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Introduction
Smoking is an important cause of avoidable premature mortality globally, mainly due
to lung cancer, acute fatal complications of atherosclerotic cardiovascular disease, and
chronic obstructive pulmonary disease (COPD).1,2 COPD is a progressive condition
typified by ongoing airway inflammatory and remodeling responses resulting in respiratory symptoms, progressive lung function decline, respiratory failure, cor pulmonale,
and death.3–5 The unique airway inflammatory response in COPD is largely assumed
to be due to chronic exposure to a range of smoke toxicants.6,7
Stopping conventional tobacco use is the only evidence-based strategy that has
been reported to enhance COPD prognosis.8,9 Prolonged abstinence from smoking
attenuates the yearly lung function decline and respiratory symptoms and enhances
health status.10–12 Moreover, smoking cessation decreases the chances of developing
and consequently perishing from tobacco-related illnesses.13
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Background: Health effects of electronic cigarette (EC) use in patients with chronic obstructive
pulmonary disease (COPD) are largely unexplored.
Aim: We present findings from a long-term prospective assessment of respiratory parameters
in a cohort of COPD patients who ceased or substantially reduced conventional cigarette use
with ECs.
Methods: We prospectively re-evaluated COPD exacerbations, spirometric indices, subjective
assessments (using the COPD Assessment Tool [CAT] scores), physical activity (measured by
the 6-minute walk distance [6MWD]), and conventional cigarette use in EC users with COPD
who were retrospectively assessed previously. Baseline measurements prior to switching to EC
use were compared to follow-up visits at 12, 24, and 36 months. Age- and sex-matched regularly
smoking COPD patients who were not using ECs were included as reference (control) group.
Results: Complete data were available from 44 patients. Compared to baseline in the EC-user
group, there was a marked decline in the use of conventional cigarettes. Although there was no
change in lung function, significant improvements in COPD exacerbation rates, CAT scores,
and 6MWD were observed consistently in the EC user group over the 3-year period (p0.01).
Similar findings were noted in COPD EC users who also smoked conventional cigarettes
(“dual users”).
Conclusion: The present study suggests that EC use may ameliorate objective and subjective
COPD outcomes and that the benefits gained may persist long-term. EC use may reverse some
of the harm resulting from tobacco smoking in COPD patients.
Keywords: smoking cessation, electronic cigarette, COPD, tobacco harm reduction
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Although reducing the negative health burden of tobacco
smoking is a clear priority for COPD patients who smoke,
high failure rates are frequently reported in these patients.14,15
Moreover, approved smoking cessation therapies (ie, nicotine
replacement therapy, bupropion, and varenicline) only seem
to promote modest enduring cessation in smoking COPD
patients.16 This is because the subjects may find it challenging to completely stop using nicotine and/or require longer
treatment regimen, support, or nicotine maintenance to possibly aid in attaining continued abstinence from smoking.
For these individuals, tobacco harm reduction (THR), that
is, the use of combustion-free nicotine delivery systems
(ie, electronic cigarettes [ECs]) instead of cigarette smoking, could be a pragmatic compromise with the possibility of
significant health gains. Although it is important to acknowledge that nicotine is a potent psycho-stimulant and young
people should avoid its use, in conventional cigarettes, it is
not nicotine but tobacco combustion chemicals that are the
overwhelming cause of tobacco-related disease and death.
As respiratory physicians, we should be more concerned
of the damage associated with the harmful and potentially
harmful constituents generated after combustion than nicotine consumption per se.
The EC has been proposed as a potential THR tool.17
These products have been rapidly gaining ground over
conventional cigarettes due to their efficiency in decreasing tobacco consumption, competitive price, the perception
of being a much less harmful smoking alternative and also
because they allow the smoker to maintain a “smoking experience without smoking.”18–20 ECs do not contain tobacco,
create smoke, or rely on combustion to operate. They are not
risk-free, but under normal conditions of use, the level of
chemical constituents in their aerosol emissions is substantially lower compared to conventional cigarette smoke.20–22
Reducing conventional cigarette consumption by switching
over to ECs is therefore expected to result in health benefits
and may produce substantial health benefits. ECs by providing a much less harmful means to compete with (and even
replace) combustible cigarettes may be saving more lives
more rapidly than previously possible. Nonetheless, knowledge about the risk–benefit ratio of this strategy, including
the use of ECs in smokers with COPD, is scarce.
According to the findings from the 2014 and 2015
National Health Interview Survey, EC use by COPD patients
was significant with former smokers with COPD suggesting
a reliance on ECs to prevent relapse to tobacco cigarettes.23
Emerging evidence suggest that COPD smokers who quit or
reduce tobacco consumption substantially by switching to EC
use are likely to gain significant health benefits. Improvement
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in respiratory symptoms after switching was reported in
75.7% of 1,190 COPD EC users in a large cross-sectional
survey, whereas worsening was reported in only 0.8%.19
No negative impact in a retrospective study of COPD
smokers who have been “vaping” (the acting of inhaling
from ECs) regularly for at least 2 years.24 Marked attenuation in annual COPD exacerbations and enhanced overall
health status (assessed using the COPD Assessment Tool
[CAT]) and physical activity (measured by the 6-minute
walk distance [6MWD]) were also noted in the same study.24
However, cross-sectional surveys and retrospective designs
cannot establish health effects with certainty.
The aim of the present study was to verify these findings
by reporting health outcomes of the third year follow-up in
the same cohort of COPD patients who have continued to
vape regularly for an additional year.

Methods
Patient population
All the patients in the index study were a cohort of COPD EC
users; they were identified from medical records and regularly
followed up for a period of 36 months. Another group of ageand sex-matched regularly smoking COPD patients (and not
using ECs) was also selected over the same period as a reference (control) group. Details of these patients’ populations
have been presented elsewhere.24 COPD diagnosis was made
according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria as per the prior published
study.24 In the current study, COPD patients from both the
study groups (COPD EC users and COPD controls) were prospectively followed up for an additional 12 months, hence 36
months in total from baseline. The study was approved by the
ethics review board of the coordinating center (Policlinico –
Vittorio Emanuele Hospitals). We obtained written informed
consent from each patient.

Study design and assessments
Details of the study design and assessments have been
described previously.24 Briefly, patients’ clinical notes
were reviewed three times over 2 years: at baseline
(when COPD patients in the EC group first reported EC
use), at 12±1.5 months (follow-up visit 1; F/up1), and at
24±2.5 months (follow-up visit 2; F/up2) to acquire details
about 1) their respiratory symptoms, 2) smoking status
and conventional cigarette consumption per day (cig/day),
3) the number of severe COPD exacerbations in the prior
12 months, 4) post-bronchodilator lung function parameters
(forced expiratory flow in 1 second [FEV1]; forced vital
capacity [FVC]; expiratory ratio [FEV 1/FVC]; as well
International Journal of COPD 2018:13
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as the annual rate of FEV1 decline), 5) CAT scores, and
6) 6MWD.
In the present study, COPD EC users and COPD controls were prospectively re-evaluated for changes in the
same objective and subjective parameters at an additional
follow-up at 36±3 months (follow-up visit 3; F/up3) compared to baseline. Changes in daily tobacco consumption
were chemically confirmed using exhaled breath carbon
monoxide (eCO), and EC use were also reviewed. Findings
obtained at F/up3 were compared with those from baseline,
F/up1 and F/up2. In addition, changes in the relative proportion of COPD GOLD stages over the study period were also
evaluated.
Severe exacerbations were defined as respiratory
symptoms that necessitated the use of antibiotics and/or oral
corticosteroids through the primary care physician, emergency department attendance, and/or admission to hospital.
For the latter two, nebulization may have also been administered to improve patient symptoms. CAT is a validated
health status questionnaire for use in COPD patients with a
2 unit change considered to be of minimal clinical important
difference.25,26 The 6MWD, which is a test conducted to
assess patients’ overall ability to conduct daily activities, was
only offered to patients who were amenable and physically
able to do the test.27

Smoking/vaping status
Smoking abstinence was defined as a complete self-reported
cessation of tobacco smoking (not even a puff) since the
previous study visit. This was also bio-chemically confirmed
at F/up3 by eCO levels of 7 ppm. COPD EC users in this
category are classified as quitters (single users). Patients who
used both ECs and conventional cigarettes were classified
as dual users.

Analyses
Means (± standard deviation [SD]) and medians (interquartile range [IQR]) were used to express parametric and
non-parametric data, respectively. Data for single and dual
users was also reviewed. Depending on whether the data
were parametric or non-parametric, statistical analyses were
conducted using student’s t-test and Wilcoxon-signed rank
test, respectively. Similar statistical analyses were conducted
on dual and single users within groups from baseline. Missing
data were not considered in the analyses. With repeated
parameter measurements over the study period, analysis of
repeated measures with Bonferroni correction was conducted
for between groups. A two-tailed p-value of 0.05 was
considered to indicate statistical significance. All statistical
International Journal of COPD 2018:13
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evaluations were performed with the Statistical Package for
Social Science (SPSS for windows version 18.0; SPSS Inc.,
Chicago, IL, USA).

Results
Patient characteristics
Of the 48 COPD patients enrolled in the study at baseline,
complete data sets at 36 months were obtained from 44
(37 male and 7 female) patients by the end of the study; data
sets from two patients from the EC user group who relapsed
to conventional cigarette smoking were not included, and
updated clinical notes from two patients from the reference
group were not available because one died and the other was
lost to follow-up due to relocation. Patients’ demographics,
objective and subjective parameters, as well as COPD
GOLD staging at baseline are summarized in Table 1. No
between-group differences were noted at baseline for all
the parameters assessed. The patients enrolled had mild-tosevere COPD as per the GOLD guidelines and were managed
accordingly.24

Smoking consumption and EC use
COPD EC users were characterized by a significant reduction
in conventional cigarette use with a mean (±SD) cigarettes/
day of 21.9 (±4.5) at baseline falling to 2 (±2.2) at F/up1,
1.6 (±2) at F/up2, and 1.5 (±2.4) at F/up3, respectively
(p0.001 for all three visits) (Table 2). No marked changes
were observed among COPD controls. In the COPD EC user
group, complete abstinence (quitters; exclusive EC users or
single users) from daily conventional cigarette consumption
was reported in 13/22 (59.1%) EC users at F/up3; tobacco
smoking (dual users) in 9/22 (40.9%) (Table 3). A substantial decline in conventional cigarette use was also noted in
dual users with the mean (±SD) cigarettes/day at baseline
decreasing from 23.9 (±4.9) to 4 (±1.2) at F/up1 to 3.6 (±1.3)
at F/up2 and to 3.8 (±1.1) at F/up3, respectively (p0.001
for all three visits) (Table 3). Of note, all the dual users, at all
three visits, managed to reduce their conventional cigarette
use/day by 75% of their baseline consumption. Overall, a
statistically significant decrease in conventional cigarettes
smoked was consistently observed between the study groups
over the 36-month observation period (p0.001).

COPD exacerbations
COPD EC users had a significant diminution in COPD exacerbations; with their mean (±SD) exacerbation rate falling
from 2.3 (±0.9) at baseline to 1.7 (±1) at F/up1 (p=0.002), 1.4
(±0.9) at F/up2 (p=0.002), and 1.3 (±0.9) at F/up3 (p0.001),
respectively (Table 2). There were no significant changes in
submit your manuscript | www.dovepress.com
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Table 1 Baseline demographics of study participants (before switching to electronic cigarettes)
Parameter

COPD controls
(n=22)

COPD EC users
(n=22)

Baseline p-value
between groups

Age¥
Sex
COPD GOLD staging
Stage 1
Stage 2
Stage 3
Stage 4
Post-BD FEV1* (L)
Post-BD FVC* (L)
%FEV1/FVC¥
Pack-years of smoking¥
Cig/day¥
CAT score*
COPD exacerbations¥
6MWD* (m)

65.2 (±5.6)
19 M, 3 F

66.5 (±6.8)
18 M, 4 F

0.518
–

2
5
10
5
1.47 (1.17, 1.69)
2.34 (2.09, 2.63)
59.7 (±7.8)
51.8 (±10.4)
20.8 (±4.6)
20 (17.3, 24.8)
2.1 (±1.1)
284.5 (217.5, 365)

2
6
9
5
1.25 (0.97, 1.82)
2.49 (2.3, 2.65)
56.2 (±10.7)
52.2 (±11.1)
21.9 (±4.5)
21.0 (17.3, 25.0)
2.3 (±0.9)
289.5 (186.5, 344.8)

–
–
–
–
0.445
0.787
0.221
0.900
0.221
0.832
0.657
0.817

Notes: *Median (interquartile range); ¥mean (± standard deviation).
Abbreviations: 6MWD, 6-minute walk distance; BD, bronchodilator; CAT, COPD Assessment Tool; Cig, conventional cigarettes; COPD, chronic obstructive pulmonary
disease; EC, electronic cigarette; F, female; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung
Disease; M, male.

COPD exacerbation rates over the 3 years in the control group
from baseline. A significant (p=0.004) between-group reduction in COPD exacerbations was seen over the 36-month
period of the study (Table 2; Figure 1). Consistent reductions
in COPD exacerbations were observed in the dual users as
well, with their mean (±SD) exacerbation rate of 2.7 (±0.9) at
baseline significantly falling to 1.5 (±0.9) at F/up2 (p=0.002)
and 1.2 (±0.8) at F/up3 (p=0.001), respectively (Table 3).

Lung function assessments and COPD
staging
No significant changes in post-bronchodilator FEV1 and FVC
from baseline were observed over the 36-month period in
both the study groups (Table 2; Figure 2A and B). In addition,
no overall between study group differences in any spirometric
assessments were observed. From baseline to F/up3, there
was annual increase of 23.3 mL in FEV1 observed in the
COPD EC user group compared to a decrease of 4.7 mL in
the control group (p=0.139).
Changes in GOLD COPD staging are depicted in
Figure 3. In the 3-year period, a number of COPD patients in
the EC study group down-staged from GOLD COPD Stages 4
and 3 to Stages 3 and 2, respectively. In contrast, there was
virtually a lack of change in the COPD GOLD stages in the
control group over the observation period.

CAT scores and 6MWD
Subjective COPD assessment, evaluated using CAT scores,
improved significantly in the COPD EC group throughout
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the study (p0.01 for all three visits). Improvements were
of clinical relevance with a median CAT score reduction
from baseline of 3.5, 3, and 5.5 units at F/up1, F/up2, and
F/up3, respectively (Table 2). No significant changes in CAT
scores were observed in the control group. Hence, significant
(p=0.019) between-group reductions in CAT scores was seen
over the 36-month period of the study (Table 2; Figure 4).
Consistent and clinically relevant reductions in CAT scores
were observed in the dual users as well (Table 3).
Results of 6MWD were available for 13 subjects at F/up1
and F/up2 and for 11 subjects at F/up3 in the COPD EC
group; while data from the COPD control group were available for 14 subjects at F/up1 and F/up2 and for 13 subjects
at F/up3. Compared to baseline, at 36 months, the 6MWD
improved by a median of 70 m (p=0.003) in the COPD EC
user group whereas decreased by 7.5 m (p=0.087) in the
COPD control group (Table 2). A significant (p=0.001)
improvement in 6MWD was seen between study groups over
the 36-month period of the study (Table 2).

Discussion
In a cohort of regular EC users with COPD, abstaining from
smoking or substantially reducing cigarette consumption
ameliorates quality of life as well as respiratory outcomes in
COPD and that these positive effects persist long-term. This
is in agreement with the notion that quitting smoking is a
key strategy not only to prevent the onset of COPD but also
to stop its progression into more severe disease stages.8,10–13
These confirmatory findings are of thoughtful importance

International Journal of COPD 2018:13
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1.43 (1.15, 1.69)
2.30 (2.19, 2.71)
58.7 (±7.7)
20.4 (±3.7)
20 (20, 24.8)
2.2 (0.9)
270 (211, 392)
1.23 (0.95, 1.76)
2.51 (2.0 2.74)
55.9 (±10.5)
2 (±2.2)
17.5 (16, 20)
1.7 (±1)
310 (218.3, 371.8)

1.47 (1.17, 1.69)
2.34 (2.09, 2.63)
59.7 (±7.8)
20.8 (±4.6)
20 (17.3, 24.8)
2.1 (±1.1)
284.5 (217.5, 365)

1.25 (0.97, 1.82)
2.49 (2.3, 2.65)
56.2 (±10.7)
21.9 (±4.5)
21.0 (17.3, 25.0)
2.3 (±0.9)
289.5 (186.5, 344.8)

12-month
follow-up

0.118
0.101
0.470
0.001
0.001
0.002
0.004

0.614
0.094
0.008
0.776
0.162
0.740
0.087

Within-group
p-value vs
baseline

1.4 (±0.9)
333 (230.3, 374.8)

1.29 (0.94, 1.68)
2.46 (1.92, 2.89)
56.4 (±10.4)
1.6 (±2)
18 (15, 20)

1.45 (1.18, 1.64)
2.32 (2.17, 2.77)
58.5 (±7.7)
20.1 (±5.0)
20 (15.3, 24)
2.1 (±1.1)
277.5 (235, 401.5)

24-month
follow-up

0.173
0.284
0.693
0.001
0.001
0.002
0.004

0.845
0.194
0.001
0.657
0.512
0.825
0.133

Within-group
p-value vs
baseline

1.30 (0.99, 1.74)
2.54 (1.96, 2.88)
56.8 (±10.2)
1.5 (±2.4)
15.5 (12.5, 23.5)
1.3 (±0.9)
359.5 (251, 399.8)

1.47 (1.18, 1.64)
2.28 (2.06, 2.57)
60.2 (±9.3)
19.5 (±3.8)
20 (18, 23.5)
2.1 (±0.9)
277 (220.5, 425)

36-month
follow-up

0.071
0.085
0.480
0.001
0.007
0.001
0.003

0.697
0.073
0.664
0.330
0.662
1.000
0.087

Within-group
p-value vs
baseline

0.233
0.077
0.454
0.001
0.019
0.004
0.001

Overall betweengroup p-value
from baseline

Notes: *Median (interquartile range); ¥mean (± standard deviation). #Thirteen subjects in the COPD EC user group and 14 in the COPD control group at 12- and 24-month review. At 36-month review, 11 subjects in the EC group and
13 subjects in the control group. Values shown in bold are statistically significant.
Abbreviations: COPD, chronic obstructive pulmonary disease; EC, electronic cigarette; n, number; BD, bronchodilator; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; Cig, conventional cigarettes; CAT, COPD
Assessment Tool; 6MWD, 6-minute walk distance.

COPD controls (n=22)
Post-BD FEV1* (L)
Post-BD FVC* (L)
%FEV1/FVC
Cig/day¥
CAT score*
COPD exacerbations¥
6MWD*,# (m)
COPD EC users (n=22)
Post-BD FEV1* (L)
Post-BD FVC* (L)
%FEV1/FVC¥
Cig/day¥
CAT score*
COPD exacerbations¥
6MWD*,# (m)

Baseline

Table 2 Changes in study parameters from baseline at 12-, 24-, and 36-month follow-up visits in COPD controls and COPD EC users
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(n=11)
10 M, 1 F
82.7 (±4.8)
1.2 (0.91, 1.7)
2.35 (2.07, 2.89)
53.8 (±9.9)
4 (±1.2)
20 (18, 22)
2.3 (±0.8)
(n=11)

(n=9)
9M
–
0.99 (0.96, 1.84)
2.34 (2.16, 3.13)
52.1(±9.5)
23.9 (±4.9)
24 (21, 27)
2.7 (±0.9)
(n=13)
9 M, 4 F
–
1.32 (1.05, 1.76)
2.57 (2.01, 2.65)
59.0 (±10.3)
20.5 (±3.8)
18 (17, 24)
2.0 (±0.9)

COPD EC users reducing Cig use
(dual users)

Sex
% smoking reduction compared to baseline
Post-BD FEV1* (L)
Post-BD FVC* (L)
%FEV/FVC*
Cig/day¥
CAT score*
COPD exacerbations¥

COPD EC users ceasing Cig use
(single users)

Sex
Smoking reduction compared to baseline
Post-BD FEV1* (L)
Post-BD FVC* (L)
%FEV/FVC*
Cig/day¥
CAT score*
COPD exacerbations¥
0.002
0.012

0.886
0.677
0.188

8 M, 4 F
–
1.34 (1.14, 1.64)
2.44 (1.81, 2.83)
58.4 (±8.8)
–
16 (15, 19)
1.3 (±1)

(n=12)

10 M
85.1 (±4.7)
1.18 (0.91, 2.01)
2.52 (2.2, 2.93)
54.0 (±12.1)
3.6 (±1.3)
19 (16, 22)
1.5 (±0.9)

(n=10)

–
–
–
0.026
0.074
1.000
0.001
0.001
0.104

24-month
follow-up

Within-group
p-value vs
baseline

0.004
0.021

0.607
0.628
0.509

–
–
0.054
0.162
0.863
0.001
0.005
0.002

–

Within-group
p-value vs
baseline

9 M, 4 F
–
1.47 (1.1, 1.65)
2.55 (1.8, 2.86)
60.1 (±9.3)
–
14 (12, 20)
1.3 (±1)

(n=13)

9M
83.5 (±6.3)
1.25 (0.9, 1.8)
2.52 (2.2, 2.89)
52.0 (±10)
3.8 (±1.1)
20 (14, 25)
1.2 (±0.8)

(n=9)

36-month
follow-up

0.018
0.044

0.254
0.277
0.372

–
–
0.132
0.202
0.906
0.001
0.022
0.001

–

Within-group
p-value vs
baseline

Notes: *Median (interquartile range); ¥mean (± standard deviation). The values shown in bold are statistically significant.
Abbreviations: n, number; COPD, chronic obstructive pulmonary disease; EC, electronic cigarette; M, male; F, female; BD, bronchodilator; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; Cig, conventional
cigarettes; CAT, COPD Assessment Tool.

8 M, 3 F
–
1.26 (1.02, 1.75)
2.6 (2.7, 2.73)
58 (±11)
–
16 (15, 18)
1.2 (±1)

12-month
follow-up

Baseline

Parameters

Table 3 Changes in study parameters from baseline at 12-, 24-, and 36-month follow-up visits in single and dual users
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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 hospitalizations 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 severity 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 exsmokers 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.

International Journal of COPD 2018:13

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

2539

Dovepress

Polosa et al

VXEMHFWV











%/













&23'(&XVHUV
PRQWKV

*2/'&23'VWDJH
6WDJH
6WDJH

6WDJH

6WDJH

Figure 3 COPD GOLD stage changes over the study period.
Abbreviations: COPD, chronic obstructive pulmonary disease; EC, electronic cigarette; BL, baseline; GOLD, Global Initiative for Chronic Obstructive Lung Disease.

confounders such as smoking abstinence duration, severity
of COPD, comorbidities, and age. These confounders were
accounted for in the index study. Since chronic exposure
to tobacco smoke is known to enhance susceptibility to
airway infection,41,42 it is not surprising that abstention
from cigarette smoking by swapping to ECs may result in
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Figure 4 Changes in the CAT scores 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 lines in the boxes indicate the median,
and error bars are 5th and 95th percentiles. 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; BL, baseline; CAT, COPD Assessment Tool.
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marked attenuation of respiratory infections and COPD
exacerbations.43
Consistent improvements were observed in overall health
status and physical activity in our EC-using COPD patient
cohort who quit or reduced substantially their conventional
cigarette consumption. These clinical changes in CAT and
6MWD confirm our previous observations24 and are compatible with those reported in undergoing intensive rehabilitation programs in COPD patients.26,44 The mechanism for
these improved health outcomes may be associated with the
substantial decline in CO exposure (as well as in carboxyhemoglobin levels) following smoking abstinence45 and to the
linked time-dependent progression in exercise tolerance with
abstaining from smoking.46 Surprisingly, consistent improvements were also observed in dual users. This could be due to
the fact that dual users in the index study significantly attenuated their daily smoking by at least 75% (ie, heavy reducers).
Also a much larger proportion of less severe COPD GOLD
stages patients were dual users, which may have favored the
tendency toward harm reversibility.
There are limitations in our observations that need consideration. Our observations are in a small cohort of COPD
patients, and hence the results need to be interpreted cautiously. Nonetheless, we observed consistent and clinically
significant beneficial effects in several COPD health
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indicators. Also, there is the possibility that the patients in
the index study may represent a self-selected sample, which
may not be representative of all COPD smokers. Another
shortcoming is that the 6MWD test was not performed in
all study participants, as this was not the standard and some
patients declined to do it.
The present study suggests that regular EC use ameliorates several health effect indicators in COPD and demonstrates that these beneficial effects may continue in the longer
term. By markedly reducing the number of conventional cigarettes smoked per day and hence exposure to their numerous
hazardous toxicants, EC use may not only enhance COPD
outcomes, but may also bestow an overall health advantage.47
Therefore, EC use may be exploited as a less harmful strategy
to potentially halt or reverse COPD-related outcomes and,
in general, to reduce the risk of smoking-related diseases or
the harm from smoking-associated comorbidities. While the
sample size in our study was relatively small, the results of
this study may provide preliminary evidence that long-term
use of ECs is unlikely to result in substantial health concerns in COPD patients. Additional studies in a larger and
more diverse sample of COPD EC users are now needed to
substantiate and elucidate the emerging role of the e-vapor
category for smoking cessation and/or harm reversal in
smoking COPD patients.

Acknowledgment
This research was supported by university grant number
21040100 of Ricerca Scientifica Finanziata dall’Ateneo di Catania [Scientific Research Funded by University of Catania].

Author contributions
All authors contributed toward data analysis, drafting and
critically revising the paper, gave final approval of the version
to be published, and agree to be accountable for all aspects of
the work.

Disclosure
In relation to RP’s work in the area of tobacco control and
respiratory diseases, he has received lecture fees and research
funding from Pfizer, GlaxoSmithKline, CV Therapeutics,
NeuroSearch A/S, Sandoz, MSD, Boehringer Ingelheim,
Novartis, Duska Therapeutics, and Forest Laboratories.
He has also served as a consultant for Pfizer, Global Health
Alliance for Treatment of Tobacco Dependence, CV Therapeutics, NeuroSearch A/S, Boehringer Ingelheim, Duska
Therapeutics, Forest Laboratories, ECITA (Electronic
Cigarette Industry Trade Association, in the UK), and Health

International Journal of COPD 2018:13

Electronic cigarettes harm reduction in COPD patients

Diplomat (consulting company that delivers solutions to
global health problems with special emphasis on harm
minimization). Lecture fees from a number of European EC
industry and trade associations (including FIVAPE in France
and FIESEL in Italy) were directly donated to vaper advocacy
no-profit organizations on the behalf of RP. RP is also currently a scientific advisor for LIAF, Lega Italiana Anti Fumo
(Italian acronym for Italian Anti-Smoking League) and Head
of the European Technical Committee for Standardization
on “Requirements and test methods for emissions of electronic cigarettes” (CEN/TC 437; WG4). JBM has received
honoraria for speaking and financial support to attend meetings/advisory boards from Wyeth, Chiesi, Pfizer, MSD,
Boehringer Ingelheim, Teva, GSK/Allen & Hanburys, Napp,
Almirall, AstraZeneca, Trudell and Novartis. The authors
report no other conflicts of interest in this work.

References

1. World Health Organisation. WHO report on the global tobacco epidemic: Warning about the dangers of tobacco. Available from: http://
www.who.int/tobacco/global_report/2011/en/. Accessed July 18,
2018.
2. Office of the Surgeon General (US); Office on Smoking and Health (US).
The Health Consequences of Smoking: A Report of the Surgeon General.
Atlanta, GA: Centers for Disease Control and Prevention; 2004.
3. MacNee W. Pathogenesis of chronic obstructive pulmonary disease.
Proc Am Thorac Soc. 2005;2(4):258–266.
4. Morjaria JB, Malerba M, Polosa R. Biologic and pharmacologic therapies in clinical development for the inflammatory response in COPD.
Drug Discov Today. 2010;15(9–10):396–405.
5. Falk JA, Kadiev S, Criner GJ, Scharf SM, Minai OA, Diaz P. Cardiac
disease in chronic obstructive pulmonary disease. Proc Am Thorac Soc.
2008;5(4):543–548.
6. Stratton K, Shetty P, Wallace R, Bondurant S. Clearing the smoke:
the science base for tobacco harm reduction – executive summary.
Tob Control. 2001;10(2):189–195.
7. Centers for Disease Control and Prevention (US); National Center for
Chronic Disease Prevention and Health Promotion (US); Office on
Smoking and Health (US). How tobacco smoke causes disease: the
biology and behavioral basis for smoking-attributable disease: a report
of the surgeon general. Atlanta, GA: Centers for Disease Control and
Prevention (US); 2010.
8. The Health Benefits of Smoking Cessation. Rockville, Maryland: U.S.
Department of Health and Human Services, Public Health Service.
Centers for Disease Control, Center for Chronic Disease Prevention
and Health Promotion, Office on Smoking and Health; 1990.
9. Hersh CP, DeMeo DL, Al-Ansari E, et al. Predictors of survival in
severe, early onset COPD. Chest. 2004;126(5):1443–1451.
10. Anthonisen NR, Connett JE, Kiley JP, et al. Effects of smoking
intervention and the use of an inhaled anticholinergic bronchodilator on the rate of decline of FEV1. The Lung Health Study. JAMA.
1994;272(19):1497–1505.
11. Burchfiel CM, Marcus EB, Curb JD, et al. Effects of smoking and
smoking cessation on longitudinal decline in pulmonary function.
Am J Respir Crit Care Med. 1995;151(6):1778–1785.
12. Kanner RE, Connett JE, Williams DE, Buist AS. Effects of randomized assignment to a smoking cessation intervention and changes in
smoking habits on respiratory symptoms in smokers with early chronic
obstructive pulmonary disease: the Lung Health Study. Am J Med.
1999;106(4):410–416.

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

2541

Dovepress

International Journal of Chronic Obstructive Pulmonary Disease downloaded from https://www.dovepress.com/ by 151.97.220.191 on 30-Jun-2020
For personal use only.

Polosa et al
13. National Center for Chronic Disease Prevention and Health Promotion (US) Office on Smoking and Health. The health consequences of
smoking: 50 years of progress: a report of the sugeon general. Atlanta,
GA: Centres for Disease Control and Prevention (US); 2014.
14. van der Meer RM, Wagena EJ, Ostelo RW, Jacobs JE, van Schayck CP.
Smoking cessation for chronic obstructive pulmonary disease. Cochrane
Database Syst Rev. 2003;2:CD002999.
15. Jimenez-Ruiz CA, Masa F, Miravitlles M, et al. Smoking characteristics:
differences in attitudes and dependence between healthy smokers and
smokers with COPD. Chest. 2001;119(5):1365–1370.
16. Tashkin DP. Smoking cessation in chronic obstructive pulmonary
disease. Semin Respir Crit Care Med. 2015;36(4):491–507.
17. Polosa R, Rodu B, Caponnetto P, Maglia M, Raciti C. A fresh look
at tobacco harm reduction: the case for the electronic cigarette. Harm
Reduct J. 2013;10:19.
18. Caponnetto P, Russo C, Bruno CM, Alamo A, Amaradio MD, Polosa R.
Electronic cigarette: a possible substitute for cigarette dependence.
Monaldi Arch Chest Dis. 2013;79(1):12–19.
19. Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Voudris V.
Characteristics, perceived side effects and benefits of electronic cigarette
use: a worldwide survey of more than 19,000 consumers. Int J Environ
Res Public Health. 2014;11(4):4356–4373.
20. Farsalinos KE, Polosa R. Safety evaluation and risk assessment of electronic cigarettes as tobacco cigarette substitutes: a systematic review.
Ther Adv Drug Saf. 2014;5(2):67–86.
21. Goniewicz ML, Knysak J, Gawron M, et al. Levels of selected carcinogens and toxicants in vapour from electronic cigarettes. Tob Control.
2014;23(2):133–139.
22. Margham J, McAdam K, Forster M, et al. Chemical composition of
aerosol from an e-cigarette: a quantitative comparison with cigarette
smoke. Chem Res Toxicol. 2016;29(10):1662–1678.
23. Kruse GR, Kalkhoran S, Rigotti NA. Use of electronic cigarettes among U.S.
adults with medical comorbidities. Am J Prev Med. 2017;52(6):798–804.
24. Polosa R, Morjaria JB, Caponnetto P, et al. Evidence for harm reduction in COPD smokers who switch to electronic cigarettes. Respir Res.
2016;17(1):166.
25. Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline
Leidy N. Development and first validation of the COPD assessment
test. Eur Respir J. 2009;34(3):648–654.
26. Kon SS, Canavan JL, Jones SE, et al. Minimum clinically important
difference for the COPD assessment test: a prospective analysis. Lancet
Respir Med. 2014;2(3):195–203.
27. ATS statement: guidelines for the six-minute walk test. Am J Respir
Crit Care Med. 2002;166(1):111–117.
28. Morjaria JB, Mondati E, Polosa R. E-cigarettes in patients with COPD: current perspectives. Int J Chron Obstruct Pulmon Dis. 2017;12:3203–3210.
29. Zhang MW, Ho RC, Cheung MW, Fu E, Mak A. Prevalence of depressive symptoms in patients with chronic obstructive pulmonary disease:
a systematic review, meta-analysis and meta-regression. Gen Hosp
Psychiatry. 2011;33(3):217–223.
30. Polosa R, Morjaria JB, Caponnetto P, et al. Effectiveness and tolerability
of electronic cigarette in real-life: a 24-month prospective observational
study. Intern Emerg Med. 2014;9(5):537–546.
31. Caponnetto P, Campagna D, Cibella F, et al. EffiCiency and Safety
of an eLectronic cigAreTte (ECLAT) as tobacco cigarettes substitute:
a prospective 12-month randomized control design study. PLoS One.
2013;8(6):e66317.

32. Caponnetto P, Auditore R, Russo C, Cappello GC, Polosa R. Impact of
an electronic cigarette on smoking reduction and cessation in schizophrenic smokers: a prospective 12-month pilot study. Int J Environ Res
Public Health. 2013;10(2):446–461.
33. Polosa R, Morjaria JB, Caponnetto P, et al. Persisting long term benefits of smoking abstinence and reduction in asthmatic smokers who
have switched to electronic cigarettes. Discov Med. 2016;21(114):
99–108.
34. Farsalinos K, Cibella F, Caponnetto P, et al. Effect of continuous
smoking reduction and abstinence on blood pressure and heart rate
in smokers switching to electronic cigarettes. Intern Emerg Med.
2016;11(1):85–94.
35. Scanlon PD, Connett JE, Waller LA, et al. Smoking cessation and lung
function in mild-to-moderate chronic obstructive pulmonary disease.
The Lung Health Study. Am J Respir Crit Care Med. 2000;161(2 Pt 1):
381–390.
36. Tashkin DP, Rennard S, Taylor Hays J, Lawrence D, Marton JP, Lee TC.
Lung function and respiratory symptoms in a 1-year randomized
smoking cessation trial of varenicline in COPD patients. Respir Med.
2011;105(11):1682–1690.
37. Godtfredsen NS, Vestbo J, Osler M, Prescott E. Risk of hospital admission for COPD following smoking cessation and reduction: a Danish
population study. Thorax. 2002;57(11):967–972.
38. Au DH, Bryson CL, Chien JW, et al. The effects of smoking cessation
on the risk of chronic obstructive pulmonary disease exacerbations.
J Gen Intern Med. 2009;24(4):457–463.
39. Anthonisen NR, Connett JE, Enright PL, Manfreda J. Hospitalizations
and mortality in the Lung Health Study. Am J Respir Crit Care Med.
2002;166(3):333–339.
40. Kessler R, Faller M, Fourgaut G, Mennecier B, Weitzenblum E.
Predictive factors of hospitalization for acute exacerbation in a series
of 64 patients with chronic obstructive pulmonary disease. Am J Respir
Crit Care Med. 1999;159(1):158–164.
41. Feldman C, Anderson R. Cigarette smoking and mechanisms of susceptibility to infections of the respiratory tract and other organ systems.
J Infect. 2013;67(3):169–184.
42. Sopori M. Effects of cigarette smoke on the immune system. Nat Rev
Immunol. 2002;2(5):372–377.
43. Campagna D, Amaradio MD, Sands MF, Polosa R. Respiratory infections and pneumonia: potential benefits of switching from smoking to
vaping. Pneumonia (Nathan). 2016;8(4):eCollection 2016.
44. Greulich T, Koczulla AR, Nell C, et al. Effect of a three-week inpatient
rehabilitation program on 544 consecutive patients with very severe
COPD: a retrospective analysis. Respiration. 2015;90(4):287–292.
45. Campagna D, Cibella F, Caponnetto P, et al. Changes in breathomics
from a 1-year randomized smoking cessation trial of electronic cigarettes. Eur J Clin Invest. 2016;46(8):698–706.
46. Berkovitch A, Kivity S, Klempfner R, et al. Time-dependent relation between smoking cessation and improved exercise tolerance in
apparently healthy middle-age men and women. Eur J Prev Cardiol.
2015;22(6):807–814.
47. Morjaria JB, Polosa R. The holistic perspective of chronic obstructive pulmonary disease: doubt some more. Ther Adv Chronic Dis. 2010;1(2):37–41.

Dovepress

International Journal of COPD

Publish your work in this journal
The International Journal of COPD is an international, peer-reviewed
journal of therapeutics and pharmacology focusing on concise rapid
reporting of clinical studies and reviews in COPD. Special focus is given
to the pathophysiological processes underlying the disease, intervention
programs, patient focused education, and self management protocols.

This journal is indexed on PubMed Central, MedLine and CAS. The
manuscript management system is completely online and includes a
very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: http://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

2542

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

International Journal of COPD 2018:13

