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Abstract

Aim: To assess (1) how far smoking patterns, depression and smoking-related beliefs and
intentions predict vaping uptake, current vaping and vaping frequency among daily smokers; and
(2) how far the aforementioned predictors and baseline vaping frequency predict current vaping
among those who reported ever vaped.

Design: Analysis of data from six waves of a longitudinal survey over 8 years. Longitudinal
associations between predictors and outcomes were examined using multilevel models.

Setting: UK, US, Canada and Australia.

Participants: 6296 daily smokers (53% females) who contributed data to at least two
consecutive survey waves.

Measurements: The outcome variables were vaping uptake, vaping frequency, and current
vaping at follow-up. The key predictor variables, measured in previous waves, were time to first
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cigarette, cigarettes smoked per day, depressive symptoms, intention to quit smoking, quitting self-
efficacy and worry about adverse health effects of smoking.

Findings: Number of cigarettes smoked daily was associated with (1) subsequent vaping uptake
(OR=1.69, 95%CI [1.19, 2.39] for 30+ cigarette per day; Reference category: 0-10 cigarettes) and
(2) a higher frequency of current vaping (OR=1.97, 95% CI [1.36, 2.85] for 30+ cigarettes).
Intention to quit was associated with a higher frequency of current vaping (OR = 1.48, 95% ClI
[1.21, 1.82]). Among those who reported ever vaped, higher baseline vaping frequency
(OR=11.98, 95% CI [6.00, 23.93] for daily vaping at baseline; reference category: Vaped less than
monthly) predicted current vaping.

Conclusion: Among daily smokers, amount smoked and intention to quit smoking appear to
predict subsequent vaping uptake. Vaping frequency at baseline appears to predict current vaping
at follow up.

Introduction

In the last decades, the tobacco epidemic has evolved in many high-income countries.
Smoking has steadily decreased over the last 50 years (1, 2), while the use of vaping devices,
also known as e-cigarettes, has recently emerged. Survey data from 28 European countries
show a clear upward trend in vaping, with more than 1 in 10 adults in 2014 reporting having
ever vaped (3). Most people who vape are ex-smokers who have recently quit or current
smokers. In the UK, where nicotine vaping products (NVPs) are regulated as a consumer
product and easily accessible, current vaping amongst current and recent ex-smokers
increased from 2% in 2011 to 20% in 2017, with 11% reporting daily vaping. However, the
prevalence of vaping in the general population is low, at 5.5% in the UK, a rate that has
stabilized in the last 2-3 years (4).

Reasons for vaping are likely to influence how NVPs are used. For example, some smokers
may use these products as a short to medium term cessation aid, much like NRT, in which
they are an intermediate step between smoking and becoming nicotine-free. A number of
studies have reported that the most common reason reported for vaping is to quit smoking
(5-7), and a recent report estimated that over six million European Union citizens had quit
or reduced smoking with the help of NVPs (3, 8). Evidence from randomized controlled
trials also supports the effectiveness of NVPs as cessation aids (9). Unlike pharmaceutical
nicotine replacement therapy (NRT), NVPs are not marketed as medicines, but as less
harmful substitutes for tobacco cigarettes. Thus, unlike NRT, NVPs are not marketed with
any recommended ‘treatment’ schedule. Some smokers may use NVPs as a complete long-
term substitute for cigarettes, while others may only experiment with them out of curiosity
or vape when smoking is not allowed while continuing to smoke where there are no smoking
restrictions. Research suggests that the pattern of vaping is differentially associated with
quitting smoking, with quit success associated with frequent use but not with intermittent
use (10).

Existing cross-sectional research examining sociodemographic and smoking related factors
associated with vaping uptake has found that those who have tried NVPs are more likely to
be current smokers (11), younger (12), motivated to quit smoking (13), and to believe that
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vaping is less harmful than smoking cigarettes (7). In the US, those who smoke a greater
number of cigarettes per day are more likely to have vaped (14). A cross-country analysis
showed that interest in quitting predicted trial and current use of NVPs in the UK, but only
predicted trial in Australia (12). This research, however, did not explore predictors of vaping
frequency (i.e., daily versus non-daily) and continuation of vaping over time.

This study expands on existing research by using longitudinal data from daily smokers
collected in the US, UK, Canada and Australia as part of the International Tobacco Control
(ITC) Project to examine smoking-related predictors of vaping uptake and vaping frequency.
These potential predictors include: intention to quit smoking, intensity of smoking, quitting
self-efficacy, outcome expectancy of quitting, and concerns about the health impacts of
smoking. In addition, most previous studies of NVPs focused on use/non-use, or frequency
of use measured at one point in time. These studies provide limited information about the
ongoing vaping, given they are a novel product and some people might use them only briefly
out of curiosity. Therefore, we also explored predictors of ongoing use among daily smokers
who reported ever vaped.

Method

Participants

Data for the current study were from the ITC Four Country Survey, a longitudinal cohort of
nationally representative samples of adult smokers in the United States, the United
Kingdom, Canada and Australia. This study used data from six waves of data collection,
spanning 2008 to 2016 across the four countries. The first five waves (2008-2014) were
collected using a mixture of telephone interviews and web survey, but the sixth wave in 2016
(used only for outcomes here) was exclusively a web-based survey known as the ITC Four
Country Smoking and Vaping Survey comprise of England, Canada, the US and Australia.
Attrition between waves was approximately 30% for the first five waves, and was much
higher (around 60%) for the sixth wave as those only responding by phone were largely
dropped. The attrition rate of the sixth wave for the UK sample (~80%) was higher than the
other three countries because for the first five waves, data were collected from Scotland,
Wales, Northern Ireland and England, but only participants from England was followed up
in the sixth wave. We have conducted extensive sensitivity analyses to evaluate the impact of
high attrition rate of the sixth wave on the overall conclusion (See Analysis and Result
section below). In each follow-up wave, new participants were also recruited using the same
sampling procedure for initial recruitment to replenish those who dropped out of the study.
Details about the initial samples and dropout rate from each country in each wave are
presented in Supplementary Table 1. Details of the ITC conceptual model and
methodologies for the first five waves are described in detail elsewhere (15, 16). Details of
the methodologies of the sixth wave are described in Thompson et al. (17). The analysis
sample consisted of 6296 daily smokers who contributed data to at least two consecutive
waves.
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Outcome variables— Vaping uptake by follow-up waves was assessed by the question:
“Have you ever tried an electronic cigarette? Yes/No” with “Yes” coded as 1 and “No” as 0.

Current vaping frequency use at follow-up waves was measured using the item “How often,
if at all, do you currently use an electronic cigarette?” The response scale was “Daily/ Less
than daily but at least once a week/ Less than weekly, but at least once a month/ Less than
monthly/ Not at all”.

Ongoing use was derived as follows, and only for the last two waves: Among daily smokers
who reported ever having vaped (measured with the question, “Have you ever used
electronic cigarettes, or e-cigarettes, even one time?”) at the fifth wave and reported any
current use at the sixth wave were coded as 1 and those who reported lifetime vaping at the
fifth wave but not vaping at the sixth were coded as 0.

Smoking-related predictor variables—Smoking status was based on self-report and
was classified into “Daily smoker”, “Non-daily smoker” and “Quitter”.

Intention to quit smoking was measured using the item “Are you planning to quit
smoking...” with the response options “Within the next month”, “Within the next 6 months”,
“Sometime in the future, beyond 6 months” and “Not planning to quit”. The first three
categories were recoded into “Yes — intending to quit” and the last one was recoded into “No
- not intending to quit”.

Time to first cigarette was measured using the item “How soon after waking do you usually
have your first smoke?” Participants’ responses were recoded into four levels “More than 60
mins/ 31-60 mins/ 6-30 mins/ 5 mins or less”.

Cigarettes per day were derived from participants’ self-reported average number of
cigarettes they smoked per day and this variable was recoded into “0-10/ 11-20/ 21-30/ and
more than 31”.

Quitting self-efficacy was measured using the item “If you decided to give up smoking
completely in the next 6 months, how sure are you that you would succeed?” and the 5-point
response scale was “Not at all sure/ Slightly sure/ Moderately sure/ Very sure/ Extremely
sure”.

Expectation about life enfoyment after quitting was measured using the item “If you were to
quit smoking, would your ability to enjoy life be improved, made worse, or stay the same?”
with the 5-point response scale “Improved a lot/ improved a little/ stay the same/ made a
little worse/ made a lot worse”.

Worry about future adverse health effects was measured using the item “How worried are
you, if at all, that smoking will damage your health in future?” with the 4-point scale “Not at
all worried/ A little worried/ Moderately worried/ Very worried”.

Addiction. Author manuscript; available in PMC 2021 May 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chanetal.

Page 5

Depression symptoms were measured using the two items from the Primary Care Evaluation
of Mental Disorders Procedure questionnaire (18) assessing core symptoms of a depressive
episode (DSM-1V): “During the last 30 days, have you often been bothered by little interest
or pleasure in doing things?” and “During the last 30 days, have you often been bothered by
feeling down, depressed or hopeless?”. The responses to these two items were “Yes/ No”.

Overall opinion about smoking was measured using the item “What is your overall opinion
of smoking? Is it...?” with the 5-point response scale “Very positive/ Positive/ Neither
positive nor negative/ Negative/ Very negative”.

Current health was measured using a 5-point scale item “In general, how would you describe
your health? Is it...” with response options “Poor/ Fair/ Good/ Very good/ Excellent”.

Past adverse health effects of smoking was measured using the item “To what extent, if at
all, has smoking damaged your health?” with the 4-point scale “Not all all/ Just a little/ A
fair amount/ A great deal”.

Demographic and survey specific variables—Demographic variables included
gender, age, country, household composition (single adult smoker/ all adult smokers/ mixed
adult household), household income (Low/ Moderate/ High) and education level (Low/
Moderate/ High). Survey specific variables included: survey mode (Telephone/ Web) and
time between assessments. The effect of these variables were adjusted for in all regression
analyses.

Statistical analysis

Two main sets of analyses were conducted:

1. Predicting vaping uptake and current vaping frequency—A series of
multilevel binary logistic (for vaping uptake) and multilevel ordinal logistic regressions (for
frequency of current vaping) were used to examine the impact of smoking related,
demographic and survey specific variables (explanatory variables) on (1) vaping uptake and
(2) vaping frequency (outcome variables). All explanatory variables were taken from one
wave prior to that of the outcome variables. For the analysis of vaping uptake, we only
included observations from participants who reported no vaping in prior wave, and we only
used data second waves onwards because lifetime vaping was not measured in the first wave.
For the frequency models, we used data from all six waves. Figure 1 shows the number of
observations used in different analyses between waves. Multilevel models with random
intercept were used to account for the repeated observations on some participants. Because
the drop-out rate between the fifth and sixth waves was substantially higher, we conducted a
supplementary analysis without using data from the sixth wave to evaluate the robustness of
our results.

2. Predicting ongoing use among those who reported ever vaped—Because
the goal of this analysis was to examine factors that predicted ongoing vaping in the most
recent wave among those who have initiated vaping, and the prevalence of vaping was low
up until this point, only the subset of participants who reported ever vaping at the fifth wave
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(collected in 2013-2014) were included. Therefore, the fifth wave served as a baseline wave
for this analysis. Logistic regression was used to examine the impact of smoking-related
variables on ongoing use, adjusted for demographic and survey-specific variables (e.g.,
survey mode and time between assessments). To evaluate the robustness of our results, we
conducted two sets of supplementary analyses. First, we limited our analyses to those who
reported current vaping at the fifth wave (as opposed to ever use). Second, we excluded
participants from the UK because the dropout rate in the UK for the sixth was much higher
than the other three countries.

All analyses were performed in STATA 13. A partially adjusted model was run first and
included only the target smoking-related predictor, demographic and survey-specific
variables as predictor variables. Variables that were significant at an alpha level of 0.05 were
included in the final adjusted analysis. In the analysis sample, there was less than 10%
missing data in each variable. Multiple imputation was used to fill in missing data (19) and
all regression analyses were based on 10 imputed datasets.

Of the 6296 participants, 27% from Australia, 22% from Canada, 22% from United
Kingdom and 30% from the United States. The mean age was 52, and 53% were female.
These participants contributed 10913 observations over the study period. Because only
participants who contributed data to at least two consecutive waves were included,
differences between participants who remained and dropped out of the study were examined
and detailed results were presented in Supplementary Tables 2A and 2B. Although there
were statistically significant differences in some analysis variables, the effect sizes were
mostly very small (Cramer’s V below 0.1 for categorical variables and Cohen’s D below 0.1
for continuous variable). Therefore, excluding these participants would be unlikely to
change or negate our conclusion because the results on which our conclusion were based
were highly significant (p < .001; see result section below) and the effect sizes were
moderately large.

Table 1A and 1B show descriptive statistics of the sample for smoking-related variables, and
demographic and survey-specific variables respectively. The proportion of daily smokers
who reported ever vaping was highest in the US, followed by the UK and Canada, and
lowest in Australia.

1. Predicting vaping uptake and current vaping frequency

Table 2 shows odds ratios and the associated 95% confidence intervals from multilevel
analyses predicting vaping uptake and vaping frequency. Overall, the predictors of uptake
and frequency of use were similar. Respondents from UK and US were more likely to take
up vaping and to have a higher frequency of use, compared to those Australia. Females were
more likely to take up vaping and vape more frequently as were those of moderate
education. Those of a higher education level reported higher vaping frequency. Those with
high incomes were also more likely to have higher frequency of vaping. Turning to smoking-
related variables, the more cigarettes the person smoked per day at previous wave, the more
likely they were to take up vaping (OR = 1.41, 95% CI [1.12, 1.78] for 21-30 cigarettes; OR
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=1.69, 95% CI [1.19, 2.39] for 30 + cigarettes; reference category: 0 — 10 cigarettes) and the
greater the frequency of vaping (OR = 1.46, 95% CI [1.12, 1.91] for 20-30 cigarettes; OR =
1.97, 95% CI [1.36, 2.85] for 30+ cigarettes) in next wave. Time to first cigarette was
significantly associated in a similar way in the partially adjusted models but this association
dropped out in the fully adjusted model when cigarettes per day was included. Those with an
intention to quit smoking were more likely to vape at a greater frequency (OR = 1.48, 95%
Cl [1.21, 1.82]). Finally, those who reported depressive symptoms, particularly feeling down
or hopeless were more likely to report a higher frequency of vaping.

Given the higher dropout rate between the last two data collections, we repeated the same
analyses using only data from the first five waves. The results were similar and the same
conclusion can be drawn.

2. Predicting ongoing vaping among those who tried vaping

Table 3 shows the odds ratios and the associated 95% confidence intervals from the logistic
regression predicting ongoing vaping among daily smokers who reported ever vaping in the
second last wave (the second last wave served as the baseline wave for this analysis). The
more respondents vaped at baseline, the more likely they were to still be vaping at the
follow-up (OR =11.98, 95% CI [6.00, 23.93] for daily vaping; OR = 9.80, 95% CI [5.16,
18.60] for weekly vaping; OR =4.32, 95% CI [2.71, 6.87]; reference category: vaped less
than monthly). Also, compared to those who were daily smokers at follow-up, those who
became non-daily smokers were more likely to continue vaping (OR = 4.99, 95% CI [2.39,
10.43]) while those who had quit smoking altogether were significantly less likely to
continue to vape (OR = 0.48, 95% CI [0.29, 0.80]).

We repeated these analyses with only participants who reported current vaping at the fifth
wave (as opposed to ever vaped) and the results were essentially the same, although standard
errors of the estimates were larger due to a reduction of sample size. We have also repeated
the analysis without the samples from the UK given its higher dropout rate. The results were
similar, and the same conclusion was drawn.

Discussion

Intention to quit smoking was a strong predictor of high frequency of vaping and this finding
aligns with cross-sectional research showing that vaping was more likely in those with
higher levels of motivation to quit and in those who had made a quit attempt in the last year
(13, 20).

After adjusting for other smoking-related variables, more frequent smoking was predictive
of vaping uptake and more frequent vaping, but it was not associated with ongoing vaping. It
is unclear whether the latter finding is due to successful quitting or giving up on vaping
following a failure to quit. It is also possible that the non-significant association between
smoking frequency and ongoing vaping was due to reduced power because the sample size
in that analysis was substantially lower. Nonetheless, the finding that heavy smokers may be
more likely to vape should be considered when evaluating the efficacy of NVPs as cessation
aids.
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Several smoking related-variables, such as quitting self-efficacy, worrying about future
adverse health effects and experience of past adverse health effects of smoking, were
significantly associated with vaping uptake and vaping frequency in the partially adjusted
models. However, these associations did not persist after adjusting for other smoking
variables, such as quit intentions and cigarettes smoked per day. This suggests that their
effect may be mediated by those variables that remained in the models.

Having symptoms of depression was significantly associated with vaping uptake and vaping
frequency in the partially adjusted models, and it remained significant in predicting vaping
frequency in the final adjusted model. Past research has demonstrated a bidirectional effect
between depression and smoking (21-24), suggesting that depressed individuals may smoke
as a form of self-medication and that smoking may lead to increased depressive symptoms.
In our study, we showed that depressive symptoms predicted higher vaping frequency, and
this effect was independent of smoking. This finding is consistent with the possibility that
some smokers with depressive symptoms may vape as a form of self-medication (25).

Among daily smokers who have ever vaped, ongoing vaping does not appear to be
influenced directly by any of the smoking-related factors that were important in predicting
uptake and vaping frequency. Instead, vaping frequency in the past was a strong predictor of
ongoing use, with those vaping daily more likely to be vaping at follow-up than those who
vaped only occasionally. Consistent with previous cross-sectional research (20), this
suggests that established vapers are more likely to vape long term than experimenters. The
reasons for the continuation and discontinuation of vaping are unclear although past research
suggests that product satisfaction, lower harm beliefs and use in smoke-free places motivate
smokers to continue to vape (26). Those who have discontinued vaping report that it was
because NVPs did not control their cravings, or that they did not “feel” similar enough to
smoking cigarettes (20). Our findings also suggest that the extent to which vaping helps
daily smokers to manage their smoking by cutting down or quitting also influences ongoing
use. Daily smokers who managed to cut down their smoking via vaping were more likely to
vape longer term, whereas those who managed to quit smoking were less likely to do so. The
latter is consistent with the previous finding that most vapers who no longer smoke intend to
discontinue vaping eventually (26).

The study’s strengths were its longitudinal design and data collection in several countries. It
also had several limitations. First, the analysis was based on self-report data and the
prevalence of vaping might be underestimated. This analysis only looks at vaping over time.
We did not analyse smoking status over time because of the relatively small number of
vapers whose smoking status changed in the study period (especially in the earlier waves
when vaping was less common). We were therefore not able to assess whether those who
started vaping and discontinued succeeded in quitting smoking or relapsed. Second, the
latest data collection was mainly based on online surveys, rather than the telephone surveys
used in earlier waves. It is unclear how this might have affected our findings, if at all.
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Conclusion

Among daily smokers, motivation to quit and heaviness of smoking appear to be the main
factors influencing vaping uptake and vaping frequency. Ongoing use appears to depend on
the initial frequency of use and how helpful vaping has been in managing their smoking. The
fact that intention to quit smoking is a strong predictor of vaping accords with other research
findings that quitting smoking is one of the primary reasons that smokers vape.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Sample size from each country for each analysis.
N¢ : The number of observations in prior wave predicting vaping frequency in the next wave;
Ny: The number of observations in prior wave predicting VNPs uptake in the next wave; N:
The number of observations in prior wave predicting ongoing vaping.
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Logistic regression predicting on-going VNP use among baseline daily smokers who reported ever vaping (N

=911).

Partially adjusted model  Final adjusted model

Baseline predictors: OR 95% ClI OR 95% ClI
Intention to quit smoking (Ref: No)
Yes 1.32 (0.92, 1.90)
31-60mins 1.07 (0.66, 1.74)
6 to 30mins 1.24 (0.81, 1.90)
5 min or less 1.20 (0.72, 2.00)
Cigarette per day (Ref: 0 — 10)
11-20 cigarettes 1.16 (0.86, 1.58)
21 - 30 cigarettes 111 (0.72, 1.70)
More than 31 cigarettes 1.08 (0.56, 2.08)
Past year alcohol use (Ref: No alcohol use)
Daily 1.24 (0.36, 4.28)
Weekly 1.12 (0.48, 2.60)
Monthly or less frequent 1.14 (0.57, 2.28)
Quitting self-efficacy 1.01 (0.90, 1.14)
Enjoy life less after quitting 1.00 (0.86, 1.17)
Worry about adverse health effect in future 1.13 (0.97,1.31)
Depressive symptom - little interest or pleasures  0.94 (0.69, 1.29)
Depressive symptom - feeling down or hopeless  1.25 (0.91, 1.71)
Overall opinion about smoking 0.94 (0.80, 1.10)
Current health 1.07 (0.92, 1.25)
Past adverse health effect of smoking 0.95 (0.79, 1.14)
Vaping frequency (Ref: Less than monthly)
Daily 11937 (6.12,23.25)  11.98™" (6.00,23.93)
Weekly 935" (4.95,1764) 980"  (5.16,18.6)
Monthly 4137 (260,654) 43277 (271,6.87)

Smoking status at follow-up wave (Ref: Daily smoker)

Non-daily smoker

Quitter

5.51 Aok

0.62

*

*

(2.28,10.94) 499"  (2.39,10.43)

(0.39,0.97) 0.48™  (0.29,0.80)

Note: Demographic and survey specific variables were adjusted for in all models;

Aok

p<.001;
p<.01;

*
p<.05.
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