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Introduction
Tobacco smoking is a major cause of preventable 
premature mortality worldwide, caused primarily 
by lung cancer, cardiovascular disease and chronic 
obstructive pulmonary disease (COPD).1,2

COPD is a condition epitomised by ongoing 
inflammation and remodelling of the airways, cul-
minating in respiratory symptoms, progressive 
lung function deterioration, respiratory failure 
and death.3–5 Long-term exposure to a variety of 
smoke intoxicants is assumed to be the cause of 

this distinct airway inflammatory response.6,7 
Abstinence from conventional tobacco use is the 
only reported evidence-based strategy that 
improves the prognosis for COPD.8,9 Besides, 
quitting has been shown to attenuate the decline 
in lung function and to enhance overall health 
status.10–12 In addition, smoking cessation attenu-
ates the risk of developing other tobacco-related 
illnesses.2

While addressing smoking cessation is a priority 
for smokers with COPD, these patients experience 
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Abstract
Background and Aims: The long-term health effects of the use of electronic cigarettes (ECs) 
in patients with chronic obstructive pulmonary disease (COPD) are largely unexplored. We 
present findings from a 5-year prospective assessment of respiratory parameters in a cohort 
of COPD patients who substantially reduced conventional smoking or achieved abstinence by 
switching to ECs.
Methods: Patients were evaluated prospectively for their measurements of respiratory 
exacerbations, spirometric indices, quality of life using the COPD assessment tool (CAT), 
6-min walk distance (6MWD), as well as conventional cigarette consumption. Baseline 
measurements prior to switching to EC use were compared with follow-up visits at 12-, 24-, 
48- and 60-months. Age- and sex-matched COPD patients reporting to be regular smokers 
(not using ECs) were the reference group for the analysis.
Results: Complete data were available from 39 patients. Those in the EC user group achieved 
a marked decline in cigarette smoking or abstinence. COPD EC users had a significant 
diminution in COPD exacerbations; with the mean (±SD) exacerbation rate falling from 2.3 
(±0.9) at baseline to 1.1 (±1.0) at 5 years (p < 0.001), whereas no significant changes were 
observed in the control group.
Significant and constant improvements in lung function, CAT scores and 6MWD were reported 
in the EC user group over the 5-year observation period compared with the reference group 
(p < 0.05).
Conclusion: The present study suggests that EC use may ameliorate objective and subjective 
COPD outcomes, and that the benefits gained appear to persist long term. EC use for 
abstinence and smoking reduction may ameliorate some of the harm resulting from tobacco 
smoking in COPD patients.
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high failure rates in their quit attempts.13,14 
Licensed quitting therapies [i.e. nicotine replace-
ment therapy (NRT), bupropion and varenicline] 
appear to have only fairly small or variable effects 
on sustained cessation in patients with COPD 
who smoke.15–17 Patients experience difficulty in 
completely ceasing nicotine use, and may require 
prolonged treatment and/or sustained nicotine use 
to attain continued abstinence from smoking. 
Obviously, a better understanding of predictors of 
quitting attempts and quitting success in smoking 
cessation could help routine clinical consultation 
and may improve outcomes,18,19 though this 
knowledge is lacking for COPD patients who 
smoke. An alternative for patients with COPD 
who are having difficulty quitting is one of the 
pragmatic strategies of tobacco harm reduction 
(THR), substituting combustion-free nicotine 
delivery strategies [i.e. electronic cigarettes (ECs)] 
for cigarette smoking to achieve significant health 
gains. The harm reduction potential mechanism is 
to reduce combustible tobacco chemicals that  
are responsible for the devastating aetiology of 
tobacco-related morbidity and mortality. As pul-
monologists, we must be cognisant of the damage 
caused by tobacco smoke, and be aware of the 
limited negative health effects of nicotine when 
consumed at low concentrations.20 Of course, the 
use of electronic cigarettes is a strategy for treating 
patients who smoke, and not an endorsement of 
its use by those who do not smoke and youth, who 
should be discouraged from consuming nicotine 
in any form.

ECs have been gaining acceptance by smokers for 
decreasing their cigarette consumption, saving 
money compared with cigarettes, and seeking a 
much less harmful alternative to smoking that 
allows them to have a ‘smoking encounter without 
smoking’.21–24 The advantage of ECs is that they 
do not contain tobacco, nor do they operate with 
the combustion temperatures that generate smoke 
toxicants. However, they are not completely safe, 
though in routine conditions of use, laboratory 
testing has demonstrated that the amount of chem-
ical constituents in emissions from EC aerosols is 
considerably lower than smoking conventional 
cigarettes.23,25,26 The significant reductions in toxic 
exposures from substituting EC for conventional 
cigarette consumption is expected to bring about 
substantial health gains. ECs as a THR strategy 
may save more lives more swiftly than possible pre-
viously. However, the odds of completely abstain-
ing from conventional cigarettes for EC users are 

variable.27–29 Most studies suggesting low quit 
rates for ECs have investigated earlier poor quality 
vaping products with inadequate nicotine delivery 
profile.30,31 On the contrary, more recent (and bet-
ter designed) randomised controlled trials (RCTs) 
using high-quality vaping products are now show-
ing remarkable quit rates – even compared with 
NRTs.32,33 Nevertheless, data on the risk–benefit 
ratio of EC use in COPD smokers is limited.

United States (US) surveys from 2014 and 2015 
indicate that former smokers with COPD may 
be using ECs to avoid relapse.34 A large cross-
sectional survey of 1190 COPD EC users found 
that 75.7% stated that they had benefits in res-
piratory symptoms after switching, and only 
0.8% reported a worsening of symptoms.24

In a retrospective analyses of smokers with COPD 
who had been ‘vaping’ (the acting of inhaling 
from ECs) routinely for at least 24 months 
reported no negative effects.35 Furthermore, the 
same study found a marked reduction in yearly 
exacerbations of COPD and overall health status 
improvements assessed with the COPD assess-
ment tool (CAT) and physical activity assessed 
using the 6-min walk distance test (6MWT). A 
subsequent prospective follow up at 3 years of the 
same cohort of COPD patients using ECs regu-
larly, by the same group of researchers, confirmed 
that these objective and subjective benefits persist 
long term.36

Nonetheless, more knowledge on the long-term 
health impacts of routine ‘vaping’ in this patient 
population is essential in order to provide sound 
advice to COPD patients who cannot quit or who 
are not interested in quitting.

The aim of the current study was to validate and 
expand these initial findings by reporting objective 
and subjective health parameters of subsequent 
follow ups in the same cohort of COPD patients 
who continued to vape daily for up to 5 years. 
Findings were compared with age- and sex-
matched COPD patients who smoked regularly.

Methods

Patient population
A review of medical records of COPD patients 
followed up routinely in outpatient clinics of four 
Italian hospitals was conducted. A diagnosis of 
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COPD was made in accordance to the criteria set 
out by the Global initiative for Chronic 
Obstructive Lung Disease (GOLD).37 Regarding 
pharmacological treatment, patients were taking 
various combinations of inhaled corticosteroids 
with bronchodilators (including long-acting β2 
agonists and long-acting anti-cholinergics, indi-
vidually or in combination) as recommended by 
GOLD guidelines.

Over a period of approximately 6 years (September 
2013–October 2019), data were extracted from 
patients’ medical records from baseline and fol-
low-up visits. Details of these patients’ popula-
tion have been described previously.35,36 In brief, 
eligible COPD patients reported regular daily EC 
use at their scheduled outpatients appointments. 
They were using their own vaping product as part 
of their choice in embracing a new tobacco-
smoke-free lifestyle. Those who reported daily 
ECs use on at least two successive outpatients 
appointments (no less than 12 months apart) 
were included in the study (EC users group). The 
baseline visit was considered as the clinic visit 
prior to the first of the two consecutive follow-up 
visits when the patients were not using ECs. EC 
devices and corresponding nicotine e-liquid 
strengths were noted. Datasets from age- and sex-
matched COPD patients who regularly smoked 
conventional cigarettes (and not using ECs) over 
the same observation period and attending the 
same clinics were included as a reference group 
(cigarette smokers group). Outpatients in this 
study group were not keen to stop smoking, in 
spite of brief cessation advice routinely offered at 
every contact. The study objectives and design 
were not known to the hospital staff; data extrac-
tion was carried out from patients’ medical 
record.

In the current study, data analyses was conducted 
for follow-up visits that were timed at approxi-
mately 12, 24, 48 and 60 months from baseline. 
Approval for the study was acquired by the coordi-
nating centre’s ethics review board at ‘Policlinico-
Vittorio Emanuele Hospitals’ (approval number 
647 on 14 May 2013) and each patient provided 
written informed consent.

Study design and study assessments
Study design and assessments of the study have 
been detailed previously.35,36 In brief, a review of 
patients’ clinical notes at baseline (when COPD 

patients in the EC group first reported EC use), at 
12 ± 1.5 (follow-up visit 1; F/up1) and at 24 ± 2.5 
(follow-up visit 2; F/up2) months to obtain data 
about (i) their respiratory symptoms, (ii) smoking 
status [biochemically confirmed by exhaled breath 
carbon monoxide (eCO)], cigarette consumption 
per day (cig/day), as well as EC use, (iii) the 
annual number of severe COPD exacerbations, 
(iv) lung function parameters post-bronchodilator 
[forced expiratory flow in 1 s (FEV1); forced vital 
capacity (FVC); expiratory ratio (FEV1/FVC)]; 
(v) CAT scores and (vi) 6MWD.

In the current study, COPD EC user and COPD 
control groups were evaluated prospectively for 
changes in the same objective and subjective 
parameters at follow-up visits at 48 ± 3 months 
(follow-up visit 3; F/up3) and 60 ± 3 months (fol-
low-up visit 4; F/up4).

Additionally, we also assessed variations in the 
relative proportion of COPD GOLD stages over 
the 5-year study period.

For the purposes of the study severe exacerba-
tions were defined as changes in the patients’ pul-
monary symptoms necessitating antibiotics and/
or oral corticosteroids via the primary care physi-
cian, emergency department attendance and/or 
admission to hospital. Nebulised therapy may 
have been administered to attain improvements 
in the patients’ condition for the latter two 
instances.

The CAT is a health status validated question-
naire used in COPD patients. A two unit differ-
ence is considered a minimal clinical important 
difference in patients’ symptomatology.38,39

The 6MWD is an assessment of patients’ overall 
ability to conduct everyday activities. This test 
was offered only to patients who were agreeable 
and physically able to complete the test.40

Smoking/vaping status
Abstinence from smoking was defined as a com-
plete self-reported termination of conventional 
smoking (not even a puff) from the prior study 
visit; which was confirmed biochemically at F/
up3 and 4 by eCO levels of ⩽7 ppm.

COPD EC users who completely ceased conven-
tional tobacco smoking were defined as quitters 
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(single users), and patients who reported using 
ECs in combination with conventional tobacco 
smoking were defined as dual users.

Data management and statistical analyses
Demographic and clinical data for all patients 
recruited onto the study were recorded in their 
case noted at the time of the outpatient visit. 
Patient data were extracted for the current study 
from case records onto an electronic spreadsheet 
before statistical computation. Of note, the inves-
tigators engaged in the study analyses were not 
involved in the medical management of the study 
participants or in the extraction of the data from 
the case records.

In the current analyses patient parameters are 
presented as means [± standard deviation (SD)] 
and medians [interquartile range (IQR)] for para-
metric and non-parametric data, respectively. 
Data from single and dual users were also 
extracted for secondary analyses. Statistical anal-
yses using the student’s t-test and Wilcoxon-
signed rank test were conducted for parametric or 
non-parametric data, respectively. Within-group 
dual and single users had similar statistical analy-
ses conducted from baseline, and these analyses 

were excluded in the overall analyses. Analysis of 
repeated measures with Bonferroni correction 
between the two study groups was conducted for 
repeated parameter measurements over the 5-year 
period. A two-tailed p value of less than 0.05 was 
considered to signify statistical significance. All 
statistical evaluations were performed with the 
Statistical Package for Social Science (SPSS for 
Windows, version 20.0, Chicago, IL, USA).

Results

Patient characteristics
At 60 months, complete datasets were available for 
39 COPD patients (33 male, 6 female) of the 48 
individuals enrolled at baseline, 19 in the COPD 
smokers group and 20 in the COPD EC user 
group. Datasets from four patients (16.7%) were 
excluded in the EC user group due to relapse to 
cigarette smoking or quitting vaping. In the COPD 
smokers group, dataset from five patients were 
excluded or unavailable because two quit smoking 
(8.3%), one moved to another city, one developed 
a malignancy and was transferred to another clinic 
and one died. The baseline demographics, param-
eters assessed and COPD GOLD staging are  
outlined in Table 1. There were no statistical 

Table 1. Baseline demographics of participants who completed 60-months of evaluation (before switching to 
ECs).

COPD controls 
(n = 19)

COPD EC users 
(n = 20)

Baseline p-value 
between groups

Age¥ 65 (±5.7) 66.9 (±5.8) 0.338

Sex 16M, 3F 17M, 3F –

COPD GOLD Staging

 Stage 1 2 2 –

 Stage 2 5 6 –

 Stage 3 8 9 –

 Stage 4 4 3 –

post-BD FEV1* (l) 1.46 (1.19, 1.67) 1.25 (0.98, 1.78) 0.508

post-BD FVC* (l) 2.31 (2.10, 2.54) 2.49 (2.08, 2.65) 0.785

%FEV1/FVC¥ 60.9 (±6.8) 55.8 (±10.8) 0.088

Pack years of smoking¥ 49.7 (±6.8) 52.8 (±11.0) 0.304

(Continued)
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differences between the two study groups for any of 
the parameters. Patients had mild-to-severe airway 
obstruction as per the COPD GOLD guidelines, 
and were managed accordingly.37

Smoking consumption and EC use
In the COPD EC users, a significant reduction in 
conventional cigarette use was noted with a mean 

(±SD) cigarettes/day of 22.1 (±4.7) at baseline, 
falling to 2.2 (±2.2), 1.8 (±2), 1.4 (±1.6) and 1.4 
(±1.6) at F/up1, F/up 2, F/up 3 and F/up 4, 
respectively (p < 0.001 for all four visits) (Table 2; 
Figure 1). No significant changes were observed 
in the COPD controls in the number of cigarettes 
smoked per day. In the COPD EC user group, 
complete abstinence (quitters; exclusive EC users 
or single users) in cigarettes smoked per day was 

COPD controls 
(n = 19)

COPD EC users 
(n = 20)

Baseline p-value 
between groups

Cig/day¥ 20.2 (±2.9) 22.1 (±4.7) 0.140

FTND 5.8 (±3.1) 5.9 (±3.3) 0.355

CAT score* 20 (17, 24.5) 21 (17, 25.3) 0.714

COPD exacerbations¥ 2 (±1.1) 2.3 (±0.9) 0.350

6MWD* (m) 285 (219.3, 361.8) 278 (186, 313) 0.463

Co-morbidities

 Respiratory failure 4 (21%) 5 (25%) –

 Chronic heart failure 4 (21%) 4 (20%) –

 Coronary heart disease 2 (10.5%) 3 (15%) –

 Hypertension 9 (47.4%) 8 (40%) –

 Diabetes 4 (21%) 5 (25%) –

 Obstructive sleep apnoea 6 (31.6%) 6 (30%) –

 Chronic kidney failure 1 (5.3%) 0 –

 Liver cirrhosis 1 (5.3%) 0 –

 Lung cancer 0 1 (5%) –

 Pulmonary hypertension 0 1 (5%) –

 Gastroesophageal reflux 5 (26.3%) 4 (20%) –

 Degenerative joint disease 4 (21%) 5 (25%) –

 Osteoporosis 3 (15.8%) 3 (15%) –

 Depression/anxiety 4 (21%) 5 (25%) –

 Others 3 (15.8%) 3 (15%) –

6MWD, 6-min walk distance; BD, bronchodilator; CAT, COPD assessment tool; Cig, conventional cigarettes; COPD, 
chronic obstructive pulmonary disease; EC, electronic cigarettes; F, Female; FEV1, forced expiratory volume in 1 s; FTND, 
Fagerstrom test nicotine dependence; FVC, forced vital capacity; GOLD, global initiative for chronic obstructive lung 
disease; IQR, interquartile range; M, Male; SD, standard deviation.
*Median (IQR).
¥Mean (±SD).

Table 1. (Continued)
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reported in 9/20 (45%) at F/up 4; and in those 
continuing to smoke (dual users) in 11/20 (55%) 
(Table 3). There was a considerable decline in 
conventional cigarette consumption in dual users 
with the mean (±SD) cigarettes/day at baseline 
decreasing from 23.7 (±5.4) to 4 (±1.2), 3.6 
(±1.3), 3.1 (±0.6) and to 3.0 (±0.5) at F/up 1,  
F/up 2, F/up 3 and F/up 4, respectively (p < 0.001 
for all four visits) (Table 3). Of note, all the dual 
users consistently reduced their daily smoking by 
at least 80% of their baseline consumption 
throughout the whole duration of the study. 
Overall, there was a significant reduction in con-
ventional cigarettes smoked per day between the 
study groups over the 60-month observation 
period (p < 0.001).

A mix of different vaping products were used by 
COPD patients in the COPD EC users group 
over the 5-year duration of the study. Devices 
and/or e-liquids were changed quite frequently 
over time. An increasing percentage of users 
switched from standard refillable e-cigs to more 
advanced devices during the study (from 9% at 
baseline to 18% at first wave). Further details 
were not recorded in subsequent waves. However, 
nicotine strength was more accurately tracked. 

Most users started with 12–18 mg/ml (medium/
high) nicotine strength at baseline and then grad-
ually reduced their nicotine strength over time; by 
5-year follow up, only 2 out of 20 users were still 
using medium/high nicotine strength e-liquids, 
whereas the others were consuming 3–9 mg/ml 
(low) nicotine strength.

COPD exacerbations
COPD EC users had a marked reduction in 
COPD exacerbations; with the mean (±SD) 
annual exacerbation rate declining from 2.3 
(±0.9) at baseline to 1.8 (±1) at F/up1 (p = 0.004), 
1.4 (±0.9) at F/up2 (p < 0.001), 1.2 (±1.0) at  
F/up3 (p < 0.001) and 1.1 (±1.0) at F/up 4 
(p < 0.001), respectively (Table 2). Conversely 
there were no significant changes from baseline in 
the annual COPD exacerbation rates in the con-
trol group over the 5 years. An overall significant 
(p = 0.046) between group reduction in COPD 
exacerbations was noted over the 5-year observa-
tion period (Table 2; Figure 2). Consistent 
decline in COPD exacerbations were noted in the 
dual users from baseline; with the mean (±SD) 
annual exacerbation rate of 2.6 (±0.8) at baseline 
significantly reducing to 1.5 (±0.9) at F/up2 

Time

Baseline 12 Months 24 Months 48 Months 60 Months
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ig
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Figure 1. Number of cigarettes smoker per day at baseline, follow-up visit 1 (12 ± 1.5 months), visit 2 
(24 ± 2.5 months), visit 3 (48 ± 3 months) and visit 4 (60 ± 3 months) separately for COPD electronic cigarettes 
users (closed triangles) and COPD controls (closed circles). All data expressed as mean and error bars are 
standard deviation of the mean.
COPD, chronic obstructive pulmonary disease; EC, electronic cigarette.
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(p = 0.004), 1.4 (±0.9) at F/up 3 (p = 0.010) and 
1.6 (±1.0) at F/up4 (p = 0.021), respectively 
(Table 3). Significant reductions in the annual 

COPD exacerbations were noted at all the follow-
up visits compared with baseline in the exclusive 
EC users (single users) (Table 3).

Lung function assessments and COPD staging
There were substantial improvements in post-
bronchodilator FEV1 and FVC in the EC users 
compared with baseline at all follow-up visits 
except for F/up 2 (Table 2; Figure 3a–b). 
Reductions in spirometric indices compared with 
baseline at all follow-up visits in the control 
group were noted, though this was not significant 
(Table 2; Figure 3a–b). There were overall 
marked differences between the two study groups 
in the spirometric assessments were observed in 
favour of the EC users (Table 2).

GOLD COPD staging changes throughout the 
study are illustrated in Figure 4. Over the 
60-month observation period, a number of 
patients in the EC group down-staged (i.e. 
improved) from GOLD COPD Stages 4 and 3 to 
Stages 3 and 2, respectively. In contrast, minimal 
changes in COPD GOLD stages were observed 
in the control group.

Time

Baseline 12 Months 24 Months 48 Months 60 Months

CO
PD

 E
xa

ce
rb

at
io

ns
/y

ea
r

0

1

2
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EC Users
Controls

Figure 2. 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), visit 3 (48 ± 3 months) and visit 4 (60 ± 3 months) separately for 
COPD electronic cigarettes users (closed triangles) and COPD controls (closed circles). Data expressed as 
mean and error bars are standard deviation of the mean.
COPD, chronic obstructive pulmonary disease; EC, electronic cigarette.

Figure 3. Percentage change in median FEV1 
(a) and FVC (b) from baseline, at follow-up visit 1 
(12 ± 1.5 months), visit 2 (24 ± 2.5 months), visit 3 
(48 ± 3 months) and visit 4 (60 ± 3 months) separately 
for COPD EC users and COPD controls.
BL, baseline; COPD, chronic obstructive pulmonary disease; 
EC, electronic cigarette; FEV1, forced expiratory volume in 
1 second; FVC, Forced vital capacity; L, litres; M, months.
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CAT scores and 6MWD
CAT scores, which is a subjective COPD assess-
ment, significantly improved in the EC COPD 
group at all four follow-up time points compared 
with baseline (p < 0.05 at all follow-up visits) 
(Table 2). Similarly, throughout the study rele-
vant clinical improvements in median CAT scores 
were observed from baseline (Table 2). In the 

control group, no significant or clinically relevant 
improvements were noted at any of the follow-up 
visits from baseline. There was no overall signifi-
cant improvement in CAT scores between groups 
over the 5-year study period (p = 0.158) (Table 2; 
Figure 5).

Results of 6MWD at all four follow-up visits were 
available for 10 patients in the COPD EC group, 
whilst those from the COPD control group were 
available for 11 subjects. In the EC user group, 
significant improvements from baseline in 6MWD 
was observed all time points (p < 0.01); there 
were no notable improvements in 6MWD in the 
control group (Table 2). At 5 years from baseline 
the 6MWD improved by a median of 66.5m 
(p = 0.005) in the COPD EC user group, whereas 
it increased by a median of 20 m (p = 0.722) in the 
COPD control group (Table 2). A significant 
(p = 0.012) improvement in 6MWD was observed 
between the study groups over the 5-year period 
of follow-up (Table 2).

Discussion
In our study, offering the longest clinical follow 
up ever reported in this field, patients with COPD 
who abstained from smoking or substantially 
reduced their cigarette consumption by swapping 
to vaping experienced improvements in objective 
and subjective health outcomes. These positive 
health effects persisted long term, for up to 
5 years. Switching from smoking to vaping leads 
to improved COPD outcomes, which is expected 
because quitting smoking is known to slow COPD 
progression and to improve patients’ respiratory 
health.8,10–12

A major finding of the study is that COPD exacer-
bations were reduced by approximately 50% in 
patients who stopped or considerably reduced 
their smoking consumption after switching to vap-
ing. The magnitude of the number of COPD 
exacerbations prevented in these patients is of 
clinical significance and similar to that observed 
with pharmacological interventions.41 Prolonged 
exposure to cigarette smoke has been demon-
strated to increase susceptibility to airway infec-
tion and respiratory exacerbations so that quitting 
smoking may reduce these conditions and related 
symptoms.42–44 Former smokers in one study 
reported a 43% lower risk for COPD-related hos-
pitalizations compared with active smokers.45 
Another study found a 22% risk reduction of 

Figure 5. Percentage change in the median 
CAT scores from baseline, at follow-up visit 1 
(12 ± 1.5 months), visit 2 (24 ± 2.5 months), visit 3 
(48 ± 3 months) and visit 4 (60 ± 3 months) separately 
for COPD EC users and COPD.
BL, baseline; CAT, COPD assessment tool; COPD, chronic 
obstructive pulmonary disease; EC, electronic cigarette; M, 
Months.

Figure 4. Percentage change in patients COPD GOLD 
stage over the study period.
BL, baseline; COPD, chronic obstructive pulmonary disease; 
GOLD, global initiative for chronic obstructive lung disease; 
EC, electronic cigarette; M, months.
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COPD exacerbation in former smokers compared 
with active smokers; this was confirmed after 
adjusting for co-morbidity, COPD severity indi-
ces, and socioeconomic status.46 Studies that have 
not found differences in hospital admissions 
between smokers and former smokers with COPD 
failed to account for critical confounders for 
COPD exacerbation risk, such as duration of 
smoking abstinence duration, disease severity, 
presence of co-morbidities, and age.47,48 Therefore, 
switching from smoking to vaping would be 
expected to result in the marked attenuation of 
respiratory infections and COPD exacerbations.

In agreement with our previous observations,35,36 
lung function, respiratory health (i.e. CAT) and 
physical activity (i.e. 6MWD) improved consist-
ently in COPD patients who quit or reduced sub-
stantially cigarette consumption after switching to 
vaping products. These results are similar to those 
of COPD patients undergoing intensive rehabili-
tation programs.39,49

Small improvements in post-bronchodilator 
FEV1 were noted over the 5-year observation 
period in COPD EC users, but the differential 
impact of medication usage between the two 
study groups cannot be excluded. Alternatively, 
due to the prolonged absence/reduction of expo-
sure to cigarette smoke in the COPD EC users, 
we might speculate that the airways could have 
improved their responsiveness to salbutamol. In 
further support of this hypothesis, a post hoc anal-
ysis of pre- versus post-bronchodilator difference 
in FEV1 values between the two groups indicated 
that post-bronchodilator values at F/up 3 and 4 
were higher than pre-bronchodilator values in the 
COPD EC user group. Nonetheless, the benefits 
of EC use in determining improvements of lung 
function have been disputed in some studies. The 
association of EC use and self-reported chronic 
respiratory conditions have been reported in cross-
sectional surveys of adults in the US,34,50 but these 
cross-sectional studies cannot demonstrate causa-
tion, and are not adjusted for smoking history, an 
obvious critical confounder. A recent paper ana-
lysing data from two large prospective cohorts 
concluded that e-cigarette users had more rapid 
decline in lung function,51 but this trend did not 
persist after adjustment for conventional cigarette 
smoking – which is of course the key factor driving 
the accelerated decline in lung function – and  
the study did not measure frequency of EC use. 
Also, e-cigarette users had heavier conventional 

cigarette smoking history, thus explaining why 
they also had poorer respiratory health, and were 
more likely to report chronic bronchitis and exac-
erbations as clarified in a detailed critique of this 
study.52

Down staging from GOLD COPD classes 3/4–
1/2 in the COPD EC user group over the 5-year 
duration of the study was not a surprising obser-
vation given the above-mentioned improvements 
in exacerbation rates, overall health status and 
lung function.

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 mecha-
nism by which vaping contributes to long-term 
smoking abstinence. Vaping mimics the experi-
ence of smoking and related rituals and provides 
powerful compensatory physical and behavioural 
effects, possibly serving as an effective relapse 
prevention method contributing to the low relapse 
rates observed in this study. Similar lower relapse 
rates with vaping have also been observed in stud-
ies of smokers with schizophrenia, asthma and 
hypertension.53–55 The reduction in relapse rates 
is vital because smokers with COPD do not 
respond very successfully to smoking cessation 
programs.15,56,57

The decline in carbon monoxide exposure and in 
carboxyhaemoglobin levels following smoking 
abstinence and the associated time-dependent 
improvement in exercise tolerance that occurs 
after quitting smoking may account for the 
reported improved health outcomes.44,58

Our study has a number of limitations. First, our 
findings are based on a small cohort of COPD 
patients must be interpreted with care. Notwith- 
standing, beneficial effects in several COPD  
health indicators were consistently observed over 
the entire 5-year duration of the study. Second, 
patients in the index study may represent a self-
selected sample, and as such may not be indicative 
of the archetypical COPD smoker. Finally, the 
6MWD test was not performed in approximately 
half of the study participants.

The present study confirms our previous research 
that switching from smoking to vaping ameliorates 
respiratory health in COPD patients and that these 
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positive health effects may persist long term.35,36 
By substantially reducing cigarette smoking or 
achieving abstinence with EC use, thereby curtail-
ing exposure to several toxic chemicals, may have 
resulted in the ameliorated respiratory outcomes 
and bestowed an overall health advantage

The findings of this study are valuable because 
many COPD patients show little interest in quit-
ting or reducing cigarettes in spite of their symp-
toms. Switching to much less harmful substitutes 
may limit the suffering of many patients by reduc-
ing some of the otherwise unavoidable burden of 
respiratory morbidity and mortality caused by 
cigarette smoking. Physicians in charge of the 
smoking patient with COPD should consider all 
the options available and opt for the ones that 
provide the greatest probability of stopping expo-
sure to tobacco smoke, including ECs.59

Larger studies will be required to clarify the role 
of the e-vapour category for smoking cessation 
and/or harm reversal in smokers with COPD. 
Although these findings are preliminary, the evi-
dence presented in our study about the long-term 
health impacts of vaping on COPD can be con-
sidered by health professionals when providing 
specific advice to their COPD patients who can-
not or do not want to quit smoking.59,60
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