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A B S T R A C T   

Introduction: There is mixed evidence as to whether nicotine vaping products (NVPs) can help adults who smoke 
transition away from cigarettes. This study investigated if self-reported attempts to quit smoking and smoking 
cessation, over a period of either 18 or 24 months, differed between respondents who initiated nicotine vaping 
versus those who did not. Outcome comparisons were made between those who: (1) initiated vaping vs. those 
who did not; (2) initiated daily or non-daily vaping vs. those who did not; and (3) initiated daily or non-daily 
vaping between surveys and continued to vape at follow-up (daily or non-daily) vs. those who did not initiate 
vaping. 
Methods: This cohort study included 3516 respondents from the ITC Four Country Smoking and Vaping Surveys 
(Australia, Canada, England, United Sates), recruited at Wave 1 (2016) or 2 (2018) and followed up at Wave 2 
(18 months) and/or 3 (2020, 24 months). Adults who smoked daily at baseline and did not have a history of 
regular vaping were included. Initiation of vaping was defined as beginning to vape at least monthly between 
surveys. Respondents indicated whether they made an attempt to quit smoking between surveys. Smoking 
cessation was defined as those who self-reported no longer smoking cigarettes at follow-up. 
Results: Relative to those who did not initiate vaping, initiation of any daily vaping between surveys was asso-
ciated with a greater likelihood of smokers making a cigarette quit attempt (p < 0.001) and quitting smoking (p 
< 0.001). Among smokers who attempted to quit smoking, initiation of daily vaping was associated with a 
greater likelihood of being abstinent from smoking at follow-up (p = 0.001). Respondents who initiated vaping 
between surveys and were vaping daily at follow up were significantly more likely to have attempted to quit 
smoking (p < 0.001) and to have quit smoking (p < 0.001) than those who did not initiate vaping. Respondents 
who initiated non-daily vaping did not differ significantly from those who did not initiate vaping on any of the 
outcome measures. 
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Conclusions: Daily NVP use was associated with increased attempts to quit smoking and abstinence from smoking 
cigarettes. These findings are consistent with the concept that complete cigarette substitution may be more likely 
to be achieved when smokers vape nicotine daily.   

1. Introduction 

Over the last decade, the tobacco and nicotine product landscape has 
undergone dramatic changes with the emergence of non-combustible 
alternative nicotine delivery systems (Bozier et al., 2020; Hefler, 2018; 
National Academies of Sciences, Engineering and Medicine (NASEM), 
2018). The most popular and rapidly growing class of these products are 
nicotine vaping products (NVPs, commonly known as e-cigarettes) 
(Global trends in nicotine. Foundation for a Smoke-Free World, 2020; 
Jones, 2019; NASEM, 2018). Evidence suggests that completely 
substituting NVPs for combustible cigarettes greatly reduces exposure to 
numerous toxicants and carcinogens (NASEM, 2018). However, since 
their emergence onto the global market, NVPs have been heavily 
debated, mainly as to whether or not they yield a net benefit to popu-
lation health (Berridge, 2014; Hatsukami and Carroll, 2020; Henning-
field et al., 2018; United States Department of Health and Human 
Services (US HHS) (2020); Warner, 2019; World Health Organization 
(WHO), 2021). With respect to people who smoke, the question of in-
terest, is whether NVPs can help transition them away from smoking 
cigarettes, which are the deadliest form of nicotine delivery. 

A recent Cochrane systematic review considered evidence from both 
randomized controlled trials (RCTs) and observational studies and 
concluded that there is “moderate-certainty evidence that e-cigarettes with 
nicotine increase quit rates compared to nicotine replacement therapy (NRT) 
and compared to e-cigarettes without nicotine” (Hartmann-Boyce et al., 
2021). RCTs have been more consistent in finding improved smoking 
cessation rates for those who vape nicotine (Chan et al., 2021; Hajek 
et al., 2019; McRobbie et al., 2014; Myers Smith et al., 2021), while 
observational studies have produced mixed conclusions on the effec-
tiveness of NVPs for smoking cessation (Beard et al., 2020; Benmarhnia 
et al., 2018; Brose et al., 2015; Coleman et al., 2019; Glasser et al., 2021; 
Hitchman et al., 2015; Johnson et al., 2019; Kulik et al., 2018; McDer-
mott et al., 2021; Levy et al., 2018; Pierce et al., 2020). For example, two 
longitudinal studies of US adults in the Population Assessment of To-
bacco and Health (PATH) Study reported that there were no differences 
in rates of smoking cessation among those who used NVPs, NRT, or non- 
NRT medication (Kaplan et al., 2021; Pierce et al., 2020). One of the 
studies also found that NVPs were not associated with increased smok-
ing cessation relative to those who did not use an aid (Pierce et al., 
2020). The other study found that none of the exclusive cigarette 
smokers who used NVPs to quit smoking switched to exclusive NVP use, 
but 37.6% became dual users of NVPs and cigarettes (Kaplan et al., 
2021). An important limitation of this latter study however is that it only 
tested whether smokers who used NVPs to quit differed from those who 
used approved pharmacotherapy such as NRT or prescription medica-
tion (varenicline or bupropion), and did not compare whether vaping 
increased quitting smoking relative to those who did not use an aid at all. 
In contrast, another PATH study that took vaping stability (frequency 
and consistency) into account found that smokers who were not vaping 
across all survey waves, and those who were unstable in their use fre-
quency (e.g., non-daily vaping across all waves or inconsistent use across 
time), were respectively 33% and 47% less likely to quit smoking 
compared to those who were vaping daily or who increased to daily use 
over three waves of data (Glasser et al., 2021). Other observational 
studies that have considered vaping frequency have also found higher 
smoking cessation rates for those who were vaping more frequently 
(daily) relative to those who were not vaping (Coleman et al., 2019; 
Farsalinos & Niaura, 2020; Hitchman et al, 2015; Kulik et al., 2018; Levy 
et al., 2018; McDermott et al., 2021; Wang et al., 2021), whereas less- 
than-daily vaping was associated with less quitting (Wang et al., 

2021). Thus, taking into account this recent literature, vaping frequency 
appears to be a critical measure in gauging the nature of the relationship 
between NVP use and smoking cessation outcomes. 

The question of whether NVPs can contribute to success in quitting 
smoking may be related to different mechanisms. For example, some 
smokers may be keen to use NVPs as a cessation aid (either in place of 
approved therapies, or in combination with other aids) and plan to move 
away from all nicotine use over time, whereas other smokers may decide 
to use a NVP as a complete and permanent replacement of cigarettes, 
with no intention to stop vaping nicotine. The latter ‘substitution’ 
mechanism may suggest that if NVPs are an adequate replacement (e.g., 
they are as satisfying and/or effective in their nicotine delivery relative 
to regular cigarettes), then smokers would be able to completely switch 
from smoking to vaping nicotine. This concept could also predict that 
those who smoke daily and take up daily nicotine vaping could increase 
their odds of quitting cigarettes. 

At this time, more population-level evidence using rigorous and 
robust study designs are needed to help determine if vaping initiation 
and frequency are associated with changes in smoking behavior across 
time, most notably among those who are highly dependent on nicotine. 
This international cohort study investigated if rates of self-reported at-
tempts to quit smoking and smoking cessation— over a period of either 
18 or 24 months— differed between adults who smoked cigarettes daily 
at baseline and subsequently initiated vaping (NVP use) versus (vs.) 
those who did not initiate nicotine vaping. Specifically, outcome com-
parisons were made between those who: (1) initiated nicotine vaping vs. 
those who did not initiate vaping; (2) initiated daily or non-daily vaping 
vs. those who did not initiate vaping; and (3) initiated daily or non-daily 
vaping between surveys and continued to vape at follow-up (daily or 
non-daily) vs. those who did not initiate vaping. Overall, our study ex-
tends the work of other published observational studies that have 
examined NVPs for smoking cessation, in that we have attempted to 
examine multiple outcomes, including quit attempts and quit success 
among those who self-reported a quit attempt, as well as among those 
who did not report a quit attempt, while also considering key important 
covariates. 

2. Methods 

2.1. Design, setting, and participants 

The ITC Four Country and Smoking and Vaping (ITC 4CV) Survey is a 
longitudinal cohort study that consists of four parallel online surveys 
conducted in Canada, the United Sates (US), England, and Australia. In 
addition to respondents retained from the ITC Four Country Survey 
(the predecessor of ITC 4CV prior to 2016) (ITC Project, 2011), adults 
(≥18 years) were recruited by commercial panel firms in each country at 
Wave 1 (W1: July-November 2016) as a person who: (1) had smoked at 
least 100 cigarettes in their lifetime and were currently smoking at least 
monthly or less than monthly but occasionally (referred to herein as 
‘smokers’); (2) had smoked at least 100 cigarettes in their life-time and 
had quit smoking within the previous 2 years; or (3) were currently 
vaping at least weekly (referred to herein as ‘vapers’). Respondents 
eligible because of their smoking or cessation status might vape only 
monthly or occasionally (less than monthly). The sample in each country 
was designed to be representative of cigarette smokers and vapers 
(e.g., by age, sex, and region). All Wave 1 respondents were invited 
back to complete the Wave 2 survey (February-July 2018), and Wave 2 
respondents were invited to complete Wave 3 (February-June 2020). 
The overall sample retention rate was 45.2% at Wave 2 and 42.2% at 
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Table 2 
Respondents’ baseline characteristics.   

Overall Canada US England Australia  
(N = 3516) (n = 999) (n = 733) (n = 986) (n = 798) 

Wave of Recruitment      
Recruited from the 4C Survey (<=2015) 29.5 24.6 61.3 8.5 32.5 
Recruited in Wave 1 of the 4CV Survey (2016) 46.2 52.3 12.3 69.0 41.6 
Recruited in Wave 2 of the 4CV Survey (2018) 24.3 23.1 26.5 22.5 25.9  

Sex      
Female 52.6 55.7 52.1 51.2 51.1 
Male 47.4 44.3 47.9 48.8 48.9  

Age group      
18–24 4.1 7.5 3.8 3.4 1.0 
25–39 14.6 16.3 14.6 13.6 13.7 
40–54 33.3 35.0 22.6 36.5 37.1 
55+ 48.0 41.1 58.9 46.5 48.2  

Income      
Low 33.7 39.1 35.2 24.7 36.5 
Moderate 32.6 24.5 35.1 47.1 22.6 
High 27.2 28.1 28.9 19.0 34.6 
Not stated 6.5 8.2 0.8 9.2 6.4  

Education      
Low 37.7 33.7 40.1 39.9 37.6 
Moderate 39.2 43.6 40.0 34.1 39.2 
High 22.5 22.3 19.9 24.1 22.9 
Not stated 0.7 0.3 0.0 1.9 0.3  

Cigarettes smoked/day (categorical)      
≤ 10 cig/day 35.2 37.8 42.8 34.8 25.3 
11-20 cig/day 47.9 44.5 41.7 51.6 53.3 
21 + cig/day 15.8 16.6 13.4 12.5 21.2 
Not stated 1.1 1.0 2.0 1.1 0.3 

Cigarettes smoked/day (continuous) Mean (SD) 15.3 (8.3) 14.9 (8.3) 14.8 (8.9) 14.9 (7.5) 17.0 (8.6)  

Time to first cigarette      
>60 min or not stated 25.7 27.4 27.4 25.8 21.8 
31–60 min 13.0 13.0 12.6 13.1 13.3 
6–30 min 44.0 41.9 39.3 44.8 49.9 
<5 min 17.3 17.6 20.7 16.3 15.0  

Plans to quit smoking      
No/don’t know 37.1 26.7 42.7 48.1 31.3 
Yes 62.9 73.3 57.3 51.9 68.7  

Recent quit attempt      
No/don’t know 62.5 55.5 68.3 71.5 54.8 
Yes 37.5 44.5 31.7 28.5 45.2  

Vaping initiation by follow-up      
Initiated daily vaping 10.9 10.3 8.2 15.8 8.0 
Initiated non-daily vaping 10.3 11.0 9.3 14.0 5.8 
Did not initiate vaping 78.8 78.7 82.5 70.2 86.2 

Data are unweighted and unadjusted. All respondents included (eligible) for this study were limited to “exclusive daily smokers” who were not vaping at least monthly 
at the time of their first survey. US: United States; SD: Standard deviation. Plans to quit smoking: ‘yes’ (within the next month; between 1 and 6 months from now; 
sometime in the future, beyond 6 months) vs. ‘no’ (not planning to quit; don’t know). Recent quit attempt: Since you completed the last survey [18 months between 
Wave 1 to Wave 2 and 24 months between Wave 2 to Wave 3], have you tried to stop smoking? 

Table 1 
Observational distribution by recruitment and recontact status.   

Recontacted at Wave 2 (2018) Recontacted at Wave 3 (2020) Total number of pooled outcome observations 

Recruited in Wave 1 (2016) 2469 1096 4612 
Recruited in Wave 2 (2018) — 1047 
Total 2469 2143  
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Wave 3. Among at least monthly smokers, 46.4% were retained at 
Wave 2 and 41.6% were retained at Wave 3, and among at least weekly 
vapers, 41.2% were retained at Wave 2 and 36.9% at Wave 3. At each 
wave, new respondents were recruited (using the same eligibility 
criteria as mentioned above) to compensate for those lost to follow-up 
and thus maintain the overall sample sizes for each country/user 
group combination. In order to compensate for those lost at follow-up, 
longitudinal weights were applied to the data for analyses to account 
for those lost to attrition. 

Eligible respondents for the current study included those who: (1) 
completed at least two consecutive surveys; (2) were smoking daily at 
their baseline measure; and (3) had never vaped, or did not a history of 
any regular vaping (had never vaped on at least a monthly basis) prior to 
their baseline measure. For this study, 51.7% of baseline respondents 
were retained at Wave 2 and 48.3% were retained at Wave 3. The final 
analytic sampled included 4612 observations (Table 1) from 3516 
unique individuals (Table 2). 

The ITC 4CV study was reviewed and cleared by research ethics 
committees in each country, and all participants provided informed 
consent. Further details about the ITC 4CV methods are described 
elsewhere (ITC Project, 2018; ITC Project 2020; ITC Project, 2021; 
Thompson et al., 2019). 

2.2. Measures 

The surveys, with original response options, can be found at the ITC 
Project website: https://itcproject.org/surveys/. All measures are based 
on self-report at the time of the survey. 

The following variables were used in the current study: 

2.2.1. Smoking and vaping status 
Survey questions about current smoking and vaping status can be 

found in Box 1. 

Box 1   

1. All respondents were asked at baseline and follow-up: 
How often, if at all, do you CURRENTLY smoke ordinary cigarettes (either factory-made/packet or roll-your-own)?  
• Daily  
• Less than daily, but at least once a week  
• Less than weekly, but at least once a month  
• Less than monthly, but occasionally  
• I have quit smoking  
• I have never been a smoker   

2. All respondents were asked at baseline and follow-up:  
a. Have you ever used an e-cigarette or vaping device, even one time?  

• Yes  
• No  
• I have never heard of e-cigarettes/ vaping devices 

If ‘yes’ to 2a, then respondents were asked:  
b. How often, if at all, do you CURRENTLY use e-cigarettes/ vaping devices (i.e. vape)?  

• Daily  
• Less than daily, but at least once a week  
• Less than weekly, but at least once a month  
• Less than once a month, but occasionally  
• Not at all  

3. If a respondent did not answer ‘daily’ to 2b, they were subsequently asked: 
At the time when you were vaping most often, how often did you vape?  
• Daily  
• Less than daily, but at least once a week  
• Less than weekly, but at least occasionally  
• I have only tried vaping a few times, but more than once  
• I have only ever tried vaping once  

4. Respondents who were vaping daily at follow-up were asked to self-report the nicotine concentration: 
What is the nicotine strength of the e-liquid you current use most?  
• None (0%) / None (0 mg/ml nicotine)  
• Less than 1% / Less than 10 mg/ml  
• 1 to 1.9% / 10-19 mg/ml  
• 2 to 2.9% / 20-29 mg/ml  
• 3 to 3.9% / 30-39 mg/ml  
• 4 to 4.9% / 40-49 mg/ml  
• 5% or more / 50 mg/ml or more  
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2.2.2. Covariates (assessed at baseline) 

2.2.2.1. Sociodemographic variables. Sociodemographic data were 
collected by the commercial panel firms and verified at the time of 
survey completion, including respondents’ age, sex, highest level of 
education, annual household income, and country of residence (see 
Table 2 for categorization of the variables). 

2.2.2.2. Cigarette dependence. Respondents were asked to report how 
many cigarettes on average they smoke per day (CPD). CPD was used as 
a continuous variable in all models. Additionally, respondents were 
asked about their ‘time to first cigarette’ (TTFC): How soon after waking 
do you usually smoke your first cigarette? This was categorized as: ‘< 5 
min’; ‘6–30 min’; ‘31–60 min’; or ‘> 60 min’; ‘don’t know’; ‘not stated’. 
The latter two groups were marked as missing in the adjusted models. 

2.2.2.3. Quit attempt prior to baseline measure. Respondents were asked 
if they had made a quit attempt prior to their baseline survey (‘yes’ vs. 
‘no/don’t know’). At Wave 1 respondents were asked if they had tried to 
stop smoking in the last 12 months, and at Wave 2 (baseline) if they had 
tried to quit in the last 18 months. 

Plans to quit smoking: Are you planning to quit smoking? This variable 
was coded as: ‘yes planning to quit’ vs. ‘not planning to quit/don’t 
know’. 

2.2.2.4. Nicotine replacement therapy (NRT) use. Are you currently using 
any nicotine replacement product(s), and if so, how often? Responses were 
categorized as: ‘daily use’,’ non-daily use’ or ‘no NRT use’. 

2.2.2.5. Time-in-sample (TIS). The analyses controlled for time-in- 
sample (TIS), the number of waves that the respondent had 
completed. TIS has been found to be related to differences in responses 
to a number of outcome variables in past ITC studies. Methodological 
details of TIS are presented elsewhere (Thompson et al., 2015). 

2.2.3. Follow-up measures 

2.2.3.1. Initiation of vaping between baseline and follow-up (objective 1). 
Initiation of vaping by respondents (‘initiated vaping’) was defined as 
those who reported that they began vaping at least monthly between 
baseline and follow-up. Respondents who initiated and stopped vaping 
between surveys were classified as ‘initiated vaping’. Respondents ‘did 
not initiate vaping’ if they did not have a history of regular vaping (had 
never vaped or previously vaped less than monthly) at baseline, and did 
not begin vaping at least monthly between baseline and follow-up. There 
was no minimum specified amount of time required for a respondent to 
qualify as currently vaping, as long as they indicated current use (at least 
monthly) at the time of completing their follow-up survey. 

2.2.3.2. Vaping frequency between baseline and follow-up (objective 2). 
This measure combined inter-wave vaping frequency and current vaping 
frequency at follow-up. Respondents were categorized into one of three 
groups: ‘initiated any daily vaping’ (current daily vaping at follow-up 
and/or vaped daily between surveys); ‘initiated any non-daily vaping’ 
(current weekly or monthly vaping at follow-up, and/or vaped either 
weekly or monthly between surveys); or ‘did not initiate vaping’ (vaped 
less than monthly or not at all between surveys). 

2.2.3.3. Inter-wave vaping frequency and vaping frequency at follow-up 
(objective 3). For this outcome, we further unfolded vaping frequency, 
and examined inter-wave vaping (daily, non-daily vs. no vaping) and 
vaping frequency at follow-up (daily, non-daily vs. no vaping). Re-
spondents were categorized into one of six groups: (1) initiated daily or 
non-daily vaping between surveys and were currently vaping daily at 
follow-up (either increased vaping or remained a daily vaper); (2) 

initiated daily vaping between surveys but were currently vaping non- 
daily at follow-up (reduced vaping); (3) initiated non-daily vaping be-
tween surveys and were still vaping non-daily at follow-up (no change, 
remained a non-daily vaper); (4) initiated daily vaping between surveys 
but were not vaping at follow-up (stopped vaping); (5) initiated non- 
daily vaping but were not vaping at follow-up (stopped vaping); or (6) 
did not initiate vaping at all. 

Respondents who were vaping at least monthly at follow-up 
(regardless of their inter-wave vaping frequency) were asked if their 
NVP contained nicotine or not. Those who were vaping without nicotine 
(none: 0% or 0 mg/ml) were classified as non– vapers at their follow-up 
measure (not using nicotine in their NVP) (n = 59). 

2.2.4. Outcome variables 
Rates of making an attempt to quit smoking cigarettes (referred to 

herein now as “quit attempt”) and quit smoking cigarettes (referred to 
herein now as ‘smoking cessation’ or ‘quit smoking’) were assessed over 
a follow-up period of either 18 or 24 months (there were 18 months 
between 2016 and 2018 and 24 months between 2018 and 2020). The 
average length of time between baseline and follow-up was 18.8 months 
and for Waves 1/2 and 23.4 months for Waves 2/3.  

1. Quit attempt between baseline and follow-up: This measure was self- 
reported using the following question: Since you completed the last 
survey have you tried to stop smoking? This variable was coded as: ‘yes’ 
vs. ‘no/don’t know’.  

2. Smoking cessation: Respondents were defined as having quit smoking 
if they reported that they were not smoking or cut down to smoking 
less than monthly at the time of their follow-up measure. Smoking 
cessation was a point-prevalence estimate, and did not take into 
account the length of time since quitting smoking cigarettes. We 
assessed cessation first among those who made a quit attempt (quit 
success) and then among the entire sample (regardless of a self- 
reported quit attempt or not). 

2.3. Analyses 

Unweighted descriptive statistics were used to describe baseline 
characteristics of the sample. All other analyses were conducted on 
weighted data. Generalized estimating equations (GEE) were used to 
generate regression models, and the predicted marginal standardization 
method (PREDMARG) was used to generate marginal estimates of the 
outcomes (Muller & MacLehose, 2014), while accounting for the within- 
person correlation over time. Analyses accounted for the complex survey 
design by incorporating strata and weights. Statistical significance and 
confidence intervals were computed at the 95% confidence level. All 
analyses were conducted in SAS-Callable SUDAAN (Version 11). 

The first analysis (objective 1) examined whether there were dif-
ferences between smokers who initiated vaping vs. those who did not 
initiate vaping on: (1) having made a quit attempt; and (2) quitting 
smoking (first among those who made a quit attempt and then among all 
respondents) (Model 1). Second (objective 2), we analyzed whether 
these outcomes differed between the three groups (combined measures 
of vaping between surveys and at follow-up) (Model 2). The latter results 
were displayed overall and then by country to determine if the pattern of 
vaping frequency was similar to the overall estimates across the four 
countries combined. Third (objective 3), using the six groups defined 
above, we tested if those who did not initiate vaping differed from the 
other five groups (combinations of frequency of inter-wave and current 
vaping at follow-up) in making a quit attempt or quitting smoking 
(Model 3). The findings were only analyzed among all respondents, and 
not by country, due to small sample sizes in some of the groups. 

Covariates in all models included: age group, sex, country of resi-
dence, education, income, cigarette dependence (TTFC and CPD), plans 
to quit smoking, made a quit attempt prior to baseline, TIS, wave of 
recruitment, and NRT use at follow-up. Fig. 1 presents respondents’ 
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vaping status and frequency categorization for each of the study 
objectives. 

3. Results 

3.1. Respondents’ characteristics 

The (unweighted) baseline sample characteristics of smokers 
participating in this study are presented in Table 2. Among all re-
spondents (N = 3516), 21.2% initiated vaping (at least monthly), and 
78.8% did not initiate vaping between surveys. England had the highest 
percentage of adult smokers who initiated vaping (29.8%) and Australia 
had the lowest (13.8%). Among exclusive smokers who did not initiate 
vaping between baseline and follow-up, 11.6% had prior to baseline 
vaped more than once or occasionally (less than monthly) and 3.4% had 
tried vaping only once. 

3.2. Quit smoking attempts and smoking abstinence among all 
respondents 

Among all 3516 baseline exclusive smokers, 36.9% reported making 
at least one attempt to quit smoking during the follow-up period. Of 
those who made a quit attempt, 28.3% self-reported having quit smok-
ing at their follow-up measure. Overall, regardless of a self-reported quit 
attempt or not, 10.5% of all respondents reported that they had quit 
smoking by follow-up. 

3.3. Quit smoking attempts and stopping smoking among baseline 
exclusive daily smokers based on vaping status and frequency 

Table 3 shows the results for Model 1 (objective 1) and Model 2 
(objective 2). 

3.3.1. Quit smoking attempts 
Respondents who initiated vaping between surveys (at any fre-

quency) were more likely to have made a quit attempt (45.0%; aOR =

1.60, 95% CI:1.25–2.06) compared to those who did not initiate vaping 
(36.3%). 

Based on frequency of vaping, those who initiated daily vaping were 
significantly more likely to have made a quit attempt (53.8%; aOR =
2.52, 95% CI:1.83–3.47) compared to those who did not initiate vaping 
(36.3%). Those who initiated non-daily vaping did not differ in making 
an attempt to quit smoking (34.9%; aOR = 0.93, 95% CI:0.64–1.34) than 
those who did not initiate vaping. 

3.3.2. Smoking cessation (quit success) among those who tried to quit 
smoking 

Among respondents who self-reported that they made a quit attempt, 
there were no significant differences between those who initiated vaping 
(32.3%) and those who did not (27.3%) (aOR = 1.30; 95% CI:0.91–1.86) 
in quitting smoking. 

Based on frequency of vaping, those who initiated daily vaping and 
made a quit attempt, were significantly more likely to have quit smoking 
(40.6%; aOR = 1.95, 95% CI:1.29–2.94) compared to those who made a 
quit attempt but did not initiate vaping (27.1%). Of those who were 
vaping non-daily and made a quit attempt, 16.7% quit smoking by 
follow-up, which trended towards a lower likelihood of having quit 
smoking relative to those who were not vaping (aOR = 0.51, 95% CI: 
0.26–1.01). 

3.3.3. Smoking cessation among all respondents 
Regardless of whether respondents made a quit attempt or not, those 

who initiated (at any frequency) vaping were more likely to have quit 
smoking by follow-up (15.7%; aOR = 1.76; 95% CI: 1.27–2.44) 
compared to those who did not initiate vaping (9.8%). 

Respondents who initiated daily vaping were significantly more 
likely to have quit smoking (23.4%; aOR = 3.00, 95% CI: 2.08–4.33) 
than those who did not initiate vaping, but non-daily vapers (6.3%; aOR 
= 0.61, 95% CI: 0.33–1.11) did not differ significantly from those who 
did not initiate vaping (9.8%). 

Figs. 2a–2c show quit smoking attempts and smoking abstinence 
among baseline exclusive daily smokers by country and vaping status. 

Fig. 1. Respondents’ vaping status and frequency categorization for each of the study objectives.  
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Similar to the overall findings, the same pattern within each country was 
found, where those who initiated daily vaping after their baseline 
measure had higher rates of making an attempt to quit smoking and 
quitting smoking relative to those who initiated non-daily vaping or did 
not initiate vaping. 

3.4. Quit smoking attempts and smoking abstinence among baseline 
exclusive daily smokers based on inter-wave vaping frequency and vaping 
frequency at follow-up 

Table 4 shows the results for quit attempts and smoking cessation 
based on vaping frequency between waves in combination with vaping 
frequency at follow-up (six groups, objective 3). 

3.4.1. Quit smoking attempts 
Respondents who: (1) initiated vaping (daily/non-daily) and were 

currently vaping daily at follow-up (63.3%; aOR = 4.19, 95% CI: 
2.58–6.82); (2) vaped daily between surveys and reduced to non-daily 
vaping by follow-up (55.6%; aOR = 2.78, 95% CI:1.06–7.27); and (3) 
vaped daily between surveys and were not currently vaping at follow-up 
(44.8%; aOR = 1.58, 95% CI:1.02–2.46) were significantly more likely 
to have made a quit attempt compared to those who did not initiate 
vaping (36.3%). There were no significant differences in the likelihood 
of making a quit attempt between respondents who vaped non-daily 
between surveys and at follow-up (32.5%; aOR = 0.81, 95% CI: 
0.43–1.52) and those who vaped non-daily between surveys and were 
not currently vaping at follow-up (36.1%; aOR = 0.99, 95% CI: 
0.64–1.53) relative to those who did not initiate vaping (36.3%). 

3.4.2. Smoking cessation (quit success) among those who tried to quit 
smoking 

Among respondents who made a quit attempt, only those who 
initiated vaping, and were currently vaping daily at follow-up were 
significantly more likely to have quit smoking by follow-up (58.2%; 
aOR = 4.42, 95% CI:2.60–7.52) compared to those who did not initiate 
vaping (26.7%). The other groups who initiated vaping at any fre-
quency, but were not vaping daily at follow-up had lower rates of having 
quit smoking after a quit attempt (ranging from 11.5% to 25.1%) 
compared to those who did not initiate vaping, but these comparisons 
were not statistically significant. 

3.4.3. Smoking cessation among all respondents 
Regardless of whether respondents made a quit attempt or not, only 

those who initiated vaping and were currently vaping daily at follow-up 
were significantly more likely to have quit smoking (39.0%; aOR = 6.77, 
95% CI:4.27–10.75) compared to those who did not initiate vaping 
(9.8%). Rates of quitting smoking among the other groups who initiated 
vaping at any frequency, but were not vaping daily at follow-up ranged 
from 4.4% to 12.2%. They did not differ significantly from those who did 
not initiate vaping. 

4. Discussion 

This longitudinal study of adults in four countries who exclusively 
smoked daily, investigated whether the initiation and frequency of NVP 
use was associated with a greater likelihood of making an attempt to quit 
cigarette smoking and to have quitt smoking relative to those who did 
not initiate vaping. Our findings support a growing body of literature 
that daily nicotine vaping was associated with a greater likelihood of 
smokers making a quit attempt (Brose et al., 2015) and abstaining from 
smoking (Coleman et al., 2019; Glasser et al., 2021; Hitchman et al., 
2015; Levy et al., 2018; McDermott et al., 2021; Wang et al., 2021), 
whereas less frequent vaping was not (Glasser et al., 2021; Wang et al., 
2021). When the data were stratified by each of the four countries, the 
same pattern was found, such that daily nicotine vapers had higher rates 
of quit attempts and smoking cessation relative to less frequent vapers Ta
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and non-vapers. We also found that smokers who initiated vaping and 
were currently vaping daily at follow-up were nearly seven times more 
likely to have quit smoking compared to those who did not initiate 
vaping. Additionally, our findings showed that smokers who initiated 
daily vaping between surveys, but then had reduced to non-daily use by 
follow-up, had a greater likelihood of making a quit attempt, but were 
not more likely to have quit smoking compared to non-vapers. These 
results appear to suggest that continued regular daily vaping is key 
predictor of successful smoking cessation. 

While some smokers use NVPs to try and quit smoking, other 

motivations for use are involved as well, including saving money, 
perceived health benefits, reducing social stigma associated with 
smoking, and convenience, since NVPs may be possible to use in places 
where smoking is prohibited or frowned upon (e.g., inside the home, in 
the car, at work, and in other public places) (Glasser et al., 2017; 
Newcombe et al., 2021; Patel et al., 2019; Simonavicius et al., 2017; 
Vandrevala et al., 2017; Yong et al., 2019). Thus, the findings in this 
study may reflect inherent differences in the characteristics and moti-
vations between those who vape daily versus occasionally. Studies that 
combine outcomes among vapers who are vaping at different 

Fig. 2a. Proportion of daily cigarette smokers who attempted to quit smoking, by country and vaping status.  

Fig. 2b. Proportion of daily cigarette smokers who quit smoking among those who made a quit attempt, by country and vaping status.  

Fig. 2c. Proportion of daily cigarette smokers who quit smoking among all respondents, by country and vaping status.  
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frequencies, and may or may not be using NVPs to quit smoking, may be 
less capable of detecting possible effects of NVP use on quit attempts and 
abstinence rates. 

Although there is no one magic treatment that will get all smokers to 
quit, it does appear that many smokers can benefit from vaping nicotine. 
This in part, is likely owing to the more rapid onset of nicotine delivery 
from newer generation devices that can be more helpful in reducing 
nicotine cravings than older and less efficient devices (Hajek et al., 2020; 
O’Connell et al., 2019; Wagener et al., 2017; Yingst et al., 2019). It is 
notable however, that that the majority of daily smokers in our study did 
not initiate NVP use, or initiated use, but stopped using them. There 
could be several reasons for this, including that they do not want to give 
up cigarette smoking (McKeganey & Dickson, 2017), worry about the 
risks of vaping and/or about the unknown risks of long-term use (Mar-
ques et al., 2021), misperceptions about the relative harmfulness of 
NVPs compared to cigarettes (Elton-Marshall et al., 2020; National 
Cancer Institute (NCI), 2020; Wilson et al., 2019; Yong et al., 2021), they 
have not been advised to do so by a healthcare provider (Gravely et al., 
2019; Singh et al., 2017; Van Gucht and Baeyens, 2016; University of 
North Carolina Health Care System, 2016), they believe that NVPs are 
unreliable and/or too complex (McKeganey & Dickson, 2017), dissat-
isfaction with vaping or NVPs were not found to be an effective substi-
tute for cigarettes (Yong et al., 2019), restrictive regulatory policies (e. 
g., they are not legal to be sold and therefore there are accessibility 
barriers) (Lum et al., 2021; Morphett et al., 2019; Yong et al., 2017), 
and/or warnings from public health organizations not to vape as they 
have not been found to be safe and effective in helping smokers quit 
(American Lung Association, 2020; Gee et al., 2021; Joint Position 
Statement from Six Lung Societies, 2014; WHO, 2021). In our survey, 
among respondents who did not initiate vaping between baseline and 
follow-up, about 15% of this sample had tried vaping or vaped 

occasionally (less than monthly) prior to their baseline survey. Reasons 
why these smokers who tried vaping nicotine did not continue with 
vaping, and whether they had ever tried or used approved pharmaco-
therapy (NRT and/or other prescription medications), should be further 
explored. 

Another important area of investigation is to assess whether those 
who have quit smoking using a NVP plan to continue vaping perma-
nently, or whether they intend to quit all nicotine use once they are 
abstinent from cigarettes. A study by Palmer et al. (2021) examined the 
level of interest in NVP discontinuation among US adults with and 
without a history of smoking and found that a majority of vapers (61%) 
expressed interest in eventually quitting vaping. Plans to quit vaping did 
however differ by history of smoking, where ex-smokers had the highest 
levels of intentions to quit vaping (66%) relative to dual users (59%) and 
never-smokers (55%). This should be further investigated. Notably, if 
ex-smokers do wish to quit or reduce their vaping at some point along 
their smoking cessation trajectory, information, resources, support, and 
treatment options should be provided by healthcare professionals. 

5. Limitations 

While this study has several strengths, including a large cohort 
sample of representative smokers from four countries, there are limita-
tions to consider. First, the study design does not allow us to make a 
causal inference if NVPs were a successful quit aid since we do not know 
whether vaping was initiated before, during, or after a quit attempt. For 
example, it is possible that some might have taken up vaping after they 
quit smoking as a way to prevent relapse. Second, respondents who were 
vaping daily at follow-up were not asked about their inter-wave vaping 
frequency (between surveys). Consequently, it is unclear if those who 
were vaping daily at follow-up began with daily use, or instead vaped 

Table 4 
The examination of quit attempts and quitting smoking based on patterns of vaping frequency from initiation to follow-up (Model 3).  

Vaping frequency between surveys Vaping frequency at follow-up n % aOR (95% CI) 

Made a quit attempt     
Daily/non-daily* Daily (n = 185) 126  63.3 4.19 (2.58–6.82) 
Daily Non-daily (n = 42) 22  55.6 2.78 (1.06–7.27) 
Non-daily Non-daily (n = 136) 49  32.5 0.81 (0.43–1.52) 
Daily Not vaping (n = 205) 101  44.8 1.58 (1.02–2.46) 
Non-daily Not vaping (n = 260) 108  36.1 0.99 (0.64–1.53) 
Not vaping Not vaping (n = 3701) 1267  36.3 Reference  

Quit smoking (among those who made a quit attempt) 
Daily/non-daily* Daily (n = 140) 82  58.2 4.42 (2.60–7.52) 
Daily Non-daily (n = 26) 1  12.3 0.36 (0.04–2.97) 
Non-daily Non-daily (n = 56) 4  11.5 0.33 (0.09–1.26) 
Daily Not vaping (n = 101) 23  25.1 0.91 (0.45–1.86) 
Non-daily Not vaping (n = 108) 16  19.4 0.63 (0.29–1.38) 
Not vaping Not vaping (n = 1267) 351  26.7 Reference  

Quit smoking (all respondents) 
Daily/non-daily* Daily (n = 199) 82  39.0 6.77 (4.27–10.75) 
Daily Non-daily (n = 46) 1  9.2 0.93 (0.13–6.76) 
Non-daily Non-daily (n = 143) 4  4.4 0.41 (0.12–1.38) 
Daily Not vaping (n = 205) 23  12.2 1.30 (0.72–2.33) 
Non-daily Not vaping (n = 261) 16  7.5 0.73 (0.38–1.42) 
Not vaping Not vaping (n = 3709) 351  9.8 Reference 

Estimates are weighted and adjusted for age, sex, country of residence, education, income, cigarette dependence, plans to quit smoking, quit attempt prior to baseline, 
TIS, wave of recruitment, and NRT use at follow-up. Respondents who were vaping daily at their follow-up measure were not asked about their vaping frequency 
between surveys. ‘n’ are the number of observations in the models for each outcome and are not the number of unique respondents in the sample. Bolded statistics 
denote statistical significance. aOR: Adjusted odds ratio; CI: Confidence interval. 
Inter-wave vaping status (vaping between surveys) / vaping status at follow-up: Respondents were categorized into six groups based on the above vaping frequency and 
timing measures. Respondents vaping frequency were considered after initiation (between surveys) and at their follow-up measure (current vaping frequency). They 
were as follows: (1) initiated daily or non-daily vaping between surveys and were currently vaping daily at follow-up (either increased vaping or remained a daily 
vaper); (2) initiated daily vaping between surveys but were currently vaping non-daily at follow-up (reduced vaping); (3) initiated non-daily vaping between surveys 
and were still vaping non-daily at follow-up (no change, remained a non-daily vaper); (4) initiated daily vaping between surveys but were not vaping at follow-up 
(stopped vaping); (5) initiated non-daily vaping but were not vaping at follow-up (stopped vaping); (6) did not initiate vaping at all. 
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less frequently and increased use across time. Third, we did not assess if 
smokers used other forms of cessation treatment between surveys. 
Fourth, the retrospective measurements in this study relied on respon-
dent recall over a period of either 18 or 24 months, which may have 
impacted reports of having made a formal quit attempt and/or whether 
they tried to use a NVP during a quit attempt. It has been previously 
shown that some smokers have poor recall of quit attempts (particularly 
those of longer duration) and cessation methods used during an attempt 
to quit smoking (Berg et al., 2014; Borland et al., 2012a,b; Chaiton et al. 
2016; Hammond et al. 2004). As such, better validations of self-reported 
attempts to quit smoking are important to accurately identify population 
estimates of cessation and to increase the understanding of smoking 
trajectories. 

6. Conclusion 

This study found that among adults who smoke daily, and are likely 
highly dependent on nicotine, the initiation of daily NVP use was 
associated with increased quit attempts and abstinence from smoking. 
Those who continued to vape daily across time, were the most successful 
at quitting smoking. These findings are consistent with the concept that 
complete cigarette substitution may be more likely to be achieved when 
NVPs are used daily. The differing patterns of NVP use may reflect 
inherent differences in the characteristics and motivations of daily 
versus non-daily NVP use and/or differences in the types of vaping 
products used in observational studies. Therefore, more randomized 
trials are urgently needed to isolate the role of NVP product features, 
dosage, and duration of NVP use in changing smoking behaviors, and to 
assess the true potential of NVPs as cigarette substitutes. 
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