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Abstract

Aims: To synthesize and describe the evidence from among young people and adults to
assess: (i) what interventions have been effective in changing vaping harm perceptions;
and (ii) to what extent vaping harm perceptions predict any changes in vaping and smok-
ing behaviours.

Methods: Systematic review searching five databases (Embase, PsycINFO, Medline,
CINAHL, Scopus) from January 2007 to January 2023. Eligible studies reported quantita-
tive data with >1 time point among young people (sample majority aged <18 years) or
adults (sample majority aged >18 years). Interventions were considered if they communi-
cated vaping harms, categorized as relative (vaping vs smoking) or absolute (vaping vs
not vaping). Outcomes were changes in: (i) vaping (absolute, relative) or nicotine harm
perceptions; (ii) vaping or smoking behaviours. Evidence was synthesized narratively.
Results: Eighty-five articles were included, of which 46 assessed interventions to change
vaping harm perceptions and 39 assessed associations between harm perceptions and
subsequent vaping/smoking behaviours. All studies among young people and most
among adults were from the USA. Interventions aimed at young people typically commu-
nicated that vaping and nicotine are harmful/addictive (absolute harms), often in the
form of educational programmes and media campaigns. Interventions aimed at adults
typically communicated that vaping is harmful but less harmful than smoking (relative
harms), often via written materials and educational workshops. In addition to methodo-
logical and analytical heterogeneity, risk of bias was high; hence findings should be inter-
preted with caution. Generally, interventions appeared to be effective in changing
perceptions that reflected the intervention content among young people (12/14 studies)
and adults (24/32 studies), at least in the short-term (38/46 studies only assessed the
outcome pre- and immediately post-intervention). Interventions communicating that
vaping is harmful and addictive (absolute harms) increased perceptions that vaping is
harmful and addictive among young people (12/14) and adults (16/23 studies) and also
increased the misperception that vaping is as harmful as smoking (relative harm) among

young people (2/2 studies) and adults (5/8 studies). There was also some evidence that
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INTRODUCTION

Vaping carries some risks but is less harmful than smoking [1-3].
However, misperceptions of the health harms of vaping are increasing
in many countries [4-9]. In England in 2024, 85% of adults who
smoked inaccurately perceived that vaping is equally or more harmful
than smoking or did not know, up from 59% in 2014 [9]. In the USA in
2019, 16% of adults accurately perceived that vaping is less harmful
than smoking, down from 42% in 2013 [8]. Nicotine misperceptions
are also common [4, 5, 10]; in 2021, only 11% of adults who smoked
in England knew that nicotine contributes none or a small amount of
the health harms from smoking [5]. Similar patterns are also seen
among young people [5, 7, 8]. Little is known about how these misper-
ceptions can be corrected, but doing so is critical because they could
deter adults who smoke from switching to a less harmful nicotine
product [1, 5]. However, vaping is not risk free and so should be
discouraged among young people and non-smokers [1, 5].

Systematic reviews have found that exposure to risk messages
about vaping are associated with vaping harm perceptions and inten-
tions to vape [11, 12], and that, among young people, vaping harm
perceptions are associated with ever having vaped [13]. Specifically,
one review from 2020 concluded that messages communicating that
vaping is less harmful than smoking improved the accuracy of vaping
harm perceptions and increased intentions to quit smoking and/or
switch to vaping [11]. The review identified 31 experimental and
cross-sectional studies, all from the USA or UK, and none examined
changes in vaping or smoking behaviours [11]. A 2024 review of
39 studies among young people (with the majority conducted in the
USA) identified numerous interventions highlighting vaping risks, and
these increased perceptions that vaping is harmful and decreased
intentions to vape [12]. However, most studies were limited by
cross-sectional designs or short follow-up periods [12] and none con-
sidered adults. A 2022 meta-analysis of 20 studies from across multi-
ple countries (half from the USA, one-fifth from Asia) found that
young people who have ever (vs never) vaped were more likely to
perceive vaping as not harmful, including less harmful than smok-
ing [13]. However, most studies were cross-sectional and the review
did not consider more frequent vaping, changes in smoking or
adults [13].

To our knowledge, there have been no evidence reviews of the
longitudinal impact of vaping harm perceptions on subsequent vaping

and smoking among both young people and adults. Studying both age

both absolute and relative harm perceptions predicted vaping and smoking behaviours,
such that perceiving vaping as harmful deterred vaping among both young people (8/9
studies) and adults (4/7 studies), while misperceiving vaping as equally/more harmful
than smoking prevented adults from quitting smoking (5/6 studies).

Conclusions: Interventions to change vaping harm perceptions appear to be effective.

Vaping harm perceptions appear to predict vaping and smoking behaviours.

adults, perceptions, smoking, systematic review, vaping, young people

groups is important because interventions should balance encouraging
adults who smoke to switch to vaping with deterring vaping in young
people.

This systematic review therefore aims to assess, among young
people and adults: (i) what interventions have been effective in
changing vaping harm perceptions; and (ii) to what extent are vaping
harm perceptions predictive of any changes in vaping and smoking

behaviours.

METHODS

Protocol

The protocol was registered (PROSPERO ID: 247890) [14] and the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines were followed (Table S1). This review extends
prior vaping evidence reviews in 2022 and 2024 [1, 5].

Search

Embase, PsycINFO, Medline, CINAHL and Scopus were searched from
1 January 2007 (the year e-cigarettes were introduced to the UK and
US markets) to 24 January 2023. In PROSPERO, the end date was set
to 1 August 2021, but has since been updated to 24 January 23. See
the supporting information for the search strategy, which was

informed by prior work [15-19].

Inclusion criteria

Population. Any people, any age.

Language. English, French or German.

Literature. Peer-reviewed publications. Excluded grey literature and
conference abstracts.

Design. Quantitative data with more than one time point. For research
question 1 (RQ1), longitudinal (i.e. the same participants assessed at
more than one time point), repeated cross-sectional, experimental/
quasi-experimental, trials, surveys and observational studies that
examined interventions involving communication/messaging of the

harms of vaping and changes in vaping harm perceptions (within- or

85U8017 SUOWILLOD BA1I8.1D) 3|qedtdde 8Ly Aq peusnob ke Sa e YO ‘8sn JO Sa|Nn 10j AIq1T 8UIUO 48] 1M UO (SUONIPUOD-PUR-SWBI 0" A3 1M ARe1q 18Ul [UO//:SdNL) SUORIPUOD pue sWis | 841 89S *[GZ0z/0T/LT] Uo Ariqi]auliuO A8]IM ‘'S901ARS ARid1 DN Uopuo abe|0D AIseAIUN A 62102 PPR/TTTT OT/I0P/L00 A3 1M AIq1pul|uo//Sdny WOy pepeo|umoq ‘0 ‘Sr009ET



VAPING PERCEPTIONS: A SYSTEMATIC REVIEW

between-person) were included. For RQ2, studies that examined
longitudinal associations between vaping harm perceptions and any
subsequent changes in vaping and smoking behaviours within-person
were included.

RQ1 exposure. Interventions involving communication/messaging of
vaping harms or risks.

RQ1 outcome. Changes in vaping harm perceptions, categorized as:

1. Relative - harms of vaping compared with smoking, including
health effects or addiction (e.g. vaping is less harmful than smok-
ing, is less addictive than smoking). Based on current evidence [5],
we classified the perception that vaping is less harmful than smok-
ing as ‘accurate’ and equally/more harmful than smoking as
‘inaccurate’.

2. Absolute - harms of vaping compared with not vaping, including
health effects or addiction (e.g. vaping is harmful, causes diseases,
is addictive).

3. Nicotine - harms of nicotine use compared with no nicotine use,
including health effects or addiction (e.g. nicotine is harmful, is
addictive).

Changes could be measured within-person (e.g. experiments,
longitudinal surveys) or at the population level (e.g. repeated cross-
sectional surveys), and must have been measured before/concurrently
and after the intervention, with any changes reported. We excluded

harm perceptions of vaping cannabis/illicit drugs and harm

sSAL

perceptions as a reason for vaping (i.e. not harm perceptions per se,
but vaping because of perceived harms).

RQ2 exposure. Vaping harm perceptions (defined above).

RQ2 outcome. Longitudinal changes in vaping/smoking behaviours,
assessed within-person (e.g. initiation/uptake, cessation/reduction,
switching from smoking to vaping). Behaviours must have been mea-
sured before/concurrently and after harm perceptions, and changes
reported.

Screening

Two authors independently screened all titles/abstracts and full texts
in Covidence (Covidence, Melbourne, Australia) [20]. Agreement was
fair (title/abstract agreement = 87.6%; Cohen’s kappa = 0.38; full-text
agreement = 86.5%; Cohen’s kappa = 0.35). Most disagreements were
because of poor intervention or measure descriptions or a lack of
clarity over whether data were longitudinal. Title/abstract disagree-
ments were automatically screened at full-text level. Full-text
disagreements were resolved through discussion, consulting a third
reviewer and, where necessary, contacting authors for additional
information. Reason for exclusion disagreements were resolved
according to the hierarchy of exclusion criteria (Figure 1), taking the
lowest number selected. Where information for determining eligibility
was missing, the authors of the article were contacted. Articles where

authors did not provide the necessary information were excluded.

)
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Records assessed for eligibility 1. Incorrect study design (n = 824)
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3. Incorrect literature type (n = 139)
— 4. Incorrect outcomes (n = 73)
A4 5. Incorrect language (n = 7)
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FIGURE 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram describing article selection.
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Data extraction
Data were extracted in Covidence [20] by one author and 10 (8.5%)
articles were checked by a second author. The quality was considered

good and so further checks were not performed. For the data extrac-
tion form, see the Supporting information.

Risk of bias

Risk of bias was assessed by one author using the Cochrane Risk

Non-randomized Studies of Interventions tool (ROBINS-I) [22], adapted
five-star Newcastle-Ottawa Scale (NOS) (cohort studies) [23, 24] and
adapted eight-star NOS (repeat cross-sectional studies) [25].

Analyses

Findings were narratively synthesized because of methodological and
analytical heterogeneity, as expected [14]. We grouped articles by age
group [young people (sample majority aged <18 years), adults (sample
majority aged 218 years), young adults (sample majority aged 18-

of Bias (RoB) tool

(randomized studies) [21], Risk of Bias in

TABLE 1 Summary of results.

34 years, mean age <26 years or undergraduate students)]. We also

Youths

Adults

Research
question 1

Interventions and
absolute harm
perceptions

Interventions and
relative harm
perceptions

Interventions and
nicotine harm
perceptions

Research
question 2

Absolute harm
perceptions and
vaping

Absolute harm
perceptions and
smoking

Relative harm
perceptions and
vaping

Relative harm
perceptions and
smoking

Nicotine harm
perceptions and
vaping

Nicotine harm

perceptions and
smoking

14 articles in total

12 of 14 articles found evidence of associations. Specifically, the
perception that vaping is harmful was increased by interventions
communicating that vaping is harmful, addictive and/or equally/
more harmful than smoking

2 of 2 articles found evidence of associations. Specifically, the
inaccurate perception that vaping is equally/more harmful than
smoking was increased by interventions communicating that
vaping and nicotine are harmful

3 of 4 articles found evidence of associations. Specifically,
perceptions that nicotine is harmful and addictive were
increased by interventions communicating that vaping is harmful
and nicotine is addictive

14 articles in total

8 of 9 articles found evidence of associations. Specifically,
perceiving lower harms from vaping predicted the initiation and
escalation of vaping

1 of 3 articles found evidence of associations. Specifically,
perceiving more harm from vaping/smoking (combined)
predicted not smoking in the past 30 days

4 of 7 articles found evidence of associations. Specifically,
perceiving vaping as less harmful than smoking predicted the
initiation and escalation of vaping

0 of 2 articles found evidence of associations

1 of 1 article found that perceiving nicotine in vapes as harmful
predicted quitting vaping

No studies were identified.

32 articles in total

16 of 23 articles found evidence of associations. Specifically,
the perception that vaping is harmful was increased by
interventions communicating that vaping is harmful (sometimes
also including relative and/or nicotine harms)

10 of 16 articles found evidence of associations. Specifically,
the accurate perception that vaping is less harmful than
smoking was increased by interventions communicating that
vaping is less harmful than smoking and can help people quit
smoking (sometimes also including information about nicotine).
The misperception that vaping is equally/more harmful than
smoking was increased by interventions communicating that
vaping is harmful or as/more harmful than smoking

6 of 7 articles found evidence of associations. Specifically,
perceptions that nicotine is harmful and addictive were
increased by interventions communicating that vaping and/or
nicotine are harmful and addictive

25 articles in total

4 of 7 articles found evidence of associations. Specifically,
perceiving lower harms from vaping predicted the initiation
and escalation of vaping, while perceiving vaping as harmful
predicted quitting vaping

0 of 2 articles found evidence of associations

13 of 16 articles found evidence of associations. Specifically,
perceiving vaping as less harmful than smoking predicted the
initiation and escalation of vaping, switching from smoking to
vaping (i.e. quitting smoking), using vapes to quit smoking and
past 30-day vaping

5 of 6 articles found evidence of associations. Specifically,
perceiving vaping as less harmful than smoking predicted
switching from smoking to vaping (i.e. quitting smoking) and
reductions in smoking. Perceiving vaping as equally/more
harmful as smoking predicted a relapse to smoking

1 of 3 articles found evidence of associations. This article
found that lower perceptions that nicotine is harmful predicted
past 30-day vaping and vaping for quitting smoking

1 of 1 article found that perceiving nicotine as harmful
predicted more quit attempts but less quit success
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grouped harm perceptions and interventions into three categories
(relative, absolute, nicotine) and further categorized the ‘relative’
category as ‘accurate’ or ‘inaccurate’ (defined above). Where articles
included findings from the same study, all articles were included and

any overlap was described narratively.

RESULTS

The search identified 14 964 records, of which 85 were included
(Figure 1). Of these, 46 addressed RQ1 (interventions to change vap-
ing harm perceptions) [26-71] and 39 assessed RQ2 (whether harm
perceptions predict subsequent vaping and/or smoking behaviours)
[72-110]. Table 1 presents a summary of the results.

RQ1.: interventions to change vaping harm perceptions
Young people

Among young people, 14 articles assessed associations between inter-
ventions and changes in vaping harm perceptions (Table 2) [26-39].

Participants: All either <18 years (except one study, aged
11-19 years [34]) and/or school students from the USA. Sample sizes
ranged from 14 [33] to 10 758 [30].

Interventions: Except one with insufficient information [39], all
interventions communicated the absolute harms of vaping (e.g. causes
diseases, lung injuries) and risks of nicotine, mainly with the aim of
deterring young people from vaping. Three also communicated inac-
curate relative harm (vaping is equally/more harmful than smoking)
[32-34] and none communicated accurate relative harms. Interven-
tions were mainly educational workshops/programmes delivered in
schools [28, 30, 31, 35, 38, 39] but also included video games
[27, 32, 33, 37], mass media campaigns (either as part of an experi-
mental paradigm or self-reported exposure) [29, 34, 36] or written
materials [26].

Outcomes: All 14 articles assessed absolute harm perceptions
[26-39], two articles additionally examined relative harm percep-
tions [26, 30] and four articles examined nicotine harm perceptions
[26-29]. Most (10 articles) assessed outcome(s) pre- and immediately
post-intervention, with no long-term follow-up [26, 28, 30-34, 36-38],
although one cohort study assessed outcome(s) at baseline and again at
13 months [29].

Interventions and absolute harm perceptions: Fourteen articles
were identified, of which 12 found some evidence of associations (i.e.
P < 0.05). Specifically, absolute harm perceptions were increased by:
written information [26] and educational workshops/programmes
[28, 30, 31, 35], highlighting that vaping and nicotine are harmful; and
virtual reality video games [27, 32, 33, 37] and self-reported or forced
exposure to mass media campaigns [29, 34, 36], highlighting that vap-
ing and nicotine are harmful and also that vaping is equally/more
harmful than smoking. The two studies that did not find significant

associations with absolute harm perceptions involved educational

SSAL°

programmes delivered in schools communicating vaping and nicotine
harms, although these ‘harms’ were not defined [38, 39].

Interventions and relative harm perceptions: Two studies were
identified, both of which found some evidence that inaccurate relative
perceptions were increased by written information [26] and an educa-
tional programme [30] communicating the harmful effects of vaping
and nicotine.

Interventions and nicotine harm perceptions: Four studies were
identified, three of which found some evidence for associations with
interventions. Specifically, an educational programme [28] and vir-
tual reality video game [27] communicating information that vaping
is harmful and nicotine is addictive increased nicotine harm and
addictiveness perceptions, one study found some evidence that
exposure to ‘The Real Cost’ campaign in the USA (with graphic
videos of the health consequences of vaping and addiction)
increased nicotine harm perceptions on three of eight measures
13 months later [29], and one study lacked clear evidence of an
effect (i.e. P> 0.05) that written information about vaping harms
and nicotine changed the perception that e-cigarettes contain addic-

tive nicotine [26].

Adults

Among adults, 32 articles assessed associations between interven-
tions and changes in vaping harm perceptions (Table 3) [40-71]. Three
articles used data from the same study [63, 64, 66].

Participants: Adults aged 18+ years or with a mean age of 20
+ years, except one study among clinicians where age was not
reported [47] and another among adults aged 16+ years [70]. Eleven
studies were conducted among young adults specifically (defined
above) [40-42, 44, 48-50, 52, 57, 61, 62]. The majority used US data
only (24 articles) [40-45, 47-50, 52, 54-57, 59, 60, 62-67, 71], with
the remainder from the UK, Canada and/or Australia, with some studies
spanning more than one of these countries [46, 51, 53, 58, 61, 68-70].
Sample sizes ranged from seven [71] to 19 005 [58].

Interventions: Interventions among adults were more diverse than
among young people, with a range of vaping harms communicated.
Interventions communicating relative harms were the most common
(20 articles), which included 12 accurate (less harmful than smoking)
[44, 45, 51-54, 60, 61, 63, 65, 66, 70], four inaccurate (equally/more
harmful) [46, 48, 68, 69], two both accurate and inaccurate [40, 56]
and two with insufficient information [47, 67]. The absolute harms of
vaping were communicated in 18 articles [40, 42-44, 46-50,
52, 55-57, 59, 62, 67-69]. Nicotine harms (e.g. not the main cause of
the health harms from smoking, can contribute to heart disease, is
addictive) were communicated in 11 articles [40-42, 48, 49, 52, 53,
63, 64, 66, 70]. Information was mainly communicated via written
materials [42-46, 48, 49, 52, 54, 55, 57, 60, 62-66, 68, 69], as well as
educational workshops or videos [47, 50, 59, 67, 71], mass media
campaigns [70], advertisements [51, 61] and packaging/warning labels
[41, 53, 56]. One study examined self-reported exposure to incorrect

claims about vaping and exposure to information refuting these
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VAPING PERCEPTIONS: A SYSTEMATIC REVIEW

SSAL

(Continued)

TABLE 2

Outcomes (harm perceptions): measurement and association with intervention

Interventions (message)

Relative

Analytic sample,

design

Risk of bias”

Nicotine®

Absolute?

(accurate)®

Details and examples

Category?

Ref., country

physical or mental health, relative to

control schools, 3 months later

intervention entailed or what was

Repeat cross-
sectional

communicated. Control group were

studies in school grades that did not

implement SBI

lacking clear evidence for an effect (i.e. P > 0.05).

mixed evidence of associations (e.g. for one subgroup only, or in unadjusted but not adjusted analyses); x°

evidence of associations (i.e. P < 0.05); v/x
2Categories of interventions and outcomes. Relative: harms of vaping compared with smoking, subcategorized as accurate (vaping is less harmful than smoking) and inaccurate (equally/more harmful than

smoking). Absolute: harms of vaping compared with not vaping. Nicotine: harms of nicotine use compared with no nicotine use.

v =

bRisk of bias was assessed using different tools depending on the study design. The Cochrane Risk of Bias (RoB) tool for randomized studies, the Risk of Bias in Non-randomized Studies of Interventions tool

(ROBINS-I) for non-randomized studies, an adapted five-star Newcastle-Ottawa Scale (NOS) for cohort studies (scores <3 indicate high risk of bias) and an adapted eight-star NOS for repeat cross-sectional

studies (higher scores indicate lower risk of bias).

incorrect claims [40]. One article had insufficient information to
classify harm perceptions into absolute, relative or nicotine
perceptions [71].

Outcomes: Most (23 articles) examined changes in absolute harm
perceptions [40-57, 59-62], 16 examined changes in relative percep-
tions [40-42, 44-48, 63-71] and seven examined nicotine harm
perceptions [40-43, 63, 64, 71]. Among these, three examined
composite measures across more than one outcome group [40-42],
and one assessed all three outcomes but did not report statistical
comparisons [71]. Most (28 articles) assessed the outcome(s) pre-
and immediately post-intervention with no long-term follow-up
[41-56, 59-69, 71], although one cohort study assessed the
outcome(s) at baseline and at the 3-month follow-up [40].

Interventions and absolute harm perceptions: Twenty-three articles
were identified, of which 16 found some evidence of associations.
Specifically, absolute harm perceptions were changed by interventions
involving written information about vaping [including social media
posts, Short Message Service (SMS)/texts, written information with a
video about smoking, warning labels] [41-46, 49, 52-57], an educa-
tional workshop [50], advertisements [51] and self-reported exposure
to incorrect claims about vaping [40]. Overall, exposure to information
that vaping is harmful, causes diseases/cancer and/or is just as harm-
ful as smoking (sometimes also in combination with information that
nicotine is addictive/harmful) increased the perceptions that vaping is
harmful, causes diseases/cancer and is addictive. Exposure to informa-
tion that vaping does not cause cancer/diseases, is less harmful than
smoking and/or helps people to quit smoking reduced perceptions
that vaping is harmful, causes specific diseases and is addictive. Of the
remaining articles, six lacked clear evidence that absolute harm per-
ceptions could be changed through written information about vaping
[48, 60, 62], an educational programme (one among clinicians, one
among school staff) [47, 59] or advertisements [61], and one did not
report statistical comparisons [71].

Interventions and relative harm perceptions: Sixteen articles were
identified (three from the same study), of which 10 (two from the
same study) found some evidence of associations. Specifically, relative
harm perceptions were changed by interventions involving written
information about vaping (e.g. social media, SMS/texts, warning
labels, written information with images, nicotine fact sheet)
[44-46, 63, 65, 66, 68, 69], an educational video [67] and self-
reported exposure to incorrect claims about vaping [40]. Overall,
exposure to information that vaping is less harmful than smoking can
reduce the risk of smoking-related disease and can help people to quit
smoking (sometimes also in combination with information about
nicotine) increased the perception that vaping is less harmful than
smoking. Exposure to information that vaping is harmful, as harmful as
smoking, or that there is insufficient evidence regarding how safe vap-
ing is increased the misperception that vaping is equally/more harmful
than smoking. Among the remaining articles, five lacked clear evi-
dence of associations between interventions and relative perceptions
[41, 47, 48, 64, 70]; specifically, there was a lack of clear evidence
that relative harm perceptions were changed through information

about vaping and nicotine harms/addictiveness, via written
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VAPING PERCEPTIONS: A SYSTEMATIC REVIEW

(Continued)

TABLE 4

Outcomes (changes in behaviour): measurement and association

with exposure

Analytic sample,
approximate
follow-up

Exposure (harm perception)

Vaping Smoking Risk of bias,® covariates

Category? Details and examples

Ref., country

v High (2)

N/A

26 items assessing beliefs about

the short-term and long-term

Absolute

4470
Age 13-26 years

n=

Jesch (2021) [85]

USA

Demographics, baseline smoking

Not smoking in the past

30 days was predicted by

perceiving greater

consequences of vaping and

6-month follow-up

smoking (combined) (e.g. ‘If | vape

consequences from vaping/
smoking, with short-term

every day, | will become addicted’)

consequences more important
than long-term consequences

lacking clear evidence for an effect (i.e. P > 0.05);

evidence of associations (i.e. P < 0.05); v'/x = mixed evidence of associations (e.g. for one subgroup only, or in unadjusted but not adjusted analyses); ¥

NR = not reported.

v =

2Categories of exposure. Relative: harm perceptions of vaping compared with smoking, subcategorized as accurate (vaping is less harmful than smoking) and inaccurate (equally/more harmful than smoking).

Absolute: harm perceptions of vaping compared with not vaping. Nicotine: harm perceptions of nicotine use compared with no nicotine use.

bRisk of bias was assessed for all studies using the Newcastle-Ottawa Scale (NOS), with scores of >3 stars indicating a low risk of bias and scores of <3 stars indicating a high risk of bias.

“Same study.

sSSALZ

information [48, 64], warning labels [41] or an educational work-
shop [47], or through information about the reduced harm of vaping
compared with smoking provided in a regional mass media cam-
paign [70]. The final article in this category did not report statistical
comparisons [71].

Interventions and nicotine harm perceptions: Seven articles were
identified (two from the same study), of which six (two from the same
study) found some evidence of associations [40-43, 63, 64]. Specifi-
cally, exposure to written information (social media posts, warning
labels, written information with a video about smoking, nicotine fact
sheet) that vaping is harmful, addictive, causes diseases/cancer, and
that nicotine is harmful and addictive increased perceptions that
nicotine is harmful and addictive and decreased the accurate percep-
tion that nicotine is not the main cause of smoking-related harms
[41-43, 63, 64]. Self-reported exposure to information refuting incor-
rect claims about vaping and nicotine was associated with reduced
risk perceptions of nicotine 3 months later [40]. One study did not
report statistical comparisons [71].

RQ2: do harm perceptions predict subsequent vaping
and/or smoking behaviours?

Young people

Among young people, 14 articles assessed associations between
vaping harm perceptions and changes in vaping and/or smoking
behaviours (Table 4) [72-85].

Participants: All <18 years of age or school students, except in
three studies with mean ages of 16 [72], 17 [7] or 13-26 years [85].
All studies used US data. Sample sizes ranged from 217 [84] to
16 143 [80].

Exposures: Vaping harm perceptions were assessed in a variety of
ways, with most [10] measuring absolute harm perceptions
(e.g. vaping causes diseases, wrinkles, addiction, tobacco-related ill-
ness, is harmful to health) [72, 73, 77, 79-85], seven measuring rela-
tive harm perceptions compared with smoking [74-76, 78, 82-84]
and one measuring nicotine use harm perceptions (e.g. nicotine is
very/extremely harmful) [84].

Outcomes: Thirteen articles assessed vaping, with 12 exploring
the initiation of ever and past 30-day vaping [72-83], one the escala-
tion of vaping [72] and one quitting vaping [84]. Five articles assessed
smoking, all of which assessed initiation/escalation of ever and/or
past 30-day smoking [72-75, 85]. Studies could assess more than one
type of exposure (perception) and outcome (behaviour). All studies
were cohort surveys with outcomes measured at baseline and at
follow-ups conducted at 6 months [78, 85, 87, 108] and at
3-5 years [80].

Absolute harm perceptions and vaping: Nine studies were identified
[72, 73, 77, 79-85], of which eight found that perceiving lower abso-
lute harms from vaping predicted the subsequent initiation of ever
and past 30-day vaping, and the escalation of vaping [72, 73, 77, 79-83].
One of these studies specifically found a dose-response relationship
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between lower perceptions of harm from vaping and an earlier age of
initiation [80]. The ninth study found that quitting vaping was pre-
dicted by perceiving that people harm themselves a little/somewhat
(vs a lot) when they vape in unadjusted analyses, but not when adjust-
ing for demographics and other tobacco product use [84].

Absolute harm perceptions and smoking: Three studies were identi-
fied [72, 73, 85], of which one found that perceiving greater health
consequences from vaping/smoking (combined) predicted not smok-
ing in the past 30 days [85], while two lacked clear evidence of associ-
ations between absolute vaping harm perceptions and the initiation or
escalation of smoking [72, 73].

Relative harm perceptions and vaping: Seven studies were identi-
fied [74, 76, 78, 82, 83], of which four found that perceiving less harm
from vaping relative to smoking predicted the subsequent initiation of
ever vaping [74, 76, 82, 83] and the escalation of past 30-day vap-
ing [78], while two lacked clear evidence of these associations
[74, 75]. The seventh study found that quitting vaping as an outcome
was predicted by perceiving vaping to be about the same (vs less)
harm as smoking in unadjusted analyses, but not when adjusting for
demographics and other tobacco product use [84].

Relative harm perceptions and smoking: Two studies were identi-
fied, both of which lacked clear evidence that perceiving vaping as
less harmful than smoking predicted the initiation of ever or past
30-day smoking [74, 75].

Nicotine harm perceptions and vaping: One study was identified,
which found that the perception that nicotine in vapes is very/
extremely harmful was associated with subsequently quitting vaping
among young people [84].

Nicotine harm perceptions and smoking: No studies were
identified.

Adults

Among adults, 25 articles assessed associations between vaping harm
perceptions and changes in vaping and/or smoking behaviours
(Table 5) [86-110].

Participants: Most studies were conducted among adults aged 18-
+ years or with a mean age of 20+ years and 10 were conducted
among young adults specifically (defined above) [91, 94, 96, 97, 101,
103, 104, 108-110]. The majority (20 articles) used US data only
[86, 88-94, 96-98, 101, 102, 104-110], with the remainder from the
UK, Canada, Australia or more than one of these countries [87,
95, 99, 100, 103]. Sample sizes ranged from 137 [103] to 20 628 [98].

Exposures: Unlike studies among young people, which predomi-
nantly measured absolute harm perceptions, most studies among
adults measured relative vaping harm perceptions compared with smok-
ing (17 articles) [86-88, 92-96, 98-102, 104, 105, 108, 110], seven
measured absolute harm perceptions [90, 91, 97, 103, 106, 107, 109]
and three measured nicotine harm perceptions [89, 100, 103].

Outcomes: Twenty-two articles assessed vaping as an outcome:
11 measured the initiation of ever, past 30-day, current, experimental
and/or daily use [86, 92, 93, 95, 97-99, 101, 103, 104, 110]; six

measured escalation [88, 89, 91, 94, 102, 109]; one measured vaping
non-tobacco/menthol flavours versus other flavours [96]; three mea-
sured quit attempts/success [106-108]; two measured vaping for
quitting smoking [89, 100]. Six assessed smoking as an outcome, with
three measuring frequency [88, 89, 91], three measuring quit
attempts/success [88, 89, 92] and two measuring relapse [86, 105].
Four assessed both smoking and vaping outcomes as a combined
measure, with three investigating switching from smoking to vaping
[86-88] and one investigating switching from vaping to smoking [90].
Studies could assess more than one type of exposure (perception) and
outcome (behaviour).

Absolute harm perceptions and vaping: Seven studies were identi-
fied [72, 73, 77, 79-84], of which four found some evidence of associ-
ations [91, 97, 103, 106]. Perceiving lower absolute harms from
vaping predicted subsequent vaping initiation [97, 103] and escala-
tion [91] in three studies among young adults, while perceiving vaping
as harmful to health predicted successfully quitting vaping (but not
attempts to quit when adjusting for numerous covariates) in one study
among adults [106]. The remaining three studies found no significant
associations between absolute harm perceptions of vaping and past
30-day pod e-cigarette use among young adults [109], perceiving
vaping as addictive and successfully quitting vaping or attempting to
quit [107], and perceiving vaping as harmful and continuing vaping
(vs abstinence) [90].

Absolute harm perceptions and smoking: Two studies were identi-
fied, neither of which found evidence that perceiving vaping as
harmful or addictive predicted switching from vaping to smoking or
changes in smoking [90, 91].

Relative harm perceptions and vaping: Sixteen studies were identi-
fied [86-88, 92-96, 98-102, 104, 105, 108, 110], of which 13 found
some evidence of associations [86-88, 92-96, 98-101, 104]. Overall,
perceiving vaping as less harmful than smoking predicted: the subse-
quent initiation of ever and regular/current vaping among adults who
smoke, as well as young adults [86, 88, 92, 93, 95, 98, 99, 101, 104];
switching from smoking to vaping [86-88]; the use of vapes during
the last smoking cessation attempt [100]; past 30-day vaping among
adults who smoke [88]; and vaping non-tobacco/menthol flavours
(e.g. fruit flavours) over tobacco/menthol flavours [96]. Perceiving
vaping as ‘more healthy’ than smoking also predicted increases in the
frequency of vaping among young adults who smoke [94]. However,
one of these studies lacked clear evidence that perceiving vaping as
less harmful than smoking predicted changes in the frequency of vap-
ing [88] and another found that associations between relative percep-
tions and switching from smoking to vaping were no longer significant
when propensity score matching was used in the analyses [87]. The
remaining three studies lacked clear evidence that relative harm per-
ceptions predicted the initiation of ever vaping [110] or attempting to
quit JUUL (a brand of e-cigarettes that uses pods) [108] among under-
graduates or increases in vaping frequency among adults who
smoke [102].

Relative harm perceptions and smoking: Six studies were identified
[86-88, 105], of which three found that perceiving vaping as less
harmful than smoking predicted switching from smoking to vaping
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(i.e. quitting smoking) [86-88] and reductions in the frequency of
smoking [88], two found that perceiving vaping as equally/more harm-
ful than smoking predicted a relapse to smoking [86, 105], one of
which found this effect was only significant among those who had
recently switched [86], while one lacked clear evidence that perceiv-
ing vaping as more harmful than smoking predicted quitting
smoking [92].

Nicotine harm perceptions and vaping: Three studies were identi-
fied [89, 100, 103], one of which found evidence of an association.
Specifically, lower perceptions of nicotine as harmful predicted subse-
quent past 30-day vaping and vaping for quitting smoking among
adults who smoked, although addictiveness perceptions were not pre-
dictive [89]. The remaining two studies lacked clear evidence that
harm perceptions of vaping with nicotine predicted the initiating of
ever vaping (although vaping without nicotine was predictive of ever
vaping) [103] or that perceiving nicotine replacement therapies as less
harmful than smoking predicted the use of vapes during the last
smoking cessation attempt [100].

Nicotine harm perceptions and smoking: One study was identified,
which found that quit attempts were more likely, but quit success less
likely, among those who perceived nicotine as harmful, and that ciga-
rette consumption was not predicted by either nicotine harm or addic-

tiveness perceptions [89].

Risk of bias

The risk of bias was high overall. Most randomized studies (18 of
21) had some concerns [34, 41, 43, 44, 46, 48, 49, 51, 54-56,
62-66, 68, 69] and all 19 non-randomized studies had serious con-
cerns [26, 28, 30-33, 35, 37, 38, 42, 45, 47, 50, 52, 59-61, 67, 71],
mainly because of missing data or no pre-specified analysis plan,
and, for non-randomized studies, did not adjust for key confounding
factors (e.g. age or gender) (Tables S2 and S3). Fourteen of 21 ran-
domized studies compared effects between groups [36, 43, 46,
48, 55-57, 62-66, 68, 69], with the remainder only assessing
within-person changes in the experimental and/or control groups.
Among repeated cross-sectional studies, the bias was average-
to-high (with scores from 3-6 out of 8; Table S4) [39, 58, 70].
Among cohort studies, all except one (39 of 40 articles) had a high
risk of bias [40, 72-94, 96-110], mainly because none had a valid
measure for assessing vaping harm perceptions or bio-verified smok-
ing/vaping (Table S5).

DISCUSSION

This was the first systematic review to assess, among both young peo-
ple and adults: (i) what interventions have been effective in changing
vaping harm perceptions; and (ii) to what extent are vaping harm per-
ceptions predictive of any changes in vaping and smoking behaviours.
Eighty-five studies were included, of which 46 assessed interventions

to change vaping harm perceptions and 39 assessed associations

between harm perceptions and behaviours. All studies among young
people were from the USA, and all studies among adults were from
the USA, Canada, UK and/or Australia (with the majority from
the USA).

A range of interventions were effective in changing vaping harm
perceptions. Overall, consistent with and extending prior reviews
[11, 12], the findings suggest that both young people from the USA
and adults from the USA, Canada, UK and/or Australia are receptive
to interventions communicating the harms of vaping, at least in the
short term (38 of 46 studies only assessed the outcome pre- and
immediately post-intervention, with no long-term follow-up). Specifi-
cally, interventions communicating that vaping is harmful and addic-
tive (absolute harm) increased these perceptions, while interventions
communicating that vaping is less harmful than smoking (relative
harm) increased this perception. There were also broader effects; for
example, information that vaping is harmful and addictive (absolute
harm) increased the misperception that vaping is as harmful as smok-
ing (relative harm). This may, in part, explain why relative vaping mis-
perceptions are increasing alongside more negative information about
vaping in the media and some public health campaigns [4-9, 111].
Therefore, any absolute harm messages must be balanced and care-
fully designed so as not to misinform people about relative harms.

There was a clear discordance between what is communicated to
young people (typically absolute harm) and adults (typically relative
harm). Ideally, all messages would balance the information that vaping
carries risks but is less harmful than smoking, but no such studies
were identified among young people. This warrants future research,
particularly because young peoples’ perceptions may persist into
adulthood, some communication efforts (e.g. mass media campaigns)
will likely reach both groups and conflicting messages can increase
inaccurate perceptions [112].

Vaping harm perceptions predicted changes in vaping and smok-
ing behaviours, with most research focusing on vaping as an outcome.
Specifically, perceiving vaping as less harmful than smoking predicted
increased vaping among young people from the USA and adults from
the USA, Canada, UK and/or Australia, while perceiving vaping as
harmful deterred increases in vaping. These findings align with a prior
meta-analysis of mainly cross-sectional data showing that vaping harm
perceptions correlate with ever vaping among young people [13]. Our
review expands this work by showing that vaping harm perceptions
can precede and predict changes in both young peoples’ and adults’
vaping behaviours. With respect to smoking behaviours, the few stud-
ies available suggests that misperceiving vaping as equally/more
harmful than smoking can prevent adults from switching from smok-
ing to vaping and increase relapse risk. This is a critical finding that
demonstrates the importance of promoting accurate vaping percep-
tions among adults who currently or formerly smoke.

The finding that accurately perceiving vaping as less harmful than
smoking predicts uptake/increases in vaping among individual-level
studies is inconsistent with population-level data showing that vaping
misperceptions are increasing alongside increasing vaping prevalence
in North America and the UK [ 113, 114, 5, 7-9]. While harm percep-
tions are a critical component of health behaviour, they are only one
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of many drivers [113, 114]. People report vaping for a variety of rea-
sons [115-117], and so interventions that target multiple drivers of
vaping and smoking, and at multiple levels (individual, local and popu-
lation), are required to change these behaviours [113, 114].

The risk of bias was high overall. Some sources of bias (no pre-
specified analysis plan, missing data and a lack of adjustment for key
confounding factors) can be addressed through better statistical prac-
tices. However, other sources (lack of smoking/vaping bioverification
or lack of valid perception measures) are more difficult to overcome.
While many biomarkers exist for smoking [118], none are validated
for vaping [119] and no measures of vaping or nicotine harm percep-
tions have been comprehensively evaluated psychometrically. The
most commonly used measure of relative perceptions (vaping is less
harmful than smoking) has been assessed for criterion validity [120],
but not for other reliability or validity domains. Further, as was found
in this systematic review, measures vary widely, so future research
should validate the range of vaping and nicotine perception measures
to improve study quality in this field.

This systematic review had several limitations and implications
for future research. First, as mentioned above, the risk of bias was
high, limiting confidence in individual studies and therefore in the
overall findings. Further, only one author assessed risk of bias, reduc-
ing the reliability of these assessments, and, because we excluded
grey literature, there is also a possibility of publication bias. Second,
most studies, including all studies among young people, were from the
USA and may not generalize elsewhere. The USA has a unique
e-cigarette regulatory environment (e.g. no legal nicotine concentra-
tion limit on vapes and flavour restrictions in certain states) and gen-
erally negative health messaging around vaping [111], and articles
spanned multiple years during which the US regulatory environment
changed (e.g. the age of sale increased from 18 to 21 years in 2019).
Interventions in other countries also exist [121-123] but require eval-
uation. Third, heterogeneity was high, with studies assessing different
interventions, perceptions and behaviours; therefore, the evidence for
specific interventions was often limited to a handful of studies
(e.g. five for warning labels) [41, 53, 56, 58, 66]. Fourth, most inter-
vention evaluations were limited in only assessing perceptions before
and immediately after the intervention and in a controlled experimen-
tal setting. Additional research is required to assess whether the
changes in perceptions are sustained in the long term. Further, in the
real world, exposure to information about vaping is more complex; for
example, websites/social media are the most commonly cited source
of vaping communication efforts among youth [111], and vaping cam-
paigns on social media are often accompanied by counter arguments
and public reactance, which may weaken the impact of the interven-
tion [124]. This study also has strengths. It is the largest review of its
kind, considering how vaping harm perceptions can be changed, and
whether they predict behaviours, among both young people and
adults. Only studies with at least one time point were considered,
strengthening conclusions regarding the direction of associations
beyond previous reviews comprising mainly cross-sectional studies
[11-13]. Sample sizes were also large for studies assessing whether

vaping harm perceptions predict behaviours.

ssAL

To conclude, interventions can change vaping harm perceptions,
and this is important because harm perceptions predict vaping and
smoking behaviours. However, the content of interventions varies
substantially, with studies among young people predominantly focus-
ing on absolute harms (which can increase misperceptions that vaping
is as harmful as smoking) and studies among adults predominantly
focusing on harms relative to smoking. Ultimately, interventions
should communicate that vaping carries risks but is substantially less

harmful than smoking, in line with current evidence [1-3].
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