likely as a result of reduction in the 
harmful effects of continuing smoking. Daily solos ECs use 
elicited a substantial (52%) decrease in annualized COPD 
exacerbations by the end of the study. That respiratory exacer-
bations were halved in patients with COPD who ceased or 
markedly reduced their tobacco consumption after switching 
to ECs was a key finding. Smoking increases susceptibility to 
respiratory infections, and quitting smoking is known to 
reduce this risk [105]. In addition, substantial and clinically 
significant improvements in CAT scores and 6MWD were 
observed in the EC cohort. No significant changes were 
noted in COPD patients who continued smoking. Small 
improvements in post-bronchodilator forced expiratory flow 
in one second (FEV1) were also noted over the 5-year observa-
tion period in COPD EC users. As expected, amelioration in 
exacerbation rates, overall health status, and lung function 
also caused progressive improvement in Global initiative for 
chronic Obstructive Lung Disease (GOLD) COPD Stages in 
many patients in the EC group. Another important finding of 
the study is that only 8.3% patients from the COPD EC user 
group relapsed to cigarette smoking over the 5-year duration 
of the study, thus suggesting that relapse prevention may be 
an important mechanism by which vaping contributes to 
long-term smoking abstinence. ECs were well tolerated. 
However, these findings must be interpreted cautiously 
because they are based on a small, self-selected sample of 
patients with mild-moderate COPD, and larger studies will be 
necessary to assess the long-term effects and safety of these 
products. It must also be emphasized that the impact on the 
severe form of the disease has not been investigated.

Health impact and tolerability of ECs on COPD have also been 
investigated in a small acute study by Palamidas et al. [106]. The 
authors asked 16 smokers with COPD to puff an EC under con-
trolled conditions (ad libitum for 10 min) before measuring their 
respiratory symptoms and airways physiology. No difference in 
cough frequency was observed between COPD patients and 
healthy controls. A small decrease in forced exhaled nitric oxide 
(NO) was shown in all participants, but changes were not statisti-
cally significant between study groups. Small changes in airway 
mechanics were within the variability of the test, with healthy non- 
smokers having the greater change.

These findings are in agreement with several acute clinical 
studies consistently showing no changes in respiratory symp-
toms, lung function, or signs of airway inflammation in 
response to EC use (both subjects with preexisting respiratory 
condition and matched healthy controls) [reviewed in ref. 39] 
and also consistent with results from a large internet survey 
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reporting transient throat irritation, dry cough, and other 
symptoms of respiratory irritation in some smokers when 
switching to ECs [107]. The same survey also showed improve-
ments in respiratory symptoms in a sub-sample of 1190 reg-
ular EC users with COPD, with 75.7% of the respondents 
reporting symptoms improvement after switching [107].

COPD patients using EC report mild transient coughing and 
modest changes in respiratory physiology that are no different 
from healthy controls. The acute changes described here are 
simply suggestive of non-specific irritant effects in response to 
EC aerosol emissions, indicating an efficient physiologic defen-
sive reflex response. This airway response to inhaled respira-
tory irritants does not indicate EC vapor emission-specific 
effects [reviewed in ref. 39].

Nonetheless, the possibility of a negative impact on 
patients with COPD cannot be ruled out, particularly in 
patients with severe form of the disease, and the long-term 
health effects of combustion-free nicotine products require 
investigation. The potential health impact of ECs has been 
addressed in several review articles, with conflicting conclu-
sions [39,108,109].

An alternative approach for patients with COPD who are having 
difficulty at stopping smoking or not intending to quit is that of 
substituting conventional cigarettes with HTPs. To date, the evi-
dence about health outcomes in COPD patients who have 
switched to HTP use is limited. In the first study to investigate the 
long-term health effects of HTP use in COPD patients, investigators 
from four Italian hospitals monitored health parameters for 3-years 
in COPD patients who substantially attenuated or ceased cigarette 
consumption after switching to HTPs and findings were compared 
to age-sex-matched COPD patients who continued to smoke [110]. 
On average, the HTP group achieved either a sustained smoking 
cessation (~60% of the group) or marked reduction in the number 
of cigarettes smoked per day, while no changes in smoking con-
sumption were noted in the control group. Thus, the switch to 

HTPs successfully achieved the goal of smoking cessation/reduc-
tion. In spite of the small number of patients in each study group 
who completed the 3-year follow-up (n= 19), daily solos HTPs use 
elicited significant reductions in acute exacerbations of COPD 
(>40%) and caused improvements in symptoms, clinically relevant 
amelioration in health-related quality of life (Figure 1), and 
enhanced exercise capacity (assessed by 6-minute walk distance). 
No improvements were observed in COPD patients who continued 
smoking. HTPs were well tolerated and no deterioration in post- 
bronchodilator forced expiratory volume in 1 s [FEV1], forced vital 
capacity [FVC], and %FEV/FVC was observed in patients with COPD 
who stopped or considerably reduced their tobacco consumption 
by switching to HTP use. As for the 5-year multicenter study with 
EC discussed earlier, the same careful interpretation of the findings 
applies here. Analyses of these studies have been presented in 
recent editorials [111,112].

It is not surprising to observe harm reversal with combustion- 
free nicotine delivery technologies. For example, restoration of 
lung defense has been shown in daily solos EC and HTP users 
[113]. A study has found that smokers who had switched to 
combustion-free nicotine delivery technologies (i.e. ECs and 
HTPs) exhibited mucociliary clearance efficiency similar to that of 
never and former smokers [113]. This means that smokers who 
have switched away from combustible cigarettes regain an impor-
tant protection against lung infections and inflammation. In turn, 
this decreases the risk of infection and provides an additional 
explanation for the significant reduction in respiratory exacerba-
tions observed in patients with COPD who ceased or markedly 
reduced their tobacco consumption after switching to ECs or HTPs 
[104,110]. The fact that stopping smoking (including by substitut-
ing tobacco cigarettes with non-combustible sources of nicotine) 
would produce substantial improvement in mucociliary clearance 
is a significant finding, but it is not unexpected. Under normal 
conditions of use, the level of cilia-toxic chemicals in EC and HTP 
aerosol emissions are 80–99% lower compared to cigarette smoke 

Figure 1. Change in median COPD assessment tool (CAT) scores from baseline in COPD-heated tobacco product users and COPD controls. The bold dashed line on 
the bar chart illustrates the MCID for CAT score.
COPD chronic obstructive pulmonary disease, HTP heated tobacco products, CAT COPD Assessment Tool, BL baseline, M months, MCID minimal clinically important difference; indicates the 
threshold below which an improvement is clinically relevant with a decrease of at least 2 units from baseline being considered to be of clinical importance. Modified from Polosa R, Morjaria 
JB, Prosperini U, Busà B, Pennisi A, Gussoni G, Rust S, Maglia M, Caponnetto P. Health outcomes in COPD smokers using heated tobacco products: a 3-year follow-up. Intern Emerg Med. 2021 
Apr;16(3):687–696. doi: 10.1007/s11739-021-02674-3. 
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[26,27,34,35,80]. Accordingly, exposure to aerosols generated from 
combustion-free nicotine delivery technologies is expected to 
have a much less disruptive impact on the functional elements 
and self-repair characteristics of mucociliary defense system. This 
conclusion is consistent with what we have learnt about tobacco 
smoke chemical composition and COPD pathogenesis over the 
last 40–50 years.

Given the current status quo in tobacco control and the 
rising global burden of COPD [114], it is sensible to review any 
data that may show real progress. Recent work using real- 
world data from Japan has gathered evidence that widespread 
substitution of cigarettes with combustion-free products can 
have a substantial positive impact. In particular, a time-trend 
analysis on hospitalizations for COPD exacerbations among 
the Japanese population showed a statistically significant 
decrease in the number of hospitalizations after the introduc-
tion of HTPs in Japan [115].

6. Conclusion

Slowing down disease progression, reducing respiratory exacerba-
tions, and improving quality of life are unmet needs in the man-
agement of patients with COPD. The only proven method for 

improving prognosis is quitting smoking, but it is discouraging 
that most smoking cessation schemes do not seem to work for the 
vast majority of COPD smokers, and many continue smoking 
despite their symptoms. Moreover, serious implementation of 
this approach requires time and dedication from the clinician, as 
well as awareness and appreciation of its effectiveness, require-
ments that – despite their importance – may be sorely lacking in 
the medical community [116–118].

Although combustion-free nicotine delivery alternatives 
(e-cigarettes, heated tobacco, etc.) carry a much-reduced risk 
compared to conventional cigarettes, it is imperative to 
emphasize that they should only be used by patients with 
COPD unable to quit smoking despite having seriously 
attempted to quit using conventional measures, including 
approved pharmacotherapy and counseling. However, consid-
erable controversy continues to surround the use of these 
products, mainly with regard to their potential use (misuse) 
by nonsmoking youths, a controversy illustrated by several 
commentaries and editorials [119–122].

Nevertheless, any measures that can improve respiratory 
symptoms and quality of life should not be dismissed light- 
heartedly. As many COPD smokers prefer to smoke, conven-
tional cigarette substitution should be considered as 

Figure 2. An algorithm for the management of the COPD patient who smoke. The approach has been adapted from that recommended by US Agency for Health 
Care Policy and Research (AHCPR) JAMA 2000; 283:3244–54.
First, identify current smoking status by systematically asking how many cigarettes your COPD patient smokes (ASK). Second, firmly advise your COPD patient who smoke to quit and 
provide clear personalized information about the benefits of cessation, particularly for respiratory symptoms and quality of life (ADVISE). Third, assess patient’s willingness to make a serious 
quit attempt at this time (ASSESS). Fourth, if the patient is ready to quit, be prepared to offer professional assistance. This entails working together with the patients toward a workable 
cessation plan, with a commitment to set a quit date and attend frequent follow-up visits. For best results, medications for nicotine withdrawal symptoms in combination with cessation 
counseling should be included in the plan. Alternatively, refer challenging patients with comorbidities to specialized centers (ASSIST). Last, patients receiving assistance with cessation 
intervention must be regularly assessed for abstinence. Abstinent patients should be praised for their quitting success, whereas those who have relapsed should be quickly reviewed to 
determine whether they are ready to repeat another quit attempt or if it is preferable to refer them to specialized centers (ARRANGE). COPD – chronic obstructive pulmonary disease, THR – 
tobacco harm reduction, NRT – nicotine replacement therapy. 
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a valuable solution to the persistent problem of smoking, and 
combustion-free nicotine delivery technologies should be 
weighted as a component of this strategy.

Our analysis of existing human studies on the respiratory 
health impact of ECs/HTPs substitution for COPD patients who 
smoke fails to reach a clear conclusion because of the discor-
dant findings and unreliable interpretations driven from sur-
veys and clinical studies of modest quality.

This review article highlights the need for large, carefully 
designed, adequately controlled, long-term follow-up clinical 
trials to assess the true potential of combustion-free nicotine 
delivery technologies for sustained smoking cessation and 
reducing the risk of harm from smoking, particularly among 
smokers with chronic obstructive pulmonary disease (COPD). 
Appropriate outcomes of these studies should include, among 
others, changes in lung function, respiratory symptoms, 
health-related quality of life, exacerbations of COPD, physical 
functional ability, thoracic imaging (e.g. high-resolution com-
puted tomography), as well as readily accessible biomarkers 
associated with the severity and progression of this disease. 
These recommendations have been discussed in a recent com-
mentary [123].

When evaluating the non-acute effects of combustion-free 
nicotine delivery technologies, epidemiologists must consider 
the health consequences of previous smoking history, including 
the duration of smoking, the time since quitting, and the frequency 
of cigarette consumption, as well as ensure the temporal relation-
ships are consistent with the association being tested. Propagation 
of common mistakes in epidemiological surveys of respiratory 
health in COPD must be fixed. Common flaws in the methodology 
of epidemiology research have been identified and analyzed sys-
tematically [102,124,125].

Implementation of shared methodologies within the scien-
tific community that will set common standards on tobacco 
harm reduction science is necessary. Formulating and estab-
lishing standardization of methodologies for scientific research 
on ECs and HTPs is a crucial step.

7. Expert opinion

Evidence-based recommendations urge systematic identification 
of any cigarette users, which includes COPD patients [19,126]. All 
smokers with COPD should be advised to quit with clear, persona-
lized instructions. Health professionals should assist COPD patients 
intending to quit by presenting a cessation plan with 
a commitment to a quit date and frequent follow-up visits. 
Physicians should also consider prescribing medications (e.g. 
NRT, bupropion, and varenicline) to ameliorate nicotine withdra-
wal symptoms in combination with cessation counseling for best 
results [126,127]. In general, these medications are also effective in 
COPD and have no specific contraindications in patients with mild- 
moderate COPD [128,129].

Establish a strong alliance with your COPD patient by 
explaining what to expect. For example, mention the possibi-
lity that withdrawal symptoms might still occur even with 
medications, but point out that some people do not experi-
ence any of these problems and a few might experience all of 
them. COPD patients should also be advised that their 

respiratory symptom (primarily cough) might worsen within 
the first couple of weeks after smoking cessation soon after 
smoking cessation [130]. Although medical management of 
respiratory patients who smoke is no different from those who 
do not smoke, patients experiencing worsening respiratory 
symptoms when stopping smoking can benefit from 
a temporary increase in bronchodilators [131].

Recognizing risk factors that predict cessation failure might 
require more intensive treatment and referral to specialized 
centers. For example, COPD patients with major depression, 
mental illnesses, and/or substance abuse are very vulnerable 
to relapse [17,22].

Patients who are having difficulty stopping smoking should 
receive a brief intervention designed to increase future quit 
attempts. For these smokers, it is better to wait until they feel 
ready and confident enough to stop. Smoking reduction 
might be a viable treatment approach to promote future 
smoking abstinence among smokers who are not ready to 
repeat a quit attempt. Alternatively, substitution of conven-
tional cigarettes with a less harmful source of nicotine (i.e. ECs 
or HTPs) should be considered. A decisional algorithm for 
assisting smokers with COPD is shown in Figure 2.

Electronic cigarettes (ECs) and heated tobacco products 
(HTPs) are continuing to gain popularity among consumers 
worldwide [28–33]. However, many health professionals are 
uncertain about the potential benefits or adverse effects of 
these reduced risk products. In spite of the existing contro-
versy surrounding the use of combustion-free nicotine pro-
ducts [119–122], a number of significant positive actions have 
been adopted by regulatory bodies and scientific authorities. 
For instance, in the United States, the Food and Drug 
Administration (FDA) has recently authorized the legal com-
mercialization of tobacco heated products and e-cigarettes, 
affirming ‘that marketing of these products is appropriate for 
the protection of public health’ based on the FDA’s robust, 
scientific evaluation of reduced consumers’ exposure to harm-
ful chemicals when completely switching away from conven-
tional cigarettes [132,133]. However, some ECs have been 
denied approval. Although not designed as smoking cessation 
products, the latest Cochrane review confirmed that e-cigar-
ettes may help smokers quit, recognizing the effectiveness of 
these devices in cessation programs [40]. Along similar lines, 
the National Institute for Health and Care Excellence (NICE) 
committee ‘agreed that, because many of the harmful compo-
nents of cigarettes are not present in e-cigarettes, switching to 
nicotine-containing e-cigarettes was likely to be significantly 
less harmful than continuing smoking’ and ‘ . . . that people 
should be able to access them as part of the range of [cessa-
tion] interventions they can choose to use’ [134].

Fast innovation in combustion-free technologies is likely 
not only to further reduce residual health risks but also to 
increase health benefits in exclusive users. With the develop-
ment of improved product designs, we are now beginning to 
see that products’ adoption rates (and consequently the 
extent of reduction in cigarette consumption) are strongly 
associated with efficient smoking cessation, smoking cessation 
being the main ‘collateral benefit’ for many smokers switching 
to their regular use [135–137]. In addition, people concerned 
about the toxicology profile of vaping products should 
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consider that modern devices are continuing to improve in 
quality and safety. The risk of harm from modern regulated 
devices from reputable manufacturers who fully comply with 
standards of quality and safety is extremely small.

Research on these emerging products is intense and scien-
tific publications are growing at an exponential rate. More 
high-quality work is necessary to quantify the relative risk of 
using these emerging technologies compared to cigarette 
smoking, to accurately establish product quality and safety in 
absolute terms, and to assess health effects in vulnerable 
populations, including COPD patients.
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