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e-Cigarette Use and Subsequent Tobacco Use by Adolescents
New Evidence About a Potential Risk of e-Cigarettes
Nancy A. Rigotti, MD

Few topics in public health and medicine are as contentious
as electronic cigarettes (e-cigarettes), novel handheld
battery-operated nicotine-delivery devices that resemble

conventional tobacco ciga-
rettes and simulate the
experience of smoking a
cigarette.1-3 Unlike cigarettes
that burn tobacco to gener-
ate smoke, e-cigarettes heat
a liquid consisting of nico-

tine, propylene glycol or glycerin, flavorings, and other
chemicals to create a vapor that is inhaled. Both conventional
cigarettes and e-cigarettes deliver nicotine, the addictive
agent in tobacco, but e-cigarettes do not expose the user to
the many other tobacco smoke constituents responsible for
causing tobacco-related diseases. e-Cigarettes therefore offer
the tantalizing prospect that they could reduce the harms of
conventional tobacco use, the leading cause of preventable
death and disability in the United States and worldwide.4

e-Cigarettes have substantial consumer appeal, generat-
ing an estimated $2.2 billion in revenue in the United States
in 2014.5 Their use by adults and adolescents in the United
States has increased substantially.6,7 Their novel design and
consumer appeal make e-cigarettes a “disruptive technology,”3

and their potential benefits and harms are substantial and hotly
debated.1,2 Meanwhile, the characteristics of these products
are evolving; newer generations deliver more nicotine and re-
semble cigarettes less.8 Thus, e-cigarettes raise many ques-
tions for which there are few answers. The evidence base is lim-
ited because e-cigarettes entered the marketplace without
being regulated as either drugs or devices.

The primary potential benefit of e-cigarettes is to reduce
the prevalence of tobacco use by helping current smokers to
quit or to switch completely and permanently from combus-
tible tobacco to e-cigarette use. Dual use involving substitut-
ing some conventional cigarettes with e-cigarettes would pro-
vide far less benefit. However, any benefit of e-cigarettes would
be offset to the extent that these products are harmful.

The 3 principal public health concerns about e-cigarettes
are their potential to renormalize cigarette use if they are per-
mitted in venues where cigarettes are banned; their potential
appeal to nonsmokers, especially to children and adoles-
cents; and their possible health risks as a result of users’ ex-
posure to e-cigarette constituents, such as flavorings or pro-
pylene glycol, or to e-cigarette contaminants.9

e-Cigarettes could increase tobacco use initiation rates if
youths who would not have otherwise tried conventional ciga-

rettes try e-cigarettes, become addicted to nicotine, and tran-
sition to using combustible tobacco products. Adolescents may
be especially susceptible to develop nicotine addiction after
e-cigarette exposure because their brains are still developing
and are particularly sensitive to nicotine.4 There is universal
agreement that this is not a good outcome, and there is con-
cern that it could occur because e-cigarettes are marketed in
ways that appeal to youth.8

Whether adolescents’ use of e-cigarettes predisposes them
to initiate conventional tobacco use is a critical question for
assessing the net public health effect of e-cigarettes. The ex-
isting evidence derives from cross-sectional studies. In a na-
tionally representative sample of US middle and high school
students from 2011-2013, ever use of e-cigarettes was associ-
ated with conventional tobacco product use and with a mea-
sure of susceptibility to start smoking in the future,10 consis-
tent with an earlier analysis.11 In a national survey of US young
adults from 2012-2013, ever use of e-cigarettes was associ-
ated with an openness to smoke conventional cigarettes.12 The
associations observed in these studies persisted after statis-
tical adjustment for potential confounders, but cross-
sectional study designs cannot establish causality or the tem-
poral direction of observed relationships.13

A longitudinal study can help untangle the temporality of
these relationships. In this issue of JAMA, Leventhal and
colleagues14 report findings from such a study. The authors used
a repeated-measures prospective observational study design to
assess combustible tobacco and e-cigarette use among a di-
verse cohort of 2530 ninth graders attending 10 public high
schools in Los Angeles, California, from 2013-2014.14 At base-
line, all students were nonsmokers (defined has never having
used a combustible tobacco product, including cigarettes,
cigars, blunts, and hookah); 222 (8.8%) of them had ever used
an e-cigarette. Nonsmokers with previous exposure to
e-cigarettes at initial interview compared with those without
exposure to e-cigarettes were more likely to report use of a com-
bustible tobacco product during the next 6 months (30.7% vs
8.1%, respectively) and 12 months (25.2% vs 9.3%, respec-
tively). Significant associations also were found for each indi-
vidual tobacco product, including cigarettes, cigars, and
hookah. The investigators carefully adjusted the analysis for
many known sociodemographic, family, environmental, and in-
trapersonal factors associated with e-cigarette and combus-
tible tobacco use. This adjustment substantially lowered the
magnitude of the association between e-cigarettes and subse-
quent tobacco use (odds ratio [OR] declined from 4.27 [95% CI,
3.19-5.71] to 2.73 [95% CI, 2.00-3.73]), suggesting that these fac-
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tors were important confounders, but the ORs remained statis-
tically significant. However, the relationship between
e-cigarette and combustible tobacco product use was bidirec-
tional; a history of tobacco smoking at baseline was associated
with initiation of e-cigarette use during follow-up.

The measures of exposure (e-cigarette use) and outcome
(combustible tobacco product use) had limited detail. Because
the only outcome measure was any use of a tobacco product dur-
ing the past 6 months, the analysis could not distinguish stu-
dents who had just tried a few cigarettes from those who pro-
gressed to regular smoking during follow-up. The latter is the
greater concern, and the current study cannot determine
whether e-cigarette exposure was associated with that outcome.
Similarly, the single exposure measure, lifetime e-cigarette use,
did not permit the authors to look for a dose-response relation-
ship between the degree of prior e-cigarette use and subsequent
smoking, which could have strengthened a causal inference.

This study is the first prospective report associating adoles-
cents’ use of e-cigarettes with subsequent uptake of combustible
tobacco products. The authors are appropriately cautious in in-
terpreting their findings, acknowledging the limitations of obser-
vational studies for inferring causation, and calling for additional
prospective studies to confirm their findings. At least 1 large na-
tionally representative US study, the Population Assessment of
Tobacco and Health, is already under way.15 Nevertheless, the re-
port by Leventhal and colleagues14 is the strongest evidence to
date that e-cigarettes might pose a health hazard by encouraging
adolescents to start smoking conventional tobacco products.

Regardless of whether e-cigarettes are a gateway to to-
bacco product initiation, there is no reason for adolescents to

use a product for which the hypothesized public health ben-
efit is harm reduction for adult smokers. However, there is
ample evidence that e-cigarettes are marketed in ways that ap-
peal to children and adolescents.8 Prompt, effective action is
needed to protect youth and reduce the demand for
e-cigarettes by nonsmokers of all ages. A rational approach is
to extend to e-cigarettes the same sales, marketing, and use
restrictions that apply to combustible cigarettes.

Actions have already begun. In April 2014, the US Food and
Drug Administration (FDA), which has the authority to regulate
the manufacture, marketing, and distribution of conventional
cigarettes, proposed to extend its jurisdiction to e-cigarettes.16

The proposed regulations set the age of 18 years as the minimum
age of sale, require health warnings on e-cigarettes, and open
the door for future product standards. The FDA should move
swiftly to finalize this rule, which to date has not been issued
and is overdue. The agency also should prioritize future regu-
latory actions such as banning product flavorings and restrict-
ing advertising on television and in youth-targeted publications
and media. Additional actions to discourage youth uptake of
e-cigarettes are beyond the FDA’s authority. One example is to
applyrestrictionsoncigarettesmokinginpublicplacesandwork-
places to e-cigarettes to avoid renormalizing cigarettes. States
and communities have already started to take these actions.17

In the meantime, to support future actions, researchers
must seek to understand how to balance the benefits and risks
of e-cigarettes and thereby to maximize public health and re-
duce the enormous toll of tobacco-related disease. The study
by Leventhal and colleagues14 represents an important new
contribution to the much-needed evidence base.

ARTICLE INFORMATION

Author Affiliation: Division of General Internal
Medicine, Department of Medicine, Massachusetts
General Hospital and Harvard Medical School,
Boston.

Corresponding Author: Nancy A. Rigotti, MD,
Division of General Internal Medicine,
Massachusetts General Hospital, 50 Staniford St,
Boston, MA 02114 (nrigotti@partners.org).

Conflict of Interest Disclosures: The author has
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and
reported receiving personal fees from UpToDate;
grants and nonfinancial support from Pfizer; and
nonfinancial support from Arena Pharmaceuticals.

REFERENCES

1. Gornall J. Why e-cigarettes are dividing the
public health community. BMJ. 2015;350:h3317.

2. Glynn TJ. E-cigarettes and the future of tobacco
control. CA Cancer J Clin. 2014;64(3):164-168.

3. Abrams DB. Promise and peril of e-cigarettes:
can disruptive technology make cigarettes
obsolete? JAMA. 2014;311(2):135-136.

4. US Department of Health and Human Services.
The health consequences of smoking—50 years
of progress: a report of the Surgeon General.
http://www.surgeongeneral.gov/library/reports
/50-years-of-progress/index.html. Accessed July
22, 2015.

5. Herzog B, Gerberi J, Scott A. Tobacco: vapor
world expo—key take aways. http://www
.vaporworldexpo.com/PDFs/Vapor_World_Expo
_Key_Takeaways.pdf. Accessed July 28, 2015.

6. Arrazola RA, Singh T, Corey CG, et al; Centers for
Disease Control and Prevention. Tobacco use
among middle and high school students—United
States, 2011-2014. MMWR Morb Mortal Wkly Rep.
2015;64(14):381-385.

7. King BA, Patel R, Nguyen KH, Dube SR. Trends in
awareness and use of electronic cigarettes among
US adults, 2010-2013. Nicotine Tob Res. 2015;17(2):
219-227.

8. Grana R, Benowitz N, Glantz SA. E-cigarettes:
a scientific review. Circulation. 2014;129(19):1972-
1986.

9. Barrington-Trimis JL, Samet JM, McConnell R.
Flavorings in electronic cigarettes: an unrecognized
respiratory health hazard? JAMA. 2014;312(23):
2493-2494.

10. 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.

11. Dutra LM, Glantz SA. Electronic cigarettes and
conventional cigarette use among US adolescents:
a cross-sectional study. JAMA Pediatr. 2014;168(7):
610-617.

12. 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.

13. Niaura RS, Glynn TJ, Abrams DB. Youth
experimentation with e-cigarettes: another
interpretation of the data. JAMA. 2014;312(6):641-
642.

14. Leventhal AM, Strong DR, Kirkpatrick MG, et al.
Association of electronic cigarette use with
initiation of combustible tobacco product smoking
in early adolescence. JAMA. doi:10.1001/jama
.2015.8950.

15. Borek N. Population Assessment of Tobacco
and Health—The PATH Study. http://www.fda.gov
/downloads/TobaccoProducts/NewsEvents
/UCM324243.pdf. Accessed July 22, 2015.

16. US 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;
regulations on the sale and distribution of tobacco
products and required warning statements for
tobacco products: proposed rule on April 25, 2014.
Fed Regist. 2014;79(80):23142-23207.

17. American Nonsmokers’ Rights Foundation.
States and municipalities with laws regulating use
of electronic cigarettes. http://www.no-smoke.org
/pdf/ecigslaws.pdf. Accessed July 22, 2015.

Opinion Editorial

674 JAMA August 18, 2015 Volume 314, Number 7 (Reprinted) jama.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a University of North Dakota User  on 09/28/2015

mailto:nrigotti@partners.org
http://www.ncbi.nlm.nih.gov/pubmed/26109314
http://www.ncbi.nlm.nih.gov/pubmed/24633865
http://www.ncbi.nlm.nih.gov/pubmed/24399548
http://www.surgeongeneral.gov/library/reports/50-years-of-progress/index.html
http://www.surgeongeneral.gov/library/reports/50-years-of-progress/index.html
http://www.vaporworldexpo.com/PDFs/Vapor_World_Expo_Key_Takeaways.pdf
http://www.vaporworldexpo.com/PDFs/Vapor_World_Expo_Key_Takeaways.pdf
http://www.vaporworldexpo.com/PDFs/Vapor_World_Expo_Key_Takeaways.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25879896
http://www.ncbi.nlm.nih.gov/pubmed/25879896
http://www.ncbi.nlm.nih.gov/pubmed/25239961
http://www.ncbi.nlm.nih.gov/pubmed/25239961
http://www.ncbi.nlm.nih.gov/pubmed/24821826
http://www.ncbi.nlm.nih.gov/pubmed/24821826
http://www.ncbi.nlm.nih.gov/pubmed/25383564
http://www.ncbi.nlm.nih.gov/pubmed/25383564
http://www.ncbi.nlm.nih.gov/pubmed/25143298
http://www.ncbi.nlm.nih.gov/pubmed/25143298
http://www.ncbi.nlm.nih.gov/pubmed/24604023
http://www.ncbi.nlm.nih.gov/pubmed/24604023
http://www.ncbi.nlm.nih.gov/pubmed/25378683
http://www.ncbi.nlm.nih.gov/pubmed/25117133
http://www.ncbi.nlm.nih.gov/pubmed/25117133
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2015.8950&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2015.8382
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2015.8950&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2015.8382
http://www.fda.gov/downloads/TobaccoProducts/NewsEvents/UCM324243.pdf
http://www.fda.gov/downloads/TobaccoProducts/NewsEvents/UCM324243.pdf
http://www.fda.gov/downloads/TobaccoProducts/NewsEvents/UCM324243.pdf
http://www.no-smoke.org/pdf/ecigslaws.pdf
http://www.no-smoke.org/pdf/ecigslaws.pdf
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2015.8382

