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ABSTRACT

INTRODUCTION Electronic cigarette (e-cigarette) use is gaining popularity among
adults. Monitoring e-cigarette-induced respiratory symptoms is crucial for both
clinical and regulatory purposes. We systematically reviewed the current literature
to understand the prevalence of respiratory symptoms among exclusive e-cigarette
users, dual users, and former smokers.

METHODS Databases searched included PubMed, CINAHL, Cochrane Library,
Embase, and Scopus. We included all English-language, empirical quantitative
articles that explored the prevalence of e-cigarette-related respiratory symptoms.
Random-effects models were utilized in conducting the meta-analyses. The quality
of identified studies was evaluated using the NIH Study Quality Assessment Tools.
This study is registered with PROSPERO(#CRD42020165973).

ResULTS The literature search identified 1240 references. After removing duplicates
and screening for eligibility, 168 studies were included in the final review. The
majority of included studies reported a wide range of adverse respiratory symptoms.
The respiratory symptoms were prevalent among the exclusive e-cigarette users,
dual users, and those who switched from combustible cigarettes to e-cigarettes.
Further, out of the RCT studies, 5 were rated as good quality, while 3 were rated
as fair. Among the observational studies, 24 were rated as good quality, and 9 were
rated as fair. The two experimental studies were both rated as fair quality.
concLusions Continued monitoring of respiratory symptoms among e-cigarette users is
warranted. Due to the heterogeneity and inconsistencies among studies, which limit
result interpretation and highlight the need for studies assessing causal inference,
further research using robust study designs is essential. This will provide clinicians
with comprehensive knowledge about the potential respiratory risks of e-cigarette use.
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INTRODUCTION

It is estimated that there were 5.66 million adults in the US who were currently

(some days or every day) using e-cigarettes in 2019'. Among current e-cigarette

users, more than 2.21 million were current cigarette smokers, more than 2.14

million were former smokers, and more than 1.30 million were never smokers'.
The impact of long-term dual use poses a public health concern, given the

accumulating evidence regarding the detrimental health effects associated with
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the use of e-cigarette and traditional cigarette types®®.
Accordingly, there is a pressing need for a more
comprehensive understanding of the broad health
effects associated with e-cigarettes and the dual use
of e-cigarettes and cigarettes, as the potential harms
have not been comprehensively reported®.

Research on the health effects of e-cigarette use has
been increasing and systematic reviews summarized
studies on toxic constituents. For example, recent
systematic reviews focused on toxic constituents in
e-cigarette aerosols®’, carcinogen biomarkers and
the association with bladder cancer®, oral health®'?,
the impact of e-cigarettes on pregnancy'', and
cardiovascular health'>. While several studies have
examined the pulmonary effects of e-cigarettes'',
this evidence has not been systematically summarized
and there is a lack of knowledge regarding the
potential impact of e-cigarette on pulmonary health.
Specifically, the effects of e-cigarettes and dual usage
of e-cigarettes and traditional cigarettes on pulmonary
health and respiratory symptoms merit further research
and systematic review, given the fast evolution of
e-cigarettes'”.

Some evidence suggests an association between
e-cigarette use and pulmonary illness'®. Mechanisms
of lung injury following e-cigarette usage are being
studied with greater frequency. One study found
numerous nanoparticles and oxidants present in
e-cigarette aerosols, which in turn cause mitochondrial
stress, DNA fragmentation, and inflammatory stress on
lung cells'”. A recent US Centers for Disease Control
and Prevention (CDC) report indicated that aerosols
from e-cigarettes may also contain lead, carcinogens,
and volatile organic compounds'®. These compounds
can potentially damage lung and neurocognitive
development in humans, which is already proven
in animal studies'. Using e-cigarettes has also
been known to worsen asthma symptoms, which is
concerning, in particular for youth, due to a recent
study showing that 22.5% of asthmatic adults aged
>18 years reported currently using e-cigarettes®.

In this study, we conducted a systematic review of
the current empirical literature on respiratory symp-
toms in three groups: exclusive e-cigarette users, dual
users of e-cigarettes and traditional cigarettes, and those
who have switched from traditional cigarettes to e-cig-
arettes. This research provides valuable insights into

the effects of respiratory
symptoms, which could
serve as a guiding resource
for respiratory therapists,
pulmonologists, and other
healthcare professionals.

METHODS

A systematic review of the
empirical literature was
conducted by following
the Preferred Reporting
Items for Systematic Re-
views and Meta-Analyses
(PRISMA) protocol (Sup-
plementary file) . We have
assessed the prevalence
of respiratory symptoms
among three groups; these
groups included exclusive
e-cigarette users, dual us-
ers (both e-cigarette and
traditional cigarette us-
ers), and former smokers
transitioning to e-ciga-
rettes in an attempt to quit
smoking. Therefore, we
conducted a meta-analysis
to examine the differenc-
es in respiratory symptom
incidences among these
three groups. The proto-
col for this study was reg-
istered with PROSPERO
(#CRD42020165973).

Data sources
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Study selection

Two reviewers (MA and EF) individually screened all
titles and abstracts based on inclusion and exclusion
criteria. Next, they independently reviewed the full
text of all articles that passed the initial review, and
conflicts were resolved by discussion with a third
reviewer (FA).

Inclusion criteria

In this research review, the focus was primarily on
observational studies, which include cohort, case-
control, and cross-sectional methodologies, as well as
intervention studies, encompassing both randomized
controlled and experimental designs. The participants
under consideration were adults aged =18 years,
specifically those who reported either current or past
use of e-cigarettes. Furthermore, only those studies
that reported explicitly on respiratory symptoms
were considered. These symptoms are defined
as breathlessness, dyspnea, breathing difficulties,
wheeze, cough, sputum, and phlegm. To assist in
understanding the specifics of the studies included,
they were categorized using the PICO criteria. These
criteria delineate the population in question, the
intervention or comparative component of the study,
and the outcome of interest, which in this context
relates to respiratory symptoms.

Exclusion criteria

This research review excluded several types of
publications and studies. Specifically, book chapters,
published systematic reviews (although their reference
lists were screened for potential inclusions), non-
English manuscripts, and conference abstracts lacking
full-text availability, were excluded. Additionally,
studies that failed to report e-cigarette use status
and only reported on combusted cigarette smoking
or other tobacco products like hookah, cigarette,
cigarillos, chewing tobacco, snuff, snus, or dissolvable
tobacco products, were not considered. Similarly,
research not indicating any of the respiratory
symptoms or those conducted using animal samples
were also excluded from the review.

Data extraction and quality assessment
For each included study, two reviewers independently
extracted data on all outcomes. They also extracted data
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on the manuscript’s research design (interventional,
cross-sectional, observational, or experimental), study
population, participant age, and e-cigarette/traditional
cigarette use. The risk of bias (ROB) in individual
studies was assessed independently by two reviewers
at both study and outcome levels using NIH Study
Quality Assessment Tools which are guidelines by the
National Institutes of Health for assessing the rigor
of various research studies. They cater to different
study designs, including randomized controlled trials,
observational studies, and systematic reviews. These
tools guide users in identifying biases and evaluating
overall study quality, ensuring reliable research
assessments, and rate studies as having low ROB if
they had robust assessment and adjustment for study
characteristics.

Data synthesis and analysis

Random-effects models were utilized in conducting
the meta-analyses. Heterogeneity among the included
studies was assessed using the I” statistic. All analyses
were conducted using the R software.

RESULTS

Study characteristics

Of the 168 full-text articles assessed for eligibility,
43 studies met our inclusion criteria from eleven
different countries (Supplementary file). Among
these, 19 studies were conducted in the United

40-46

States®'?, seven in the United Kingdom and

four in Italy*”*°. Other countries included Poland®,
Greece®, Malaysia®*®®, Australia®, Canada®’, Saudi
Arabia®® and Indonesia®’. One multi-country study
included a survey of respondents from France,
Canada, Belgium, and Switzerland®. Two studies used
data sources such as a worldwide survey and Internet
forums to recruit e-cigarette users®%*.

The age groups for these studies ranged
from young adults (18 years of age) to older
adults (65 years). Of the 43 studies reviewed
for study design, 8 were randomized controlled
trials (RCTs)?>314042:4547 119 were cross-sectional

22,24,29,30,35,37-39,41,51-53,55,56,58-61,63

studies , and two were

27,28

experimental studies***. Two studies used an

integrated, mixed-method participatory approach

36,62

called concept mapping’*®* and another three studies

used a retrospective study design*?**". The remaining
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Figure 1. Forest plot of respiratory symptom prevalence among exclusive, dual, and transitioning e-cigarette

users
Study Events Total Proportion 95%-Cl
Dual
Puteh et al., 2018 103 524 = 0.20 [0.16;0.23]
Exclusive
Dai & Khan, 2020 60 222 = 0.27 [0.21;0.33]
Puteh et al., 2018 47 449 =+ 0.10 [0.08;0.14]
Xie & Li, 2020 11011 33822 i 0.33 [0.32; 0.33]
Random effects model 34493 ——EE—— 0.22 [0.06; 0.56]
Heterogeneity: 1% = 98%, xi =87 (p <0.01) :
Transition :
Puteh et al., 2018 39 184 - 0.21 [0.16; 0.28]
Tattan—Birch et al., 2023 25 48 — 0.52 [0.37;0.67]

Random effects model
Heterogeneity: 17 =94%, x? =16.81 (p <0.01)

Random effects model 35249

—~

0.34 [0.00; 1.00]

0.25 [0.14; 0.39]

Heterogeneity: I° = 96%, x& = 141.89 (p <0.01) |

02 04 06 08

Proportion

Each line represents a study with the square indicating prevalence and line width representing the 95% CI. Diamond markers indicate pooled prevalence for user categories.

nine studies are categorized as longitudinal cohort
studies?!203448505464:66  (Supplementary file).

Of the 43 studies that were reviewed, 14
presented data on studies with less than 100
Sub] ectsz2,25,27,28,31,34,45,48*50,52,59,60,62

presented data with sample sizes that ranged from 100

to just under 1000 subjects 3#042444753.54505860 Fingly,

while eleven studies

15 studies gathered data from larger sample sizes of
over 1000 subjects using different data sources such

as SuI'Veys and online forum21’24’26’30’35'38’41’51’55’57’61’63’64.

Quality assessment and risk of bias

As the studies were cohort, cross-sectional, and
randomized controlled trials, all included articles were
evaluated using the NIH quality assessment tools. Five
studies out of the RCT studies were rated as good
quality, whereas three were rated as fair. Twenty-four
observational studies were rated as good quality, nine
as fair, and finally, the two experimental studies were
rated as fair (Supplementary file Figure 1).

Meta-analysis of respiratory symptoms

among different e-cigarette users: Exclusive
e-cigarette users, dual users and former smokers
transitioning to e-cigarettes

Any reported respiratory symptoms

In the meta-analysis evaluating the prevalence of any

respiratory symptoms among exclusive e-cigarette
users, a total of 34493 individuals from three distinct

studies?®385

were included. Utilizing a random-effects
model, we determined the pooled prevalence of any
respiratory symptoms to be 22% (95% CI: 0.06-0.56).
High heterogeneity was observed across the studies
(I*=98%, p<0.01) (Figure 1).

No meta-analysis was conducted on dual e-cigarette
users as there was only one study® that reported it.
A total of 524 individuals were included in that study
and the prevalence of any respiratory symptoms was
20%.

Two studies*?®®

involving 232 transitioning
e-cigarette users were included in the meta-analysis
of any respiratory symptoms prevalence, resulting in
a pooled prevalence of 34% (95% CI: 0.00-1.00). A
high level of heterogeneity was observed among the
studies (I*’=94%, p<0.01) (Figure 1).

Cough

In the meta-analysis of cough prevalence among
dual e-cigarette users, data from 5363 individuals
across 10 studies were included 2224343952, 5457.01.66
A random-effects model resulted in a pooled cough
prevalence of 26% (95% CI: 0.16-0.41). A high level
of heterogeneity was observed among the studies

(12=98%, p<0.01) (Figure 2).
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Figure 2. Forest plot of cough prevalence among exclusive, dual, and transitioning e-cigarette user
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Study Events Total Proportion 95%~ClI
Dual )

Berlowitz et al., 2023 158 526 3 0.30 [0.26; 0.34]
Cassidy, 2020 2 54 =— 0.05 [0.01;0.15]
Chaiton et al., 2023 24 42 — 0.57 [0.42;0.71]
Culbreth, 2021 47 119 P 0.39 [0.31;0.49]
Diamantopoulou, 2019 13 92 = 0.14 [0.08; 0.23]
Farsalinos, 2014 556 3682 : 0.15 [0.14;0.16]
Mohamed, 2018 34 146 —. 0.23 [0.17; 0.31]
Pratt, 2016 3 21 & —— 0.14 [0.05; 0.36]
Rahman, 2016 53 148 P 0.36 [0.29; 0.44]
Yao et al., 2017 292 533 : = 0.55 [0.51;0.59]
Random effects model 5363 _— 0.26 [0.16; 0.41]
Heterogeneity: /2 = 98%, x5 = 465.82 (p < 0.01) :

Exclusive :

Berlowitz et al., 2023 77 472 = 0.16 [0.13;0.20]
Caponnetto et al., 2013 78 300 o 0.26 [0.21;0.31]
Chaiton et al., 2023 315 820 - 0.38 [0.35; 0.42]
Culbreth, 2021 14 77 —.— 0.18 [0.11; 0.28]
D. Li & Xie, 2020 3580 18492 ! 0.19 [0.19; 0.20]
Habib et al., 2020 108 401 = 0.27 [0.23;0.31]
Jackson, 2020 16 22 : — 0.73 [0.51;0.87]
Lestari et al., 2018 5 20 — 0.25 [0.11; 0.48]
Mohamed, 2018 8 69 & — 0.12 [0.06; 0.22]
Rahman, 2016 3 70 &— 0.04 [0.01;0.12]
Skucha, 2017 12 93 = 0.13 [0.07; 0.21]
Xie & Li, 2020 7119 33822 0.21 [0.21; 0.21]
Random effects model 54658 - 0.21 [0.14; 0.31]
Heterogeneity: /* = 95%, y3, = 229.17 (p <0.01)

Transition :

Berlowitz et al., 2023 20 99 —.— 0.20 [0.13; 0.29]
Cravo et al., 2016 52 306 : & 0.17 [0.13; 0.22]
Diamantopoulou, 2019 41 211 = 0.19 [0.15; 0.25]
Farsalinos, 2013 15 111 = 0.14 [0.08; 0.21]
Farsalinos, 2014 1919 15671 0.12 [0.12;0.13]
Hajek et al., 2019 97 438 3 0.22 [0.19; 0.26]
Lee, 2018 8 20 — 0.40 [0.21;0.62]
Polosa et al., 2011 11 34 —— 0.32 [0.19;0.50]
Polosa et al., 2014 3 27 ——— 0.11 [0.04; 0.29]
Polosa, 2014 2 38 =— 0.05 [0.01; 0.19]
Tattan-Birch et al., 2023 17 48 — 0.35 [0.23; 0.50]
Walele et al., 2018 35 209 —'—- 0.17 10.12; 0.22]
Random effects model 77257 < 0.22 [0.17; 0.27]
Heterogeneity: /* = 97%, x5, = 1344.40 (p <0.01) | ' ' '

0.2 0.4 0.6 0.8
Proportion

Each horizontal line corresponds to a specific study. The square marker on each line indicates the reported prevalence for that study, while the width of the line represents its
95% CI. At the end of the lines for each user category, a diamond marker consolidates and indicates the pooled prevalence derived from the studies within that category.

The prevalence of cough among exclusive e-cigarette
users encompassed a total of 54658 individuals from
12 separate studieg?!*#293847.51.5457-59.63.60 * A random-
effects model was employed, revealing a pooled
prevalence of cough at 21% (95% CI: 0.14-0.31). A
significant heterogeneity was identified across the
studies (I°=95%, p<0.001) (Figure 2).

The cough prevalence, which encompassed 13
studieg?!?1-40-42-45.48.5052.53.01.65 and a total of 17236

transitioning e-cigarette users, utilized a random-
effects model to determine a pooled cough
prevalence of 18% (95% CI: 0.14-0.23). A high level
of heterogeneity was observed among the studies
(I*>=88%, p<0.01) (Figure 2).

Phlegm
In the meta-analysis focusing on the prevalence
of phlegm among exclusive e-cigarette users, we
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Figure 3. Forest plot of phlegm prevalence among exclusive, dual, and transitioning e-cigarette users

Study Events Total Proportion 95%—ClI
Dual

Cassidy, 2020 2 54 — 0.04 [0.01;0.14]
Chaiton et al., 2023 19 42 P 0.45 [0.31;0.60]
Culbreth, 2021 33 119 - 0.28 [0.20; 0.36]

Random effects model
Heterogeneity: I° = 88%, x> = 16.01 (p < 0.01)

0.20 [0.01; 0.85]

Exclusive :

Chaiton et al., 2023 206 820 = 0.25 [0.22;0.28]
Culbreth, 2021 12 77 —+—— 0.16 [0.09;0.25]
Random effects model 897 ———— 0.24 [0.11; 0.46]
Heterogeneity: I* = 71%, %% = 3.39 (p = 0.07)

Transition :

Hajek et al., 2019 97 438 B 0.22 [0.19;0.26]
Tattan-Birch et al., 2023 20 48 P —— 0.42 [0.29; 0.56]

Random effects model
Heterogeneity: I° = 88%, x- = 8.57 (p < 0.01)

a8 ————

—‘-—

0.29 [0.01; 0.96]

Random effects model 1598 0.24 [0.13; 0.38]
Heterogeneity: I° = 80%, x5 = 30.24 (p <0.01) | ' ' '
02 04 06 08
Proportion

Each line represents a study's findings, with square markers indicating prevalence and line width the 95% Cl. Diamond markers summarize pooled prevalence.

included a total of 897 individuals from two distinct
studies***”. The pooled prevalence of phlegm was
found to be 24% (95% CI: 0.11-0.46). We noted a
moderate degree of heterogeneity across the studies
(I*=71%, p=0.07) (Figure 3).

The prevalence of phlegm among dual e-cigarette
users included 215 individuals’ data from three
studies**?**?’. The random-effects model yielded
a pooled phlegm prevalence of 20% (95% CI:
0.01-0.85). The heterogeneity among studies was
substantial (I1?=88%, p<0.01) (Figure 3).

In the transitioning e-cigarette users, data from two
studies*** involving 486 yielded a pooled prevalence
of 29% (95% CI: 0.01-0.96). High heterogeneity
across the studies was observed (1*=88%, p<0.01)
(Figure 3).

Shortness of breath

In the meta-analysis investigating the prevalence
of shortness of breath among dual e-cigarette
users included 4697 individuals from seven
studieg??39525457.61.66  The pooled prevalence of

shortness of breath was 12% (95% CI: 0.03-0.36)

using a random-effects model. A high heterogeneity
was noted (I*’=99%, p<0.01) (Figure 4).

In exclusive e-cigarette users, data from 35747
individuals across seven individual studies were
incorporated?®’?347515457.66 The pooled prevalence of
shortness of breath was found to be 20% (95% CI:
0.05-0.54). The studies demonstrated a high degree
of heterogeneity (I*=99%, p<0.01).

In the transitioning e-cigarette users, the shortness
of breath prevalence meta-analysis encompassed five
studies?”#2435201 and 16882 individuals. The pooled
prevalence was 12% (95% CI: 0.01-0.63) and high
level of heterogeneity was found (I°’=100%, p<0.01)
(Figure 4).

Wheezing

The meta-analysis of wheezing prevalence among dual
e-cigarette users included 1274 individuals from five
studies®'?*243%57 The pooled wheezing prevalence
was 21% (95% CI: 0.08-0.43) using a random-effects
model. High heterogeneity was observed (1>=88%,
p<0.01) (Supplementary file Figure 2).

Among exclusive e-cigarette users, data from
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Figure 4. Forest plot of shortness of breath prevalence among dual, exclusive, and transitioning e-cigarette

users
Study Events Total Proportion 95%-Cl
Dual :
Cassidy, 2020 2 54 +— 0.05 [0.01;0.15]
Chaiton et al., 2023 21 42 ; —— 0.50 [0.35;0.65]
Diamantopoulou, 2019 1 92 +— 0.01 [0.00; 0.07]
Farsalinos, 2014 91 3682 0.02 [0.02; 0.03]
Mohamed, 2018 27 146 — 0.18 [0.13;0.26]
Rahman, 2016 27 148 - 0.18 [0.13;0.25]
Yao et al., 2017 222 533 : : 3 0.42 [0.38;0.46]
Random effects model 4697 —=mE— 0.12 [0.03; 0.36]
Heterogeneity: /* = 99%, x5 = 629.36 (p <0.01) '
Exclusive
Caponnetto et al., 2013 60 300 - 0.20 [0.16; 0.25]
Chaiton et al., 2023 242 820 . i 0.30 [0.26;0.33]
Mohamed, 2018 2 69 +— : 0.03 [0.01;0.11]
Rahman, 2016 2 70 — 0.03 [0.01; 0.11]
Skucha, 2017 29 93 —a 0.31 [0.23; 0.41]
Wang et al., 2018 483 573 a2 0.84 [0.81;0.87]
Xie & Li, 2020 5860 33822 ] 0.17 [0.17;0.18]
Random effects model 35747 —EE— 0.20 [0.05; 0.54]
Heterogeneity: /° = 99%, x5 = 879.73 (p < 0.01)
Transition
Diamantopoulou, 2019 2 211+ 0.01 [0.00; 0.04]
Farsalinos, 2014 304 15671 : 0.02 [0.02; 0.02]
Hajek et al., 2019 92 438 : i 0.21 [0.17;0.25]
Tattan-Birch et al., 2023 12 48 — 0.25 [0.15; 0.39]
Wang et al., 2018 365 514 : . 3 0.71 [0.67;0.75]
Random effects model 16882 ————— 0.12 [0.01; 0.63]
Heterogeneity: /> = 100%, 15 = 1949.33 (p = 0)
Random effects model 57326 ——mm— 0.14 [0.07; 0.28]
Heterogeneity: /> = 100%, 17, = 3862.51 (p = 0) ! ! '
02 04 06 08
Proportion

Each study is represented by a line, with square markers indicating the reported prevalence and the line width showing the 95% Cl. Diamond markers consolidate the pooled

prevalence for each user category.

20807 individuals across six separate studies were

included?!-2+26:35

°703 Using a random-effects model,
the pooled prevalence of wheezing was 19% (95% CI:
0.12-0.30). The heterogeneity among studies was
high (I*>=93%, p<0.01).

Wheezing prevalence was analyzed from three

studies?!4243

which included 585 transitioning
e-cigarette users. The pooled prevalence stood at 17%
(95% CI: 0.11-0.24). The heterogeneity was found to
be low (I’=0%, p=0.91) (Supplementary file Figure
2).

Oropharyngeal symptoms

In the meta-analysis of oropharyngeal symptom
prevalence among dual e-cigarette users, data from

4521 individuals across four studies?**!>20!

were
included. The pooled prevalence of oropharyngeal
symptoms was 3% (95% CI: 0.01-0.13) using
a random-effects model. A moderate level of
heterogeneity was observed (I*=78%, p<0.01)
(Supplementary file Figure 3).

No meta-analysis of the prevalence of oropharyngeal
symptoms among exclusive e-cigarette users was
conducted as only one study reported it>®. However,
data from 401 individuals from the single study showed
a prevalence of oropharyngeal symptoms of 7%.

The prevalence of oropharyngeal symptoms was
analyzed across six studies*' #0521 with 17091
transitioning e-cigarette users, resulting in a pooled
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prevalence of 4% (95% CI: 0.01-0.15). Heterogeneity
was found to be high (I*’=91%, p<0.01) (Supplementary
file Figure 3).

Dry mouth

The meta-analysis of dry mouth symptom prevalence
among dual e-cigarette users incorporated 3976
individuals from three studies®°%°. The pooled
prevalence of dry mouth symptoms was 52% (95%
CI: 0.27-0.76) using a random-effects model. A
high heterogeneity was noted (I*=96%, p<0.01)
(Supplementary file Figure 4).

For the prevalence of dry mouth symptoms among
exclusive e-cigarette users, a total of 840 individuals
were included from four studies*****%_ The pooled
prevalence, based on a random-effects model, was
37% (95% CI: 0.15-0.67). The studies displayed high
heterogeneity (I1*=95%, p<0.01) (Supplementary file
Figure 4).

Four studies*®°%-01.65

, involving a total of 15770
transitioning e-cigarette users, were included in the
meta-analysis of dry mouth symptoms prevalence. The
pooled prevalence was 15% (95% CI: 0.03-0.50). The
heterogeneity was found to be high (I*=87%, p<0.01)

(Supplementary file Figure 4).

Chest pain
In the meta-analysis of chest pain symptom prevalence
among dual e-cigarette users, a total of 4361
individuals were included from four studies**?”5>¢!,
The pooled prevalence of chest pain symptoms was 5%
(95% CI: 0.00-0.38) using a random-effects model.
The studies showed a high level of heterogeneity
(I*’=99%, p<0.01) (Supplementary file Figure 5).
The prevalence of chest pain symptoms among
exclusive e-cigarette users, incorporated data from
817 individuals from three studies*****". The random-
effects model indicated a pooled prevalence of chest
pain symptoms at 22% (95% CI: 0.04-0.66). High
heterogeneity was observed among the studies
(I*=95%, p<0.01) (Supplementary file Figure 5).
The meta-analysis of chest pain symptoms

37.42,52,53,61 and

prevalence included five studies
16945 transitioning e-cigarette users; the pooled
prevalence was found to be 7% (95% CI: 0.01-0.32).
High heterogeneity was noted (I*’=100%, p<0.01)

(Supplementary file Figure 5).

Tobacco Induced Diseases

Nasopharyngeal

The prevalence of nasopharyngeal symptoms was
analyzed from two studies** which included 515
transitioning e-cigarette users. The meta-analysis
yielding a pooled prevalence of 19% (95% CI: 0.00-
0.99). High level of heterogeneity was observed
(I*>=97%, p<0.01) (Supplementary file Figure 6).
No meta-analysis of nasopharyngeal symptoms was
conducted for exclusive e-cigarette users or dual users
due to lack of studies reporting it.

Throat irritation

Lastly, the meta-analysis of throat irritation symptoms
prevalence among dual e-cigarette users included
4836 individuals from seven studies®*?%#!:525461.60,
The pooled prevalence of throat irritation symptoms
was 15% (95% CI: 0.05-0.36) using a random-effects
model ( Supplementary file Figure 7).

The meta-analysis on the prevalence of throat
irritation symptoms among exclusive e-cigarette
users incorporated data of 459 individuals from four
studies*’****%_ Utilizing a random-effects model, the
pooled prevalence of throat irritation was found to be

24% (95% CI: 0.04-0.69).

Ten Studie SB1,40,41,44,48,50,52,53,61,65

involving 17737
transitioning e-cigarette users were analyzed. The
pooled prevalence was found to be 17% (95% CI:
0.07-0.34). High-level heterogeneity was found
(I*=96%, p<0.01) (Supplementary file Figure 7).

Overall, a significant difference was observed in the
incidence of phlegm, throat irritation, chest pain, dry
mouth, shortness of breath, oropharyngeal symptoms,
wheezing, cough, and any respiratory symptoms
among the three distinct groups: exclusive e-cigarette
users, dual users, and former smokers transitioning to
e-cigarette use.

DISCUSSION

This review contributes to the literature and
knowledge surrounding the association between
e-cigarette use and the manifestation of respiratory
symptoms in adults. While animal studies have
highlighted the deleterious effects of e-cigarettes on
the pulmonary system, there remains a gap in our
understanding of the association between e-cigarette-
induced respiratory symptoms and usage status in
human subjects. For instance, among current dual
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users, it is ambiguous whether respiratory symptoms
are a consequence of e-cigarette use or traditional
cigarette smoking. Further, it is uncertain whether
existing symptoms are remnants of past smoking
habits that have persisted into current e-cigarette
use among former smokers. Therefore, it is crucial
to conduct studies with robust research designs to
track these symptoms longitudinally to determine
the temporal relationships between e-cigarette use
and the incidence of respiratory symptoms among
different e-cigarette users.

Overall, our review found that e-cigarette users
reported presence of respiratory symptoms. In our
comprehensive analysis, those who exclusively
used e-cigarettes displayed significant occurrences
of different respiratory issues such as coughing,
phlegm production, breathing difficulties, wheezing,
dry mouth, chest discomfort, and irritation in the
throat. Moreover, our analysis encompassed several
studies that examined respiratory symptoms in
individuals who used both e-cigarettes and cigarettes;
the results indicated significant instances of cough,
phlegm, shortness of breath, wheezing, dry mouth,
chest pain, and throat irritation. The meta-analysis
revealed the following incidences of respiratory
symptoms among transitioning e-cigarette users:
cough, phlegm, shortness of breath, any respiratory
symptoms, wheezing, oropharyngeal symptoms, dry
mouth symptoms, nasopharyngeal symptoms, chest
pain symptoms, and throat irritation symptoms.
These data suggest a significant impact of e-cigarette
usage on respiratory health, underlining the need for
further investigation.

Many studies reported different respiratory
symptoms, strongly suggesting the toxic effects
of e-cigarette usage that span across multiple
reported symptoms'®!'87% The co-occurrence of
multiple symptoms across e-cigarette user categories
emphasizes the potentially harmful effects of
e-cigarettes. It is noteworthy that individuals who
only used e-cigarettes and were not former traditional
smokers (exclusive only e-cigarette users) also
experienced adverse respiratory symptoms, including
increased cough, dry mouth/mouth irritation, phlegm,
wheezing, shortness of breath, chest pain, and
palpitations®®®. As demonstrated previously by animal
models, e-cigarette exposure is linked to an increase

Tobacco Induced Diseases

in oxidative stress and inflammatory cytokines in
bronchoalveolar lavage samples, increased mucus
production, and impaired pulmonary immunological
function™. Thus, it is not surprising that human self-
reported respiratory symptoms often include multiple,
overlapping symptoms from e-cigarettes. Future
longitudinal studies need to examine the development
of symptoms across the life course of e-cigarette users,
particularly since these devices have only emerged in
recent years and diversifying at a rapid pace.

Reported respiratory symptoms among dual users
is concerning. In this review, our meta-analysis
encompassed multiple studies examining respiratory
symptoms among dual e-cigarette users, revealing
significant incidences of cough, phlegm, shortness
of breath, and wheezing. These results, along with
data on other symptoms such as dry mouth, chest
pain, and throat irritation, suggest a notable impact
of dual e-cigarette usage on respiratory health, which
could also be an effect of the high nicotine levels from
using both traditional cigarettes and e-cigarettes
simultaneously®**373941525401.6466 " Although it is hard
to conclude the origin of the respiratory symptoms
among dual users, it is known that e-cigarettes have
an abundance of other respiratory system irritants
such as carbonyls (e.g. aldehydes), volatile organic
compounds (e.g. acrolein)’. Because of the potential
synergistic effects of e-cigarette and traditional
cigarette dual usage, cessation interventions and
primary prevention education are urgently needed.
Thus, interventions which address the potential
comorbidities and cultural considerations of dual
users may be beneficial.

There is a pressing need for research to discern
the long-term impact of early e-cigarette initiation
on pulmonary health throughout the life course,
particularly among youth who introduce e-cigarettes
as their first tobacco products.

Currently, although researchers are somewhat
divided regarding whether e-cigarettes can or should
be used as an aid for smoking cessation, in fact, studies
have shown that e-cigarettes provide mixed results
in terms of smoking cessation**’. While e-cigarettes
were initially marketed as a smoking cessation tool,
it is clear that e-cigarettes are not harmless and the
uptake among current smokers often results in dual

use rather than cessation of tobacco altogether™™.
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Proper education on adequate smoking cessation
tools is needed for current smokers to correct the
inaccurate marketing messages of e-cigarettes as

cessation tools™*

, which is not an approved cessation
tool in the US and several other nations.

Future research should include more long-term
studies of animal models, utilizing predictive modeling
for respiratory symptoms of e-cigarette users across
the life course. Interventions are also warranted for
populations at-risk for e-cigarette use, particularly
dual usage. Further, longitudinal epidemiological
studies are needed to dissect the trajectory of
respiratory symptoms development among e-cigarette
users.

Our study may contribute to better understand the
prevalence of respiratory symptoms among e-cigarette
users. Given the rising popularity of e-cigarettes and
their potential health implications, understanding the
respiratory risks associated with their use is crucial
for public health. These studies provide valuable
insights into the prevalence, incidence, and impact
of respiratory symptoms, helping to inform policies,
interventions, and healthcare strategies aimed at
mitigating potential health risks. By assessing the
respiratory health of e-cigarette users, we can gain
a better understanding of the potential harms and
inform evidence-based approaches to protect and
promote respiratory well-being in this population.

Limitations

While this systematic review presents notable
insights into self-reported respiratory symptoms
linked to e-cigarette use, several limitations warrant
mentioning. First is the heterogeneity of the study
samples, methodologies, and outcomes across the
included studies for the meta-analysis. Second, this
study did not encompass adolescent populations, a
demographic that could potentially exhibit different
e-cigarette use patterns compared to adults, and
hence may display disparities in respiratory symptom
prevalence warranting future investigation. A
significant number of the symptoms were subjectively
reported by the individuals rather than being
identified using objective or observational metrics,
which introduces the potential for recall and social
desirability biases. As such, these symptoms require
verification in larger and multicentric longitudinal

Tobacco Induced Diseases

studies globally. This study did not differentiate
between e-cigarettes, whether any of the included
assessed modified e-cigarette cartridges and liquids
and heated tobacco products in assessing their
health effects, highlighting the need for future
research to address this limitation and examine the
specific health impacts of each product. Moreover,
we have noted that individuals who use e-cigarettes
may also have concurrent health conditions and a
history of traditional smoking. Lastly, considering
the high degree of heterogeneity observed among
the studies, the majority of results were interpreted
using a random-effects model. Hence, there is a need
for higher-quality RCTs and prospective studies to
assess causality, with a focus on exclusive e-cigarette
use. Despite these limitations, this systematic review
contributes to the expanding body of knowledge
regarding the impact of e-cigarette use on respiratory

health.

CONCLUSIONS

In this systematic review, our meta-analyses of
exclusive e-cigarette users, dual e-cigarette users,
and transitioning e-cigarette users demonstrated
significant incidences of various respiratory
symptoms, emphasizing the impact of e-cigarette
usage on respiratory health and the need for further
research in this area. Effective e-cigarette cessation
interventions are needed to prevent respiratory
symptoms and respiratory disease, and subsequently
improve health outcomes. The results from this study
will inform clinical recommendations/guidelines for
e-cigarette users and dual users of e-cigarettes and
traditional cigarettes.
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