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a b s t r a c t 

Current evidence on whether electronic cigarettes (ECs) pose respiratory risks is unclear, due to confounding by 

cigarette smoking; evidence among never-smoking individuals is needed. Following a narrative review and crit- 

ical appraisal, a systematic review assessed possible respiratory outcomes prospectively associated with EC use 

among individuals who never smoked. Bias risk was evaluated using a Joanna Briggs Institute tool. Ten eligible 

studies examined outcomes of self-reported respiratory diagnosis, symptoms and lung function. Eight examined 

adults and three examined youth (with overlap). Overall, seven studies showed no significant association between 

respiratory outcomes and EC use among never-smoking individuals ( P > 0.05). Evidence for coughing and wheez- 

ing symptoms varied by model specification. Overall, EC use by never-smoking individuals is not associated with 

risk of severe respiratory outcomes, but may be associated with mild coughing/wheezing. Further research is 

needed using larger samples, long-term follow-ups ( > 5 years), and information on detailed patterns of EC use. 
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Key practice implications 

Exclusive use of electronic cigarettes does not appear to be asso- 
ciated with severe respiratory risks, but may pose a risk of mild 
coughing and wheezing. E-cigarettes should be considered as a 
harm reduction tool among adults who smoke and are unlikely to 
quit. 

ntroduction 

Electronic cigarettes (ECs) are increasingly used for smoking cessa-

ion and harm reduction among adults who smoke, 1–3 as they mimic

he smoking experience without the production of harmful combus-
Abbreviations: AHR, adjusted hazard rate; AOR, adjusted odds ratio; ARR, adjus

isease; EC, electronic cigarette; HRCT, high-resolution computed tomography; PATH

omparator outcomes; PRISMA, Preferred Reported Items for Systematic Reviews and

ffects-Real-World International Surveillance Study. 
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ion or smoke. 4 , 5 While ECs produce significantly lower exposures to

armful substances than tobacco cigarettes 6–8 and are associated with

ower nicotine dependence levels, 9 , 10 concerns remain about depen-

ence 11 and health effects resulting from long-term EC use, 12 espe-

ially by youth and tobacco-naïve individuals. EC toxicity likely varies

y product-specific characteristics, including flavourings, though again,

eing non-combustible products, ECs are categorically less toxic. 12 , 13 

While data are not yet available for health outcomes requiring long-

erm cumulative exposures (eg ∼30 years for lung cancer), respiratory

utcomes can plausibly develop over short- to medium-term durations

considered here as ∼1–5 years). Previous systematic and/or scoping

eviews have reported that EC use is associated with lower toxic expo-

ures than cigarettes 11 , 13–15 but that there are some risks of respiratory

rritation, 15 mild adverse events 11 and acute respiratory changes. 13 , 14 
ted risk ratio; CI, confidence interval; COPD, chronic obstructive pulmonary 

, Population Assessment of Tobacco and Health; PICO, population intervention 

 Meta-Analyses; RCT, randomised controlled trial; VERITAS Study, the Vaping 
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owever, none of these previous reviews robustly accounted for the con-

ounding effect of prior cigarette smoking or focused specifically on in-

ividuals without an established smoking history. Further, the acute res-

iratory effects have unknown clinical significance, making the unique,

linical respiratory effects of ECs unclear from existing reviews. 

Focusing on individuals without established smoking habits (’never-

moking’), therefore, is particularly informative for examining possible

espiratory risks unique to EC use, as it avoids confounding by cigarette

moking history. However, EC use by never-smoking individuals is rela-

ively rare. 16–19 Although the proportion of EC users who are smoking-

aïve appears to be increasing as population-level nicotine consumption

hifts from smoking to vaping, especially among younger age groups, 20 

his group nevertheless contributes very little to the evidence base at

resent. Accordingly, our group previously performed a narrative re-

iew and critical appraisal focusing on evidence among never-smoking

dolescents and adults, 21 concluding that there is some evidence of

oughing or wheezing symptoms but that EC use is unlikely to pose

ignificant or clinically meaningful respiratory harms over the medium

erm. However, these studies had important limitations, including an

ver-representation of US data (especially from the Population Assess-

ent of Tobacco and Health (PATH)), inadequate controls for confound-

ng (eg other combustible tobacco use), and limited follow-up durations.

Here, we extend this prior narrative review 

21 through a formal sys-

ematic review aimed at synthesising existing evidence on possible respi-

atory outcomes prospectively associated with EC use in never-smoking

ndividuals. Due to the small number of qualifying studies, we consid-

red all available respiratory outcomes (self-reported diagnoses, respi-

atory symptoms and lung function tests). 

aterial and methods 

each strategy and selection criteria 

This systematic review was reported following the Preferred Re-

orted Items for Systematic Reviews and Meta-analyses (PRISMA)

uidelines 22 and the protocol was registered a priori in PROSPERO

CRD42024554721). 

Our search used the following PICO (Population, Intervention, Com-

arator, Outcome) framework: P: Adults ( ≥ 18 years) and youth (12–

7 years) with no established use of combustible cigarettes (ie never-

moking 1 ); I: Current EC use; C: Non-current EC use (with former- vs.

ever-EC use combined or separate); O: Any self-reported or clinically-

alidated modification in respiratory function, including self-reported

iagnosis (eg prevalence or incidence/onset) of respiratory disease (eg

sthma); respiratory symptoms (prevalence, frequency or exacerbation),

r lung function tests. 

A comprehensive search in PubMed and Scopus was conducted in

ay 2024 using the keywords ’never smok∗ ’, ’näive’, ’e-cig∗ ’, ’respir∗ ’

nd ’asthma’ (see Supplementary Table S1). The reference lists of in-

luded articles and review papers were also screened. Experts in tobacco

arm reduction and/or respiratory function were consulted to confirm

hat all pertinent studies were included. 

We included English-language studies with prospective designs only

clinical observational studies, randomized clinical trials (RCTs), and

opulation surveys) to ensure the correct temporal sequence. 

This review excluded studies that did not distinguish former-smoking

rom never-smoking, as lingering effects from prior smoking could con-

ound results. We also excluded laboratory studies that measured acute

xposures to EC aerosol, as these outcomes primarily document mild,

ransient respiratory symptoms (eg throat irritation, cough, wheezing,

r modest changes in respiratory physiology and airway inflamma-
1 “Never-smoking ” as used here includes both never- established smoking (i.e., 

 10 + cigarettes/lifetime, as typically assessed in adults) and true never-smoking 

i.e., not even a puff; typically assessed in youth). 

c  

r  

s  

t  

p  

2

ion 23–25 ) with unclear clinical relevance. Similarly, cellular and ani-

al laboratory studies were excluded due to limited relevance to hu-

an clinical health 26 and use of unrealistic operating conditions of EC

evices which overstate negative impacts and lack appropriate experi-

ental controls. 27 , 28 Studies of heated tobacco products were excluded,

s were reviews, study protocols, case reports and conference abstracts.

Two reviewers (GRMLR and GC) independently screened the titles

nd abstracts of all identified records to determine which studies re-

uired a full-text review; these were retrieved for further evaluation.

he two reviewers and AS then independently assessed each full text

o determine final eligibility. Any disagreements were resolved through

iscussion and consensus with an additional reviewer (RP). 

ata analysis 

Data extraction and tabulation for each included study was carried

ut independently by two authors (GRMLR and AS), and the follow-

ng information was tabulated: first author, year, country, study design,

opulation, size (N) of current EC use group (ie among never-smoking

ndividuals), size (N) of non-current EC use group (which may or may

ot distinguish former- and never-EC use), smoking behaviour verifica-

ion, outcome, follow-up duration, main results, conclusions and fund-

ng. 

A meta-analysis was not feasible due to heterogeneity in outcomes

nd the type of statistical estimate across studies (eg diagnoses vs. symp-

oms; prevalence vs. incidence) and the very small number of studies

 < 5) in each comparable group. 

Risk of bias assessment was performed independently by two au-

hors (GRMLR and GC) using the Joanna Briggs Institute’s critical ap-

raisal tools appropriate for the study design ( https://jbi.global/critical-

ppraisal-tools ). Any disagreement was resolved through consensus dis-

ussions or, if necessary, by consulting a third author (RP). 

esults 

Ten studies met inclusion criteria ( Fig. 1 ). The list of excluded studies

fter full-text review is provided in Supplementary Table S2. 

Table 1 presents the main characteristics of the included studies.

ight studies analysed adults (of which three focused only on younger

dults, < 24 or < 30), and three studies analysed youth (one study ex-

mined both youth and adults). All studies defined EC use as current

se (either ’some days’ or ’every day’ vs. ’not at all’ or any past-30-day

se). In six studies, the comparison group was non-current EC use (ie

ombining former- and never-EC use), while the remaining four studies

istinguished former- and never-EC use. Most studies (n = 8) analysed

ata from the US Population Assessment of Tobacco and Health (PATH)

tudy, one study analysed linked data between a Canadian population

urvey and administrative health records, and one study recruited a

mall cohort in Italy. 

With respect to respiratory outcomes, four studies examined self-

eported respiratory diagnosis, with two examining prevalence (one

or any respiratory disease, one for asthma) and two examining inci-

ence/onset of asthma (with one examining only age of onset). Six stud-

es examined self-reported respiratory symptoms (most often wheezing;

hree used a threshold for functionally important symptoms). One study

xamined lung function outcomes based on spirometry tests and high-

esolution computing tomography (HRCT). 

As a meta-analysis was not feasible (see Methods), we qualitatively

ynthesise the findings, organising by type of outcome. First, of the

our papers examining self-reported diagnosis, three focused on asthma

pecifically. To et al 37 found no association between current (vs. non-

urrent) EC use and prevalence of self-reported asthma (adjusted odds

atio (AOR) = 1.21 [95% confidence interval (CI) [0.95–1.54]) among a

ample of Canadian younger adults (ages 15–30) or past-year asthma at-

acks among those with asthma. 38 There was an interaction with sex on

ast-year asthma attacks , such that female EC users (vs. male non-users)

https://jbi.global/critical-appraisal-tools
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Fig. 1. Search strategy. 

h  

h  

u  

t  

f  

t  

r  

n

 

d  

t  

c  

(  

E  

t  

a

1  

a  

b

 

B  

n  

o  

t  

b  

3  

b

 

i  

s

a  

a  

s  

w  

s  

t  

i  

e  

w  

K  

t  

n

 

t

e  

t  

r  

t  

n  

p  

a  

2  

(  

i  

a  

s  

o  

r  

a  

a  

c  

a  

a  

s

 

o  

t

a  

a  

s

 

s  

p  

p  

u  

g  

d

 

c  
ad higher odds of having an asthma attack (AOR = 2.30[1.29–4.12]);

owever, there was a similar difference between female vs. male EC

sers (AOR = 2.29[1.57–3.35]), so it is unclear whether this result is at-

ributable to EC use or a sex difference. We also note that To et al adjusted

or smoking status (using never-smoking as the reference group) rather

han excluding formerly- and currently-smoking adults entirely; thus,

esults may not generalise to never-smoking adults specifically (see our

arrative review 

21 ). 

Patel et al 31 and Perez et al 32 both analysed outcomes of asthma inci-

ence (ie new onset since baseline) using PATH data. Patel et al 31 found

hat EC use among never-smoking youth (ages 12–17) was not signifi-

antly associated with onset of asthma 1 year later (adjusted hazard rate

AHR) = 1.25[0.77–2.04]). Similarly, Perez et al 32 did not find baseline

C use to be associated with age of asthma onset among youth naïve

o smoking and asthma baseline (AHR = 1.55[0.60–3.96]), though the

ssociation was significant among adults (age 18 + ) (AHR = 3.66[1.23–

0.85]). However, the latter became non-significant in a supplementary

nalysis that excluded participants with any baseline combustible to-

acco product use (AHR = 1.45[0.14–15.04]; see Discussion). 

Finally, Kenkel et al 29 performed a replication and extension of

hatta & Glantz’s PATH analysis 30 of EC use and self-reported diag-

oses of any respiratory disease (COPD, chronic bronchitis, emphysema

r asthma). Unlike the original article, Kenkel et al 29 differentiated be-

ween former- and never-smoking, and found no significant association

etween exclusive EC use and prevalence of respiratory disease over a

-year period (though see Discussion for imprecision due to low num-

ers). 

Together, these studies overall fail to support that exclusive EC use

s associated with respiratory diagnoses among individuals who never

moked. 

Six studies examined respiratory symptom outcomes. Polosa et al 33 

ssessed respiratory symptoms (cough, wheezing, shortness of breath,

nd tight chest) prospectively over an average of 3.5 years among a

mall (N = 21) cohort of adult EC users and non-EC-using controls; there

as no evidence for respiratory symptoms from EC use alone (only one

ymptom, cough, was reported by two EC users and three controls; statis-

ical test not performed due to small numbers). The remaining five stud-

es all analysed PATH data. In never-smoking adults, Sanchez-Romero

t al 34 found that EC use at baseline was not significantly associated

ith higher odds of wheezing over 5 years (AOR = 1.20[0.83–1.72]), and
3

arey et al. 40 found no association with functionally important respira-

ory symptoms, using a threshold on a six-item index on wheezing and

ight-time dry cough (AOR = 0.82[0.27–2.56]). 

Sargent et al 35 and Xie et al 39 both examined self-reported respira-

ory symptoms in young adults (ages 18–24) in PATH. Sargent et al 35 

xamined functionally important respiratory symptoms, defined using

wo different cut-offs (of 2 + and 3 + on a 0–9 scale) on a seven-item

espiratory symptom index, as well as worsening and improvement of

hese symptoms over time. Baseline current EC use (vs. never-use) was

ot associated with different likelihood of functionally important res-

iratory symptoms but was, in some but not all models, significantly

ssociated with worsening of symptoms (ie significant when using the

 + cut-off (adjusted risk ratio (ARR) = 1.63[1.02–2.59]), but not 3 +
ARR = 1.58[0.84–2.96]). Findings on symptom improvement also varied

n direction depending on the cut-off value (see Table 1 ). Like To et

l , 37 Sargent et al 35 estimates may be biased, as analyses adjusted for

moking status (using never-smoking as the reference group) rather than

mitting former and current smoking groups entirely (see our narrative

eview 

21 ). In contrast, Xie et al. 39 who use the same data source and

ge range above, report that current (vs. never) EC use at baseline was

ssociated with higher odds of subsequent wheezing symptoms (’in the

hest’: AOR = 2.23[1.28–3.91]; ’during exercise’: AOR = 2.41[1.39–4.16])

nd any respiratory symptom (AOR = 1.86[1.35–2.58]). However, these

ssociations might reflect confounding by other tobacco use (see Discus-

ion). 

Stevens et al 36 examined youth (ages 12–17) in PATH and outcomes

f self-reported respiratory symptoms, using a seven-item index with a

hreshold of 2 + on a 0–9 scale, similar to Karey et al 40 and Sargent et al 35 

bove. Past 30-day EC use (vs. non-use) at baseline was not significantly

ssociated important respiratory symptoms 1 year later among never-

moking youth (AOR = 0.86[0.32–2.32]). 

Overall, these six studies show somewhat mixed evidence: three

tudies (Karey et al 40 ; Sanchez-Romero et al 34 and Stevens et al 36 ) re-

orted a non-significant association with EC use; one (Polosa et al 33 ) re-

orted some coughing symptoms in both EC users and non-users, with

nknown statistical significance; and two studies (Perez et al 32 and Sar-

ent et al 35 ) reported tenuous associations whose statistical significance

epended on model specifications. 

Finally, Polosa et al 33 was the only study to examine objective out-

omes using lung function tests, biomarkers of airway inflammation (ex-
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Table 1 

General characteristics of the included studies. 

First author, year, 

country study design Population 

Current e-cig use 

(never smokers) (N) 

Non-current e-cig 

use (Former or/and 

never use among 

never smokers) (N) 

Smoking 

behaviour 

verification Outcome Follow-up Main results Conclusions Funding 

Karey 

et al 23 

USA 

Nationally 

representative, 

longitudinal cohort 

survey (PATH) 

Adults 

( ≥ 18 years) 

N = 65 

Any P30D 

e-cigarette use 

Never e-cig use 

N = 3,323 

Former e-cig use 

N = 250 

Self-reported Respiratory 

symptoms index 

(based on six 

wheezing items and 

a night-time dry 

cough item with 

higher values 

indicating more 

respiratory 

symptoms) 

2 years 

Waves 4 

(2016–2018) 

and 5 

(2018–2019) 

Reference: Never use 

AOR = 1 
Current e-cig use: 

AOR = 0.82 

95% CI [0.27–2.56] 

P = 0.736 

No significant 

association between 

e-cig use and important 

respiratory symptoms 

among never smokers 

was detected. 

NR 

Kenkel et al 29 

USA 

Nationally 

representative, 

longitudinal cohort 

survey (PATH) based 

on extension analysis 

of Bhatta and 

Glantz’s 30 results 

Adults (aged 

≥ 18 years) 

N = 12 

Ever used an 

e-cigarette ’fairly 

regularly’ and 

currently used 

e-cigarettes every 

day or some days 

Never use 

N = 2,705 

Former use 

N = 51 

Self-reported Lung or respiratory 

disease (self-reports 

of whether they had 

ever been told they 

have COPD, chronic 

bronchitis, 

emphysema or 

asthma) 

1 year 

Waves 1 

(2013–2014) 

and 3 

(2015–2016) 

Reference: Never use 

Coeff. LPM =− 0.03 

95% CI [− 0.04, − 0.01] 

The statistical software dropped 

data of the current e-cig 

users/never smokers from the 

model because the indicator for 

this category perfectly predicted 

the outcome – all 12 participants 

did not report incident 

respiratory diseases. a 

Among never smokers, 

there was no evidence 

that current e-cig use 

was associated with 

respiratory disease. 

Cornell 

University 

Patel et al 31 

USA 

Nationally 

representative, 

longitudinal cohort 

survey (PATH) 

Youths (aged 

12–17 years) 

N = 142 

F = 54 

M = 88 

Any P30D 

e-cigarette use 

Non-current use 

(N = 8,590) 

F = 4,346 

M = 4,244 

Self-reported Asthma incidence 

(self-reported) 

5 years 

Study Waves 

1–5 

(2013–2019) 

Reference: Non-current use 

HR = 1 
Exclusive ENDS use 

Unadjusted 

HR = 1.19 

95% CI [0.73–1.96] 

P = 0.477 

Adjusted a 

HR = 1.25 

95% CI [0.77–2.04] 

P = 0.359 

Short-term exclusive 

ENDS use was not 

statistically associated 

with higher risk of 

incident diagnosed 

asthma over 5 years. 

National Cancer 

Institute (NCI) 

of the National 

Institutes of 

Health (NIH) 

and the Food 

and Drug 

Administration 

(FDA) Center for 

Tobacco 

Products. 

( continued on next page ) 
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Table 1 ( continued ) 

First author, year, 

country study design 

Population Current e-cig use 

(never smokers) (N) 

Non-current e-cig 

use (Former or/and 

never use among 

never smokers) (N) 

Smoking 

behaviour 

verification 

Outcome Follow-up Main results Conclusions Funding 

Perez et al 
32 

USA 

Nationally 

representative, 

longitudinal cohort 

survey (PATH) 

Adults (aged 

≥ 18 years) and 

youths (aged 

12–17 years) 

Main analysis (based 

on first wave) 

Adults 

N = 160 

Youths 

N = 96 

Sensitivity analysis: 

Adults 

N = 62 

Youths 

N = 59 

Any P30D e-cigarette 

No P30D ENDS use 

(never smokers at 

wave 1) 

Main analysis (based 

on first wave) 

Adults 

N = 7,606 

Youths 

N = 16,927 

Sensitivity analysis: 

Never use 

Adults 

N = 5,355 

Youths 

N = 15,394 

Self-reported Asthma onset Median (SE) 

Adults: 4.94 

(0.06) years 

Youths: 4.19 

(0.04) years 

Waves 1 

(2013–2014) to 

6 (2020–2021) 

Main analysis: among 

participants reported never 

smoking at first wave: 

Reference: Non-current ENDS use 

Adults 

Crude association 

HR = 9.57 

95% CI [3.76–24.33] 

Model 3 

HR = 3.66 

95% CI [1.23–10.85] 

Youths 

Crude association 

HR = 1.18 

95% CI [0.46–2.70] 

Model 3 

HR = 1.55 

95% CI [0.60–3.96] 

Sensitivity analysis: 

Reference: Non-current ENDS use 

and never-use of combustible 

tobacco at first wave 

HR = 1 
Current ENDS use at the first 

wave 

Adults 

Crude association 

HR = 2.86 

95% CI [0.36–22.82] 

Model 1 

AHR = 1.42 

95% CI [0.14–14.59] 

Model 2 

AHR = 1.45 

95% CI [0.14–15.04] 

Youths 

Crude association 

HR = 0.66 

95% CI [0.10–4.24] 

Model 1 

AHR = 0.70 

95% CI [0.10–4.83] 

Model 2 

AHR = 0.68 

95% CI [0.10–4.65] 

Adults, but not youths, 

who reported never 

cigarettes and P30D 

ENDS use at the first 

wave showed higher risk 

of asthma incidence at 

earlier ages in 

comparison with those 

who reported no P30D 

ENDS use. 

There was no association 

between the P30D ENDS 

use with the age of 

asthma onset among 

adults and youths 

comparing users and 

never user (among never 

smokers at the first 

wave) in the sensitivity 

analysis. 

National Heart, 

Lung, and Blood 

Institute and the 

US FDA Center 

for Tobacco 

Products. 

( continued on next page ) 
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Table 1 ( continued ) 

First author, year, 

country study design 

Population Current e-cig use 

(never smokers) (N) 

Non-current e-cig 

use (Former or/and 

never use among 

never smokers) (N) 

Smoking 

behaviour 

verification 

Outcome Follow-up Main results Conclusions Funding 

Polosa et al 33 

Italy 

Prospective cohort 

study 

Adults 

( ≥ 18 years) 

N = 9 
F = 3 
M = 6 
26.6 ± 6.0 years 

Daily e-cigarette 

users of ≥ 3 months 

Never e-cig use 

N = 12 

F = 4 
M = 8 
27.8 ± 5.2 years 

Self-reported Lung function, 

respiratory 

symptoms, eNO, eCO 

and HRCT of the 

lungs 

3.5 years FEV1 (l, mean ± SD) 

Baseline; F/up 3 

EC users: 3.82 ± 0.78; 3.87 ± 0.76 

Control: 4.08 ± 0.30; 4.11 ± 0.30 

P > 0.05 

FVC (l, mean ± SD) 

Baseline; F/up 3 

EC users: 4.93 ± 0.95; 4.87 ± 0.83 

Control: 5.03 ± 0.48; 5.02 ± 0.42 

P > 0.05 

FEV1/FVC (%, mean ± SD) 

Baseline; F/up 3 

EC users: 78.49 ± 3.46; 

79.08 ± 2.83 

Control: 81.45 ± 5.03; 82.06 ± 4.25 

P > 0.05 

FEF25–75% (l/min, mean ± SD) 

Baseline; F/up 3 

EC users: 3.29 ± 0.70; 3.33 ± 0.64 

Control: 3.43 ± 0.64; 3.56 ± 0.58 

P > 0.05 

eCO (ppm, median and IQ range) 

Baseline; F/up 3 

EC users: 5.0 [3.5–7.3]; 4.0 

[2.8–6.3] 

Control: 4.0 [3.5–7.5]; 5.0 

[5.5–6.0] 

P > 0.05 

FeNO (ppb, median and IQ range) 

Baseline; F/up 3 

EC users: 21.1 [16.2–24.5]; 20.0 

[18.2–22.7] 

Control: 18.6 [17.6–25.7]; 20.0 

[16.2–23.4] 

P > 0.05 

None of the participants referred 

any wheezing, shortness of 

breath, or chest tightness. 

Cough = 2 EC user and 3 controls. 

No pathological findings were 

identified on HRCT of the lungs. 

This small study showed 

no detectable 

modifications in lung 

health in never smokers 

who have been regularly 

vaping for at least 4 

years. 

University grant 

( continued on next page ) 
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Table 1 ( continued ) 

First author, year, 

country study design 

Population Current e-cig use 

(never smokers) (N) 

Non-current e-cig 

use (Former or/and 

never use among 

never smokers) (N) 

Smoking 

behaviour 

verification 

Outcome Follow-up Main results Conclusions Funding 

Sanchez-Romero et 

al 34 USA 

Nationally 

representative, 

longitudinal cohort 

survey (PATH) 

Adults 

( ≥ 18 years) 

% (SE) 

Wave 1 

(2013–2014) 

0.3 (0.03) 

Wave 2 

(2014–2015) 

0.3 (0.03) 

Wave 3 

(2015–2016) 

0.3 (0.04) 

Wave 4 

(2016–2018) 

0.3 (0.03) 

Wave 5 

(2018–2019) 

NA 

N = 51 b (across waves 

1–4) 

Currently used 

e-cigarettes on every 

day or some days 

Noncurrent ENDS 

users 

% (SE) 

Wave 1 

(2013–2014) 

61.8 (0.62) 

Wave 2 

(2014–2015) 

58.6 (0.64) 

Wave 3 

(2015–2016) 

57.1 (0.66) 

Wave 4 

(2016–2018) 

56.3 (0.66) 

Wave 5 

(2018–2019) 

NA 

N =∼9500–10,500 b 

(across waves 1–4) 

Self-reported Wheezing symptoms 

(self-reported) 

5 years 

Waves 1 

(September 

2013 –

December 2014) 

to 5 (December 

2018 –

November 2019) 

Reference: Non-current use 

AOR = 1 
Current ENDS use: 

AOR = 1.20 

95% CI [0.83, 1.72] 

P = 0.0.32 

Supplementary analysis using 

3-level ENDS use (never, former, 

current): 

Reference: Never use 

AOR = 1 
Current ENDS use: 

AOR = 1.28 

95% CI [0.89, 1.85] 

P = 0.19 

Exclusive ENDS use was 

not significantly 

associated with an 

increase in odds of 

self-reported wheezing 

compared with never use 

and non-current ENDS 

use among never 

smokers. 

NCI of the NIH 

and FDA Center 

for Tobacco 

Products 

Sargent et al 35 

USA 

Nationally 

representative, 

longitudinal cohort 

survey (PATH) 

Young adults 

(18–24 years) 

N = 327 among 

former- and 

never-smokers (not 

separately reported) 

Any P30D 

e-cigarette use 

N = 5,888 

Non-current 

e-cigarette use 

Self-reported Respiratory 

symptom index 

based on seven 

wheezing/cough 

questions from 

ISAAC with higher 

values indicating 

more respiratory 

symptoms. Cutoff

values ≥ 2 and ≥ 3. 

Waves 1 

(2013–2014) to 

2 (2014–2015) 

and 3 

(2015–2016) 

Reference: Never use 

Unadjusted 

Exclusive e-cig use 

RR = 1.53 

95% CI [0.98–2.40] 

Worsening symptoms 

(asymptomatic Wave 2- 

symptomatic Wave 3), adjusting 

for smoking history with 

never-smoking as the reference 

group: 

Cutoff≥ 2 

RR = 1.63 95% CI [1.02, 2.59] 

Cutoff≥ 3 

RR = 1.58 95% CI [0.84, 2.96] 

Improvement symptoms 

(symptomatic Wave 2- 

asymptomatic Wave 3), adjusting 

for smoking history with 

never-smoking as the reference 

group: 

Cutoff≥ 2 

RR = 0.57 95% CI [0.40, 0.82] 

Cutoff≥ 3 

RR = 1.64 95% CI [1.04, 2.58] 

Compared to never users, 

exclusive users of e-cigs 

exhibited a similar risk 

of functionally important 

respiratory symptoms, 

independently from the 

cutoff considered. 

In exclusive e-cig use, 

worsening of symptoms 

depended from the 

symptoms severity and 

cutoff considered. 

Federal funds 

from the 

National 

Institute on Drug 

Abuse, NIH, and 

the Center for 

Tobacco 

Products, FDA, 

Department of 

Health and 

Human Services 

( continued on next page ) 
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Table 1 ( continued ) 

First author, year, 

country study design 

Population Current e-cig use 

(never smokers) (N) 

Non-current e-cig 

use (Former or/and 

never use among 

never smokers) (N) 

Smoking 

behaviour 

verification 

Outcome Follow-up Main results Conclusions Funding 

Stevens et al 36 

USA 

Nationally 

representative, 

longitudinal cohort 

survey (PATH) 

Youths 

(aged 12–17 

years) 

N = 54 (1.7%) 

Any P30D 

e-cigarette use 

Never e-cig use 

N = 2,998 (90.8%) 

Former e-cig use 

N = 266 

(7.5%) 

Self-reported Respiratory 

symptom index 

(based on responses 

for seven wheezing 

items with an index 

of ≥ 2 indicating 

functionally 

important 

respiratory 

symptoms) 

1 year 

Waves 3 

(October 2015 –

October 2016) 

and 4 

(December 2016 

– January 2018) 

Reference: Never use 

AOR = 1 
Former e-cig use: 

AOR = 1. 20 

95% CI [0.78, 1.85] 

P = 0.411 

Current e-cig use: 

AOR = 0.86 

95% CI [0.32, 2.32] 

P = 0.767 

E-cigarette use 

(including former and 

current) was not 

significantly associated 

with higher odds of a 

respiratory symptom at 

1-year follow-up among 

never combustible 

tobacco users. 

NCI at the NIH 

To et al 37 

Canada 

Nationally 

representative, 

longitudinal cohort 

survey 

CCHS and health 

administrative 

databases (DAD and 

NACR) 

Adults 

(aged 15–30 

years) 

N = 75 b 

Any P30D 

e-cigarette use 

N = 365 a , b 

Non-current 

e-cigarette use 

Self-reported Asthma prevalence, 

asthma attacks 

(self-reported) 

CCHS (cycles 

2015–16 and 

2017–18) and 

health 

administrative 

data (January 

2015 – March 

2018) 

Reference: Non-current use 

Asthma prevalence: Current 

ENDS use, adjusting for smoking 

history with never-smoking as 

the reference group: 

AOR = 1.21 

95% CI [0.95, 1.54] 

P = 0.1170 

While there was no 

analysis specific to 

never-smokers, the 

adjusted model using 

never-smokers as the 

reference group found no 

association between 

current ENDS use and 

asthma prevalence or 

asthma attacks. 38 

The Canadian 

Institutes of 

Health Research 

Catalyst Grant: 

Health Effects of 

Vaping. 

Xie et al 39 

USA 

Nationally 

representative, 

longitudinal cohort 

survey (PATH) 

Young adults 

(18–24 years) 

N = 312 

Ever used an 

e-cigarette ’fairly 

regularly’ and 

currently used 

e-cigarettes every 

day or some days 

N = 8,388 

Never used 

e-cigarettes 

N = 1,140 

Formerly used 

e-cigarettes 

Self-reported Respiratory 

symptoms (ie 

wheezing in the 

chest, and during or 

after exercise, dry 

cough at night) 

1 year 

Waves 1 

(2014–2015) to 

5 (2018–2019) 

with exposure 

wave (waves 

2–4) and 

outcome wave 

(waves 3–5) 

Reference: Never use 

OR = 1 
Exclusive ENDS use 

Any respiratory symptom 

Fully adjusted 

OR = 1.86 

95% CI [1.35–2.58] 

Wheezing in the chest 

Fully adjusted 

OR = 2.23 

95% CI [1.28–3.91] 

Wheezing during exercise 

Fully adjusted 

OR = 2.41 

95% CI [1.39–4.16] 

Dry cough at night 

Fully adjusted 

OR = 1.41 

95% CI [0.97–2.04] 

Among never smokers, 

current e-cig use was 

associated with 86% 

higher odds of reporting 

any respiratory symptom 

than never use. The 

association was 

particularly strong for 

wheezing in the chest 

and during exercise. 

American Lung 

Association 

Public Policy 

Research Award, 

NHLBI grant and 

American Heart 

Association 

Tobacco Center 

for Regulatory 

Science grants 

AOR, adjusted odds; CCHS, Canadian Community Health Survey; CI, confidence interval; DAD, Discharge Abstract Database; ENDS, electronic nicotine; eNO, exhaled breath nitric oxide, eCO, exhaled carbon 

monoxide, F, female; HR, Hazard Ratio; HRCT, high-resolution computed tomography; ISAAC, the International Study of Allergies and Asthma in Childhood; LPM, linear probability model; NACRS, National 

Ambulatory Care Reporting System; NCI, National Cancer Institute; NR, Not Reported; M, male; PATH, Population Assessment of Tobacco and Health; P30D, past 30-day. 
a Adjusting for baseline age, sex, race/ethnicity, parental educational attainment, urbanicity, second-hand smoke exposure, household combustible tobacco use, and BMI-for-age. 
b N values were estimated from other numbers in the paper, as they were not directly reported. 
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r  
aled breath nitric oxide [eNO] and carbon monoxide [eCO]) and HRCT.

n this prospective observational study of 31 never-smoking participants

16 daily EC users and 15 age- and sex-matched controls), there were

o significant alterations in lung function or eNO. Furthermore, HRCT

cans revealed no significant structural abnormalities in the lungs over

n average observation period of 3.5 years. 

The risk of bias for the included studies is reported in Supplementary

able S3. The observational study design prevents inferring causality,

espite the longitudinal data. 29,31,32 , 34–37,39,40 Moreover, exposure and

utcome data from the national surveys are self-reported, potentially in-

roducing recall bias and reporting errors. 29,31,32 , 34–37,39,40 Although in

eneral, studies reported analysis adjusting for some key confounders,

ther confounders were not assessed (eg allergies, flu, exposure to air

ollution, family history of asthma, physical activity, or other envi-

onmental exposures). Additionally, the small sample sizes for never-

moking EC users limited the statistical power needed to detect poten-

ial associations. The follow-up time for outcome occurrence was judged

unclear’ in all studies, as sustained changes in respiratory function may

ake longer to develop and manifest. Finally, strategies to manage miss-

ng data were reported in only two studies. 32 , 35 

iscussion 

We performed a systematic review of 10 prospective studies on

C use and respiratory outcomes (including self-reported diagnoses,

ymptoms and lung function) among adolescents and adults who never

moked cigarettes. The majority analysed data from the US PATH study.

verall, none of the four studies examining self-reported respiratory di-

gnoses found a statistically significant association with baseline EC use

mong never-smoking individuals. Collectively, the six studies on respi-

atory symptoms did not show a significant association with EC use and

evere respiratory symptoms; there was some tenuous evidence of an as-

ociation with coughing and wheezing symptoms, though this was sen-

itive to model specifications (eg the exact cut-off of respiratory symp-

oms; how other combustible tobacco use was handled). One study on

ung function tests showed no significant abnormalities or pathological

ndings among EC users who never smoked. 33 

Below, we discuss important considerations in interpreting this ev-

dence. We refer readers to our more extensive prior narrative review

nd critical appraisal 21 (which included many of the current eligible

tudies) for a detailed discussion of strengths and weaknesses, but sum-

arise common themes here. First, knowledge of the timing of exposure

nd outcome is necessary to examine the possible causal relationship be-

ween EC use and respiratory disease. While prospective study can en-

ure the necessary temporal sequence, prospective study design alone

s not sufficient, especially in the case of chronic respiratory conditions

hat may have preceded EC use. For example, asthma is often diagnosed

n childhood. 41 This limitation applies to To et al 37 (as participants who

lready had asthma were included) and Sanchez-Romero et al 34 (though

his analysis reported a non-significant association regardless). Fortu-

ately, several other studies employed a stronger design, by omitting

articipants who had pre-existing respiratory conditions at baseline that

ould have explained respiratory outcomes (Karey et al , 40 Patel et al , 31 

erez et al, 32 Sargent et al , 35 Stevens et al , 36 Xie et al , 39 and Reddy et

l , 42 which was not included in this review (see Supplementary Table

1 and our narrative review 

21 ). 

Another important limitation is remaining statistical bias from other

ources of confounding. In particular, most studies in this review did

ot account for use of other combustible tobacco product. An exception

as a supplementary analysis by Perez et al : 32 after further removing

articipants who used other tobacco products at baseline, there was

o remaining association between exclusive EC use and asthma out-

omes. Other unaccounted-for confounding factors (eg environmental

ollutants) could further attenuate associations. 

Two studies, To et al 37 and Sargent et al , 35 were retained here despite

ot restricting their analysis to never-smoking individuals, as the anal-
9

sis allowed an estimation of EC’s possible effect among never-smoking

ndividuals (ie by adjusting for smoking status using never-smoking as

he reference group); however, there may be remaining bias by the in-

lusion of formerly and currently smoking participants. 21 

Another limitation of existing evidence is small sample size due to

he low prevalence of EC use among never-smoking individuals. 16–18 

or example, Polosa et al 33 , the one study identified in our review that

xamined objective tests of lung function, had a small sample size (n = 9

ever-smoking adults who used ECs). Similarly, Kenkel et al 29 identi-

ed only 12 such cases – none of which had respiratory conditions at

ollow-up – preventing statistical analysis of this group. Thus, the ab-

ence of evidence in this review should not be interpreted as evidence

or absence. 

Other limitations of the studies reviewed include a limited follow-up

eriod (1–5 years), over-reliance on US data (especially from PATH),

nd defining ’EC use’ overly broadly rather than using detailed use pat-

erns that would allow an assessment of cumulative, chronic use (see

elya et al 43 ). Future research should prioritise longer follow-ups, inde-

endent samples (especially non-US samples), and collect more detailed

C use patterns that would be required to evaluate a dose–response re-

ationship. 

onclusions 

This systematic review and qualitative synthesis indicate that EC

se among never-smoking individuals may pose mild risks of coughing

nd wheezing, but evidence is lacking for more significant or clinically

eaningful respiratory symptoms or harms over the short to medium

erm ( ∼1–5 years). Due to the limitations of available data, ongoing re-

earch on long-term and heavy EC use is warranted to monitor respira-

ory risks, especially research using larger and longer-term prospective

tudies,and assessing more detailed EC use patterns. 
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