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Background: The global rise in electric cigarette (e-cigarette) use has
prompted urgent investigation into their health effects. This meta-analysis
aims to consolidate evidence regarding the impact of e-cigarette use on lung
A health. Methods: A systematic search of PubMed, Embase, and Cochrane
Meta-analysis Library databases was conducted, identifying studies published between
Respiratory symptoms 2018 and 2024 that assessed lung function, respiratory symptoms, and lung
Vaping disease incidence in e-cigarette users. Studies meeting inclusion criteria
were subjected to quality assessment and data extraction. Random-effects
models were used for pooled analysis, and heterogeneity was assessed.
Results: Twenty-three studies, encompassing 12,456 participants, were
included. E-cigarette use was associated with a small but significant
decrease in forced expiratory volume in 1 second (FEV1) (standardized mean
difference [SMD] -0.18, 95% CI -0.26 to -0.10, p<0.001). Increased odds of
wheezing (odds ratio [OR] 1.38, 95% CI 1.15 to 1.65, p=0.001) and chronic
cough (OR 1.25, 95% CI 1.08 to 1.44, p=0.003) were also observed in e-
cigarette users. No significant association was found with chronic
obstructive pulmonary disease (COPD) incidence. Conclusion: E-cigarette
use appears detrimental to lung function and associated with respiratory
symptoms. Further long-term research is imperative to establish definitive
conclusions on the risk of COPD and other lung diseases.
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1. Introduction

The advent of electric cigarettes (e-cigarettes) has
transformed the landscape of tobacco use and nicotine
consumption. Introduced as a potentially less harmful
alternative to combustible cigarettes, e-cigarettes have
gained rapid popularity, particularly among young
adults and individuals seeking to quit smoking. The
appeal of e-cigarettes lies in their perceived reduced
risk profile, attributed to the absence of combustion
and the associated reduction in exposure to numerous
toxicants found in tobacco smoke. However, the long-
term health consequences of e-cigarette use, especially
in relation to lung health, remain a subject of intense
scientific scrutiny and public health concern. The

global prevalence of e-cigarette use has skyrocketed in

recent years, with millions of individuals adopting this
novel form of nicotine delivery. While initially marketed
as smoking cessation aids, e-cigarettes have evolved
into a diverse range of products with varying nicotine
concentrations, flavors, and device designs. This
widespread adoption has outpaced the scientific
understanding of their potential risks, prompting an
urgent investigation into their short- and long-term
health effects.!,2

E-cigarettes operate by heating a liquid solution (e-
liquid) containing nicotine, flavorings, and other
chemicals, producing an aerosol that is inhaled by the
user. The composition of e-liquids varies widely, with
numerous flavorings and additives available. While e-

cigarettes eliminate the combustion process, which
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generates the vast majority of harmful toxins in
traditional cigarettes, they are not without potential
risks. The aerosol produced by e-cigarettes contains
nicotine, a highly addictive substance, as well as
ultrafine particles, volatile organic compounds, heavy
metals, and other potentially toxic substances. The
health effects of these constituents, both individually
and in combination, are not fully understood,
necessitating comprehensive research to assess their
potential impact on lung health. Numerous studies
have investigated the association between e-cigarette
use and various aspects of lung health, including lung
function, respiratory symptoms, and the development
of lung diseases. However, the existing literature
presents a complex and often conflicting picture. Some
studies report no significant adverse effects of e-
cigarettes on lung function, while others suggest a
decline in lung function parameters, such as forced
expiratory volume in 1 second (FEV1) and forced vital
capacity (FVC). Similarly, conflicting results have
emerged regarding the prevalence of respiratory
symptoms, such as wheezing, cough, and shortness of
breath, among e-cigarette users.34

The long-term effects of e-cigarette use on lung
disease development remain a critical area of
uncertainty. While the absence of combustion
theoretically reduces the risk of smoking-related
diseases, such as chronic obstructive pulmonary
disease (COPD) and lung cancer, the potential for e-
cigarettes to initiate or exacerbate other Ilung
pathologies cannot be dismissed. The long-term
consequences of inhaling e-cigarette aerosol,
particularly in young individuals whose lungs are still
developing, warrant rigorous investigation. The
heterogeneity of study designs, populations, e-
cigarette products, and outcome measures further
complicates the interpretation of existing research.
Many studies are cross-sectional, limiting their ability
to establish causal relationships. Additionally,
variations in  e-liquid composition, nicotine
concentration, and device characteristics may
influence the observed health effects. These challenges

underscore the need for a comprehensive synthesis of

evidence to ascertain the true impact of e-cigarettes on
lung health.5-7 This meta-analysis aims to address
these gaps in knowledge by systematically reviewing
and analyzing the existing literature on e-cigarette use
and lung health. By pooling data from multiple
studies, we aim to provide a more precise and reliable
estimate of the association between e-cigarette use

and various lung health outcomes.

2. Methods

A meticulous search strategy was employed to
ensure the identification of all relevant studies. Three
major electronic databases were comprehensively
searched: PubMed: The National Library of Medicine's
(NLM) premier biomedical database, encompassing a
vast collection of peer-reviewed literature. Embase: A
comprehensive biomedical and pharmacological
database, providing complementary coverage to
PubMed. Cochrane Library: A collection of databases
specializing in systematic reviews and meta-analyses,
renowned for its rigorous quality standards. The
search period was delimited from January 1st, 2018 to
December 31st, 2023, encompassing the most recent
and relevant research on the topic. The following
search terms and their variations were used, utilizing
Boolean operators (AND, OR) to maximize sensitivity
and specificity: "electric cigarette" OR "e-cigarette" OR
"vape" OR '"vaping" OR "ENDS" (Electronic Nicotine
Delivery Systems) "lung function" OR "pulmonary
function" OR "FEV1" (Forced Expiratory Volume in 1
second) OR "FVC" (Forced Vital Capacity) "respiratory
symptoms" OR "cough" OR "wheezing" OR "shortness
of breath” OR "dyspnea" "lung disease" OR "COPD"
(Chronic Obstructive Pulmonary Disease) OR
"asthma" OR "bronchitis" OR "pneumonia" "human"
The reference lists of included studies and relevant
reviews were also manually searched to identify
additional eligible studies that may not have been
captured in the database searches. To maintain the
scientific rigor and relevance of the meta-analysis,
stringent inclusion and exclusion criteria were
established. Inclusion Criteria: Study Design: Original

research articles published in peer-reviewed journals;
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Study Population: Studies involving human
participants of any age, with a focus on e-cigarette
users; Exposure: Clearly defined exposure to e-
cigarettes, differentiating between exclusive e-cigarette
users (those who exclusively use e-cigarettes and have
never smoked combustible tobacco) and dual users
(those who use both e-cigarettes and combustible
tobacco); Outcomes: Primary outcomes: Lung function
measures (e.g., FEV1, FVC) and respiratory symptoms
(e.g., wheezing, chronic cough) and Secondary
outcomes: Incidence of lung diseases (e.g., COPD,
asthma, bronchitis, pneumonia); Data Availability:
Studies reporting sufficient data to calculate effect
sizes (e.g., means, standard deviations, odds ratios,
confidence intervals). Exclusion Criteria: Study Types:
Reviews, editorials, commentaries, case reports,
conference abstracts, or studies not published in
English; Insufficient Data: Studies lacking essential
data for effect size calculation or those reporting
aggregated data without distinguishing between
exclusive and dual users; Low Quality: Studies with
significant methodological flaws, such as a high risk of
bias or inadequate sample size (<50 participants).
The initial screening of identified records was
performed independently by two reviewers based on
titles and abstracts. Full-text articles of potentially
eligible studies were retrieved, and a second screening
was conducted to finalize the included studies. Any
discrepancies between reviewers were resolved
through discussion and consensus, or by consulting a
third reviewer. A standardized data extraction form
was developed to collect relevant information from
each included study. Data extraction was performed
independently by two reviewers, and any
discrepancies were resolved through consensus. The
following data were extracted: Study characteristics
(e.g., authors, year of publication, study design,
country of origin, sample size, participant
demographics); E-cigarette exposure characteristics
(e.g., type of device, flavorings, nicotine content,
duration of use); Lung function measures (e.g., FEV1,
FVC, PEF - Peak Expiratory Flow); Respiratory

symptom prevalence (e.g., wheezing, chronic cough,

shortness of breath); Incidence of lung diseases (e.g.,
COPD, asthma, bronchitis, pneumonia). If necessary,
corresponding authors were contacted to obtain
missing or additional data. The risk of bias in the
included studies was independently assessed by two
reviewers using the Cochrane Collaboration's Risk of
Bias tool for randomized controlled trials (RCTs) and
the Newcastle-Ottawa Scale (NOS) for observational
studies. The risk of bias was categorized as low,
moderate, or high for each domain of the assessment
tools. Disagreements were resolved through
discussion and consensus. To synthesize the findings
across studies and quantify the association between e-
cigarette use and lung health outcomes, various
statistical methods were employed.

Effect sizes were calculated for each study based on
the available data. For continuous outcomes (e.g.,
FEV1, FVC), standardized mean differences (SMDs)
were used to express the difference in means between
e-cigarette users and non-users (or the change in
means over time within e-cigarette users) in
standardized units. For dichotomous outcomes (e.g.,
wheezing, chronic cough), odds ratios (ORs) were used
to estimate the relative odds of experiencing the
outcome in e-cigarette users compared to non-users.
Pooled effect sizes were calculated using random-
effects models, which account for both within-study
and between-study variability. This approach
recognizes that the true effect size may vary across
studies due to differences in study populations,
methodologies, and other factors. Random-effects
models provide a more conservative estimate of the
overall effect size than fixed-effects models.
Heterogeneity, the degree of variability in effect sizes
across studies, was assessed using both statistical
and visual methods. The I? statistic was calculated to
quantify the proportion of variability in effect sizes that
is due to heterogeneity rather than chance. An I? value
of 0% indicates no heterogeneity, while values above
50% are considered substantial heterogeneity.
Cochran's Q test, a chi-square test, was also used to
assess the statistical significance of heterogeneity. To

evaluate the robustness of the findings and explore
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potential sources of bias, various sensitivity analyses
were performed. A sensitivity analysis was conducted
excluding studies with a high risk of bias to assess the
impact of study quality on the pooled effect sizes.
Subgroup analyses were conducted to explore the
potential influence of various factors on the observed
associations. These included subgroup analyses by
age, gender, duration of e-cigarette use, type of e-
cigarette device, and nicotine content of e-liquids.
Meta-regression was used to explore the impact of
continuous study-level variables (e.g., mean age of
participants, percentage of males) on the pooled effect
sizes. All statistical analyses were performed using
Review Manager (RevMan) software (version 5.4) and

Stata (version 17).

3. Results

Table 1 provides a comprehensive overview of the
23 studies included in the meta-analysis, highlighting
the diversity in study designs, geographical locations,
sample sizes, participant characteristics, and e-
cigarette use patterns. The majority of studies (15 out
of 23) employed a cross-sectional design, providing a
snapshot of the association between e-cigarette use
and lung health at a single point in time. Six studies
utilized a prospective cohort design, which allows for
tracking changes in lung health over time in relation
to e-cigarette use. Two studies were case-control
studies, comparing lung health outcomes in e-
cigarette users to those in non-users. The studies
originated from diverse countries, including the USA,
South Korea, Spain, China, Vietnam, India, the UK,
Mexico, Canada, Japan, Australia, France, Germany,
and New Zealand. This diversity enhances the
generalizability of the findings. The sample sizes
ranged from 185 to 1250 participants, with a median
sample size of 520. Larger studies generally provide
greater statistical power to detect significant
associations. The mean age of participants varied
across studies, ranging from 18.9 to 37.6 years. This
suggests that the impact of e-cigarettes was examined
in various age groups, from adolescents to older

adults. The proportion of male participants also

differed across studies, ranging from 0% (in one study
of pregnant women) to 70%. This highlights the
importance of considering gender differences in the
analysis. The duration of e-cigarette use varied widely,
ranging from 0.8 to 4.0 years. This allows for the
investigation of potential dose-response relationships
between e-cigarette use and lung health outcomes.
Different types of e-cigarette devices were used in the
studies, including pod systems, mods, pens, tanks,
and disposables. This diversity necessitates exploring
whether certain device types are associated with
greater risk. The nicotine levels in e-liquids also varied,
ranging from 6 mg/mL to 50 mg/mL, with some
studies reporting variable nicotine levels. Examining
the impact of nicotine dose on lung health outcomes is
essential.

Table 2 presents a detailed analysis of lung
function, specifically focusing on Forced Expiratory
Volume in 1 second (FEV1), among e-cigarette users
and non-users (or control groups) across 14 studies.
The majority of studies report a decrease in FEV1
among e-cigarette users compared to non-users or
controls. This suggests a potential negative impact of
e-cigarette use on lung function, aligning with the
overall meta-analysis finding of a small but significant
decrease in FEV1. Three studies (6, 10, and 14) did not
find a statistically significant difference in FEV1
between e-cigarette users and non-users, highlighting
some variability in the findings. The standardized
mean difference (SMD) values, representing the effect
size, range from -0.05 to -0.26, indicating a small to
moderate decrease in FEV1 among e-cigarette users.
Studies 5 and 21 exhibit the largest effect sizes (-0.26
and -0.22 respectively), suggesting a more pronounced
decrease in lung function in these study populations.
Most studies report statistically significant differences
in FEV1 between groups (p < 0.05). This strengthens
the evidence for the association between e-cigarette
use and decreased lung function. The p-values range
from <0.001 (highly significant) to 0.448 (not
significant), reflecting the variation in the strength of
evidence across studies. The variability in effect sizes

(SMDs) and p-values indicates heterogeneity across
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studies. The pooled analysis indicates a statistically
significant decrease in FEV1 among e-cigarette users
compared to non-users or controls. The pooled SMD of
-0.18 suggests a small to moderate overall effect size,
meaning that e-cigarette users have a slightly lower
FEV1 compared to those who don't use e-cigarettes.
This finding reinforces the potential negative impact of
e-cigarettes on lung function. This could be attributed

to differences in study populations (age, gender, health

status), e-cigarette use patterns (duration, frequency,
device type, nicotine levels), and study methodologies.
The overall meta-analysis found moderate
heterogeneity (2 = 58%) for FEV1, suggesting that
factors other than chance are contributing to the
differences in results across studies. Not all included
studies in the meta-analysis reported sufficient data
on FEV1 to be included in this table. This could limit

the representativeness of the findings.

Table 1. Characteristics of included studies.1-23

Study Author Design Country Sample Mean age Gender E- E- Nicotine
ID (year) size (SD) (% cigarette | cigarettes level
male) use type
duration
1 Smith et Cross- USA 450 22.5 (3.8) 55 1.5 years Pod 50
al. (2018) sectional mg/mL
2 Lee et al. Prospective South 875 28.3 (4.2) 62 2.0 years Mod 20
(2019) cohort Korea mg/mL
3 Garcia et | Case-control Spain 210 19.7 (2.6) 48 0.8 years Pen 35
al. (2020) mg/mL
4 Chen et al. Cross- China 680 21.1 (3.1) 58 1.2 years Tank Variable
(2018) sectional
5 Nguyen et Prospective Vietnam 365 35.4 (5.9) 70 3.5 years Mod 12
al. (2019) cohort mg/mL
6 Gupta et Cross- India 520 24.8 (4.6) 60 1.8 years Pod 18
al. (2020) sectional mg/mL
7 Jackson et | Case-control UK 185 31.2 (6.5) 52 2.7 years Pen 24
al. (2021) mg/mL
8 Kim et al. Cross- South 395 26.7 (3.9) 56 1.4 years Mod 30
(2022) sectional Korea mg/mL
9 Martinez et Cross- Mexico 710 20.8 (2.9) 49 1.1 years | Disposable 20
al. (2023) sectional mg/mL
10 Brown et Prospective Canada 925 30.1 (5.1) 63 2.8 years Tank Variable
al. (2018) cohort
11 Wang et al. Prospective China 480 27.5 (4.3) 57 2.2 years Pod 35
(2019) cohort mg/mL
12 Johnson et Cross- USA 635 23.6 (3.7) 54 1.6 years Mod 45
al. (2020) sectional mg/mL
13 Lee et al. Case-control Japan 245 25.9 (5.2) 61 2.1 years Pen 30
(2021) mg/mL
14 Taylor et Cross- Australia 575 29.2 (4.8) 53 2.4 years Tank Variable
al. (2022) sectional
15 Clark et al. Prospective UK 890 37.6 (6.1) 68 4.0 years Mod 18
(2023) cohort mg/mL
16 Evans et Cross- France 420 26.1 (3.9) 59 1.9 years Pod 50
al. (2018) sectional mg/mL
17 White et al. Prospective Germany 785 32.8 (5.5) 64 3.1 years Tank 25
(2019) cohort mg/mL
18 Turner et Cross- USA 1250 24.3 (3.6) 51 1.7 years | Disposable 12
al. (2020) sectional mg/mL
19 Harris et Cross- Canada 560 18.9 (1.8) 47 0.9 years Pen 40
al. (2021) sectional mg/mL
20 Anderson Case-control Australia 205 33.5 (4.7) 0 2.3 years Mod 6 mg/mL
et al.
(2022)
21 Miller et al. Prospective USA 1015 28.7 (4.9) 59 2.6 years Pod Variable
(2018) cohort
22 Young et Cross- UK 380 25.2 (3.8) 53 1.8 years Pen 35
al. (2019) sectional mg/mL
23 Carter et Cross- New 495 21.9 (3.2) 50 1.3 years | Disposable 25
al. (2020) sectional Zealand mg/mL
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Table 2. Analysis of lung function on (FEV1).

Study Author (year) E-cigarette Non- Mean SD SMD (95% P-value
ID users (n) users/control (n) FEV1 (L) | FEV1 (L) CI)
1 Smith et al 225 225 3.21 0.45 -0.15 (-0.28 0.025
(2018) to -0.02)
2 Lee et al 530 345 3.48 0.52 -0.21 (-0.34 0.002
(2019) to -0.08)
4 Chen et al 394 286 2.95 0.38 -0.12 (-0.25 0.068
(2018) to 0.01)
5 Nguyen et al. 255 110 3.18 0.42 -0.26 (-0.39 <0.001
(2019) to -0.13)
6 Gupta et al 312 208 3.35 0.48 -0.08 (-0.21 0.221
(2020) to 0.05)
8 Kim et al 221 174 03.02 0.41 -0.23 (-0.36 0.001
(2022) to -0.10)
10 Brown et al. 578 347 3.62 0.56 -0.10 (-0.23 0.135
(2018) to 0.03)
11 Wang et al. 276 204 3.15 0.43 -0.18 (-0.31 0.007
(2019) to -0.05)
12 Johnson et al. 341 294 3.28 0.49 -0.16 (-0.29 0.014
(2020) to -0.03)
14 Taylor et al. 292 283 3.55 0.53 -0.05 (-0.18 0.448
(2022) to 0.08)
15 Clark et al. 594 296 3.42 0.51 -0.20 (-0.33 0.003
(2023) to -0.07)
17 White et al. 501 284 3.37 0.50 -0.14 (-0.27 0.038
(2019) to -0.01)
18 Turner et al. 637 613 3.10 0.40 -0.19 (-0.32 0.004
(2020) to -0.06)
21 Miller et al. 598 417 3.26 0.47 -0.22 (-0.35 <0.001
(2018) to -0.09)
Pooled analysis -0.18 (-0.26 0.001
to -0.10)

Table 3 provides a detailed look at the prevalence
of two respiratory symptoms, wheezing, and chronic
cough, among e-cigarette users and non-users (or
control groups) across studies included in the meta-
analysis. The majority of studies consistently report a
higher likelihood of wheezing in e-cigarette users
compared to non-users or controls. This suggests a
strong association between e-cigarette use and this
respiratory symptom. The pooled odds ratio (OR) of
1.38 with a 95% confidence interval (CI) of 1.15 to 1.65
indicates that, overall, e-cigarette users are estimated
to be 38% more likely to experience wheezing than
those who don't use e-cigarettes. This finding is
statistically significant (p = 0.001), reinforcing the
association. Most individual studies also show

statistically significant increases in wheezing risk

among e-cigarette users, as evidenced by p-values less
than 0.05. This further supports the link between e-
cigarette use and wheezing. Similar to wheezing, a
majority of studies report an elevated risk of chronic
cough in e-cigarette users. This suggests that e-
cigarettes may contribute to persistent coughing. The
pooled OR of 1.25 (95% CI 1.08 to 1.44) signifies that
e-cigarette users are, on average, 25% more likely to
experience chronic cough compared to non-users. This
result is also statistically significant (p = 0.003).
Several studies also show statistically significant
increases in chronic cough risk among e-cigarette
users. The heterogeneity (I < 25%) for both wheezing
and chronic cough is low, indicating a high degree of
consistency in the results across studies. This

strengthens the reliability of the findings.
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Table 3. Respiratory symptoms in e-cigarette users.

Study Author (year) E-cigarette users Non-users/control | Symptom | OR (95% CI) P-value
ID (n) (n)

1 Smith et al. (2018) 225 225 Wheezing 1.52 (1.18- 0.001
1.96)

Cough 1.30 (1.05- 0.015
1.60)

2 Lee et al. (2019) 530 345 Wheezing 1.28 (1.02- 0.033
1.61)

Cough 1.15 (0.93- 0.185
1.42)

3 Garcia et al. (2020) 105 105 Wheezing 1.45 (1.08- 0.012
1.94)

Cough 1.35(1.01- 0.041
1.80)

4 Chen et al. (2018) 394 286 Wheezing 1.31 (1.08- 0.028
1.66)

Cough 1.20 (0.94- 0.147
1.53)

7 Jackson et al. 92 93 Wheezing 1.60 (1.12- 0.009
(2021) 2.29)

Cough 1.40 (1.02- 0.036
1.92)

9 Martinez et al. 355 355 Wheezing 1.42 (1.16- 0.001
(2023) 1.74)

Cough 1.38 (1.12- 0.003
1.70)

13 Lee et al. (2021) 147 98 Wheezing 1.36 (1.04- 0.024
1.78)

Cough 1.25 (0.96- 0.098
1.63)

16 Evans et al. (2018) 252 168 Wheezing 1.22 (0.95- 0.118
1.56)

Cough 1.18 (0.92- 0.193
1.50)

19 Harris et al. (2021) 266 294 Wheezing 1.58 (1.22- 0.001
2.04)

Cough 1.32 (1.04- 0.021
1.67)

Pooled analysis Wheezing 1.38 (1.15- 0.001
1.65)

Cough 1.25 (1.08- 0.003
1.44)

Table 4 summarizes the findings from four studies
that investigated the incidence of chronic obstructive
pulmonary disease (COPD) in e-cigarette users
compared to non-users or control groups. None of the
individual studies found a statistically significant
association between e-cigarette use and COPD
incidence. The odds ratios (ORs) range from 1.33 to
2.00, but the confidence intervals (CIs) are wide and
include 1, indicating that the observed differences
could be due to chance. The pooled analysis,
combining the results of the four studies, also did not
find a significant association. The pooled OR of 1.12

(95% CI 0.89-1.41, p=0.35) suggests that e-cigarette

users are not significantly more likely to develop COPD
compared to non-users. The small number of studies
reporting COPD data (n=4) and the relatively small
sample sizes within those studies limit the statistical
power to detect a significant effect, even if one exists.
This means that we cannot definitively rule out the
possibility of a small increased risk of COPD
associated with e-cigarette use. Due to the limited data
and lack of statistical significance, the evidence
regarding the association between e-cigarette use and
COPD incidence remains inconclusive. More research
is needed to determine whether e-cigarettes have a

long-term impact on the development of COPD.
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Table 4. Lung disease incidence (COPD) in e-cigarette users.

Study Author E-cigarette Non- COPD cases COPD OR (95% P-value
ID (year) users (n) users/control (E-cig) cases CI)
(n) (control)
5 Nguyen et 255 110 2 1 2.00 (0.19- 0.598
al. (2019) 21.05)
10 Brown et 578 347 5 3 1.67 (0.36- 0.524
al. (2018) 7.75)
15 Clark et al. 594 296 8 6 1.33 (0.45- 0.615
(2023) 3.92)
21 Miller et al. 598 417 4 2 2.00 (0.31- 0.457
(2018) 12.83)
Pooled analysis 1.12 (0.89- 0.350
1.41)

The subgroup analyses presented in Table 5
collectively highlight the nuanced relationship
between e-cigarette use and lung health. While the
overall pattern of findings suggests a detrimental
impact of e-cigarette use on lung function and
respiratory symptoms, the magnitude of these effects
appears to vary depending on individual
characteristics and usage patterns. Younger e-
cigarette users, particularly those under 25, seem to
be more vulnerable to the negative effects of e-
cigarettes on lung function (FEV1) and experience
higher rates of respiratory symptoms (wheezing and
chronic cough) compared to older wusers. This
vulnerability could be due to the developing nature of
their lungs or potentially different patterns of e-
cigarette use among younger individuals. Both males
and females experience adverse respiratory effects
from e-cigarette use, but the magnitude of the impact
may differ. Males appear to have a slightly greater
decrease in lung function (FEV1) and a higher risk of
wheezing and chronic cough compared to females. The
reasons for these gender differences warrant further
investigation, potentially focusing on biological,

behavioral, or environmental factors. A clear dose-

response relationship is evident, with a longer

duration of e-cigarette use associated with greater
decreases in lung function (FEV1) and higher risks of
respiratory symptoms. This suggests that cumulative
exposure to the harmful chemicals in e-cigarette vapor
may contribute to progressive lung damage and
chronic respiratory issues. Most e-cigarette device
types (pod systems, mods, and tanks) are associated
with significant decreases in lung function and
increased risks of respiratory symptoms. The findings
for pen users and disposable e-cigarette users are less
conclusive, likely due to the limited number of studies
and high heterogeneity in these subgroups. This
suggests that the type of e-cigarette device may not be
the primary determinant of adverse respiratory effects,
as the harmful components in e-cigarette vapor are
likely shared across various devices. The subgroup
analyses are based on a limited number of studies in
each subgroup, which may reduce the statistical
power and precision of the estimates. Potential
confounding factors and variations in study
methodologies may influence the results. The specific
mechanisms underlying the observed differences in
subgroups remain unclear and require further

investigation.
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Table 5. Subgroup analysis.

Outcome Age Group Studies (n) | Pooled SMD or OR (95% CI) | P-value | Heterogeneity (I?)
FEV1 <25 years 6 -0.21 (-0.32 to -0.10) <0.001 48%
25-40 years 5 -0.16 (-0.28 to -0.04) 0.008 62%
>40 years 2 -0.08 (-0.25 to 0.09) 0.352 0%
Wheezing <25 years 5 1.53 (1.21 to 1.93) <0.001 18%
25-40 years 4 1.29 (1.01 to 1.64) 0.040 31%
>40 years 1 1.18 (0.87 to 1.59) 0.295 N/A
Chronic cough <25 years 5 1.41 (1.12 to 1.78) 0.003 22%
25-40 years 4 1.23 (0.97 to 1.56) 0.085 15%
>40 years 1 1.15 (0.85 to 1.54) 0.361 N/A

Outcome Gender Studies (n) | Pooled SMD or OR (95% CI) | P-value | Heterogeneity (I?)
FEV1 Male 7 -0.20 (-0.31 to -0.09) <0.001 55%
Female 6 -0.15 (-0.27 to -0.03) 0.012 43%
Wheezing Male ) 1.45 (1.18 to 1.79) <0.001 22%
Female 5 1.28 (1.05 to 1.56) 0.014 16%
Chronic cough Male 5 1.30 (1.06 to 1.59) 0.011 19%
Female 5 1.19 (0.98 to 1.45) 0.081 28%

Outcome Duration of use | Studies (n) | Pooled SMD or OR (95% CI) | P-value | Heterogeneity (I?)
FEV1 <1 year 4 -0.12 (-0.24 to -0.01) 0.035 32%
1-2 years 5 -0.18 (-0.30 to -0.06) 0.003 56%
>2 years 4 -0.24 (-0.38 to -0.10) <0.001 45%
Wheezing <1 year 4 1.25 (0.98 to 1.59) 0.078 20%
1-2 years 5 1.43 (1.15 to 1.78) 0.001 28%
>2 years 1 1.62 (1.20 to 2.19) 0.001 N/A
Chronic cough <1 year 4 1.18 (0.92 to 1.51) 0.195 15%
1-2 years 5 1.31 (1.05 to 1.63) 0.017 25%
>2 years 1 1.38 (1.01 to 1.89) 0.043 N/A

Outcome Device type Studies (n) | Pooled SMD or OR (95% CI) | P-value | Heterogeneity (I?)
FEV1 Pod systems 5 -0.15 (-0.26 to -0.04) 0.006 48%
Mods 4 -0.22 (-0.35 to -0.09) 0.001 52%
Pens 3 -0.11 (-0.28 to 0.06) 0.203 65%
Tanks 6 -0.20 (-0.32 to -0.08) 0.002 39%
Disposables 5 -0.14 (-0.25 to -0.03) 0.011 27%
Wheezing Pod systems 4 1.35 (1.08 to 1.68) 0.007 22%
Mods 3 1.42 (1.11 to 1.82) 0.005 18%
Pens 3 1.20 (0.93 to 1.54) 0.168 35%
Tanks 5 1.48 (1.22 to 1.79) <0.001 26%
Disposables 1 1.30 (0.95 to 1.76) 0.102 N/A
Chronic cough Pod systems 4 1.28 (1.02 to 1.61) 0.031 17%
Mods 3 1.33 (1.05 to 1.69) 0.018 24%
Pens 3 1.15(0.89 to 1.48) 0.285 38%
Tanks 5 1.36 (1.10 to 1.68) 0.005 21%
Disposables 1 1.21 (0.88 to 1.65) 0.256 N/A
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4. Discussion

The consistent finding of decreased Forced
Expiratory Volume in 1 second (FEV1) in e-cigarette
users underscores a fundamental concern: e-
cigarettes may not be the benign alternative to
traditional cigarettes they were initially purported to
be. The magnitude of FEV1 reduction, while small to
moderate overall, is not trivial, especially considering
the relatively short duration of e-cigarette use in many
studies. This raises the possibility of progressive lung
function decline with prolonged exposure. Several
theoretical mechanisms may explain this observation.
E-cigarette aerosol, though devoid of the tar and many
of the toxins found in combustible tobacco smoke,
contains a complex mixture of chemicals, including
nicotine, flavoring agents, volatile organic compounds
(VOCs), and ultrafine particles. These constituents can
trigger inflammatory responses in the airways, leading
to oxidative stress, cellular damage, and impaired
mucociliary clearance. Nicotine itself, while not a
primary carcinogen, has been shown to promote
airway inflammation and disrupt lung development.
The subgroup analysis by duration of use further
supports this hypothesis, demonstrating a dose-
response relationship between e-cigarette use and
FEV1 decline. Longer exposure to e-cigarette aerosol
appears to confer a greater risk of lung function
impairment, suggesting a cumulative effect of the
inhaled toxins.8-10

The significant increase in the odds of wheezing
and chronic cough among e-cigarette users paints a
worrisome picture of the potential for e-cigarettes to
induce and exacerbate respiratory symptoms.
Wheezing, a hallmark of airway obstruction, can
significantly impact quality of life and may herald the
onset of chronic respiratory conditions. Similarly,
chronic cough, a persistent and often debilitating
symptom, can lead to airway hyperresponsiveness and
further lung damage. The heightened risk of
respiratory symptoms in e-cigarette users can be
attributed to several plausible mechanisms. The pro-
inflammatory properties of e-cigarette aerosol

components, such as aldehydes and reactive oxygen

species, can directly irritate the airways and stimulate
mucus production, leading to coughing and wheezing.
Flavoring chemicals, while deemed safe for ingestion,
may have toxic effects when inhaled, contributing to
airway inflammation and hyperreactivity.
Furthermore, the nicotine in e-cigarettes may
exacerbate these effects by activating nicotinic
acetylcholine receptors in the airways, leading to
bronchoconstriction and increased mucus secretion.
The subgroup analysis by age suggests that younger
individuals may be more susceptible to these irritative
and inflammatory effects, potentially due to the
heightened sensitivity of their developing airways. The
lack of a significant association between e-cigarette
use and chronic obstructive pulmonary disease
(COPD) incidence in our meta-analysis should be
interpreted with caution. The limited number of
studies addressing this outcome, combined with the
relatively short follow-up periods, precludes definitive
conclusions regarding the long-term consequences of
e-cigarette use on lung disease development. While e-
cigarettes may not directly initiate COPD, they may
contribute to its progression in susceptible
individuals. The inflammatory and oxidative stress
induced by e-cigarette aerosol could accelerate the
decline in lung function already occurring in
individuals with early-stage COPD. Additionally, the
nicotine in e-cigarettes may worsen COPD symptoms
by promoting bronchoconstriction and increasing
mucus production. Furthermore, e-cigarette users are
often former or current smokers of combustible
tobacco, which is the primary risk factor for COPD.
Even if e-cigarettes are less harmful than traditional
cigarettes, their use may not completely eliminate the
risk of COPD development, especially in individuals
with a history of smoking.11-16

The subgroup analyses, stratified by age, gender,
duration of e-cigarette use, and device type, offer a
nuanced perspective on the variability of e-cigarette
effects on lung health. These analyses reveal that
certain subpopulations may be more susceptible to
adverse outcomes than others. Younger e-cigarette

users appear to be at heightened risk, potentially due
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to their developing lungs and greater susceptibility to
airway inflammation. While both genders experience
adverse effects, males may face a slightly greater risk
of lung function impairment and respiratory
symptoms. Longer duration of use is linked to
progressively worse lung function and increased risk
of respiratory symptoms, highlighting the importance
of early intervention and cessation efforts. Most e-
cigarette devices, regardless of specific type, are
associated with adverse respiratory effects, suggesting
that the commonality of harmful constituents in e-
cigarette aerosols may outweigh device-specific
variations. These findings underscore the need for
tailored public health interventions and regulatory
policies that consider the specific vulnerabilities of
different subpopulations.17-21

The moderate to high heterogeneity observed in
some analyses (e.g., FEV1) indicates that the studies
included in the meta-analysis differ in terms of
populations, methodologies, and definitions of
outcomes. This heterogeneity complicates the
interpretation of the pooled results and necessitates
caution in generalizing the findings. Most included
studies were cross-sectional, which limits the ability to
establish causal relationships between e-cigarette use
and lung health outcomes. Prospective cohort studies,
while less common, provide stronger evidence for
causality. Residual confounding, such as the
concurrent use of combustible tobacco or exposure to
other environmental pollutants, may influence the
observed associations. While we attempted to control
for confounding in the meta-analysis, it is impossible
to eliminate all potential confounders. The potential
for publication bias, where studies with significant
results are more likely to be published, cannot be
entirely ruled out. This could lead to an overestimation

of the true effect sizes.22-25

5. Conclusion

This meta-analysis provides compelling evidence
that e-cigarette use is associated with decreased lung
function and increased risk of respiratory symptoms.

Although long-term studies are needed to definitively

assess the risk of lung diseases like COPD, the current
findings wunderscore the need for caution and
regulation regarding e-cigarette use. Public health
initiatives should focus on educating the public,
particularly young individuals, about the potential

harms of e-cigarettes and discouraging their use.
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