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Background: Smoking is well known for its harmful effect on the respiratory system, but whether vaping is less
harmful is unknown. Therefore, the aim of this study was to assess the association of smoking/vaping habits with
self-reported respiratory symptoms in vapers and cigarette smokers.

Methods: An online survey was developed and shared on different vaping and smoking social media platforms
and communities.

Results: Out of the 891 respondents, 788 were vapers (77 pure vapers and 711 ex-smokers) and 103 were cigarette
smokers. Smokers reported more frequently respiratory symptoms such as chest pain, wheezing and whistling,
sputum production, cough, dry mouth, and smokers suffered from more shortness of breath, sore throat and
disturbed sleep compared to vapers. The self-reported respiratory symptoms in vapers were mainly related to the
nicotine strength of the product and number of puffs per use. There were no significant differences between pure
vapers and vapers who were ex-smokers.

Conclusion: Self-reported severe respiratory symptoms were less frequent in vapers than smokers, irrespective of
their smoking history. This suggests that vaping is less harmful than cigarette smoking.
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Introduction

Smoking tobacco cigarettes is well known for its
harmful impact on health and particularly cardiores-
piratory health [1, 2]. During smoking, chemical con-
stituents of cigarette smoke, including but not limited
to, nicotine, tar, irritants, carcinogens and carbon mon-
oxide, are released into the lungs and may cause res-
piratory symptoms such as coughing, chest tightness,
phlegm production, shortness of breath, sore throat
and wheezing that over time may cause respiratory
diseases such as chronic obstructive pulmonary disease
(COPD) [3]. Nicotine may also contribute to lung in-
jury, as it has been reported that it acts as a chemotac-
tic for human neutrophils that through promotion of
inflammation may over time lead to lung injury and
ultimately airway obstruction [4].

The use of electronic cigarettes (vaping) has
shown an increase where for instance the prevalence of
people vaping increased in the USA from 6% in 2009
to 41% in 2013 [5], in the European Union from 7.2%
in 2012 to 11.6% in 2014 [6], and in the UK 7.1%
of the adult population used e-cigarettes in 2019 [7].
Of particular concern is the prevalence in the young,
with up to 37% of 16-19 years olds having tried vap-
ing in the USA and Canada, with 10% reporting to
have vaped in the past week [8]. While vaping has thus
become increasingly popular and is promoted as a less
harmful alternative to smoking, the impact of vaping
on health remains not clear yet. In fact, there are stud-
ies that report harmful effects of vaping on lung and
cardiovascular tissue and function, including airway
obstruction [3, 9-11].

Electronic cigarettes are battery powered devices
with a heating element (atomizer) that produces an
aerosol to be inhaled by the user [12]. The inhaled
aerosol contains potentially harmful constituents in-
cluding, but not limited to, flavourings, propylene
glycol [13], heavy metals, volatile organic compounds
[14-16] and nicotine [17-19]. Indeed, some studies
[20-23] demonstrated that e-cigarette use resulted in
respiratory symptoms such as coughing and wheezing.

It would be informative to assess the relationship
of such symptoms with vaping behaviour, such as fre-
quency of vaping, number of puffs and puff duration,

volume and years of vaping, and compare this with
symptoms seen in smokers [24]. To investigate this,
we developed and applied a concise survey tool to as-
sess smoking/vaping habits and assess their association
with self-reported respiratory symptoms in vapers and
cigarette smokers.

Methods

An online survey was produced to examine the
association between smoking/vaping habits and self-
reported respiratory symptoms via Google Forms.
Respiratory symptoms were defined as self-reported
wheezing or whistling in the chest, or a nocturnal dry
cough not associated with a cold or chest infection [25].
The questions were developed and selected by four
researchers (MZD, HD, CM and AA) and agreed
among them, according to the recommendations of
survey-development guidelines [26]. The survey com-
prised a total of 73 questions and took approximately
10-15 minutes to complete. The first questions con-
cerned demographic data, followed by a question to cat-
egorise participants to a specific category: pure vapers,
vapers but ex-smoker, and cigarette smokers. Respond-
ents who both smoked and vaped were excluded from
the analyses. In the next section, multiple-choice ques-
tions were used to assess vaping and smoking habits,
and included questions concerning the type of vaping or
cigarette product being used, type and strength of vap-
ing juice/liquid, number and duration of puffs, history
of vaping and/or smoking, duration in years, volume
and intensity of cigarette smoking and the Fagerstrom
Test for Nicotine Dependence [27]. These multiple-
choice questions concerned self-reported respiratory
symptoms according to the Likert scale.

Ethical approval was obtained from Manchester
Metropolitan University Science and Engineering Re-
search Ethics and Governance Committee reference
number: 5944. All procedures adhered to the princi-
ples stated in the Declaration of Helsinki. Informed
consent was obtained through a compulsory selection
menu where those agreeing to the consent statement
continued with the survey whilst those who did not
provide consent, could not complete the survey.
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Table 1. Descriptive statistics of pure vapers, vapers ex-smokers and cigarette smokers.

Vapers (pure vapers)

Vapers (ex-smokers)

Cigarette smokers

Men (n=57) Women (n=20) Men (n=512) Women (n=199) Men (n=66) ‘Women (n=37)
Age (Years) 25.2+7.5 25.1+8.2 35.5:9.5 39.3+10.1* 27.2+10.2 27.8+10.8
Height (m) 1.77+0.05 1.61+0.08* 1.78+0.06 1.65+0.06* 1.80+0.70 1.61+0.06*
Mass (kg) 77.9+13.1 67.7£10.5* 84.4+14.5 73.9+15.5* 79.1+12.8 65.6£12.7*
BMI (kg/m?) 24.8+4.2 26.3+4.8 26.4+4.4 27.0£5.9 24.3+3.6 25.0:4.6

BMI, body mass index; *significantly different from men at p<0.05. There were no significant differences between ‘Vapers

(pure vapers)’, ‘Vapers (ex-smokers) and ‘Cigarette smokers’.

Participants were men and women (age > 18 years).
Data from participants were excluded from further
analysis if answers to questions revealed that a par-
ticipant had a diagnosed neuromuscular disease; severe
musculoskeletal injury; any lower limb injury; any di-
agnosed mental health disorder; treatment for chronic
respiratory complaints; a history of heart disease; was a
smoker who currently mixed cigarette and vape; or was
a water pipe (shisha) smoker. Study participants were
notified that the survey was anonymous. Participants
were recruited through vapers and cigarette smokers
Facebook groups and pages. In addition, the survey
was shared with the Consumer Advocacy Smoke Free
Alternatives to Combustible Tobacco (CASAA) com-
munity and shared on the Reddit network of commu-
nities. The survey run from May — November 2020.

Data are presented as descriptive statistics in-
cluding frequencies and medians/interquartile ranges,
or average rank for non-parametric data and means
or average * standard deviations (SD) for parametric
data. The null hypothesis was that there were no sig-
nificant differences between the three groups in terms
of self-reported cardio-respiratory symptoms. The
non-parametric independent Kruskal-Wallis test was
applied because data were not normally distributed. If
a significant effect was found, a Bonferroni-corrected
post-hoc test was performed to locate the differences.
The level of statistical significance was set to be <0.05.
To assess correlations between self-reported cardiores-
piratory symptoms and smoking/vaping habits Spear-
man correlations were calculated. Stepwise regression
was performed to assess the combined effect of habits
on the presence or severity of symptoms in vapers only.

The adjusted R-squared (R%,4) was shown to adjust for
the predictors included in the regression model or not.

Results

Out of the 891 respondents, 788 were vapers
(77 pure vapers and 711 ex-smokers) and 103 were
cigarette smokers. Table 1 shows the participant char-
acteristics for each group.

Men were younger than women in vapers ex-
smokers (p<0.05), and men were taller and heavier
than women irrespective of being vaper or cigarette
smoker (p<0.05) (Table 1).

Smokers and vapers who were ex-smokers more
often reported to have ever experienced wheezing or
whistling in the chest in the past compared to pure va-
pers (p=0.002), but there was no significant difference
between cigarette smokers and vapers who were ex-
smokers (Figure 1A). In the last 12 months, cigarette
smokers suffered from more attacks of wheezing or
whistling in the chest compared to vapers ex-smokers
(p=0.004), but there was no significant difference be-
tween cigarette smokers and pure vapers, nor between
vapers and vapers who were ex-smokers (Figure 1B).
Cigarette smokers reported more often that sleep
was disturbed by wheezing (Figure 1C) and phlegm
(sputum) production (Figure 1D) compared to both
groups of vapers (p<0.05).

Cigarette smokers felt more shortness of breath
(Figure 2A) and had more occasions of chest pain
(Figure 2B) than both vaper groups (p<0.002).
Choking episodes (Figure 2C) and heart palpitations
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Figure 1. Prevalence of A) wheezing or whistling in the chest in the past, B) number of attacks of wheezing/whistling in the last
12 months, C) incidence of sleep disturbance due to wheezing in the last 12 months and D) incidence of phlegm production in the
last 12 months in vapers who were ex-smokers, vapers and cigarette smokers. Data are presented as mean ranking. *: significantly dif-
ferent from cigarette smokers at p<0.05; o: significantly different from vapers ex-smokers at p<0.05. Values on the y-axis are the aver-
age ranks for each group. The rank values were obtained from the non-parametric test “ Independent-Samples Kruskal-Wallis Test”.

(Figure 2D) were more frequent in cigarette smokers
compared to vapers ex-smokers (p=0.005), whereas
there was no significant difference between pure va-
pers and cigarette smokers (p=0.071).

In the last 12 months, the chest of cigarette smokers
sounded wheezier during or after exercise (Figure 3A),
smokers suffered more frequently from dry cough at
night (Figure 3B) and a sore throat (Figure 3C) com-
pared to both vaper groups. In addition, cigarette smok-
ers suffered from more mouth irritation than vapers
ex-smokers (p=0.011), but there was no significant dif-
ference from pure vapers (p=0.068, Figure 3D).

Aswe did not find any significant difference between
pure vapers and vapers ex-smokers, we combined the
data of all the vapers to find any correlations. In vapers,
there were positive correlations of ‘nicotine strength’
in the vape juice/liquid with ‘dry cough’ (R*<0.012,

p=0.006), ‘mouth irritation’ (R*<0.008, p=0.020),
‘sinus problems’ (R?<0.007, p=0.038), ‘chest pain’
(R?<0.006, p=0.046), ‘heart palpitation’ (R*=0.006,
p=0.049) and ‘choking sensation’ (R*<0.007, p=0.035).
Additionally, the ‘duration of puff’ was correlated with
‘wheezing’ in vapers (R*<0.010, p=0.007).

The frequency of sore throat in vapers correlated
with nicotine strength (Rzadj=0.012, p=0.004), and this
correlation increased if the number of puffs per use
was included (Rzadj =0.021, p=0.015), with a further
improved correlation if vaper group (pure ws. vaper
ex-smokers) was included (Rzadj=0.027, p=0.032).
This was reflected by a higher incidence score of
sore throats in vapers using >6 mg/mL nicotine
(1.77 + 0.74; n = 82) compared to those using vapes
with a concentration <6 mg/mL (1.57 + 0.67; n = 557)
(P=0.012).
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In smokers, the presence of wheezing in the chest
correlated with the number of cigarettes smoked a day
(R*<0.084; p=0.005). In addition, the frequency of
feeling chest pain correlated with the amount of to-
bacco used per day used when starting with smoking
(R*=0.171; p=0.001), and the frequency of feeling a
sore throat correlated with the number of years smok-

ing (R?=0.046; p=0.030).

Discussion

The main observation of the present study is
that smoking was accompanied with more frequent
self-reported respiratory symptoms than vaping,
irrespective of smoking history in vapers. This is par-
ticularly significant when it is considered that the
smokers were on average 8 years younger than the
vapers who were ex-smokers in our study. Vapers,
however, also suffered from respiratory symptoms
that showed some relationship to the nicotine
strength of the product and number of puffs per use.
In addition, it was found that the frequency of respir-
atory symptoms was similar in pure vapers and vapers
ex-smokers.

Similar to many others, in the present study we
observed that cigarette smokers reported more fre-
quently wheezing and whistling compared to vapers ex-
smokers, and sleep to be disturbed, shortness of breath,
chest pain, limitation during exercise, heart palpation
and more sputum production and cough compared to
both groups of vapers [3, 28-31]. This may well be re-
lated to the fact that cigarette smoking exposes the res-
piratory system to tar, nicotine and thousands of other
harmful chemicals causing airway inflammation and
narrowing, and damage to the alveoli that ultimately
may lead to different conditions such as lung cancer,
COPD and asthma [1, 2]. Consistent with this, in the
present smokers, an increased volume of smoking per
day and number of years smoked were associated with
a higher incidence and severity of symptoms [32-35].
This is not surprising as the effects of smoking develop
slowly over time, and only later in life chronic diseases
may develop, a phenomenon dubbed the ‘smoking
time bomb’ [36].

It is these harmful consequences of smoking that
lead many smokers to search for ways to quit smok-
ing, and take up vaping as it is considered to be a less
harmful [37]. However, vaping has been shown to have
harmful effects on pulmonary function that are quali-
tatively similar to those elicited by cigarette smoking
[3,9-11, 38]. Here we found in a comprehensive com-
parison of experienced respiratory symptoms between
smokers and vapers that the severity and prevalence of
self-reported symptoms is less in vapers than smokers,
supporting the notion that vaping may be a less harm-
ful than cigarette smoking.

It is encouraging to note that there were no sig-
nificant differences between vapers who never smoked
and vapers who were previous smokers. Indeed, both
groups showed a lower incidence and severity of
symptoms than smokers, which suggests that some of
the detrimental effects of smoking may indeed be re-
versed by vaping. Others have seen similar symptom
improvements in respiratory and cardiac symptoms
when changing from smoking to vaping [39, 40].
This further encourages the use of e-cigarettes to help
quit-smoking attempts, that have been shown in rand-
omized controlled trials to be moderately effective and
with similar [41] or superior effectiveness to nicotine
replacement [42]. Even in smokers not intending to
quit the use of e-cigarettes reduced tobacco cigarette
use and resulted even in complete smoking cessation
in 8.7% of smokers after 1 year [43]. Yet, in our study
also vapers self-report respiratory systems and vaping
cessation should also be considered. Indeed, many ad-
olescent vapers report to have tried to quit vaping sev-
eral times, and it has been suggested that strategies of
vaping cessation may include less access to e-cigarettes
and development of distraction techniques [44].

Nevertheless, vaping is not without its own issues,
as the present vapers do report respiratory symptoms,
supporting the many studies that describe adverse
effects of vaping on lung function and lung tissue
[3, 38, 45, 46]. The incidence and severity of symp-
toms appear to some extent (only 3%) to be related
to the volume of vaping, nicotine strength, number of
puffs per use, and being an ex-smoker or not. This in-
dicates that while vaping is a less harmful alternative to
smoking, attempts should be made to also abstain from
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vaping, or at least use vapes with a lower strength of
nicotine, and that there are lingering effects of smok-
ing even when one has completed stopped smoking. It
is likely that such small changes may result, like con-
tinued smoking, in deleterious health effects later in
life [36], but perhaps later and at a lower incidence
than in smokers.

This study is not without limitations. Firstly, we
had to rely on an online survey that particularly targets
social media users. In addition, the survey unavoidably
had to rely on self-reports of smoking and vaping hab-
its and symptoms, and future studies may also do a
clinical assessment of symptoms. It should be noted
that the absence of significance between vapers and va-
pers ex-smokers might be related to the higher num-
ber of vapers ex-smokers (n=711) compared to pure
vapers (n=77), and a larger sample size is desirable.
Having said that, our study had sufficient statistical
power to stratify by smoking status, and it is unlikely
that a larger sample size would therefore lead to an
altered conclusion. In addition, longitudinal stud-
ies are required to better understand the interaction
between vaping and smoking in the sense of subjec-
tive and objective assessments and how it contributes
to respiratory symptoms. Finally, it would have been
interesting to assess whether the incidence and sever-
ity of self-reported symptoms in vapers were compared
with those in non-vapers non-smokers.

Conclusion

Smokers had a higher incidence and severity of
self-reported respiratory symptoms, even when vapers
were ex-smokers. This supports the notion that vaping
is less harmful than cigarette smoking.
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