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INTRODUCTION 
Electronic cigarettes (e-cigarettes) are battery-
powered devices in which a liquid, which may contain 
nicotine, propylene glycol, glycerin, flavors or other 
chemical additives, is heated and converted into 
an aerosol for inhalation, commonly called vapor1. 
Following marketing authorization, its popularity 
has increased in some regions, especially in current 
smokers, but also among non-smokers and former 

smokers, driven by greater social acceptance, more 
positive taste experiences, and fashionable shape, 
compared to the traditional smoking cigarettes2-5. 
Indeed, in the USA an increase has been observed 
in the use prevalence among former smokers of 
e-cigarettes, from 5.3% in 2015 to 10.9% in 2018. A 
similar trend was found among those who stopped 
smoking for more than 12 months ago, namely, long-
term former smokers in the UK2,6. A study conducted 
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ABSTRACT
INTRODUCTION The use of e-cigarettes has been the subject of a public health debate 
on their possibility of undermining efforts for tobacco control. The aim of this 
study was to synthesize the risk of smoking relapse with the use of e-cigarettes 
by former smokers.
METHODS MEDLINE, EMBASE, PsycInfo and LILACS were searched without 
restriction to language or date of publication. Longitudinal observational studies 
evaluating the association between e-cigarette use and smoking relapse were 
selected by two independent reviewers, and disagreements solved by discussion 
with a third researcher. Data extraction and risk of bias assessment were also 
carried out by two independent reviewers. The meta-analysis was performed 
using the random effect Mantel-Haenszel model.
RESULTS From 632 retrieved records, six studies were eligible and described, while 
three were included in the quantitative synthesis. The studies were conducted 
in the USA, UK and France, with final sample size varying from 374 to 4094 
former smokers. Risk of relapse was 2.03 (95% CI: 1.39–2.96) among former 
smoker users than non-users of e-cigarettes, and 1.38 (95% CI: 1.11–1.65) when 
pooling the adjusted association measures. Long-term former smokers were the 
main contributors for the higher relapse risk, while the impact of frequency of 
exposure to e-cigarettes (past, non-daily, daily) was uncertain.
CONCLUSIONS Considering the growing popularity of e-cigarettes among former 
smokers, our results point to the great potential for an increase in the frequency 
of relapse to conventional smoking and vaping for those who move to regular 
use of e-cigarettes.
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in 27 European Union countries, which evaluated 
more than 26000 individuals aged ≥15 years, 
observed a prevalence of electronic cigarette use of 
20.3% among current smokers, 4.7% in ex-smokers 
and 1.2% in non-smokers of common cigarettes5. 

E-cigarettes were introduced to aid smoking 
cessation and as a less harmful alternative for smokers 
not willing to quit, by replacing regular cigarettes 
with devices that mimic their shape while delivering 
nicotine without inhaling combustion toxins7,8. 
However, the heterogeneity of its liquid components, 
including additives, solvents and metal nanoparticles 
that can still produce toxic and carcinogenic 
substances, and adversely impact health, has raised 
concerns about the safety of the use of e-cigarettes9-11. 
Besides, e-cigarettes have been the subject of a public 
health debate on their possibility of undermining 
efforts for tobacco control. Considering that these 
devices may be associated with an increased risk of 
smoking among non-smokers, there is a reduction 
in quit smoking attempts among dual users and an 
increased risk of smoking relapse among former 
smokers2,6,12. The latter could be explained by the 
role of addiction to nicotine as one of the main factors 
associated with smoking relapse. After smoking 
cessation, the return to nicotine exposure using 
e-cigarettes may promote the re-establishment of the 
dependency cycle13. However, it remains relatively 
unclear how e-cigarette use may affect former 
combustible cigarette smokers.

This systematic review aimed to identify and 
summarize longitudinal studies evaluating the risk of 
smoking relapse using e-cigarettes by former smokers. 

METHODS
The study methodology and eligibility criteria were 
prespecified and submitted for registration at the 
PROSPERO database on 18 May 2020. The study 
report was compliant with the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses 
(PRISMA) guidelines (Supplementary file)14.

Eligibility criteria
Longitudinal observational studies that assessed 
the association between the use of e-cigarettes and 
smoking relapse among former smokers were eligible 
for this review. Only studies with humans were 
included. There was no restriction related to language, 

date of publication or definitions of former smokers 
or electronic cigarette users.

Information sources and search strategies
An initial search for systematic reviews was carried out 
with terms related to the exposure in the following 
databases: Medical Literature Analysis and Retrieval 
System Online (MedLine) via Public MedLine 
(PubMed), Excerpta Medica Database (EMBASE), 
Cochrane Library and Latin American and Caribbean 
Literature in Health Sciences (LILACS). Since no 
systematic review was identified, a new search for 
primary studies was carried out on 9 January 2020, and 
updated on 18 June 2020, in the same databases, except 
in the Cochrane Library. Besides the terms related to 
the exposure, we included terms related to the outcome 
and the population (Supplementary file Table S1). 

Selection of studies
Two independent researchers selected eligible studies, 
and disagreements were solved by consensus and 
discussion with a third researcher. After removing 
duplicate records, the titles and abstracts of all 
retrieved publications were screened through the 
Rayyan program, and the eligible publications were 
assessed by full-text examination15. For selection 
through the reading of the full text, we calculated the 
kappa coefficient to assess the researchers’ correlation.

Data extraction
The information obtained included characteristics of 
the eligible studies (author and year of publication, 
location, study acronym, recruitment, baseline year, 
length of follow-up, loss to follow-up, covariates, and 
risk of bias assessment), and the studies’ definitions of 
population, intervention, and outcome. Furthermore, we 
extracted the total number of participants, the number 
of relapse cases in exposure and control groups, and 
the adjusted association estimates, to perform the meta-
analysis. Two reviewers independently extracted the 
data, and inconsistencies were resolved by consensus 
after data recheck. For one study, missing information 
was obtained through contact with the authors16.

Risk of bias assessment
The ROBINS-I (Risk Of Bias In Non-randomized 
Studies of Interventions) tool (cohort studies 
version) was used to assess the risk of bias of the 
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included studies17. The bias domains considered in 
this tool were those that arose: due to confounding, 
in the selection of participants in the study, in the 
classification of interventions, due to deviations from 
intended interventions, due to missing data, in the 
measurement of outcomes, and in the selection of the 
reported result. A pair of researchers independently 
performed this phase, and divergences were discussed 
and resolved with a third researcher. 

Data synthesis
The characteristics of the included studies were 
qualitatively described. A meta-analysis was performed 
to calculate the risk summary estimate and its 95% 
confidence interval, using the random effect Mantel-
Haenszel model. The meta-analysis considered three 
categories of e-cigarette exposure: experimentation or 
previous use; current occasional or non-daily use; and 
current regular or daily use. The statistical heterogeneity 
between the studies was assessed using the I2 test. A 
meta-analysis was also performed using the association 

measures adjusted for possible confounding factors, as 
reported in the studies. Data analysis was performed 
using the Stata program, version 15. 

RESULTS
A total of 632 references were retrieved from the 
bibliographical databases. After removing 149 
duplicates, 483 titles and abstracts were screened, and 
469 publications not related to the study question 
were excluded. After full-text reading of 14 articles 
(Kappa concordance coefficient=0.69, therefore 
strong), six met the eligibility criteria and were 
included in the qualitative synthesis (Figure 1).

Table 1 describes the characteristics of the six studies. 
Four studies were conducted in the USA with data 
from the PATH (Population Assessment of Tobacco 
and Health Study), a national cohort study with non-
institutionalized adults18-21. One study evaluated a 
national sample from the general population of smokers, 
former smokers and vapers aged ≥18 years in the UK, 
and one study included adults aged 18–69 years from a 

Figure 1. Flowchart of studies selection 
Figure 1 – Flowchart of studies selection  
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compulsory health insurance scheme in France, which 
covers about 85% of the population16,22. 

The baseline evaluation of former smokers, users 
and non-users of e-cigarettes, occurred from 2013 
to 2016, and the follow-up ranged from 12 to 36 
months. The frequency of relapse was assessed at the 
end of the follow-up, after accounting for 1% to 48.4% 
of participant loss. All studies estimated the risk of 
relapse adjusted for covariates, including age, gender, 
income, and educational level. Brose et al.22 included 
further information on nicotine replacement therapy 
and cessation duration among former smokers, while 
Everard et al.18 and Gomajee et al.16 included the 
greatest number of covariables in the model. 

According to the risk of bias assessment, two studies 

were classified as low risk16,19, two moderate18,22 and 
two high risk20,21. The risk of bias was mainly affected 
in domains related to the adjustment of confounding 
variables, and the loss of follow-up or failure to 
consider it in the analysis.

The definitions of population, intervention and 
outcome adopted in the studies are described in 
Table 2. Regarding population, studies that have 
used data from the PATH study defined former 
smokers as individuals who reported consuming 
≥100 combustible cigarettes in their lifetime, and 
no use at baseline19,21 or at least five years before 
the baseline20. Everard et al.18 further excluded 
individuals who consumed other tobacco products 
at baseline, including cessation therapy with 

Table 1. Description of the characteristics of the studies 

Author, 
year

Location Acronym Recruitment Baseline 
year

Follow-up 
(months)

Loss at 
follow-up

Covariatesa Risk of 
bias

Everard
et al.18 
2020

USA PATH National cohort with 
non-institutionalized 
adults (≥18 years old) 

2013–2014 36 NI Age, sex, race/ethnicity, 
education, family income, 
use of other tobacco 
products, internalizing/
externalizing/substance 
use problems and past 
cigarette use behavior

Moderate

McMillen 
et al.20 
2019

USA PATH National cohort with 
non-institutionalized 
adults (≥18 years old)

2013–2014 12 16.9% Age, sex, race/ethnicity, 
education, household 
smoking rules and 
cohabitation with smokers

High

Verplaetse 
et al.21

2019

USA PATH National cohort with 
non-institutionalized 
adults (≥18 years old)

2013–2014 12 NI Age, sex, race/ethnicity 
and education

High

Brose
et al.22

2019*

UK - National general 
population sample 
of smokers, former 
smokers and vapers 
(≥18 years old)

2016 16 48.4% Age, sex, annual 
income, duration of 
cessation, use of NRT 
and characteristics of 
e-cigarette use

Moderate

Dai et al.19 
2019*

USA PATH National cohort with 
non-institutionalized 
adults (≥18 years old)

2013–2014 12 16.9% Age, sex, race/ethnicity, 
education, family 
income, health insurance 
and region

Low

Gomajee 
et al.16 
2019*

France CONSTANCES National sample 
of adults (18–69 
years old) from a 
compulsory health 
insurance (85% of 
population coverage)

2015 22 (mean) 1.0% Age, sex, marital status, 
education, income, use 
of alcohol, number of 
cigarettes smoked at 
baseline, number of packs/
year, duration of previous 
attempts to quit and 
comorbidities (depression, 
respiratory disorders) 

Low

PATH: Population Assessment of Tobacco and Health Study. NRT: nicotine replacement therapy. NI: not informed. * Included in the quantitative synthesis (meta-analysis). 
a Included in the multivariate model of the original study. 
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e-cigarettes. Dai et al.19 and Everard et al.18 classified 
the participants as ‘recent former smokers’ (smoking 
cessation in the last 12 months) or ‘long-term 
former smokers’ (smoking cessation for more than 
12 months). Brose et al.22 defined former smokers 
as individuals who stopped smoking for at least two 
months at baseline, while Gomajee et al.16 as those 
who reported smoking cessation since 2010 (within 
five years from the study baseline). At the end of the 
follow-up, the sample size ranged from 374 to 4094 
former smokers with a mean age 43–48 years. The 
female proportion was between 45% and 53%.

Most studies have classified exposure to e-cigarettes in 
at least two categories: experimentation or past use, and 
current use. Brose et al.22 and Dai et al.19 further classified 
current use in regular or daily use, and occasional or non-
daily use. Everard et al.18 considered using any electronic 
nicotine delivery system (e-cigarettes, e-cigars, e-pipes, 
and e-hookah) in the previous 12 months. In the study 
by Gomajee et al.16, the exposure was only current daily 
use, while in the study by Verplaetse et al.21, it was current 

daily and non-daily use. 
The definition of the outcome of smoking relapse 

also varied between the studies as follows: current 
use of combustible cigarettes (daily or not) or use 
in the last 30 days in studies derived from PATH18-

21, use of combustible cigarettes, including cases of 
lapses or relapse to smoking in the study by Brose et 
al.22, and daily use of combustible cigarettes in the 
study by Gomajee et al.16.

For the meta-analysis, data from three trials 
were used16,19,22. Everard et al.18, McMillen et al.20 
and Verplaetse et al.21 were excluded from the 
quantitative analysis because they totally or partially 
shared the study participants by Dai et al.19. This 
study was chosen since it has a larger sample size and 
better classification in the risk of bias assessment. 

The meta-analysis showed a twice higher risk of 
smoking relapse (RR=2.03; 95% CI: 1.39–2.96) for 
former smoker users than non-users of e-cigarettes. 
The statistical heterogeneity between the studies was 
high (I2=92.1%; p<0.001) (Figure 2). 

Figure 2. Meta-analysis of the risk of smoking relapse associated with electronic cigarette use 
(experimentation or past use, current occasional use and current regular use)

Figure 2. Meta-analysis of the risk of smoking relapse associated with electronic 

cigarette use (experimentation or past use, current occasional use and current regular 

use) 
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For the subgroups of exposure to e-cigarettes, 
the risk of smoking relapse was not statistically 
significant among former smokers who tried or used 
an electronic cigarette in the past (RR=2.06; 95% 
CI: 0.85–5.01), and among those who regularly 
use the device (RR=1.93; 95% CI: 0.95–3.91). The 
heterogeneity between the studies was high, partly 
due to the result among long-term former smokers 
of the study by Dai et al.19 in which the risk of 
smoking relapse was significantly greater either in 
the past-use group (RR=5.72; 95% CI: 3.93–8.31) 
and in the regular-use group (RR=8.43; 95% CI: 
4.87–14.59). On the other hand, for occasional 
users of e-cigarettes, the risk of smoking relapse 
was approximately twice higher compared to non-
users (RR=1.98; 95% CI: 1.31–2.98), with low 
heterogeneity between the studies (I2=54.4%; 
p=0.111). 

The meta-analysis of the adjusted association 
measures of the primary studies demonstrated 
a smoking relapse risk of 1.38 (95% CI: 1.11–

1.65) for former smoker users of e-cigarettes, 
without heterogeneity found between the studies 
(Supplementary file Figure S1). However, when 
we evaluated the subgroups of exposure, the risk 
of smoking relapse associated with e-cigarette use 
remained higher, but without statistical significance. 
For past use of e-cigarettes, the risk of relapse was 
1.40 (95% CI: 0.94–1.87; I2=0.2%; p=0.367), 
while 1.97 (95% CI: 0.56–3.37; I2=0%; p=0.928) 
for occasional use, and 1.32 (95% CI: 0.83–1.80; 
I2=40.4%; p=0.169) for regular use. 

Although the study of Everard et al.18 shares part 
of the population from the study of Dai et al.19, the 
authors sought to estimate the undiluted effect of 
electronic nicotine delivery systems on smoking 
relapse by only including individuals with abstinence 
from all tobacco products at baseline. In addition, 
they considered the use of any electronic nicotine 
delivery system and evaluated the outcome in a 
longer follow-up (36 months). In this study, the 
adjusted risk of smoking relapse was 2.98 (95% CI: 

Table 2. Description of the population, intervention and outcome considered in the studies

Study Population Exposure groups Outcome

Former smokers N a Age (years) Female E-cigarette use Smoking relapse

Everard
et al.18 
2020

Individuals who ever smoked a cigarette or have 
smoked ≥100 cigarettes in lifetime, not using 
any tobacco products at baseline. Classified as 
‘recent’ (interruption ≤12 months) or ‘long-
term’ smokers (interruption >12 months)

2273 NI 51.8% Past 12-month use 
of any ENDS: 
e-cigarettes, 
e-cigars, 
e-pipes, and 
e-hookah

Current daily 
or non-daily 
cigarettes smoking

McMillen 
et al.20 
2019

Individuals who have smoked ≥100 cigarettes in 
lifetime, and have quit smoking 5 years before 
the study baseline (distant former smokers)

2322 NI 45.6% Ever use (except in
last 30 days)
Past 30-day use

Past 30-day 
cigarettes smoking

Verplaetse 
et al.21 
2019

Individuals who have smoked ≥100 cigarettes 
in lifetime, and were not using cigarettes at 
baseline

NI NI NI Current daily and 
non-daily use

Current daily 
or non-daily 
cigarette smoking

Brose 
et al.22 
2019*

Smokers who stopped smoking for at least 2 
months from the study baseline

374 Mean±SD 
48.1±15.3

45.7% Past/ever use
Current 
non-daily use
Current daily use

Lapses or relapsed 
to cigarettes 
smoking during 
follow-up

Dai et al.19 
2019*

Individuals who have smoked ≥100 cigarettes 
in lifetime, not using any tobacco products at 
baseline. Classified as ‘recent’ (interruption ≤12 
months) or ‘long-term’ smokers (interruption 
>12 months)

4094 NI Recent 
53.1% 

Long-term 
45.9% 

Previous use
Current occasional 
use
Current regular use

Current daily 
or non-daily 
cigarette smoking

Gomajee
et al.16 
2019*

Smokers who have quit smoking from 2010 
(year that e-cigarette was commercially 
introduced in France)

2025 Mean±SD 
43.6±12.1

49.6% Current regular 
(daily) use

Use of ≥1 
cigarettes/day 
during follow-up

ENDS: electronic nicotine delivery system. SD: standard deviation. NI: not informed. * Included in the quantitative synthesis (meta-analysis). a Number of participants at the end 
of the study follow-up.
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1.93–4.60) for users compared to non-users of these 
electronic devices,  1.63 (95% CI: 1.04–2.53) in 
recent former smokers and 3.79 (95% CI: 1.75–8.2) 
in long-term former smokers18. 

 
DISCUSSION
The results of this systematic review with meta-
analysis of longitudinal studies point to an increased 
risk of relapse to conventional smoking associated 
with the use of electronic cigarettes in former 
smokers. The association was found both in the raw 
and adjusted data analysis.

Smoking remains the leading preventable 
cause of illness and premature death in many 
countries23. Although quit attempts are widespread 
among smokers, the majority are unsuccessful. 
In a populational cohort survey conducted in the 
USA, UK, Canada and Australia, 82% of smokers 
reported having made quit attempts in their lifetime, 
with an average of 2.1 attempts, and around 40% 
reporting recent attempts in the year before 
recruitment. However, about one-third of smokers 
have stopped smoking for more than six months, 
and only 15.5% of the sample retained through the 
whole follow-up had succeeded in staying quit for 
12 months24. Therefore, efforts have been made 
to achieve prolonged cessation by means of several 
strategies proposed to help prevent relapse, such as 
extended pharmacological therapies and behavioral 
interventions, in which former smokers learn to 
identify and deal with high risk situations25. 

In this context, the introduction of e-cigarettes 
in the global market seems to function oppositely. 
The results of this systematic review demonstrate 
the use of e-cigarettes as a risk factor for smoking 
relapse. The meta-analysis of longitudinal studies 
estimated risk of relapse twice higher among former 
smokers who use e-cigarettes than among non-users. 
When evaluating subgroups that might explain this 
association, non-daily exposure to e-cigarettes was 
shown particularly important from the summarized 
raw data. Total abstinence from tobacco products, 
and the consequent interruption of the nicotine 
dependence cycle, is the basis of smoking cessation 
treatment. Similar to combustible cigarettes, 
but unlike most nicotine replacement therapies, 
e-cigarettes can provide a pleasurable experience 
to the user by inhalation of tasteful and sensory 

stimulating substances3,26. Electronic cigarettes can 
be classified in more than one generation. The first 
is similar to a cigarette form and without a button to 
press before inhalation. The advanced generation 
has a larger high-power battery and a button to 
press before inhalation. A possible factor that may 
influence the choice is the delivery of nicotine27. 
Recent studies have shown that advanced generation 
devices can deliver nicotine more efficiently27-29 and 
are perceived as providing greater satisfaction and 
reduced desire27. In addition, other factors such 
as the design characteristics or a variety of liquid 
nicotine flavor options may influence the user’s 
choice.

Therefore, the current but not daily chemical and 
behavioral exposure to e-cigarettes can accentuate 
the former smokers’ vulnerability to smoking 
relapse. The low consumption of nicotine through 
irregular e-cigarette use fails to sufficiently protect 
the former smokers against the increased risk of 
relapse13,19.

Although past use or current regular use of 
e-cigarettes equally demonstrate an increased 
risk of smoking relapse in our study, the result was 
not statistically significant. Amid uncertainties, it 
is possible that experimenting with e-cigarettes, 
without a progression towards sustainable use, is 
not enough for former smokers to recover their 
smoking habit, while its daily use supplies the need 
for nicotine especially among those with a higher 
degree of dependence. Indeed, a multi-center 
cross-sectional study, comparing the indicators of 
nicotine dependence and relapse between former 
smoker non-users and daily users of e-cigarettes, 
demonstrated higher levels of addiction, before 
and after cessation, in those who daily use nicotine 
through e-cigarettes. Moreover, these individuals 
reported greater confidence in staying abstinent 
from conventional cigarettes, despite having a 
similar desire to smoke30. Thus, by replacing nicotine 
delivery products, highly dependent former smokers 
could prevent smoking relapse, but may start using 
e-cigarettes.   

In this meta-analysis, the trend of an increased risk 
of smoking relapse among past and regular users of 
e-cigarettes was mainly due to the results obtained 
in the population of long-term former smokers 
from the study of Dai et al.19. Former smokers who 
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had quit smoking more than 12 months ago and 
then tried or used e-cigarettes had a significantly 
increased risk of smoking relapse compared to those 
who did not use the electronic device19. In general, 
the smokers who seek to stop smoking, in an assisted 
or unassisted way, have higher relapse risk in the 
first year following cessation, especially in the first 
three months. However, this risk progressively 
decreases throughout the period of abstinence31-33. 
In a population-based representative prospective 
study in the USA, for example, the smoking relapse 
rate among 12 months or less abstinent individuals 
was greater than 50%, about 65% in the first three 
months, and stabilized around 10% after 30 years of 
abstinence33. Therefore, e-cigarettes seem to have a 
mitigated contribution amid already high probability 
of relapse in the first year after cessation. At the 
same time, it tends to perpetuate the vulnerability 
to relapse that would usually be reduced after 
prolonged abstinence. 

In the meta-analysis, of association measures 
studies, the summary estimate remained significant, 
showing an adjusted risk of smoking relapse 38% 
higher for e-cigarettes users. However, the risk 
estimates by subgroups of e-cigarette exposure 
frequency lost their statistical significance due 
to broader confidence intervals in these smaller 
subgroups. The exception was seen again among 
long-term former smokers, for whom the risk of 
relapse remained significantly increased in past 
and regular use of e-cigarettes19. Additional factors 
independently associated with smoking relapse 
demonstrated by these studies were young age, 
ethnicity (non-Hispanic Blacks), use of other tobacco 
products and shorter abstinence duration19,22. 
Although not included in the meta-analysis, the 
study by Everard et al.18 also showed a higher 
risk of relapse among long-term former smokers 
likely enhanced by the use of an electronic nicotine 
delivery system, demonstrated by the longer follow-
up capable of capturing individuals relapsing after an 
extended abstinence18.

Strengths and limitations 
There are some limitations in this review. The retrieval 
of only a few studies has impaired exploratory analyses 
in smaller subgroups and precluded a publication 
bias analysis. The high statistical heterogeneity 

of raw data was probably due to the differences in 
studies’ definitions, such as for the population (former 
smokers) and the outcome (smoking relapse). In the 
risk-adjusted meta-analysis, we considered a variety 
of covariates in the studies. Although most studies 
have included at least sex, age, socioeconomic status 
and a variable related to smoking, more uniform 
information about abstinence duration, degree of 
dependence and e-cigarette features could increase 
our results consistency. The meta-analysis findings 
should be considered with caution, considering the 
small number of studies and the high heterogeneity.

On the other hand, our bibliography research 
indicates that it is the first systematic review 
evaluating the association between the use of 
e-cigarettes and smoking relapse. The results of this 
study may support global smoking control policies, 
such as maintaining the sale prohibition of electronic 
cigarettes in countries where it is not allowed, such 
as Brazil. Besides, this information can be included 
in individual strategies for former smokers’ care 
to prevent smoking relapse. Additional favorable 
points of this review are that many former smokers 
were evaluated, despite the few included studies, 
and the inclusion of only longitudinal studies. The 
smoking abstinence at baseline shows that exposure 
to e-cigarettes occurred before smoking relapse, 
ensuring the association’s temporality.  

CONCLUSIONS 
There is an increased risk of smoking relapse among 
users of e-cigarettes, which may be explained by 
long-term former smokers. The main uncertainty is 
whether there is a difference in the risk according 
to e-cigarette exposure frequency. The popularity of 
e-cigarettes among former smokers is growing. In this 
scenario, our results point to their great potential to 
increase the frequency of relapse to conventional 
smoking, besides moving to the regular use of 
e-cigarettes.
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