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Abstract

It is well known that tobacco smoking worsens asthma. Conversely, few data are currently available in the literature on
the effects of vaping in asthmatic patients. This work aims to investigate the effects of vaping on asthmatic patients and in
asthmatic patients that switched from tobacco smoking to electronic cigarette (e-cig), in particular focusing on quality of
life, asthma control, and pulmonary function. We designed a two-group study. One group encompassed vapers with asthma
selected through a web survey with questions on quality of life and symptoms worsening; the other group encompassed vapers
that switched from tobacco smoking to e-cig, and that volunteered to undergo clinical visits at our outpatient clinic. 2787
people responded to the web survey, including 631 asthmatics. In the second group, 55 volunteers, including 15 asthmatics,
were enrolled after a visit. The visit included physical examination and pulmonary function tests (PFT). Internationally vali-
dated questionnaires were administered to all subjects: Asthma Control Test (ACT), Asthma Control Questionnaire (ACQ),
36-Item Short Form Survey (SF-36) and Asthma Quality of Life Questionnaire (AQLQ). The 382 asthmatic vapers-only in the
web survey were mainly males (86.9%), 31-65 years old. 90% of them declared that vaping did not worsen asthma symptoms
and would recommend asthmatic smokers to switch to vaping (98.4%). There was worsening of asthma symptoms due to the
actual asthma therapy used by the participants, while no relationship was found with other aspects analysed. In the second
group, the analysis of variance in the questionnaires administered to the 10 asthmatics showed a significant improvement
in ACQ, ACT and SF-36 for asthmatics that switched from tobacco to vaping, while PFT remained stable throughout the
three visits. Almost all of the asthmatics who previously smoked would recommend switching to e-cig, and vaping did not
worsen their asthma symptoms. Furthermore, switching from tobacco smoking to e-cigs showed a significant improvement
in asthma control and quality of life, not showing, in the period studied, to affect pulmonary function tests.
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Introduction

Asthma is a worldwide problem with more than 300 mil-
lion affected people [1]. Its prevalence ranges between 1
and 16% of the population in different countries [1, 2]. The
World Health Organization (WHO) has estimated that about
15 million years of total life are lost each year for asthma,
adjusted for disability, and 350,000 asthma deaths a year
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are reported worldwide [3]. Asthmatic patients who smoke
tobacco have a worse asthma control, have more frequent
exacerbations and more hospitalizations, experience a more
rapid decline in lung function and an increased risk of death
compared to asthmatic patients who are not smokers [4].

Furthermore, asthmatic smokers may have a predominance
of neutrophilic inflammation in the airways, therefore poorly
responsive to corticosteroid treatment [5, 6].

Usually the liquid used in electronic cigarettes (e-cigs) is a
blend, in different proportions, of vegetable glycerol (VG) and
propylene glycol (PG) normally 50/50%, but some devices,
designed to increase the vapour production, work at their best
if powered with liquids composed 70/30, 80/20 or even 99% by
VG. Generally, this vapour appears more dense than cigarette
smoke, but it dissolves more quickly in the air and proves to
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be strongly aromatic. It usually contains aromas such as fruit,
candies, mint, or other flavours. The e-cigs are marketed in
different typologies and configurations, making the vaping
market very heterogeneous [7]. However, the basic structure
remains common to all the devices and consists of an electrical
power supply plus an atomizer. There are mainly two types of
atomizers: mouth-to-lung (MTL), whose puff feels like that
of a traditional cigarette, with a restricted airflow and usu-
ally a single coil, a small chamber and an higher resistance
value, and direct-lung-hit (DLH), with a larger airflow, a big-
ger chamber, one or more coils and a lower resistance value.

The use of e-cigs is growing: the latest report from the
United Kingdom estimates the number of users in 2.8 mil-
lions [8]. This finding is in keeping with a decrease of the
prevalence of traditional cigarette smoke [9]. E-cigs have
been recognized as a new technology helpful to reduce tradi-
tional cigarettes consumption: in fact, the attempts of smok-
ing cessation through the e-cig increased [10, 11], and e-cigs
have been perceived as a gateway to improve the quality of
life and life expectation [12, 13]. In the United Kingdom,
about 850,000 cigarettes smokers switched to vaping, and
other 650,000 “dual users”, which were used to both smoke
and vape, have now interrupted both these habits [13, 14].

At present, the number of studies designed to evaluate the
security profile of vaping among the population is increasing
[13, 14]. Nevertheless, studies on specific population groups,
like asthmatics, are still scant [15, 16]. There is an approved
trial, which is not recruiting yet, ongoing in Ottawa Hospital
Research Institute [17].

Therefore, our work aims to investigate on how the use
of e-cig is perceived in asthmatics by a web survey and on
how e-cig affects asthma control, quality of life and, as a
second aim, pulmonary function tests in a small group of
asthmatic vapers.

Methods
Subjects

We designed a two-group study. One group encompassed
vapers with asthma selected through a web survey with
questions on quality of life and symptoms worsening; the
other group encompassed vapers that switched from tobacco
smoking to e-cig, and that volunteered to undergo clinical
visits at our outpatient clinic. A total of 2842 consecutive
volunteers (age range 16-65 years) have been evaluated.
2787 replied to the online questionnaire; furthermore, 55
other adult participants have been examined at our centre.
All declared to be active vapers. We included in our analysis
from the web survey group, only the questionnaires where
the volunteers met the following inclusion criteria: living
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in Italy, continuous and exclusive e-cigs use, diagnosis of
bronchial asthma.

We included in our analysis from the patients seen at our
Centre, only the volunteers that met the following inclusion
criteria: previous documented asthma diagnosis, exclusive
and regular use of e-cig for the entire duration of the study.

Out of 2787 survey participants, 631 stated to be affected
by bronchial asthma, 2156 stated to be e-cig users, but not
asthmatics, and therefore have been excluded from the study.

Among the 631 participants with asthma, 249 declared to
use traditional cigarettes too (“‘dual users”), and thus have
been excluded from the study. All the remaining participants
declared to be former smokers. Of the 55 consecutive volun-
teers examined at our centre, 15 resulted affected by bron-
chial asthma. Between these 15 vapers with asthma there
were 5 dual users that have been excluded from the study.

The remaining 10 patients with asthma agreed to enter in
the study protocol. This small group served to reinforce and
confirm our survey data.

Thus, in total, 392 asthmatic patients have been examined
(382 online questionnaire, 10 online questionnaire and lung
function test) (Fig. 1).

Study design

The online questionnaire was created through the modu-
lar platform of Google data collection (Google®-Google
Forms®), spread on the web through the main social net-
works (Facebook®, Twitter®). The questionnaires employed
are Asthma Control Questionnaire® (ACQ) [18], 36-Item
Short Form Survey (SF-36) [19], Asthma Control Test
(ACT) [20], Asthma Quality of Life Questionnaire (AQLQ)
and a set of questions that aims to differentiate and stratify
the patients. The ACQ and ACT are simple questionnaires
to measure the adequacy of asthma control and change in
asthma control. Instead, the SF-36 and the AQLQ are ques-
tionnaires for administered quality-of-life measures: the
first one a set of generic, coherent, and easily administered
the second an asthma-specific health-related quality of life
instrument. All questionnaires are reproducible and validate.

Clinical data have been obtained from the evaluation of
volunteers attending the Center for Allergic Respiratory
Physiopathology (Department of Internal Medicine) at
the University Hospital of Cagliari during the period June
2017-July 2018, immediately prior to the first of the two
consecutive follow-ups (check-ups 1 and 2). Follow-ups 1
and 2 have been performed at 3 (+ 1) and 6 (£ 1) months
after the preliminary examination. Informed consent was
obtained from all individual participants included in the
study.

At each check-up, participants have been re-evaluated
through clinical examination, smoking history review,
re-evaluation of the compliance and effectiveness of the
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Fig. 1 Flowchart of study participants

treatment. Furthermore, the patients have been re-evaluated
using the previously mentioned questionnaires, in addition to
ACT [20], taking notes of the number of exacerbations since
the previous follow-up [21]; spirometry with parameters of
forced expiratory flow in 1 s (FEV1), forced vital capacity
(FVQ), Tiffeneau index (% FEV1/FVC), and forced expira-
tory flow in the FVC average (FEF 25-75%), spirometry
with evaluation of the residual volume through helium dilu-
tion technique [22], and carbon monoxide transfer (DLCO)
[23] with a Biomedin® spirometer, single membrane fil-
ter Spirometry Filter 59 Mada®. Furthermore, the level of
exhaled nitric oxide (FeNO) [24] has been evaluated by
Vivatmo pro® by Bosch® with mouthpieces Vivatmo pro®
Oxycap® by Bosch®.

Statistical analysis

The data collected underwent statistical analysis via IBM
SPSS® software version 23.0 and MedCalc version 18.6
[25]. In each case the statistical significance level of the
differences observed has been set at a value “p” equal to or
less than 0.05 for the two-tailed hypothesis (p <0.05). It has
been decided to compare the nominal data through the use
of Contingency tables, based on the evaluation of Pearson
(Chi-square) test and Fisher exact text, in order to adapt the
statistical analysis to the sample size; the data expressed as
continuous variables have been treated through the Student’s
“¢’ test for independent samples and ANOVA for repeated
measures with Bonferroni correction.

631
Asthmatics

15
Asthmatics

s~
walay

382
Asthmatics

392
Analyzed

10
Asthmatics

Results

Survey

The 382 volunteers from the survey were mainly males
86.9% (n=332), 47.9% (n=183) were between 31 and
65 years old. Most of the subjects (70.2%, n=268) have
been using the e-cig for more than a year, with heterogene-
ous concentration of nicotine and quantity of e-juice vaped
per day. The number of volunteers who used a MTL atom-
izer 44.2% (n=169) and those who vaped with a DLH atom-
izer 55.8% (n=213) (Table 1).

More than half of the participants 61.8% (n=236) said
they had not performed a spirometry in the last year while
most of them 81.4% (n=311) did not take asthma medica-
tions at the moment of filling in the questionnaire. A total
of 350 volunteers reported no vaping-related worsening of
their asthmatic symptoms (91.6%). The majority of them
98.4% (n=7376) would recommend an asthmatic smoker
to switch to vaping, claiming in 89.3% (n=341) of cases
to feel better in comparison with the time when they were
cigarette smokers (Table 2).

A worsening of respiratory symptoms was reported by
32 participants only: 5.9% (n=10) of E-Cig MTL users
and 10.3% (n=22) of E-Cig DLH users.

Of these volunteers with symptoms worsening, 31.3%
(n=10) used liquids with 0 mg/ml of nicotine while 65.6%
of them (n=21) used liquids containing 3 mg/ml of nico-
tine; only one person (3.1%) used liquids with 6 mg/ml of
nicotine, none has used liquids with 1.5, 9 and 12 mg/ml

@ Springer



666

Internal and Emergency Medicine (2020) 15:663-671

of nicotine. These values showed a statistically significant
difference (p =0.025).

Among the 32 volunteers with worsening of respiratory
symptoms after using e-cig, 7 (21.9%) used an amount of
e-liquid lower than 5 ml/day, 14 (43.8%) used between 5
and 10 ml/day while 11 (34.4%) used an amount between
10 and 30 ml/day, no participant used more than 30 ml/day
(Supplementary Table 1). This difference was not statisti-
cally significant (p =0.759).

Furthermore, 15.6% (n=5) used more than one drug
per day for asthma, 12.5% (n=4) took only one drug per
day, 62.5% (n=20) was not regularly taking therapy (they
were using drugs as needed), 9.4% (n=23) never took any
asthma medication. This difference was highly significant
(p<0.001) (Supplementary Table 2). Regarding e-juice aro-
mas, 31.3% (n=10) used creamy aromas, 28.1% (n=9) used
fruity aromas, 18.8% (n=6) used tobacco-flavoured liquids
and 21.9% (n="7) used different aromatized liquids (creamy,
fruity, tobacco). This difference was not statistically signifi-
cant (p=0.305) (Supplementary Table 3).

Table 1 Characteristics of the patients included in the survey

Outpatients

Concerning the ten asthmatic patients visited at our Centre,
the analysis of the AQLQ Score carried out during the three
examinations [TO (baseline visit), T1 (at 3 (+ 1) months from
the baseline visit) and T2 (at 6 (£ 1) months from the base-
line visit)] showed a statistically significant positive differ-
ence of asthma-related quality of life (»=0.0041; ANOVA
for repeated measures), with an average value per item that
highlights the absence of exacerbations in the period evalu-
ated. Globally there is an improvement of the AQLQ score
from the baseline visit to the last of 0.44 points. (Table 3,
Supplementary Figure 1).

In the same way, the analysis of the variance between
the points of ACQ and ACT in the three visits highlights a
statistically significant difference (p =0.0204 for ACQ and
p=0.0021 for ACT) (Figs. 2, 3). Decrease in ACQ score
means an improvement in asthma control as an increase in
ACT score.

As regards ACT, the comparison between the three exam-
inations highlights a strong statistical difference between TO

Sex

Males: 332 (86.9%)
Range of ages

16-18 years old: 9 (2.4%)
Years of e-cigs use

> 1 year: 268 (70.2%)
Type of atomizer used
MTL: 169 (44.2%)

E-juice nicotine concentration

18-25 years old: 114 (29.8%)

0 ml/day: 59 1.5 ml/day: 36 (9.4%) 3 ml/day: 227
(15.4%) (59.4%)
E-juice vaped in a day

<5 ml/day: 82 (21.5%) 5-10 ml/day: 188 (49.2%)

Females: 50 (13.1%)
26-30 years old: 76 (19.9%) 31-65 years old: 183 (47.9%)
<1 year: 114 (29.8%)

DLH: 213 (55.8%)

6 ml/day: 41
(10.7%)

9 ml/day: 13 (3.4%) 12 ml/day: 6

(1.6%)

10-30 ml/day: 107 (28.0%) > 30 ml/day: 5 (1.3%)

Table2 Summary of answers

“Has vaping ever worsened asthma symptoms (shortness of breath, cough, nocturnal awakenings, limitation in daily activities)?”

No: 350 (91.6%)

“Have you ever done a spirometry since you started vaping?”
No: 236 (61.8%)

“Do you assume any asthma medications?”

No: 311 (81.4%)

“Compared to cigarettes, how do you feel your breath after vaping?”

“Like after a ciga- “Definitely better”: 341 (89.3%)

rette”: 7 (1.8%)

“Better than smoking, but still I perceive an
alteration of the breath”: 34 (8.9%)

Yes: 32 (8.4%)

Yes: 146 (38.2%)

Yes: 71 (18.6%)

“Worse than cigarettes™: 0 (0%)

As asthmatic: would you recommend to an asthmatic smoker to switch to vaping?

No: 6 (1.6%)

Yes: 376 (98.4%)
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and T2 (p=0.0063) and between T1 and T2 (p =0.0202),
whereas between TO and T1 it does not reach the statistical
significance (p =0.0529).

Concerning the quality of life, the analysis of the SF-36
highlights a positive trend from TO to T2, with a progressive
increase of the total points and per item. The analysis of the
variance for repeated measures on the average of the three
examinations points shows a statistically significant change
(p=0.0022). Comparing the single examinations there is a
significant difference both between TO and T1 (p =0.0233)
and between T1 and T2 (p=0.0194), just like between TO
and T2 (p=0.0066) (Table 4, Supplementary Figure 2).

Analysis of the variance for repeated measures (ANOVA)
for respiratory function tests (FEV1, FVC, PEF, DLCO,
FeNO) in the study period did not show any statistically
significant difference between the three visits (from the TO
baseline to the T2 6 months) (Supplementary Table 4, Sup-
plementary Figures 3, 4).

Discussion

It is well known that cigarettes smoke contributes to a
worsening of bronchial asthma natural history [5, 6, 26],
with a decrease in respiratory flows and volumes, a declin-
ing responsivity to bronchodilators and an increase in the
number of exacerbations in 1 year. On the other hand,
recent scientific literature has progressively begun to
highlight how vaping proves to be a safe method to quit
smoking without showing any alteration in the respiratory
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Fig.2 Analysis of the variance of the ACT score average in the three
visits through ANOVA for repeated measurements (p =0.0021)

function or in the acute phase (i.e. C-reactive protein,
erythrocyte sedimentation rate, etc.) in healthy volunteers
that use e-cigs [27].

Given the even higher prevalence of cigarette smoking
among asthmatic subjects, compared to the general popula-
tion (21% vs 17%) [28], it is important to find a safe method
for the reduction of smoking-related risks in these subjects.

In reading our data there are potential limitations that
should be taken into consideration.

As for the survey participants declared themselves asth-
matics, but is not medically certified, also there was a greater
representation of male volunteers than females (this data

Table 3 Summary of the AQLQ

L . AQLQ score
score of the individual patients
in the three visits Pl P2 P3 P4 P5 P6 P7 P8 P9 P10
TO
Symptoms 592 250 6.08 450 458 625 392 500 500 454
Activities limitations 6.00 427 6.18 509 418 663 4.09 572 554 6.01
Emotional functions 560 240 7.00 4.60 400 680 580 540 6.00 6.00
Environmental stimuli ~ 6.00 3.75 6.00 500 350 625 275 3.00 4.00 3.50
Total for items 6.06 325 625 478 421 646 412 506 521 5.12
T1
Symptoms 633 3.08 62S 458 450 633 417 508 567 5.00
Activities limitations 6.09 482 627 527 400 673 482 6.09 582 4.05
Emotional functions 700 340 7.00 460 380 680 580 560 640 6.75
Environmental stimuli ~ 6.00 4.00 6.00 525 350 625 350 4.00 475 590
Total for items 631 384 634 491 409 653 456 538 572 450
T2
Symptoms 650 4.17 6.17 492 467 642 400 508 575 450
Activities limitations 6.18 555 645 527 418 682 445 6.18 591 590
Emotional functions 700 460 7.00 460 400 680 580 540 640 6.30
Environmental stimuli ~ 6.50 4.50 625 525 350 625 475 500 525 520
Total for items 647 475 641 503 425 659 453 550 584 590
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Fig.3 Analysis of the variance of the ACQ score average in the three
visits through ANOVA for repeated measurements (p =0.0204)

could be secondary to the increased spread of vaping among
the males).

Instead, outpatient data are limited to a very small group
and we wanted to report them into the study as suggestive
data. In this group, the “single e-cig user” status was attested
by a volunteer statement.

Against this background out of the 382 that filled in the
survey, 97.3% declared having perceived an improvement
of their “breath” in comparison with the period when they
were traditional cigarettes smokers, and the 98.4% would
recommend to an asthmatic subject the switch to e-cigs.

The difference among the device employed (“MTL” or
“DLH”) and the worsening of symptoms, was not statis-
tically significant. The choice of the two types of atom-
izers among the asthmatic subjects of our records (44.4%
for MTL and 56.6% for DLH) is similar; however, among
the 32 that experienced a worsening of the asthmatic

Table 4 Summary of the SF-36 score of individual patients, over the three visits

SF-36 score
P1 (%) P2(%) P3(%) P4(%) PS(%) P6(%) P1(%) P8%) PI (%) PIO (%)
TO
Physical functioning 100 80 70 100 90 100 90 100 80 100
Role limitations due to physical health 100 100 60 100 100 100 90 100 90 80
Role limitations due to emotional problems 100 80 100 100 100 90 100 90 90 95
Energy/fatigue 70 30 70 90 70 70 70 70 70 65
Emotional well-being 92 85 90 90 90 90 90 90 90 90
Social functioning 75 75 70 75 75 75 80 70 70 75
Pain 100 100 100 90 100 100 100 80 90 95
General health 85 85 80 85 80 90 85 80 100 80
Health change 75 90 80 100 100 100 90 90 90 90
T1
Physical functioning 100 85 70 100 90 100 90 100 80 100
Role limitations due to physical health 100 100 80 100 100 100 90 100 85 80
Role limitations due to emotional problems 100 80 100 100 100 90 100 90 85 95
Energy/fatigue 80 80 80 90 75 80 80 70 65 85
Emotional well-being 95 95 95 95 95 90 95 90 95 90
Social functioning 80 70 80 80 85 80 80 65 70 75
Pain 100 100 100 100 100 100 100 80 90 95
General health 85 90 85 85 85 90 80 85 100 80
Health change 80 95 90 100 100 100 90 90 95 90
T2
Physical functioning 100 90 70 100 90 100 90 100 80 100
Role limitations due to physical health 100 100 60 100 100 100 95 100 95 80
Role limitations due to emotional problems 100 80 100 100 100 100 100 90 90 95
Energy/fatigue 80 80 85 90 75 80 70 70 70 65
Emotional well-being 100 100 100 100 95 90 100 100 100 90
Social functioning 80 80 80 80 80 80 80 70 75 75
Pain 100 100 100 100 100 100 100 80 90 95
General health 85 90 85 85 85 90 85 85 100 80
Health change 85 100 95 100 100 100 90 100 100 90
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symptoms, those using atomizers with pulmonary inhal-
ing (DLH type) are indeed twice than MTL users (22 vs
10). This data, even if not statistically significant, could be
explained by the greater quantity of vapour produced by
DLH atomizers compared to MTL atomizers, or by the fact
that these devices need more elevated wattages compared
to the mouth-to-lung setup [29]. This is an interesting
data, which surely needs further studies (Supplementary
Table 5).

The association between the amount of nicotine present in
the liquid used and the worsening of the symptoms appeared
strongly significant; however this could be in part altered by
the small number of asthmatics that declared a worsening of
their symptoms after the e-cigs use (n=32; 8.4%). Among
this 32 participants that claimed to have a symptoms wors-
ening, it is important to consider the possibility that other
confounding factors (i.e. environmental or psychological
factors) could have had an influence on that [30].

No participants reported worsening of symptoms from
the groups with 12 mg/ml, surprisingly, the two groups com-
plaining worsening of symptoms were the users of 3 mg/ml
and 0 mg/ml (respectively n=21 and n=10 people). There-
fore, it appears that minor concentrations of nicotine in this
study are linked to an increase in asthma symptoms, but
we underline that the groups do not have a homogeneous
distribution and 65% of the analysed vapers used 3 mg/ml
of nicotine, so although a statistically significant difference
is present, definitive conclusions cannot be drawn. Further
studies in this regard are undoubtedly necessary (Supple-
mentary Table 6). To our knowledge, this finding has not
yet been reported in the literature and needs larger studies
to confirm it. As regards the correlation between the type of
asthma therapy taken and the symptoms worsening, there
was a strong association between the absence of a controller
therapy and the exacerbation rate (a flare-up or exacerba-
tion is an acute or sub-acute worsening in symptoms and
lung function from the patient’s usual status; occasionally
it may be the initial presentation of asthma [31]), which is
an expected result. It is well known from the literature that
asthmatic patients are often non-compliant to the proposed
treatments [32, 33] and this could explain the high percent
of volunteers we found that not take medications.

Out of the ten outpatients analysed at our clinic during
the period of the study, no changes in respiratory func-
tion parameters have been noted, that is probably linked
to the quite short period of observation for this study. The
values of exhaled nitric oxide (FeNO) is reduced in some
of the subjects; this finding, although not statistically sig-
nificant, in our opinion, is probably related to both the
absence of an irritating agent such as smoke and to a bet-
ter compliance, probably also related to the commitment
to our study.

The analysis of the questionnaires showed an improve-
ment in the quality of life perception and of breath which
is strongly statistically significant, with a trend of the
AQLQ, ACQ, ACT and SF-36 points showing a clear
improvement during the three follow-ups.

It is interesting to see how the subjective perception
of the e-cigs users on their breath and on their quality of
life is positive compared to their past as smokers; also in
the analysis of the questionnaires given to the outpatients,
it can be noticed how asthma control and quality of life
had both a statistically significant improvement during the
6 months period of this study.

In conclusion, our data are in agreement with the few
studies already present in literature about vaping, which
today proves to be one of the most effective methods to quit
smoking and thus reduce smoke-related damages [27, 34].

Asthma control, asthma-related quality of life and gen-
eral health perception are improved in asthmatic vapers,
compared to their previous tobacco smoker life.

A total of 350 volunteers reported no vaping-related
worsening of their asthmatic symptoms (91.6%). The major-
ity of them would recommend an asthmatic smoker to switch
to vaping, claiming in about 90% of cases to feel better in
comparison with the time when they were cigarette smokers.

Analysing the AQLQ score in the ten asthmatic patients
visited at our Centre during the three examinations there was
a statistically significant positive trend, with an improvement
of the asthma-related quality of life. In the same way we saw
a positive trend on the asthma control between the three
visits, with no modifications on lung function tests. Results
of our study agree with previous researches on asthma and
vaping present in medical literature [16].

Our preliminary data, together with the lack of studies on
vaping in asthmatic patients, suggest continuing with further
studies on this topic, with longer follow-up to determine
with more certainty the security profile of vaping in general
and in cohorts of more “at-risk” patients, such as asthmatics.
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