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Abstract

Background and Aims: Most population studies that evaluate the relationship between

nicotine vaping and cigarette cessation focus on limited segments of the smoker popula-

tion. We evaluated vaping uptake and smoking cessation considering differences in

smokers’ plans to quit.

Design: Longitudinal International Tobacco Control (ITC) Four Country Smoking and

Vaping Surveys were conducted in 2016, 2018 and 2020.

Setting: This study was conducted in the United States, Canada, England and Australia.

Participants: Participants of this study were adult daily cigarette smokers who had not

vaped in the past 6 months at baseline and had participated in two or more consecutive

waves of the ITC Four Country Smoking and Vaping Surveys (n = 2815).

Measurements: Plans to quit cigarette smoking was assessed at baseline (within 6 months,

beyond 6 months, not planning to quit) and at follow-up (within 6 months vs not within

6 months), cigarette smoking cessation was assessed at follow-up (smoking less than

monthly [including complete cessation] vs daily/weekly/monthly smoking) and inter-wave

vaping uptake was assesed between baseline and follow-up (none, only non-daily vaping

and any daily vaping). Generalized estimating equations were used to evaluate whether

inter-wave vaping uptake was associated with smoking cessation at follow-up and with

planning to quit at follow-up, each stratified by plans to quit smoking at baseline.

Findings: Overall, 12.7% of smokers quit smoking. Smokers not initially planning to quit

within 6 months experienced higher odds of smoking cessation when they took up daily

vaping (32.4%) versus no vaping (6.8%; adjusted odds ratio [AOR], 8.58; 95% CI, 5.06–

14.54). Among smokers planning to quit, smoking cessation rates were similar between

those who did and did not take up daily vaping (25.1% vs 16.8%; AOR, 1.91; 95% CI,

0.91–4.00), although we could not account for potential use of cessation aids. Daily vap-

ing uptake was associated with planning to quit smoking at follow-up among those ini-

tially not planning to quit (AOR,6.32; 95% CI, 4.17–9.59).

Conclusions: Uptake of nicotine vaping appears to be strongly associated with cigarette

smoking cessation among smokers with no initial plans to quit smoking. Excluding
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smokers not planning to quit from studies on vaping and smoking cessation may under-

estimate potential benefit of daily vaping for daily smokers.
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INTRODUCTION

Most population-based studies that have evaluated the relationship

between use of nicotine vaping products (NVPs) and cigarette smok-

ing cessation have focused on cigarette smokers who attempt to quit

or who express interest in quitting smoking [1]. However, nicotine

vaping may be related to longer-term progression toward smoking

cessation at the population level (Figure 1). Studies that are limited to

smokers who are already planning to quit, or who attempt to quit,

exclude from consideration any positive or negative impact that

nicotine vaping may have on earlier junctures of the smoking cessa-

tion process.

Indeed, using data from the Population Assessment of Tobacco

and Health (PATH) Study, a longitudinal study in the United States

(US), Kasza et al. [2] found that adult daily cigarette smokers who

were not planning to ever quit smoking experienced nearly sixfold

higher odds of planning to quit smoking in the future when they initi-

ated daily vaping. Further, using PATH Study data, Kasza et al. [3]

found that daily vaping uptake was associated with eightfold greater

odds of smoking cessation among those who were not planning to

ever quit. These findings are consistent with experimental studies that

have reported that giving NVPs to unmotivated smokers is positively

associated with change in quit intentions [4, 5] and reductions in ciga-

rette smoking [6, 7]. However, no study has yet investigated whether

the association between uptake of NVP use and cigarette smoking

cessation differs as a function of smokers’ initial plans to quit.

We hypothesized that the association between uptake of daily

vaping and smoking cessation may be stronger among those who

were initially not planning to quit than among those who were initially

planning to quit, because there are more junctures in the cessation

process that vaping can act on among the former group than among

the latter group (Figure 1). That is, vaping may be positively associated

with planning to quit, with making a quit attempt and/or with quitting

among those who made a quit attempt. However, aside from the first

juncture, where a person’s quitting plans can be reported in the

present, population studies that evaluate quit attempts or vaping

effectiveness because a cigarette cessation aid (grey box in Figure 1)

necessarily exclude from consideration all those who did not charac-

terize themselves because having attempted to quit [8–10]. If recall of

quit attempts systematically differs between those who did and did

not use NVPs or other cessation aids, then efforts are needed to miti-

gate potential bias in analyses of making a quit attempt and analyses

of cessation aid effectiveness when using population-based

data [11–13]. Our approach was to determine whether current report

of quit plans at baseline, which was not subject to recall, distinguishes

a differential relationship between vaping uptake and smoking

cessation at the population level, extending findings recently reported

from the US-only PATH Study [2, 3].

We used longitudinal data from the International Tobacco Control

Four Country Smoking and Vaping Surveys (ITC 4CV) to evaluate the

relationship between uptake of NVP use and smoking cessation

among adult daily cigarette smokers in the United States, Canada,

England and Australia, stratified by initial plans to quit smoking. We

also evaluated the relationship between uptake of NVP use and

change in plans to quit smoking, again stratified by initial plans to quit

smoking.

METHODS

Population

Cohort data for this study come from the 2016–2020 ITC 4CV

surveys (waves 1–3). The ITC 4CV includes four parallel online

surveys of adult (ages 18+ years) cigarette smokers and recent

quitters in the United States, Canada, England and Australia. Wave

1 data were collected from July 2016 to November 2016, wave 2 from

February 2018 to July 2018 and wave 3 from February 2020 to June

2020. The retention rate for wave 2 was 45% [14], and the retention

rate for wave 3 was 42% [15]. Detailed information on sample recruit-

ment, retention, weighting, and so on can be found in the ITC 4CV

technical reports [14, 15] and methods paper [16], and the full surveys

and information on accessing the data are available online

(https://itcproject.org).

We analysed data from daily cigarette smokers who had never

vaped or had not vaped in the past 6 months at their baseline assess-

ment, participated in the next follow-up assessment and had an inter-

wave interval between baseline and follow-up of 18 to 24 months.

These criteria of having not vaped in the past 6 months at baseline

and having an inter-wave interval of 18 to 24 months were required

to ascertain inter-wave vaping uptake that followed the baseline

assessment of cigarette quit plans (further described in the Measures

section below), which excluded 539 persons (please see Supporting

information Figure S1), leaving a final sample of n = 2815 persons

who contributed n = 3405 observations (i.e. 2815 persons provided

one wave-pair observation and 590 persons provided two wave-pair

observations). Compared with the 2815 persons included in analyses,

the 539 persons excluded from analyses were more likely to be youn-

ger, male, heavier smokers and from Canada. Those included versus

excluded did not differ on their plans to quit smoking, cessation rates,

socioeconomic indicators or race/ethnicity (Supporting information

Figure S1).
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Measures

Measures are described because being assessed at ‘baseline’ and/or
at ‘follow-up’. That is, we used three waves of data with wave 1 serv-

ing because baseline wave to wave 2 and with wave 2 serving as

baseline wave to wave 3, such that the three waves were evaluated

as two wave pairs. That is, a person could provide one wave-pair

observation or could provide two wave-pair observations if the per-

son was present in all three waves and met the baseline eligibility

criteria at both wave 1 and wave 2. In the Statistical Analysis

section below, we describe our analytic approach to account for multi-

ple observations contributed by a person.

Cigarette quit plans at baseline

At each assessment, smokers were asked: ‘Are you planning to quit

smoking …’ with response options being within the next month;

between 1 and 6 months from now; sometime in the future, beyond

6 months; not planning to quit; do not know. We combined response

options, and we present results for those who were planning to quit

within the next 6 months and for those who were not planning to quit

within the next 6 months.

Descriptive characteristics at baseline

Respondents reported their sex (male, female), race/ethnicity (ethnic

majority: White/English vs ethnic minority: Black/other minority),

age (18–24 years, 25–39 years, 40–54 years, 55+ years), income (low,

moderate, high, not reported, which incorporated country-specific

differences in currency) and educational attainment (low, moderate,

high, not reported, which incorporated country-specific differences in

education systems), which were combined to indicate socioeconomic

status (SES) as follows: low if both income and education were low,

moderate if either income or education was low and high if neither

income nor education were low (respondents who answered only one

of the two items were included in the SES category called for by the

answered item), country (United States, Canada, England and

Australia), cigarettes smoked per day (CPD) (1–10, 11–20, 21–30 and

31+), quitting self-efficacy using the item ‘If you decided to give up

smoking completely in the next 6 months, how sure are you that you

would succeed? You do not need to be intending to quit to respond’
(not at all sure/slightly sure, moderately sure, very sure/extremely

sure, do not know) and desire to quit smoking using the item ‘How

much do you want to quit smoking?’ (not at all, a little, somewhat, a

lot, do not know).

Uptake of vaping between baseline and follow-up
(inter-wave vaping uptake)

At each assessment, respondents were asked whether they ever

vaped and if so, how often they currently 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), whether they ever

vaped daily and if so, how long ago they stopped vaping daily (less

than 1 month ago, 1–3 months ago, 4–6 months ago, 7–12 months

ago, 1–2 years ago, more than 2 years ago) and how long ago they last

vaped (less than 1 week ago, 1–4 weeks ago, 1–3 months ago,

4–6 months ago, 7–12 months ago, 1–2 years ago, more than

2 years ago).

Among those who at baseline had not vaped within the past

6 months (that includes those who never vaped and those who last

vaped more than six months before baseline), we derived a measure

of inter-wave vaping uptake between baseline and follow-up as fol-

lows: (i) no vaping uptake (i.e. no vaping after baseline including at

follow-up assessment), (ii) uptake of only non-daily vaping (i.e. any

non-daily vaping after baseline including non-daily vaping at follow-up

assessment; note that ‘uptake of only non-daily vaping’ includes

those who vaped only once after baseline to make the qualitative

distinction between no vaping and any vaping), and (iii) uptake of any

daily vaping (i.e. any daily vaping after baseline including daily vaping

at follow-up assessment). We also conducted a separate set of ana-

lyses in which we combined the ‘uptake of only non-daily vaping’
group with the ‘uptake of any daily vaping’ group to produce an

‘uptake of any vaping’ group, and we compared this combined group

to the ‘no vaping uptake’ group.

F I G U R E 1 Junctures at which nicotine vaping
may relate to progression toward cigarette
smoking cessation at the population level.
NVP = nicotine vaping product
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Cigarette smoking cessation at follow-up (outcome)

We defined cigarette smoking cessation at follow-up as smoking ciga-

rettes less than monthly, including complete cessation, versus daily/

weekly/monthly smoking at follow-up. We also conducted a set of

sensitively analyses in which we coded less than monthly cigarette

smokers as not having achieved cigarette smoking cessation.

Planning to quit cigarette smoking at follow-up
(outcome)

The same item described above for cigarette quit plans at baseline

was also used to assess whether plans to quit had changed at follow-

up. We defined planning to quit cigarette smoking at follow-up as

planning to quit in the next 6 months versus not planning to quit in

the next 6 months. Those who responded ‘do not know’ regarding

their plans to quit at follow-up were categorized as not planning to

quit in the next 6 months. Those who had already quit at follow-up

and were not asked about their plans to quit were included in the

sample as ‘planning to quit’, and in a separate analysis, they were

excluded from the sample. We did not impute missing data for any

variables.

Statistical analysis

First, we assessed descriptive characteristics of our sample of daily

cigarette smokers, stratified by cigarette quit plans at baseline. We

compared groups using χ2 tests. Next, we evaluated prevalence

of vaping uptake between baseline and follow-up, stratified by

cigarette quit plans at baseline. We evaluated prevalence of cigarette

cessation at follow-up as a function of vaping uptake between base-

line and follow-up, stratified by cigarette quit plans at baseline. Last,

we evaluated prevalence of planning to quit in the next 6 months at

follow-up as a function of vaping uptake between baseline and

follow-up, stratified by cigarette quit plans at baseline. Unweighted

sample sizes are presented alongside weighted estimates.

We used generalized estimating equation (GEE) logistic regression

analyses to evaluate the association between vaping uptake and

smoking cessation (and separately, between vaping uptake and plan-

ning to quit in the next 6 months) using both assessment pairs

(i.e. 2016–2018 and 2018–2020), stratified by baseline cigarette quit

plans, and we evaluated the interactions between baseline cigarette

quit plans and vaping uptake. We tested for statistical rather than

‘biologic’ interaction (see Knol et al.) [17] because our interest was in

determining whether the estimate from the combination of the ciga-

rette quit plans term and the vaping uptake term yielded a departure

from the underlying form of our statistical model. We additionally

attempted to evaluate whether these interactions varied by country,

but many models failed to converge; some were not testable because

of small cell sizes, and those that remained did not yield any signifi-

cant country interactions for the main analyses and therefore, are not

reported here. GEE allows for the assessment of change between

baseline and follow-up from both assessment pairs in a single analysis

while statistically controlling for interdependence among observations

contributed by the same individuals, increasing statistical power

[18, 19]. We specified the unstructured covariance and within-person

correlation matrices and the binomial distribution of the dependent

variables using the logit link function.

All GEE analyses were adjusted for country, sex, race/ethnicity,

age group, SES, CPD, time in sample (i.e. the number of waves the

respondent had completed) and assessment pair. We decided a priori

to adjust for these covariates and to categorize continuous variables

such as age and CPD, consistent with prior ITC analyses and reporting

of these descriptive data. All covariates were assessed at baseline of

each assessment pair such that time-varying covariates varied by time.

Those with missing data on covariates were excluded from analyses

(n = 52). All analyses were weighted using longitudinal weights that

were rescaled for country and for cohort so that the weighted results

presented here represent the population of cigarette smokers in each

country. All analyses were conducted using STATA V16 software

(StataCorp LP). Analysis plans were not preregistered and results

should be considered exploratory. This report follows the STROBE

reporting guideline for cohort studies (https://www.equator-network.

org/reporting-guidelines/strobe/).

RESULTS

Descriptive characteristics of adult daily cigarette
smokers, stratified by cigarette quit plans at baseline

Among daily cigarette smokers who had not vaped in the past

6 months, 28% were planning to quit within the next 6 months, 34%

were planning to quit sometime in the future beyond 6 months, 26%

were not planning to quit at all and 13% did not know whether they

planned to quit. As shown in Table 1, males, those age ≥55 years,

those with lower SES (including each SES component—income and

education) and those smoking more cigarettes per day were overrep-

resented among those who were not planning to quit. Those with

higher quitting self-efficacy and greater desire to quit were overrep-

resented among those who were planning to quit in the next

6 months.

Vaping uptake between baseline and follow-up as a
function of cigarette quit plans at baseline

Overall, 13.5% (95% CI, 11.8–15.4) of daily cigarette smokers took up

daily vaping, with daily vaping uptake highest among those who at

baseline were planning to quit within the next 6 months (16.3%

uptake; 95% CI, 13.0–20.3) and lowest among those who at baseline

were not planning to quit at all (10.3% uptake; 95% CI, 7.4–14.2) or

who did not know whether they planned to quit (10.8% uptake; 95%

CI, 7.6–15.1) (Table 2).
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Cigarette smoking cessation at follow-up as a function
of vaping uptake, stratified by cigarette quit plans at
baseline

Overall, cigarette smoking cessation rates at follow-up were highest

among those who were initially planning to quit within the next

6 months (19.3% quit; 95% CI, 15.4–24.0) and were lowest among

those who were initially not planning to quit at all (7.1% quit; 95% CI,

4.9–10.1) (Table 3).

A significant interaction was found between cigarette quit plans

at baseline and vaping uptake in the association with cigarette smok-

ing cessation. Among smokers who at baseline were planning to quit

within the next 6 months, daily vaping uptake was associated with a

nearly twofold higher odds of smoking cessation although this esti-

mate did not reach statistical significance (adjusted odds ratio [AOR],

1.91; 95% CI, 0.91–4.00), whereas among those who at baseline were

not planning to quit within the next 6 months, those who took up

daily vaping experienced over eightfold higher odds of quitting smok-

ing compared with those who did not take up vaping (AOR, 8.58; 95%

CI, 5.06–14.54) (Table 3). When disaggregating those who were not

planning to quit within the next 6 months, the strongest associations

between uptake of daily vaping and smoking cessation were found

among those who at baseline were planning to quit sometime in the

future beyond 6 months (AOR, 10.88; 95% CI, 5.31–22.30) and those

who at baseline did not know whether they planned to quit (AOR,

8.64; 95% CI, 3.05–24.46) (Table 3).

Uptake on non-daily vaping was negatively associated with smok-

ing cessation among those who at baseline were not planning to quit

at all (AOR, 0.18; 95% CI, 0.06–0.55); no other significant differences

were observed (Table 3). Findings were consistent in sensitivity

analyses in which the definition of smoking cessation considered

those who smoked less than monthly as having not achieved cessa-

tion, which changed the value of the cessation outcome for only

16 people.

Planning to quit cigarette smoking at follow-up as a
function of vaping uptake, stratified by cigarette quit
plans at baseline

A significant interaction between cigarette quit plans at baseline and

vaping uptake was found in the association with change in plans to

quit smoking. Among smokers who at baseline were planning to quit

within the next 6 months, there was no statistically significant asso-

ciation between daily vaping uptake and change in plans to quit

smoking (AOR, 0.82; 95% CI, 0.44–1.55). By contrast, among those

who at baseline were not planning to quit in the next 6 months,

those who took up daily vaping had an over sixfold higher odds of

change to be planning to quit smoking compared with those who

did not take up vaping (AOR, 6.32; 95% CI, 4.17–9.59). When disag-

gregating those who were not planning to quit within the next

6 months, the strongest association between uptake of daily vaping

and change to be planning to quit smoking was found among thoseT
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who at baseline were not planning to quit smoking at all (AOR,

10.12; 95% CI, 4.46–22.93).

Finally, in a sensitivity analysis excluding those who had quit

smoking at follow-up, we still found a statistically significant positive

association between daily vaping uptake and change in plans to quit

smoking among those who at baseline were not planning to quit in

the next 6 months (AOR, 3.61; 95% CI, 1.92–6.79) and among the

subgroup who at baseline were not planning to quit at all (AOR,

11.65; 95% CI, 3.48–38.99) (Table 4).

DISCUSSION

The key finding from this study is that there is a strong positive asso-

ciation between vaping uptake and cigarette smoking cessation

among smokers with no initial plans to quit smoking. Specifically,

those not planning to quit in the next 6 months who started vaping

daily experienced a 32% cigarette quit rate compared with a 7%

cigarette quit rate among their counterparts who did not take up vap-

ing. These findings are consistent with the US PATH Study findings

[2, 3] and indicate that studies that focus on smokers who are already

planning or attempting to quit may underestimate a potential benefit

of daily vaping for smoking cessation at the population-level.

One mechanism by which vaping may be positively associated

with smoking cessation could be by changing motivation and self-

efficacy for quitting among those initially not interested in quitting

smoking. Our findings show that vaping uptake was associated with

change in plans to quit smoking among those initially not planning to

quit, which is consistent with the one other population-based study

that investigated this question [2]. Further, in a sensitivity analysis

among those who at baseline did not plan to quit at all and continued

to smoke at follow-up, we found that they experienced an 11-fold

greater odds of planning to quit at follow-up when they took up daily

vaping, suggesting that there could be further increases in smoking

cessation rates among this ‘hard-to-reach’ group of smokers in the

longer term. Importantly, our findings show that these smokers

tended to be male, older, smoked more cigarettes per day and were of

lower SES than their counterparts who were initially planning to quit.

It is also possible that smokers in our study changed their plans to

quit after baseline and subsequently began vaping as a method of

quitting. We had between 18- and 24-month intervals between sur-

veys, and we could not assess whether quit intentions changed first

or whether vaping status changed first. Regardless of the directional-

ity, our findings show contemporaneous associations between moving

from daily smoking to no smoking alongside moving from no vaping to

daily vaping specifically among those who were initially not planning

to quit smoking. These findings are consistent with the one other pop-

ulation study that evaluated this question among smokers not plan-

ning to quit [3], as well as experimental studies that have shown that

giving NVPs to smokers unmotivated to quit increases their motiva-

tion to quit [4–6] and is associated with reductions in their cigarette

smoking [6,7].

Consistent with other studies in the literature, we found no asso-

ciation between uptake of non-daily vaping and smoking cessation

[20–22]. This may reflect that non-daily vaping was not associated

with change in quit intentions and/or may reflect that non-daily

vaping did not provide sufficient nicotine to serve as a substitute for

those who were daily cigarette smokers, as discussed previously by

Gravely et al. [20]. Importantly, we found that uptake of non-daily

vaping was nearly twice as common as daily vaping uptake, meaning

that the majority of vaping uptake occurring among smokers in the

population is not expected to yield smoking cessation gains.

When considering differences in the magnitudes of associations

between daily vaping uptake and smoking cessation when

T AB L E 2 Vaping uptake between baseline and follow-up as a function of cigarette quit plans at baseline among adult daily cigarette smokers
in the United States, Canada, England and Australia who had not vaped in the past 6 months at baseline

Vaping uptake between baseline and follow-up

No vaping uptake Non-daily vaping uptake Daily vaping uptake

Cigarette quit plans at baseline n % 95% CI n % 95% CI n % 95% CI χ2 P-value

Overall: N = 3405 2149 62.9 60.4–65.4 803 23.6 21.5–25.9 453 13.5 11.8–15.4 –

Planning to quit within the next 6 months:

n = 897 (27% of sample)

540 59.0 54.1–63.8 215 24.7 20.7–29.1 142 16.3 13.0–20.3 2.4 0.089

Not planning to quit within next 6 months

(note: this group is the aggregate of the

groups beneath it): n = 2508 (73% of

sample)

1609 64.4 61.4–67.3 588 23.2 20.7–25.9 311 12.4 10.5–14.6

Planning to quit sometime in the future,

beyond 6 months: n = 1102 (34% of

sample)

631 57.8 53.3–62.2 308 27.6 23.7–31.8 163 14.6 11.7–18.1 4.3 < 0.001

Not planning to quit: n = 937 (26% of sample) 682 72.6 67.5–77.0 161 17.1 13.5–21.4 94 10.3 7.4–14.2

Unknown plans to quit: n = 469 (13% of

sample)

269 65.3 58.7–71.3 119 24.0 18.8–30.1 54 10.8 7.6–15.1

ns are unweighted and reflect the number of observations; %s and 95% CI are weighted.
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T AB L E 3 Cigarette smoking cessation at follow-up as a function of vaping uptake between baseline and follow-up among adult daily
cigarette smokers in the United States, Canada, England, and Australia who had not vaped in the past 6 months at baseline, stratified by cigarette
quit plans at baseline

Cigarette smoking cessation at follow-upa

Cigarette quit plans at baseline

Vaping uptake between
baseline and follow-up
(inter-wave vaping uptake) n % (95% CI) AORb (95% CI)

Overall Overall: N = 3405 393 12.7 (10.9,14.6) –

Planning to quit within the

next 6 months

Overall: n = 897 155 19.3 (15.4,24.0) –

No vaping: n = 540 80 16.8 (11.8,23.3) Ref

Any vaping: n = 357 75 23.0 (17.0,30.3) 1.65 (0.93,2.92)

No vaping: n = 540 80 16.8 (11.8,23.3) Ref

Non-daily vaping: n = 215 37 21.6 (14.1,31.7) 1.50 (0.78,2.87)

Daily vaping: n = 142 38 25.1 (16.2,36.6) 1.91 (0.91,4.00)

Not planning to quit within

the next 6 months (note: this

group is the aggregate of the

three groups beneath it)

Overall: n = 2508 238 10.1 (8.4,12.1) –

No vaping: n = 1609 114 6.8 (5.3,8.8) Ref

Any vaping: n = 471 76 19.1 (13.7,25.9) 3.20 (2.03,5.06)c

No vaping: n = 1609 114 6.8 (5.3,8.8) Ref

Non-daily vaping: n = 588 44 7.3 (4.5,11.7) 1.24 (0.68,2.27)

Daily vaping: n = 311 80 32.4 (24.6,41.3) 8.58 (5.06,14.54)c

Planning to quit sometime in the future,

beyond 6 months

Overall: n = 1102 129 12.4 (9.7,15.8) –

No vaping: n = 631 53 7.6 (5.5,10.5) Ref

Any vaping: n = 471 76 19.1 (13.7,25.9) 4.02 (2.19,7.39)

No vaping: n = 631 53 7.6 (5.5,10.5) Ref

Non-daily vaping: n = 308 30 10.1 (5.5,17.6) 1.78 (0.87,3.65)

Daily vaping: n = 163 46 36.1 (25.0,49.0) 10.88 (5.31,22.30)c

Not planning to quit Overall: n = 937 68 7.1 (4.9,10.1) –

No vaping: n = 682 40 6.1 (3.7,10.1) Ref

Any vaping: n = 255 28 9.5 (5.9,15.1) 1.73 (0.84,3.56)

No vaping: n = 682 40 6.1 (3.7,10.1) Ref

Non-daily vaping: n = 161 5 1.0 (0.4,2.6) 0.18 (0.06,0.55)c

Daily vaping: n = 94 23 23.5 (13.8,37.3) 5.81 (2.60,13.00)d

Unknown plans to quite Overall: n = 469 41 10.2 (6.9,14.9) –

No vaping: n = 269 21 6.7 (3.8,11.4) Ref

Any vaping: n = 173 20 16.9 (9.9,27.3) 3.23(1.24,8.41)

No vaping: n = 269 21 6.7 (3.8,11.4) Ref

Non-daily vaping: n = 119 9 8.1 (3.4,17.9) 1.46 (0.47,4.53)

Daily vaping: n = 54 11 36.5 (20.1,56.7) 8.64 (3.05,24.46)c

ns are unweighted and reflect the number of observations; %s, and adjusted odds ratios (AOR) are weighted. Generalized estimating equation (GEE)

logistic regression analyses were used to assess the association between uptake of vaping (between baseline and follow-up) and cigarette cessation (at

follow-up) among adult daily cigarette smokers who had not vaped in the past 6 months at baseline, stratified by cigarette quit plans at baseline, over two

periods of time (i.e. wave 1 to wave 2 and wave 2 to wave 3), including up to two sets of observations per individual and statistically controlling for the

correlation among observations contributed by the same individuals.
aCigarette cessation at follow-up was defined as less than monthly cigarette smoking (vs monthly/weekly/daily cigarette smoking) among those who were

daily cigarette smokers at baseline.
bAnalyses were adjusted for country, biological sex, race/ethnicity (White, non-White), age group (18–24, 25–39, 40–54, 55+ years), socioeconomic status

(SES) (low, moderate, high), cigarettes smoked per day, time in sample, and wave; all covariates were assessed at baseline; GEE models were fitted

specifying the unstructured covariance and within-person correlation matrices.
cAssociation is significantly different from analogous association among those planning to quit within the next 6 months (P = <0.01 for interaction).
dAssociation is significantly different from analogous association among those planning to quit within the next 6 months (P = <0.06 for interaction).
eModel convergence not achieved for those with unknown plans to quit (for either model).
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disaggregating the groups that did not have plans to quit in the next

6 months, we found that those who were least definitive in their plans

(i.e. those who were planning to quit beyond 6 months or did not

know) experienced the greatest relative increases in smoking cessa-

tion when they took up daily vaping. Although additional studies are

needed to understand our findings more fully, smokers without defini-

tive plans to quit tended to want to quit, but had low quitting self-

efficacy before vaping uptake; therefore, it is plausible that uptake of

vaping among this group may help them to overcome expectancies

that living without cigarettes is too challenging [23].

Although studies on use of nicotine replacement therapy (NRT)

and smoking cessation typically focus on cessation aid effectiveness

when used during a quit attempt [13, 24, 25] (see also Figure 1), our

findings suggest that evaluation of use of NVPs and smoking cessa-

tion should also include those not planning to quit. With regard to our

findings among smokers who were initially planning to quit, it is possi-

ble that those who did not take up vaping may have been more likely

to use NRT or other cessation aids than their counterparts who took

up daily vaping. We found that those planning to quit smoking who

did not take up vaping experienced a 17% smoking cessation rate,

whereas only 7% of those not planning to quit who did not take up

vaping went on to quit smoking. That is, the difference in smoking

cessation rates between those who do and do not plan to quit smok-

ing appears to be driven by differences in cessation rates among those

who do not take up vaping. In other words, daily vaping uptake is

associated with similar smoking cessation rates for those who do and

do not plan to quit.

Limitations

In this population-based study, we were not able to ascertain the

temporal ordering of vaping uptake and change in plans to quit follow-

ing baseline assessment, and our findings should not be interpreted as

indicating causal associations. We were also not able to ascertain a

measure of inter-wave NRT/other cessation aid uptake consistent

with our measure of inter-wave vaping uptake, and therefore, we

could not evaluate whether/to what extent other aid use may con-

found our findings for vaping use. Sample sizes were also generally

small, owing in part to the follow-up timeframe eligibility requirement,

which was necessary to ascertain inter-wave vaping uptake when

including non-recent vapers in the sample given the timeframes for

which respondents were asked about their prior vaping experiences;

however, this reduced our statistical power. Last, many models to test

for country-by-vaping uptake interactions failed to converge, and

others were not statistically testable owing to some very small cell

sizes. Future research with additional waves of data will increase

statistical power to test for country interactions and to detect

additional significant associations if they exist and will also allow for

the assessment of smoking cessation in the longer term. Future

research can also evaluate type of vaping products used and amount

of nicotine consumed, which may be particularly informative for NVP

regulation.

CONCLUSIONS

For daily cigarette smokers who are not planning to quit smoking,

uptake of daily vaping is associated with higher smoking cessation

rates compared with no uptake of vaping. Smokers not planning to

quit tend to be older, heavier smokers of lower SES. Studies focused

exclusively on smokers who are already planning or attempting to quit

may underestimate a potential benefit of daily vaping for smoking ces-

sation at the population level, including potential to reduce disparities

in smoking rates. Last, only daily vaping was associated with smoking

cessation, suggesting that vaping company marketing practices,

vaping policies/restrictions and public health education campaigns

could be undertaken to support smokers’ use of vaping products on a

daily basis.
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