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Abstract

Background E-cigarettes (electronic nicotine delivery system, ENDS) have been presented as a harm reduction
strategy for people who smoke tobacco cigarettes but who cannot achieve abstinence, or for those who wish to con-
tinue to enjoy nicotine and the habit of smoking. What are the health effects of the substitution of ENDS for tobacco
cigarettes? This systematic review evaluates the evidence of human clinical tests on the respiratory effects of ENDS
use in participants who smoke tobacco cigarettes.

Methods A registered and published protocol was developed conforming to PRISMA 2020 and AMSTAR2 standards.
The literature search was conducted in PubMed, Scopus, and the CENTRAL Cochrane Library and updated to May
2022.Three supplementary searches and a grey literature search were performed. Studies were evaluated with the JBI
quality tools and the Oxford Catalogue of Bias. Due to the heterogeneity (diversity) of the studies, a narrative data
synthesis was performed on the test findings plus three sub-group analyses.

Results The review consists of sixteen studies and twenty publications. Spirometry tests comprised the majority

of the data. In total, 66 respiratory test measurements were reported, out of which 43 (65%) were not significant.
Statistically significant findings were mixed, with 9 tests showing improvements and 14 measuring declines, none

of which was clinically relevant. Ten studies were rated at a high risk of bias, and six had some concerns primarily due
to inadequate research designs and the conduct of the studies. Reporting bias was documented in thirteen studies.
Conclusions Most of the studies showed no difference in respiratory parameters. This indicates that ENDS substitu-
tion for smoking likely does not result in additional harm to respiratory health. Due to the low quality of the studies,
confidence in the conclusions is rated as low. Robust studies with a longer duration and sufficient power are required
to validate any potential benefits or possible harms of ENDS substitution.

Registration PROSPERO #CRD42021239094, International Registered Report Identifier (IRRID): DERR1-10.2196/29084.
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Introduction

Tobacco use annually causes over 8 million deaths and
a loss of 150 million disability-adjusted life-years [1].
Smoking is the attributable mortality risk factor for many
respiratory diseases [2]. Some researchers claim that
e-cigarettes are potentially safer than smoking [3-6] and,
therefore, could be a harm-reduction tool. E-cigarettes
are called electronic nicotine delivery systems (ENDS);
they are also called vapes, vape pens, tanks, mods, pod-
mods, and JUUL. A review by the US National Acade-
mies of Sciences Engineering and Medicine states, “There
is substantial evidence that except for nicotine, under
typical conditions of use, exposure to potentially toxic
substances from e-cigarettes is significantly lower com-
pared with combustible tobacco cigarettes” [7]. The Royal
College of Physicians (UK) and a number of researchers
encourage people who smoke to switch from cigarettes
or other combustible tobacco products to what they have
evaluated as the less toxic and potentially safer ENDS
[8—10]. While much research has focused on ENDS as
a cessation tool [11], for people who do not wish to quit
consuming nicotine, the substitution of ENDS may be a
tobacco harm reduction option [12, 13].

To weigh the potential benefits and risks of ENDS sub-
stitution for tobacco smoking, we conducted a systematic
review to answer the question, “What are the respiratory
health effects, both acute and longer-term, resulting from
the substitution of ENDS for tobacco cigarettes?” Our
systematic review aims to critically assess and synthe-
size the available human clinical studies on the respira-
tory health effects of ENDS substitution by people who
smoke.

Methods

Our research question is structured with PICOS framing
(Population, Intervention, Comparator, Outcome, Stud-
ies) as follows:

+ DPopulation: adults who smoke tobacco cigarettes.

+ Intervention: substitution of ENDS for cigarettes.

+ Comparator: either within-subject changes or com-
parison to participants who continue to smoke.

+ Outcomes: changes in baseline to post-intervention
test measurements from spirometry tests (FEV,,
FVC, FEF,; .5, PEE, FEV,/FVC%), impulse oscil-
lometry, and lung function tests (total lung capacity,
residual volume, and expiratory reserve volume).

« Studies: randomized controlled trials, quasi-experi-
mental clinical trials, and longitudinal cohort studies.

This review adheres to the guidelines of the Pre-
ferred Reporting Items for Systematic Reviews and
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Meta-Analysis (PRISMA) 2020 [14]. The protocol for this
systematic review has been registered with PROSPERO
#CRD42021239094 and has been published in a peer-
reviewed journal [15]. The PRISMA 2020 checklist is in
Additional file 1: Table S1. Below is an overview of how
the review was conducted. A more detailed description
of the search and study selection processes is available in
the published protocol [15].

Search strategy

The database search was performed on January 31, 2021,
with updates on April 29, 2021, and May 18, 2022. The
publication date delimiter for the database search was
2010, and the databases used were Scopus, PUBMED,
and the CENTRAL Cochrane Library. The search terms
“electronic nicotine” AND “e-cigarette” were combined
with OR for the respiratory keywords “respiratory,
“lungs” and “pulmonary” The search syntaxes are dis-
played in Additional file 1: Figure S1. Common terms for
ENDS (“Juul” “vaping”) were tested as keywords but did
not retrieve any additional studies for inclusion. Keyword
“vap*” was not used because it yielded thousands of false
retrievals of chemistry studies.

Three secondary searches were conducted in Febru-
ary 2021. First, the reference lists of systematic and nar-
rative reviews published since 2018 were examined for
additional studies. Next, a secondary literature search
was conducted in Google Scholar. Two experts in the
field of ENDS research reviewed the list of included stud-
ies. Finally, a grey literature search was conducted at the
websites of 53 respiratory medical organizations (listed in
Additional file 1: Table S2).

Inclusion, exclusion, and study eligibility criteria

Study designs included in the review were human subject
research with randomized and non-randomized con-
trolled trials, clinical trials, prospective and retrospective
cohort studies, and case—control studies. The first exclu-
sion of articles was conducted on titles, and where a title
was not sufficient for a determination, the abstract was
reviewed. In vitro (cell), animal, and cross-sectional stud-
ies were excluded.

The second process of inclusion was a full paper review.
Three inclusion criteria were applied. One, a study had to
be one of the research designs listed above. Two, a study
was required to have either a comparator group who
smoked tobacco (cigarettes) or within-subject testing
of participants who had substituted ENDS for smoking.
Third, the study had to report an outcome of a respira-
tory test. All three criteria had to be satisfied for a study
to be included.

The inclusion and exclusion of studies were conducted
independently by two reviewers after training, and initial
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discrepancies were resolved by discussion. Where agree-
ment could not be reached, the Project Leader made the
final decision. Inter-rater reliability was 98% for title sort-
ing and 95% for full paper review.

Data extraction

The data extraction process was conducted indepen-
dently by two reviewers after training using a pre-spec-
ified data extraction form drawn from the JBI Manual
[16] and the Cochrane Collaboration Handbook [17].
Any discrepancies in data extraction were resolved by
discussion.

Quality assessment and risk of bias

Two independent reviewers assessed the study quality
using the JBI quality assessment tools [18] and a report
list of biases drawn from the Oxford Centre for Evidence-
Based Medicine Catalogue of Bias [19] further supple-
mented with our teams’ prompt questions. In the case
where multiple articles were published on one study,
each article was assessed separately. Interim publications
of longer duration studies were not assessed for quality,
but were referenced for data as necessary. Discrepancies
were resolved by discussion.

The overall rating of study quality consisted of a combi-
nation of the JBI score and the biases report. Studies were
rated in three classifications from the Cochrane guide-
lines [17]: low risk of bias, some concerns of bias, and
high risk of bias. The rater (RO) was blinded to study out-
comes and funders. The final rating was endorsed by the
team members who conducted the JBI and bias assess-
ments. The rating rubric is in Additional file 1: Table S3.

Data analysis and synthesis
As per protocol, we conducted a narrative synthesis by
study design, population, test measurements, and biases.

A meta-analysis was not conducted due to the heter-
ogeneity between the studies. These differences across
studies included the ENDS nicotine strength, the ENDS
models, wide disparities in study populations, and differ-
ing tests.

Three sub-group analyses of testing measurements
were conducted for (1) concurrent use of ENDS and
cigarettes (dual use), (2) populations with prior disease
conditions, and (3) ENDS use of a duration of 1 year or
longer.

Sensitivity analyses were conducted. One excluded all
studies at high risk of bias. The second was on the effect
modifications on findings. Finally, the certainty of the evi-
dence was evaluated with Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) [20,
21].
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Deviations from protocol

There were a few deviations from the protocol. Due
to journal word count limits and reporting needs, we
excluded the narrative summary of individual studies. A
sensitivity analysis for conflict of interest for industry-
funded studies was not conducted because all industry
studies were at high risk of bias (independently of their
industry funding). An analysis of effect modifications
was added to conform to PRISMA 2020 requirements.
Because no meta-analysis was conducted, a formal
assessment of publication bias could not be performed.
The planned data repository was changed.

As per protocol, we have transitioned the review
from a living systematic review (ongoing searches and
updates) to a completed systematic review with the
final search date of May 2022 because of the insufficient
number of new studies published. Only one new article
for inclusion was published in the 18 months after the
baseline search, so the living component is not justified
at this time.

Results

The search results are reported in the PRISMA 2020
flow diagram, Additional file 1: Figure S1. Publications
excluded at full paper review, including “near misses”
[14], are listed in Additional file 1: Table S4 with their
reason for exclusion.

Our systematic review retrieved sixteen studies [22—
37] with twenty publications [38—41]. One of the stud-
ies had two publications with different analyses [34, 38]
so both were referenced together. Three studies [39-41]
were interim publications of longer-term studies [32,
33]; only the final results were included in the analy-
sis. Basic information on the studies and publications
are reported in Table 1 Characteristics of studies. The
studies were conducted in Greece (5), United King-
dom (4), USA (3), Italy (2), and one each from Belgium
and Hungary. The participants ranged in age from 18
to 73, comprising 1,357 participants who smoked. Six
studies included participants with asthma or chronic
obstructive pulmonary disease (COPD). Seven studies
had acute testing data; nine studies presented follow-up
data ranging from 5 days to 5 years. Ten studies were
rated at high risk of bias, six were rated as some con-
cerns, and zero studies were rated as at low risk of bias,
see Table 2.

Narrative synthesis: test findings

The test findings are for within-subject changes from
baseline to final test measurement after ENDS substi-
tution. Subgroup results are indicated in parentheses.
Test measurements reaching statistical significance are
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Table 1 Characteristics of studies
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Study Design Funder Participants Intervention Duration
References
Country
Acute
Chaumont RCT Private N=9 randomly selected 25 total puffs, one every 30 s Tested 10 min after vaping
[23] Non-profit from a pool of [excessive exposure] non-
Belgium Males 18, Females 7 nicotine
Age: 23 (£04)
Very occasional smoking,
less than 1 cigarette a week
Flouris Quasi  No funding Participants who smoke n=15 3-14 puffs (average 10) on nico-  Tested 1 h after vaping
[27] Male 8, Female 7 tine ENDS
Greece Age: 23.5-54 years
“Long-term smoking”
Kerr RCT Non-profit N =20 male only 15 puffs of nicotine ENDS Tested immediately after vaping
[29] Age: 31.6 (£10.5)
UK
Kotoulas RCT University Hospital N=50 10 puffs of nicotine ENDS Tested 5 min after vaping
[30] n=25 moderate asthma, smok-
Greece ing
n=25"healthy” participants who
smoke
Asthma:
Male 13, Females 12
Asthma age: 40.64 (+10.81)
Lappas Quasi Non-profit N=54 10 puffs on nicotine ENDS Tested 30 min after vaping
[22] n=27 mild asthma, dual use
Greece (> 1 cigarette past 30 days)
(nicotine ENDS use >3 months)
Age: 18-35
Palmidas Quasi  Funding NR N =76 participants who smoke  Nicotine or non-nicotine ENDS ~ Tested 0, 15, and 30 min
[31] n=16 COPD use for 10 min after vaping
Greece n=11asthma
> 15 cigarettes/day
Vardavas Quasi  Non-profit N=30 5 min nicotine ENDS Tested immediately after vaping
[35] Male 14, Females 16
Greece Age: 19-56, Mean 34.8
Follow-up
Barna Quasi  Funding NR N =24 male only ENDS users reverted to smoking 7 days
[24] Age: 20-64 20-25 cigarettes daily
Hungary Former heavy smoking (not
defined)
Current use of ENDS
Length of ENDS use: NR
Cravo RCT Industry n=286 ENDS Nicotine ENDS supplied 12 weeks
[25] n=101TC TC abstinence requested
UK ~55% Male
Age: 34.1 (£10.6)
TC use: 11-20/day (range 5-30)
D'Ruiz RCT Industry N=105 Clinical confinement 5 days
[26] 65% Male Two groups: (1) exclusive
us Age:37.8 (x11.1) nicotine ENDS (2) 50% of usual
TC use 18.8 (£ 6.5)/day TC consumption plus nicotine
ENDS
Hickling Quasi Non-profit N=50 Provided with nicotine ENDS 24 weeks
[28] Government 38 Male, 12 Female used ad lib
UK Mean age: 38.96

TC use: 17.9/day (mean)
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Table 1 (continued)
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Study Design Funder Participants Intervention Duration
References
Country
Polosa asthma  Cohort  Funding NR N =16 mild to moderate asthma  Participants continued to use 24 months
[33] at follow-up ENDS or dual use
[taly n=10 Exclusive ENDS use
[39%] Male 7, Female 3
Age: 334 (£11.6)
n=6 Dual users
Age: 45.7 (£9.9)
Polosa COPD ~ Cohort  University N =39 patients with COPD at F/U  Ad lib ENDS use 60 months
[32] n=20 COPD ENDS group (dual
[taly and exclusive use)
[40%, 41%] Males 17, Females 3
Age: 66.9 (£5.8)
Pulvers [38]/ RCT Government N=186at F/U Nicotine ENDS with education 6 weeks
Arnold [34] ENDS n=125 to reduce TC
us TCn=61
Male 111, Female 75
Age: 433 (£12.5)
TCuse: 12.1 (£7.2)/day
92 African American
94 Latinx
Veldheer RCT Government n=191 participants using ENDS  Nicotine and non-nicotine ENDS 3 months
[36] 56.5% female ad lib
us Age:46.5 (£11.4) “Encouraged”to reduce TC
TC use: 18.1 (+6.5)/day
Walele RCT Industry N=102 Nicotine ENDS supplied 24 months
[37] Males 57, Females 45 Requested TC abstinence
UK Age: 387 (£10.2) and exclusive use of supplied

ENDS

ENDS, electronic nicotine delivery system, e-cigarette; F/U, follow-up; NR, not reported; Quasi, quasi-experimental study, a non-randomized experimental study

testing cause and effect; TC, tobacco cigarette

*Interim publication of study findings

reported in Additional file 1: Table S5 Statistically sig-
nificant test measurements pre/post-test—acute studies
and Additional file 1: Table S6 for follow-up studies.

Forced expiratory volume in 1s (FEV,)

The FEV, test measures the volume of air that is forced
out of the lungs in 1 s; it can assess the severity and
development of COPD [42, 43]. Twelve studies tested
FEV,, five acute (one data not reported), and seven fol-
low-up. Four acute tests were nonsignificant [27, 29, 30
(cigarettes), 30 (asthma)] and one acute study reported a
significant decrease [23]. Three follow-up studies found
no significant changes [25, 36, 38], four found statistically
significant improvement [24, 26, 32, 33] and one reported
a significant decrease [37].

Forced vital capacity (FVC)

FVC is the total volume of air that can be exhaled during
a maximally forced expiration effort [44]. Twelve stud-
ies tested FVC within-subject. All five acute tests were
nonsignificant [23, 27, 29, 30] (cigarettes), 30 (asthma)].
In the follow-up studies, three reported no significant

effects [25, 36, 38], four found a significant increase [24,
26, 32, 33], and one [37] had a statistically significant
decrease.

FEF35.75

The FEF,;_ .5 is the average flow starting from the point
at which 25% of the FVC has been exhaled to the point
at which 75% has been exhaled [44]. It is potentially a
sensitive marker of obstructive peripheral airflow [45].
Six studies conducted this test. One acute test was non-
significant [27]. In the follow-up studies, three tests were
nonsignificant [25, 36, 38], one indicated benefit [33] and
one had a statistically significant decline [37].

Peak expiratory flow (PEF)

Peak expiratory flow (PEF) is the maximum airflow gen-
erated during a forceful exhalation, starting from full lung
inflation [46]. Ten studies conducted this test. Four acute
studies measured PEF; three tests had non-significant
results [23, 27, 30] cigarettes] and a significant decline
in two studies [29, 30] asthma]. Five follow-up studies
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showed no significant impact of ENDS use on PEF [24,
25, 28, 36, 38] and one had a significant decline [37].

FEV,/FVC%

The FEV,/FVC% is the percentage of the FVC expired in
1 s [44]. It is an indicator of obstructive defects, restric-
tive or mixed patterns of deteriorating lung function
[47, 48]. Eight studies calculated this measurement. One
acute study found a significant decrease [30] asthma] and
three tests were not significant [27, 29, 30] cigarettes] and
five follow-up studies had results that were not signifi-
cant [24, 32, 33, 36, 38].

Impulse oscillometry (10S)

The IOS test measures resistance to airflow and is more
sensitive than spirometry for measuring peripheral air-
way disease [49]. Only the acute studies conducted this
testing. Three studies found increased resistance with
acute ENDS use [30, 31, 35], and in one study, test meas-
urements were not significant after 30 min [22]. Three
studies tested IOS on participants with asthma; two
showed significant declines [30, 31] and one had no sig-
nificant changes [22]. One study testing participants with
COPD had nonsignificant test results [31].

Other lung function tests

Other tests were conducted in the acute studies. One test
was total lung capacity, the volume of air in the lungs at
maximal inflation [44]; one acute study [23] observed no
significant changes in this test. Three tests conducted
in two acute studies [23, 30] found no significant effects
on Residual Volume, the volume of gas in the airways
after maximal exhalation. One acute study [30] testing
of Expiratory Reserve Volume, the volume of gas maxi-
mally exhaled after end-inspiratory tidal breathing [50]
observed no significant changes for participants who
smoked or for those with asthma.

Tabulation of testing findings

In summary, 66 test measurement findings were reported
in the studies, out of which 43 (65%) were not signifi-
cant. Significant findings were mixed, with 14 measuring
declines and 9 showing improvement in lung function.
A sensitivity analysis excluded the studies at high risk of
bias, and the percentages were very similar for studies
rated at some concerns (none industry-funded). None of
the statistically significant test measurements was clini-
cally relevant. See Additional file 1: Tables S5 and S6.

Narrative synthesis: sub-group analyses

Dual use

Six studies evaluated differences in respiratory function
between participants who exclusively used ENDS and

Page 8 of 14

those who used both ENDS and cigarettes (dual use).
Four studies found no significant differences or improve-
ments in those with dual use [25, 26, 34, 36]. Studies by
Polosa et al. on asthma [33] and on COPD [32] observed
that those who used ENDS exclusively had significant
improvements in lung function tests FEV,;, FVC and
FEF,;_;5. While participants with dual use also showed
improvements in these studies, the improvements were
not as great compared to participants with exclusive
ENDS.

Populations with underlying disease
Studies included participants with asthma, COPD, and
serious mental illness.

Four follow-up studies were conducted with partici-
pants with various severities of asthma, with mixed find-
ings. In these studies, participants with asthma with
dual use showed improvement in all lung function tests,
except the FVC test with exclusive ENDS use.

In one study [33], patients with mild to moderate
asthma using ENDS on at least two consecutive follow-
up visits over 24 months showed significant improve-
ments in lung function tests FEV,, FVC, FEF,,_ . for both
exclusive and dual ENDS use, both groups of participants
experiencing fewer exacerbations of asthma. Additional
evidence from this study supported that ENDS substitu-
tion resulted in improvements: two patients who relapsed
to smoking after ENDS use experienced worsening of
their asthma outcomes. The study’s small sample size of
16 participants limits the confidence in these findings.

Three of four acute studies measuring IOS in partici-
pants with moderate asthma (N=63) showed increased
airway resistance with ENDS use [30, 31, 35], and one
found no significant change [22]. These findings sug-
gest possible airway irritation from ENDS use, but the
test measurements in all three studies were not clinically
relevant.

Only two studies were conducted with participants
with COPD. A 5-year study of 39 patients with COPD
[32] demonstrated significant improvements in par-
ticipants with exclusive ENDS use aged 66.9 (+5.8) that
demonstrates that in older age, switching to ENDS may
result in improvements in lung function over a longer
period of time. In the other study [31], airway resistance
in 16 patients with COPD after 10 min of ENDS use did
not produce significant changes.

A cessation study [28] of patients with a serious mental
illness found no clinically significant changes in their res-
piratory tests with ENDS substitution.

ENDS usage > 1 year
Three studies [32, 33, 37] with a longer duration of
ENDS use indicated improved lung function in healthy
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participants and for those with an underlying health con-
dition of COPD or asthma.

GRADE

The certainty of the evidence was moderate to low in the
acute studies and moderate to very low in the follow-
up studies. Overall, the confidence in the evidence was
rated as low. Ten RCTs and clinical trials were reduced to
low confidence due to multiple risks of bias. Four RCTs
and clinical trials were rated at some concerns, lower-
ing their assessment to moderate. The two cohort stud-
ies were assessed as some concerns of bias, lowering their
certainty to very low confidence. See Additional file 1:
Table S7 for GRADE rating.

Discussion

Summary of main results

The 16 studies in this review conducted a total of 66 res-
piratory test measurements. No significant differences
were reported in 43 tests (65%) between ENDS use and
cigarette use. Nine follow-up studies found improve-
ments in lung function tests. Declines in lung function
tests were reported in 14 tests, 10 of which were from
the acute studies, and all negative test results were from
studies rated at high risk of bias. None of the statistically
significant results indicated clinically relevant changes in
lung functioning.

Findings on the respiratory health effects of ENDS sub-
stitution for smoking varied by health status and by the
duration of ENDS use. For participants without respira-
tory disease, the acute studies did not show a clinically
meaningful worsening of pulmonary function with ENDS
use. Four acute and five short-term studies recorded no
changes in healthy participants using ENDS. Also, one
short-term study showed a decline in respiratory func-
tioning in participants after they reverted from ENDS to
cigarettes.

However, for participants with respiratory illnesses, the
findings were mixed. For participants with asthma, two
acute studies found a worsening of pulmonary function
[30, 31], and one reported no significant change [22].
Yet these findings were not confirmed by a 24-month
follow-up study [33] that observed no decline in respira-
tory functioning in participants with diagnosed asthma
using ENDS and instead reported statistically significant
improvement. Two studies were conducted with partici-
pants with COPD but the studies’ durations were dia-
metrically different. A 5-year study showed significant
test score improvements in patients with COPD who
switched to ENDS [32] while an acute study reported no
significant effects of ENDS use on COPD [31].
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Effect modification

A major problem with the findings is that the studies
were not of sufficient duration. The beneficial effects of
quitting cigarette use on lung function are not immedi-
ate and may take up to 2 years to manifest [51]. After
stopping cigarette use, it takes 3 months for a reduc-
tion in the presence and severity of respiratory symp-
toms, 1 year for improvements in airway inflammation,
and 8 years for improvements in lung diffusion capacity
[52]. It is worth noting that improvements in spirom-
etry testing can occur due to participants’ familiarity
with the testing process rather than a clinically relevant
improvement [53].

The duration of cessation is critical to accurately
interpreting the results of the FEV,; test because
improvements or lower rates of decline do not occur
until after 1 year of cigarette abstinence [51, 52]. Nine
studies conducted FEV; tests, but with a duration of
less than a year. Three studies conducted this test after
at least 1 year of ENDS use and two reported statisti-
cally significant improvement in the test results [32, 33]
and one found a significant decrease [37].

Improvement in symptoms after quitting cigarettes
takes even longer for patients with respiratory diseases
[54]. Lung function for COPD patients who stop smok-
ing never improves; the loss of function is irreversible,
and cessation can only help prevent further progression
of the disease [51]. Evidence of the effects of ENDS sub-
stitution cannot be obtained from short-term studies
if the duration does not account for recovery periods
[55].

Another concern with the results of FEV tests is the
age of the participants. The FEV, test can measure
improvements in those who stop cigarette use before age
30, but those who stop smoking after age 40 will show
declines in FEV, measurements that are not significantly
different from those who continue to smoke [51]. Three
studies had large age ranges in the participants. Seven
studies included participants aged 30 (+15), and two
studies had participants aged 40 and above. Seven stud-
ies were conducted with participants 30 years old and
younger. None of the authors accounted for the age of
their participants as an effect modification of their find-
ings for this spirometry test.

Quality and bias assessments

One of the key observations of this review is the poor
quality of much of the research literature, with ten of
sixteen studies rated at high risk of bias and no studies
rated at low risk of bias. Without discussing every item,
we report below on the major areas of concern for biases
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in the research design, the conduct of the study, and
reporting.

Study design
Blinding is a basic component of clinical research, where
participants, clinicians, and researchers are prevented
from knowing the intervention (or treatment); the par-
ticipant receives in order to avoid the introduction of
bias. With some studies, the blinding of participants is
not possible because the difference appearances of ENDS
and cigarettes is obvious, plus the lack of vapor with
sham vaping is easy to identify. Yet it is possible to blind
participants and clinicians to nicotine strengths or no
nicotine, as was done by Veldheer et al. [36]. Researchers
performing the statistical analyses can easily be blinded
from identifying the intervention group of the individual
participants. In five of the seven RCTs, blinding was not
performed. See Table 2 JBI assessment and study biases.
Follow-up duration was a major limitation in study
design. The seven acute studies per force and three fol-
low-up studies [24, 26, 38] had a duration of less than
3 months. These studies have limited relevance for
observing the potential effects of ENDS substitution
because improvements in respiratory function take a
minimum of 3 months to show benefit from cessation,
and 2 years or more of cessation are needed for improve-
ments in respiratory function (see Effect modification
above).

Study conduct

A red flag in clinical research is unreported deviations
from the study protocol (plan) because it may be an indi-
cation of the potential “cooking” of data to obtain desired
or favorable results [56—58]. Two research teams did not
indicate if they had a protocol [27, 29], and one had an
unpublished protocol [24]. Four studies with protocols
had discrepancies from the research design [25, 26, 28,
36], three of which we considered serious.

Another source of error in the findings is compliance
bias—differences in subjects’ adherence to the planned
treatment regimen or intervention [59]. Compliance
bias was detected in six out of sixteen studies. Many
participants continued to smoke even when they were
instructed or “encouraged” not to [25, 37]. Four follow-up
studies [24, 32, 33, 36] failed to report if the participants
experienced adverse effects with ENDS use therefore it is
not possible to determine if any of their participants cur-
tailed ENDS use.

Reporting bias

Reporting bias is scientific misconduct. It happens from
the selective reporting of results and excluding or con-
cealing data [60—63]. Reporting bias also occurs when
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the study authors manoeuvre their discussion only to
sources that conform to their desired conclusions [64,
65]. Reporting bias was detected in thirteen studies.

Most egregious, several studies published selective test
results or did not provide actual pulmonary test measure-
ments. Several authors characterized test results as “not
significant” without reporting any data. Some figures in
the articles included only p values (a probability statistic)
or average differences between ENDS and cigarette user
groups, but not the actual test measurement data.

In several studies, the authors manipulated their dis-
cussions or conclusions. In four studies [25, 27, 28, 32],
the authors’ discussion presented the assumption that all
other studies were in accord with their findings, that only
one position exists (all's well literature bias [66, 67]). In
six studies [22-25, 30, 31], the authors offered only stud-
ies in support of their findings (one-sided reference bias
[68]). Some authors unevenly highlighted one side of
their study with the framing effect of language focused
on the loss of health or risks [69-71].

As for conclusions, in eight studies, the conclusion was
based on secondary endpoints (i.e. not the primary out-
come) having no clinical significance. In the conclusions
of five studies, there was an over-reliance on the statisti-
cal significance of p values [72] although the test results
were not clinically relevant. See Table 2 JBI assessments
and study biases.

Comparison to other systematic reviews

Six systematic reviews published since 2020 have cov-
ered studies on the respiratory effects of ENDS, but their
analysis does not match up with ours because of the very
different types of studies they included. This makes com-
paring their conclusions with our conclusions unten-
able. The one partially comparable systematic review is
the Larue et al. [73] meta-analysis based on 17 studies
of acute respiratory outcomes from good-quality-rated
cross-over studies and randomized parallel group stud-
ies. In accord with our findings, their meta-analysis did
not find significant changes in spirometry tests with
ENDS use.

Two systematic reviews conducted meta-analyses of
cross-sectional studies (population surveys). Goniewicz
et al. [74] examined two cross-sectional studies and one
longitudinal population study on the respiratory effects
of ENDS substitution. Their meta-analysis calculated
ENDS substitution as producing a~40% lower odds of
negative respiratory outcomes of COPD, asthma, chronic
bronchitis, emphysema, and wheezing. The meta-analysis
of Chand and Hosseinzadeh [75] was comprised of 13
cross-sectional studies and calculated a significant asso-
ciation of between current e-cigarette use and asthma.
Our review based on respiratory testing did not validate
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either the substantial benefit or the negative association
with ENDS use. As is well established, cross-sectional
studies are evidence of a possible association, but not
causation.

Wills et al. [76] conducted a meta-analysis of human
epidemiological studies. Eleven of the 15 asthma studies
were with adolescent populations; they may not be indic-
ative of outcomes for adults because adolescent asthma is
known to go into remission in adulthood [77]. Their anal-
ysis incorporated studies of ENDS use on participants
who had never smoked. Our PICO specified adults who
smoke, so their conclusions are based on findings that do
not match up with our study population.

Finally, the systematic reviews of Bozier et al. [78] and
Bravo-Gutiérrez et al. [79] each anchored their conclu-
sions in the evidence from in vitro (cell) and rat studies
as well as including cross-sectional studies. We excluded
in vitro studies because they “may not directly translate to
adverse effects relevant to disease outcomes” in tobacco
research [55]. As for animal tests on ENDS, almost all
on rats, this study design does not reflect real life-use or
human exposure levels as the rats’ exposure to ENDS is
administered via intra-tracheally or nasally administered
liquids or whole-body aerosol exposure [8]. Furthermore,
respiratory studies on rodents have been dismissed by
some researchers as not relevant to humans [80]. Because
their analyses include non-human studies, these two sys-
tematic reviews are not comparable with ours.

Recommendations for future research

Like other researchers of ENDS, our call is for longer-
duration studies. Improved study quality is critical,
requiring that research is conducted with an adequate
number of participants. For statistical precision, future
longitudinal studies should assess and stratify the results
by smoking behaviour and history. Given the issues with
treatment fidelity, exclusive ENDS use and dual use
with cigarettes should be identified as separate catego-
ries. Reporting biases must be rooted out, either by the
authors or by peer reviewers.

One concerning study design that should not be used
is having ENDS users revert to smoking, as was done by
Barna et al. [24]. This experimental design puts partici-
pants at risk for relapse to smoking.

Limitations

Our systematic review has limitations, some derive from
the quality of the studies themselves, and others from
our conduct of the review. The studies have many limita-
tions. The majority of studies were rated at high risk of
bias, and no studies were at low risk. More than half of
the studies, ten out of sixteen, were conducted with small
sample sizes limiting their conclusions and precluding
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generalizability. In addition, acute effects contributed lit-
tle to identifying health outcomes, nor did findings with
significant p values indicate clinically relevant outcomes.

The review had limitations in its conduct. First, the
quality and bias assessments were labor intensive, and
the findings required more discussion than anticipated.
Second, we had expected to find sufficient new studies
published to continue this systematic review in the liv-
ing mode (regular, ongoing updates), but this was not the
case. We believe that our 100% compliance with PRISMA
2020 and AMSTAR? requirements has served us well in
conducting a rigorous and transparent systematic review
with strong validity and reliability.

Conclusions

Most of the studies showed no difference in respiratory
parameters. Nearly two-thirds of the respiratory function
tests found no significant effects of ENDS substitution
for cigarette smoking. None of the statistically significant
changes in test measurements was of clinical relevance.
This indicates that ENDS substitution for smoking likely
does not result in additional harm to respiratory health.
Due to the high risk of bias and the small sample sizes
in the majority of the studies, our certainty in this con-
clusion is low. Unfortunately, reporting spin is ram-
pant, further eroding our confidence in the conclusions
articulated by many of the study authors. To be able to
inform policy and clinical practice, well done and robust
studies are sorely needed to assess if ENDS substitution
is a worthwhile harm reduction option for people who
smoke.
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