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Summary

Background—Smokers increasingly use e-cigarettes for many reasons, including attempts to 

quit combustible cigarettes and to use nicotine where smoking is prohibited. We aimed to assess 

the association between e-cigarette use and cigarette smoking cessation among adult cigarette 

smokers, irrespective of their motivation for using e-cigarettes.

Methods—PubMed and Web of Science were searched between April 27, 2015, and June 17, 

2015. Data extracted included study location, design, population, definition and prevalence of e-

cigarette use, comparison group (if applicable), cigarette consumption, level of nicotine 

dependence, other confounders, definition of quitting smoking, and odds of quitting smoking. The 

primary endpoint was cigarette smoking cessation. Odds of smoking cessation among smokers 

using e-cigarettes compared with smokers not using e-cigarettes were assessed using a random 

effects meta-analysis. A modification of the ACROBAT-NRSI tool and the Cochrane Risk of Bias 

Tool were used to assess bias. This meta-analysis is registered with PROSPERO (number 

CRD42015020382).

Findings—38 studies (of 577 studies identified) were included in the systematic review; all 20 

studies with control groups (15 cohort studies, three cross-sectional studies, and two clinical trials) 

were included in random effects meta-analysis and sensitivity analyses. Odds of quitting cigarettes 

were 28% lower in those who used e-cigarettes compared with those who did not use e-cigarettes 

(odds ratio [OR] 0·72, 95% CI 0·57–0·91). Association of e-cigarette use with quitting did not 

significantly differ among studies of all smokers using e-cigarettes (irrespective of interest in 

quitting cigarettes) compared with studies of only smokers interested in cigarette cessation (OR 

0·63, 95% CI 0·45–0·86 vs 0·86, 0·60–1·23; p=0·94). Other study characteristics (design, 

population, comparison group, control variables, time of exposure assessment, biochemical 
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verification of abstinence, and definition of e-cigarette use) were also not associated with the 

overall effect size (p≥0·77 in all cases).

Interpretation—As currently being used, e-cigarettes are associated with significantly less 

quitting among smokers.

Introduction

E-cigarettes (also known as electronic cigarettes, electronic nicotine delivery systems, 

vapour pens, and many other terms) are battery-powered devices that heat a solution of 

humectants (usually propylene glycol or glycerol), nicotine (in most cases), and flavourings 

(in many cases), to deliver an aerosol that is inhaled by the user. E-cigarette use is increasing 

in many countries.1,2 Adults report various motivations for e-cigarette use, including to help 

them quit cigarettes and allowing them to continue to use nicotine in areas where smoking is 

prohibited,3–7 which are common themes in e-cigarette marketing and promotion.8–10

In 2015, the US Preventive Services Task Force concluded that evidence was insufficient to 

recommend e-cigarettes for tobacco cessation in adults because of conflicting and limited 

evidence available at the time the recommendation was prepared.11 Two meta-analyses of 

combined results from clinical trials have assessed whether e-cigarette use is associated with 

smoking cessation.12,13 The first,12 based on two randomised trials,14,15 concluded that 

participants using nicotine e-cigarettes were more likely to have abstained from smoking 

cigarettes for 6 months (relative risk 2·29, 95% CI 1·05–4·96) than were participants using 

no-nicotine e-cigarettes, although the authors had little confidence in the results because of 

the small number of trials and small sample sizes. The second,13 based on six studies (the 

same two randomised trials,14,15 two cohort studies,16,17 and two cross-sectional 

studies18,19) found the proportion of individuals using nicotine-containing e-cigarettes who 

quit cigarettes to be 20% (95% CI 11–28). These meta-analyses did not compare e-cigarette 

users to a control group not using e-cigarettes. A third meta-analysis20 of five population-

level studies (four longitudinal21–24 and one cross-sectional25) found that e-cigarette use 

was associated with a significant depression in smoking cessation (odds ratio [OR] 0·61, 

95% CI 0·50–0·75).

The different results of the meta-analyses of clinical trials and observational studies may 

relate to discrepancies in how e-cigarettes are used in a controlled study setting versus in the 

real world. Clinical trials evaluating a treatment or intervention under ideal conditions may 

differ from observational studies evaluating how a product is actually used in a real-world 

setting in study design, study population, study environment,26 and ability to control for 

potential confounders, which can compromise the generalisability of results of observational 

studies.27 These differences are potentially important for e-cigarettes, which, unlike 

prescription-only nicotine inhalers, are mass-marketed consumer products. We conducted a 

systematic review and meta-analysis of clinical trials and observational real-world studies to 

assess the association between e-cigarettes (as available and used) and cigarette smoking 

cessation among adults, including all smokers as well as only those interested in quitting 

smoking.
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Panel: Research in context

Evidence before this study

We searched PubMed and Web of Science between April 27, 2015, and June 17, 2015, 

for articles that evaluated the association between e-cigarette use and cigarette smoking 

cessation among adult cigarette smokers. All relevant papers were included, irrespective 

of where the research was conducted or quality of the studies. There were no language 

restrictions, although all the papers were written in English. We included two additional 

studies published while this report was under peer review. Two earlier meta-analyses, 

one based on two randomised trials, and another based on six studies (the same two 

randomised trials plus two cohort studies and two cross-sectional studies), suggested that 

e-cigarettes might assist smokers in quitting cigarettes. These meta-analyses did not 

compare e-cigarette users to a control group not using e-cigarettes. The first meta-

analysis (of two randomised trials) concluded that participants using nicotine e-cigarettes 

were more likely to have abstained from smoking cigarettes for at least 6 months (relative 

risk 2·29, 95% CI 1·05–4·96) than were participants using no-nicotine e-cigarettes. The 

second meta-analysis concluded that the proportion of individuals using nicotine-

containing e-cigarettes who quit cigarettes to be 20% (95% CI 11–28). A third meta-

analysis of five population-level observational studies found that e-cigarette use was 

associated with a significant depression in smoking cessation.

Added value of this study

We include all available (38) studies in our systematic review and all 20 studies with 

control groups (15 cohort studies, three cross-sectional studies, and two clinical trials) in 

our meta-analysis. Odds of quitting cigarettes were 28% lower in those who used e-

cigarettes compared with those who did not use e-cigarettes (odds ratio 0·72, 95% CI 

0·57–0·91). Sensitivity analysis showed that the results were not affected by a wide range 

of study design factors.

Implications of all the available evidence

As currently being used, e-cigarettes are associated with significantly less quitting among 

smokers. According to the results of our systematic review and meta-analysis, e-

cigarettes should not be recommended as effective smoking cessation aids until there is 

evidence that, as promoted and used, they assist smoking cessation.

Methods

Data sources and searches

To identify studies, we began by manually searching the references from the three earlier 

meta-analyses12,13,20 and completed a comprehensive literature search of PubMed and the 

Web of Science Core Collection between April 27, 2015, and June 17, 2015. As detailed in 

the appendix, search terms included “electronic cigarette”, “e-cigarette”, “electronic nicotine 

delivery”, “stop”, “quit”, “cessation”, “abstain”, and “abstinence”. Search results were not 

limited by language, but all identified studies were in English. There was no search 

limitation on publication dates. We continued to monitor the scientific literature after 
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completing the formal search; this report includes two studies that were published while it 

was in initial peer review.28,29 Both abstracts and full manuscripts were considered.

Study selection

One investigator (SK) did the search, data extraction, and risk of bias assessment, which was 

subsequently reviewed by a second investigator (SAG). Clinical trials, whether randomised 

and controlled or not, cohort studies, and cross-sectional studies were all considered. We 

included studies that evaluated the relationship between e-cigarette use and cigarette 

smoking cessation among adult cigarette smokers; therefore, two studies on adolescents 

were excluded.30,31 We considered all study populations that were defined as “adult” by the 

study authors (youngest age varied from 15 to 30 years in the studies that defined “adult”; 

detailed descriptions of each article are provided in the appendix). We included studies of 

participants who were interested in quitting cigarette smoking and studies of all smokers 

irrespective of interest in quitting. We excluded one cross-sectional study25 because the 

primary outcome was e-cigarette use, not smoking cessation.

Data extraction

Studies that included cigarette smoking cessation as a primary outcome were evaluated for 

inclusion. The definitions of cigarette smoking cessation included in this systematic review 

and meta-analysis included both self-reported abstinence from smoking cigarettes and 

biochemically-validated measures of abstinence (eg, cotinine or exhaled carbon monoxide 

measurements). All studies were included irrespective of the duration of abstinence from 

cigarettes. Those who quit cigarettes could have still been using e-cigarettes; quitting e-

cigarettes was not used as an outcome.

Data extracted from each study included study location, design, population, definition and 

prevalence of e-cigarette use, comparison group (if applicable), cigarette consumption, level 

of nicotine dependence, other confounders measured, definition of quitting smoking, and 

odds of quitting smoking. We attempted to contact study investigators for missing 

information. Risk of bias was assessed using a modification of the ACROBAT-NRSI tool32 

for observational studies and the Cochrane Risk of Bias Tool33 for clinical trials, 

implemented as detailed in the appendix.

Data synthesis

For studies comparing nicotine e-cigarettes with nicotine replacement therapy (NRT), no-

nicotine e-cigarettes, or no cessation aid, all ORs are presented; when several ORs were 

provided, we included only the comparison with no e-cigarette use (when available) or no 

cessation aid in the meta-analysis. Adjusted ORs were used when available, otherwise 

unadjusted ORs were used. For one cohort study,7 two different ORs were reported for e-

cigarette users of different intensities and a pooled estimate was not provided; the ORs for 

those two groups are presented separately.

Statistical analysis

We computed pooled estimates of the odds of smoking cessation among smokers using e-

cigarettes compared with smokers not using e-cigarettes using a random effects meta-
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analysis with the metan command in Stata version 13.0. Adjusted ORs were used when 

available, with unadjusted ORs for the remaining studies in the meta-analysis. Statistical 

heterogeneity was assessed using the I2 statistic.

We did a sensitivity analysis of the effects of study type (real world vs clinical), longitudinal 

versus cross-sectional data analysis, sample frame (smokers interested in quitting vs all 

smokers), control group (NRT users vs all no-e-cigarette users), study population (mental 

illness or no mental illness), whether the study controlled for level of nicotine dependence, 

time of e-cigarette assessment (whether e-cigarette use was assessed at baseline or follow-up 

in longitudinal studies), whether abstinence was biochemically defined, and whether the 

definition of e-cigarette use was current (past 30 day) use versus ever-use or not within the 

past 30 days on the results using separate random effects meta-regressions with each factor 

entered as a dummy variable with the Stata metareg command. We considered the nine 

sensitivity analyses to be a family of comparisons and controlled for multiple comparisons 

using the Holm-Sidak method to obtain adjusted p values. We tested for the presence of 

publication bias using a funnel plot and Egger’s test.

The meta-analysis was registered with PROSPERO on May 11, 2015, number 

CRD42015020382.

Role of the funding source

The funders had no role in the study design, collection, analysis, or interpretation of the data, 

or writing of the report. Both authors had access to the raw data. Both authors had full 

access to all of the data the study and had final responsibility for the decision to submit for 

publication.

Results

Of 577 studies identified, 38 were included in the systematic review (appendix) and 20 

(table 1) in the meta-analysis. Studies excluded from the systematic review did not include 

smoking cessation as an outcome, did not include adults as the study population, were 

opinion pieces or commentaries, or were review articles (figure 1). Of the 38 studies 

included in the systematic review, 16 were excluded from the meta-analysis because they 

lacked a control group that did not use e-cigarettes,15–17,19,45–56 and two57,58 were excluded 

because they used the same dataset as another study included in the meta-analysis.14,38 15 of 

the studies included in the meta-analysis were longitudinal cohort studies (ten assessed e-

cigarette use at baseline, five assessed e-cigarette use only at follow-up), three were cross-

sectional studies, and two were clinical trials.

Odds of quitting (only provided for studies with a control group) are described with point 

estimates and 95% CIs and whether these point estimates differed significantly from 1·00.

15 longitudinal real-world studies assessing smoking cessation in e-cigarette users compared 

with those who did not use e-cigarettes.7,21–24,34–43 Point estimates in 13 of the 15 studies 

indicated decreased smoking cessation among those who used e-cigarettes, six of which 

reported statistically significant results.24,34,36,40,41,43 One study7 found that intensive e-
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cigarette users (those who used e-cigarettes daily for at least 1 month) had significantly 

increased smoking cessation and that intermittent e-cigarette users had a non-significant 

decrease in smoking cessation. In three studies without control groups (excluded from the 

meta-analysis),16,45,46 smoking cessation rates among e-cigarette users ranged from 17% at 

8 weeks,45 to 41% at 1 year,46 to 46% at 1 year.16

Three cross-sectional studies compared e-cigarette users to those who did not use e-

cigarettes:18,28,44 two28,44 showed significantly lower smoking cessation among smokers 

using e-cigarettes compared with those who did not, and the other study18 (of smokers who 

had made a quit attempt in the past year) found significantly higher smoking cessation in 

those who used e-cigarettes compared with those who used NRT or no smoking cessation 

aid. Cigarette quit rates in cross-sectional studies that included only e-cigarette users (ie, 

studies without control groups, which were excluded from the meta-analysis) ranged from 

10% to 66%.19,47–49

The one randomised controlled trial comparing cigarette quit rates of e-cigarette users with 

those of NRT users showed a non-significant increase in quitting associated with e-cigarette 

use.14 A secondary analysis of a subset of participants with mental illness in this study 

showed a non-significant decrease in quitting among those who used e-cigarettes compared 

with those who used NRT.58 A non-randomised clinical trial found a non-significant 

increase in quitting among individuals electing to use e-cigarettes for smoking cessation 

compared with those not using e-cigarettes.29 For trials without control groups17,50–56 (ie, 

all participants used e-cigarettes), cigarette quit rates ranged from 12·5% to more than 40%. 

A randomised trial comparing users of e-cigarettes with and without nicotine (without a 

control group of non-e-cigarette users or conventional smoking cessation therapy) found a 

non-significant increase in quitting cigarettes for those using nicotine-containing e-cigarettes 

compared with those using non-nicotine e-cigarettes.15

Combining the 18 real-world studies7,18,21–24,28,34–44 (treating one study7 with estimates for 

two types of e-cigarette users as two studies, yielded 19 real-world estimates of the 

relationship between e-cigarette use and quitting smoking) and the two clinical trials14,29 in 

a random effects meta-analysis (figures 2, 3) indicated that the odds of quitting smoking 

were 28% lower in those who used e-cigarettes compared with those who did not use e-

cigarettes (OR 0·72, 95% CI 0·57–0·91).

Studies that included only smokers interested in quitting cigarettes yielded a pooled OR for 

quitting of 0·86 (0·60–1·23) for those using e-cigarettes compared with those not using e-

cigarettes. Studies of all smokers (irrespective of motivation to quit) yielded a pooled OR of 

0·63 (0·45–0·86), which is not significantly different from studies limited to smokers 

interested in quitting (p=0·94).

All of the observational studies had low risk of selection bias, half (nine of 18) controlled for 

confounders, and seven of 15 longitudinal studies had follow-up periods of at least 6 months 

(appendix). The overall risk of bias from exposure measurement was unclear, given that the 

definition of e-cigarette use in all but two7,39 of the studies could have included people who 
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only used e-cigarettes once; risk of bias from outcome assessment was unclear or high due 

to objective or poorly defined measurements.

The one randomised clinical trial14 had a low risk of selection, detection, and reporting bias, 

but a high risk of performance and attrition bias, because participants randomly assigned to 

e-cigarettes were provided with the e-cigarettes, whereas the individuals randomly assigned 

to nicotine patches were provided a voucher that they could take to a pharmacy to obtain the 

patches; additionally, the nicotine patch group had a higher loss to follow-up than did the e-

cigarette group (appendix). The non-randomised controlled trial29 had low risk of detection, 

attrition, and reporting bias, but high risk of selection and performance bias because 

participants were not randomised and had chosen to use e-cigarettes.

We did not find evidence of publication bias by Egger’s test (p=0·91) or by visualisation of 

the funnel plot (appendix).

There was evidence of heterogeneity of the studies (I2 77·4%, p<0·0005). In particular, 

heterogeneity was higher for the cross-sectional studies (I2 94·4%, p<0·0005) than the 

longitudinal studies (I2 61·5%, p<0·0005). In addition to using a random effects model to 

control for heterogeneity, we assessed the possible reasons for heterogeneity in a sensitivity 

analysis (table 2). In the sensitivity analyses, sample frame, study type (longitudinal vs 

cross-sectional data analysis), control group, study population, level of nicotine dependence, 

time of e-cigarette assessment (in longitudinal studies), biochemical verification of smoking 

cessation, and definition of e-cigarette use were not associated with overall effect size 

(p≥0·77 in all cases).

Discussion

In this systematic review and meta-analysis, pooled results from 18 real-world observational 

studies and two clinical trials showed 28% (OR 0·72, 95% CI 0·57–0·91) lower odds of 

cigarette smoking cessation among those who used or had used e-cigarettes compared with 

those who had not used e-cigarettes. This conclusion was insensitive to a wide range of 

study design factors, including whether or not the study population consisted only of 

smokers interested in smoking cessation, or all smokers (irrespective of quit intention).

The results of this meta-analysis are consistent with those of the previous meta-analysis of 

five real-world studies,20 which found a pooled OR for quitting of 0·61 (95% CI 0·50–0·75) 

for those who used e-cigarettes compared with those who did not use e-cigarettes.

By contrast, two previous meta-analyses,12,13 which both included the same two clinical 

trials to compare nicotine e-cigarette users with non-nicotine e-cigarette users,14,15 showed 

the odds of quitting cigarettes to be twice as high in those using e-cigarettes with nicotine 

compared with those using e-cigarette without nicotine (2·29, 95% CI 1·05–4·96).12 One of 

the previous meta-analyses,13 based on six studies, found that 20% (95% CI 11–28) of users 

of nicotine-containing e-cigarettes went on to quit cigarettes. By contrast with our analysis, 

the estimates did not include a comparison to standard therapy or no e-cigarette use, so they 

cannot be used to determine whether e-cigarettes are associated with greater cigarette 

abstinence than current practice.
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So far, no clinical trials have done a true head-to-head comparison of e-cigarettes with 

standard therapies (ie, nicotine patch, gum, or inhaler) approved by the US Food and Drug 

Administration for smoking cessation. The one randomised clinical trial included in this 

meta-analysis14 compared e-cigarettes with nicotine patches, but was subject to performance 

bias because individuals randomly assigned to e-cigarettes were provided with them by the 

investigators, whereas participants randomly assigned to NRT were given only a voucher 

that they could redeem at a pharmacy to obtain NRT patches. Although this practice is 

consistent with standard care in the country in which the study was done (New Zealand), it 

potentially biases the study against NRT. As a result, true head-to-head comparisons of e-

cigarettes with approved therapies in a clinical setting are needed to evaluate the usefulness 

of e-cigarettes for smoking cessation. In the USA, such studies require Investigational New 

Drug approval from the Food and Drug Administration Center for Drug Evaluation and 

Research. If e-cigarette companies do not request this approval (as has been the case to 

date), such studies will be difficult, if not impossible, to conduct, unless at the request of the 

companies.

Heterogeneity was higher for the cross-sectional studies (I2 94·4%, p<0·0005) than the 

longitudinal studies (I2 61·5%, p<0·0005). This increased heterogeneity might result from 

the fact that there were only three cross-sectional studies (compared with 18 longitudinal 

estimates), and that they differed in terms of countries (one in the UK18 and two in the 

USA28,44), study population (two only of smokers interested in quitting,18,28 one of all 

smokers44), comparator group (one compared e-cigarettes with NRT18 and the other two 

compared with no e-cigarette use28,44), and adjustment for nicotine dependence (one18 was 

adjusted, two28,44 were not). There was no evidence of study type (longitudinal vs cross-

sectional) being associated with the overall effect size.

There could be a number of explanations for why e-cigarette use was associated with less 

quitting in this meta-analysis combining observational and clinical studies. When 

considering e-cigarettes as a potential smoking cessation aid, the fact that they are freely 

available consumer products could be important. The situation may be similar to the 

differences between the clinical efficacy of approved NRT therapies for smoking cessation 

in clinical trials versus actual use in non-clinical settings. A few studies have evaluated the 

association of other forms of over-the-counter nicotine with smoking cessation. Data from 

the large population-based California Tobacco Surveys, showed that NRT was associated 

with long-term success in quitting cigarettes when available by prescription only, but this 

association was lost when NRT became available over the counter.59 In a prospective cohort 

study of adult smokers in England, prescription medication combined with behavioural 

counselling was associated with increased smoking cessation, whereas over-the-counter 

NRT was associated with a significant reduction in smoking cessation (OR 0·68, 95% CI 

0·49–0·94) that was similar to the association between e-cigarette use and quitting smoking 

that we observed.60

In observational studies evaluating e-cigarette use, participants are choosing to use e-

cigarettes unlike clinical trials where they are being randomly assigned to receive them. 

From one perspective, this self-selection of product use by individuals would be a potential 

source of selection bias61 when evaluating e-cigarettes as a smoking cessation aid. However 
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e-cigarettes are not being used just as smoking cessation devices in the real world. Indeed, 

one important motivation for using e-cigarettes is to self-administer nicotine in places where 

smoking is prohibited.3,62

Interest in quitting cigarette smoking is a common reason for using e-cigarettes,3,4 probably 

because claims of efficacy as a cessation aid have appeared in e-cigarette advertisements in 

the USA,9 UK,8 and China10 even though such claims had not been accepted by regulatory 

authorities. E-cigarettes are also marketed as a way to circumvent smoke-free policies,8,9 

and could be used as such by nicotine-dependent individuals who have lower baseline 

intentions of quitting.

Subgroup analyses in two of the studies suggest that specific use patterns may be important. 

Biener and colleagues7 found that intermittent e-cigarette users (more than once or twice but 

less than daily use) were less likely to quit smoking one year later than non-e-cigarette users, 

but those who had used e-cigarettes daily for at least one month were significantly more 

likely to quit cigarettes. Similarly, Hitchman and colleagues38 found that all “cig-alike” 

users and non-daily tank system users had lower odds of quitting cigarettes, whereas daily 

tank system users were significantly more likely to quit. By contrast, Manzoli and 

colleagues39 found a non-significant (OR 0·83, 95% CI 0·53–1·29) reduction in quitting 

cigarettes among cigarette smokers who regularly used e-cigarettes (defined as using both 

cigarettes and e-cigarettes within the same week for 6 months) compared with cigarette-only 

smokers. These data suggest that e-cigarette use patterns might be important in the 

association between e-cigarettes and smoking cessation.

E-cigarette regulation has the potential to influence marketing and reasons for use. The 

inclusion of e-cigarettes in smoke-free laws and voluntary smoke-free policies could help 

decrease use of e-cigarettes as a cigarette substitute and, perhaps, increase their effectiveness 

for smoking cessation. The way e-cigarettes are available on the market—for use by anyone 

and for any purpose—creates a disconnect between the provision of e-cigarettes for 

cessation as part of a monitored clinical trial and the availability of e-cigarettes for use by 

the general population. Therefore, careful attention to how the products are marketed and 

actually used will be necessary in evaluating e-cigarettes as a smoking cessation aid and 

their ultimate public health impact.63

The studies we reviewed controlled for many confounding variables, including level of 

nicotine dependence, whether the subject was trying to quit smoking cigarettes, 

demographics, past quit attempts, medical and psychiatric comorbidities, cigarette 

consumption, intention or motivation to quit, study factors, tobacco-related variables and 

behaviours, alcohol use, sensation seeking, number of friends and family who smoke, use of 

other quit methods, and type of tobacco smoked (table 1). Future research should focus on 

determining standard definitions of e-cigarette use; evaluating the association of different 

extents of use and different devices with smoking cessation; conducting more randomised 

clinical trials comparing e-cigarettes to standard therapies such as NRT; evaluating the 

effect of e-cigarette use on factors such as motivation to quit; and distinguishing e-cigarette 

users by their reasons for using the products. An ideal study (whether a clinical trial or 

observational study) would control for all these variables, and be a longitudinal study that 
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assessed e-cigarette use at both the start and end, including product type used and frequency 

of use. Additionally, having clear definitions of e-cigarette use (ever use, past 30 day use, 

whether experimentation with e-cigarettes once or twice are included) is important, as is 

how cessation is defined. It will, unfortunately, likely be difficult to obtain all these details 

in any one study.

This study is subject to eight limitations. First, given that there have been very few 

controlled clinical trials exploring e-cigarette use for smoking cessation; all but two of the 

studies used in this meta-analysis were observational studies. Second, the definition of 

smoking cessation used in the studies included in the meta-analysis varied in terms of length 

of abstinence from cigarettes and how smoking cessation was defined. Because we aimed 

for a comprehensive review, we included all definitions of quit as defined by the authors. 

Third, most—but not all—of the observational studies controlled for confounders such as 

nicotine dependence. Sensitivity analysis showed that controlling for nicotine dependence 

was not associated with overall effect size. Other potential confounding variables were 

controlled for in some of the studies, however, sensitivity analyses could not be conducted 

on each of these variables. Nevertheless, it is always possible that other unidentified 

confounders, including biases introduced by those who self-selected to use e-cigarettes, 

might affect the results. Fourth, only two studies7,39 assessed the extent of e-cigarette use in 

their analyses. It is possible that in some included studies, e-cigarettes were only used once, 

which would not be a good predictor of smoking cessation. Fifth, there was variability in the 

quality of the studies. We included them all to provide a comprehensive review of the 

literature and avoid concerns that the results of the analysis were affected by bias in 

selecting which studies to exclude and include. The sensitivity analysis showed that the 

results of the meta-analysis were insensitive to a wide range of aspects of study design. 

Sixth, in the cross-sectional studies, e-cigarette use and cessation were assessed at the same 

time, raising concerns about recall bias. Seventh, e-cigarettes are rapidly evolving products 

and different types and generations of e-cigarettes may have different effects in terms of 

cessation. Finally, both e-cigarette products and the marketing and regulatory environment 

are rapidly evolving, all of which could affect the relationship between e-cigarette use and 

quitting smoking.

As use patterns and product types continue to evolve, the association between e-cigarettes 

and cigarette quit rates may change. In the current regulatory environment, e-cigarette use is 

increasing and, although quitting smoking is a common marketing claim and is often cited as 

a reason for use among cigarette smokers, the overall conclusion from the available studies 

is that e-cigarette use is associated with reduced smoking cessation in the real world.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank Pamela M Ling, Margarete C Kulik, Lauren M Dutra, and I Elaine Allen (University of California San 
Francisco, CA, USA) for their review of and feedback on the manuscript. SK’s work was supported by NIH NRSA 
T32HP19025. SAG’s work reported in this publication was supported by grant 1P50CA180890 from the National 

Kalkhoran and Glantz Page 10

Lancet Respir Med. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Cancer Institute and FDA Center for Tobacco Products (CTP). The content is solely the responsibility of the 
authors and does not necessarily represent the official views of the National Institutes of Health or the Food and 
Drug Administration.

Funding: National Institutes of Health, National Cancer Institute, FDA Center for Tobacco Products.

References

1. Agaku IT, King BA, Husten CG, et al. Tobacco product use among adults—United States, 2012–
2013. MMWR Morb Mortal Wkly Rep. 2014; 63:542–47. [PubMed: 24964880] 

2. [accessed June 5, 2015] Action on Smoking and Health. Use of electronic cigarettes (vapourisers) 
among adults in Great Britain. ASH fact sheet. http://www.ash.org.uk/files/documents/
ASH_891.pdf

3. Pepper JK, Ribisl KM, Emery SL, Brewer NT. Reasons for starting and stopping electronic cigarette 
use. Int J Environ Res Public Health. 2014; 11:10345–61. [PubMed: 25286168] 

4. Rutten LJ, Blake KD, Agunwamba AA, et al. Use of e-cigarettes among current smokers: 
associations among reasons for use, quit intentions, and current tobacco use. Nicotine Tob Res. 
2015; 17:1228–34. [PubMed: 25589678] 

5. Richardson A, Pearson J, Xiao HJ, Stalgaitis C, Vallone D. Prevalence, harm perceptions, and 
reasons for using noncombustible tobacco products among current and former smokers. Am J 
Public Health. 2014; 104:1437–44. [PubMed: 24922154] 

6. Brown J, West R, Beard E, Michie S, Shahab L, McNeill A. Prevalence and characteristics of e-
cigarette users in Great Britain: findings from a general population survey of smokers. Addict 
Behav. 2014; 39:1120–25. [PubMed: 24679611] 

7. Biener L, Hargraves JL. A longitudinal study of electronic cigarette use among a population-based 
sample of adult smokers: association with smoking cessation and motivation to quit. Nicotine Tob 
Res. 2015; 17:127–33. [PubMed: 25301815] 

8. de Andrade M, Hastings G, Angus K. Promotion of electronic cigarettes: tobacco marketing 
reinvented? BMJ. 2013; 347:f7473. [PubMed: 24361526] 

9. Grana RA, Ling PM. “Smoking Revolution” a content analysis of electronic cigarette retail 
websites. Am J Prev Med. 2014; 46:395–403. [PubMed: 24650842] 

10. Yao T, Jiang N, Grana R, Ling PM, Glantz SA. A content analysis of electronic cigarette 
manufacturer websites in China. Tob Control. 2014 published online Oct 21. 10.1136/
tobaccocontrol-2014-051840

11. Siu AL. Behavioral and pharmacotherapy interventions for tobacco smoking cessation in adults, 
including pregnant women: U.S. Preventive Services Task Force Recommendation Statement 
USPSTF Recommendation Statement. Ann Intern Med. 2015; 163:622–34. [PubMed: 26389730] 

12. McRobbie H, Bullen C, Hartmann-Boyce J, Hajek P. Electronic cigarettes for smoking cessation 
and reduction. Cochrane Database Syst Rev. 2014; 12:Cd010216. [PubMed: 25515689] 

13. Rahman MA, Hann N, Wilson A, Mnatzaganian G, Worrall-Carter L. E-cigarettes and smoking 
cessation: evidence from a systematic review and meta-analysis. PLoS One. 2015; 10:e0122544. 
[PubMed: 25822251] 

14. Bullen C, Howe C, Laugesen M, et al. Electronic cigarettes for smoking cessation: a randomised 
controlled trial. Lancet. 2013; 382:1629–37. [PubMed: 24029165] 

15. Caponnetto P, Campagna D, Cibella F, et al. EffiCiency and Safety of an eLectronic cigAreTte 
(ECLAT) as tobacco cigarettes substitute: a prospective 12-month randomized control design 
study. PLoS One. 2013; 8:e66317. [PubMed: 23826093] 

16. Etter JF, Bullen C. A longitudinal study of electronic cigarette users. Addict Behav. 2014; 39:491–
94. [PubMed: 24229843] 

17. Polosa R, Morjaria JB, Caponnetto P, et al. Effectiveness and tolerability of electronic cigarette in 
real-life: a 24-month prospective observational study. Intern Emerg Med. 2014; 9:537–46. 
[PubMed: 23873169] 

18. Brown J, Beard E, Kotz D, Michie S, West R. Real-world effectiveness of e-cigarettes when used 
to aid smoking cessation: a cross-sectional population study. Addiction. 2014; 109:1531–40. 
[PubMed: 24846453] 

Kalkhoran and Glantz Page 11

Lancet Respir Med. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ash.org.uk/files/documents/ASH_891.pdf
http://www.ash.org.uk/files/documents/ASH_891.pdf


19. Siegel MB, Tanwar KL, Wood KS. Electronic cigarettes as a smoking-cessation tool results from 
an online survey. Am J Prev Med. 2011; 40:472–75. [PubMed: 21406283] 

20. Grana R, Benowitz N, Glantz SA. E-cigarettes: a scientific review. Circulation. 2014; 129:1972–
86. [PubMed: 24821826] 

21. Choi K, Forster JL. Authors’ response. Am J Prev Med. 2014; 46:e58–59. [PubMed: 24842747] 

22. Grana RA, Popova L, Ling PM. A longitudinal analysis of electronic cigarette use and smoking 
cessation. JAMA Intern Med. 2014; 174:812–13. [PubMed: 24664434] 

23. Adkison SE, O’Connor RJ, Bansal-Travers M, et al. Electronic Nicotine Delivery Systems 
International Tobacco Control Four-Country Survey. Am J Prev Med. 2013; 44:207–15. [PubMed: 
23415116] 

24. Vickerman KA, Carpenter KM, Altman T, Nash CM, Zbikowski SM. Use of electronic cigarettes 
among state tobacco cessation quitline callers. Nicotine Tob Res. 2013; 15:1787–93. [PubMed: 
23658395] 

25. Popova L, Ling PM. Alternative tobacco product use and smoking cessation: a national study. Am 
J Public Health. 2013; 103:923–30. [PubMed: 23488521] 

26. Nallamothu BK, Hayward RA, Bates ER. Beyond the randomized clinical trial: the role of 
effectiveness studies in evaluating cardiovascular therapies. Circulation. 2008; 118:1294–303. 
[PubMed: 18794402] 

27. Anglemyer A, Horvath HT, Bero L. Healthcare outcomes assessed with observational study 
designs compared with those assessed in randomized trials. Cochrane Database Syst Rev. 2014; 
4:Mr000034. [PubMed: 24782322] 

28. McQueen N, Partington EJ, Harrington KF, Rosenthal EL, Carroll WR, Schmalbach CE. Smoking 
cessation and electronic cigarette use among head and neck cancer patients. Otolaryngol Head 
Neck Surg. 2015 published online Oct 30. 10.1177/0194599815613279

29. Hajek P, Corbin L, Ladmore D, Spearing E. Adding e-cigarettes to specialist stop-smoking 
treatment: City of London pilot project. J Addict Res Ther. 2015; 6:2.

30. Dutra LM, Glantz SA. Electronic cigarettes and conventional cigarette use among U.S. 
adolescents: a cross-sectional study. JAMA Pediatr. 2014; 168:610–17. [PubMed: 24604023] 

31. Lee S, Grana RA, Glantz SA. Electronic cigarette use among Korean adolescents: a cross-sectional 
study of market penetration, dual use, and relationship to quit attempts and former smoking. J 
Adolesc Health. 2014; 54:684–90. [PubMed: 24274973] 

32. Sterne, JAC.; Higgins, JPT.; Reeves, BC. on behalf of the development group for ACROBAT-
NRSI. [accessed Nov 7, 2015] A Cochrane risk of bias assessment tool: for non-randomized 
studies of interventions (ACROBAT-NRSI). Version 1.0.0. Sep 24. 2014 http://
www.riskofbias.info

33. Higgins JP, Altman DG, Gøtzsche PC, et al. The Cochrane Collaboration’s tool for assessing risk 
of bias in randomised trials. BMJ. 2011; 343:d5928. [PubMed: 22008217] 

34. Borderud SP, Li YL, Burkhalter JE, Sheffer CE, Ostroff JS. Electronic cigarette use among 
patients with cancer. Cancer. 2014; 120:3527–35. [PubMed: 25252116] 

35. Prochaska JJ, Grana RA. E-cigarette use among smokers with serious mental illness. PLoS One. 
2014; 9:e113013. [PubMed: 25419703] 

36. Al-Delaimy WK, Myers MG, Leas EC, Strong DR, Hofstetter CR. E-Cigarette use in the past and 
quitting behavior in the future: a population-based study. Am J Public Health. 2015; 105:1213–19. 
[PubMed: 25880947] 

37. Harrington KF, Cheong J, Hendricks S, Kohler C, Bailey WC. E-cigarette and traditional cigarette 
use among smokers during hospitalization and 6 months later. Cancer Epidemiol Biomarkers Prev. 
2015; 24:762.

38. Hitchman SC, Brose LS, Brown J, Robson D, McNeill A. Associations between e-cigarette type, 
frequency of use, and quitting smoking: findings from a longitudinal online panel survey in Great 
Britain. Nicotine Tob Res. 2015; 17:1187–94. [PubMed: 25896067] 

39. Manzoli L, Flacco ME, Fiore M, et al. Electronic cigarettes efficacy and safety at 12 months: 
cohort study. PLoS One. 2015; 10:e0129443. [PubMed: 26061661] 

40. Pavlov, D.; Ivanova, A.; Hussain, S.; Selby, P.; Zawertailo, L. Adoption of e-cigarettes during 
tobacco dependence treatment is associated with poorer quit outcomes. Society for Research on 

Kalkhoran and Glantz Page 12

Lancet Respir Med. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.riskofbias.info
http://www.riskofbias.info


Nicotine and Tobacco Annual Meeting; Feb 25–28, 2015; Philadelphia, PA, USA. p. PA13-4 
(abstr)

41. Sutfin EL, Reboussin BA, Debinski B, Wagoner KG, Spangler J, Wolfson M. The impact of trying 
electronic cigarettes on cigarette smoking by college students: a prospective analysis. Am J Public 
Health. 2015; 105:e1–7.

42. Pearson JL, Stanton CA, Cha S, Niaura RS, Luta G, Graham AL. E-Cigarettes and smoking 
cessation: insights and cautions from a secondary analysis of data from a study of online 
treatment-seeking smokers. Nicotine Tob Res. 2015; 17:1219–27. [PubMed: 25542911] 

43. Shi, Y.; Pierce, J.; White, M., et al. E-cigarette use, smoking cessation, and change in smoking 
intensity in 2010/2011 TUS-CPS Longitudinal Cohort. Society for Research on Nicotine and 
Tobacco Annual Meeting; Feb 25–28, 2015; Philadelphia, PA, USA. 

44. Christensen T, Welsh E, Faseru B. Profile of e-cigarette use and its relationship with cigarette quit 
attempts and abstinence in Kansas adults. Prev Med. 2014; 69:90–94. [PubMed: 25230365] 

45. Berg CJ, Barr DB, Stratton E, Escoffery C, Kegler M. Attitudes toward e-cigarettes, reasons for 
initiating e-cigarette use, and changes in smoking behavior after initiation: a pilot longitudinal 
study of regular cigarette smokers. Open J Prev Med. 2014; 4:789–800. [PubMed: 25621193] 

46. Polosa R, Caponnetto P, Cibella F, Le-Houezec J. Quit and smoking reduction rates in vape shop 
consumers: a prospective 12-month survey. Int J Environ Res Public Health. 2015; 12:3428–38. 
[PubMed: 25811767] 

47. Tackett AP, Lechner WV, Meier E, et al. Biochemically verified smoking cessation and vaping 
beliefs among vape store customers. Addiction. 2015; 110:868–74. [PubMed: 25675943] 

48. Dawkins L, Turner J, Roberts A, Soar K. ‘Vaping’ profiles and preferences: an online survey of 
electronic cigarette users. Addiction. 2013; 108:1115–25. [PubMed: 23551515] 

49. Gallus S, Lugo A, Pacifici R, et al. E-cigarette awareness, use, and harm perceptions in Italy: a 
national representative survey. Nicotine Tob Res. 2014; 16:1541–48. [PubMed: 25082832] 

50. Polosa R, Caponnetto P, Morjaria JB, Papale G, Campagna D, Russo C. Effect of an electronic 
nicotine delivery device (e-Cigarette) on smoking reduction and cessation: a prospective 6-month 
pilot study. BMC Public Health. 2011; 11:786. [PubMed: 21989407] 

51. Caponnetto P, Auditore R, Russo C, Cappello GC, Polosa R. Impact of an electronic cigarette on 
smoking reduction and cessation in schizophrenic smokers: a prospective 12-month pilot study. Int 
J Environ Res Public Health. 2013; 10:446–61. [PubMed: 23358230] 

52. Ely, J. Evaluation of the use of electric cigarettes in a rural smoking cessation program. Greeley, 
CO: University of Northern Colorado; 2013. https://digarch.unco.edu/islandora/object/cogru
%3A4161 [accessed Jan 5, 2016]

53. Humair JP, Tango R. Can e-cigarette help patients to reduce or stop smoking in primary care 
practice? J Gen Int Med. 2014; 29:S480-S.

54. Adriaens K, Van Gucht D, Declerck P, Baeyens F. Effectiveness of the electronic cigarette: an 
eight-week flemish study with six-month follow-up on smoking reduction, craving and 
experienced benefits and complaints. Int J Environ Res Public Health. 2014; 11:11220–48. 
[PubMed: 25358095] 

55. McRobbie, H.; Goniewicz, M.; Phillips, A.; Myers Smith, K.; West, O.; Hajek, P. Effects of the 
use of electronic cigarettes with and without concurrent smoking on acrolein delivery. Society for 
Research on Nicotine and Tobacco Annual Meeting; Feb 5–8, 2014; Seattle, WA, USA. 

56. Polosa R, Caponnetto P, Maglia M, Morjaria JB, Russo C. Success rates with nicotine personal 
vaporizers: a prospective 6-month pilot study of smokers not intending to quit. BMC Public 
Health. 2014; 14:1159. [PubMed: 25380748] 

57. Brose LS, Hitchman SC, Brown J, West R, McNeill A. Is the use of electronic cigarettes while 
smoking associated with smoking cessation attempts, cessation and reduced cigarette 
consumption? A survey with a 1-year follow-up. Addiction. 2015; 110:1160–68. [PubMed: 
25900312] 

58. O’Brien B, Knight-West O, Walker N, Parag V, Bullen C. E-cigarettes versus NRT for smoking 
reduction or cessation in people with mental illness: secondary analysis of data from the ASCEND 
trial. Tob Induc Dis. 2015; 13:5. [PubMed: 25814920] 

Kalkhoran and Glantz Page 13

Lancet Respir Med. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://digarch.unco.edu/islandora/object/cogru%3A4161
https://digarch.unco.edu/islandora/object/cogru%3A4161


59. Pierce JP, Gilpin EA. Impact of over-the-counter sales on effectiveness of pharmaceutical aids for 
smoking cessation. JAMA. 2002; 288:1260–64. [PubMed: 12215133] 

60. Kotz D, Brown J, West R. Prospective cohort study of the effectiveness of smoking cessation 
treatments used in the “real world”. Mayo Clin Proc. 2014; 89:1360–67. [PubMed: 25282429] 

61. Shiffman S, Brockwell SE, Pillitteri JL, Gitchell JG. Use of smoking-cessation treatments in the 
United States. Am J Prev Med. 2008; 34:102–11. [PubMed: 18201639] 

62. Schmidt L, Reidmohr A, Harwell TS, Helgerson SD. Prevalence and reasons for initiating use of 
electronic cigarettes among adults in Montana, 2013. Prev Chronic Dis. 2014; 11:E204. [PubMed: 
25412027] 

63. Kalkhoran S, Glantz SA. Modeling the health effects of expanding e-cigarette sales in the United 
States and United Kingdom: a Monte Carlo analysis. JAMA Intern Med. 2015; 175:1671–80. 
[PubMed: 26322924] 

Kalkhoran and Glantz Page 14

Lancet Respir Med. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Study profile
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Figure 2. Odds of quitting smoking, stratified by longitudinal versus cross-sectional studies
Figure shows odds of quitting among e-cigarette users compared with non-e-cigarette users. 

The overall odds of quitting cigarettes is 0·72 (95% CI 0·57–0·91) irrespective of how 

studies are stratified.
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Figure 3. Odds of quitting smoking, stratified by all smokers versus those with an interest in 
quitting
Figure shows odds of quitting among e-cigarette users compared with non-e-cigarette users. 

The overall odds of quitting cigarettes is 0·72 (95% CI 0·57–0·91) irrespective of how 

studies are stratified.
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Table 2

Sensitivity analysis

n OR (95% CI) p value*

Sample frame 0·94

 All smokers 14 0·63 (0·45–0·86)

 Smokers interested in quitting cigarettes 7 0·86 (0·60–1·23)

Study type 0·90

 Real world 19 0·67 (0·52–0·85)

 Clinical trial 2 1·38 (0·97–1·96)

Longitudinal vs cross-sectional 0·98

 Longitudinal 18 0·75 (0·61–0·91)

 Cross-sectional 3 0·42 (0·08–2·23)

Control group for study 0·90

 All non-e-cigarette users 20 0·70 (0·55–0·89)

 NRT 1 1·26 (0·68–2·34)

Study population 0·89

 All individuals 20 0·70 (0·55–0·89)

 Individuals with mental illness 1 1·16 (0·65–2·05)

Controlling for level of nicotine dependence 0·79

 Controlled for dependence 11 0·84 (0·60–1·17)

 Did not control for dependence 10 0·62 (0·45–0·85)

Time of e-cigarette assessment in cohort studies 0·93

 Baseline 10 0·71 (0·59–0·85)

 Follow-up 6 0·66 (0·45–0·95)

Biochemical verification of abstinence 0·77

 Biochemical verification 4 1·14 (0·88–1·48)

 No biochemical verification 17 0·63 (0·49–0·82)

Definition of e-cigarette use 0·87

 Current or past 30 days 11 0·80 (0·54–1·17)

 Ever use or not within the past 30 days 10 0·66 (0·49–0·90)

OR=odds ratio. NRT=nicotine replacement therapy.

*
Holm-Sidak corrected p for a family of 9 comparisons; p(corrected) = 1 − (1 − p[uncorrected])9 − j + 1.
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