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Abstract

Background.—While electronic cigarettes (e-cigarettes) may help some smokers quit, some
young adult never-smokers are now using e-cigarettes recreationally, potentially increasing their
risk for initiation of smoking. We aimed to determine the association between baseline e-cigarette
use and subsequent initiation of cigarette smoking among initially never-smoking young adults.

Methods.—We conducted a prospective cohort study with assessments at baseline (March 2013)
and follow-up (October 2014). We used sampling frames representing 97% of the U.S. population
to recruit a nationally-representative sample of never-smoking young adults ages 18-30. The
independent variable was baseline ever use of e-cigarettes. The main outcome measure was
initiation of traditional cigarette smoking between baseline and 18-month follow-up.

Results.—Baseline surveys were completed by 1506 never-smoking young adults, of whom 915
(60.8%) completed follow-up. There were no demographic differences between responders and
non-responders. After applying survey weights—which accounted for both non-response and over
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or under coverage—2.5% of the represented population of never-smokers (801,010 of 32,040,393)
used e-cigarettes at baseline. Cigarette smoking was initiated by 47.7% of e-cigarette users and
10.2% of non-users (P=.001). In fully-adjusted multivariable models, e-cigarette use at baseline
was independently associated with initiation of smoking at 18 months (adjusted odds ratio=6.8,
95% confidence interval=1.7-28.3). Results remained similar in magnitude and statistically
significant in all sensitivity analyses.

Conclusions: Baseline e-cigarette use was independently associated with initiation of traditional
cigarette smoking at 18 months. This finding supports policy and educational interventions
designed to decrease use of e-cigarettes among non-smokers.
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INTRODUCTION

Electronic cigarette (e-Cigarette) use is increasing among youth and young adults.1=> For
example, in 2014 prevalence of past 30-day e-cigarette use (13.4%) was higher than
prevalence of past 30-day cigarette use (9.2%) in a nationally-representative study of high
school seniors.8 Compared with traditional combustible cigarettes, e-cigarettes emit lower
levels of most toxicants.”8 Therefore, these devices have been proposed as tools to help
established smokers reduce the toxicant load to which they are exposed.® However, early
evidence on the potential value of e-cigarettes for cessation or reduction of cigarette
smoking is mixed; while some studies support potential value of e-cigarettes for smoking
cessation,® others find e-cigarette use to be associated with no cessation or even reduced
cessation,10-12

It is also the case that many current e-cigarette users are not using them for smoking
cessation or reduction.® Thus, these products might generate a pathway to cigarette smoking
among non-smokers. E-cigarettes may seem to be an attractive alternative to traditional
cigarette smoking among non-smokers because they are flavored, more palatable to
consume, and perceived as safe.13-16 While the U.S. Food and Drug Administration has
begun to regulate e-cigarettes,1’ perception of safety may also stem from a relative lack of
regulation.17:18

Prior cross-sectional studies have associated e-cigarette use with susceptibility to future
cigarette smoking among non-smoking adolescents and young adults.1:19-23 |n addition, an
increasing number of longitudinal studies support these associations.2429 For example, one
study found that high school students in Los Angeles who had ever used e-cigarettes at
baseline (versus non-users) were significantly more likely to initiate combustible tobacco
use over the subsequent 6 months (30.7% vs. 8.1%).27 Another found that—among a
national sample with no future intention to smoke—those who used e-cigarettes at baseline
were significantly more likely to initiate combustible tobacco use over 12 months of follow-
up (37.5% vs. 9.6%).28 The remaining studies found similar findings among high school
students in Hawaii,2? high school students in Southern California, a national sample of
12t grade students,24 and a cohort of university students from one mid-Atlantic university.26
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An appropriate next step would be to examine this question in a nationally-representative
population in order to extend generalizability of findings. Also, because prior studies have
focused on adolescents, it would be valuable to explore these questions in young adulthood,

which is increasingly understood as an important time of transition related to tobacco use.
30-32

Therefore, we conducted a prospective cohort study to determine the association between
baseline e-cigarette use and initiation of cigarette smoking among a nationally-representative
population of young adults who never smoked cigarettes. We hypothesized that baseline e-
cigarette use would be independently associated with initiation of cigarette smoking at
follow-up, adjusting for sampling weights and participant socio-demographic, personal, and
environmental characteristics.

METHODS

Participants

We collected baseline and follow-up data on participants recruited from a nationally-
representative probability-based online non-volunteer access panel recruited and maintained
by Growth from Knowledge (GfK). To increase respondent representativeness, this panel
was populated using a combination of random digit dialing and address-based sampling,33
resulting in a sampling frame of an estimated 97% of U.S. households. Because computers
and internet access were provided to panel members that did not have them, all assessments
could be conducted online.

Procedures

In March 2013, non-institutionalized English-speaking adults 18-30 years old were
randomly selected to complete a baseline survey about tobacco use. Eighteen months later
(October 2014), participants were invited to provide follow-up data to re-assess tobacco use
behaviors. Those who completed both baseline and follow-up surveys were given a $20
cash-equivalent incentive. This study was approved by the University of Pittsburgh
Institutional Review Board and was granted a Certificate of Confidentiality from the NIH.
All participants provided written informed consent.

Measures

Initiation of Cigarette Smoking (Dependent Variable).—At baseline and follow-up,
participants were asked about ever use of cigarettes. We defined initiation of cigarette
smoking using established criteria as progressing from being a never-smoker at baseline to
having had at least a puff of a cigarette by follow-up.34-36

Electronic Cigarette Use at Baseline (Independent Variable).—We asked
participants “Have you ever smoked from an e-cigarette (electronic cigarette)?” and
provided response choices of only yes or no. Our independent variable for this study was
whether an individual had ever used an electronic cigarette at baseline.
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Covariates.—We assessed 10 socio-demographic, personal, and environmental covariates
that have been independently associated with initiation of cigarette smoking.28:30.35.37.38

Socio-demographic Variables.: GfK provided data on participant age, sex, race and
ethnicity, and education level. We divided age into four categories based on data distribution:
18-20, 21-23, 24-36, and 27-30 years. We categorized self-reported race and ethnicity as
White, non-Hispanic (white); Black, non-Hispanic (black); Hispanic; and Other, which
included multiracial individuals. We categorized education level as high school or less, at
least some college, or a college degree or higher.

Personal Variables.: We assessed self-esteem using a validated 1-item scale.3% We
measured sensation seeking with a 4-item validated Likert-type scale that included items
such as “I like to do dangerous things” (Cronbach’s a=0.79).40 We assessed rebelliousness
using a 3-item validated Likert-type subscale of Smith and Fogg that included items such as
“I tend to go against the rules” (Cronbach’s a=0.79).41

Environmental Variables.: We categorized yearly household income as low (under
$30,000), medium ($30,000 to $74,999), and high ($75,000). We categorized relationship
status as single versus those in a committed relationship. We divided participants into those
residing with a parent or guardian, residing with a significant other, or another living
arrangement.

Notes on Operationalization of Covariates.: For primary analyses, all covariates were
categorical. For example, continuous raw scores for sensation seeking based on Likert-type
scales were categorized in tertiles. This was done for ease of comparison with prior
work3742 and so that results could be more easily interpreted. However, we also conducted
sensitivity analyses operationalizing all covariates as continuous in order to assure
robustness of our results.

Statistical Analyses

We compared the independent variable and all covariates among individuals who did and did
not initiate smoking by 18-month follow-up. We calculated the statistical significance of
these differences using Pearson’s 2 tests. We then used bivariable and multivariable logistic
regression to assess associations between baseline e-cigarette use and initiation of cigarette
smoking. Primary multivariable analyses adjusted for all 10 measured covariates. We tested
for significant two-way interactions between the independent variable and each covariate,
and none of these interaction terms was statistically significant. We assessed the presence of
an overall linear trend between each ordered categorical independent variable and the
dependent variable using an established method.43

Survey weights were applied to adjust for non-response, as well as non-coverage, under-, or
over-sampling resulting from the sample design. For all analyses, we defined statistical
significance with a two-tailed a of 0.05. Data were analyzed using Stata 12.44

We conducted three sets of sensitivity analyses to explore the robustness of our findings.
First, we modeled all covariates that could possibly be continuous (e.g., age, sensation
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seeking, and rebelliousness) as such. Second, we conducted all analyses without survey
weights. Third, we conducted all analyses only including covariates that demonstrated
bivariable associations of A<.15 with the dependent variable. All sensitivity analyses showed
consistent results in terms of level of significance and magnitude of odds ratios with the
primary analyses presented here.

Sample of Participants

The initial survey was open to GfK’s complete sample of 6420 individuals ages 18-30 at the
time of the survey. Enrollment was stopped after 3254 consented. This included 1,506 young
adults who had never smoked cigarettes, who represented the baseline sample for the current
study. Of those baseline non-smokers, 915 (60.8%) completed follow-up and were included
in our analyses. Respondents and non-respondents at follow-up were no different in terms of
age (P=0.38), sex (P=0.36), or race/ethnicity (P= 0.20). Additionally, any slight non-
significant differences were accounted for in the survey weighting (please see Statistical
Analyses above). The unweighted sample was 61.6% female, 64.8% white, 10.9% black,
14.2% Hispanic, and had a median age of 23 years (IQR 20 — 26). The weighted sample was
50.3% female, 55.2% white, 14.6% black, 19.7% Hispanic, and had a median age of 23
years (IQR 20 — 27) (Table 1).

Baseline E-Cigarette Use and Initiation of Cigarette Smoking at Follow-up

Association

Of the 915 individuals in the study sample, 16 (1.8%) had ever used an e-cigarette at
baseline, defined as having had even a puff. After applying sampling weights, 2.5% had ever
used an e-cigarette at baseline; this represented 801,010 of the population of 32,040,393. In
weighted analyses, compared with non-users, e-cigarette users were more frequently in the
“medium” category of yearly household income (Table 1). In the unweighted sample, 87
(9.5%) initiated cigarette smoking by 18-months. After applying survey weights, initiation
of cigarette smoking was 11.2%.

of Baseline E-Cigarette Use and Initiation of Cigarette Smoking at Follow-up

Among the 16 e-cigarette users at baseline, 6 (37.5%) initiated cigarette smoking at 18
month follow-up compared to 81 (9.0%) of 899 e-cigarette non-users (£ < .001) (Table 2).
After applying sampling weights, cigarette smoking was initiated in 47.7% of e-cigarette
users and 10.2% of non- users at baseline (P=.001) (Table 2). In bivariable analyses, the
only other characteristics significantly associated with initiation of cigarette smoking were
Hispanic ethnicity and increased rebelliousness (Table 2). There was a nonsignificant trend
toward an association between sensation seeking and initiation of cigarette smoking (P
=.07) (Table 2).

Multivariable logistic regression analyses incorporating survey weights demonstrated that,
compared with baseline non-e-cigarette smokers, baseline e-cigarette smokers had greater
odds of initiating cigarette smoking (AOR = 6.82, 95% CI = 1.65 — 28.25, Table 3).
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Hispanic ethnicity and high rebelliousness were also significantly associated with this
transition (Table 3). In particular, compared with White non-Hispanics, Hispanics had
greater odds of cigarette smoking initiation (AOR=3.13, 95% CI=1.28-7.63). Compared
with those in the lowest tertile, those in the highest tertile with regard to rebelliousness had
greater odds of cigarette smoking initiation (AOR=4.40, 95% CI=1.77-10.93). Only those in
the oldest age group had lower odds of initiating cigarette smoking. Specifically, compared
with those in the 18-20-year-old age group, those in the 27-30 year-old group had lower
odds of cigarette smoking initiation (AOR=0.31, 95% CI1=0.10-0.95).

All multivariable results between unweighted and weighted data were similar in terms of
significance and magnitude of odds ratios. Therefore, only weighted results, which are more
externally generalizable, are presented here.

DISCUSSION

In this longitudinal study among non-smoking young U.S. adults, baseline e-cigarettes use
was strongly and independently associated with cigarette smoking initiation within 18
months. These results raise concerns that adults who initiate nicotine use through e-
cigarettes are at increased risk for later use of cigarettes.

The incidence of smoking initiation among e-cigarette users and non-users in our study
(47.7% and 10.2%, respectively) was higher than previous longitudinal studies. In the Los
Angeles study, the incidence rates were 30.7% and 8.1% among e-cigarette users and non-
users, respectively.2’ In the Hawaii study, the incidence rates were 19.5% and 5.4%.2°
Finally, in a cohort of adolescents and some young adults cigarette initiation was 37.5% and
9.6% among initial e-cigarette users and non-users, respectively.28 Our estimates may have
been higher because we used an 18-month follow up, while all three of those studies used a
follow-up of 6-12 months. Also, those studies involved younger populations. Our results are
consistent with studies showing young adulthood to be an important time of consolidation of
tobacco use behaviors.4®

In our study, it is notable that initiation of cigarette smoking among baseline e-cigarette
users was so high—47.7% in the weighted data—even among young adults with a median
age of 23. This is surprising because prior studies suggest that about 90% of cigarette
smokers began before they were 1846 and that the average age of first cigarette is between 11
and 13.3 Because we only included people who had never smoked before, they were
presumably highly resilient to cigarette smoking. Nevertheless, initiation was quite high
among e-cigarette users. This suggests that clinicians who encounter e-cigarette-only users
should counsel them about the high rate of transition, even if those patients had not
previously smoked cigarettes.

It may seem unlikely that e-cigarette users may transition from a flavored, highly palatable
device such as an e-cigarette to a more noxious, unflavored cigarette. However, there are
several reasons why individuals who try e-cigarettes may be at risk for this transition, even if
they do not intend on smoking cigarettes at first. One reason is that many e-cigarettes—
particularly early-generation devices—provide nicotine more slowly than traditional
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cigarettes.#” Thus, they may serve as an ideal transition vehicle, allowing a new user to
advance to cigarette smoking as tolerance to side effects develops. Just as new cigarette
users begin to report craving for nicotine within weeks of their first cigarette,8 initial e-
cigarette users may soon begin to seek out cigarettes as a more efficient nicotine delivery
device. E-cigarettes also mimic many powerful behavioral cues of cigarette smoking,
including inhalation, exhalation, and holding the implement. For example, people exposed to
e-cigarette advertising report more craving for smoking cigarettes.13 Initial exposure to
nicotine in other forms—such as smokeless tobacco—can lead to later traditional cigarette
smoking.#® Thus, one might expect susceptibility to be even greater when the presence of
nicotine is augmented by strong behavioral cues of cigarette smoking. Finally, initial e-
cigarette users also may transition to traditional cigarettes because of changing social
pressures over time. For example, while most initial alcohol users favor sweet, sugary
beverages, many ultimately transition to harsher and more concentrated forms. Future
qualitative research among e-cigarette users may be particularly valuable for identifying
whether this situation may be somewhat analogous for the transition from e-cigarettes to
cigarettes.

However, it should also be noted that finding a longitudinal association does not necessarily
imply causality. For example, it is possible that the individuals who initiated cigarette
smoking ultimately would have begun smoking anyway, whether or not they used e-
cigarettes in the interim. This seems unlikely, because this sample consisted of people who
had not begun cigarette smoking during the usual times of risk for this behavior.3:46
Additionally, we controlled in our multivariable analyses for factors such as sensation
seeking and rebelliousness that often predict later cigarette smoking. However, future
research should examine additional criteria for causality, because the finding of a
longitudinal association is only one such criterion.>0

Unadjusted and adjusted odds ratios for the association between e-cigarette and later uptake
of combustible cigarettes were very similar (7.98 and 6.82). Additionally, there were no
significant two-way interactions between e-cigarette use and each covariate. Taken together,
these facts suggest that concerns around e-cigarettes should not be limited to specific
subpopulations.

These findings have implications for policy related to alternative tobacco products. Federal
regulation is in process, and certain municipalities and states have begun to include e-
cigarettes in clean air laws.1” However, e-cigarettes are still not subject to many regulations
designed to limit cigarette smoking, such as restriction of flavorings, restrictions on
marketing, taxation, and labeling requirements.15:51:52 These policy gaps may increase
accessibility of e-cigarettes to non-smokers.? For example, e-cigarettes are marketed on
television, representing the first time in more than 40 years that a smoking-related device is
advertised on this medium. This may have the unintended consequence of renormalizing
cigarette smoking after decades of public health efforts shifted public norms around
smoking.53>4 Therefore, these results may be important for the Food and Drug
Administration to consider as it debates a proposed rule determining how specifically to
exercise their authority over e-cigarettes.5%:56
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Limitations

It is important to note that there were only a small number of e-cigarette smokers at baseline
(about 2.5% in the weighted sample), which limited our statistical power and resulted in
wide confidence intervals. However, it is notable that, despite this low power, we found
consistently significant results. One reason for the small number may be that the baseline
data were collected in 2013, and e-cigarette use has increased substantially even since then.
5T Therefore, it would be valuable to examine patterns such as these in the future. It should
also be emphasized that our outcome variable was initiation of smoking, and not a more
distal outcome such as frequent smoking, daily smoking, or established smoking. However,
initiation of smoking is known to be a crucial step in the trajectory to these later and more
clinically problematic outcomes.3” Still, it will be particularly important for future research
to examine other outcomes.

Limitations of the sample should also be noted. For example, the follow-up was only about
60%, and weighting cannot control for all potential biases. While this was unlikely to change
results substantially because there were no demographic differences between those retained
and those not retained, this remains a potentially important consideration.

Conclusion
In conclusion, our nationally-representative study identified a longitudinal association
between baseline e-cigarette use and subsequent initiation of cigarette smoking among
young adults. While this is consistent with other emerging evidence, it is particularly
noteworthy that these findings apply to adults and not only youth.
ACKNOWLEDGMENTS
Dr. Primack is supported by a two grants from the National Cancer Institute (R01-CA140150 and R21-CA185767).
Dr. Sargent is supported by the National Cancer Institute (R01-CAQ077026). Dr. Soneji is supported by the National
Cancer Institute (R21-CA197912). The funding organizations had no role in the design and conduct of the study;
collection, management, analysis, and interpretation of the data; or preparation, review, or approval of the
manuscript.
FUNDING SOURCE
National Cancer Institute (R01-CA140150)
REFERENCES

1. Bunnell RE, Agaku IT, Arrazola RA, et al. Intentions to smoke cigarettes among never-smoking US
middle and high school electronic cigarette users: National Youth Tobacco Survey, 2011-2013.
Nicotine Tob Res. 2015;17(2):228-235. doi:10.1093/ntr/ntu166. [PubMed: 25143298]

2. Choi K, Forster JL. Beliefs and experimentation with electronic cigarettes: A prospective analysis
among young adults. Am J Prev Med. 2014;46(2):175-178. doi:10.1016/j.amepre.2013.10.007.
[PubMed: 24439352]

3. Johnston LD, O’Malley PM, Miech RA, Bachman JG, Schulenberg JE. Monitoring the Future
National Results on Adolescent Drug Use: Overview of Key Findings, 2014. Ann Arbor, MI; 2015.

4. Wills TA, Knight R, Williams RJ, Pagano I, Sargent JD. Risk factors for exclusive e-cigarette use
and dual e-cigarette use and tobacco use in adolescents. Pediatrics. 2015;135(1):1-9. [PubMed:
25548323]

Am J Med. Author manuscript; available in PMC 2020 March 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Primack et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 9

. Walton KM, Abrams DB, Bailey WC, et al. NIH electronic eigarette workshop: Developing a

research agenda. Nicotine Tob Res. 2015;17(2):259-269. doi:10.1093/ntr/ntu214. [PubMed:
25335949]

. Arrazola RA, Singh T, Corey CG, et al. Tobacco Use among Middle and High School Students —

United States, 2011-2014. Vol 64 Atlanta; 2015 http://www.cdc.gov/mmwr/preview/mmwrhtml/
mm6414a3.htm. Accessed April 24, 2017.

. Goniewicz ML, Knysak J, Gawron M, et al. Levels of selected carcinogens and toxicants in vapour

from electronic cigarettes. Tob Control. 2014;23(2):133-139. doi:10.1136/
tobaccocontrol-2012-050859. [PubMed: 23467656]

. Harrell PT, Simmons VN, Correa JB, Padhya TA, Brandon TH. Electronic nicotine delivery systems

(“e-cigarettes™): Review of safety and smoking cessation efficacy. Otolaryngol Neck Surg.
2014;151(3):381-393. d0i:10.1177/0194599814536847.

. McRobbie H, Bullen C, Hartmann-Boyce J, Hajek P. Electronic cigarettes for smoking cessation and

reduction. Cochrane Database Syst Rev. 2014;12:CD010216.
doi:10.1002/14651858.CD010216.pub2.

. Kalkhoran S, Glantz SA. E-cigarettes and smoking cessation in real-world and clinical settings: A
systematic review and meta-analysis. Lancet Respir Med. 2016;4(2):116-128. doi:10.1016/
$2213-2600(15)00521-4. [PubMed: 26776875]

Shi Y, Pierce JP, White M, et al. E-cigarette use and smoking reduction or cessation in the
2010/2011 TUS-CPS longitudinal cohort. BMC Public Health. 2016;16(1):1105. doi:10.1186/
$12889-016-3770-x. [PubMed: 27769302]

Wang MP, Li WH, Wu Y, Lam TH, Chan SS. Electronic cigarette use was not associated with
quitting of conventional cigarettes in youth smokers. Pediatr Res. 3 2017. doi:10.1038/pr.2017.80.

Villanti AC, Rath JM, Williams VF, et al. Impact of exposure to electronic cigarette advertising on
susceptibility and trial of electronic cigarettes and cigarettes in US young adults: A randomized
controlled trial. Nicotine Tob Res. 2016;18(5):1331-1339. doi:10.1093/ntr/ntv235. [PubMed:
26574551]

Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Spyrou A, Voudris V. Impact of flavour
variability on electronic cigarette use experience: An internet survey. Int J Environ Res Public
Health. 2013;10(12):7272-7282. doi:10.3390/ijerph10127272. [PubMed: 24351746]

Lempert LK, Grana R, Glantz SA. The importance of product definitions in US e-cigarette laws
and regulations. Tob Control. 2016;25(e1):e44-51. doi:10.1136/tobaccocontrol-2014-051913.
[PubMed: 25512432]

Berg CJ, Barr DB, Stratton E, Escoffery C, Kegler M. Attitudes toward e-cigarettes, reasons for
initiating e-cigarette use, and changes in smoking behavior after initiation: A pilot longitudinal
study of regular cigarette smokers. Open J Prev Med. 2014;4(10):789-800. doi:10.4236/
0jpm.2014.410089. [PubMed: 25621193]

U.S. Food and Drug Administration. FDA’s New Regulations for E-Cigarettes, Cigars, and All
Other Tobacco Products. https://www.fda.gov/tobaccoproducts/labeling/rulesregulationsguidance/
ucm394909.htm. Accessed April 24, 2017.

Haddad L, El-Shahawy O, Ghadban R, Barnett TE, Johnson E. Waterpipe smoking and regulation
in the United States: A comprehensive review of the literature. Int J Environ Res Public Health.
2015;12(6):6115-6135. doi:10.3390/ijerph120606115. [PubMed: 26110330]

Bandura A. Social cognitive theory: An agentic perspective. Annu Rev Psychol. 2001;52(2):1-26.
doi:10.1146/annurev.psych.52.1.1. [PubMed: 11148297]

Pierce JP, Choi WS, Gilpin EA, Farkas AJ, Merritt RK. Validation of Susceptibility as a Predictor
of Which Adolescents Take Up Smoking in the United States. Heal Psychol. 1996;15(5):355-361.
doi:10.1037/0278-6133.15.5.355.

Gilpin EA, White VM, Pierce JP. What fraction of young adults are at risk for future smoking, and
who are they? Nicotine Tob Res. 2005;7(5):747-759. doi:10.1080/14622200500259796. [PubMed:
16191746]

Dutra LM, Glantz SA. Electronic cigarettes and conventional cigarette use among U.S.
adolescents: A cross-sectional study. JAMA Pediatr. 2014;168(7):610-617. doi:10.1001/
jamapediatrics.2013.5488. [PubMed: 24604023]

Am J Med. Author manuscript; available in PMC 2020 March 04.


http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6414a3.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6414a3.htm
https://www.fda.gov/tobaccoproducts/labeling/rulesregulationsguidance/ucm394909.htm
https://www.fda.gov/tobaccoproducts/labeling/rulesregulationsguidance/ucm394909.htm

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Primack et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 10

Coleman BN, Apelberg BJ, Ambrose BK, et al. Association between electronic cigarette use and
openness to cigarette smoking among US young adults. Nicotine Tob Res. 2015;17(2):212-218.
doi:10.1093/ntr/ntu211. [PubMed: 25378683]

Miech R, Patrick ME, O’Malley PM, Johnston LD. E-cigarette use as a predictor of cigarette
smoking: results from a 1-year follow-up of a national sample of 12th grade students. Tob Control.
2 2017. doi:10.1136/tobaccocontrol-2016-053291.

Barrington-Trimis JL, Urman R, Berhane K, et al. E-Cigarettes and Future Cigarette Use.
Pediatrics. 2016;138(1). doi:10.1542/peds.2016-0379.

Spindle TR, Hiler MM, Cooke ME, Eissenberg T, Kendler KS, Dick DM. Electronic cigarette use
and uptake of cigarette smoking: A longitudinal examination of U.S. college students. Addict
Behav. 2017;67:66-72. doi:10.1016/j.addbeh.2016.12.009. [PubMed: 28038364]

Leventhal AM, Strong DR, Kirkpatrick MG, et al. Association of electronic cigarette use with
initiation of combustible tobacco product smoking in early adolescence. JAMA. 2015;314(7):700.
doi:10.1001/jama.2015.8950. [PubMed: 26284721]

Primack BA, Soneji S, Stoolmiller M, Fine MJ, Sargent JD. Progression to traditional cigarette
smoking after electronic cigarette use among US adolescents and young adults. JAMA Pediatr.
2015;169(11):1018. doi:10.1001/jamapediatrics.2015.1742. [PubMed: 26348249]

Wills TA, Knight R, Sargent JD, Gibbons FX, Pagano I, Williams RJ. Longitudinal study of e-
cigarette use and onset of cigarette smoking among high school students in Hawaii. Tob Control. 1
2016:Epub before print. doi:10.1136/tobaccocontrol-2015-052705.

Rigotti NA, Lee JE, Wechsler H. US college students’ use of tobacco products: Results of a
national survey. JAMA.. 2000;284(6):699-705. [PubMed: 10927777]

Richardson A, Williams V, Rath J, Villanti AC, Vallone D. The next generation of users:
Prevalence and longitudinal patterns of tobacco use among US young adults. Am J Public Health.
2014;104(8):1429-1436. doi:10.2105/AJPH.2013.301802. [PubMed: 24922152]

Giovino GA, Villanti AC, Mowery PD, et al. Differential trends in cigarette smoking in the USA:
Is menthol slowing progress? Tob Control. 2015;24(1):28-37. doi:10.1136/
tobaccocontrol-2013-051159. [PubMed: 23997070]

GfK. KnowledgePanel Design Summary. http://www.webcitation.org/6aAeLvY18. Published 2013
Accessed April 24, 2017.

Sargent JD, Dalton MA, Beach ML, et al. Viewing tobacco use in movies: Does it shape attitudes
that mediate adolescent smoking? Am J Prev Med. 2002;22(3):137-145. http://
www.nchi.nlm.nih.gov/pubmed/11897456. Accessed April 24, 2017. [PubMed: 11897456]

Soneji S, Sargent JD, Tanski SE, Primack BA. Associations between initial water pipe tobacco
smoking and snus use and subsequent cigarette smoking: Results from a longitudinal study of US
adolescents and young adults. JAMA Pediatr. 2015;169(2):129-136. doi:10.1001/
jamapediatrics.2014.2697. [PubMed: 25485959]

Dal Cin S, Stoolmiller M, Sargent JD. Exposure to smoking in movies and smoking initiation
among black youth. Am J Prev Med. 2013;44(4):345-350. doi:10.1016/j.amepre.2012.12.008.
[PubMed: 23498099]

Primack BA, Longacre MR, Beach ML, Adachi-Mejia AM, Dalton MA. Association of established
smoking among adolescents with timing of exposure to smoking depicted in movies. J Natl Cancer
Inst. 2012;104(7):549-555. doi:10.1093/jnci/djs138. [PubMed: 22423010]

Everett SA, Husten CG, Kann L, Warren CW, Sharp D, Crossett L. Smoking initiation and
smoking patterns among US college students. J Am Coll Heal. 1999;48(2):55-60.
doi:10.1080/07448489909595674.

Robins RW, Hendin HM, Trzesniewski KH. Measuring global self-esteem: Construct validation of
a single-item measure and the Rosenberg Self-Esteem Scale. Personal Soc Psychol Bull.
2001;27(2):151-161. doi:10.1177/0146167201272002.

Stephenson MT, Hoyle RH, Palmgreen P, Slater MD. Brief measures of sensation seeking for
screening and large-scale surveys. Drug Alcohol Depend. 2003;72(3):279-286. [PubMed:
14643945]

Am J Med. Author manuscript; available in PMC 2020 March 04.


http://www.webcitation.org/6aAeLvY18.
http://www.ncbi.nlm.nih.gov/pubmed/11897456
http://www.ncbi.nlm.nih.gov/pubmed/11897456

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Primack et al.

41.

42.

43.

44,
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Page 11

Smith GM, Fogg CP. Psychological antecedents of teenage drug use In: Simmons R, ed. Research
in Community and Mental Health: An Annual Compilation of Research. Vol 1 Greenwich, CT:
JAI; 1979:87-102.

Dalton MA, Sargent JD, Beach ML, et al. Effect of viewing smoking in movies on adolescent
smoking initiation: A cohort study. Lancet. 2003;362(9380):281-285. doi:10.1016/
S0140-6736(03)13970-0. [PubMed: 12892958]

Sribney W. A comparison of different tests for trend. Stata Resources and Support. http://
www.wehcitation.org/6agNOgFIP. Published 1996 Accessed April 24, 2017.

StataCorp. Stata Statistical Software: Version 12. 2015.

Rigotti NA, Harrington KF, Richter K, et al. Increasing prevalence of electronic cigarette use
among smokers hospitalized in 5 US cities, 2010-2013. Nicotine Tob Res. 2015;17(2):236-244.
d0i:10.1093/ntr/ntul38. [PubMed: 25168031]

U.S. Department of Health and Human Services. The Health Consequences of Smoking — 50
Years of Progress: A Report of the Surgeon General. Atlanta, GA; 2014 http://
www.webcitation.org/6dJFmoRUa. Accessed April 24, 2017.

Farsalinos KE, Spyrou A, Tsimopoulou K, Stefopoulos C, Romagna G, Voudris V. Nicotine
absorption from electronic cigarette use: Comparison between first and new-generation devices.
Sci Rep. 2014;4:4133. doi:10.1038/srep04133. [PubMed: 24569565]

DiFranza JR, Savageau JA, Rigotti NA, et al. Development of symptoms of tobacco dependence in
youths: 30 month follow up data from the DANDY study. Tob Control. 2002;11(3):228-235.
[PubMed: 12198274]

Tomar SL. Is use of smokeless tobacco a risk factor for cigarette smoking? The U.S. experience.
Nicotine Tob Res. 2003;5(4):561-569. [PubMed: 12959794]

Hill AB. The environment and disease: Association or causation? Proc R Soc Med. 1965;58:295—
300. http://Awww.ncbi.nlm.nih.gov/pmc/articles/PMC1898525/. Accessed April 24, 2017.
[PubMed: 14283879]

Kadowaki J, Vuolo M, Kelly BC. A review of the current geographic distribution of and debate
surrounding electronic cigarette clean air regulations in the United States. Health Place.
2015;31:75-82. doi:10.1016/j.healthplace.2014.11.003. [PubMed: 25463920]

Gourdet CK, Chriqui JF, Chaloupka FJ. A baseline understanding of state laws governing e-
cigarettes. Tob Control. 2014;23(Supplement 3):iii37—iii40. doi:10.1136/
tobaccocontrol-2013-051459. [PubMed: 24935897]

Luo C, Zheng X, Zeng DD, Leischow S. Portrayal of electronic cigarettes on YouTube. BMC
Public Health. 2014;14(1):1028. doi:10.1186/1471-2458-14-1028. [PubMed: 25277872]

King AC, Smith LJ, Fridberg DJ, Matthews AK, McNamara PJ, Cao D. Exposure to electronic
nicotine delivery systems (ENDS) visual imagery increases smoking urge and desire. Psychol
Addict Behav. 11 2015. doi:10.1037/adb0000123.

U.S. Food and Drug Administration. Deeming Tobacco Products To Be Subject to the Federal
Food, Drug, and Cosmetic Act, as Amended by the Family Smoking Prevention and Tobacco
Control Act. Washington, DC; 2014.

Soneji S, Sargent J, Tanski S. Multiple tobacco product use among US adolescents and young
adults. Tob Control. 2016;25(2):174-180. doi:10.1136/tobaccocontrol-2014-051638. [PubMed:
25361744]

Schoenborn C, Gindi R. Electronic Cigarette Use among Adults: United States, 2014. Vol No. 217
Hyattsville, MD: National Center for Health Statistics; 2015.

Am J Med. Author manuscript; available in PMC 2020 March 04.


http://www.webcitation.org/6agN0qFIP.
http://www.webcitation.org/6agN0qFIP.
http://www.webcitation.org/6dJFmoRUa
http://www.webcitation.org/6dJFmoRUa
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1898525/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Primack et al. Page 12

Table 1.

Characteristics of Study Participants (Unweighted and Weighted) by E-cigarette Use at Baseline

Unweighted Data Weighted Data
E-cigarette Use at Baseline™ E-cigarette Use at Baseline™
All Yes No " All Yes No 1
Characteristics n=915 n=16 n=809 © VAU 1-37040303 n=801,010 n=31,239383 & AU
Age, years 73 18
18-20 21.8 313 216 31.6 58.7 31.0
21-23 32.7 31.3 32.7 239 10.6 24.3
24-26 24.2 25.0 24.1 18.7 15.6 18.8
27-30 21.4 12.5 216 25.7 15.1 26.0
Sex .66 21
Female 61.6 56.3 61.7 50.3 31.7 50.8
Male 38.4 43.8 38.3 49.7 68.3 49.2
Race/Ethnicity’f 01 10
White, non-Hispanic 64.8 313 65.4 55.2 22.3 56.1
Black, non-Hispanic 10.9 18.8 10.8 14.6 14.8 14.6
Hispanic 14.2 18.8 141 19.7 449 19.1
other® 101 313 97 10.4 18.1 10.3
Relationship Status .27 43
Single 51.3 375 51.6 56.7 427 57.1
In a committed relationship 48.7 62.5 48.4 43.3 57.3 42.9
Living Situation .89 .67
With parent/guardian 36.8 313 36.9 459 333 46.2
With significant other 27.9 313 27.9 23.0 231 23.0
other’ 353 375 352 312 436 309
Yearly Household Income .54 <.001
Low (under $30,000) 25.0 25.0 25.0 16.3 4.7 16.6
Medium ($30,000-74,999) 38.1 50.0 37.9 36.0 79.8 34.9
High ($75,000 or more) 36.8 25.0 37.0 47.6 15.6 48.4
Education Level 13 .22
High school or less 28.0 50.0 27.6 458 68.5 452
Some college 39.6 31.3 39.7 34.9 16.7 354
Bachelor’s degree or higher 325 18.8 32.7 19.3 14.8 19.4
Self Esteem” 36 15
Low 29.0 18.8 29.2 24.5 9.7 24.9
High 71.0 81.3 70.8 75.5 90.3 75.1
Sensation Seeking .29 41
Low 33.4 18.8 33.6 31.9 12.7 324
Medium 33.6 313 33.6 32.7 429 324
High 33.0 50.0 32.7 354 444 35.2
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Unweighted Data Weighted Data
E-cigarette Use at Baseline™ E-cigarette Use at Baseline™
All Yes No t All Yes No t
Characteristics n=915 n=16 n=809 = VA 1232040303 n=801,010 n=31239383 @ A°
Rebelliousness .20 46
Low 31.9 25.0 32.0 32.6 35.2 325
Medium 38.4 25.0 38.6 31.8 14.6 32.2
High 29.7 50.0 29.3 35.6 50.2 353

*
Defined as having previously taken at least a puff of an e-cigarette.
vaaIues were computed using Pearson X2 tests because all covariates were categorical.
’tRace and ethnic group were self-reported.
$ -
Includes Multiracial.
Defined as not living with a parent/guardian or significant other.

”Item states “I have high self-esteem,” to which participants could respond with increasing levels of agreement.
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Characteristics of Study Participants by Initiation of Cigarette Smoking at 18 Months

Table 2.

Initiation of Cigarette Smoking

Unweighted Weighted
Characteristics % Pvaluet % P Value®
Ever E-Cigarette Use 7 <.001 001
Yes 375 47.7
No 9.0 10.2
Age,y .26 63
18-20 12.6 13.4
21-23 10.0 11.7
24-26 7.2 11.3
27-30 8.2 7.9
Sex .28 .60
Female 8.7 10.3
Male 10.8 12.0
Race/Ethnicity’t 01 01
White, non-Hispanic 7.4 7.8
Black, non-Hispanic 9.0 8.9
Hispanic 16.9 21.1
other® 13.0 13.7
Relationship Status 41 .65
Single 8.7 10.5
In a committed relationship  10.3 12.0
Living Situation .68 .55
With parent/guardian 8.3 9.3
With significant other 9.8 11.4
other’ 10.3 134
Yearly Household Income .16 31
Low (under $30,000) 12.7 16.3
Medium ($30,000-74,999) 8.0 9.3
High ($75,000 or more) 8.9 10.8
Education Level .02 .50
High school or less 13.3 13.0
Some college 9.7 9.9
Bachelor’s degree or higher 6.1 9.1
Self Esteem” 13 46
Low 11.7 131
High 8.5 10.6
Sensation Seeking .35 .07
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Initiation of Cigarette Smoking
Unweighted Weighted
Characteristics %  PValue® % P Value®
Low 7.9 6.5
Medium 9.2 114
High 11.3 15.1
Rebelliousness .001 <.001
Low 6.9 55
Medium 7.2 6.6
High 15.2 20.5

*
Pvalues were computed using Pearson X2 tests because all covariates were categorical.
fDefined as having taken even a puff of an e-cigarette at baseline.
’tRace and ethnic group were self-reported.
$ -
Includes Multiracial.
Defined as not living with a parent/guardian or significant other.

”Item states “I have high self-esteem,” to which participants could respond with increasing levels of agreement.
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Table 3.

Unadjusted and Adjusted Associations between Baseline Characteristics and Initiation of Cigarette Smoking at
18 Months

Initiation of Cigarette Smoking
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Characteristics

OR (95% Cl)

AOR™ (95% CI)

Ever E-Cigarette Use f
No
Yes
Age,y
18-20
21-23
24-26
27-30
Sex
Female

Male

Race/Ethnicity’f
White, non-Hispanic
Black, non-Hispanic
Hispanic

Other§

Relationship Status

Single

In a committed relationship

Living Situation

With parent/guardian

With significant other

Other//

Yearly Household Income

Low (under $30,000)

Medium ($30,000-74,999)
High ($75,000 or more)

Education Level
High school or less

Some college

Bachelor’s degree or higher

Self Esteem 7

Low
High
Sensation Seeking

Low

1 [Reference]

7.98 (1.87-34.1)

1 [Reference]
0.86 (0.39-1.86)
0.83 (0.31-2.19)
0.55 (0.21-1.44)

1 [Reference]
1.19 (0.62-2.27)

1 [Reference]
1.17 (0.42-3.26)
3.18 (1.44-7.05)

1.88 (0.74-4.76)

1 [Reference]
1.16 (0.61-2.21)

1 [Reference]
1.26 (0.55-2.91)

151 (0.70-3.24)

1 [Reference]
0.52 (0.24-1.15)
0.62 (0.29-1.36)

1 [Reference]

0.73 (0.35-1.50)
0.67 (0.30-1.50)

1 [Reference]
0.79 (0.41-1.50)

1 [Reference]

1 [Reference]

6.82 (1.65-28.25)

1 [Reference]
0.86 (0.37-2.01)
0.67 (0.19-2.44)
0.31 (0.10-0.95)

1 [Reference]
1.09 (0.54-2.20)

1 [Reference]
1.36 (0.44-4.19)
3.13(1.28-7.63)

1.82 (0.74-4.50)

1 [Reference]
1.25 (0.57-2.73)

1 [Reference]
2.77 (0.85-9.01)

1.77 (0.79-3.97)

1 [Reference]
0.45 (0.19-1.06)
0.82 (0.33-2.01)

1 [Reference]

0.75 (0.35-1.60)
1.03 (0.32-3.26)

1 [Reference]
0.53 (0.28-1.01)

1 [Reference]
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Characteristics

Initiation of Cigarette Smoking

OR(95% CI)  AOR™ (95% CI)

Medium
High
Rebelliousness
Low
Medium

High

1.86 (0.84-4.12)  1.28 (0.59-2.77)
2.58 (1.22-5.44)  1.20 (0.47-3.05)

1 [Reference] 1 [Reference]
1.21(0.55-2.67)  1.26 (0.52-3.04)
441 (2.08-9.38)  4.40 (1.77-10.93)

Abbreviations: OR, odds ratio; Cl, confidence interval; AOR, adjusted odds ratio.

*
Adjusted for all variables in the table.

fDefined as having taken even a puff of an e-cigarette at baseline.

fRace and ethnic group were self-reported.

§Inc|udes Multiracial.

Defined as not living with a parent/guardian or significant other.

”Item states “I have high self-esteem,” to which participants could respond with increasing levels of agreement.
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