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Abstract

Nicotine consumption in many countries is shifting away from combustible cigarettes and toward electronic cigarettes (ECs).
Understanding the overall population-level impact requires weighing their possible benefits (e.g., for smoking cessation/
switching) vs harms (e.g., long-term health risks). However, current evidence on health risks is limited by the absence of
long-term data and confounding by prior cigarette smoking history. Focusing on short- to medium-term respiratory outcomes
associated with EC use among people who never smoked (PWNS) is informative. We perform a narrative review and critical
appraisal of studies examining the prospective association between exclusive EC use and respiratory outcomes among PWNS
(either true never-smoking or never-established smoking). We included 12 studies with prospective designs that examine
a range of respiratory outcomes subsequent to EC use among PWNS. Eight studies did not find statistically significant dif-
ferences in respiratory risk associated with baseline EC use. The remaining five studies reported a significant association
in at least one analysis, but in four of these studies, associations were not robust across models. Limitations included over-
reliance on data from the U.S. Population Assessment of Tobacco and Health, uncertain directionality (i.e., pre-existing
respiratory conditions were not always ruled out), confounding by other combustible tobacco use, and small sample sizes.
All but one study lacked clear and statistically significant evidence of self-reported respiratory diagnoses associated with
EC use among PWNS, or showed a tenuous association with mild respiratory symptoms. This has favorable implications for
ECs’ population health impact; however, small sample sizes and statistical biases limit this evidence. A formal systematic
review on this topic is forthcoming.

Keywords Asthma - Chronic obstructive pulmonary disease - Electronic cigarettes - Never-smoking - Respiratory illness -
Respiratory symptoms
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COPD Chronic obstructive pulmonary disease
EC Electronic cigarette

eCO Expired carbon monoxide

eNO Expired nitric oxide

EPA Environmental Protection Agency

HRCT High-resolution computed tomography

NHIS National Health Interview Survey

PATH Population Assessment of Tobacco and
Health

PICO Population, intervention, comparator,
outcomes

PRISMA Preferred Reported Items for System-
atic Reviews and Meta-Analyses

RCT Randomized controlled trial

VERITAS Study The Vaping Effects: Real-World Inter-
national Surveillance Study

WHO World Health Organization

Introduction

Combustible cigarette smoking remains the primary cause
of preventable premature death in many countries world-
wide. Electronic cigarettes (ECs) are a non-combustible
nicotine product and as such are substantially less harmful
than cigarettes [1-3]. Given that ECs are at the lower end of
the risk continuum [3-6] and are effective smoking cessation
aids [7] among people who are actively trying to quit smok-
ing in the near future—or alternatively, an appealing and
lower-risk alternative consumer product for those who are
not immediately planning to quit [§]—ECs have the poten-
tial to substantially reduce smoking-attributable mortality in
the population if they displace cigarette smoking, according
to simulation modeling studies [9—13].

Fig. 1 Possible mechanisms by
which e-cigarettes could affect
respiratory health

Nicotine
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However, the ultimate population impacts of ECs also
depend on their possible detrimental effects, especially
from long-term and cumulative use. While ECs most likely
pose substantially lower health risks relative to cigarettes,
there may be some absolute level of risk from EC use alone
(Fig. 1). Such absolute risks could attenuate some of the
projected benefits of switching completely from cigarettes to
ECs, as well as increase risks of EC use among people who
smoke (i.e., dual use) and among people who never smoked
(PWNS). We focus here on respiratory health outcomes, as
e-cigarettes have been around for sufficiently long to theo-
retically impact respiratory health.

Current evidence on whether EC use uniquely poses
measurable respiratory health risks has major limitations
due to the nature of observational studies, which contain
selection bias and confounding. In particular, since most
people who use ECs have a history of smoking combusti-
ble cigarettes (either currently or formerly), any apparent
association between EC use and a health outcome is likely
confounded by smoking history. While many studies adjust
for smoking status, this is often insufficient: adjusting for
more detailed smoking history (e.g., using pack-years) is
essential to account for the degree of smoking exposure [14,
15], yet most studies merely adjust for smoking status (cur-
rent vs. former vs. never smoking; or even simply current vs.
non-current smoking). The resulting residual confounding
suggests that the apparent association between EC use and
health outcomes could in reality be partly, or perhaps fully,
explained by cumulative smoking history. Studies focus-
ing on PWNS can avoid this confounding bias, and provide
stronger evidence examining ECs’ possible direct health
risks in humans; however, little is known about respiratory
risks of EC use in this group, as EC use among PWNS is
rare [16-18].
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Here, we conduct a narrative review of existing literature
on EC use by PWNS and respiratory outcomes, defined as
broadly as possible. We focused on studies with prospective
designs to avoid a common bias in cross-sectional studies
on this topic (i.e., due to cases with the reverse temporal
sequence where the respiratory outcome preceded EC use)
[19]. We also critically appraise each study with respect to
strengths and weaknesses and make recommendations for
future research.

Materials and methods

We performed a literature review to identify peer-reviewed
studies that examined EC use and respiratory symptoms
among PWNS and used a prospective study design. PubMed
and Scopus databases were searched in April 2024 using the
search terms: (“never-smokers” OR “never smokers” OR
“never smok*” OR “nidive” OR “healthy”) AND (“e-cig*”
OR “e-cigarette” OR ENDS OR “electronic cigarette*”)
AND (“respir*” OR “lung”) AND (“cohort” or “observa-
tional” or “follow-up” OR “randomized controlled trial” OR
“RCT”). Additional manual searching was done in refer-
ence lists of included articles and in relevant peer-reviewed
journals on either respiratory disease research or tobacco
research.

All types of prospective study were included [e.g., clinical
observational studies, randomized clinical trials (RCTs), and
population surveys]. Cross-sectional studies were excluded
due to uncertainty about the temporal sequence of exposure
and outcome [19], as were laboratory studies, reviews, study
protocols, case reports, conference abstracts, and articles not
written in English.

Due to the small number of eligible studies, we retained
studies regardless of their definition of never-smoking,
i.e., either “true” never-smoking (i.e., never smoked even a
puff in one’s lifetime) or never-established smoking (< 100
cigarettes/lifetime); see Limitations. Additionally, some
studies were retained which analyzed people who currently
or formerly smoke but which analyzed data in a way that
allowed an approximate estimation of the effect among
PWNS.

First, titles and abstracts of all search results were
screened independently by two reviewers (GRMLR and GC),
and eligible or potentially eligible articles were reviewed in
full by three reviewers (AS, GRMLR, and GC) to determine
final eligibility. Disagreements were resolved through dis-
cussion, bringing in a fourth reviewer (AS, GRMLR, GC,
and RP). Some articles that lacked one of the criteria were
retained for discussion on a case-by-case basis if all review-
ers agreed they were nevertheless informative.

Critical appraisal was conducted through detailed reading
of the full text and focused on the following considerations:

(1) possible violations of the correct temporal sequence, e.g.,
if respiratory symptoms or conditions could have been pre-
sent from baseline and therefore co-occurred or preceded
EC use; (2) whether all relevant confounding factors were
included in the model (e.g., other non-cigarette combusti-
ble tobacco use); (3) possible sample size limitations; (4)
presence of sensitivity/supplementary analyses, and robust-
ness of findings across different analyses; (5) plausibility
of results in the model (e.g., whether available results align
with a dose-response effect and are larger for current EC
use than former-EC use); (6) how PWNS were handled in
the model (i.e., subgroup analysis or adjustment for smok-
ing status).

Results

After applying inclusion and exclusion criteria, a total of 12
studies were included (see Table 1; see Table 2 for excluded
studies). In this section, we provide only basic characteristics
and main findings of each study, and in Discussion provide
a more thorough summary of each paper along with an inte-
grated critical appraisal of each study.

Respiratory outcomes varied across studies: three stud-
ies analyzed self-reported asthma (incidence/onset of self-
reported asthma in Patel et al. [20], age of self-reported new
onset in Perez et al. [21], and self-reported prevalence and
past-year asthma attacks in To et al. [22]); two studies ana-
lyzed wheezing symptoms (self-reported past-year wheezing
in Sanchez-Romero et al. [23] and onset of self-reported
wheezing symptoms in Xie et al. [24]); four studies analyzed
an index of self-reported respiratory symptoms, some which
used cut-off values denoting functionally important symp-
toms (Karey et al. [25]; Reddy et al. [26]; Stevens et al. [27];
Sargent et al. [14]); one study analyzed any self-reported
respiratory diagnoses (COPD, chronic bronchitis, emphy-
sema, or asthma; Kenkel et al. [28]); one study analyzed lung
function (using expired biomarkers, spirometry tests, and
high-resolution computed tomography; Polosa et al. [29]);
and one study was a review and commentary on youth EC
use (Polosa et al. [30]). Seven studies focused on the general
adult population, two focused on young adults (ages 18-24),
and five (some of which also examined adults) focused on
youth. A total of 5 studies were identified for adults and 2
for young people. Table 3 presents the aggregate findings for
each of the above outcome categories, along with notable
limitations (discussed in detail in Discussion).

Seven studies reported no significant association between
baseline EC use and subsequent respiratory outcomes among
PWNS. Five reported at least one significant association, but in
four of these studies, this result was not robust across different
models presented (see Table 1). The majority of studies (n=9)
analyzed data from the Population Assessment of Tobacco and
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Table 2 Excluded studies and

reason for exclusion

Article

Truly longitudinal?

Investigates never-
smoking individu-
als?

Zavala-Arciniega et al. 2024, Res Square
https://doi.org/10.21203/rs.3.rs-3793149/v1
Delmas et al. 2024, Respir Med
https://doi.org/10.1016/j.rmed.2023.107496
Mukerjee et al. 2024, Am J Prev Med
https://doi.org/10.1016/j.amepre.2023.12.005
Cheney et al. 2023, Prev Med Rep
https://doi.org/10.1016/j.pmedr.2023.102473
Tackett et al. 2024, Thorax
https://doi.org/10.1136/thorax-2022-218670
Mattingly et al. 2023, Prev Med
10.1016/j.ypmed.2023.107512

Chaiton et al. 2024, Tob Induc Dis
https://doi.org/10.18332/tid/156839
Berlowitz et al. 2023, Am J Prev Med
https://doi.org/10.1016/j.amepre.2022.10.006
Cordova et al. 2022, Prev Med Rep
https://doi.org/10.1016/j.pmedr.2022.102016

Dai et al. 2020, NTR
https://doi.org/10.1093/ntr/ntaal 80

Tackett et al. 2020, JAMA Netw Open

YES NO?
NO YES
YES NO?
NO® NO?
YES NO?
YES NO?
NO YES
YES NO?
YES NO*
YES NO?
YES NO?

https://doi.org/10.1001/jamanetworkopen.2020.20671

Bhatta and Glantz 2020, Am J Prev Med YES NO?
https://doi.org/10.1016/j.amepre.2019.07.028

4Study only examined current vs. non-current smoking and thus combines former and never-smokers

®While some of the analyses were truly longitudinal, they were in the reverse direction of the research
question (i.e., asthma predicting later cigarette and e-cigarette use)

Health (PATH), a nationally representative longitudinal US
survey of youth and adults. With one exception (Polosa et al.
[29]; see Discussion), none of the studies provided detailed
EC device characteristics (e.g., nicotine concentration, flavor,
or device type).

Discussion

We identified 12 relevant studies examining the associa-
tion between EC use and subsequent respiratory outcomes
among PWNS. Here, we discuss each paper’s findings in
detail and critically appraise the strengths and weaknesses of
each study, organized first by main finding (whether or not a
significant association between EC use and respiratory out-
come was found in at least one study) and next by age group.

Studies reporting no association: summary
and critical appraisal

Adults

In adults, a 2-year study by Karey et al. [25] and a simi-
lar timeframe study by Reddy et al. [26] both found no

significant association between baseline EC use and the
development of functionally important respiratory symp-
toms (using a 7-item index of symptoms, with a cutoff of
a mean score of 24+ on a 0-9 scale) in adults who never
smoked. Both studies analyzed consecutive waves of the
longitudinal Population Assessment on Tobacco and Health
(PATH) survey in adults.

A limitation of existing (predominantly cross-sec-
tional) studies of e-cigarette use and health outcomes is
bias due to the presence of participants whose respira-
tory symptoms preceded EC use [19]. To overcome this
limitation, both Karey et al. [25] and Reddy et al. [26]
excluded participants who already had a diagnosis of res-
piratory disease [25] or respiratory symptoms [26] at the
baseline wave. This is a notable strength of both studies
as it ensures the correct temporal sequence to examine
whether e-cigarettes have a causal effect on the develop-
ment of respiratory symptoms. An additional strength of
Karey et al. [25] was to stratify by cigarette status (current,
former, or never) which allowed an examination of respira-
tory symptoms uniquely associated with e-cigarette use
(i.e., among never-smokers, whose respiratory symptoms
cannot be attributed to smoking history). Reddy et al. [26]
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https://doi.org/10.1136/thorax-2022-218670
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on the other hand, only examined current e-cigarette use,
without accounting for prior smoking history: had there
been a significant association between e-cigarette use and
onset of respiratory symptoms, it could be due to prior
cigarette smoking, in which case adjusting for pack-years
would be necessary (though not necessarily sufficient) to
account for this [14].

Limitations still apply to both Karey et al. [25] and Reddy
et al. [26] due to the nature of observational data. Specifi-
cally, there may be spurious associations due to other fac-
tors that were unadjusted for: for example, Karey et al. [25]
showed that among adults who formerly smoked, former EC,
but not current EC use, was associated with higher odds of
developing respiratory symptoms. Since it is not biologi-
cally plausible that former-EC use could have a causal effect,
while current use does not, this likely indicates the influence
of additional confounding factors. Additionally, since there
were few never-smoking adults who used ECs, the ability to
detect significant associations with respiratory symptoms
may have been limited, calling for future research to seek
out larger samples of adults who use ECs but never-smoked
cigarettes. Overall, nevertheless, these findings lack clear
evidence for moderate or severe respiratory risks of EC use
over the medium term among never-smoking adults.

Similarly, Sargent et al. [14] analyzed adult PATH par-
ticipants without a diagnosis of COPD at the baseline wave
and found no significant differences in the prevalence of
respiratory symptoms at the follow-up wave between adults
who exclusively used ECs vs. did not use ECs at baseline.
(This same study did, however, find significant associations
between EC use and changes in respiratory symptoms—
both worsening and improvement; see section below.)
Similarly to the studies above, a notable strength of this
study is including only participants without baseline diag-
noses of respiratory disease, ensuring the correct temporal
sequence for examining the possible effects of e-cigarette
use. A limitation of this analysis [14] is that Sargent et al.
did not run a dedicated analysis containing solely never-
smoking adults, but rather statistically adjusted for smoking
status (i.e., had smoking status as a control variable, using
never-smoking as the reference group). In the context of a
multivariate regression, each estimate is interpreted as the
change in that variable with all other variables in the model
held constant: i.e., the odds ratio for EC use should reflect
the effect of exclusive EC use regardless of whether a par-
ticipant never, formerly, or currently smoked (provided that
all model assumptions are met). However, there still may be
some bias (toward a positive association) from including all
smoking status groups in the same model, especially if there
is an unaccounted-for interactive effect between EC use and
smoking history (such that those with longer smoking his-
tories have higher health risks) which could falsely appear
to carry over to PWNS.

A study by Kenkel et al. [28] conducted a replication
and extension of a prior cross-sectional study by Bhatta and
Glantz [31], the latter of which reported that EC use was
associated with significantly higher odds of developing res-
piratory symptoms among adults in PATH, despite exclud-
ing those who already had respiratory disease at baseline.
However, Kenkel et al. [28] noted that in Bhatta and Glantz’s
analysis [31], the majority of EC users currently or formerly
smoked: only 12 participants out of 17,601 used ECs but had
never smoked cigarettes, and none of these 12 developed res-
piratory symptoms in the PATH waves examined. Since this
group was too small for a formal statistical analysis, Kenkel
et al. [28] instead replicated Bhatta and Glantz’s analysis
[31] but examined categories of e-cigarette and cigarette
use. Results showed no evidence of respiratory disease over
a 3-year period in never-smoking adults who used ECs.
Further, among adults who formerly and currently smoked,
there was no marginal independent association between EC
use and respiratory outcomes over and above smoking sta-
tus, which is consistent with Sargent et al.’s conclusion [14]
that cigarette smoking largely explains onset of respiratory
symptoms, with no additional risk introduced by ECs. Limi-
tations also apply to Kenkel et al.’s analysis, however, due
to the observational nature of the data and the small sample
size of adults who used ECs but never smoked (N=12) [28].
These studies collectively indicate that while some individu-
als who use ECs may experience mild respiratory symptoms,
evidence is lacking for an overall medium-term impact of
ECs on lung health in the absence of an established smok-
ing history.

Stevens et al. [27] examined e-cigarette use and respira-
tory symptoms among youth in PATH Waves 3-4. They
focused on youth without asthma at baseline, which is a
strength of the study as it excludes youth who may have
pre-existing respiratory symptoms due to asthma. Stevens
et al. [27] found that youth who exclusively used ECs at
baseline did not have significantly higher odds of reporting
functionally important (cutoff of 2 on a 0-9 scale) respira-
tory symptoms (7-item scale related to wheezing). This was
true regardless of combustible tobacco history (i.e., there
was no significant association specifically among never-
smoking youth).

Similarly, a 3.5-year prospective observational study of
daily ECs’ users without a history of smoking by Polosa
et al. [29] found no significant alterations in lung function,
respiratory symptoms, or exhaled breath nitric oxide (eNO),
and no structural abnormalities in high-resolution computed
tomography (HRCT) scans. However, the study faced limi-
tations, such as a small sample size, which diminished its
power to detect abnormalities or significant changes over
time, the potential for selection bias (as the study may have
disproportionately included healthier e-cigarette users), and
a medium-term follow-up duration. This was the only study
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in the current review to collect EC device characteristics;
6/9 EC users used e-liquid containing nicotine (0.9-1.8%
strength), with the strength declining over the course of the
study; most (7/9) used tobacco-flavored e-liquid; and there
was a range of device type (advanced or standard refillable).
Sanchez-Romero et al. [23] analyzed wheezing symp-
toms specifically in the longitudinal PATH survey, and
found that never-smoking adults who used ECs at baseline
had no increase in subsequent wheezing risk over a 5-year
period in the US. In contrast, adults who exclusively smoked
or dual used at baseline had significantly higher odds of
subsequently developing wheezing symptoms, as did adults
who formerly smoked and used ECs. However, these asso-
ciations are likely attributable to cigarette smoking history
rather than EC use, considering that there was no risk among
never-smoking adults who exclusively used ECs.

Youth and young adults

A review of EC use in young people also showed no clini-
cally significant lung symptoms or asthma triggers that are
uniquely attributable to e-cigarette use [30]. Instead, the pre-
vious reports of significant respiratory symptoms in young
people who use ECs are more likely explained by priori
cigarette smoking history, consistent with the conclusions
of Sargent et al. [14] and Kenkel et al. [28] in adults. Alter-
natively, the association could be due to confounding with
the other conditions that may have preceded EC initiation
[19]—especially in the case of outcomes related to asthma,
which is often diagnosed in childhood [30]. The only res-
piratory symptom uniquely and consistently associated with
EC use in this review is cough, but this may be a transient
effect of respiratory irritation, and does not seem to progress
into clinically significant lung disease [30].

Several other studies showed that youth who exclusively
use ECs, unlike those who exclusively use cigarettes or dual
use, are no more likely than non-users to develop asthma,
including Patel et al. [20] and Perez et al. [21]. Like above,
these two analyses focused on youth without an asthma diag-
nosis at baseline, to rule out cases where asthma preceded
EC use. Similar to the studies on adults, any association with
respiratory conditions seems to be primarily driven by ciga-
rette smoking, with no significant evidence that exclusive
EC use is associated with developing asthma.

Studies reporting a significant association:
summary and critical appraisal

Despite the studies above being reassuring in lacking statisti-
cally significant evidence of respiratory outcomes of EC use
by both youth and adults who never smoked, other studies
have reported mixed outcomes indicating possible respira-
tory risks following EC use. For example, in an analysis of
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PATH longitudinal data among both youth and adults, Perez
et al. [21] reported that among adults who never smoked
at baseline and did not have asthma or COPD, those who
used ECs at baseline were significantly more likely to subse-
quently develop asthma at an earlier age than those who did
not use EC. (Perez et al. did not find a significant association
among youth, but imply that there could be a true associa-
tion that was not detected due to low statistical power [21]).
However, it is likely that this apparent association between
baseline EC use and earlier age of asthma onset among
adults is nevertheless confounded by combustible tobacco
use: not only did Perez et al. [21] include participants who
used other tobacco products at baseline, but they included
participants who subsequently initiated cigarette smoking
after baseline. In fact, Perez et al.’s own supplementary
analyses showed that when subsetting further to participants
who never-smoked cigarettes and did not use other tobacco
products, baseline EC use was no longer significantly associ-
ated with age of asthma onset [21]. Therefore, though Perez
et al. conclude that EC use is associated with age of asthma
onset [21], in our judgment, this may be a false-positive
due to unaccounted-for confounding by other combustible
tobacco use.

To et al. [22] published another study reporting a pos-
sible link between EC use and asthma outcomes, using the
Canadian Community Health Survey with linkage to health
administrative data at a later timepoint. Analyses showed
that EC use was not significantly associated with prevalence
of asthma, nor (as clarified by a recent erratum) past-year
asthma attacks among participants with asthma, but Annals
ATS [39] there was a significant interaction between EC use
and sex in the analysis of past-year asthma attacks among
participants with asthma (OR=2.30, 95% CI 1.29-4.12 for
females who used ECs vs. males who did not). However,
this association appears to be entirely explained by the sex
difference alone [i.e., the comparison of female vs. male
EC users showed an identical association (OR=2.29, 95%
CI 1.57-3.35)] as pointed out by post-publication criticism
[40]. While it is possible that EC use may be associated with
asthma control among adults who already have asthma, we
consider this to be an unreliable result due to confounding
by sex. Finally, like Sargent et al. [14], To et al. [22] adjusted
for smoking status (i.e., by including it as a covariate, with
never-smoking as the reference group) rather than conduct-
ing a dedicated analysis to PWNS. While the estimates of
EC use should approximately apply to never-smoking adults,
there is the possibility that including formerly and currently
smoking adults in the model could bias the results toward
the positive.

While Sargent et al. [14] as noted above did not find EC
use to be significantly associated with prevalence of func-
tionally important respiratory symptoms (as noted in the sec-
tion above), they did find exclusive EC use to be associated
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with worsening of functionally important respiratory symp-
toms in some analyses, though it depended on the exact cut-
off used to denote “functionally-important” (i.e.,2 vs 3 on a
9-point scale) [14]. However, an opposing association was
also found: exclusive EC use was associated with signifi-
cantly higher odds of symptom improvement when using
the higher cutoff (i.e., 3). It is not clear how to reconcile
these apparently contradictory findings, but if they reflect
true causal associations, it is possible that EC use could
have opposing effects for different groups of people, pos-
sibly depending on their initial symptom severity. However,
we note again the possible bias from including adults who
formerly and currently smoked in the analysis, rather than
conducting a focused analysis of only PWNS. For example,
EC use by PWNS could explain why EC use is associated
with worsening symptoms, while EC use by people who
switched away from smoking could explain why EC use is
also associated with symptom improvement.

Finally, Xie et al. analyzed the onset of respiratory symp-
toms among young adults (ages 18-24) without respiratory
disease or respiratory symptoms at baseline in PATH Waves
2-5. Analyses stratified the associations between EC and
respiratory symptoms by combustible smoking status and
showed that EC use was associated with significantly higher
odds of developing respiratory symptoms among all smok-
ing history groups: though the odds ratios of EC use were
attenuated among never-smoking youth, they remained sta-
tistically significant. Notably, this is the only study of the
12 identified that reported a significant association that was
robust across models. This may reflect a true association
between EC use and coughing/wheezing; however, there is
still possible confounding by other combustible tobacco use.
While the analyses adjusted for the use of other tobacco
products including cigars, cigarillos, and other combustible
tobacco, the adjustment was done based on current use, and
did not distinguish between former and ever use of other
combustible tobacco products. Thus, it is not clear whether,
or to what extent, the association between EC use and onset
of coughing/wheezing may be due to prior use of combusti-
ble tobacco. However, the odds ratios associated with these
were modest compared to that of EC use, suggesting that
EC use may pose increased risk for coughing and wheezing
among never-smoking young adults.

Limitations

Existing evidence is sparse, likely owing to the low preva-
lence of EC use among PWNS. As a result, we included
a range of respiratory outcomes, and evidence on a given
respiratory disease was limited. Similarly, we included dif-
ferent definitions of “never-smoking,” but never-established
use can include those with nontrivial levels of tobacco use
and experimentation [32, 33], which could confound the

association between EC use and respiratory outcomes. More
generally, as these are all observational studies, causality
cannot be established, and there may be unaccounted-for
confounding. The non-significant findings also indicate the
absence of evidence, as none of these studies assessed evi-
dence of absence. Collectively, the studies were primarily
US-centric, as many used the same PATH dataset. Finally,
no studies examined detailed measures of EC use (frequency,
duration, or device characteristics).

Summary and implications

Opverall, the 12 studies in this narrative review show, at best,
a lack of evidence for a statistically significant association
between EC use and respiratory risks, and at worst, an asso-
ciation with mild respiratory symptoms (coughing or wheez-
ing). Of the five studies that did report at least one significant
association, four showed the association to be tenuous and
variable across different models, while only one showed it to
be robust. In some studies presenting variable findings, the
analyses showing a positive association may be biased (i.e.,
false positive) due to unaccounted-for confounding [21, 22],
while others suggest that the association might depend on
how strictly the outcome is defined (i.e., cutoff for functional
importance) [14]. Collectively, these findings suggest that
ECs may pose some mild respiratory risks, but it is unclear
whether this is clinically significant. In comparison to com-
bustible cigarettes, ECs are therefore likely to pose much
lower respiratory risks. However, it is important to keep in
mind key limitations, namely that the evidence available is
primarily specific to the US population and may not general-
ize to other populations, and that the small sample size of
PWNS who use ECs introduces uncertainty into these results
and may fail to detect some significant associations.

While this narrative review focuses on PWNS, these
findings—thought they are tenuous and based on limited
evidence—could tentatively generalize to other groups,
including people who currently and formerly smoke, as they
estimate potential unique effects of exclusive EC use. For
example, people who currently smoke are already facing
much more severe respiratory risks from cigarette smok-
ing, and the possible harms of adopting ECs (i.e., dual or
even synergistic exposures) may be outweighed by the pos-
sible benefits (i.e., discontinuing EC use entirely [7], or
substantially reducing cigarette consumption [34]). Addi-
tionally, former smokers who switched away from smok-
ing and now exclusively use ECs are likely to experience a
net benefit, having moved from a product that poses severe
respiratory risks to one that may pose only mild risks. On
the other hand, PWNS and use ECs may experience a net
risk. However, this depends on the counterfactual of what
the person would have done otherwise: if they would have
remained nicotine-naive, this represents a net harm that must
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be factored in to the total population health impact; but if
they would have smoked cigarettes and were diverted by
ECs [35], they may experience a similar benefit as former
smokers. These competing pathways and possible costs vs.
benefits must be continuously re-evaluated as new evidence
on possible health risks of EC emerges.

Recommendations for future research

Together, the above narrative review identified relatively few
studies that have focused on PWNS to examine the question
of whether EC use itself poses respiratory health risks. This
is an under-studied population which is especially informa-
tive for this question, as focusing on this population avoids
confounding by cigarette smoking history that plagues most
research on this question.

This evidence gap motivates more rigorous research on
this question, using prospective studies and larger samples
of PWNS. Since current samples have low prevalence of EC
use among PWNS, some of the existing studies reviewed
here may have insufficient statistical power, particularly
when thoroughly adjusting for confounding factors, and
may have therefore missed true significant associations.
Thus, future research may benefit from dedicated samples of
PWNS who use ECs, rather than relying on the small preva-
lence of this group in more general samples. Provided suf-
ficient sample sizes can be obtained, future research should
also more thoroughly adjust for confounding factors and
pre-existing conditions that could influence the association.
The body of research would also be strengthened by studies
focusing on trajectories of symptoms or disease severity over
time among participants with respiratory conditions. Finally,
given that several papers in this review reported a tenuous
or ambiguous association whose significance depended on
model specification, we recommend that future papers pre-
sent several sensitivity analyses to allow an evaluation of
robustness.

As an immediate next step, a sister publication [36]
will pursue a formal systematic review that draws on the
insights obtained by the current narrative review and criti-
cal appraisal. Additionally, we have recently published our
findings from a dedicated sample of never-smoking adults on
this topic: the Vaping Effects: Real-World International Sur-
veillance (VERITAS) Study [37], a global sample of adults
without a history of established smoking. Our recent analy-
sis of respiratory symptoms showed that the vast majority
of both the vaping and control cohorts “rarely” or “never”
experienced respiratory symptoms; those who vaped had
statistically significantly — but not clinically significantly
— more frequent respiratory symptoms [38]. These findings
align with the current findings, but we plan to continue this
work to examine longer follow-up periods. The VERITAS
project will substantially add to the existing evidence by
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comparing respiratory symptoms among a large sample of
never-smoking adults who use vs. do not use ECs.

Conclusions

We provide a narrative review documenting the evidence
assessing possible respiratory risks associated uniquely
with EC use among PWNS. Overall, evidence is lacking
for moderate-to-severe respiratory risks associated with EC
use, but there was a tenuous association with mild symptoms
that was not robust across models and may be due, in part,
to unaccounted-for confounding. While ECs are not com-
pletely risk-free, evidence to date suggests that shifting away
from combustible tobacco toward ECs could have an overall
positive impact on respiratory health of the population. This
evidence also alleviates concerns about moderate-to-severe
absolute respiratory risks associated with long-term EC use
by people who switched completely away from smoking.
Healthcare providers should encourage people who smoke
and are unlikely to quit using other methods to switch com-
pletely to ECs and regulation should be risk-proportionate
to incentivize people moving down the continuum of harm.
However, this evidence is limited and imprecise and is over-
reliant on US samples. Additional research on possible
health harms associated with EC use by PWNS, especially
with larger samples, longer follow-ups, and more thorough
control for confounding factors, is essential for understand-
ing the population health impacts of ECs.

Funding Open access funding provided by Universita degli Studi di
Catania within the CRUI-CARE Agreement. The author(s) received no
financial support for this article with the exception of the contribution
from Department of Clinical and Experimental Medicine at the Uni-
versity of Catania to cover publication fees (UPB 6C725202048/2024).

Data availability All data generated or analysed during this study are
included in this published article and its supplementary information
files.

Declarations

Conflicts of interest LS declares no conflict. GC declares no con-
flict. JBM has received honoraria for speaking and financial support
to attend meetings/advisory boards from Wyeth, Chiesi, Pfizer, MSD,
Boehringer Ingelheim, Teva, GSK/Allen & Hanburys, Napp, Almirall,
AstraZeneca, Trudell, Cook Medical, Medela AG and Novartis. He has
been an expert witness in a court case relating to the impact of smoking
on illness severity, ITU admissions, and mortality from COVID-19 in
South Africa in 2020. The entire proceeds of the work were donated
to a number of charitable organizations. AS is an employee of Pinney
Associates Inc (PA). Since October 2019, PA has been and continues
to consult to Juul Labs Inc (JLI) on nicotine vapor products to advance
tobacco harm reduction. In addition, as of October 2024, Pinney As-
sociates consults to Philip Morris International (PMI) solely on US
regulatory pathways for non-combustible, non-tobacco nicotine prod-
ucts. PA does not consult on combustible tobacco products. AS also



Internal and Emergency Medicine (2025) 20:667-680

679

individually provides consulting services on behavioral science to the
Center of Excellence for the Acceleration of Harm Reduction (CoE-
HAR) through ECLAT Srl., which received funding from the Founda-
tion for a Smokefree World (FSFW; now the Global Action to End
Smoking (GAES). Neither JLI nor PMI had no role in, or oversight,
of this study. GRMLR is currently a research fellow at the Univer-
sity of Catania. She declares no conflict of interest. RP is full tenured
professor of Internal Medicine at the University of Catania (Italy) and
Medical Director of the Institute for Internal Medicine at the same
University. He has received the following EU and governmental com-
petitive grants: U-BIOPRED, AIR-PROM, Integral Rheumatology &
Immunology Specialists Network (IRIS), Ministero dell’Universita e
della Ricerca (MUR) PNRR 3277/2021, PNRR 341/2022, and PNRR
411/2021 funded by NextGenerationEU of the European Commission.
He has also received investigator-initiated grants from Foundation for a
Smoke-Free World, Pfizer, GlaxoSmithKline, CV Therapeutics, Neu-
roSearch A/S, Sandoz, Merk Sharp & Dohme, Boehringer Ingelheim,
Novartis, Arbi Group Srl., Duska Therapeutics, and Forest Laborato-
ries. He is the founder of the Center for Tobacco Prevention and Treat-
ment (CPCT) and of the Center of Excellence for the Acceleration of
Harm Reduction at Catania University. He has received consultancy
fees from Pfizer, Boehringer Ingelheim, Duska Therapeutics, Forest
Laboratories, CV Therapeutics, Sermo Inc., GRG Health, Clarivate
Analytics, Guidepoint Expert Network, and GLG Group. He receives
textbooks royalties from Elsevier and EDRA. He is also Chair of the
European Technical Committee for Standardization on “Requirements
and test methods for emissions of electronic cigarettes” (CEN/TC 437,
WG4) and scientific advisor of the non-profit Foundation RIDE2Med.

Research involving human participants and/or animals Not applicable.

Informed conse Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. National Academies of Sciences E, Medicine (2018) Public health
consequences of E-cigarettes. The National Academies Press, p
774

2. Nicotine vaping in England(2022) 2022 evidence update main
findings (Office for Health Improvement and Disparities (UK))

3. Toll BA, Smith TT, King BA (2024) Nicotine e-cigarettes: con-
siderations for healthcare providers. Nat Med. https://doi.org/10.
1038/541591-024-02926-7

4. Balfour DJK, Benowitz NL, Colby SM et al (2021) Balancing
consideration of the risks and benefits of E-cigarettes. Am J Pub-
lic Health 111(9):1661-1672. https://doi.org/10.2105/AJPH.2021.
306416

5. Nutt DJ, Phillips LD, Balfour D et al (2014) Estimating the harms
of nicotine-containing products using the MCDA approach. Eur
Addict Res 20(5):218-225. https://doi.org/10.1159/000360220

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Zeller M (2019) The future of nicotine regulation: key questions
and challenges. Nicotine Tob Res 21(3):331-332
Hartmann-Boyce J, Begh R, Lindson N et al (2022) Electronic
cigarettes and subsequent smoking in young people. Cochrane
Database Syst Rev 3:CD015170

Kim S (2024) New opportunities with ENDS for people who
smoke and do not intend to quit smoking. Int Emerg Med. https://
doi.org/10.1007/s11739-024-03677-6

Levy DT, Tam J, Sanchez-Romero LM et al (2021) Public health
implications of vaping in the USA: the smoking and vaping simu-
lation model. Popul Health Metr 19(1):19. https://doi.org/10.1186/
$12963-021-00250-7

Séanchez-Romero LM, Liber AC, Li Y et al (2023) The smok-
ing and vaping model, A user-friendly model for examining
the country-specific impact of nicotine VAPING product use:
application to Germany. BMC Public Health 23(1):2299. https://
doi.org/10.1186/s12889-023-17152-y

Selya AS (2021) Reducing the smoking-related health burden
in the USA through diversion to electronic cigarettes: a system
dynamics simulation study. Harm Reduct J 18(1):1-15

Levy DT, Gartner C, Liber AC et al (2023) The Australia smok-
ing and vaping model: the potential impact of increasing access
to nicotine vaping products. Nicotine Tob Res 25(3):486—497.
https://doi.org/10.1093/ntr/ntac210

Wissmann R, Zhan C, D’Amica K, Prakash S, Xu Y (2021)
Modeling the population health impact of ENDS in the US. Am
J Health Behav 45(3):588-610. https://doi.org/10.5993/AJHB.
45.3.12

Sargent JD, Halenar MJ, Edwards KC et al (2022) Tobacco
use and respiratory symptoms among adults: findings from the
longitudinal Population Assessment of Tobacco and Health
(PATH) study 2014-2016. Nicotine Tob Res 24(10):1607-1618.
https://doi.org/10.1093/ntr/ntac080

Cook SF, Hirschtick JL, Fleischer NL et al (2023) Ciga-
rettes, ENDS use, and chronic obstructive pulmonary disease
incidence: a prospective longitudinal study. Am J Prev Med
65(2):173-181. https://doi.org/10.1016/j.amepre.2023.01.038
Erhabor J, Boakye E, Obisesan O et al (2023) E-cigarette use
among US Adults in the 2021 behavioral risk factor surveillance
system survey. JAMA Netw Open 6(11):e2340859-e2340859
Action on Smoking and Health (ASH) (2024) Use of vapes
(e-cigarettes) among adults in Great Britain. https://ash.org.uk/
resources/view/use-of-e-cigarettes-among-adults-in-great-brita
in

Sreeramareddy CT, Manoharan A (2022) Awareness about and
E-cigarette use among adults in 15 low- and middle-income coun-
tries, 2014-2018 estimates from global adult tobacco surveys.
Nicotine Tob Res 24(7):1095-1103. https://doi.org/10.1093/ntr/
ntab269

Rodu B, Plurphanswat N (2023) Cross-sectional e-cigarette stud-
ies are unreliable without timing of exposure and disease diagno-
sis. Intern Emerg Med 18(1):319-323. https://doi.org/10.1007/
s11739-022-03141-3

Patel A, Cook S, Mattingly DT et al (2023) Longitudinal associa-
tion between exclusive and dual use of cigarettes and electronic
nicotine delivery systems and asthma among US adolescents. J
Adolesc Health 73(3):437-444

Perez A, Valencia S, Jani PP, Harrell MB (2024) Use of electronic
nicotine delivery systems and age of asthma onset among US
adults and youths. JAMA Netw Open 7(5):¢2410740. https://doi.
org/10.1001/jamanetworkopen.2024.10740

To T, Borkhoff CM, Chow C-W et al (2023) Vaping and health
service use: a Canadian Health Survey and Health Administrative
Data Study. Ann Am Thorac Soc 20(6):815-824
Sanchez-Romero LM, Bondarenko I, Knoll M et al (2023) Assess-
ment of electronic nicotine delivery systems with cigarette use and

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41591-024-02926-7
https://doi.org/10.1038/s41591-024-02926-7
https://doi.org/10.2105/AJPH.2021.306416
https://doi.org/10.2105/AJPH.2021.306416
https://doi.org/10.1159/000360220
https://doi.org/10.1007/s11739-024-03677-6
https://doi.org/10.1007/s11739-024-03677-6
https://doi.org/10.1186/s12963-021-00250-7
https://doi.org/10.1186/s12963-021-00250-7
https://doi.org/10.1186/s12889-023-17152-y
https://doi.org/10.1186/s12889-023-17152-y
https://doi.org/10.1093/ntr/ntac210
https://doi.org/10.5993/AJHB.45.3.12
https://doi.org/10.5993/AJHB.45.3.12
https://doi.org/10.1093/ntr/ntac080
https://doi.org/10.1016/j.amepre.2023.01.038
https://ash.org.uk/resources/view/use-of-e-cigarettes-among-adults-in-great-britain
https://ash.org.uk/resources/view/use-of-e-cigarettes-among-adults-in-great-britain
https://ash.org.uk/resources/view/use-of-e-cigarettes-among-adults-in-great-britain
https://doi.org/10.1093/ntr/ntab269
https://doi.org/10.1093/ntr/ntab269
https://doi.org/10.1007/s11739-022-03141-3
https://doi.org/10.1007/s11739-022-03141-3
https://doi.org/10.1001/jamanetworkopen.2024.10740
https://doi.org/10.1001/jamanetworkopen.2024.10740

680

Internal and Emergency Medicine (2025) 20:667-680

24.

25.

26.

217.

28.

29.

30.

31.

32.

self-reported wheezing in the US adult population. JAMA Netw
Open 6(4):€236247. https://doi.org/10.1001/jamanetworkopen.
2023.6247

Xie W, Tackett AP, Berlowitz JB et al (2022) Association of elec-
tronic cigarette use with respiratory symptom development among
US young adults. Am J Respir Crit Care Med 205(11):1320-1329
Karey E, Xu S, He P et al (2024) Longitudinal association between
e-cigarette use and respiratory symptoms among US adults: find-
ings from the Population Assessment of Tobacco and Health
Study Waves 4-5. PLoS ONE 19(2):e0299834

Reddy KP, Schwamm E, Kalkhoran S, Noubary F, Walensky RP,
Rigotti NA (2021) Respiratory symptom incidence among people
using electronic cigarettes, combustible tobacco, or both. Am J
Respir Crit Care Med 204(2):231-234

Stevens ER, Xu S, Niaura R et al (2022) Youth E-cigarette use
and functionally important respiratory symptoms: the Population
Assessment of Tobacco and Health (PATH) study waves 3 and
4. Int J Environ Res Public Health. https://doi.org/10.3390/ijerp
h192215324

Kenkel DS, Mathios AD, Wang H (2020) E-cigarettes and respira-
tory disease: a replication, extension, and future directions. Vol.
27507. NBER Working Paper

Polosa R, Cibella F, Caponnetto P et al (2017) Health impact of
E-cigarettes: a prospective 3.5-year study of regular daily users
who have never smoked. Sci Rep 7(1):13825

Polosa R, Casale TB, Tashkin DP (2022) A close look at vaping in
adolescents and young adults in the United States. J Allergy Clin
Immunol Pract 10(11):2831-2842. https://doi.org/10.1016/].jaip.
2022.06.005

Bhatta DN, Glantz SA (2020) Association of e-cigarette use with
respiratory disease among adults: a longitudinal analysis. Am J
Prev Med 58(2):182-190

Klemperer EM, Hughes JR, Callas PW, West JC, Villanti AC
(2021) Tobacco and nicotine use among US adult “never smokers”
in wave 4 (2016-2018) of the Population Assessment of Tobacco
and Health Study. Nicotine Tob Res 23(7):1199-1207. https://doi.
org/10.1093/ntr/ntab009

@ Springer

33.

34.

35.

36.

37.

38.

39.

40.

Bondy SJ, Victor JC, Diemert LM (2009) Origin and use of the
100 cigarette criterion in tobacco surveys. Tob Control 18(4):317-
323. https://doi.org/10.1136/tc.2008.027276

Selya AS, Shiffman S, Greenberg M, Augustson EM (2021) Dual
use of cigarettes and JUUL: trajectory and cigarette consumption.
Am J Health Behav // 45(3):464-485. https://doi.org/10.5993/
AJHB.45.3.5

Selya AS, Foxon F (2021) Trends in electronic cigarette use and
conventional smoking: quantifying a possible ‘diversion’ effect
among US adolescents. Addiction 116(7):1848—1858. https://doi.
org/10.1111/add.15385

Caci G, Selya A, La Rosa GRM, Spicuzza L, Morjaria JB, Polosa
R (2025) Respiratory effects of electronic cigarette use in individ-
uals who never smoked: A systematic review. Clinical Medicine,
in press

Zamora Goicoechea J, Boughner A, Cirion Lee JJ et al (2024) A
global health survey of people who vape but never smoked: pro-
tocol for the VERITAS (Vaping Effects: Real-World International
Surveillance) Study. JMIR Res Protoc. 13:¢54236. https://doi.org/
10.2196/54236

Goicoechea JZ, Boughner A, Lee JIC et al (2024) Respiratory
symptoms among e-cigarette users without an established smok-
ing history in the VERITAS cohort. Sci Rep 14(1):28549. https://
doi.org/10.1038/341598-024-80221-8

Annals ATS (2025) Erratum: Vaping and health service use: A
Canadian health survey and health administrative data study. Ann
Am Thoracic Soc. https://doi.org/10.1513/AnnalsATS.22i2Erratu
ml.

Bates C (2025) The authors' correction to this paper is incom-
plete and obscures a valuable finding. PubPeer.https://pubpeer.
com/publications/073593D85C242F942 A6859CCFE70D0#1

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1001/jamanetworkopen.2023.6247
https://doi.org/10.1001/jamanetworkopen.2023.6247
https://doi.org/10.3390/ijerph192215324
https://doi.org/10.3390/ijerph192215324
https://doi.org/10.1016/j.jaip.2022.06.005
https://doi.org/10.1016/j.jaip.2022.06.005
https://doi.org/10.1093/ntr/ntab009
https://doi.org/10.1093/ntr/ntab009
https://doi.org/10.1136/tc.2008.027276
https://doi.org/10.5993/AJHB.45.3.5
https://doi.org/10.5993/AJHB.45.3.5
https://doi.org/10.1111/add.15385
https://doi.org/10.1111/add.15385
https://doi.org/10.2196/54236
https://doi.org/10.2196/54236
https://doi.org/10.1038/s41598-024-80221-8
https://doi.org/10.1038/s41598-024-80221-8
https://doi.org/10.1513/AnnalsATS.22i2Erratum1
https://doi.org/10.1513/AnnalsATS.22i2Erratum1
https://pubpeer.com/publications/073593D85C242F942A6859CCFE70D0#1
https://pubpeer.com/publications/073593D85C242F942A6859CCFE70D0#1

	Association between electronic cigarette use and respiratory outcomes among people with no established smoking history: a comprehensive review and critical appraisal
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Studies reporting no association: summary and critical appraisal
	Adults
	Youth and young adults

	Studies reporting a significant association: summary and critical appraisal
	Limitations
	Summary and implications
	Recommendations for future research

	Conclusions
	References




