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examine the impact of passive aerosolized nicotine inha‑
lation on long‑term lung function. Furthermore, limited 
effects would likely occur in the short exposure observed 
through the methodologies used by Flouris and colleagues 
(2012, 2013), as these studies did not account for prolonged 
and persistent passive exposure to e‑cigarette aerosols.

Figure 3.3 Changes in aerosol particle PM2.5 concentrations during experiment of e-cigarette use and tobacco 
cigarette smoking in an exposure chamber

Source: Czogala et al. (2014).
Note: PM = particulate matter.

Several researchers have modeled the health risks 
of passive exposure to e‑cigarettes (Colard et al. 2015) on 
the basis of the limited exposure data available and have 
come to various conclusions. Offermann (2015) concluded 
that, for indirect exposure, two chemicals—nicotine and 
PG—exceeded California EPA exposure level standards for 
noncarcinogenic health effects. Burstyn (2014), who com‑
pared e‑cigarette aerosol exposure to workplace exposure 
standards, concluded that only PG and VG warrant atten‑
tion in e‑cigarette users while, for bystanders, none of the 
constituents of e‑cigarette aerosol pose apparent concern. It 
is important to note that standards for workplace exposure 

are typically not appropriate to apply to the population as a 
whole, as they are intended for a healthy working popula‑
tion during a typical work day, not accounting for the risks 
to children, pregnant women, or those with preexisting 
health conditions. Further, standards for workplace expo‑
sure are very different in concentration and duration than 
what is to be expected from e‑cigarette use.

An additional consideration for regulating e‑cigarettes 
in indoor environments is the potential for allergic reactions 
in nonusers. Dermal and oral PG exposures are known causes 
of dermatitis and allergic sensitization (Warshaw et al. 2009; 
Al Jasser et  al. 2011). Several e‑liquids contain flavorants 
derived from nuts and in fact have labels cautioning persons 
who have nut allergies not to use these products. Research 
has not evaluated whether nonusers can have allergic reac‑
tions from these potential allergens in e‑cigarette aerosol, 
but this is a risk that should be explored as 8% of U.S. chil‑
dren have food allergies (Gupta et al. 2011).
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Evidence Summary

E‑cigarette use among youth and young adults in the 
United States has increased considerably in recent years (see 
Chapter 2). There is little doubt that the use of e‑cigarettes 
by youth and young adults represents self‑administration 
of the drug nicotine, and this self‑administration of nic‑
otine puts youth at risk for addiction and many related 
harmful consequences. Animal research indicates adoles‑
cent brains are particularly sensitive to nicotine’s effects, 
such that subsequent self‑administration is more likely, 
and that same literature indicates that this age group is 
at risk for a constellation of nicotine‑induced neural and 
behavioral alterations. Studies of the effects of maternal 
smoking of conventional cigarettes during pregnancy, 
coupled with preclinical literature examining the effects 
of maternal self‑administration of nicotine during preg‑
nancy, suggest that e‑cigarette use by mothers during 
pregnancy presents a wide variety of risks to fetal, infant, 
and child brain development.

Users of e‑cigarettes risk respiratory exposure to a 
variety of aerosolized chemicals, including solvents and fla‑
vorants added intentionally to e‑liquids, adulterants added 
unintentionally, and other toxicants produced during the 
heating/aerosolization process. The health impacts of fre‑
quent exposure to the toxicants in e‑cigarette aerosol 
are not well understood, though several are known car‑
cinogens. As highlighted previously in this chapter, the 
detection and level of these carcinogens depend on several 
factors, including the concentration of the e‑liquid and the 
strength of the heating device. Although e‑cigarettes have 
been used as a cessation device, the evidence supporting the 
effectiveness of e‑cigarettes as an aid for quitting conven‑
tional cigarettes remains extremely weak for adults (Bullen 
et  al. 2013; Caponnetto et  al. 2013; Grana et  al. 2014; 

Kalkhoran and Glantz 2016) and untested and nonexistent 
among youth.

Further research is warranted to focus on the 
characteristics of e‑cigarette devices, the constituents 
of e‑liquids, and the user behaviors that can influence 
the yield of nicotine and other toxicants (Shihadeh and 
Eissenberg 2015). This close focus includes providing 
details of devices (e.g., voltage of the power supply, heating 
element resistance) and components of e‑liquids (e.g., pro‑
pylene glycol, vegetable glycerin, other additives), and 
measuring user puff topography. Standardization of pro‑
cedures for producing and delivering the aerosol is likely a 
necessary component of at least some in vivo and in vitro 
work. Preclinical work examining the effects of e‑cigarette 
aerosols is a clear research need and, again, the standard‑
ization of procedures for production and delivery of the 
aerosol is necessary. To enhance relevance, the parameters 
of aerosol production should span the range of those seen 
with humans (Shihadeh and Eissenberg 2011).

The huge variety of products of different origin and 
design, the rapid emergence of new products, and the 
varied ways in which consumers use these products make 
the development of standard measurement conditions 
challenging (Famele et al. 2015). Accordingly, research is 
needed to understand how different design features relate 
to potential toxicity—for example, if the compounds in 
e‑cigarettes are affected by heating, changes in chemical 
composition, or pH; if these compounds are absorbed into 
the bloodstream; and how additives to the e‑liquid affect 
the bioavailability of these compounds, among other con‑
siderations. Research is also needed to understand whether 
potential health risks may be ameliorated by changes in 
product engineering.
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Conclusions

1. Nicotine exposure during adolescence can cause addic‑
tion and can harm the developing adolescent brain.

2. Nicotine can cross the placenta and has known effects 
on fetal and postnatal development. Therefore, nico‑
tine delivered by e‑cigarettes during pregnancy can
result in multiple adverse consequences, including
sudden infant death syndrome, and could result in
altered corpus callosum, deficits in auditory pro‑
cessing, and obesity.

3. E‑cigarettes can expose users to several chemicals,
including nicotine, carbonyl compounds, and vol‑
atile organic compounds, known to have adverse

health effects. The health effects and potentially 
harmful doses of heated and aerosolized constituents 
of e‑cigarette liquids, including solvents, flavorants, 
and toxicants, are not completely understood.

4. E‑cigarette aerosol is not harmless “water vapor,”
although it generally contains fewer toxicants than
combustible tobacco products.

5. Ingestion of e‑cigarette liquids containing nicotine
can cause acute toxicity and possibly death if the
contents of refill cartridges or bottles containing
nicotine are consumed.



A Report of the Surgeon General 

126  Chapter 3

References

Adriani W, Macri S, Pacifici R, Laviola G. Peculiar vul‑
nerability to nicotine oral self‑administration in mice 
during early adolescence. Neuropsychopharmacology 
2002;27(2):212–24.

Agrawal A, Scherrer JF, Grant JD, Sartor CE, Pergadia ML, 
Duncan AE, Madden PA, Haber JR, Jacob T, Bucholz 
KK, et al. The effects of maternal smoking during preg‑
nancy on offspring outcomes. Preventive Medicine 
2010;50(1–2):13–8.

Al Jasser M, Mebuke N, de Gannes GC. Propylene glycol: 
an often unrecognized cause of allergic contact der‑
matitis in patients using topical corticosteroids. Skin 
Therapy Letter 2011;16(5):5–7.

Al Mamun A, O’Callaghan FV, Alati R, O’Callaghan M, 
Najman JM, Williams GM, Bor W. Does maternal 
smoking during pregnancy predict the smoking pat‑
terns of young adult offspring? A birth cohort study. 
Tobacco Control 2006;15(6):452–7.

Allen JG, Flanigan SS, LeBlanc M, Vallarino J, MacNaughton 
P, Stewart JH, Christiani DC. Flavoring chemicals in 
e‑cigarettes: diacetyl, 2, 3‑pentanedione, and acetoin in 
a sample of 51 products, including fruit‑, candy‑, and 
cocktail‑flavored e‑cigarettes. Environmental Health 
Perspectives 2016;124(6):733–9.

American Association of Poison Control Centers. Electronic 
Cigarettes and Liquid Nicotine Data, 2016; <https://
aapcc.s3.amazonaws.com/files/library/E‑cig__Nicotine_
Web_Data_through_09.2016.pdf>; accessed: September 
7, 2016.

American College of Obstetricians and Gynecologists. 
Committee opinion number 503: tobacco use 
and women’s health. Obstetrics and Gynecology 
2011;118(3):746–50.

American E‑liquid Manufacturing Standards Association. 
E-liquid Manufacturing Standards (Version 1.8), 2014; 
<http://www.aemsa.org/wp‑content/uploads/2014/02/
AEMSA‑Standards_Version‑1‑8.pdf>; accessed: May 21, 
2015.

American Psychiatric Association. Diagnostic and 
Statistical Manual of Mental Disorders. 5th ed. 
Arlington (VA): American Psychiatric Association, 2013.

Anderson RC, Harris PN, Chen KK. Toxicological studies 
on synthetic glycerin. Journal of the American 
Pharmaceutical Association 1950;39(10):583–5.

Aoyama Y, Toriumi K, Mouri A, Hattori T, Ueda E, 
Shimato A, Sakakibara N, Soh Y, Mamiya T, Nagai T, 
et  al. Prenatal nicotine exposure impairs the pro‑
liferation of neuronal progenitors, leading to fewer 

glutamatergic neurons in the medial prefrontal cortex. 
Neuropsychopharmacology 2016;41(2):578–89.

Apelberg BJ, Hepp LM, Avila‑Tang E, Gundel L, Hammond 
SK, Hovell MF, Hyland A, Klepeis NE, Madsen CC, 
Navas‑Acien A, et  al. Environmental monitoring 
of secondhand smoke exposure. Tobacco Control 
2013;22(3):147–55.

Aramakis VB, Hsieh CY, Leslie FM, Metherate R. A crit‑
ical period for nicotine‑induced disruption of syn‑
aptic development in rat auditory cortex. Journal of 
Neuroscience 2000;20(16):6106–16.

Avila‑Tang E, Travers MJ, Navas‑Acien A. Promoting 
smoke‑free environments in Latin America: a compar‑
ison of methods to assess secondhand smoke exposure. 
Salud Publica de México 2010;52(Suppl 2):S138–S148.

Azam L, Chen Y, Leslie FM. Developmental regulation of 
nicotinic acetylcholine receptors within midbrain dopa‑
mine neurons. Neuroscience 2007;144(4):1347–60.

Bahl V, Lin S, Xu N, Davis B, Wang YH, Talbot P. 
Comparison of electronic cigarette refill fluid cytotox‑
icity using embryonic and adult models. Reproductive 
Toxicology 2012;34(4):529–37.

Bailey CD, Tian MK, Kang L, O’Reilly R, Lambe EK. Chrna5 
genotype determines the long‑lasting effects of devel‑
opmental in vivo nicotine exposure on prefrontal atten‑
tion circuitry. Neuropharmacology 2014;77:145–55.

Ballbe M, Martinez‑Sanchez JM, Sureda X, Fu M, Perez‑
Ortuno R, Pascual JA, Salto E, Fernandez E. Cigarettes 
vs. e‑cigarettes: Passive exposure at home mea‑
sured by means of airborne marker and biomarkers. 
Environmental Research 2014;135:76–80.

Banerji S, Bikkumalla S, Cozza A, Guttenberg A, Bronstein 
AC. Kids and vapor: a 4‑year analysis of pediatric expo‑
sures to electronic cigarettes. Clinical Toxicology 
2014;52:743–4.

Bao W, Michels KB, Tobias DK, Li S, Chavarro JE, Gaskins 
AJ, Vaag AA, Hu FB, Zhang C. Parental smoking during 
pregnancy and the risk of gestational diabetes in the 
daughter. International Journal of Epidemiology 
2016;45(1):160–9.

Barrington‑Trimis JL, Samet JM, McConnell R. Flavorings 
in electronic cigarettes: an unrecognized respiratory 
health hazard? JAMA: the Journal of the American 
Medical Association 2014;312(23):2493–4.

Behar RZ, Davis B, Wang Y, Bahl V, Lin S, Talbot P. 
Identification of toxicants in cinnamon‑flavored 
electronic cigarette refill fluids. Toxicology in Vitro 
2014;28(2):198–208.

https://aapcc.s3.amazonaws.com/files/library/E-cig__Nicotine_Web_Data_through_09.2016.pdf
https://aapcc.s3.amazonaws.com/files/library/E-cig__Nicotine_Web_Data_through_09.2016.pdf
https://aapcc.s3.amazonaws.com/files/library/E-cig__Nicotine_Web_Data_through_09.2016.pdf
http://www.aemsa.org/wp-content/uploads/2014/02/AEMSA-Standards_Version-1-8.pdf
http://www.aemsa.org/wp-content/uploads/2014/02/AEMSA-Standards_Version-1-8.pdf


Health Effects of E-Cigarette Use Among U.S. Youth and Young Adults  127

E-Cigarette Use Among Youth and Young Adults

Behl M, Rao D, Aagaard K, Davidson TL, Levin ED, 
Slotkin TA, Srinivasan S, Wallinga D, White MF, 
Walker VR, et al. Evaluation of the association between 
maternal smoking, childhood obesity, and meta‑
bolic disorders: a national toxicology program work‑
shop review. Environmental Health Perspectives 
2013;121(2):170–80.

Bein K, Leikauf GD. Acrolein—a pulmonary 
hazard. Molecular Nutrition & Food Research 
2011;55(9):1342–60.

Bekki K, Uchiyama S, Ohta K, Inaba Y, Nakagome 
H, Kunugita N. Carbonyl compounds generated 
from electronic cigarettes. International Journal 
of Environmental Research and Public Health 
2014;11(11):11192–200.

Belluzzi JD, Lee AG, Oliff HS, Leslie FM. Age‑dependent 
effects of nicotine on locomotor activity and condi‑
tioned place preference in rats. Psychopharmacology 
2004;174(3):389–95.

Bennett DS, Mohamed FB, Carmody DP, Bendersky M, 
Patel S, Khorrami M, Faro SH, Lewis M. Response 
inhibition among early adolescents prenatally exposed 
to tobacco: an fMRI study. Neurotoxicology and 
Teratology 2009;31(5):283–90.

Benowitz NL, Burbank AD. Cardiovascular toxicity of nic‑
otine: Implications for electronic cigarette use. Trends 
in Cardiovascular Medicine 2016;26(6):515–23.

Bergstrom HC, McDonald CG, French HT, Smith RF. 
Continuous nicotine administration produces selective, 
age‑dependent structural alteration of pyramidal neu‑
rons from prelimbic cortex. Synapse 2008;62(1):31–9.

Bernheim A, Halfon O, Boutrel B. Controversies about 
the enhanced vulnerability of the adolescent brain 
to develop addiction. Frontiers in Pharmacology 
2013;4:118.

Bhatnagar A. E‑cigarettes and cardiovascular disease risk; 
evaluation of evidence, policy implications, and rec‑
ommendations. Current Cardiovascular Risk Reports 
2016;10(7):24.

Biederman J, Monuteaux MC, Mick E, Wilens TE, 
Fontanella JA, Poetzl KM, Kirk T, Masse J, Faraone SV. 
Is cigarette smoking a gateway to alcohol and illicit 
drug use disorders? A study of youths with and without 
attention deficit hyperactivity disorder. Biological 
Psychiatry 2006;59(3):258–64.

Blank MD, Disharoon S, Eissenberg T. Comparison of 
methods for measurement of smoking behavior: 
mouthpiece‑based computerized devices versus 
direct observation. Nicotine & Tobacco Research 
2009;11(7):896–903.

Boden JM, Fergusson DM, Horwood LJ. Cigarette smoking 
and depression: tests of causal linkages using a 

longitudinal birth cohort. British Journal of Psychiatry 
2010;196(6):440–6.

Bohr S, Almarzouqi F, Pallua N. Extensive burn injury 
caused by fundamental electronic cigarette design flaw. 
Annals of Burns and Fire Disasters, in press.

Bohrer J. Stealth vaping, 2015; <http://vapenewsmaga‑
zine.com/october‑2014/stealth‑vaping>; accessed: May 
23, 2015.

Boutwell BB, Beaver KM. Maternal cigarette smoking 
during pregnancy and offspring externalizing behav‑
ioral problems: a propensity score matching analysis. 
International Journal of Environmental Research and 
Public Health 2010;7(1):146–63.

Brady S, Siegel G, Albers RW, Price D, editors. Basic neu-
rochemistry: principles of molecular, cellular and 
medical neurobiology. Amsterdam: Elsevier, 2012.

Brennan C. Man sues e‑cigarette store for $1 million 
after batteries explode in his cargo shorts and give 
him second degree burns on his crotch. Daily Mail, 
March 12, 2015; <http://www.dailymail.co.uk/news/
article‑2991815/Man‑sues‑e‑cigarette‑store‑1million‑
batteries‑explode‑cargo‑shorts‑send‑sparks‑flying‑
crotch‑kickball‑game.html>; accessed: April 21, 2015.

Brielmaier JM, McDonald CG, Smith RF. Immediate and 
long‑term behavioral effects of a single nicotine injec‑
tion in adolescent and adult rats. Neurotoxicology and 
Teratology 2007;29(1):74–80.

Britton AF, Vann RE, Robinson SE. Perinatal nicotine expo‑
sure eliminates peak in nicotinic acetylcholine receptor 
response in adolescent rats. Journal of Pharmacology 
and Experimental Therapeutics 2007;320(2):871–6.

Bronisch T, Hofler M, Lieb R. Smoking predicts suicid‑
ality: findings from a prospective community study. 
Journal of Affective Disorders 2008;108(1–2):135–45.

Brook JS, Balka EB, Ning Y, Brook DW. Trajectories of cig‑
arette smoking among African Americans and Puerto 
Ricans from adolescence to young adulthood: associ‑
ations with dependence on alcohol and illegal drugs. 
American Journal on Addictions 2007;16(3):195–201.

Bruin JE, Gerstein HC, Holloway AC. Long‑term conse‑
quences of fetal and neonatal nicotine exposure: a crit‑
ical review. Toxicological Sciences 2010;116(2):364–74.

Buettner‑Schmidt K, Miller DR, Balasubramanian N. 
Electronic cigarette refill liquids: child‑resistant pack‑
aging, nicotine content, and sales to minors. Journal of 
Pediatric Nursing 2016;31(4):373–9.

Buka SL, Shenassa ED, Niaura R. Elevated risk of tobacco 
dependence among offspring of mothers who smoked 
during pregnancy: a 30‑year prospective study. 
American Journal of Psychiatry 2003;160(11):1978–84.

Bullen C, Howe C, Laugesen M, McRobbie H, Parag 
V, Williman J, Walker N. Electronic cigarettes for 

http://vapenewsmagazine.com/october-2014/stealth-vaping
http://vapenewsmagazine.com/october-2014/stealth-vaping
http://www.dailymail.co.uk/news/article-2991815/Man-sues-e-cigarette-store-1million-batteries-explod
http://www.dailymail.co.uk/news/article-2991815/Man-sues-e-cigarette-store-1million-batteries-explod
http://www.dailymail.co.uk/news/article-2991815/Man-sues-e-cigarette-store-1million-batteries-explod
http://www.dailymail.co.uk/news/article-2991815/Man-sues-e-cigarette-store-1million-batteries-explod


A Report of the Surgeon General 

128  Chapter 3

smoking cessation: a randomised controlled trial. 
Lancet 2013;382(9905):1629–37.

Bullen C, McRobbie H, Thornley S, Glover M, Lin R, 
Laugesen M. Effect of an electronic nicotine delivery 
device (e cigarette) on desire to smoke and withdrawal, 
user preferences and nicotine delivery: randomised 
cross‑over trial. Tobacco Control 2010;19(2):98–103.

Burstyn I. Peering through the mist: systematic review of 
what the chemistry of contaminants in electronic ciga‑
rettes tells us about health risks. BMC Public Health 
2014;14:18.

California Department of Public Health. State Health Officer’s 
Report on E-cigarettes: A Community Health Threat, 2015; 
<http://www.cdph.ca.gov/programs/tobacco/Documents/
Media/State%20Health‑e‑cig%20report.pdf>; accessed: 
April 28, 2015.

Cameron JM, Howell DN, White JR, Andrenyak DM, Layton 
ME, Roll JM. Variable and potentially fatal amounts 
of nicotine in e‑cigarette nicotine solutions. Tobacco 
Control 2014;23(1):77–8.

Cantrell FL. Adverse effects of e‑cigarette exposures. 
Journal of Community Health 2014;39(3):614–6.

Cao J, Dwyer JB, Mangold JE, Wang J, Wei J, Leslie FM, 
Li MD. Modulation of cell adhesion systems by pre‑
natal nicotine exposure in limbic brain regions of 
adolescent female rats. International Journal of 
Neuropsychopharmacology 2011;14(2):157–74.

Cao J, Wang J, Dwyer JB, Gautier NM, Wang S, Leslie FM, 
Li MD. Gestational nicotine exposure modifies myelin 
gene expression in the brains of adolescent rats with 
sex differences. Translational Psychiatry 2013;3:e247.

Caponnetto P, Campagna D, Cibella F, Morjaria JB, Caruso 
M, Russo C, Polosa R. EffiCiency and Safety of an eLec‑
tronic cigAreTte (ECLAT) as tobacco cigarettes sub‑
stitute: a prospective 12‑month randomized control 
design study. PloS One 2013;8(6):e66317.

Casey BJ, Tottenham N, Liston C, Durston S. Imaging 
the developing brain: what have we learned about 
cognitive development? Trends in Cognitive Sciences 
2005;9(3):104–10.

Cavalca E, Kong G, Liss T, Reynolds EK, Schepis TS, 
Lejuez CW, Krishnan‑Sarin S. A preliminary experi‑
mental investigation of peer influence on risk‑taking 
among adolescent smokers and non‑smokers. Drug 
and Alcohol Dependence 2013;129(1–2):163–6.

Centers for Disease Control and Prevention. Projected 
smoking‑related deaths among youth—United 
States. Morbidity and Mortality Weekly Report 
1996;45(44):971–4.

Centers for Disease Control and Prevention. Notes 
from the field: calls to poison centers for exposures 
to electronic cigarettes—United States, September 

2010–February 2014. Morbidity and Mortality Weekly 
Report 2014;63(13):292–3.

Centers for Disease Control and Prevention. Tobacco 
use among middle and high school students—United 
States, 2011–2014. Morbidity and Mortality Weekly 
Report 2015;64(14):381–5.

Centers for Disease Control and Prevention. Tobacco 
use among middle and high school students—United 
States, 2011–2015. Morbidity and Mortality Weekly 
Report 2016;65(14):361–7.

Cervellin G, Luci M, Bellini C, Lippi G. Bad news about 
an old poison: a case of nicotine poisoning due to 
both ingestion and injection of the content of an 
electronic cigarette refill. Emergency Care Journal 
2013;9(18):53–4.

Chaisson NF, Kreiss K, Hnizdo E, Hakobyan A, Enright 
PL. Evaluation of methods to determine excessive 
decline of forced expiratory volume in one second in 
workers exposed to diacetyl‑containing flavorings. 
Journal of Occupational and Environmental Medicine 
2010;52(11):1119–23.

Chang GQ, Karatayev O, Leibowitz SF. Prenatal exposure 
to nicotine stimulates neurogenesis of orexigenic pep‑
tide‑expressing neurons in hypothalamus and amyg‑
dala. Journal of Neuroscience 2013;33(34):13600–11.

Chen H, Matta SG, Sharp BM. Acquisition of nico‑
tine self‑administration in adolescent rats given pro‑
longed access to the drug. Neuropsychopharmacology 
2007;32(3):700–9.

Chen WJ, Kelly RB. Effect of prenatal or perinatal nico‑
tine exposure on neonatal thyroid status and offspring 
growth in rats. Life Sciences 2005;76(11):1249–58.

Cheng SS, Liu JY, Huang CG, Hsui YR, Chen WJ, Chang 
ST. Insecticidal activities of leaf essential oils from 
Cinnamomum osmophloeum against three mosquito 
species. Bioresource Technology 2009;100(1):457–64.

Cheng T. Chemical evaluation of electronic cigarettes. 
Tobacco Control 2014;23(Suppl 2):ii11–ii17.

Child Nicotine Poisoning Prevention Act of 2015, Public 
Law 114‑116, (2016).

Chistyakov V, Patkina N, Tammimaki A, Talka R, 
Salminen O, Belozertseva I, Galankin T, Tuominen 
R, Zvartau E. Nicotine exposure throughout early 
development promotes nicotine self‑administration 
in adolescent mice and induces long‑lasting behav‑
ioural changes. European Journal of Pharmacology 
2010;640(1–3):87–93.

Choi H, Schmidbauer N, Sundell J, Hasselgren M, 
Spengler J, Bornehag CG. Common household chemi‑
cals and the allergy risks in pre‑school age children. 
PloS One 2010;5(10):e13423.

http://www.cdph.ca.gov/programs/tobacco/Documents/Media/State%20Health-e-cig%20report.pdf
http://www.cdph.ca.gov/programs/tobacco/Documents/Media/State%20Health-e-cig%20report.pdf


Health Effects of E-Cigarette Use Among U.S. Youth and Young Adults  129

E-Cigarette Use Among Youth and Young Adults

Clark S, Winter CK. Diacetyl in foods: a review of safety 
and sensory characteristics. Comprehensive Reviews in 
Food Science and Food Safety 2015;14(5):634–43.

Cobb CO, Hendricks PS, Eissenberg T. Electronic ciga‑
rettes and nicotine dependence: evolving products, 
evolving problems. BMC Medicine 2015;13:119.

Cocchiara J, Letizia CS, Lalko J, Lapczynski A, Api AM. 
Fragrance material review on cinnamaldehyde. Food 
and Chemical Toxicology 2005;43(6):867–923.

Cohen G, Roux JC, Grailhe R, Malcolm G, Changeux JP, 
Lagercrantz H. Perinatal exposure to nicotine causes 
deficits associated with a loss of nicotinic receptor func‑
tion. Proceedings of the National Academy of Sciences 
of the United States of America 2005;102(10):3817–21.

Cohen SM, Garland EM, St John M, Okamura T, Smith 
RA. Acrolein initiates rat urinary bladder carcinogen‑
esis. Cancer Research 1992;52(13):3577–81.

Colard S, O’Connell G, Verron T, Cahours X, Pritchard JD. 
Electronic cigarettes and indoor air quality: a simple 
approach to modeling potential bystander exposures 
to nicotine. International Journal of Environmental 
Research and Public Health 2015;12(1):282–99.

Colby SM, Tiffany ST, Shiffman S, Niaura RS. Are adoles‑
cent smokers dependent on nicotine? A review of the 
evidence. Drug and Alcohol Dependence 2000;59(Suppl 
1): S83–S95.

Coleman T, Chamberlain C, Davey MA, Cooper SE, 
Leonardi‑Bee J. Pharmacological interventions for pro‑
moting smoking cessation during pregnancy. Cochrane 
Database of Systematic Reviews 2012, Issue 9. Art. No.: 
CD010078. DOI: 10.1002/14651858.CD010078.

Cornelius MD, Leech SL, Goldschmidt L, Day NL. Is pre‑
natal tobacco exposure a risk factor for early adoles‑
cent smoking? A follow‑up study. Neurotoxicology and 
Teratology 2005;27(4):667–76.

Corona M, Marcus E. Electronic cigarette blamed for 
Sparks High gym explosion. USA Today, January 13, 
2015; <http://www.usatoday.com/story/news/nation‑
now/2015/01/13/electronic‑cigarette‑gym‑explosion‑
nevada/21699097/>; accessed: April 21, 2015.

Counotte DS, Goriounova NA, Li KW, Loos M, van der 
Schors RC, Schetters D, Schoffelmeer AN, Smit 
AB, Mansvelder HD, Pattij T, et  al. Lasting synaptic 
changes underlie attention deficits caused by nicotine 
exposure during adolescence. Nature Neuroscience 
2011;14(4):417–9.

Counotte DS, Spijker S, Van de Burgwal LH, Hogenboom 
F, Schoffelmeer AN, De Vries TJ, Smit AB, Pattij T. Long‑
lasting cognitive deficits resulting from adolescent 
nicotine exposure in rats. Neuropsychopharmacology 
2009;34(2):299–306.

Cowperthwaite B, Hains SM, Kisilevsky BS. Fetal behavior 
in smoking compared to non‑smoking pregnant women. 
Infant Behavior & Development 2007;30(3):422–30.

Czogala J, Goniewicz ML, Fidelus B, Zielinska‑Danch 
W, Travers MJ, Sobczak A. Secondhand exposure to 
vapors from electronic cigarettes. Nicotine & Tobacco 
Research 2014;16(6):655–62.

D’Onofrio BM, Rickert ME, Langstrom N, Donahue KL, 
Coyne CA, Larsson H, Ellingson JM, Van Hulle CA, 
Iliadou AN, Rathouz PJ, et  al. Familial confounding 
of the association between maternal smoking during 
pregnancy and offspring substance use and problems. 
Archives of General Psychiatry 2012;69(11):1140–50.

D’Onofrio BM, Van Hulle CA, Waldman ID, Rodgers JL, 
Harden KP, Rathouz PJ, Lahey BB. Smoking during 
pregnancy and offspring externalizing problems: an 
exploration of genetic and environmental confounds. 
Development and Psychopathology 2008;20(1):139–64.

Dahl RE. Adolescent brain development: a period of vul‑
nerabilities and opportunities. Keynote address. Annals 
of the New York Academy of Sciences 2004;1021:1–22.

Dao JM, McQuown SC, Loughlin SE, Belluzzi JD, 
Leslie FM. Nicotine alters limbic function in ado‑
lescent rat by a 5‑HT1A receptor mechanism. 
Neuropsychopharmacology 2011;36(7):1319–31.

Davis B, Dang M, Kim J, Talbot P. Nicotine concentrations 
in electronic cigarette refill and do‑it‑yourself fluids. 
Nicotine & Tobacco Research 2015;17(2):134–41.

Dawkins L, Corcoran O. Acute electronic cigarette use: 
nicotine delivery and subjective effects in regular users. 
Psychopharmacology 2014;231(2):401–7.

Dawkins LE, Kimber CF, Doig M, Feyerabend C, 
Corcoran O. Self‑titration by experienced e‑cigarette 
users: blood nicotine delivery and subjective effects. 
Psychopharmacology 2016;233(15‑16):2933–41.

DeJarnett N, Conklin DJ, Riggs DW, Myers JA, O’Toole TE, 
Hamzeh I, Wagner S, Chugh A, Ramos KS, Srivastava 
S, et al. Acrolein exposure is associated with increased 
cardiovascular disease risk. JAMA: the Journal of the 
American Medical Association 2014;3(4):e000934.

Dickson PE, Miller MM, Rogers TD, Blaha CD, Mittleman 
G. Effects of adolescent nicotine exposure and with‑
drawal on intravenous cocaine self‑administration 
during adulthood in male C57BL/6J mice. Addiction 
Biology 2014;19(1):37–48.

Dierker L, Swendsen J, Rose J, He J, Merikangas K. 
Transitions to regular smoking and nicotine dependence 
in the Adolescent National Comorbidity Survey (NCS‑
A). Annals of Behavioral Medicine 2012;43(3):394–401.

Dierker LC, Donny E, Tiffany S, Colby SM, Perrine 
N, Clayton RR. The association between cigarette 
smoking and DSM‑IV nicotine dependence among first 

http://www.usatoday.com/story/news/nation-now/2015/01/13/electronic-cigarette-gym-explosion-nevada/21699097/
http://www.usatoday.com/story/news/nation-now/2015/01/13/electronic-cigarette-gym-explosion-nevada/21699097/
http://www.usatoday.com/story/news/nation-now/2015/01/13/electronic-cigarette-gym-explosion-nevada/21699097/


A Report of the Surgeon General 

130  Chapter 3

year college students. Drug and Alcohol Dependence 
2007;86(2‑3):106–14.

Dietz PM, England LJ, Shapiro‑Mendoza CK, Tong VT, 
Farr SL, Callaghan WM. Infant morbidity and mortality 
attributable to prenatal smoking in the U.S. American 
Journal of Preventive Medicine 2010;39(1):45–52.

Dietz PM, Homa D, England LJ, Burley K, Tong VT, Dube 
SR, Bernert JT. Estimates of nondisclosure of cigarette 
smoking among pregnant and nonpregnant women 
of reproductive age in the United States. American 
Journal of Epidemiology 2011;173(3):355–9.

DiFranza JR, Savageau JA, Rigotti NA, Fletcher K, Ockene 
JK, McNeill AD, Coleman M, Wood C. Development of 
symptoms of tobacco dependence in youths: 30 month 
follow up data from the DANDY study. Tobacco Control 
2002;11(3):228–35.

Doll R, Peto R, Boreham J, Sutherland I. Mortality in rela‑
tion to smoking: 50 years’ observations on male British 
doctors. BMJ 2004;24;328(7455):1519.

Doura MB, Gold AB, Keller AB, Perry DC. Adult and peri‑
adolescent rats differ in expression of nicotinic cholin‑
ergic receptor subtypes and in the response of these 
subtypes to chronic nicotine exposure. Brain Research 
2008;1215:40–52.

Duncan JR, Paterson DS, Kinney HC. The development 
of nicotinic receptors in the human medulla oblon‑
gata: inter‑relationship with the serotonergic system. 
Autonomic Neuroscience 2008;144(1–2):61–75.

Durante AS, Ibidi SM, Lotufo JP, Carvallo RM. Maternal 
smoking during pregnancy: impact on otoacoustic 
emissions in neonates. International Journal of 
Pediatric Otorhinolaryngology 2011;75(9):1093–8.

Duranty A. OCFA: man injured after e‑cigarette explodes 
near his face in Santa Ana apartment. The Orange 
County Register, March 9, 2015; <http://www.
ocregister.com/articles/fire‑653537‑concialdi‑ocfa.
html>; accessed: April 21, 2015.

Dutra LM, Glantz SA. High international electronic ciga‑
rette use among never smoker adolescents. Journal of 
Adolescent Health 2014;55(5):595–7.

Dwyer JB, Broide RS, Leslie FM. Nicotine and brain devel‑
opment. Birth Defects Research. Part C: Embryo Today 
2008;84(1):30–44.

Egilman DS, Schilling JH, Menendez L. A proposal 
for a safe exposure level for diacetyl. International 
Journal of Occupational and Environmental Health 
2011;17(2):122–34.

Ehlinger DG, Bergstrom HC, Burke JC, Fernandez GM, 
McDonald CG, Smith RF. Adolescent nicotine‑induced 
dendrite remodeling in the nucleus accumbens is 
rapid, persistent, and D1‑dopamine receptor depen‑
dent. Brain Structure & Function 2016;221(1):133–45.

Eissenberg T. Electronic nicotine delivery devices: 
Ineffective nicotine delivery and craving suppres‑
sion after acute administration. Tobacco Control 
2010;19(1):87–8.

Ekblad M, Korkeila J, Lehtonen L. Smoking during preg‑
nancy affects foetal brain development. Acta Paediatrica 
2015;104(1):12–8.

England LJ, Bunnell RE, Pechacek TF, Tong VT, McAfee 
TA. Nicotine and the developing human: a neglected 
element in the electronic cigarette debate. American 
Journal of Preventive Medicine 2015;49:286.

Ernst M, Fudge JL. A developmental neurobiological 
model of motivated behavior: anatomy, connectivity 
and ontogeny of the triadic nodes. Neuroscience and 
Biobehavioral Reviews 2009;33(3):367–82.

Estabrook R, Massey SH, Clark CAC, Burns JL, Mustanski 
TB, Cook EH, O’Brien TC, Makowski B, Espy KA, 
Wakschlag LS. Separating family‑level and direct expo‑
sure effects of smoking during pregnancy on offspring 
externalizing symptoms: bridging the behavior genetic 
and behavior teratologic divide. Behavioral Genetics 
2015;18:1–14.

Etter JF. A longitudinal study of cotinine in long‑term daily 
users of e‑cigarettes. Drug and Alcohol Dependence 
2016;160:218–21.

Etter JF. Explaining the effects of electronic cigarettes 
on craving for tobacco in recent quitters. Drug and 
Alcohol Dependence 2015;148:102–8.

Etter JF, Eissenberg T. Dependence levels in users of elec‑
tronic cigarettes, nicotine gums and tobacco cigarettes. 
Drug and Alcohol Dependence 2015;147:68–75.

Etter JF, Zather E, Svensson S. Analysis of refill liquids for 
electronic cigarettes. Addiction 2013;108(9):1671–9.

Exponent Inc. NJOY E-Cigarette Health Risk Assessment, 
2009; <http://truthaboutecigs.com/science/5.php>; 
accessed: May 21, 2015.

Falk L, Nordberg A, Seiger A, Kjaeldgaard A, Hellstrom‑
Lindahl E. Smoking during early pregnancy affects the 
expression pattern of both nicotinic and muscarinic ace‑
tylcholine receptors in human first trimester brainstem 
and cerebellum. Neuroscience 2005;132(2):389–97.

Famele M, Ferranti C, Abenavoli C, Palleschi L, Mancinelli 
R, Draisci R. The chemical components of elec‑
tronic cigarette cartridges and refill fluids: review of 
analytical methods. Nicotine & Tobacco Research 
2015;17(3):271–9.

Farley SM, Seoh H, Sacks R, Johns M. Teen use of flavored 
tobacco products in New York City. Nicotine & Tobacco 
Research 2014;16(11):1518–21.

Faroon O, Roney N, Taylor J, Ashizawa A, Lumpkin MH, 
Plewak DJ. Acrolein health effects. Toxicology and 
Industrial Health 2008;24(7):447–90.

http://www.ocregister.com/articles/fire-653537-concialdi-ocfa.html
http://www.ocregister.com/articles/fire-653537-concialdi-ocfa.html
http://www.ocregister.com/articles/fire-653537-concialdi-ocfa.html
http://truthaboutecigs.com/science/5.php


Health Effects of E-Cigarette Use Among U.S. Youth and Young Adults  131

E-Cigarette Use Among Youth and Young Adults

Farsalinos KE, Gillman G, Poulas K, Voudris V. Tobacco‑
specific nitrosamines in electronic cigarettes: compar‑
ison between liquid and aerosol levels. International 
Journal of Environmental Research and Public Health 
2015a;12(8):9046–53.

Farsalinos KE, Kistler KA, Gillman G, Voudris V. Evaluation 
of electronic cigarette liquids and aerosol for the pres‑
ence of selected inhalation toxins. Nicotine & Tobacco 
Research 2014a;17(2):168–74.

Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, 
Voudris V. Evaluating nicotine levels selection and pat‑
terns of electronic cigarette use in a group of “vapers” 
who had achieved complete substitution of smoking. 
Substance Abuse 2013a;7:139–46.

Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos 
S, Voudris V. Evaluation of electronic cigarette use 
(vaping) topography and estimation of liquid consump‑
tion: implications for research protocol standards def‑
inition and for public health authorities’ regulation. 
International Journal of Environmental Research and 
Public Health 2013b;10(6):2500–14.

Farsalinos KE, Spyrou A, Tsimopoulou K, Stefopoulos C, 
Romagna G, Voudris V. Nicotine absorption from elec‑
tronic cigarette use: comparison between first and new‑
generation devices. Scientific Reports 2014b;4:4133.

Farsalinos KE, Voudris V, Poulas K. Are metals emitted 
from electronic cigarettes a reason for health concern? 
A risk‑assessment analysis of currently available litera‑
ture. International Journal of Environmental Research 
and Public Health 2015b;12(5):5215–32.

Farsalinos KE, Voudris V, Poulas K. E‑cigarettes generate 
high levels of aldehydes only in ‘dry puff’ conditions. 
Addiction 2015c;110(8):1352–6.

Federal Register. U.S. Department of Health and Human 
Services, 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; 
Restrictions on the Sale and Distribution of Tobacco 
Products and Required Warning Statements for 
Tobacco Products. 81 Fed. Reg. 28974 (2016); <https://
federalregister.gov/a/2016‑10685>; accessed: May 16, 
2016.

Feng Z, Hu W, Hu Y, Tang MS. Acrolein is a major ciga‑
rette‑related lung cancer agent: preferential binding at 
p53 mutational hotspots and inhibition of DNA repair. 
Proceedings of the National Academy of Sciences of 
the United States of America 2006;103(42):15404–9.

Fergusson DM, Woodward LJ, Horwood LJ. Maternal 
smoking during pregnancy and psychiatric adjustment 
in late adolescence. Archives of General Psychiatry 
1998;55(8):721–7.

Ferrari M, Zanasi A, Nardi E, Morselli Labate AM, Ceriana 
P, Balestrino A, Pisani L, Corcione N, Nava S. Short‑
term effects of a nicotine‑free e‑cigarette compared to 
a traditional cigarette in smokers and non‑smokers. 
BMC Pulmonary Medicine 2015;15:120.

Fewell JE, Smith FG. Perinatal nicotine exposure impairs 
ability of newborn rats to autoresuscitate from 
apnea during hypoxia. Journal of Applied Physiology 
1998;85(6):2066–74.

Fiore MC, Jaén CR, Baker TB, Bailey W, Benowitz N, Curry 
S, Dorfman S, Froehlicher E, Goldstein M, Healton 
C, et al. Treating Tobacco Use and Dependence: 2008 
Update—Clinical Practice Guidelines. Rockville (MD): 
U.S. Department of Health and Human Services, Public 
Health Service, 2008. 

Flavor and Extract Manufacturers Association of the United 
States. The Safety Assessment and Regulatory Authority 
to Use Flavors—Focus on E-Cigarettes, 2015; <http://
www.femaflavor.org/sites/default/files/FEMAGRAS_
Ecig_March_3_2015.pdf>; accessed: May 21, 2015.

Flouris AD, Chorti MS, Poulianiti KP, Jamurtas AZ, Kostikas 
K, Tzatzarakis MN, Wallace Hayes A, Tsatsakis AM, 
Koutedakis Y. Acute impact of active and passive elec‑
tronic cigarette smoking on serum cotinine and lung 
function. Inhalation Toxicology 2013;25(2):91–101.

Flouris AD, Poulianiti KP, Chorti MS, Jamurtas AZ, 
Kouretas D, Owolabi EO, Tzatzarakis MN, Tsatsakis AM, 
Koutedakis Y. Acute effects of electronic and tobacco 
cigarette smoking on complete blood count. Food and 
Chemical Toxicology 2012;50(10):3600–3.

Foulds J, Veldheer S, Yingst J, Hrabovsky S, Wilson SJ, 
Nichols TT, Eissenberg T. Development of a question‑
naire for assessing dependence on electronic cigarettes 
among a large sample of ex‑smoking e‑cigarette users. 
Nicotine & Tobacco Research 2015;17(2):186–92.

Fox 5 Digital Team. E‑cigarette explodes in man’s face, Fox 
5 News, 2015; <http://fox5sandiego.com/2015/02/09/e‑
cigarette‑explodes‑in‑mans‑face/>; accessed: April 21, 
2015.

Franco P, Groswasser J, Hassid S, Lanquart JP, Scaillet S, 
Kahn A. Prenatal exposure to cigarette smoking is asso‑
ciated with a decrease in arousal in infants. Journal of 
Pediatrics 1999;135(1):34–8.

Franke RM, Park M, Belluzzi JD, Leslie FM. Prenatal nico‑
tine exposure changes natural and drug‑induced rein‑
forcement in adolescent male rats. European Journal 
of Neuroscience 2008;27(11):2952–61.

Fuoco FC, Buonanno G, Stabile L, Vigo P. Influential 
parameters on particle concentration and size distribu‑
tion in the mainstream of e‑cigarettes. Environmental 
Pollution 2014;184:523–9.

Galvan A, Schonberg T, Mumford J, Kohno M, Poldrack 
RA, London ED. Greater risk sensitivity of dorsolateral 

https://federalregister.gov/a/2016-10685
https://federalregister.gov/a/2016-10685
http://www.femaflavor.org/sites/default/files/FEMAGRAS_Ecig_March_3_2015.pdf
http://www.femaflavor.org/sites/default/files/FEMAGRAS_Ecig_March_3_2015.pdf
http://www.femaflavor.org/sites/default/files/FEMAGRAS_Ecig_March_3_2015.pdf
http://fox5sandiego.com/2015/02/09/e-cigarette-explodes-in-mans-face/
http://fox5sandiego.com/2015/02/09/e-cigarette-explodes-in-mans-face/


A Report of the Surgeon General 

132  Chapter 3

prefrontal cortex in young smokers than in non‑
smokers. Psychopharmacology 2013;229(2):345–55.

Gao YJ, Holloway AC, Zeng ZH, Lim GE, Petrik JJ, Foster 
WG, Lee RM. Prenatal exposure to nicotine causes post‑
natal obesity and altered perivascular adipose tissue 
function. Obesity Research 2005;13(4):687–92.

Gaysina D, Fergusson DM, Leve LD, Horwood J, Reiss 
D, Shaw DS, Elam KK, Natsuaki MN, Neiderhiser JM, 
Harold GT. Maternal smoking during pregnancy and 
offspring conduct problems: evidence from 3  inde‑
pendent genetically sensitive research designs. JAMA 
Psychiatry 2013;70(9):956–63.

Gehricke JG, Loughlin SE, Whalen CK, Potkin SG, Fallon 
JH, Jamner LD, Belluzzi JD, Leslie FM. Smoking to 
self‑medicate attentional and emotional dysfunc‑
tions. Nicotine & Tobacco Research 2007;9(Suppl 
4):S523–S536.

Geiss O, Bianchi I, Barahona F, Barrero‑Moreno J. 
Characterisation of mainstream and passive vapours 
emitted by selected electronic cigarettes. International 
Journal of Hygiene and Environmental Health 
2015;218(1):169–80.

Geiss O, Bianchi I, Barrero‑Moreno J. Correlation of vol‑
atile carbonyl yields emitted by e‑cigarettes with the 
temperature of the heating coil and the perceived sen‑
sorial quality of the generated vapours. International 
Journal of Hygiene and Environmental Health 
2016;219(3):268–77.

Giedd JN, Rapoport JL. Structural MRI of pediatric brain 
development: what have we learned and where are we 
going? Neuron 2010;67(5):728–34.

Gilman SE, Gardener H, Buka SL. Maternal smoking 
during pregnancy and children’s cognitive and physical 
development: a causal risk factor? American Journal of 
Epidemiology 2008;168(5):522–31.

Goel R, Durand E, Trushin N, Prokopczyk B, Foulds J, 
Elias RJ, Richie JP Jr. Highly reactive free radicals in 
electronic cigarette aerosols. Chemical Research in 
Toxicology 2015;28(9):1675–7.

Goff K, Schwartz G. Anaheim Hills teen injured by 
exploding e‑cig, NBC Los Angeles, 2015; <http://www.
nbclosangeles.com/news/local/Anaheim‑Hills‑Teen‑
Injured‑Exploding‑E‑Cig‑291489711.html>; accessed: 
April 21, 2015.

Goniewicz ML, Gawron M, Nadolska J, Balwicki L, 
Sobczak A. Rise in electronic cigarette use among 
adolescents in Poland. Journal of Adolescent Health 
2014a;55(5):713–5.

Goniewicz ML, Gupta R, Lee YH, Reinhardt S, Kim S, Kim 
B, Kosmider L, Sobczak A. Nicotine levels in electronic 
cigarette refill solutions: a comparative analysis of prod‑
ucts from the U.S., Korea, and Poland. International 
Journal on Drug Policy 2015;26(6):583–8.

Goniewicz ML, Knysak J, Gawron M, Kosmider L, Sobczak 
A, Kurek J, Prokopowicz A, Jablonska‑Czapla M, Rosik‑
Dulewska C, Havel C, et al. Levels of selected carcin‑
ogens and toxicants in vapour from electronic ciga‑
rettes. Tobacco Control 2014b;23(2):133–9.

Goniewicz ML, Lee L. Electronic cigarettes are a source 
of thirdhand exposure to nicotine. Nicotine & Tobacco 
Research 2015;17(2):256–8.

Gorini C, Jameson H, Woerman AL, Perry DC, Mendelowitz 
D. Prenatal nicotine exposure enhances the trigemi‑
nocardiac reflex via serotonin receptor facilitation in 
brainstem pathways. Journal of Applied Physiology 
2013;115(4):415–21.

Goriounova NA, Mansvelder HD. Nicotine exposure during 
adolescence leads to short‑ and long‑term changes 
in spike timing‑dependent plasticity in rat prefrontal 
cortex. Journal of Neuroscience 2012;32(31):10484–93.

Grana R, Benowitz N, Glantz S. Background Paper on 
E-Cigarettes (Electronic Nicotine Delivery Systems). 
San Francisco (CA): Center for Tobacco Control 
Research and Education, University of California, San 
Francisco, December 2013.

Grana RA, Popova L, Ling PM. A longitudinal analysis of 
electronic cigarette use and smoking cessation. JAMA 
Internal Medicine 2014;174(5):812–3.

Greenland S, Satterfield MH, Lanes SF. A meta‑anal‑
ysis to assess the incidence of adverse effects associ‑
ated with the transdermal nicotine patch. Drug Safety 
1998;18(4):297–308.

Griesler PC, Hu MC, Schaffran C, Kandel DB. Comorbid 
psychiatric disorders and nicotine dependence in ado‑
lescence. Addiction 2011;106(5):1010–20.

Griesler PC, Kandel DB, Davies M. Maternal smoking 
in pregnancy, child behavior problems, and adoles‑
cent smoking. Journal of Research on Adolescence 
1998;8:159–85.

Grove KL, Sekhon HS, Brogan RS, Keller JA, Smith MS, 
Spindel ER. Chronic maternal nicotine exposure alters 
neuronal systems in the arcuate nucleus that regu‑
late feeding behavior in the newborn rhesus macaque. 
Journal of Clinical Endocrinology and Metabolism 
2001;86(11):5420–6.

Gulley JM, Juraska JM. The effects of abused drugs on 
adolescent development of corticolimbic circuitry and 
behavior. Neuroscience 2013;249:3–20.

Gunnerbeck A, Wikstrom AK, Bonamy AK, Wickstrom 
R, Cnattingius S. Relationship of maternal snuff use 
and cigarette smoking with neonatal apnea. Pediatrics 
2011;128(3):503–9.

Gupta RS, Springston EE, Warrier MR, Smith B, Kumar R, 
Pongracic J, Holl JL. The prevalence, severity, and dis‑
tribution of childhood food allergy in the United States. 
Pediatrics 2011;128(1):e9–e17.

http://www.nbclosangeles.com/news/local/Anaheim-Hills-Teen-Injured-Exploding-E-Cig-291489711.html
http://www.nbclosangeles.com/news/local/Anaheim-Hills-Teen-Injured-Exploding-E-Cig-291489711.html
http://www.nbclosangeles.com/news/local/Anaheim-Hills-Teen-Injured-Exploding-E-Cig-291489711.html


Health Effects of E-Cigarette Use Among U.S. Youth and Young Adults  133

E-Cigarette Use Among Youth and Young Adults

Guttenburg A, Banerji S, Cozza A, Bikkumalla S, Bronstein 
AC. E‑cigarette exposure: regional poison center expo‑
sure trends. Clinical Toxicology 2014;52:808–9.

Hadwiger ME, Trehy ML, Ye W, Moore T, Allgire J, 
Westenberger B. Identification of amino‑tadalafil and 
rimonabant in electronic cigarette products using 
high pressure liquid chromatography with diode array 
and tandem mass spectrometric detection. Journal of 
Chromatography A 2010;1217(48):7547–55.

Haghighi A, Schwartz DH, Abrahamowicz M, Leonard 
GT, Perron M, Richer L, Veillette S, Gaudet D, Paus 
T, Pausova Z. Prenatal exposure to maternal cigarette 
smoking, amygdala volume, and fat intake in adoles‑
cence. JAMA Psychiatry 2013;70(1):98–105.

Hahn EJ, Rayens MK, Chaloupka FJ, Okoli CT, Yang J. 
Projected Smoking-Related Deaths Among U.S. Youth: 
A 2000 Update. Lexington (KY): University of Kentucky, 
2002; <http://uknowledge.uky.edu/cgi/viewcontent.cgi
?article=1000&context=nursing_reports>; accessed: 
September 12, 2016.

Hajek P, Goniewicz ML, Phillips A, Myers Smith K, West O, 
McRobbie H. Nicotine intake from electronic cigarettes 
on initial use and after 4 weeks of regular use. Nicotine 
& Tobacco Research 2015;17(2):175–9.

Hall BJ, Wells C, Allenby C, Lin MY, Hao I, Marshall L, 
Rose JE, Levin ED. Differential effects of non‑nico‑
tine tobacco constituent compounds on nicotine self‑
administration in rats. Pharmacology, Biochemistry 
and Behavior 2014;120:103–8.

Hamilton BE, Martin JA, Ventura SJ. Births: prelimi‑
nary data for 2011. National Vital Statistics Reports 
2012;61(5):1–18.

Hamilton BE, Martin JA, Ventura SJ. Births: prelimi‑
nary data for 2012. National Vital Statistics Reports 
2013;62(3):1–20.

Hanna EZ, Yi HY, Dufour MC, Whitmore CC. The rela‑
tionship of early‑onset regular smoking to alcohol 
use, depression, illicit drug use, and other risky behav‑
iors during early adolescence: results from the youth 
supplement to the third national health and nutri‑
tion examination survey. Journal of Substance Abuse 
2001;13(3):265–82.

Hanna ST. Nicotine effect on cardiovascular system and 
ion channels. Journal of Cardiovascular Pharmacology 
2006;47(3):348–58.

Hansson J, Galanti MR, Hergens MP, Fredlund P, Ahlbom 
A, Alfredsson L, Bellocco R, Eriksson M, Hallqvist J, 
Hedblad B, et  al. Use of snus and acute myocardial 
infarction: pooled analysis of eight prospective obser‑
vational studies. European Journal of Epidemiology 
2012;27(10):771–9.

Harber P, Saechao K, Boomus C. Diacetyl‑induced lung 
disease. Toxicological Reviews 2006;25(4):261–72.

Harrod CS, Fingerlin TE, Chasan‑Taber L, Reynolds RM, 
Glueck DH, Dabelea D. Exposure to prenatal smoking 
and early‑life body composition: the healthy start study. 
Obesity 2015;23(1):234–41.

Havel CM, Benowitz NL, Jacob P, Helen GS. An electronic 
cigarette vaping machine for the characterization of 
aerosol delivery and composition. Nicotine & Tobacco 
Research. 2016.

Hecht SS. Biochemistry, biology, and carcinogenicity of 
tobacco‑specific N‑nitrosamines. Chemical Research 
in Toxicology 1998;11(6):559–603.

Hecht SS. Tobacco smoke carcinogens and lung 
cancer. Journal of the National Cancer Institute 
1999;91(14):1194–210.

Hellstrom‑Lindahl E, Gorbounova O, Seiger A, Mousavi 
M, Nordberg A. Regional distribution of nicotinic 
receptors during prenatal development of human brain 
and spinal cord. Brain Research: Developmental Brain 
Research 1998;108(1–2):147–60.

Holbrook BD. The effects of nicotine on human fetal 
development. Birth Defects Research. Part C, Embryo 
Today: Reviews 2016;108(2):181–92.

Holloway AC, Lim GE, Petrik JJ, Foster WG, Morrison 
KM, Gerstein HC. Fetal and neonatal exposure to nico‑
tine in Wistar rats results in increased beta cell apop‑
tosis at birth and postnatal endocrine and metabolic 
changes associated with type 2 diabetes. Diabetologia 
2005;48(12):2661–6.

Horst NK, Heath CJ, Neugebauer NM, Kimchi EY, 
Laubach M, Picciotto MR. Impaired auditory discrimi‑
nation learning following perinatal nicotine exposure 
or beta2 nicotinic acetylcholine receptor subunit dele‑
tion. Behavioural Brain Research 2012;231(1):170–80.

Hua M, Yip H, Talbot P. Mining data on usage of electronic 
nicotine delivery systems (ENDS) from YouTube videos. 
Tobacco Control 2013;22(2):103–6.

Huang YY, Kandel DB, Kandel ER, Levine A. Nicotine 
primes the effect of cocaine on the induction of LTP 
in the amygdala. Neuropharmacology 2013;74:126–34.

Hubbs AF, Cummings KJ, McKernan LT, Dankovic DA, 
Park RM, Kreiss K. Comment on Farsalinos et al. “eval‑
uation of electronic cigarette liquids and aerosol for 
the presence of selected inhalation toxins.” Nicotine & 
Tobacco Research 2015;17(10):1288–9.

Hubbs AF, Cumpston AM, Goldsmith WT, Battelli LA, 
Kashon ML, Jackson MC, Frazer DG, Fedan JS, 
Goravanahally MP, Castranova V, et al. Respiratory and 
olfactory cytotoxicity of inhaled 2,3‑pentanedione in 
Sprague‑Dawley rats. American Journal of Pathology 
2012;181(3):829–44.

Hutzler C, Paschke M, Kruschinski S, Henkler F, Hahn 
J, Luch A. Chemical hazards present in liquids and 

http://uknowledge.uky.edu/cgi/viewcontent.cgi?article=1000&context=nursing_reports
http://uknowledge.uky.edu/cgi/viewcontent.cgi?article=1000&context=nursing_reports


A Report of the Surgeon General 

134  Chapter 3

vapors of electronic cigarettes. Archives of Toxicology 
2014;88(7):1295–308.

Hyland A, Travers MJ, Dresler C, Higbee C, Cummings KM. 
A 32‑country comparison of tobacco smoke derived 
particle levels in indoor public places. Tobacco Control 
2008;17(3):159–65.

Iliadou AN, Koupil I, Villamor E, Altman D, Hultman 
C, Langstrom N, Cnattingius S. Familial factors con‑
found the association between maternal smoking 
during pregnancy and young adult offspring over‑
weight. International Journal of Epidemiology 
2010;39(5):1193–202.

Inamdar AS, Croucher RE, Chokhandre MK, Mashyakhy 
MH, Marinho VC. Maternal smokeless tobacco use in 
pregnancy and adverse health outcomes in newborns: 
a systematic review. Nicotine & Tobacco Research 
2015;17(9):1058–66.

Ingebrethsen BJ, Cole SK, Alderman SL. Electronic ciga‑
rette aerosol particle size distribution measurements. 
Inhalation Toxicology 2012;24(14):976–84.

Iniguez SD, Warren BL, Parise EM, Alcantara LF, Schuh B, 
Maffeo ML, Manojlovic Z, Bolanos‑Guzman CA. Nicotine 
exposure during adolescence induces a depression‑
like state in adulthood. Neuropsychopharmacology 
2009;34(6):1609–24.

Ino T. Maternal smoking during pregnancy and off‑
spring obesity: meta‑analysis. Pediatrics International 
2010;52(1):94–9.

International Agency for Research on Cancer. Acrolein. 
IARC Monographs on the Evaluation of Carcinogenic 
Risks to Humans 1995;63:337–72.

International Agency for Research on Cancer. IARC 
Monographs on the Evaluation of Carcinogenic Risks to 
Humans, Volume 77: Some Industrial Chemicals. Lyon 
(France): World Health Organization and International 
Agency for Research on Cancer,  2000. 

International Agency for Research on Cancer. IARC 
Monographs on the Evaluation of Carcinogenic Risks 
to Humans: A Review of Human Carcinogens. Part F: 
Chemical agents and related occupations. Vol. 100F. 
Lyon (France): International Agency for Research on 
Cancer, 2009.

International Agency for Research on Cancer. IARC 
Monographs on the Evaluation of Carcinogenic 
Risks to Humans: Tobacco Smoke and Involuntary 
Smoking. Vol. 83. Lyon (France): International Agency 
for Research on Cancer, 2004.

Isensee B, Wittchen HU, Stein MB, Hofler M, Lieb R. 
Smoking increases the risk of panic: findings from a 
prospective community study. Archives of General 
Psychiatry 2003;60(7):692–700.

Jablow LM, Sexton RJ. Spontaneous electronic cigarette 
explosion: a case report. American Journal of Medical 
Case Reports 2015;3(4):93–4.

Jacob P 3rd, Yu L, Shulgin AT, Benowitz NL. Minor tobacco 
alkaloids as biomarkers for tobacco use: comparison of 
users of cigarettes, smokeless tobacco, cigars, and pipes. 
American Journal of Public Health 1999;89(5):731–6.

Jacobsen LK, Krystal JH, Mencl WE, Westerveld M, Frost 
SJ, Pugh KR. Effects of smoking and smoking absti‑
nence on cognition in adolescent tobacco smokers. 
Biological Psychiatry 2005;57(1):56–66.

Jacobsen LK, Picciotto MR, Heath CJ, Frost SJ, Tsou KA, 
Dwan RA, Jackowski MP, Constable RT, Mencl WE. 
Prenatal and adolescent exposure to tobacco smoke 
modulates the development of white matter microstruc‑
ture. Journal of Neuroscience 2007a;27(49):13491–8.

Jacobsen LK, Slotkin TA, Mencl WE, Frost SJ, Pugh KR. 
Gender‑specific effects of prenatal and adolescent expo‑
sure to tobacco smoke on auditory and visual attention. 
Neuropsychopharmacology 2007b;32(12):2453–64.

Jacobsen LK, Slotkin TA, Westerveld M, Mencl WE, Pugh 
KR. Visuospatial memory deficits emerging during nico‑
tine withdrawal in adolescents with prenatal exposure to 
active maternal smoking. Neuropsychopharmacology 
2006;31(7):1550–61.

Jacobson JT, Morehouse CR. A comparison of auditory 
brain stem response and behavioral screening in high 
risk and normal newborn infants. Ear and Hearing 
1984;5(4):247–53.

Jamal M, Does AJ, Penninx BW, Cuijpers P. Age at smoking 
onset and the onset of depression and anxiety disor‑
ders. Nicotine & Tobacco Research 2011;13(9):809–19.

Jasinska AJ, Zorick T, Brody AL, Stein EA. Dual role of 
nicotine in addiction and cognition: a review of neu‑
roimaging studies in humans. Neuropharmacology 
2014;84:111–22.

Jauniaux E, Gulbis B, Acharya G, Thiry P, Rodeck C. 
Maternal tobacco exposure and cotinine levels in fetal 
fluids in the first half of pregnancy. Obstetrics and 
Gynecology 1999;93(1):25–9.

Jayaprakasha GK, Rao LJ. Chemistry, biogenesis, and 
biological activities of Cinnamomum zeylanicum. 
Critical Reviews in Food Science and Nutrition 
2011;51(6):547–62.

Jensen RP, Luo W, Pankow JF, Strongin RM, Peyton DH. 
Hidden formaldehyde in e‑cigarette aerosols. New 
England Journal of Medicine 2015;372(4):392–4.

John U, Meyer C, Rumpf HJ, Hapke U. Self‑efficacy to 
refrain from smoking predicted by major depres‑
sion and nicotine dependence. Addictive Behaviors 
2004;29(5):857–66.



Health Effects of E-Cigarette Use Among U.S. Youth and Young Adults  135

E-Cigarette Use Among Youth and Young Adults

Kable JA, Coles CD, Lynch ME, Carroll J. The impact of 
maternal smoking on fast auditory brainstem responses. 
Neurotoxicology and Teratology 2009;31(4):216–24.

Kalkhoran S, Glantz SA. E‑cigarettes and smoking ces‑
sation in real‑world and clinical settings: a system‑
atic review and meta‑analysis. The Lancet Respiratory 
Medicine 2016;29;4(2):116–28.

Kandel D, Kandel E. The Gateway Hypothesis of substance 
abuse: developmental, biological and societal perspec‑
tives. Acta Paediatrica 2015;104(2):130–7.

Kandel DB, Hu MC, Griesler PC, Schaffran C. On the 
development of nicotine dependence in adolescence. 
Drug and Alcohol Dependence 2007;91(1):26–39.

Kandel DB, Udry JR. Prenatal effects of maternal 
smoking on daughters’ smoking: nicotine or testos‑
terone exposure? American Journal of Public Health 
1999;89(9):1377–83.

Kandel DB, Wu P, Davies M. Maternal smoking during preg‑
nancy and smoking by adolescent daughters. American 
Journal of Public Health 1994;84(9):1407–13.

Kandel DB, Yamaguchi K, Chen K. Stages of progression 
in drug involvement from adolescence to adulthood: 
further evidence for the gateway theory. Journal of 
Studies on Alcohol 1992;53(5):447–57.

Kandel ER, Kandel DB. Shattuck Lecture. A molecular 
basis for nicotine as a gateway drug. New England 
Journal of Medicine 2014;371(10):932–43.

Kardia SL, Pomerleau CS, Rozek LS, Marks JL. Association 
of parental smoking history with nicotine dependence, 
smoking rate, and psychological cofactors in adult 
smokers. Addictive Behaviors 2003;28(8):1447–52.

Katbamna B, Klutz N, Pudrith C, Lavery JP, Ide CF. 
Prenatal smoke exposure: effects on infant auditory 
system and placental gene expression. Neurotoxicology 
and Teratology 2013;38:61–71.

Kavvalakis MP, Stivaktakis PD, Tzatzarakis MN, Kouretas 
D, Liesivuori J, Alegakis AK, Vynias D, Tsatsakis AM. 
Multicomponent analysis of replacement liquids of elec‑
tronic cigarettes using chromatographic techniques. 
Journal of Analytical Toxicology 2015;39(4):262–9.

Key AP, Ferguson M, Molfese DL, Peach K, Lehman C, 
Molfese VJ. Smoking during pregnancy affects speech‑
processing ability in newborn infants. Environmental 
Health Perspectives 2007;115(4):623–9.

Khlystov A, Samburova V. Flavoring compounds dominate 
toxic aldehyde production during e‑cigarette vaping. 
Environmental Science & Technology 2016. DOI: 
10.1021/acs.est.6b05145.

Kim HJ, Shin HS. Determination of tobacco‑specific nitro‑
samines in replacement liquids of electronic cigarettes 
by liquid chromatography‑tandem mass spectrometry. 
Journal of Chromatography A 2013;1291:48–55.

King BA, Tynan MA, Dube SR, Arrazola R. Flavored‑little‑
cigar and flavored‑cigarette use among U.S. middle 
and high school students. Journal of Adolescent Health 
2014;54(1):40–6.

Kisilevsky BS, Chambers B, Parker KC, Davies GA. 
Auditory processing in growth‑restricted fetuses and 
newborns and later language development. Clinical 
Psychological Science 2014;2(4):495–513.

Kisilevsky BS, Davies GA. Auditory processing deficits in 
growth restricted fetuses affect later language develop‑
ment. Medical Hypotheses 2007;68(3):620–8.

Klein LC, Stine MM, Pfaff DW, Vandenbergh DJ. Maternal 
nicotine exposure increases nicotine preference in 
periadolescent male but not female C57B1/6J mice. 
Nicotine & Tobacco Research 2003;5(1):117–24.

Kleykamp BA, Jennings JM, Sams C, Weaver MF, Eissenberg 
T. The influence of transdermal nicotine on tobacco/nic‑
otine abstinence and the effects of a concurrently admin‑
istered cigarette in women and men. Experimental and 
Clinical Psychopharmacology 2008;16(2):99–112.

Kohlmeier KA. Nicotine during pregnancy: changes 
induced in neurotransmission, which could heighten 
proclivity to addict and induce maladaptive control of 
attention. Journal of Developmental Origins of Health 
and Disease 2015;6(3):169–81.

Korres S, Riga M, Balatsouras D, Papadakis C, Kanellos 
P, Ferekidis E. Influence of smoking on developing 
cochlea. Does smoking during pregnancy affect the 
amplitudes of transient evoked otoacoustic emis‑
sions in newborns? International Journal of Pediatric 
Otorhinolaryngology 2007;71(5):781–6.

Kosmider L, Sobczak A, Fik M, Knysak J, Zaciera M, 
Kurek J, Goniewicz ML. Carbonyl compounds in elec‑
tronic cigarette vapors: effects of nicotine solvent and 
battery output voltage. Nicotine & Tobacco Research 
2014;16(10):1319–26.

Kota D, Martin BR, Robinson SE, Damaj MI. Nicotine 
dependence and reward differ between adolescent 
and adult male mice. Journal of Pharmacology and 
Experimental Therapeutics 2007;322(1):399–407.

Kristjansson AL, Mann MJ, Sigfusdottir ID. Licit and 
illicit substance use by adolescent e‑cigarette users 
compared with conventional cigarette smokers, dual 
users, and non users. Journal of Adolescent Health 
2015;57(5):562–4.

Kristjansson EA, Fried PA, Watkinson B. Maternal smoking 
during pregnancy affects children’s vigilance perfor‑
mance. Drug and Alcohol Dependence 1989;24(1):11–9.

Krous H. Sudden Infant Death Syndrome (SIDS), Sudden 
Unexpected Death in Infancy (SUDI), and Sudden Unexplained 
Death in Childhood (SUDC). In: Collins KA, Byard RW, edi‑
tors. Forensic Pathology of Infancy and Childhood. 1st ed. 
New York: Springer‑Verlag, 2014:193–206. 



A Report of the Surgeon General 

136  Chapter 3

Kuja‑Halkola R, D’Onofrio BM, Larsson H, Lichtenstein P. 
Maternal smoking during pregnancy and adverse out‑
comes in offspring: genetic and environmental sources 
of covariance. Behavior Genetics 2014;44(5):456–67.

La Merrill MA, Cirillo PM, Krigbaum NY, Cohn BA. The 
impact of prenatal parental tobacco smoking on risk 
of diabetes mellitus in middle‑aged women. Journal 
of Developmental Origins of Health and Disease 
2015;6(3):242–9.

Lacy RT, Hord LL, Morgan AJ, Harrod SB. Intravenous ges‑
tational nicotine exposure results in increased motiva‑
tion for sucrose reward in adult rat offspring. Drug and 
Alcohol Dependence 2012;124(3):299–306.

Lacy RT, Morgan AJ, Harrod SB. IV prenatal nicotine 
exposure increases the reinforcing efficacy of meth‑
amphetamine in adult rat offspring. Drug and Alcohol 
Dependence 2014;141:92–8.

Lai S, Lai H, Page JB, McCoy CB. The association between 
cigarette smoking and drug abuse in the United States. 
Journal of Addictive Diseases 2000;19(4):11–24.

Langley K, Heron J, Smith GD, Thapar A. Maternal and 
paternal smoking during pregnancy and risk of ADHD 
symptoms in offspring: testing for intrauterine effects. 
American Journal of Epidemiology 2012;176(3):261–8.

Langley K, Rice F, van den Bree MB, Thapar A. Maternal 
smoking during pregnancy as an environmental risk 
factor for attention deficit hyperactivity disorder behav‑
iour. A review. Minerva Pediatrica 2005;57(6):359–71.

Latimer K, Wilson P, Kemp J, Thompson L, Sim F, Gillberg 
C, Puckering C, Minnis H. Disruptive behaviour disor‑
ders: a systematic review of environmental antenatal 
and early years risk factors. Child: Care, Health and 
Development 2012;38(5):611–28.

Lau D, Baldus S. Myeloperoxidase and its contributory 
role in inflammatory vascular disease. Pharmacology 
and Therapeutics 2006;111(1):16–26.

Laugesen M. Nicotine and toxicant yield ratings of elec‑
tronic cigarette brands in New Zealand. New Zealand 
Medical Journal 2015;128(1411):77–82.

Lavigne JV, Hopkins J, Gouze KR, Bryant FB, LeBailly SA, 
Binns HJ, Lavigne PM. Is smoking during pregnancy 
a risk factor for psychopathology in young children? 
A methodological caveat and report on preschoolers. 
Journal of Pediatric Psychology 2011;36(1):10–24.

Lee S, Kimm H, Yun JE, Jee SH. Public health chal‑
lenges of electronic cigarettes in South Korea. 
Journal of Preventive Medicine and Public Health 
2011;44(6):235–41.

Lee SC, Stokkeland KL, Cole JB, Bangh SA. Electronic 
cigarettes: A safe way to light up? Clinical Toxicology 
2014;52:777.

Lee YH, Gawron M, Goniewicz ML. Changes in puffing 
behavior among smokers who switched from tobacco to 
electronic cigarettes. Addictive Behaviors 2015;48:1–4.

Leech SL, Richardson GA, Goldschmidt L, Day NL. 
Prenatal substance exposure: effects on attention 
and impulsivity of 6‑year‑olds. Neurotoxicology and 
Teratology 1999;21(2):109–18.

Lejuez CW, Aklin W, Bornovalova M, Moolchan ET. 
Differences in risk‑taking propensity across inner‑
city adolescent ever‑ and never‑smokers. Nicotine & 
Tobacco Research 2005;7(1):71–9.

Lenroot RK, Giedd JN. Brain development in children 
and adolescents: insights from anatomical magnetic 
resonance imaging. Neuroscience and Biobehavioral 
Reviews 2006;30(6):718–29.

Leslie FM. Multigenerational epigenetic effects of nicotine 
on lung function. BMC Medicine 2013;11:27.

Leventhal AM, Zvolensky MJ. Anxiety, depression, and cig‑
arette smoking: a transdiagnostic vulnerability frame‑
work to understanding emotion‑smoking comorbidity. 
Psychological Bulletin 2015;141(1):176–212.

Levin ED, Lawrence S, Petro A, Horton K, Seidler FJ, 
Slotkin TA. Increased nicotine self‑administration fol‑
lowing prenatal exposure in female rats. Pharmacology, 
Biochemistry and Behavior 2006;85(3):669–74.

Levin ED, Rezvani AH, Montoya D, Rose JE, Swartzwelder 
HS. Adolescent‑onset nicotine self‑administra‑
tion modeled in female rats. Psychopharmacology 
2003;169(2):141–9.

Levin ED, Slotkin TA. Developmental neurotoxicity of 
nicotine. In: Slikker W, Chang LW, editors. Handbook 
of Developmental Neurotoxicity. New York: Academic 
Press, 1998:587–616. 

Lewinsohn PM, Rohde P, Brown RA. Level of current and 
past adolescent cigarette smoking as predictors of 
future substance use disorders in young adulthood. 
Addiction 1999;94(6):913–21.

Liang K, Poytress BS, Chen Y, Leslie FM, Weinberger NM, 
Metherate R. Neonatal nicotine exposure impairs nico‑
tinic enhancement of central auditory processing and 
auditory learning in adult rats. European Journal of 
Neuroscience 2006;24(3):857–66.

Lieb R, Schreier A, Pfister H, Wittchen HU. Maternal 
smoking and smoking in adolescents: a prospective 
community study of adolescents and their mothers. 
European Addiction Research 2003;9(3):120–30.

Lim HH, Shin HS. Measurement of aldehydes in replace‑
ment liquids of electronic cigarettes by headspace gas 
chromatography‑mass spectrometry. Bulletin of the 
Korean Chemical Society 2013;34(9):2691–6.

Lindsay GB, Rainey J. Psychosocial and pharmacologic 
explanations of nicotine’s “gateway drug” function. 
Journal of School Health 1997;67(4):123–6.



Health Effects of E-Cigarette Use Among U.S. Youth and Young Adults  137

E-Cigarette Use Among Youth and Young Adults

Linnet KM, Dalsgaard S, Obel C, Wisborg K, Henriksen 
TB, Rodriguez A, Kotimaa A, Moilanen I, Thomsen PH, 
Olsen J, et  al. Maternal lifestyle factors in pregnancy 
risk of attention deficit hyperactivity disorder and 
associated behaviors: review of the current evidence. 
American Journal of Psychiatry 2003;160(6):1028–40.

Lisko JG, Tran H, Stanfill SB, Blount BC, Watson CH. 
Chemical composition and evaluation of nicotine, tobacco 
alkaloids, pH, and selected flavors in e‑cigarette car‑
tridges and refill solutions. Nicotine & Tobacco Research 
2015;17(10):1270–8.

Lopez AA, Hiler MM, Soule EK, Ramôa CP, Karaoghlanian 
NV, Lipato T, Breland AB, Shihadeh AL, Eissenberg 
T. Effects of electronic cigarette liquid nicotine con‑
centration on plasma nicotine and puff topography 
in tobacco cigarette smokers: A preliminary report. 
Nicotine & Tobacco Research 2016;18(5):720–3.

Lotfipour S, Ferguson E, Leonard G, Perron M, Pike B, 
Richer L, Seguin JR, Toro R, Veillette S, Pausova Z, 
et al. Orbitofrontal cortex and drug use during adoles‑
cence: role of prenatal exposure to maternal smoking 
and BDNF genotype. Archives of General Psychiatry 
2009;66(11):1244–52.

Lotfipour S, Leonard G, Perron M, Pike B, Richer L, 
Seguin JR, Toro R, Veillette S, Pausova Z, Paus T. 
Prenatal exposure to maternal cigarette smoking inter‑
acts with a polymorphism in the alpha6 nicotinic ace‑
tylcholine receptor gene to influence drug use and 
striatum volume in adolescence. Molecular Psychiatry 
2010;15(1):6–8.

Luck W, Nau H, Hansen R, Steldinger R. Extent of nico‑
tine and cotinine transfer to the human fetus, placenta 
and amniotic fluid of smoking mothers. Developmental 
Pharmacology and Therapeutics 1985;8(6):384–95.

Lydon DM, Wilson SJ, Child A, Geier CF. Adolescent brain 
maturation and smoking: what we know and where 
we’re headed. Neuroscience and Biobehavioral Reviews 
2014;45:323–42.

Manigrasso M, Buonanno G, Fuoco FC, Stabile L, Avino 
P. Aerosol deposition doses in the human respiratory 
tree of electronic cigarette smokers. Environmental 
Pollution 2015;196:257–67.

Mao J, Liu J, Pang X, Li M, Song J, Han C, Wu D, Wang S. 
Nicotine induces the expression of C‑reactive protein 
via MAPK‑dependent signal pathway in U937 macro‑
phages. Molecules and Cells 2012;34(5):457–61.

Marini S, Buonanno G, Stabile L, Ficco G. Short‑term 
effects of electronic and tobacco cigarettes on exhaled 
nitric oxide. Toxicology and Applied Pharmacology 
2014;278(1):9–15.

Mark KS, Farquhar B, Chisolm MS, Coleman‑Cowger 
VH, Terplan M. Knowledge, attitudes, and practice 

of electronic cigarette use among pregnant women. 
Journal of Addiction Medicine 2015;9(4):266–72.

Marsot A, Simon N. Nicotine and cotinine levels with 
electronic cigarette a review. International Journal of 
Toxicology 2016;35(2):179–85.

Massey SH, Reiss D, Neiderhiser JM, Leve LD, Shaw 
DS, Ganiban JM. Maternal personality traits associ‑
ated with patterns of prenatal smoking and exposure: 
implications for etiologic and prevention research. 
Neurotoxicology and Teratology 2016;53:48–54.

Matt GE, Quintana PJ, Destaillats H, Gundel LA, Sleiman 
M, Singer BC, Jacob P, Benowitz N, Winickoff JP, 
Rehan V, et  al. Thirdhand tobacco smoke: emerging 
evidence and arguments for a multidisciplinary 
research agenda. Environmental Health Perspectives 
2011;119(9):1218–26.

Mayer B. How much nicotine kills a human? Tracing 
back the generally accepted lethal dose to dubious self‑
experiments in the nineteenth century. Archives of 
Toxicology 2014;88(1):5–7.

McAuley TR, Hopke PK, Zhao J, Babaian S. Comparison 
of the effects of e‑cigarette vapor and cigarette 
smoke on indoor air quality. Inhalation Toxicology 
2012;24(12):850–7.

McCartney JS, Fried PA, Watkinson B. Central auditory 
processing in school‑age children prenatally exposed 
to cigarette smoke. Neurotoxicology and Teratology 
1994;16(3):269–76.

McCrory C, Layte R. Prenatal exposure to maternal 
smoking and childhood behavioural problems: a quasi‑
experimental approach. Journal of Abnormal Child 
Psychology 2012;40(8):1277–88.

McNair LF, Kohlmeier KA. Prenatal nicotine is associated 
with reduced AMPA and NMDA receptor‑mediated rises 
in calcium within the laterodorsal tegmentum: a pon‑
tine nucleus involved in addiction processes. Journal 
of Developmental Origins of Health and Disease 
2015;6(3):225–41.

McQuown SC, Belluzzi JD, Leslie FM. Low dose nicotine 
treatment during early adolescence increases subse‑
quent cocaine reward. Neurotoxicology and Teratology 
2007;29(1):66–73.

Mikheev VB, Brinkman MC, Granville CA, Gordon, SM, 
Clark PI. Real‑time measurement of electronic cigarette 
aerosol size distribution and metals content analysis. 
Nicotine & Tobacco Research 2016;18(9):1895–1902.

Mills KL, Tamnes CK. Methods and considerations for 
longitudinal structural brain imaging analysis across 
development. Developmental Cognitive Neuroscience 
2014;9:172–90.

Mojica CY, Dao JM, Yuan M, Loughlin SE, Leslie FM. Nicotine 
modulation of adolescent dopamine receptor signaling 



A Report of the Surgeon General 

138  Chapter 3

and hypothalamic peptide response. Neuropharmacology 
2014;77:285–93.

Moore D, Aveyard P, Connock M, Wang D, Fry‑Smith A, 
Barton P. Effectiveness and safety of nicotine replace‑
ment therapy assisted reduction to stop smoking: sys‑
tematic review and meta‑analysis. BMJ 2009;338:b1024.

Moretto N, Volpi G, Pastore F, Facchinetti F. Acrolein 
effects in pulmonary cells: relevance to chronic 
obstructive pulmonary disease. Annals of the New York 
Academy of Sciences 2012;1259:39–46.

Morgan AJ, Harrod SB, Lacy RT, Stanley EM, Fadel JR. 
Intravenous prenatal nicotine exposure increases orexin 
expression in the lateral hypothalamus and orexin inner‑
vation of the ventral tegmental area in adult male rats. 
Drug and Alcohol Dependence 2013;132(3):562–70.

Morris CD, May MG, Devine K, Smith S, DeHay T, 
Mahalik J. Multiple perspectives on tobacco use among 
youth with mental health disorders and addictions. 
American Journal of Health Promotion 2011;25(5 
Suppl):S31–S37.

Mourtakos SP, Tambalis KD, Panagiotakos DB, 
Antonogeorgos G, Arnaoutis G, Karteroliotis K, 
Sidossis LS. Maternal lifestyle characteristics during 
pregnancy, and the risk of obesity in the offspring: a 
study of 5,125 children. BMC Pregnancy and Childbirth 
2015;15(1):66.

Moylan S, Jacka FN, Pasco JA, Berk M. Cigarette smoking, 
nicotine dependence and anxiety disorders: a sys‑
tematic review of population‑based, epidemiological 
studies. BMC Medicine 2012;10:123.

Moylan S, Jacka FN, Pasco JA, Berk M. How cigarette 
smoking may increase the risk of anxiety symptoms 
and anxiety disorders: a critical review of biological 
pathways. Brain Behavior 2013;3(3):302–26.

Muller KU, Mennigen E, Ripke S, Banaschewski T, Barker 
GJ, Buchel C, Conrod P, Fauth‑Buhler M, Flor H, 
Garavan H, et  al. Altered reward processing in ado‑
lescents with prenatal exposure to maternal cigarette 
smoking. JAMA Psychiatry 2013;70(8):847–56.

Munafo MR, Araya R. Cigarette smoking and depression: 
a question of causation. British Journal of Psychiatry 
2010;196(6):425–6.

Munafo MR, Wileyto EP, Murphy MF, Collins BN. Maternal 
smoking during late pregnancy and offspring smoking 
behaviour. Addictive Behaviors 2006;31(9):1670–82.

Munakata M. Exhaled nitric oxide (FeNO) as a non‑
invasive marker of airway inflammation. Allergology 
International 2012;61(3):365–72.

Muneoka K, Nakatsu T, Fuji J, Ogawa T, Takigawa M. 
Prenatal administration of nicotine results in dopami‑
nergic alterations in the neocortex. Neurotoxicology 
and Teratology 1999;21(5):603–9.

Musso F, Bettermann F, Vucurevic G, Stoeter P, Konrad 
A, Winterer G. Smoking impacts on prefrontal atten‑
tional network function in young adult brains. 
Psychopharmacology 2007;191(1):159–69.

Mychasiuk R, Muhammad A, Gibb R, Kolb B. Long‑term 
alterations to dendritic morphology and spine density 
associated with prenatal exposure to nicotine. Brain 
Research 2013;1499:53–60.

Nagle AA, Gan FF, Jones G, So CL, Wells G, Chew EH. 
Induction of tumor cell death through targeting 
tubulin and evoking dysregulation of cell cycle regu‑
latory proteins by multifunctional cinnamaldehydes. 
PloS One 2012;7(11):e50125.

Natarajan R, Wright JW, Harding JW. Nicotine‑
induced conditioned place preference in adolescent 
rats. Pharmacology, Biochemistry and Behavior 
2011;99(3):519–23.

Natividad LA, Torres OV, Friedman TC, O’Dell LE. 
Adolescence is a period of development characterized 
by short‑ and long‑term vulnerability to the rewarding 
effects of nicotine and reduced sensitivity to the ano‑
rectic effects of this drug. Behavioural Brain Research 
2013;257:275–85.

Navarro HA, Seidler FJ, Whitmore WL, Slotkin TA. Prenatal 
exposure to nicotine via maternal infusions: effects 
on development of catecholamine systems. Journal 
of Pharmacology and Experimental Therapeutics 
1988;244(3):940–4.

Nelson EE, Leibenluft E, McClure EB, Pine DS. The social 
re‑orientation of adolescence: a neuroscience perspec‑
tive on the process and its relation to psychopathology. 
Psychological Medicine 2005;35(2):163–74.

Newman MB, Shytle RD, Sanberg PR. Locomotor behav‑
ioral effects of prenatal and postnatal nicotine expo‑
sure in rat offspring. Behavioural Pharmacology 
1999;10(6–7):699–706.

Nides MA, Leischow SJ, Bhatter M, Simmons M. Nicotine 
blood levels and short‑term smoking reduction with an 
electronic nicotine delivery system. American Journal 
of Health Behavior 2014;38(2):265–74.

Nomura Y, Gilman SE, Buka SL. Maternal smoking during 
pregnancy and risk of alcohol use disorders among 
adult offspring. Journal of Studies on Alcohol and 
Drugs 2011;72(2):199–209.

Norton KJ, June KM, O’Connor RJ. Initial puffing behav‑
iors and subjective responses differ between an 
electronic nicotine delivery system and traditional cig‑
arettes. Tobacco Induced Diseases 2014;12(1):17.

Nostro A, Scaffaro R, D’Arrigo M, Botta L, Filocamo A, 
Marino A, Bisignano G. Study on carvacrol and cin‑
namaldehyde polymeric films: mechanical proper‑
ties, release kinetics and antibacterial and antibiofilm 



Health Effects of E-Cigarette Use Among U.S. Youth and Young Adults  139

E-Cigarette Use Among Youth and Young Adults

activities. Applied Microbiology and Biotechnology 
2012;96(4):1029–38.

O’Brien TC, Mustanski BS, Skol A, Cook EH Jr, Wakschlag 
LS. Do dopamine gene variants and prenatal smoking 
interactively predict youth externalizing behavior? 
Neurotoxicology and Teratology 2013;40:67–73.

O’Callaghan FV, Al Mamun A, O’Callaghan M, Alati R, 
Najman JM, Williams GM, Bor W. Maternal smoking 
during pregnancy predicts nicotine disorder (depen‑
dence or withdrawal) in young adults—a birth cohort 
study. Australian and New Zealand Journal of Public 
Health 2009;33(4):371–7.

O’Connell G, Colard S, Cahours X, Pritchard JD. An 
assessment of indoor air quality before, during and 
after unrestricted use of e‑cigarettes in a small room. 
International Journal of Environmental Research and 
Public Health 2015;12(5):4889–907.

O’Dell LE, Bruijnzeel AW, Smith RT, Parsons LH, Merves 
ML, Goldberger BA, Richardson HN, Koob GF, 
Markou A. Diminished nicotine withdrawal in adoles‑
cent rats: implications for vulnerability to addiction. 
Psychopharmacology 2006;186(4):612–9.

O’Loughlin J, DiFranza J, Tyndale RF, Meshefedjian G, 
McMillan‑Davey E, Clarke PB, Hanley J, Paradis G. 
Nicotine‑dependence symptoms are associated with 
smoking frequency in adolescents. American Journal 
of Preventive Medicine 2003;25(3):219–25.

O’Loughlin J, Dugas EN, Brunet J, DiFranza J, Engert JC, 
Gervais A, Gray‑Donald K, Karp I, Low NC, Sabiston C, 
et al. Cohort profile: the Nicotine Dependence in Teens 
(NDIT) study. International Journal of Epidemiology 
2015;44(5):1537–46.

Offermann FJ. Chemical emissions from e‑cigarettes: 
direct and indirect (passive) exposures. Building and 
Environment 2015;93(Part 1):101–5.

Oh JA, Shin HS. Identification and quantification of sev‑
eral contaminated compounds in replacement liquids 
of electronic cigarettes by gas chromatography‑mass 
spectrometry. Journal of Chromatographic Science 
2015;53(6):841–8.

Ohta K, Uchiyama S, Inaba Y, Nakagome H, Kunugita 
N. Determination of carbonyl compounds generated 
from the electronic cigarette using coupled silica car‑
tridges impregnated with hydroquinone and 2,4‑dini‑
trophenylhydrazine. Bunseki Kagaku 2011;60:791–7.

Oken E, Levitan EB, Gillman MW. Maternal smoking 
during pregnancy and child overweight: systematic 
review and meta‑analysis. International Journal of 
Obesity 2008;32(2):201–10.

Oncken C, McKee S, Krishnan‑Sarin S, O’Malley S, Mazure 
C. Gender effects of reported in utero tobacco expo‑
sure on smoking initiation, progression and nicotine 

dependence in adult offspring. Nicotine & Tobacco 
Research 2004;6(5):829–33.

Oncken CA, Litt MD, McLaughlin LD, Burki NA. Nicotine 
concentrations with electronic cigarette use: effects 
of sex and flavor. Nicotine & Tobacco Research 
2015;17(4):473–8.

Osterman MJ, Martin JA, Curtin SC, Matthews TJ, Wilson 
EC, Kirmeyer S. Newly released data from the revised 
U.S. birth certificate, 2011. National Vital Statistics 
Reports 2013;62(4):1–22.

Park YS, Taniguchi N. Acrolein induces inflammatory 
response underlying endothelial dysfunction: a risk 
factor for atherosclerosis. Annals of the New York 
Academy of Sciences 2008;1126:185–9.

Pauly JR, Sparks JA, Hauser KF, Pauly TH. In utero nicotine 
exposure causes persistent, gender‑dependant changes 
in locomotor activity and sensitivity to nicotine in 
C57Bl/6 mice. International Journal of Developmental 
Neuroscience 2004;22(5–6):329–37.

Paus T, Nawazkhan I, Leonard G, Perron M, Pike GB, Pitiot 
A, Richer L, Veillette S, Pausova Z. Corpus callosum in 
adolescent offspring exposed prenatally to maternal 
cigarette smoking. Neuroimage 2008;40(2):435–41.

Paus T, Pausova Z. Prenatal exposure to maternal ciga‑
rette smoking, addiction, and the offspring brain. In: 
Feldstein Ewing SW, Witkiewitz K, Filbey FM, editors. 
Neuroimaging and Psychosocial Addiction Treatment: 
An Integrative Guide for Researchers and Clinicians. 
UK: Palgrave Macmillan, 2015:212–30.

Peace MR, Baird TR, Smith N, Wolf CE, Poklis JL, Poklis 
A. Concentration of nicotine and glycols in 27 elec‑
tronic cigarette formulations. Journal of Analytical 
Toxicology 2016;40(6):403–7.

Peck JD, Neas B, Robledo C, Saffer E, Beebe L, Wild RA. 
Intrauterine tobacco exposure may alter auditory 
brainstem responses in newborns. Acta Obstetricia et 
Gynecologica Scandinavica 2010;89(4):592–6.

Pentel PR, Keyler DE, Chen Y, LeSage MG, Dufek MB, Le 
C, Leslie FM. Vaccination against nicotine does not 
prevent nicotine‑induced changes in fetal nicotinic 
receptor binding and c‑fos mRNA expression in rats. 
Neurotoxicology and Teratology 2006;28(5):589–96.

Peto R, Lopez AD, Boreham J, Thun M, Heath C Jr. 
Mortality from Smoking in Developed Countries, 
1950–2000: Indirect Estimates from National Vital 
Statistics. Oxford (UK): Oxford University Press, 1994.

Pickens LR, Rowan JD, Bevins RA, Fountain SB. Sex dif‑
ferences in adult cognitive deficits after adolescent nic‑
otine exposure in rats. Neurotoxicology and Teratology 
2013;38:72–8.

Pipkin JA, Kaplan GJ, Plant CP, Eaton SE, Gil SM, Zavala 
AR, Crawford CA. Nicotine exposure beginning in ado‑
lescence enhances the acquisition of methamphetamine 



A Report of the Surgeon General 

140  Chapter 3

self‑administration, but not methamphetamine‑
primed reinstatement in male rats. Drug and Alcohol 
Dependence 2014;142:341–4.

Poon K, Leibowitz SF. Consumption of substances of 
abuse during pregnancy increases consumption in off‑
spring: possible underlying mechanisms. Frontiers in 
Nutrition 2016;3:11.

Poorthuis RB, Mansvelder HD. Nicotinic acetylcholine 
receptors controlling attention: behavior, circuits 
and sensitivity to disruption by nicotine. Biochemical 
Pharmacology 2013;86(8):1089–98.

Porath AJ, Fried PA. Effects of prenatal cigarette and 
marijuana exposure on drug use among offspring. 
Neurotoxicology and Teratology 2005;27(2):267–77.

Portugal GS, Wilkinson DS, Turner JR, Blendy JA, 
Gould TJ. Developmental effects of acute, chronic, 
and withdrawal from chronic nicotine on fear con‑
ditioning. Neurobiology of Learning and Memory 
2012;97(4):482–94.

Powell GL, Gaddy J, Xu F, Fregosi RF, Levine RB. 
Developmental Nicotine Exposure disrupts dendritic 
arborization patterns of hypoglossal motoneurons in 
the neonatal rat. Developmental Neurobiology 2016.

Protano C, Vitali M. The new danger of thirdhand 
smoke: why passive smoking does not stop at sec‑
ondhand smoke. Environmental Health Perspectives 
2011;119(10):A422.

Proulx E, Piva M, Tian MK, Bailey CD, Lambe EK. Nicotinic 
acetylcholine receptors in attention circuitry: the role 
of layer VI neurons of prefrontal cortex. Cellular and 
Molecular Life Sciences 2014;71(7):1225–44.

Quaranta L, Sabatelli M, Madia F, Lippi G, Conte A, Gazzetta 
F, Tonali P. Expanding the nosology of hypermelinating 
neuropathies: description of two new entities. Journal 
of the Peripheral Nervous System 2002;7(1):82–3.

Ramôa CP, Hiler MM, Spindle TR, Lopez AA, Karaoghlanian 
N, Lipato T, Breland AB, Shihadeh A, Eissenberg T. 
Electronic cigarette nicotine delivery can exceed that of 
combustible cigarettes: a preliminary report. Tobacco 
Control 2016;25(e1):e6–e9.

Renne RA, Wehner AP, Greenspan BJ, Deford HS, Ragan 
HA, Westerberg RB, Buschbom RL, Burger GT, Hayes 
AW, Suber RL, et  al. 2‑week and 13‑week inhalation 
studies of aerosolized glycerol in rats. Inhalation 
Toxicology 1992;4(2):95–111.

Richardson HL, Walker AM, Horne RS. Maternal smoking 
impairs arousal patterns in sleeping infants. Sleep 
2009;32(4):515–21.

Richardson SA, Tizabi Y. Hyperactivity in the offspring 
of nicotine‑treated rats: role of the mesolimbic and 
nigrostriatal dopaminergic pathways. Pharmacology, 
Biochemistry and Behavior 1994;47(2):331–7.

Roberts KH, Munafo MR, Rodriguez D, Drury M, Murphy 
MF, Neale RE, Nettle D. Longitudinal analysis of the 
effect of prenatal nicotine exposure on subsequent 
smoking behavior of offspring. Nicotine & Tobacco 
Research 2005;7(5):801–8.

Roberts SM, James RC, Williams PL, editors. Principles 
of Toxicology: Environmental and Industrial 
Applications. 3rd ed. Hoboken (NJ): Wiley, 2015.

Robertson OH, Loosli CG, et  al. Tests for the chronic 
toxicity of propylene glycol and triethylene glycol on 
monkeys and rats by vapor inhalation and oral admin‑
istration. Journal of Pharmacology and Experimental 
Therapeutics 1947;91(1):52–76.

Rose JS, Dierker LC, Donny E. Nicotine dependence symp‑
toms among recent onset adolescent smokers. Drug 
and Alcohol Dependence 2010;106(2‑3):126–32.

Rosenberg J, Benowitz NL, Jacob P, Wilson KM. Disposition 
kinetics and effects of intravenous nicotine. Clinical 
Pharmacology and Therapeutics 1980;28(4):517–22.

Rothman KJ, Greenland S, Lash TL. Modern Epidemiology. 
3rd ed. Philadelphia: Wolters Kluwer Health/Lippincott 
Williams & Wilkins, 2008.

Rubinstein ML, Luks TL, Moscicki AB, Dryden W, Rait 
MA, Simpson GV. Smoking‑related cue‑induced brain 
activation in adolescent light smokers. Journal of 
Adolescent Health 2011;48(1):7–12.

Ruprecht AA, De Marco C, Pozzi P, Munarini E, Mazza R, 
Angellotti G, Turla F, Boffi R. Comparison between par‑
ticulate matter and ultrafine particle emission by elec‑
tronic and normal cigarettes in real‑life conditions. 
Tumori 2014;100(1):e24–e27.

Rydell M, Cnattingius S, Granath F, Magnusson C, Galanti 
MR. Prenatal exposure to tobacco and future nicotine 
dependence: population‑based cohort study. British 
Journal of Psychiatry 2012;200(3):202–9.

Rydell M, Granath F, Cnattingius S, Magnusson C, 
Galanti MR. In‑utero exposure to maternal smoking 
is not linked to tobacco use in adulthood after con‑
trolling for genetic and family influences: a Swedish 
sibling study. European Journal of Epidemiology 
2014;29(7):499–506.

Saffari A, Daher N, Ruprecht A, De Marco C, Pozzi P, Boffi 
R, Hamad SH, Shafer MM, Schauer JJ, Westerdahl 
D, et  al. Particulate metals and organic compounds 
from electronic and tobacco‑containing cigarettes: 
comparison of emission rates and secondhand expo‑
sure. Environmental Science: Processes & Impacts 
2014;16(10):2259–67.

Santanam N, Thornhill BA, Lau JK, Crabtree CM, Cook 
CR, Brown KC, Dasgupta P. Nicotinic acetylcholine 
receptor signaling in atherogenesis. Atherosclerosis 
2012;225(2):264–73.



Health Effects of E-Cigarette Use Among U.S. Youth and Young Adults  141

E-Cigarette Use Among Youth and Young Adults

Schneider S, Diehl K. Vaping as a catalyst for smoking? 
An initial model on the initiation of electronic cig‑
arette use and the transition to tobacco smoking 
among adolescents. Nicotine & Tobacco Research 
2016;18(5):647–53.

Schneider T, Bizarro L, Asherson PJ, Stolerman IP. 
Hyperactivity, increased nicotine consumption and 
impaired performance in the five‑choice serial reaction 
time task in adolescent rats prenatally exposed to nico‑
tine. Psychopharmacology 2012;223(4):401–15.

Schober W, Szendrei K, Matzen W, Osiander‑Fuchs H, 
Heitmann D, Schettgen T, Jorres RA, Fromme H. Use 
of electronic cigarettes (e‑cigarettes) impairs indoor 
air quality and increases FeNO levels of e‑cigarette 
consumers. International Journal of Hygiene and 
Environmental Health 2014;217(6):628–37.

Schochet TL, Kelley AE, Landry CF. Differential expression 
of arc mRNA and other plasticity‑related genes induced 
by nicotine in adolescent rat forebrain. Neuroscience 
2005;135(1):285–97.

Schripp T, Markewitz D, Uhde E, Salthammer T. Does 
e‑cigarette consumption cause passive vaping? Indoor 
Air 2013;23(1):25–31.

Seidenberg AB, Jo CL, Ribisl KM. Differences in the design 
and sale of e‑cigarettes by cigarette manufacturers 
and non‑cigarette manufacturers in the USA. Tobacco 
Control 2016;25(e1):e3–e5.

Selya AS, Wakschlag LS, Dierker LC, Rose JS, Hedeker D, 
Mermelstein RJ. Exploring alternate processes contrib‑
uting to the association between maternal smoking and 
the smoking behavior among young adult offspring. 
Nicotine & Tobacco Research 2013;15(11):1873–82.

Shastry S, Langdorf MI. Electronic vapor cigarette battery 
explosion causing shotgun‑like superficial wounds and 
contusion. Western Journal of Emergency Medicine 
2016;17(2):177.

Shawn L, Nelson LS. Smoking cessation can be toxic to 
your health. Emergency Medicine 2013;45(1):7–9, 19.

Shenassa ED, Papandonatos GD, Rogers ML, Buka SL. 
Elevated risk of nicotine dependence among sib‑
pairs discordant for maternal smoking during preg‑
nancy: evidence from a 40‑year longitudinal study. 
Epidemiology 2015;26(3):441–7.

Shi R, Rickett T, Sun W. Acrolein‑mediated injury in ner‑
vous system trauma and diseases. Molecular Nutrition 
& Food Research 2011;55(9):1320–31.

Shihadeh A, Eissenberg T. Electronic cigarette effec‑
tiveness and abuse liability: predicting and regu‑
lating nicotine flux. Nicotine & Tobacco Research 
2015;17(2):158–62.

Shihadeh AL, Eissenberg TE. Significance of smoking 
machine toxicant yields to blood‑level exposure in 

water pipe tobacco smokers. Cancer Epidemiology, 
Biomarkers and Prevention 2011;20(11):2457–60.

Shram MJ, Funk D, Li Z, Le AD. Periadolescent and adult 
rats respond differently in tests measuring the rewarding 
and aversive effects of nicotine. Psychopharmacology 
2006;186(2):201–8.

Shram MJ, Funk D, Li Z, Le AD. Acute nicotine enhances 
c‑fos mRNA expression differentially in reward‑
related substrates of adolescent and adult rat brain. 
Neuroscience Letters 2007;418(3):286–91.

Singer BC, Hodgson AT, Guevarra KS, Hawley EL, Nazaroff 
WW. Gas‑phase organics in environmental tobacco 
smoke. 1. Effects of smoking rate, ventilation, and 
furnishing level on emission factors. Environmental 
Science & Technology 2002;36(5):846–53.

Singer BC, Hodgson AT, Nazaroff WW. Gas‑phase organics 
in environmental tobacco smoke: 2. Exposure‑
relevant emission factors and indirect exposures 
from habitual smoking. Atmospheric Environment 
2003;37(39–40):5551–61.

Slawecki CJ, Gilder A, Roth J, Ehlers CL. Increased anx‑
iety‑like behavior in adult rats exposed to nicotine 
as adolescents. Pharmacology, Biochemistry and 
Behavior 2003;75(2):355–61.

Sleiman M, Logue JM, Montesinos VN, Russell ML, Litter 
MI, Gundel LA, Destaillats H. Emissions from elec‑
tronic cigarettes: key parameters affecting the release 
of harmful chemicals. Environmental Science & 
Technology 2016;50(17):9644–51.

Slotkin TA. Fetal nicotine or cocaine exposure: which one 
is worse? Journal of Pharmacology and Experimental 
Therapeutics 1998;285(3):931–45.

Slotkin TA, Lappi SE, McCook EC, Lorber BA, Seidler FJ. 
Loss of neonatal hypoxia tolerance after prenatal nic‑
otine exposure: implications for sudden infant death 
syndrome. Brain Research Bulletin 1995;38(1):69–75.

Slotkin TA, Seidler FJ. Nicotine exposure in adoles‑
cence alters the response of serotonin systems to 
nicotine administered subsequently in adulthood. 
Developmental Neuroscience 2009;31(1‑2):58–70.

Slotkin TA, Skavicus S, Card J, Stadler A, Levin ED, Seidler 
FJ. Developmental neurotoxicity of tobacco smoke 
directed toward cholinergic and serotonergic sys‑
tems: more than just nicotine. Toxicological Sciences 
2015;147(1):178–89.

Slotkin TA, Tate CA, Cousins MM, Seidler FJ. Prenatal 
nicotine exposure alters the responses to subse‑
quent nicotine administration and withdrawal in 
adolescence: Serotonin receptors and cell signaling. 
Neuropsychopharmacology 2006;31(11):2462–75.

Smith LN, McDonald CG, Bergstrom HC, Brielmaier JM, 
Eppolito AK, Wheeler TL, Falco AM, Smith RF. Long‑
term changes in fear conditioning and anxiety‑like 



A Report of the Surgeon General 

142  Chapter 3

behavior following nicotine exposure in adult versus 
adolescent rats. Pharmacology, Biochemistry and 
Behavior 2006;85(1):91–7.

Smith RF, McDonald CG, Bergstrom HC, Ehlinger DG, 
Brielmaier JM. Adolescent nicotine induces per‑
sisting changes in development of neural connec‑
tivity. Neuroscience and Biobehavioral Reviews 
2015;55:432–43.

Sokolov BP. Oligodendroglial abnormalities in schizo‑
phrenia, mood disorders and substance abuse. 
Comorbidity, shared traits, or molecular phenocopies? 
International Journal of Neuropsychopharmacology 
2007;10(4):547–55.

Somerville LH, Casey BJ. Developmental neurobiology of 
cognitive control and motivational systems. Current 
Opinion in Neurobiology 2010;20(2):236–41.

Sorenson CA, Raskin LA, Suh Y. The effects of pre‑
natal nicotine on radial‑arm maze performance in 
rats. Pharmacology, Biochemistry and Behavior 
1991;40(4):991–3.

Spear LP. The adolescent brain and age‑related behav‑
ioral manifestations. Neuroscience and Biobehavioral 
Reviews 2000;24(4):417–63.

Spear LP. The Behavioral Neuroscience of Adolescence. 
New York: W.W. Norton, 2010.

Spear LP. Rewards, aversions and affect in adolescence: 
emerging convergences across laboratory animal and 
human data. Developmental Cognitive Neuroscience 
2011;1(4):392–400.

Spindle TR, Breland AB, Karaoghlanian NV, Shihadeh AL, 
Eissenberg T. Preliminary results of an examination of 
electronic cigarette user puff topography: the effect of 
a mouthpiece‑based topography measurement device 
on plasma nicotine and subjective effects. Nicotine & 
Tobacco Research 2015;17(2):142–9.

Spindel ER, McEvoy CT. The Role of Nicotine in the 
Effects of Maternal Smoking during Pregnancy on 
Lung Development and Childhood Respiratory Disease. 
Implications for Dangers of E‑Cigarettes. American 
Journal of Respiratory and Critical Care Medicine 
2016;193(5):486–94.

St. Helen G, Havel C, Dempsey D, Jacob P 3rd, Benowitz 
NL. Nicotine delivery, retention, and pharmacoki‑
netics from various electronic cigarettes. Addiction 
2016;111(3):535–44.

Steinberg L. A social neuroscience perspective on 
adolescent risk‑taking. Developmental Review 
2008;28(1):78–106.

Stevens HE, Vaccarino FM. How animal models inform 
child and adolescent psychiatry. Journal of the 
American Academy of Child and Adolescent Psychiatry 
2015;54(5):352–9.

Stroud LR, Papandonatos GD, Shenassa E, Rodriguez D, 
Niaura R, LeWinn KZ, Lipsitt LP, Buka SL. Prenatal glu‑
cocorticoids and maternal smoking during pregnancy 
independently program adult nicotine dependence 
in daughters: a 40‑year prospective study. Biological 
Psychiatry 2014;75(1):47–55.

Suter MA, Mastrobattista J, Sachs M, Aagaard K. Is there 
evidence for potential harm of electronic cigarette use 
in pregnancy? Birth Defects Research Part A: Clinical 
and Molecular Teratology 2015;103(3):186–95.

Talih S, Balhas Z, Eissenberg T, Salman R, Karaoghlanian 
N, El Hellani A, Baalbaki R, Saliba N, Shihadeh A. 
Effects of user puff topography, device voltage, and 
liquid nicotine concentration on electronic cigarette 
nicotine yield: measurements and model predictions. 
Nicotine & Tobacco Research 2015;17(2):150–7.

Talih S, Balhas Z, Salman R, Karaoghlanian N, 
Shihadeh A. “Direct dripping”: a high‑temperature, 
high‑formaldehyde emission electronic cigarette use 
method. Nicotine & Tobacco Research 2016;18(4):453–9.

Tang MS, Wang HT, Hu Y, Chen WS, Akao M, Feng Z, 
Hu W. Acrolein induced DNA damage, mutagenicity 
and effect on DNA repair. Molecular Nutrition & Food 
Research 2011;55(9):1291–300.

Task Force on Sudden Infant Death Syndrome, Moon RY. 
SIDS and other sleep‑related infant deaths: expansion 
of recommendations for a safe infant sleeping environ‑
ment. Pediatrics 2011;128(5):1030–9.

Taylor AE, Howe LD, Heron JE, Ware JJ, Hickman M, 
Munafo MR. Maternal smoking during pregnancy 
and offspring smoking initiation: assessing the role of 
intrauterine exposure. Addiction 2014;109(6):1013–21.

Taylor DR, Pijnenburg MW, Smith AD, De Jongste JC. 
Exhaled nitric oxide measurements: clinical applica‑
tion and interpretation. Thorax 2006;61(9):817–27.

Tehranifar P, Liao Y, Ferris JS, Terry MB. Life course socio‑
economic conditions, passive tobacco exposures and 
cigarette smoking in a multiethnic birth cohort of U.S. 
women. Cancer Causes and Control 2009;20(6):867–76.

Thapar A, Rice F, Hay D, Boivin J, Langley K, van den 
Bree M, Rutter M, Harold G. Prenatal smoking might 
not cause attention‑deficit/hyperactivity disorder: evi‑
dence from a novel design. Biological Psychiatry 
2009;66(8):722–7.

Tierney PA, Karpinski CD, Brown JE, Luo W, Pankow 
JF. Flavour chemicals in electronic cigarette fluids. 
Tobacco Control 2016;25(e1):e10–e15.

Tjora T, Hetland J, Aaro LE, Wold B, Wiium N, Overland 
S. The association between smoking and depres‑
sion from adolescence to adulthood. Addiction 
2014;109(6):1022–30.

Tong VT, Dietz PM, Morrow B, D’Angelo DV, Farr SL, 
Rockhill KM, England LJ, Centers for Disease Control 



Health Effects of E-Cigarette Use Among U.S. Youth and Young Adults  143

E-Cigarette Use Among Youth and Young Adults

and Prevention. Trends in smoking before, during, 
and after pregnancy—Pregnancy Risk Assessment 
Monitoring System, United States, 40 sites, 2000–2010. 
Morbidity and Mortality Weekly Report: Surveillance 
Summaries 2013;62(6):1–19.

Toro R, Leonard G, Lerner JV, Lerner RM, Perron M, Pike 
GB, Richer L, Veillette S, Pausova Z, Paus T. Prenatal 
exposure to maternal cigarette smoking and the ado‑
lescent cerebral cortex. Neuropsychopharmacology 
2008;33(5):1019–27.

Torres OV, Tejeda HA, Natividad LA, O’Dell LE. Enhanced 
vulnerability to the rewarding effects of nicotine during 
the adolescent period of development. Pharmacology, 
Biochemistry and Behavior 2008;90(4):658–63.

Trehy ML, Ye W, Hadwiger ME, Moore TW, Allgire JF, 
Woodruff JT, Ahadi SS, Black JC, Westenberger BJ. 
Analysis of electronic cigarette cartridges, refill solu‑
tions, and smoke for nicotine and nicotine related 
impurities. Journal of Liquid Chromatography & 
Related Technologies 2011;34(14):1442–58.

Treur JL, Willemsen G, Bartels M, Geels LM, van Beek 
JH, Huppertz C, van Beijsterveldt CE, Boomsma 
DI, Vink JM. Smoking during adolescence as a risk 
factor for attention problems. Biological Psychiatry 
2015;78(9):656–63.

Trtchounian A, Talbot P. Electronic nicotine delivery sys‑
tems: is there a need for regulation? Tobacco Control 
2011;20(1):47–52.

U.S. Department of Health, Education, and Welfare. 
Smoking and Health: Report of the Advisory Committee 
to the Surgeon General of the Public Health Service. 
Washington: U.S. Department of Health, Education, 
and Welfare, Public Health Service, Center for Disease 
Control,  1964. PHS Publication No. 1103. 

U.S. Department of Health, Education, and Welfare. 
Smoking and Health. A Report of the Surgeon General. 
Washington: U.S. Department of Health, Education, 
and Welfare, Office of the Assistant Secretary for 
Health, Office on Smoking and Health,  1979. DHEW 
Publication No. (PHS) 79‑50066. 

U.S. Department of Health and Human Services. The 
Health Consequences of Smoking: Nicotine Addiction. 
A Report of the Surgeon General. Atlanta (GA): U.S. 
Department of Health and Human Services, Public 
Health Service, Centers for Disease Control, National 
Center for Chronic Disease Prevention and Health 
Promotion, Office on Smoking and Health,  1988. 
DHHS Publication No. (CDC) 88‑8406. 

U.S. Department of Health and Human Services. 
Preventing Tobacco Use Among Young People: A Report 
of the Surgeon General. Atlanta (GA): U.S. Department 
of Health and Human Services, Public Health Service, 
Centers for Disease Control and Prevention, National 

Center for Chronic Disease Prevention and Health 
Promotion, Office on Smoking and Health,  1994. 

U.S. Department of Health and Human Services. 
Toxicological Profile for Formaldehyde. Atlanta (GA): 
Public Health Service, Agency for Toxic Substances and 
Disease Registry,  1999.

U.S. Department of Health and Human Services. The 
Health Consequences of Smoking: A Report of the 
Surgeon General. Atlanta (GA): U.S. Department 
of Health and Human Services, Centers for Disease 
Control and Prevention, National Center for Chronic 
Disease Prevention and Health Promotion, Office on 
Smoking and Health,  2004.

U.S. Department of Health and Human Services. The 
Health Consequences of Involuntary Exposure to 
Tobacco Smoke: A Report of the Surgeon General. 
Atlanta (GA): U.S. Department of Health and Human 
Services, Centers for Disease Control and Prevention, 
Coordinating Center for Health Promotion, National 
Center for Chronic Disease Prevention and Health 
Promotion, Office on Smoking and Health,  2006.

U.S. Department of Health and Human Services. How 
Tobacco Smoke Causes Disease—The Biology and 
Behavioral Basis for Smoking-Attributable Disease: 
A Report of the Surgeon General. Atlanta (GA): U.S. 
Department of Health and Human Services, Centers 
for Disease Control and Prevention, National Center 
for Chronic Disease Prevention and Health Promotion, 
Office on Smoking and Health,  2010. 

U.S. Department of Health and Human Services. Preventing 
Tobacco Use Among Youth and Young Adults: A Report 
of the Surgeon General. Atlanta (GA): U.S. Department 
of Health and Human Services, Centers for Disease 
Control and Prevention, National Center for Chronic 
Disease Prevention and Health Promotion, Office on 
Smoking and Health,  2012. 

U.S. Department of Health and Human Services. 
Smoking—50 Years of Progress: A Report of the 
Surgeon General. Atlanta (GA): U.S. Department 
of Health and Human Services, Centers for Disease 
Control and Prevention, National Center for Chronic 
Disease Prevention and Health Promotion, Office on 
Smoking and Health,  2014. 

U.S. Environmental Protection Agency. Child-Specific 
Exposure Factors Handbook (Final Report). 
Washington (DC): National Center for Environmental 
Assessment, Office of Research and Development,  
2008. 

U.S. Fire Administration. Electronic Cigarette Fires and 
Explosions, 2014; <https://www.usfa.fema.gov/down‑
loads/pdf/publications/electronic_cigarettes.pdf>; 
accessed: July 22, 2015.

https://www.usfa.fema.gov/downloads/pdf/publications/electronic_cigarettes.pdf
https://www.usfa.fema.gov/downloads/pdf/publications/electronic_cigarettes.pdf


A Report of the Surgeon General 

144  Chapter 3

U.S. Food and Drug Administration. Briefing Document 
for the Endocrinologic and Metabolic Drugs Advisory 
Committee Meeting. Silver Spring (MD): U.S. Food and 
Drug Administration,  2007. 

U.S. Food and Drug Administration. FDA 101: smoking 
cessation products, 2015; <http://www.fda.gov/down‑
loads/ForConsumers/ConsumerUpdates/UCM331925.
pdf>; accessed: October 25, 2015.

U.S. Pharmacopeia. Nicotine, n.d.; <www.pharmacopeia.
cn/v29240/usp29nf24s0_m56620.html>; accessed: May 
21, 2015.

Uchiyama S, Ohta K, Inaba Y, Kunugita N. Determination 
of carbonyl compounds generated from the e‑cigarette 
using coupled silica cartridges impregnated with hydro‑
quinone and 2,4‑dinitrophenylhydrazine, followed by 
high‑performance liquid chromatography. Analytical 
Sciences: The International Journal of the Japan 
Society for Analytical Chemistry 2013;29(12):1219–22.

Vansickel AR, Cobb CO, Weaver MF, Eissenberg TE. A 
clinical laboratory model for evaluating the acute 
effects of electronic “cigarettes”: nicotine delivery 
profile and cardiovascular and subjective effects. 
Cancer Epidemiology, Biomarkers and Prevention 
2010;19(8):1945–53.

Vansickel AR, Eissenberg T. Electronic cigarettes: effective 
nicotine delivery after acute administration. Nicotine 
& Tobacco Research 2013;15(1):267–70.

Vansickel AR, Weaver MF, Eissenberg T. Clinical laboratory 
assessment of the abuse liability of an electronic ciga‑
rette. Addiction 2012;107(8):1493–500.

Vardavas CI, Anagnostopoulos N, Kougias M, 
Evangelopoulou V, Connolly GN, Behrakis PK. Short‑
term pulmonary effects of using an electronic cigarette: 
impact on respiratory flow resistance, impedance, and 
exhaled nitric oxide. Chest 2012;141(6):1400–6.

Varlet V, Farsalinos K, Augsburger M, Thomas A, Etter 
JF. Toxicity assessment of refill liquids for electronic 
cigarettes. International Journal of Environmental 
Research and Public Health 2015;12(5):4796–815.

Vastola BJ, Douglas LA, Varlinskaya EI, Spear LP. Nicotine‑
induced conditioned place preference in adolescent and 
adult rats. Physiology and Behavior 2002;77(1):107–14.

Villanti AC, Richardson A, Vallone DM, Rath JM. Flavored 
tobacco product use among U.S. young adults. American 
Journal of Preventive Medicine 2013;44(4):388–91.

Vleeming W, Rambali B, Opperhuizen A. The role of nitric 
oxide in cigarette smoking and nicotine addiction. 
Nicotine & Tobacco Research 2002;4(3):341–8.

Wagner FA, Anthony JC. Into the world of illegal drug 
use: exposure opportunity and other mechanisms 
linking the use of alcohol, tobacco, marijuana, 
and cocaine. American Journal of Epidemiology 
2002;155(10):918–25.

Wakschlag LS, Henry DB, Blair RJ, Dukic V, Burns J, Pickett 
KE. Unpacking the association: Individual differences 
in the relation of prenatal exposure to cigarettes and 
disruptive behavior phenotypes. Neurotoxicology and 
Teratology 2011;33(1):145–54.

Wakschlag LS, Kistner EO, Pine DS, Biesecker G, Pickett 
KE, Skol AD, Dukic V, Blair RJ, Leventhal BL, Cox NJ, 
et  al. Interaction of prenatal exposure to cigarettes 
and MAOA genotype in pathways to youth antisocial 
behavior. Molecular Psychiatry 2010;15(9):928–37.

Wang HT, Hu Y, Tong D, Huang J, Gu L, Wu XR, Chung 
FL, Li GM, Tang MS. Effect of carcinogenic acrolein on 
DNA repair and mutagenic susceptibility. Journal of 
Biological Chemistry 2012;287(15):12379–86.

Wang HT, Zhang S, Hu Y, Tang MS. Mutagenicity and 
sequence specificity of acrolein‑DNA adducts. Chemical 
Research in Toxicology 2009;22(3):511–7.

Warshaw EM, Botto NC, Maibach HI, Fowler JF Jr, 
Rietschel RL, Zug KA, Belsito DV, Taylor JS, DeLeo VA, 
Pratt MD, et  al. Positive patch‑test reactions to pro‑
pylene glycol: a retrospective cross‑sectional analysis 
from the North American Contact Dermatitis Group, 
1996 to 2006. Dermatitis 2009;20(1):14–20.

Weden MM, Miles JN. Intergenerational relationships 
between the smoking patterns of a population‑repre‑
sentative sample of U.S. mothers and the smoking tra‑
jectories of their children. American Journal of Public 
Health 2012;102(4):723–31.

Wei J, Wang J, Dwyer JB, Mangold J, Cao J, Leslie FM, 
Li MD. Gestational nicotine treatment modulates 
cell death/survival‑related pathways in the brains 
of adolescent female rats. International Journal of 
Neuropsychopharmacology 2011;14(1):91–106.

Weiss RB, Baker TB, Cannon DS, von Niederhausern A, 
Dunn DM, Matsunami N, Singh NA, Baird L, Coon 
H, McMahon WM, et  al. A candidate gene approach 
identifies the CHRNA5‑A3‑B4 region as a risk factor 
for age‑dependent nicotine addiction. PLoS Genetics 
2008;4(7):e1000125.

Weissman MM, Warner V, Wickramaratne PJ, Kandel DB. 
Maternal smoking during pregnancy and psychopa‑
thology in offspring followed to adulthood. Journal 
of the American Academy of Child and Adolescent 
Psychiatry 1999;38(7):892–9.

Weng SF, Redsell SA, Swift JA, Yang M, Glazebrook CP. 
Systematic review and meta‑analyses of risk factors 
for childhood overweight identifiable during infancy. 
Archives of Disease in Childhood 2012;97(12):1019–26.

Werley MS, McDonald P, Lilly P, Kirkpatrick D, Wallery 
J, Byron P, Venitz J. Non‑clinical safety and pharma‑
cokinetic evaluations of propylene glycol aerosol in 
Sprague‑Dawley rats and Beagle dogs. Toxicology 
2011;287(1–3):76–90.

http://www.fda.gov/downloads/ForConsumers/ConsumerUpdates/UCM331925.pdf
http://www.fda.gov/downloads/ForConsumers/ConsumerUpdates/UCM331925.pdf
http://www.fda.gov/downloads/ForConsumers/ConsumerUpdates/UCM331925.pdf
http://www.pharmacopeia.cn/v29240/usp29nf24s0_m56620.html
http://www.pharmacopeia.cn/v29240/usp29nf24s0_m56620.html


Health Effects of E-Cigarette Use Among U.S. Youth and Young Adults  145

E-Cigarette Use Among Youth and Young Adults

Wieslander G, Norback D, Lindgren T. Experimental 
exposure to propylene glycol mist in aviation 
emergency training: acute ocular and respiratory 
effects. Occupational and Environmental Medicine 
2001;58(10):649–55.

Wilens TE, Vitulano M, Upadhyaya H, Adamson J, Sawtelle 
R, Utzinger L, Biederman J. Cigarette smoking asso‑
ciated with attention deficit hyperactivity disorder. 
Journal of Pediatrics 2008;153(3):414–9.

Williams CM, Kanagasabai T. Maternal adipose tissue 
response to nicotine administration in the pregnant 
rat: effects on fetal body fat and cellularity. British 
Journal of Nutrition 1984;51(1):7–13.

Williams M, Villarreal A, Bozhilov K, Lin S, Talbot P. 
Metal and silicate particles including nanoparticles 
are present in electronic cigarette cartomizer fluid and 
aerosol. PloS One 2013;8(3):e57987.

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):e43–e51.

Wills TA, Sargent JD, Knight R, Pagano I, Gibbons 
FX. E‑cigarette use and willingness to smoke: a 
sample of adolescent non‑smokers. Tobacco Control 
2016;25(e1):e52–e59.

Wong MK, Barra NG, Alfaidy N, Hardy DB, Holloway 
AC. Adverse effects of perinatal nicotine expo‑
sure on reproductive outcomes. Reproduction 
2015;150(6):R185–R193.

Xiao D, Xu Z, Huang X, Longo LD, Yang S, Zhang L. 
Prenatal gender‑related nicotine exposure increases 
blood pressure response to angiotensin II in adult off‑
spring. Hypertension 2008;51(4):1239–47.

Yan XS, D’Ruiz C. Effects of using electronic cigarettes on 
nicotine delivery and cardiovascular function in com‑
parison with regular cigarettes. Regulatory Toxicology 
and Pharmacology 2015;71(1):24–34.

Yuan M, Cross SJ, Loughlin SE, Leslie FM. Nicotine 
and the adolescent brain. Journal of Physiology 
2015;593(16):3397–412.

Zacny JP, Stitzer ML. Cigarette brand‑switching: effects 
on smoke exposure and smoking behavior. Journal 
of Pharmacology and Experimental Therapeutics 
1988;246(2):619–27.

Zalups RK, Ahmad S. Molecular handling of cadmium 
in transporting epithelia. Toxicology and Applied 
Pharmacology 2003;186(3):163–88.

Zhan W, Dierker LC, Rose JS, Selya A, Mermelstein RJ. 
The natural course of nicotine dependence symp‑
toms among adolescent smokers. Nicotine & Tobacco 
Research 2012;14(12):1445–52.

Zhang K, Wang X. Maternal smoking and increased risk of 
sudden infant death syndrome: a meta‑analysis. Legal 
Medicine 2013;15(3):115–21.

Zhang Y, Sumner W, Chen DR. In vitro particle size distri‑
butions in electronic and conventional cigarette aero‑
sols suggest comparable deposition patterns. Nicotine 
& Tobacco Research 2013;15(2):501–8.

Zhu J, Lee KP, Spencer TJ, Biederman J, Bhide PG. 
Transgenerational transmission of hyperactivity in 
a mouse model of ADHD. Journal of Neuroscience 
2014a;34(8):2768–73.

Zhu J, Zhang X, Xu Y, Spencer TJ, Biederman J, Bhide 
PG. Prenatal nicotine exposure mouse model showing 
hyperactivity, reduced cingulate cortex volume, 
reduced dopamine turnover, and responsiveness to oral 
methylphenidate treatment. Journal of Neuroscience 
2012;32(27):9410–8.

Zhu SH, Sun JY, Bonnevie E, Cummins SE, Gamst A, Yin 
L, Lee M. Four hundred and sixty brands of e‑cigarettes 
and counting: implications for product regulation. 
Tobacco Control 2014b;23(Suppl 3):iii3–iii9.





147

Chapter 4 
Activities of the E-Cigarette Companies

Introduction     149

Manufacturing and Price     149

Overview of the E-Cigarette Market in the United States     149
Distribution and Purchase Channels     149
Product Evolution     151
Evolution of Market Share in the E-Cigarette Market     152
E-Cigarette Sales in Tracked Retail Outlets     152
Production of E-Liquids     154

Impact of E-Cigarette Price on Sales and Use of These Products     155
Trends in E-Cigarette Prices over Time     155
Impact of E-Cigarette Prices on E-Cigarette Sales     156

Marketing and Promotion of E-Cigarettes     157

Marketing Expenditures     157
Magazine and Print Advertising     158
Television Advertising to Youth and Young Adults     159
Sponsorships     159
Digital Landscape for E-Cigarettes     163

E-Cigarettes in the Retail Environment     167
Conventional Tobacco Retailers (Convenience Stores, Pharmacies, Tobacco Shops)     167
“Vape Shops”     168

Exposure and Receptivity to Advertising for E-Cigarettes     169
Exposure     169
Receptivity to Advertising     169

Effect of E-Cigarette Advertising on Behavior     170
Associations with E-Cigarette Use and Intentions to Use     170
Associations with Knowledge, Risk Perceptions, and Other Attitudes      171

Evidence Summary     172

Conclusions     172

References     173





Activities of the E-Cigarette Companies  149

E-Cigarette Use Among Youth and Young Adults

Introduction

This chapter focuses on the companies that 
are active in the production, distribution, or marketing 
of e-cigarettes in the United States and examines the 
potential influence of these companies on the use of 
e-cigarettes, particularly among youth and young adults. 
The e-cigarette marketplace is complicated by the fact that 
some brands and devices are owned by tobacco companies, 
while others are independently owned. This chapter will 

refer to the e-cigarette companies as a whole but, when 
necessary, will distinguish between the e-cigarette brands 
that are owned by tobacco companies and others that are 
independently owned. The chapter covers manufacturing 
and price, marketing and promotional activities, the retail 
environments for e-cigarette products, exposure to mar-
keting and receptivity to such activity, and the effects of 
e-cigarette marketing activities on consumer behavior.

Manufacturing and Price

As discussed in Chapter 1, although the concept 
of e-cigarettes was initially introduced in the 1960s, the 
first-generation version of e-cigarettes was not devel-
oped and commercialized until the mid-2000s (Grana 
and Ling 2014). In the short period since the first appear-
ance of e-cigarettes, the exponential growth in awareness 
and use of these products (Centers for Disease Control 
and Prevention [CDC] 2015), the rapid product develop-
ment (Zhu et al. 2014), and the rapid evolution of both 
the e-cigarette market and the industry itself (Huang 
and Chaloupka in press) have been unprecedented. 
E-cigarettes were recently named a “disruptive innova-
tion” that may change the existing tobacco market and 
displace conventional (combustible) cigarettes in a fore-
seeable timeframe (Spielman and Azer 2013).

Consumer demand for a less harmful alternative to 
conventional cigarettes and the implementation of macro 
policies, such as those that restrict cigarette use or man-
date clean indoor air, may influence the use of e-cigarettes 
(Pepper et al. 2014b; Rose et al. 2014). However, e-cigarette 
companies may play a critical role in shaping the market, 
affecting everything from the development and innovation 
of new products and brands to the manufacture, distribu-
tion, marketing, promotion, and pricing of the product—
activities that parallel those in the cigarette industry.

This section describes and summarizes both the 
rapidly changing e-cigarette market and the activities 
of e-cigarette companies in the United States, providing 
a broad overview of the major players. These participants 
include the major tobacco companies and other manu-
facturers. The chapter also addresses how the companies 
influence the e-cigarette market in the United States, 
focusing on the impact of product development and inno-
vation, distribution channels, product availability, and 
pricing strategies, as well as the role of e-cigarette trade 
organizations and partnerships.

Overview of the E-Cigarette Market 
in the United States

For 2014, the value of the e-cigarette market in the 
United States was estimated at $2.5 billion: 40% ($1.0 bil-
lion) was for cigarette-like e-cigarettes (cigalikes), and 
60% ($1.5 billion) was for tank-style e-cigarettes, mods, 
and other types of “vaporizers” (Wells Fargo Securities 
2015a) (Table 4.1). The market was projected to grow 
to $3.5 billion, a rise of 40%, in 2015 (Rose et al. 2014) 
(Table 4.2). Total sales of e-cigarettes in convenience, food, 
drug, and big-box stores (such as Walmart), which are 
tracked by commercial market research companies (such 
as Nielsen), were estimated to be $900 million in 2014. 
There was an additional estimated $500 million in online 
sales, and $1.1 billion in sales in “vape shops” and other 
channels, which are not currently tracked by commer-
cial market research companies (Table 4.1) (Wells Fargo 
Securities 2015b).

Distribution and Purchase Channels

E-cigarettes entered the U.S. market around 
2006–2007, and since that time the distribution and pur-
chase channels for these products have evolved greatly. 
Initially they were sold exclusively by Internet retailers, 
but then selling activity expanded to shopping mall kiosks 
and conventional retail outlets and, more recently, to 
“vape shops” and some pharmacies (Rose et al. 2014; Lee 
and Kim 2015). 

Some companies operating in the U.S. market have 
their own manufacturing facilities in this country, but 
companies generally import parts or even complete prod-
ucts from abroad, almost exclusively from China (Barboza 
2014). Manufacturers and importers distribute their prod-
ucts via a wide number of channels, such as the companies’ 
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own e-commerce websites and/or retail outlets. In 2010, 
the most popular channels for selling e-cigarettes and 
their accessories directly to consumers were websites and 
third parties, such as retail outlets (Linarch Information 
Solutions 2012). Many e-cigarette manufacturers and 
importers, including the big-brand companies and those 
supplying products to “vape shops,” rely on distributors 
and retailers to deliver the products to the consumer 
(Linarch Information Solutions 2012).

Table 4.1 Estimated e-cigarette market size in 2014 ($ billion)

 
Convenience, food, drug, 
and big-box stores Online

Other channels (“vape shops” and 
other untracked retail channels) Total

E-cigarettes 0.6 0.2 0.2 1.0

Vapors/tanks/mods 0.3 0.3 0.9 1.5

Total 0.9 0.5 1.1 2.5

Source: Wells Fargo Securities (2015a).

Table 4.2 Estimated e-cigarette market size in 2015 ($ billion)

 
Convenience, food, drug, 
and big-box stores Online

Other channels (“vape shops” and 
other untracked retail channels) Total

E-cigarettes 0.7 0.4 0.4 1.5

Vapors/tanks/mods 0.4 0.4 1.2 2.0

Total 1.1 0.8 1.6 3.5

Source: Wells Fargo Securities (2015a).

The emergence of e-cigarette devices and products 
resulted from the endeavors of a few entrepreneurs and 
widespread Internet and television advertising (Grana et al. 
2013; Rose et al. 2014). It is noteworthy that the product 
class took hold when e-commerce was rapidly expanding 
in the United States, and major social media platforms—
such as Facebook (founded in 2004), YouTube (2005), and 
Twitter (2006)—were emerging. In such an environment, 
information about a new product like e-cigarettes could be 
rapidly disseminated across geographic boundaries, and 
new products and technologies could be speedily adopted. 
This process is partly reflected by the Google search 
volume of queries related to e-cigarettes; the volume of 
queries surpassed those for nicotine replacement therapy 
products and snus by 2008 (Ayers et al. 2011).

Manufacturers noticed the fast rise in consumer 
interest in e-cigarettes, so they quickly pushed to expand 
the sale of their products to brick-and-mortar retail stores. 
Sales of cigalikes and related products were first observed 
in Nielsen’s store-scanner database in 2007, and between 
2009 and 2012, retail sales of e-cigarettes expanded to all 
major markets in the United States (Huang and Chaloupka 

in press). This growth coincided with a surge in mar-
keting expenditures by the e-cigarette companies across 
all media platforms (Kim et al. 2014; Kornfield et al. 
2015). The products sold in these conventional channels 
were predominantly disposable and rechargeable cigalikes 
(Giovenco et al. 2015; Huang and Chaloupka in press), but 
retail stores started to carry tank-style e-cigarette devices 
as well (CSP Daily News 2014; Giovenco et al. 2015).

Today, e-cigarette brands, such as MarkTen (manu-
factured by Altria) and VUSE (manufactured by Reynolds 
American Inc.), are available in more than 70,000 retail 
stores across the country, and their availability is expanding 
rapidly (Wells Fargo Securities 2014b). E-cigarettes were 
more likely to be available in retail locations in neigh-
borhoods with a higher median household income and 
a lower percentage of African American and Hispanic res-
idents; these sales patterns are consistent with patterns 
of use of these products observed among youth, young 
adults, and adults more generally (see Chapter 2). Notably, 
the price of conventional cigarettes and the existence of 
comprehensive smokefree laws were inversely associated 
with the availability of e-cigarettes (Rose et al. 2014).

Through growth in their sales, tank-style e-cigarettes 
(also known as mods) and advanced personal vaporizers 
(APVs) have begun to play an increasingly important role 
in the e-cigarette market (Wells Fargo Securities 2015a). 
“Vape shops,” which provide a range of e-cigarette devices 
and products, have emerged as the primary retail channel 
for consumers seeking such products (Lee and Kim 2015). 
Unlike conventional retail outlets, “vape shops” sell a wide 
range of more complex and powerful tank-style e-cigarettes 
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and many different types of liquids for e-cigarette devices 
(e-liquids or e-juices) (Sussman et al. 2016).

The rise of “vape shops” can be attributed to a number 
of factors. First, in the past, most of these establishments 
offered a wide range of e-cigarettes and e-liquids, allowed 
users to sample different types of flavored e-liquids at 
no cost, and permitted the trial use of various types of 
e-cigarettes. Most of these establishments sell products 
made by independent companies, as opposed to products 
manufactured by the major conventional tobacco compa-
nies (Kamerow 2014; Sussman et al. 2016). As a result, 
“vape shops” can serve as an information hub where con-
sumers can easily obtain knowledge about (and gain 
experience with) a wide range of e-cigarettes and related 
products (Sussman et al. 2016). However, the information 
provided may be misleading or misinterpreted (Cheney 
et al. 2016). Second, unlike traditional retail outlets, “vape 
shops” are usually equipped to provide consumers with 
individualized information about how e-cigarette prod-
ucts can be used to best satisfy the user’s preferences; 
this capability may be important as e-cigarette products 
become more diversified and sophisticated. Because of 
the diversity of these products, some of these establish-
ments provided free samples of different flavored e-liquids 
and allowed trial use of different e-cigarettes before actual 
purchase in an attempt to compete with traditional retail 
outlets. Under the deeming rule published in May 2016, 
free samples of e-liquids containing nicotine were banned 
(Federal Register 2016). Third, “vape shops” serve as a 
place for e-cigarette users to socialize.

Some “vape shops” also host various events, 
including competitions (also known as cloud chasing), 
that build loyal customer bases by creating a sense of com-
munity and camaraderie among customers (Sussman et al. 
2014; Cheney et al. 2015; Lee and Kim 2015). Additionally, 
a 2015 study of “vape shop” owners found that customers 
view the owners as important sources of health informa-
tion, which could include information related to cessa-
tion (Cheney et al. 2016). However, the owners reported 
(a) obtaining their information from YouTube or industry 
sources but finding the research hard to understand and 
(b) looking for government sources but not finding them. 

Estimates of the number of “vape shops” in the 
United States have varied greatly due to the lack of a clear 
definition of what constitutes such an establishment. 
The low end of these estimates puts the number around 
3,500 (Klein 2013; Lee and Kim 2015), while interme-
diate estimates indicate that there are about 6,000–15,000 
“vape shops” in this country (Bour 2015; Wells Fargo 
Securities 2015b). One high estimate is that in 2014 there 
were as many as 35,000 such shops in the United States 
(Kamerow 2014).

Product Evolution

E-cigarette products have evolved and diversified 
rapidly since they entered the U.S. market (see Chapter 1). 
Detailed information about different types of e-cigarette 
products has been presented elsewhere (Grana et  al. 
2014). Over time, with consolidation of e-cigarette com-
panies and technological improvements, the manufac-
turing process has become more standardized, enabling 
the production of e-cigarette products with a more effec-
tive and more consistent dose and delivery of nicotine and 
flavorings, and a more consistent generation of aerosol 
(Goniewicz et  al. 2013a,b; Farsalinos and Polosa 2014; 
Saitta et al. 2014).

Many e-cigarette manufacturers make multiple 
types of e-cigarette products. For example, the NJOY brand 
has not only disposable and rechargeable cigalikes but also 
tank-style e-cigarette devices, which are larger than ciga-
likes and include options for refills and batteries. In addi-
tion, NJOY sells a variety of flavored e-liquids, although 
in California, flavors appealing to minors (e.g., strawberry 
and cookies and cream) are prohibited (State of California 
v. Sottera, Inc. 2010). Within each product type, there 
are many different brands, albeit the brands are often 
very similar. For example, NJOY, blu, Logic, Mistic, and 
many other brands of rechargeable e-cigarettes differ very 
little from each other with regard to the flavors and types 
of products offered (e.g., cigalike, tank style) (Zhu et al. 
2014). A study examining the growth of brands and flavors 
between 2012 and 2014 found that older brands were more 
likely to involve cigalikes, while newer brands were more 
likely to offer tank-style devices and mods (Zhu et al. 2014).

As tank systems and mods become more popular, the 
distinction between a closed system and an open system 
becomes more important. In a closed system, components 
cannot be customized. In this case, the e-liquid is “locked 
in”; the amounts of e-liquid, level of nicotine, and flavors 
are dictated by the manufacturer. Because users cannot mix 
their own e-liquids or refill the cartridges or tanks, there 
is less risk of spillage, nicotine overdose, and accidental 
ingestion. In addition, users cannot change the power 
source, adjust the voltage, or customize the atomizers. 
Many brands offer only closed-system devices (e.g., Vype, 
Vapestick, and FIN). Most cigalikes are closed systems, sold 
primarily online or in conventional retail outlets, and are 
favored by the larger e-cigarette companies, likely because 
of the high profit margins from the e-liquid refill cartridges 
and the nature of the distribution paths.

Open systems, in contrast, allow for personaliza-
tion and customization: Users can mix their own e-liquid, 
choosing different e-liquid bases, flavors, and nicotine 
concentration levels. Users can also adjust the voltage, 
customize the atomizers, and/or modify the aesthetics and 
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shapes/sizes of their devices (Popken 2014; Richtel 2014c; 
Lee and Kim 2015). Tanks and mods/APVs are open systems 
sold primarily in “vape shops” or online. While research 
has demonstrated that more-experienced e-cigarette users 
prefer open system mods (Farsalinos et al. 2014), one ana-
lyst has suggested that closed systems may better facilitate 
consistent and enforceable product and manufacturing 
standards (Wells Fargo Securities 2014a).

Beyond the increased variety over time of products, 
their components, and related products (including acces-
sories such as carriers, lanyards, stickers, and sleeves), 
the products continue to appeal to consumers through 
the incorporation of increasingly complex technologies—
including location tracking; Bluetooth connectivity; 
social networking functions and integration with users’ 
social media accounts; and entertainment functions, such 
as playing music and videos (Bauld et al. 2014; Brown and 
Cheng 2014; Honig 2014).

The terminology for e-cigarettes has also expanded. 
Terms such as e-cigars, e-hookahs, vaping pens, hookah 
pens, and personal vaporizers are used interchange-
ably (or preferentially) by some users (Richtel 2014b). 
In addition, the spectrum of use has broadened, as some 
e-cigarettes that involve open systems are also used for the 
aerosolization of marijuana and cannabis oil (Bryan 2014; 
Morean et al. 2015) and could be adapted for other illicit 
substances (see Chapter 2).

Worldwide, more than 95% of e-cigarettes sold are 
thought to have been manufactured in China (Jourdan 
2014), most in one city—Shenzhen (Barboza 2014). A few 
large manufacturers (e.g., Joyetech, Kimree, and First 
Union) dominate the market (see Appendix 4.1 for descrip-
tions of the major e-cigarette manufacturers).1

1All appendixes and appendix tables that are cross-referenced in this chapter are available only online at http://www.surgeongeneral.gov/
library/reports/.

 Most of 
these manufacturers provide supplies to many different 
e-cigarette companies, including American companies 
marketing conventional cigarettes, as well as independent 
e-cigarette companies. Some companies (e.g., Gamucci) 
have an exclusive manufacturer in Shenzhen.

Some e-cigarette companies have begun to locate 
their manufacturing base in the United States. Reynolds 
American, for example, has a factory in Tobaccoville, 
North Carolina, to manufacture its VUSE brand and 
strongly emphasizes this location as part of its marketing 
strategy (CSP Daily News 2015). White Cloud, another 
U.S.-based company, moved its cartridge-filling produc-
tion from China to Tarpon Springs, Florida, in May 2014 
(McConnell 2014), and the U.S.-based brand Mistic has 
announced plans to move its manufacturing from China 
to Greenville, North Carolina (Bettis 2014).

Evolution of Market Share in the E-Cigarette 
Market

Although the e-cigarette market in the United States 
has changed significantly since its emergence, these 
changes have not been studied extensively. This section 
documents market share by brand for e-cigarette sales 
in retail outlets tracked by Nielsen, using data from the 
forthcoming study by Huang and Chaloupka (in press) 
and supplemented with data from industry reports issued 
by a number of investment banks. These data, available 
in Appendix 4.5, clearly show the dynamic changes in the 
e-cigarette market, and these changes are important to 
understand in terms of access to and marketing of these 
products to youth and young adults.

E-Cigarette Sales in Tracked Retail Outlets

Total sales of e-cigarettes in tracked retail channels 
have surged exponentially since 2010, increasing from 
only a few million dollars per quarter in 2010 to more 
than $170 million in the last quarter of 2014 (Figure 4.1). 
Although Reynolds American’s VUSE brand did not 
enter the market until late 2013, its sales climbed rap-
idly in 2014 because of heavy promotion and price dis-
counts. At the end of 2014, VUSE had become the market 
leader with the highest quarterly sales at $56 million. Blu 
(owned by Lorillard and thus now by Imperial Tobacco) 
was the market leader for most of 2013 and 2014, with an 
average $60 million in quarterly sales. During this time 
the number of its distribution points rose from 60,000 to 
more than 150,000 because of its acquisition by Lorillard 
and subsequent marketing and promotion efforts.

After doubling every year between 2010 and 2013 
(Figure 4.2) in the tracked retail channels, rates of 
increase in the sales of e-cigarettes decelerated signifi-
cantly, with total sales actually declining in the second 
quarter of 2014. The deceleration may reflect, in part, the 
shift away from cigalikes to tank-style devices, mods, and 
other e-cigarette products among users; the sales of these 
devices are not tracked as well, which makes it difficult to 
know the true trends in sales (see Tables 4.1 and 4.2).

Figure 4.2 presents sales data by product type. Sales 
of disposable e-cigarettes trended upward from 2010 
to 2013, increasing from a minimal amount in 2010 to 
almost $100 million in the second quarter of 2013, but 
2014 showed a substantial decline, with the value only 
about $50 million for the final quarter of that year. The 
figure shows a clear pattern of seasonality in sales for 
disposables: sales usually rose in the first quarter of the 

http://www.surgeongeneral.gov/library/reports/
http://www.surgeongeneral.gov/library/reports/
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Figure 4.1 E-cigarette sales in tracked channels by brand, 2010–2014

Source: Huang and Chaloupka (in press).
Note: Data points for this figure are shown in Table A4.4-1 in Appendix 4.4.
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year—potentially reflecting the effect of New Year’s res-
olutions among smokers who seek to use rechargeable 
e-cigarettes as a way to quit conventional cigarettes—
but had subsequently declined during the rest of the year. 
Sales of e-liquid refills increased steadily over the 4-year 
period between 2010 and 2014 and reached $80 million in 
the final quarter of 2014, representing approximately half 
of the total e-cigarette sales in the tracked retail channels.

Figure 4.2 E-cigarette sales in tracked channels by product type, 2010–2014

Source: Huang and Chaloupka (in press).

In 2014, more than 85% of e-cigarette sales occurred 
in the tracked retail and online channels, including cer-
tain convenience stores and food, drug, and big-box stores  
(Wells Fargo Securities 2015a; see Table  4.1). It  was 
estimated that 20% of all e-cigarette sales (including 
e-cigarettes and tanks/mods) in 2014 occurred online, 
while 44% of all e-cigarette sales occurred in “vape 
shops” and other untracked retail channels (Wells Fargo 
Securities 2015a; see Table 4.1).

Another important trend in e-cigarette sales is the 
growth of flavored products. Although some brands, such 
as NJOY, initially did not sell flavored e-cigarette products, 
most companies now offer some form of flavored varieties. 
Giovenco and colleagues (2015) found that sales of men-
thol-flavored e-cigarettes in traditional U.S. retail chan-
nels (e.g., convenience stores, grocery stores, pharmacies, 
and mass merchandisers) more than doubled between 
2012 and 2013, increasing from $96.4 million in 2012 to 
$215.7 million in 2013. Sales of fruit-flavored e-cigarettes 
more than tripled during the same period, from $4.9 mil-
lion to $16.7 million.

Sales of different types and brands of e-cigarettes 
likely differ by demographic group. For example, anec-
dotal evidence suggests that youth and young adults prefer 
pen-style devices, those that come in various shapes and 
styles, and devices that may be used interchangeably with 
e-hookahs (Richtel 2014b). Research also suggests that 
users may eventually graduate to more complex systems; 
more specifically, experienced users may be more likely to 
use tanks and mods (Farsalinos et al. 2014). Unfortunately, 
sales data by demographics are very limited, and studies 
have not yet examined how sales of e-cigarette products 
differ by demographic classification.

Production of E-Liquids

E-liquids used in closed-system devices usually are 
produced in the United States and then shipped to China 
to be included in the assembly process. For example, 
MarkTen, blu, and NJOY manufacture their own e-liquids 
in the United States, which then are sent to China before 
the final product is assembled there.

In the United States, one of the biggest players in 
the premixed e-liquid market for refillable e-cigarettes is 
Johnson Creek Vapor Company (2011), which claims to 
be the world’s leading manufacturer of e-liquid and the 
first company to produce and manufacture e-liquid in the 
United States. Johnson Creek has not disclosed the sup-
pliers of its nicotine solution.
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Impact of E-Cigarette Price on Sales 
and Use of These Products

This section summarizes the limited evidence on 
the impact of e-cigarette prices on the sales and consump-
tion of these products. The sizable body of research exam-
ining the effects of taxes and prices on the sale and use 
of conventional cigarettes (Chaloupka and Tauras 2011; 
International Agency for Research on Cancer 2011) leads 
to the conclusion that price increases resulting from 
higher excise taxes are effective tools for reducing ciga-
rette consumption, especially among youth.

Trends in E-Cigarette Prices over Time

A study by Huang and Chaloupka (in press) docu-
mented and analyzed the relationship between real price 
and sales volume for both disposable and rechargeable 
e-cigarettes by using Nielsen data, which reflected the 
e-cigarette (predominantly cigalikes) sales and prices in 
retail stores tracked by Nielsen.

Figure 4.3 presents U.S. data on real price (deter-
mined by adjusting the prices to the value of the U.S. dollar 
in the fourth quarter of 2014) and sales volume for dispos-
able e-cigarettes between 2010 and 2014 based on data from 
Huang and Chaloupka (in press). The average price for a 
single disposable e-cigarette declined from approximately 
$17 in the first quarter of 2010 to less than $9 in 2014. 
In terms of volume, the estimate for disposables increased 

from far below 100,000 in the first quarter of 2010 to 
almost 11 million in the first quarter of 2014, before drop-
ping to about 6.3 million in the final quarter of 2014. This 
graph reveals an association between real price and the 
sales volume for disposable e-cigarettes from 2010 to the 
second quarter of 2013: As real price declined over time, 
sales volume increased. Looking back, the rapid decline in 
the price of disposable e-cigarettes between 2007 and 2011 
(Huang and Chaloupka in press) may have occurred because 
of improvements in product technology and industry pro-
motion, which significantly cut the costs of producing such 
products (Bhatnagar et al. 2014; Wells Fargo Securities 
2015c). The rather modest declines in prices since 2011 
may reflect the fact that further technological improve-
ments became less feasible (Wells Fargo Securities 2015c).

Figure 4.3 Sales volume and price of disposable e-cigarettes, U.S. market, 2010–2014

Source: Huang and Chaloupka (in press).

In terms of volume, the substantial decrease in 2014 
may be partly attributable to consumers shifting away 
from cigalikes to tanks, mods, and other more powerful 
devices, for which sales were not tracked well.

An inverse relationship is also evident between 
real price and sales volume for rechargeable e-cigarettes. 
Figure 4.4 demonstrates that when the real price went 
down, the sales volume increased, particularly after 
2012. Between 2010 and 2014, the average unit price for 
rechargeables decreased markedly, dropping from $37 
in the first quarter of 2010 to $12 at the end of 2014. 
However, there were more price fluctuations than were 
found for disposable e-cigarettes (Figure 4.3). The price 
fluctuations for rechargeables were likely because of the 
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change in product mix and the influx of various new types 
and brands of these devices during this period (Bhatnagar 
et al. 2014; Wells Fargo Securities 2015c). Sales volume 
increased dramatically between 2010 and 2014, rising 
from a minimal amount at the beginning of 2010 to about 
3 million units in the last quarter of 2014.

Figure 4.4 Sales volume and price of rechargeable e-cigarettes, U.S. market, 2010–2014

Source: Huang and Chaloupka (in press).

Impact of E-Cigarette Prices on E-Cigarette Sales

In one of the first studies to explore the effects of 
e-cigarette prices on the sales of these products, Huang 
and colleagues (2014b) estimated, from Nielsen data, 
both the own-price elasticity and the cross-price elasticity 
of demand for e-cigarettes (disposable or rechargeable) 
and studied the impact of conventional cigarette prices 
and smokefree policies on e-cigarette sales. Own-price 
elasticity is a measure showing how much demand for a 
product will change given a change in its price, while cross-
price elasticity is a measure showing how much demand 
for a product will change given a change in another prod-
uct’s price. Using data from Nielsen’s commercial retail 
store scanning service, this study employed fixed-effects 
models to estimate elasticity of demand and associa-
tions between e-cigarette sales and either the prices of 
conventional cigarettes or smokefree policies from 2009 
to 2012. Results demonstrated (a) that e-cigarette sales 
were quite responsive to own-price changes (estimated 
own-price elasticities for disposable e-cigarettes centered 
around −1.2 [a  10%  increase in price would decrease 
sales by 12%], while those for rechargeable e-cigarettes 

were approximately −1.9 [a 10% increase in price would 
decrease sales by 19%]) and (b) that disposable e-cigarettes 
appeared to be emerging as substitutes for recharge-
ables (a 10%  increase in rechargeable e-cigarette prices 
increased sales of disposable e-cigarettes by about 5%). 
This study concluded that policies increasing the retail 
prices of e-cigarettes—such as imposing taxes or lim-
iting rebates, coupons, and discounts—could potentially 
lead to significant reductions in e-cigarette sales and that 
variations in tax policy by product type could lead to sub-
stitution between product categories. It is important to 
note that “vape shops” were not included in these data, as 
Nielsen collects data only from convenience, food, drug, 
and big-box stores.

Although these results provide evidence that 
changing the price of e-cigarettes affects the number 
sold, the potential effects of the price of conventional 
cigarettes on the purchase of e-cigarettes are less clear. 
Huang and colleagues (2014b) found no consistent or 
statistically significant relationship between the price of 
conventional cigarettes and the sale of e-cigarettes. In 
contrast, Grace and colleagues (2015), who measured the 
cross-price elasticity of e-cigarettes and conventional cig-
arettes using simulated demand for the latter in a sample 
of New Zealand smokers, found that the cross-price elas-
ticity of e-cigarettes was significantly positive, suggesting 
that e-cigarettes may be partially substitutable for con-
ventional cigarettes. Thus, the use of e-cigarettes may 
increase as the price of conventional cigarettes increases.
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Other evidence suggests that the potential impact 
of price changes on the use of e-cigarettes may differ by 
demographic characteristics. Relationships between the 
smoking of conventional cigarettes and socioeconomic 
status (SES) are well documented in the literature, and 
additional evidence has demonstrated that youth and 
young adults, and those with low SES, tend to exhibit 
higher sensitivity to changes in the price of conventional 
cigarettes (International Agency for Research on Cancer 

2011; U.S. Department of Health and Human Services 
[USDHHS] 2012). Therefore, youth and young adults, as 
well as low-SES persons, may be more price-sensitive in 
the purchase of e-cigarette products, and thus they may 
be more likely to stop using e-cigarettes as their price 
increases. These potential connections between the price 
of e-cigarettes and their use should be examined carefully 
as more data become available. 

Marketing and Promotion of E-Cigarettes

Marketing is an important tool for industries to use 
in influencing consumer preferences, and the potential 
for marketing to influence smoking behaviors has been 
a source of public health concern for many years (DiFranza 
et al. 1991; USDHHS 2000, 2012; National Cancer Institute 
[NCI] 2008). Research has demonstrated a causal relation-
ship between tobacco marketing and smoking, with the 
majority of research focusing on the impact of tobacco 
marketing on the initiation of smoking by youth (Biener 
and Siegel 2000; USDHHS 2012). For adolescents, studies 
have found cross-sectional and longitudinal associations 
between the intensity of cigarette marketing and initiation 
of smoking, brand awareness, brand preferences, attitudes 
toward smoking, susceptibility to smoking, and smoking 
behaviors (O’Connell et al. 1981; Chapman and Fitzgerald 
1982; McNeill et al. 1985; Charlton 1986; Potts et al. 1986; 
Aitken et al. 1987; Goldstein et al. 1987; Aitken and Eadie 
1990; Botvin et al. 1991; DiFranza et al. 1991; Klitzner et al. 
1991; Pierce et al. 1991; Botvin et al. 1993; Hastings et al. 
1994; Pierce et al. 1994; Coeytaux et al. 1995; Evans et al. 
1995; Pierce and Gilpin 1995; Richards et  al. 1995; Slade 
et al. 1995; Unger et al. 1995; Pollay et al. 1996; Schooler 
et al. 1996; Gilpin and Pierce 1997; Lam et al. 1998; Feighery 
et al. 2006). A review of these and other studies led the 2012 
Surgeon General’s report to conclude that exposure to adver-
tising causes the initiation of smoking (USDHHS 2012).

In general, product marketing is designed to 
inform people about the products being offered (and thus 
develop brand “awareness”) and to persuade people to 
buy particular brands (i.e., develop brand “preference”). 
Branding is particularly important for products consid-
ered to be “commodities,” such as conventional ciga-
rettes and e-cigarettes, where the offerings are similar 
and branding differentiates the products (Rossiter and 
Bellman 2005; NCI 2008). Marketing is particularly crit-
ical for e-cigarettes, as new products must be introduced 
to potential users (Sethuraman et al. 2011).

Like marketers of conventional cigarettes, mar-
keters of e-cigarettes use a number of channels and tactics 

to advertise and promote their products. These chan-
nels have included extensive marketing on the Internet 
and advertising in mainstream media, including popular 
magazines, retailer point-of-sale ads, product placement 
on popular media, and even television commercials—
an advertising option unavailable to cigarette manufac-
turers because of regulatory policies (Legacy for Health 
2014; Ganz et al. 2015). E-cigarette brands also use web-
sites to interact directly with their customers through 
direct-to-consumer marketing (e.g., direct mail and direct 
e-mail) and social media channels, such as Facebook, 
Twitter, and Instagram (Huang et al. 2014a; Richardson 
et al. 2014; Ganz et al. 2015).

Marketing Expenditures

E-cigarette manufacturers currently are not 
required to report marketing expenditures to any regu-
latory agency (Boxer et al. 2013; Federal Register 2015). 
Using proprietary data from Kantar Media, however, 
Kornfield and colleagues (2015) tracked marketing expen-
ditures (television, print, radio, and Internet) back to 2008 
for approximately 130 e-cigarette brands (note that many 
e-cigarette products are not branded, and thus these data 
are not complete). Kornfield and colleagues (2015) found 
minimal spending through 2010, followed by an accelera-
tion in spending from $12 million in 2011 to $125 mil-
lion in 2014 (Figure 4.5). Not shown in the figure is that 
in 2012, more than 60% of advertising expenditures were 
for blu (then owned by Lorillard, now Imperial Tobacco), 
which was the market leader (Kornfield et al. 2015). The 
trajectory for spending was consistent with the pattern for 
product sales, particularly for the most dominant brands 
(Figures 4.1 and 4.5).

Annual marketing expenditures for conventional 
cigarettes ($9.2 billion in 2012) dwarf the $125 million in 
2014 for e-cigarettes (Federal Trade Commission 2015a,b; 
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Kornfield et al. 2015). However, the available data about 
e-cigarette marketing also underestimate total mar-
keting expenditures. Not included are expenditures for 
retail marketing, social media, and sponsored events, all 
of which are essential components of the industry’s inte-
grated marketing strategy. In the absence of regulation, 
television advertising for e-cigarettes will continue, as 
the two largest tobacco companies moved promotions of 
MarkTen (Altria) and VUSE (Reynolds American) from test 
markets to national distribution in 2014 (Kornfield et al. 
2015; Truth Initiative 2015; Cantrell et al. 2016).

Tobacco marketing and surveillance systems—
including the Trinkets & Trash archive maintained by 
the Rutgers University School of Public Health and the 
Stanford Research into the Impact of Tobacco Advertising 
(SRITA) research group—collect examples of e-cigarette 
advertising and promotions and make these available to 
users through image-rich websites (see Trinkets & Trash 
[http://www.trinketsandtrash.org] and Stanford Research 
into the Impact of Tobacco Advertising [http://tobacco.
stanford.edu/tobacco_main/index.php]).

Magazine and Print Advertising

Print has been the dominant channel for tracked 
expenditures of traditional e-cigarette advertising, rep-
resenting 84% of annual expenditures in 2014 (Kornfield 
et al. 2015; Figure 4.5). A study by Richardson and col-
leagues (2014) collected U.S. advertisements for all 
noncombustible tobacco products (i.e., e-cigarettes, snus, 
dissolvables, and chew/dip/snuff) for a 3-month period in 
2012 through Mintel, which tracks direct mail and opt-in 
e-mail ads, and Competitrack, which monitors 21  other 
media sources. Metadata for identified ads showed adver-
tising for e-cigarettes in print, television, radio, online, 
direct mail, and e-mail. The three most common media 
were print, television, and e-mail, and spending was 
highest for print ads (Richardson et al. 2014). An anal-
ysis of industry marketing data by the American Legacy 
Foundation (now called Truth Initiative) reported that 
47% of U.S. teens (12–17 years of age) and 82% of young 
adults (18–21 years of age) were exposed to magazine 
advertising for e-cigarettes in 2014; popular venues 

Figure 4.5 Quarterly promotional spending for e-cigarettes, 2010–2014

Source: Data for 2010–2013 (Q2) from Kornfield and colleagues (2015, p. 110) and adapted with permission from BMJ Publishing 
Group Limited. Data for 2013 (Q3)–2014 from Kantar Media (unpublished data).

http://www.trinketsandtrash.org
http://tobacco.stanford.edu/tobacco_main/index.php
http://tobacco.stanford.edu/tobacco_main/index.php
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included tabloids, entertainment weeklies, and men’s life-
style magazines (Truth Initiative 2015).

Research indicates that e-cigarette advertising 
in magazines with high teen readership is on the rise 
(U.S. Congress 2014). From 2012 to 2013, the number 
of e-cigarette advertisements in magazines with high 
youth readership was four times the number in magazines 
with high adult readership (U.S. Congress 2014). Recent 
studies using data from Kantar Media and GfK MRI (the 
latter measures media audiences and consumer insights; 
see http://www.mri.gfk.com) on e-cigarette advertise-
ments show that blu led all e-cigarette brands in magazine 
advertising and that respondents had the highest recall of 
blu advertisements (Legacy for Health 2014).

A content analysis by Banerjee and colleagues (2015) 
of print magazine tobacco ads for 2012–2013, using data 
collected from Kantar Media, identified 171 e-cigarette 
ads over this period, 27 of which were unique. Ads were 
found in 24 magazines, 11 of which had been identified in 
prior studies as having youth and young adult readerships 
greater than 2 million per year or for which the teen por-
tion of the audience was more than 10%. By number, ads for 
e-cigarettes were second only to those for conventional cig-
arettes and higher than the numbers for moist snuff, cigars, 
and snus. Eighty-five percent of the content in e-cigarette 
ads focused more on a theme of logos (i.e., logic or facts to 
support a position) than on a theme of emotional appeal.

In examining persuasive themes, the study found 
that ads used several approaches, including highlighting 
the conventional advantages of the product—such as 
a  focus on customer satisfaction—and emphasizing the 
quality of the product or price (85.2%) (Banerjee et al. 
2015). The ads also used the comparative approach, such as 
portraying the product as being different from other prod-
ucts, being smokefree, or being exempt from use in areas 
where conventional cigarettes are prohibited. Figure 4.6 
shows examples of the claims in e-cigarette marketing. 
In terms of images, 100% of the ads included the brand 
name and an image of the product. In addition, ads were 
most frequently full-page advertisements (89.9%), usu-
ally placed the product in a way that drew attention to it 
(92.6%), and most often used six or more colors (85.2%), 
which the authors noted increases the attention-grabbing 
ability of the ads (Banerjee et al. 2015).

A different content analysis of magazine ads for 
e-cigarettes, this one for a 3-month period in 2012 
(Richardson et al. 2014), found health-related themes and 
non-health-related attributes—such as romantic, sexual, 
or sociability content, with the highlighting of taste as the 
most frequent selling proposition (see Figure 4.6, parts 
B–D for examples). All ads in this analysis were found 
to contain links to a product’s website. When examined 
by readership, e-cigarette ads were found to have run in 

magazines with mostly White-male readers and, to a lesser 
extent, magazines targeting White women. The analysis 
noted that ads were targeted to a magazine’s readership, 
with different ads shown in the White, male-oriented 
Rolling Stone publication as compared with the female-
dominated Us Weekly.

Television Advertising to Youth and Young Adults

The increasing frequency and reach of advertising 
on television raises concerns about the potential impact of 
promoting nicotine products and renormalizing smoking 
through that medium, particularly for youth (Hodge Jr 
2013; Duke et al. 2014; Grana and Ling 2014). At least 
40 unique advertisements for e-cigarettes appeared on U.S. 
television in 2013 and early 2014 (Farrelly et al. 2015). For 
example, e-cigarette ads were featured in the Super Bowl 
broadcast, which reached an estimated audience of more 
than 100 million persons in 2012 (Deans 2012). The Truth 
Initiative (formerly the American Legacy Foundation) 
found that in 2014, television advertising reached sim-
ilar proportions of youth (62% of 12- to 17-year-olds) and 
young adults (64% of 18- to 24-year-olds) (Truth Initiative 
2015). Using proprietary data from Nielsen, Duke and 
colleagues (2014) estimated that 50% of U.S. youth 
were exposed to e-cigarette ads on television in 2013 
and that 80% of this advertising was for blu (Lorillard, 
now Reynolds American). On average, those exposed 
saw 21  ads between October 2012 and September 2013. 
Between 2011 and 2013, exposure to e-cigarette adver-
tising on television increased dramatically, by 321% for 
young adults (18–24 years of age) and 256% for adoles-
cents (12–17 years of age) (Duke et al. 2014).

The same study (Duke et al. 2014) found that 
more than 75% of the exposure of youth to e-cigarette 
ads occurred on cable networks. The study found televi-
sion ads for several different brands—including blu, FIN, 
Starfire, and NJOY—during a 9-month period in 2013. 
The most widely aired ad was for blu, featuring a celeb-
rity and closing with the tagline “we’re all adults here. It’s 
time to take back your freedom” (Duke et al. 2014, p. 6).

Sponsorships

After the Master Settlement Agreement in 1998, 
sponsorship of events with a significant youth audi-
ence, such as concerts and athletic events, was banned 
for conventional cigarettes. However, e-cigarettes do not 
fall under these parameters, and recalling the early mar-
keting of conventional cigarettes, e-cigarette brands have 
used sponsorships to increase the awareness and appeal 
of their label and product. For example, in 2011 blu spon-
sored a NASCAR driver and had its own car in some races 
(PRNewswire 2011). Additionally, blu has handed out free 

http://www.mri.gfk.com
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Figure 4.6 E-cigarette marketing claims

A. Freedom

Source: Esquire (2014).

B. Health

Source: Stanford Research into the Impact of 
Tobacco Advertising (n.d.b.).

C. Romance, sexuality, or sociability

Source: (Left) Maxim (2012), (middle) Men’s Journal (2014), and (right) Sports Illustrated (2014).
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Figure 4.6 Continued

D. Taste

Source: Soap Opera Digest (2013).

E. Smoking cessation

Source: Rolling Stone (2013).

F. Use in smokefree environments

Source: Rolling Stone (2012).

G. Product engineering

Source: Rolling Stone (2015).
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Figure 4.6 Continued

H. Cleaner than cigarettes

Source: Car and Driver (2014).

I. Save money

Source: FIN Electronic Cigarettes (n.d.).

J. Circumvent smokefree policies

Source: Spin (2012).
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samples during large events and has even sponsored events 
at music festivals (PRNewswire 2013; blu eCigs 2014). 
Further, conservative estimates indicate that in 2012 and 
2013, free samples were provided by six companies at 
348  events, most of these events having high participa-
tion by youth (Durbin et al. 2014). Under the deeming rule 
published in May 2016 (currently under litigation), free 
samples were banned (Federal Register 2016).

Digital Landscape for E-Cigarettes

The Internet has been widely used to promote cig-
arettes, cigars, and smokeless products (Ribisl 2003; 
Freeman and Chapman 2007; USDHHS 2012). This 
medium—through websites, message forums, and social 
media—has been heavily used to sell and glamorize 
e-cigarettes and their use. Nearly all teens 13–17 years 
of age (92%) use the Internet daily, and 73% of teens 
access the Internet via smartphones (Lenhart 2015). In 
2015, a study conducted by the Truth Initiative indicated 
that 40% of youth (13–17 years of age) and 57% of young 
adults (18–21 years of age) had seen e-cigarette adver-
tising online (Truth Initiative 2015).

Price promotions are not just involved in sales at 
brick-and-mortar stores; they are also offered by online 
stores and through social media. Grana and Ling (2014) 
found that 80% of websites indicated a sale price or dis-
count, while Huang and colleagues (2014a) found that 
34% of commercial tweets mentioned the words “price” or 
“discount.” Both Facebook and Twitter provide opportuni-
ties for brands and companies to offer online coupons and 
discounts (Discount Coupons for blu n.d.; Vapor4Life n.d.). 
In a study of online e-cigarette retailers, 28% of the web-
sites offered a promotion, such as a discount, other free 
items, or a loyalty program (Williams et al. in press). 
Without age restrictions or age verification, youth can 
access these websites easily and thus obtain the discount 
or coupon (Williams et al. in press). However, under the 
deeming rule, websites cannot sell e-cigarettes to youth 
under the age of 18, so access will likely be curtailed as 
a result (Federal Register 2016). The following sections 
review three basic categories of online e-cigarette content: 
websites that sell e-cigarettes, manufacturer-sponsored 
brand name websites, and e-cigarette promotions on 
social media websites (including Facebook, Twitter, and 
YouTube).

Websites Selling E-Cigarettes

Tobacco industry analysts estimate that online sales 
accounted for approximately 30% of e-cigarette sales 
volume in the first quarter of 2015 (Wells Fargo Securities 
2015a). Some Internet vendors sell their own brands 
exclusively (e.g., Mistic, Green Smoke), while a large 

number are online stores that sell many brands and vari-
eties of products (Zhu et al. 2014; Williams et al. in press). 

Although the marketers of e-cigarettes have made 
claims that differ from those made for conventional ciga-
rettes (such as use for smoking cessation, which is illegal 
without being an approved cessation drug or device), 
a content analysis of e-cigarette marketing (Grana and 
Ling 2014) and the observations of tobacco marketing sur-
veillance systems point to several similarities, including 
the use of young, attractive models; lifestyle claims; and 
celebrities. Other claims made in e-cigarette advertising 
have been used in the past by conventional cigarette 
brands (such as having fewer carcinogens, lower risk of 
tobacco-related disease) or by smokeless tobacco products 
(such as the ability to use them where smoking is prohib-
ited) (Grana and Ling 2014). However, under the deeming 
rule that was published in May 2016, after August 8, 2016, 
e-cigarette manufacturers cannot make modified risk 
claims (Federal Register 2016) (although this provision 
has been challenged in pending lawsuits).

Formal analyses of marketing claims of branded 
e-cigarette sites that both promote and sell e-cigarettes 
provide details on the types of claims made in these chan-
nels. The study by Grana and Ling (2014) analyzed claims 
from 59 English-language websites over a 2-month period 
in 2011 and found four major thematic content areas: 
health- and cessation-related benefits, avoiding smokefree 
policies, lifestyle benefits, and product-engineering claims. 
Ninety-five percent of websites made explicit or implicit 
health-related claims, and 64% made claims related to 
cessation, often through the use of testimonials. Almost 
all (98%) included a comparison of the risks and benefits 
of e-cigarettes and conventional cigarettes; 95% included 
claims that e-cigarettes are cleaner; and 93% said they 
were cheaper. Claims regarding where e-cigarettes 
could be used were also common—with 88%  claiming 
e-cigarettes can be used anywhere, and 71% pointing to 
e-cigarette use as a means of circumventing clean air poli-
cies. Figure 4.6 shows advertising that exemplifies these 
marketing claims for e-cigarettes.

Grana and Ling’s (2014) analysis also points to the 
common use of lifestyle-related claims, a hallmark of tra-
ditional tobacco marketing: 73% of websites contained 
images or claims of being modern or glamorous. Websites 
also pointed to social advantages for users of their par-
ticular brand: 44% of claims pointed to increased social 
status and 32% to enhanced social activity, 31% suggested 
romantic advantages, and 22% used celebrities. Claims 
of increased social status, opportunity, and romance as 
well as the use of celebrities may resonate especially with 
youth and young adults (Grana et al. 2011).

A different content analysis, this one of the mar-
keting messages of English-language branded e-cigarette 
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retail sites, examined and compared websites for two dif-
ferent time periods (May–August 2012 and December 
2013–January 2014) and found differences in claims between 
the two timeframes (Zhu et al. 2014). In comparing claims 
for brands available during both time periods with those 
that were newly available in 2013–2014, the authors found 
that products and advertising messages varied between the 
two samples. Brands analyzed from 2012 were significantly 
more likely than those in the later period to (a) claim that 
their products were healthier and less expensive than con-
ventional cigarettes and could be used where smoking is 
prohibited and (b)  indirectly claim their products were 
effective for smoking cessation through testimonials and 
other methods (Zhu et al. 2014). The study also found an 
increase from one period to the next in the number of 
branded retail websites and the number of flavors per brand 
advertised on a website, as well as the likelihood of a web-
site offering e-cigarette hardware and such other products 
as e-liquids and e-hookahs or other products that did not 
resemble cigalikes (Zhu et al. 2014). The study’s findings 
suggested that the emphasis for newer brands had shifted 
from comparing them with conventional cigarettes to a 
focus on their role as new nicotine delivery systems.

Williams and colleagues (in press) used a stan-
dardized search strategy employed in their earlier study 
of websites selling cigarettes (Ribisl 2003) to identify 
995  English-language websites selling e-cigarettes in 
2014. The authors performed a content analysis on the 
281 most popular websites, as judged by data on traffic. 
Most of the websites were based in the United States 
(71.9%), the United Kingdom (16.7%), and China (5.3%), 
and they offered a variety of products, but more sold 
e-cigarette starter kits (92.5%) than disposables (55.2%). 
Most offered flavors, with the most popular being fruit 
(79.4%), candy (75.2%), coffee (68.0%), and alcohol 
(45.6%). Although 71.5% featured some type of health 
warning, 69.4%  claimed health advantages over other 
tobacco products, and 32.7% claimed that the product 
helped people to quit smoking conventional cigarettes. 
The sites also featured endorsements or mentions of 
celebrities using the products (Stanford Research into 
the Impact of Tobacco Advertising n.d.a.). Physicians and 
other health professionals provided endorsements as well.

Elsewhere, Cobb and colleagues (2015) conducted a 
forensic analysis of websites that sold e-cigarettes and par-
ticipated in affiliate advertising on the Internet. In addi-
tion to identifying multiple layers of redirection between 
online advertising by affiliates and websites selling 
e-cigarettes, the authors found that online advertisements 
and affiliate websites included cessation claims. 

Research suggests Internet e-cigarette vendors have 
not routinely verified the age and identity of website visi-
tors or blocked sales to minors. However, after August 8, 

2016, due to the deeming rule, it has become illegal for 
online retailers to sell e-cigarettes to those under 18 
(Federal Register 2016). In a survey of purchasing by 
youth, Williams and colleagues (2015) identified 98 web-
sites selling e-cigarettes on which youth, 14–17 years of 
age, made purchase attempts using prepaid credit cards. 
In all, 18 (of 98) order attempts failed because of technical 
problems with the website or the payment system, all of 
which were unrelated to age verification. Of the remaining 
80 orders, 75 (93.8%) were filled. Five vendors claimed to 
use a service offered by shipping companies to verify age 
at delivery, but none actually did. Although data are not 
available on the proportion of youth who purchase their 
e-cigarettes online versus buying them at retail outlets, 
this study suggests that youth would have ready access if 
they tried to purchase e-cigarettes online. The Prevent All 
Cigarette Trafficking Act of 2009 requires Internet sellers 
of cigarettes and smokeless tobacco to, among other provi-
sions, verify age of customers at the time of purchase and 
ensure that the deliverer checks identification at the time 
of delivery; stop Internet sales to minors; and pay applicable 
local, state, federal, and territorial taxes to reduce the price 
advantage of online sales. FDA regulation now prohibits 
the Internet sales of e-cigarettes to minors. However, there 
are currently no federal requirements for Internet vendors 
of e-cigarettes to check identification upon delivery or pay 
applicable taxes (Campaign for Tobacco Free Kids 2016).

The marketing of candy and fruit flavors may be one 
of the reasons that e-cigarettes appeal to youth (Grana 
and Ling 2014; Richtel 2014a; Zhu et al. 2014). Young 
adults (18–24 years of age) are more likely to use flavored 
tobacco products than are adults in the next age group 
(25–34 years of age) (Villanti et al. 2013). Zhu and col-
leagues (2014), who used three search engines (Google, 
Yahoo!, and Bing) and various keywords from May 2012 
to January 2014 to identify a wide variety of e-cigarette 
brands and flavors, found 466 brands and 7,764 unique fla-
vors, with 242 new flavors appearing each month. Other 
than tobacco flavor, the most popular flavors were menthol 
(92.1%), fruit (84.2%), dessert/candy (79.9%), and alcohol/
drinks (77.5%). Additionally, in their content analysis of 
e-cigarette retail websites, Grana and Ling (2014) found 
that such flavors as coffee, fruit, and candy were offered on 
most sites. Further, flavors were being sold under brand 
names similar to cereal and candy products that appeal to 
youth, such as Wrigley’s Big Red Gum (Daniels 2015).

Tobacco Industry Corporate and Brand 
Websites

Three categories of e-cigarette brands have emerged 
within the U.S. market: brands developed by cigarette 
manufacturers (i.e., MarkTen, VUSE), brands acquired 
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by cigarette manufacturers (i.e., blu, Green Smoke) 
(Table 4.3), and brands that have no affiliation with a ciga-
rette manufacturer (e.g., NJOY, FIN). A content analysis 
of websites for these three types of brands suggested that 
those developed by cigarette manufacturers may be mar-
keted more cautiously than brands acquired by cigarette 
manufacturers or brands that have no affiliation with a 
cigarette manufacturer (Seidenberg et al. 2016). 

Table 4.3 Mergers, acquisitions, partnerships, and other agreements in the e-cigarette industry

Date Purchaser Acquisition target
Partnerships and 
other agreements Deal sizea Geographyb

December 2011 Japan Tobacco — Ploom (partnership) Not disclosed United States

December 2012 BAT CN Creative — £40 million United Kingdom

April 2012 Lorillard blu — $135 million United States

April 2013 National Tobacco — V2 Cigs 
(partnership)

Not disclosed United States

August 2013 Imperial Dragonite — $75 million China

October 2013 Lorillard SKYCIG — £60 million United Kingdom

January 2014 ECIG VAPESTICK — $70 million United Kingdom

January 2014 Gilla Drinan — Not disclosed Ireland

February 2014 Altria Green Smoke — $110 million United States

March 2014 ECIG FIN — $170 million United States

April 2014 ECIG VIP — $58 million United Kingdom

June 2014 ECIG Ten Motives — $104 million United Kingdom

June 2014 PMI Nicocigs — Not disclosed United Kingdom

July 2014 ECIG Hardwire — $30 million Internet

November 2014 Japan Tobacco E-Lites — Not disclosed United Kingdom

January 2015 BreatheEcigs/DNA Breathe LLC — Not disclosed United States

February 2015 Japan Tobacco — Ploom (purchased 
the intellectual 
rights to some 
Ploom technology)

Not disclosed United States

March 2015 Gilla An undisclosed 
Florida e-liquid 
company

— $1.5 million United States

April 2015 Japan Tobacco Logic — Not disclosed United States

June 2015 Imperial blu — $7.1 billion United States and 
United Kingdom

December 2015 Gilla The Mad Alchemist — $500,000 United States, 
Canada, Europe, 
and United Arab 
Emirates 

Source: Various news sources and companies’ websites, SEC (Securities and Exchange Commission) reports, and press releases as of 
January 25, 2016.
aDeal size refers to prices at the time of the announcement, not necessarily the final transaction price.
bGeography refers to the country in which the acquisition target was registered.

Table 4.4 

compares and contrasts some key features of the web-
sites by manufacturer affiliation. It shows, for example, 
that access to websites of brands developed by cigarette 
manufacturers (or a subsidiary) was restricted to users 
21  years of age and older (MarkTen), and user registra-
tion was required (i.e., the user needed to input personal 
information such as name, address, and birthdate) for 
VUSE. In contrast, websites for brands with no affiliation 
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with a cigarette manufacturer and those acquired by ciga-
rette manufacturers were accessible to users 18 years of 
age and older via self-reporting of age, with the exception 
of 21st Century Smoke. In addition, VUSE e-cigarettes 
were not sold online (they were sold only in retail out-
lets), and they were available in a single nicotine level 
with limited flavor options (except for forthcoming tank 
versions), while MarkTen could be purchased online. The 
websites for both MarkTen and VUSE mentioned selling 
flavored e-cigarettes. As far as e-cigarette brands not 
having an affiliation with a cigarette manufacturer or 
that were acquired by a cigarette manufacturer, all brands 
except Logic offered fruit, candy, or other flavors. Further, 
all of the unaffiliated brand websites sold e-cigarettes 
online and offered multiple nicotine levels. Most websites 
offered nicotine-free options and flavored e-cigarettes as 

well (Seidenberg et al. 2016). The Green Smoke website 
even provided a link to guide customers in finding the 
proper nicotine level for their cartridges (Green Smoke 
E-Vapor n.d.).

Table 4.4 Comparison of website access restrictions, online sales, nicotine levels, and flavors among e-cigarette 
brands with no cigarette manufacturer affiliation, brands acquired by cigarette manufacturers, and brands 
developed by cigarette manufacturers

  E-cigarette brands (10)

  Not affiliated with a cigarette 
manufacturer: NJOY, Logic, 
21st Century Smoke, FIN, 
Nicotek, and Mistic (6)

Acquired by a cigarette 
manufacturer: blu and Green 
Smoke (2)

Developed by a cigarette manufacturer 
(or subsidiary): MarkTen and 
VUSE (2)

Website access All websites (except 21st 
Century Smoke) have one-click 
accessa or age verification to 
restrict initial access to people 
18 years of age and older; 21st 
Century Smoke does not have 
any website restrictions for 
initial access.

Both sites have one-click 
access or age verification to 
restrict initial access to people 
18 years of age and older (blu) 
and 21 years of age and older 
(Green Smoke).

MarkTen has age verification to restrict 
initial access to people 21 years of age 
and older. Before initial access, VUSE 
requires people 21 years of age and 
older to register first with the website.

Online sales All brands can be purchased 
online.

Both brands can be purchased 
online.

MarkTen can be purchased online; 
VUSE cannot.

Multiple levels of 
nicotine

Among all brands, the level 
of nicotine varies by product. 
Some (e.g., blu, Logic Zero, 
21st Century Smoke, Nicotek) 
offer products with 0% nicotine 
(by volume).

Among both brands, the level of 
nicotine varies by product. 

For MarkTen, the level of nicotine 
varies by product. VUSE e-cigarettes 
contain 4.8% nicotine (by weight).
VUSE tanks, set to come out in 
February 2016, will have different 
levels of nicotine (Kress 2015).

Flavors (other than 
tobacco and/or 
menthol)

All brands offer a variety of 
flavors, such as fruit and candy.

Both brands offer a variety of 
flavors.

MarkTen offers two flavors: fusion and 
wintermint. VUSE offers four flavors: 
crema, chai, berry, and mint (Kress 
2015).

Source: Unless cited otherwise, information was obtained from the companies’ websites (January 2016): https://www.njoy.com/;  
http://store.logicecig.com/; https://www.21stcenturysmoke.com/; https://www.fincigs.com/; http://www.nicotekecigs.com/;  
http://www.misticecigs.com/; http://www.blucigs.com/; https://www.greensmoke.com/; https://www.markten.com/; and  
https://vusevapor.com/.
aWith “one-click access,” visitors to a website self-report on their age by identifying their age from a clickable pop-up box. For 
example, persons 18 years of age and older can browse the website, but those younger than 18 cannot.

Social Media Promoting E-cigarettes

E-cigarettes have been widely promoted on social 
media platforms such as YouTube, Twitter, Instagram, and 
Facebook; most of these social media sites do not require 
age verification. YouTube is the most popular video-
sharing website globally and features many e-cigarette 
videos. Luo and colleagues (2014) used various search 
terms to identify 196 unique videos in February 2013 
that were portraying e-cigarettes and found that 94% of 
the videos were “pro” e-cigarettes, 4% were neutral, and 

https://www.njoy.com/
http://store.logicecig.com/
https://www.21stcenturysmoke.com/
https://www.fincigs.com/
http://www.nicotekecigs.com/
http://www.misticecigs.com/
http://www.blucigs.com/
https://www.greensmoke.com/
https://www.markten.com/
https://vusevapor.com/
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2% were “anti” e-cigarettes. Those authors found that 
the three most common genres were advertising of prod-
ucts, user sharing, and product reviews. Of the “pro” 
e-cigarette videos, 84.3% featured links to websites selling 
e-cigarettes, and 71.4% claimed that e-cigarettes were a 
healthier alternative to conventional cigarettes. Finally, 
the “pro” videos received more visits and were rated more 
favorably than were the small number of “anti” videos.

The authors of another study, this one a content 
analysis of 365 e-cigarette videos on YouTube that ran at 
some time from June 2007 to June 2011, estimated that 
more than 1.2 million youth and a total of 15.5 million 
people worldwide were exposed to these videos (Paek 
et al. 2014). In addition to looking at viewership, the con-
tent analysis examined the type, sponsorship, and health 
claims of the videos. Just 16% of the videos were formal 
advertisements or news clips, and 79.2% of the content 
was coded as appearing to have been generated by users. 
Videos emphasized economic, psychological, and social 
benefits, and health claims included e-cigarettes being 
less harmful than conventional cigarettes, healthy, and 
providing help in quitting smoking. Most (85.2%) videos 
in the sample were sponsored by e-cigarette companies 
or their associates, with an additional 10% coming from 
individuals who did not mention a specific website or 
company. Interestingly, videos sponsored by marketers 
contained a significantly lower level of health claims than 
did those from laypeople (users) and, not surprisingly, 
contained a higher level of information cues (e.g., product 
contents, price, distribution channel).

A cross-sectional study of Twitter, a microblogging 
platform, that examined more than 74,000 tweets accessed 
through a licensed Twitter data provider over a 2-month 
period in 2012, found extensive marketing of e-cigarettes 
(Huang et al. 2014a). The majority of e-cigarette con-
tent during this period was advertising and promotion. 
In fact, 89.6% of the tweets contained commercial con-
tent (e.g., presence of branded promotional messages or 
hyperlinks to commercial websites), and only 11% iden-
tified as being non-sponsored or independent, reflecting 
individual opinions or experiences, or being linked to non-
promotional content. Commercial tweets most commonly 
contained price promotions and discounts (34.3%), with 
cessation-related claims included in 10.8% and lower per-
centages for health or safety (Huang et al. 2014a).

Jo and colleagues (2016), in a study of 2,847 tobacco-
related tweets about price promotions and coupons, found 
that e-cigarettes, not conventional cigarettes, were the 
most frequently mentioned product (90.1%), and about 
one-third of all e-cigarette-related tweets included a dis-
count code. The tweets also touted the relatively low price 
of e-cigarettes and made comparative claims about the 
health risks of the product.

Sponsored Online and Video Advertising

The study by Richardson and colleagues (2015) 
used information from the monitoring service 
Competitrack to analyze the volume and characteristics of 
industry-sponsored tobacco and e-cigarette online banner/
video advertisements in the United States and Canada in 
2012–2013. This study found that online banner/video 
advertising—which embeds an ad or video on a web-
site—was more commonly used for e-cigarettes than 
for conventional cigarettes. E-cigarette ads were often 
placed on music or entertainment (39.1%) sites, which 
the authors noted attract a sizeable number of youth and 
young adults. The most frequent theme for the 24 online 
banner or video e-cigarette ads (promoting five e-cigarette 
brands) analyzed was that the product was more “green” 
or environmentally friendly than conventional cigarettes 
(54.2%), followed by less harmful than cigarettes (37.5%), 
and being an alternative to conventional cigarettes when 
someone could not smoke (33.3%).

E-Cigarettes in the Retail 
Environment

Conventional Tobacco Retailers (Convenience 
Stores, Pharmacies, Tobacco Shops)

As of December 2015, 48 of the 50 states prohibited 
sales of e-cigarettes to minors (National Conference of 
State Legislatures 2015), but compliance of retailers with 
youth-access laws has not yet been studied. FDA is actively 
enforcing the federal minimum age requirements. As of 
August 8, 2016, the federal deeming rule bans the sale of 
e-cigarettes to minors under the age of 18 and requires 
photo identification for those under age 27 (Federal 
Register 2016). In the past few years, brick-and-mortar 
retailers have surpassed the Internet as the dominant 
distribution channel for e-cigarettes. For example, after 
Lorillard acquired blu in 2012, the number of retailers 
selling this brand increased from 13,000 to 127,000 in 
just 1 year (Esterl 2012; Bannon 2013). In California, 
the proportion of licensed tobacco retailers that sold 
e-cigarettes increased from 12% in 2011 to 67% in 2014 
(Chapman 2015).

E-cigarettes are widely available in convenience 
stores, a type of establishment that 4.1 million U.S. 
teenagers visit at least once per week (Rose et al. 2014; 
Sanders-Jackson et al. 2015a). According to a 2013 state-
sponsored survey that included a sample of approximately 
7,300 licensed tobacco retailers in California, e-cigarettes 
were sold in more than half of convenience stores, phar-
macies, and liquor stores and in nearly all tobacco shops 
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(California Department of Public Health and California 
Tobacco Control Program 2014).

Only three studies have examined the retail avail-
ability of e-cigarettes near schools. In a 2012 nationally 
representative sample of tobacco retailers, the presence of 
a public school within 1,000 feet was not related to the 
availability of e-cigarettes (Rose et al. 2014). In a study 
that examined a much larger buffer zone in Kentucky, 
88% of schools in two counties were located within 1 mile 
of a retailer that sold e-cigarettes (Hahn et al. 2015). As 
for colleges, disposable and/or rechargeable e-cigarettes 
were available at 60% of tobacco retailers near campuses 
in North Carolina and Virginia in 2013, a more than two-
fold increase from the previous year (Wagoner et al. 2014).

A pilot study examining tobacco point-of-sale adver-
tising and promotion in the central Harlem neighborhood 
of New York City found that 26% of stores had e-cigarette 
advertising on the building’s exterior (Ganz et al. 2015). 
External ads included those located less than 3 feet above 
the ground at the eye level of children—a placement that 
was outlawed for conventional cigarettes by the Master 
Settlement Agreement—and featured flavored products 
(Ganz et al. 2015).

Unlike conventional cigarettes, e-cigarettes appear 
to be relatively less prevalent at stores in economically 
disadvantaged communities. In an analysis that examined 
data from two studies that had used representative sam-
ples of U.S. tobacco retailers, e-cigarettes were less likely 
to be sold than conventional cigarettes at stores located in 
economically disadvantaged neighborhoods and in neigh-
borhoods with a higher proportion of African American 
residents (Rose et al. 2014). These patterns are consistent 
with evidence that e-cigarette marketing in other channels 
targets higher income non-Hispanic White males (Emery 
et al. 2014). However, the retail availability of e-cigarettes 
has changed at different rates in different neighborhoods. 
In a study of U.S. food stores, only 3% of stores located 
in non-Hispanic White and Hispanic neighborhoods sold 
e-cigarettes in 2010; none of the stores in predominantly 
African American neighborhoods sold them (Khan et al. 
2014). Three years later, the figures were 36% in pre-
dominantly non-Hispanic White neighborhoods, 18% in 
Hispanic-majority neighborhoods, and 19% in African 
American-majority neighborhoods. Notably, these data 
were collected before the two largest U.S. tobacco com-
panies launched MarkTen (Altria) and VUSE (Reynolds 
American) in late 2013. Thus, the industry’s current 
influence on disparities in the retail availability and mar-
keting of e-cigarettes cannot be readily estimated from the 
studies reviewed.

Two studies examined retail data about e-cigarettes 
as a function of state and/or county smokefree air laws 
(Huang et al. 2014b; Rose et al. 2014). In one of the 

studies, which used data collected in two studies that used 
independent samples of U.S. tobacco retailers, the odds 
of selling e-cigarettes were greater for retailers in states 
with weaker smokefree air policies, even after control-
ling for store type, price of conventional cigarettes, and 
neighborhood demographics (Rose et al. 2014). A similar 
inverse relationship was found between sales of dispos-
able e-cigarettes (as measured by retail scanner data in 
52 U.S. markets from 2009 to 2012) and the proportion 
of the population protected by 100% smokefree policies 
covering all indoor areas of bars, restaurants, and work-
places (Huang et al. 2014b). Taken together, these results 
suggest that e-cigarettes are, at least initially, more likely 
to be sold in communities with weaker smokefree policies.

Few retail surveillance studies have characterized 
promotion, placement, or price for e-cigarettes (Hsu et al. 
2013; Wagoner et al. 2014; Ganz et al. 2015). In a study 
of licensed tobacco retailers in Florida, advertising for 
e-cigarettes was more prevalent on the exterior than the 
interior (50% vs. 11%) (Kim et al. 2015). In the study by 
Wagoner and colleagues (2014), the presence of e-cigarette 
advertising near college campuses in North Carolina and 
Virginia tripled on store exteriors and quadrupled in store 
interiors in just 1 year. Although the price of recharge-
able units decreased significantly, there was little evidence 
of price discounting for any e-cigarettes (Wagoner et al. 
2014). The low visibility of price discounts at the point 
of sale suggests that marketing for e-cigarettes favors a 
“pull” strategy, relying on direct mail and e-mail coupons 
and special offers to entice customers to retail locations.

“Vape Shops”

“Vape shops” specialize in the sale of refillable devices 
and tank systems, typically offer a tasting menu of flavors, 
and sometimes feature a lounge area where customers can 
“vape” while socializing (Lee and Kim 2015; Sussman et al. 
2016). “Vape shops” have been excluded from most studies 
about the retail marketing of e-cigarettes, in part because 
the environment is so different from that of conventional 
tobacco retailers (Lee and Kim 2015) and because so few 
states require these establishments to obtain a tobacco 
retailer license, effectively keeping them out of the sam-
pling frame for many studies and making the monitoring 
and enforcement of laws difficult (Lee et al. 2014).

Anecdotal evidence suggests that “vape shops” cur-
rently do not have readily visible branded signs and displays 
that characterize the retail marketing of other tobacco 
products. Even though the relationship between the “vape 
shop” industry and the tobacco industry can be adversarial 
(Sussman et al. 2016), one study found that the marketing 
practices of these establishments closely resemble the cur-
rent and former strategies that tobacco companies have 
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used to market other tobacco products (Cheney et al. 2015). 
According to this study, “vape shop” owners and managers 
in Oklahoma used free samples, loyalty programs, spon-
sored events, direct mail, advertising through social media, 
and price promotions targeted at particular consumers, 
such as college students (Cheney et  al. 2015). No other 
study about marketing by “vape shops” has been published.

Numerous gaps exist in research about “vape shops,” 
including information on consumer behavior, the use of 
tracking systems for sales data, marketing surveillance, 
purchases by youth, and the opinions of retailers and 
the general public about regulations. Spatial analyses 
are needed to determine whether “vape shops” are clus-
tered near schools or college campuses, whether other 
neighborhood demographics are correlated with the loca-
tion of these establishments, and how such associations, 
if present, have changed over time and in response to state 
and local policy interventions. The proportion of “vape 
shops” where workers mix solutions of liquid nicotine on 
site is not known, and the absence of uniform safety pre-
cautions regarding handling and spills poses additional 
concern for regulation (ChangeLab Solutions 2014). Under 
the deeming rule that was published in May 2016, “vape 
shops” that mix and sell e-liquids are both retailers and 
manufacturers and, therefore, are subject to the provisions 
in the deeming rule and the Tobacco Control Act that apply 
to both (Federal Register 2016).

Exposure and Receptivity to 
Advertising for E-Cigarettes

Exposure

Given industry data about increasing expenditures 
for e-cigarette advertising and extending its reach, the 
high levels of advertising awareness reported in studies of 
youth and/or young adults are not surprising. An online 
panel of U.S. youth (13–17 years of age) and young adults 
(18–21 years of age) conducted in February 2014 found 
that awareness of e-cigarette advertising was greatest for 
retail advertising, followed by awareness of advertising 
on television and online (Truth Initiative 2015). In this 
study, and compared with the entire population, aware-
ness among current smokers of e-cigarette advertising 
was higher across all channels and higher for online ads 
than for television ads (Legacy for Health 2014).

In school-based surveys of middle and high school 
students in Connecticut, gas stations and television were 
the dominant channels in which students reported recently 
seeing e-cigarettes advertised or sold (Krishnan-Sarin et al. 
2015). A different pattern was observed in a convenience 
sample of college students in Hawaii, where the figures for 

seeing ads were 59%, online; 58%, television; 71%, malls; 
41%, gas stations; and 47%, convenience stores (Pokhrel 
et al. 2015). Elsewhere, in an online experiment, 56% 
of adolescents (13–17 years of age) who had never used 
e-cigarettes reported seeing at least one televised advertise-
ment previously, and there were modest, but statistically 
insignificant differences in exposure by smoking status and 
race/ethnicity (p<.10) (Farrelly et al. 2015).

The National Youth Tobacco Survey reported that in 
2014, 18.3 million middle and high school students were 
exposed to e-cigarette advertising from at least one source 
(CDC 2016b). In this nationally representative sample of 
U.S. middle and high school students, nearly 7 out of 10 
reported seeing an e-cigarette advertisement in that year. 
The most common places for exposure among middle 
school students were retail stores (52.8%), the Internet 
(35.8%), television and movies (34.1%), and newspapers 
and magazines (25.0%). Similarly, high school students 
reported the highest exposure at retail stores (56.3%) and 
then the Internet (42.9%), television and movies (38.4%), 
and newspapers and magazines (34.6%). Among both 
middle school and high school students, exposure through 
retail stores was higher among non-Hispanic Whites than 
non-Hispanic Blacks. However, non-Hispanic Blacks had 
higher exposure to e-cigarette advertisements on televi-
sion and in movies than non-Hispanic Whites. Females 
had higher exposure than males to advertisements on the 
Internet and in newspapers and magazines.

Receptivity to Advertising

Receptivity to tobacco marketing is a well-established 
risk factor for tobacco use by adolescents and young adults 
(NCI 2008; USDHHS 2012), and two studies adapted mea-
sures of receptivity to the marketing of tobacco in research 
on e-cigarettes. In one study, college students from 
a  southwestern state who watched three advertisements 
for different brands of e-cigarettes in an online survey 
used a 7-point scale to rate how enjoyable, likable, and 
appealing the ads were; results suggested moderate recep-
tivity (mean of 51 on a scale ranging from 7 to 126) and 
significant differences between brands (Trumbo and Kim 
2015). In the other study, Pokhrel and colleagues (2015), 
using a sample of college students from Hawaii, adapted 
a multi-item scale of liking advertisements from studies 
about alcohol (Unger et al. 2003) and two items from the 
most commonly used measure of receptivity to tobacco 
marketing (Pierce et al. 1998). This study observed low 
levels of liking advertisements (all below the scale mid-
point) (Pokhrel et al. 2015). The extent to which youth 
and young adults who are receptive to e-cigarette mar-
keting are also receptive to tobacco marketing has not 
been studied. However, the extent to which advertising 
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strategies for e-cigarettes mimic strategies used by tobacco 
companies suggests that the two measures of receptivity 
could be highly correlated.

Effect of E-Cigarette Advertising on 
Behavior

Associations with E-Cigarette Use and Intentions 
to Use

Evidence that advertising for conventional ciga-
rettes increases product initiation among never users, 
discourages quit attempts in current users, and encour-
ages relapse in those trying to quit is well established (NCI 
2008; USDHHS 2012). However, while fewer studies have 
focused on e-cigarette advertising in particular, the avail-
able evidence suggests that e-cigarette advertising has 
similar effects, although additional research is recom-
mended. A search for studies of youth or adults that either 
(a) manipulated exposure to e-cigarette advertising or mea-
sured self-reported recall of advertisements, (b)  assessed 
the frequency of exposure to advertising in one or more 
channels, or (c) measured receptivity to e-cigarette adver-
tising yielded 10 studies that addressed the impact of 
advertising on the use of or intentions to use e-cigarettes.

One experiment tested whether seeing television 
advertising for e-cigarettes predisposed adolescents to try 
these products (Farrelly et al. 2015). Among adolescents 
(13–17 years of age) who had never used e-cigarettes, 
a single exposure to a set of four televised advertisements 
for popular brands resulted in significantly greater inten-
tion to try e-cigarettes—more than 50% higher in the 
treatment group than the control group (Farrelly et al. 
2015). Another study examined responses to e-cigarette 
advertisements among young adults (Trumbo and Kim 
2015); among a convenience sample of college students 
who watched three television ads for e-cigarettes, greater 
receptivity to e-cigarette advertising was associated with 
significantly higher odds of intending to use e-cigarettes 
in the future, but the analysis did not adjust for prior use 
or individual demographics (Trumbo and Kim 2015).

Very few cross-sectional or longitudinal surveys have 
examined associations between adolescents’ exposure to 
e-cigarette advertising and either trial or regular use of 
such products. An analysis of the 2011 National Youth 
Tobacco Survey found that adolescents who reported fre-
quent exposure to protobacco advertising at the point 
of sale and on the Internet (e.g., seeing ads most of the 
time or always) had significantly higher odds of ever using 
e-cigarettes, and there was a dose-response association 
between the number of marketing channels to which they 
were exposed and ever use (Agaku and Ayo-Yusuf 2014).

Surveillance research that differentiates exposure to 
advertising for e-cigarettes from exposure to ads for con-
ventional tobacco products would be useful to establish 
whether exposure to e-cigarette advertising is correlated 
with product use and contributes to product initiation and 
product use among young people who were not tobacco 
users to start. It bears mentioning here that a genera-
tion of U.S. youth has grown up without any television or 
billboard ads for conventional cigarettes. In this context, 
research is needed to understand at what age young people 
understand that e-cigarette advertising depicts the use of 
e-cigarettes rather than the smoking of conventional ciga-
rettes and to examine whether there are spillover effects 
of marketing for e-cigarettes on the use of conventional 
tobacco products.

In the study from Hawaii (Pokhrel et al. 2015), 
researchers examined the association between exposure 
to e-cigarette advertising and product use using a conve-
nience sample of approximately 300 college students in 
that state. The study found that more frequent exposure 
to e-cigarette advertising—as measured by exposure in 
any of multiple channels (e.g., newspapers, magazines, 
Internet, television billboards, sporting/cultural events, 
convenience stores, gas stations, grocery stores, and 
malls)—was associated with significantly higher odds 
of ever using e-cigarettes, and receptivity to e-cigarette 
advertising was associated with higher odds of past-month 
use, even after adjustments for smoking status and indi-
vidual demographics.

Two studies strongly support the association between 
exposure to e-cigarette advertising and youth suscepti-
bility to and use of e-cigarettes (CDC 2016a; Mantey et al. 
2016). Both studies examined data from the 2014 National 
Youth Tobacco Survey, a survey of more than 20,000 U.S. 
middle and high school students. The studies assessed 
self-reported levels of exposure to e-cigarette ads on the 
Internet, in newspapers and magazines, at retail stores, 
and on television or in movies, and used multivariate 
logistic regression models to examine the relationships 
between marketing exposure and e-cigarette susceptibility 
and use. Exposure to each type of e-cigarette marketing 
was significantly associated with increased likelihood of 
ever having used and current use of e-cigarettes among 
middle and high school students (CDC 2016a; Mantey et 
al. 2016). Exposure was also associated with susceptibility 
to use e-cigarettes among current nonusers. In multi-
variate models, as the number of channels of e-cigarette 
marketing exposure increased, the likelihood of use and 
susceptibility also increased (Mantey et al. 2016).

One concern is that e-cigarette advertising may 
perpetuate dual use of conventional cigarettes and 
e-cigarettes, a concern that comes from the visual depic-
tions of e-cigarette use that may serve as smoking cues 
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to current and former smokers of conventional ciga-
rettes, increasing the urge to smoke and decreasing inten-
tions and efficacy to quit or abstain from smoking (Glynn 
2014; Grana and Ling 2014; Maloney and Cappella 2016). 
Consistent with cue-reactivity studies about conventional 
cigarettes, exposure to e-cigarette use in a laboratory was 
associated with increased urge to smoke conventional cig-
arettes among smokers and an urge to use e-cigarettes 
among users of that product (King et al. 2015). Whether 
exposure to depictions in advertising of the use of 
e-cigarettes triggers urges to begin or continue to smoke 
conventional cigarettes or weakens users’ resolve to quit 
has received little attention. This is particularly important 
because rates of cigarette smoking among youth in the 
United States are at an historic low (CDC 2014).

Associations with Knowledge, Risk Perceptions, 
and Other Attitudes 

Advertising is an important source of information 
about e-cigarettes for youth and adults (de Andrade et al. 
2013; Pepper et al. 2014a), and there is emerging evidence 
about how unregulated advertising for e-cigarettes may 
influence consumer perceptions about product safety. 
One study of adolescents (Farrelly et al. 2015) and three 
studies of adults (Pokhrel et al. 2015; Sanders-Jackson 
et al. 2015b; Tan et al. 2015a) examined the associations 
between exposure to e-cigarette advertising and knowl-
edge or perceptions of these products.

Among U.S. adolescents (13–17 years of age) who 
had never used e-cigarettes, a single exposure to a set of 
four televised advertisements was associated with signifi-
cantly higher odds of agreeing that the products can be 
used without affecting those around you and with lower 
odds of agreeing that the products are harmful (Farrelly 
et al. 2015). Compared with the control group, the treat-
ment group reported significantly more positive attitudes 
about the benefits of using e-cigarettes. Elsewhere, in an 
online survey representative of U.S. households, 57% of 
young adults (18–34 years of age) were aware that some 
e-cigarettes contain nicotine, but more frequent expo-
sure to e-cigarette advertising at point of sale, in mass 
media, and in social media (the three variables combined) 
was associated with a significantly higher likelihood of 
answering this question incorrectly (Sanders-Jackson 
et al. 2015b).

In the previously cited study of college students 
in Hawaii (Pokhrel et al. 2015), greater receptivity to 
e-cigarette marketing—but not more frequent exposure 
to the advertising of these products—was associated with 
significantly greater endorsement of beliefs about harm 
reduction for e-cigarettes (e.g., safer, improves health, 
helps to quit). A  different study referred to an online 

survey of U.S. adults (the Annenberg National Health 
Communication Survey [ANHCS]) in which surveyors 
measured the frequency of exposure to e-cigarette adver-
tising (point of sale, mass media, and social media) and 
the degree to which participants perceived those mes-
sages as negative or positive (Tan et al. 2015a). Compared 
with those who reported no exposure to advertising, 
those who held negative perceptions of these messages 
reported significantly greater perceptions of harm from 
breathing e-cigarette vapor. Taken together, the available 
evidence suggests that continued exposure to unregulated 
advertising likely promotes reduced perceptions of harm 
and toxicity and increased perceptions of the efficacy of 
e-cigarettes for quitting conventional cigarettes.

Whether the increasing amount of advertising and 
promotional activities for e-cigarettes serves to renor-
malize the smoking of conventional cigarettes—that 
is, to shift public norms back to acceptance of cigarette 
smoking—is also not known. In focus groups of adult 
smokers 45 years of age and older, participants expressed 
almost unanimous agreement, after seeing selected ads, 
that e-cigarette advertisements promote smoking as 
a socially desirable behavior (Cataldo et al. 2015). The 
analysis by Farrelly and colleagues (2015) also looked at 
outcomes for conventional cigarettes. After exposure to 
e-cigarette advertising, there were no significant differ-
ences between the treatment and control groups on inten-
tions to smoke conventional cigarettes, attitudes toward 
those products, or perceived harm from cigarettes (even 
though there were differences between groups on their 
perceptions of e-cigarettes, as noted previously).

The study that used data from the ANHCS also tested 
the hypothesis that greater exposure to e-cigarette adver-
tising was associated with weaker support for restricting 
cigarette smoking in public spaces (Tan et al. 2015b). Both 
more frequent exposure to e-cigarette advertising and the 
degree to which participants perceived those messages as 
positive correlated negatively with support for smoking 
restrictions. However, in models adjusted for demographic 
variables, neither measure predicted support for restricting 
smoking. Further research is needed to address whether 
the large amount of advertising for e-cigarettes weakens 
support for smokefree air laws and other tobacco control 
policies or supports other potential indicators of renormal-
izing smoking, particularly those indicators that are known 
risk factors for tobacco use by adolescents and young 
adults, such as descriptive norms (e.g., perceived preva-
lence), injunctive norms (e.g., peer acceptance or social 
acceptability), outcome expectations (e.g., perceived bene-
fits), and attitudes toward the tobacco industry. Additional 
research is also needed to assess whether e-cigarette adver-
tising that draws comparisons to conventional cigarettes 
could serve to undermine antismoking messages.
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Evidence Summary

Although the e-cigarette marketplace is complicated 
by the differences in brands that are owned by tobacco 
companies versus independent brands, e-cigarette com-
panies continue to change and to influence the manufac-
turing, price, marketing and promotion, and distribution 
of e-cigarette products and accessories. The e-cigarette 
market continues to grow, with projected sales of $3.5 bil-
lion in 2015. Consolidation of e-cigarette companies has 
been rapid, with the first major merger taking place in 
2012. These mergers and acquisitions are likely to con-
tinue, but the rate of consolidation may slow down as sales 
of cigalikes decelerate, and “vape shops” could have the 
potential to influence the e-cigarette marketplace based 

on the current structure of the marketplace and a regula-
tory landscape where federal regulation is just beginning 
to be implemented. All of these factors create additional 
uncertainties and risks for both the existing independent 
e-cigarette companies and the large cigarette companies. 
This chapter has shown that many of the marketing tech-
niques used by e-cigarette companies are similar to those 
used by the tobacco industry for conventional cigarettes, 
and that awareness by youth and young adults of this mar-
keting, and their levels of exposure to it, is high. Further, 
tracking marketing expenditures and product sales is dif-
ficult because of the rapidly changing venues, including 
“vape shops,” use of social media, and online advertising.

Conclusions

1. The e-cigarette market has grown and changed 
rapidly, with notable increases in total sales of 
e-cigarette products, types of products, consolida-
tion of companies, marketing expenses, and sales 
channels.

2. Prices of e-cigarette products are inversely related 
to sales volume: as prices have declined, sales have 
sharply increased.

3. E-cigarette products are marketed in a wide variety 
of channels that have broad reach among youth and 
young adults, including television, point-of-sale, 
magazines, promotional activities, radio, and the 
Internet. 

4. Themes in e-cigarette marketing, including sexual 
content and customer satisfaction, are parallel to 
themes and techniques that have been found to be 
appealing to youth and young adults in conventional 
cigarette advertising and promotion.
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Introduction

The previous chapters have set out what is currently 
known and not known about e-cigarettes. Despite the 
identified gaps in evidence and the dynamic, evolving pat-
terns of the use of e-cigarettes, policy options are needed. 
These policy options are particularly important as they 
affect the use of e-cigarettes by youth and young adults. 
As this report has demonstrated, e-cigarettes are widely 
used by youth and young adults and are particularly risky 
for these age groups, and efforts to prevent their use by 
young people are needed. This chapter explores the policy 
landscape of e-cigarettes and sets forth recommendations 
that should protect the public’s health, particularly as 
these policies relate to the short- and long-term health of 
youth and young adults.

The Family Smoking Prevention and Tobacco 
Control Act of 2009 (or Tobacco Control Act) (2009) is 
meant to protect the health of the public, including young 
people. As previously discussed, on May 10, 2016, FDA 
published a final rule which deemed all other products, 
including e-cigarettes, meeting the definition of a tobacco 
product, except accessories of such products, to be sub-
ject to the Federal Food, Drug, and Cosmetic Act. This 
rule went into effect on August 8, 2016 (Federal Register 
2016). Under the Tobacco Control Act, FDA likely will be 
required to consider the consequences of e-cigarette use 
for those who do not use tobacco products (as well as for 
those who do).

It can be stated that public health will be harmed if 
the availability of e-cigarettes:

• Increases exposure to nicotine among youth and 
young adults;

• Leads to the initiation of combustible tobacco 
smoking;

• Slows or prevents cessation of combustible products 
by nicotine-addicted smokers; or

• Increases the likelihood that former smokers will 
again become addicted to nicotine and/or use com-
bustible products after being reintroduced to nico-
tine by e-cigarettes.

Potential harm also comes from secondhand expo-
sure to the vapor or aerosol expelled from e-cigarette 

users. Secondhand exposure comes from inhaling the 
aerosol or contacting vapor-contaminated surfaces. Each 
of the potential negative consequences of the availability 
of e-cigarettes could lead to additional disease and prema-
ture mortality (Chapter 3).

Relative to efforts in cigarette and smokeless tobacco 
use prevention and control, a polarized debate has been in 
progress for several years over the role of e-cigarettes. There 
is general agreement that exclusive use of e-cigarettes poses 
a lower health risk to the individual than the extremely high 
health risks of using conventional, combustible tobacco 
products (Farsalinos and Polosa 2014; Grana et al. 2014a,b), 
although more research is needed on this as more becomes 
known about the harmful constituents of e-cigarettes 
(Sleiman et al. 2016). The controversy reflects the relative 
degree of emphasis given to the potential harm to adoles-
cents and young adults from using e-cigarettes at one pole 
compared with the potential for reduced risk for estab-
lished adult users of conventional cigarettes at the other (if 
they transition completely to e-cigarettes). Although this 
characterization does not reflect the complexity of the sit-
uation, it is useful in defining the potential tradeoffs that 
are implicit: increased numbers of young people who are 
exposed to nicotine (and who may go on to conventional 
tobacco products) versus reduced health risks to individ-
uals who completely switch from conventional, combus-
tible tobacco products with their extremely high health 
risks. The discussion has become increasingly complicated 
as e-cigarette use has increased, and still-incomplete evi-
dence potentially supports the views of those holding to 
both poles of the argument about reducing harm for the 
overall population. However, the majority of currently 
available scientific evidence does not support the recom-
mendation to use e-cigarettes for the cessation of ciga-
rette smoking (Hartmann-Boyce et al. 2016). Additionally, 
the use of e-cigarettes does not pose benefits to youth and 
young adults, and some data suggest that use of e-cigarettes 
could lead to the more harmful use of conventional ciga-
rettes. In the context of young people, the precautionary 
principle should apply. The precautionary principle is 
defined by the United Nations Educational, Scientific and 
Cultural Organization (2005) as appropriate “when human 
activities may lead to morally unacceptable harm that is sci-
entifically plausible but uncertain, actions shall be taken to 
avoid or diminish that harm” (p.14).
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Critical Issues Related to Policies on E-Cigarettes in 2016

The E-Cigarette Landscape Is 
Dynamic and Evolving

Considerations of policy approaches to e-cigarettes 
offered in this report are made in the context of a rap-
idly changing marketplace for nicotine-containing prod-
ucts that now includes primarily conventional cig-
arettes, cigars, smokeless products, hookahs, and 
e-cigarettes (see Chapter 2). The manufacture and sales 
of nicotine-containing products, once dominated by a few 
large companies selling conventional cigarettes, have been 
transformed and now include many smaller companies 
that manufacture and sell through stores and “vape shops.” 
E-cigarettes are also sold through websites and in places 
where conventional cigarettes have long been available—
convenience stores, pharmacies, gas stations, and grocery 
stores. Currently, hundreds of different e-cigarette products 
are on the market: designs are evolving rapidly, and major 
tobacco companies have their own lines of e-cigarette prod-
ucts. However, unlike the situation in the past in which the 
marketing of conventional tobacco products changed rela-
tively slowly and there were limited media outlets, informa-
tion about e-cigarettes is now promoted quickly through 
new media, as well as television, in part to reach key target 
groups, including youth and young adults.

As documented in Chapter 2, patterns of use are rap-
idly changing among adolescents and young adults, and 
likely among other groups within the population. For some 
of the most critical issues related to e-cigarettes, longitu-
dinal data are not yet available because the use of these 
products is recent and constantly changing, and whether 
and when the patterns of use will stabilize is uncertain. 
Additionally, surveillance data and research on the wide-
ranging consequences of e-cigarette use, including such 
key issues as the likelihood of addiction and other health 
problems for users and those passively exposed, are lag-
ging behind the highly dynamic changes in the nicotine-
product marketplace and the impact of these changes on 
the use of tobacco products, including e-cigarettes.

 With regard to the potential health consequences of 
using e-cigarettes, estimates can be made based on knowl-
edge of the characteristics and components of the aerosols 
that are then inhaled. Unfortunately, evidence on short-
term risks is limited, and long-term risks have not yet been 
identified because this would require monitoring users for 
years. For example, the impact of long-term inhalation of 
flavorings is not yet known. While some of the flavorings 
used in e-cigarettes are generally recognized as safe for 
ingestion as food, the health effects of their inhalation are 

generally unknown, and some flavorings have been shown 
to cause a serious lung disease, bronchiolitis obliterans, 
when inhaled (Kreiss et al. 2002; Barrington-Trimis et al. 
2014). Whether the risk of lung disease or other disorders 
is truly substantial will require longer term epidemiologic 
and other research (Allen et al. 2016).

Thus, policy approaches must support control mea-
sures that (a) are as dynamic as the rapidly changing mar-
ketplace for e-cigarettes; (b) are supported by surveillance 
data; and (c) document in timely fashion the current status 
of the use of multiple types of tobacco products (including 
e-cigarettes); the emergence of state, local, tribal, and terri-
torial policies; and the strategies being used to market these 
products.

Risk Tradeoffs Are Inherent for 
E-Cigarettes

Policy discussions about e-cigarettes have highlighted 
the potential tradeoffs in risk that could occur, particularly 
if e-cigarettes are positioned as a harm-reducing alterna-
tive to combustible tobacco products. Some have charac-
terized these products as new technologies that might lead 
to a dramatic decline in the use of more dangerous forms 
of nicotine delivery, particularly conventional cigarettes 
and other combustible tobacco products (Abrams 2014; 
Cobb and Abrams 2014; Fagerström and Bridgman 2014; 
Grana et al. 2014a; Hajek et al. 2014; Henningfield 2014; 
Schraufnagel et al. 2014; West and Brown 2014; Lindblom 
2015). Correspondingly, e-cigarettes have been proposed by 
some as a harm-reduction strategy and as a tool for smoking 
cessation, but the data to date do not support e-cigarettes 
for harm reduction or cessation (Siegel et al. 2011; Abrams 
2014). By contrast, others are concerned that the avail-
ability of these new products will expand the number of 
youth and young adults who are exposed to nicotine and 
will eventually lead to exclusive use of other conventional 
tobacco products or dual use of both (e-cigarettes and con-
ventional cigarettes) (Leventhal et al. 2015; Primack et al. 
2015). Early longitudinal evidence provides some support 
for these concerns, although further research on this issue 
is still warranted.

As reviewed in Chapter 3, uncertainty remains 
about the health effects of e-cigarettes, particularly in the 
long term. Such effects will remain unknown until suffi-
cient observations can be made over time. However, cur-
rent knowledge of the characteristics of the inhaled aerosol 
from e-cigarettes suggests that if a current adult smoker of 
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conventional cigarettes or other combustible tobacco prod-
ucts would use e-cigarettes exclusively instead of combusti-
bles as a substitute nicotine delivery system, either en route 
to quitting tobacco completely or even as a long-term 
alternative, the risks of tobacco-related diseases would be 
reduced substantially compared with the risk imparted by 
continued smoking of conventional cigarettes (Fiore et al. 
2014; USDHHS 2014; McNeill et al. 2015).

Still, as documented in Chapter 3, immediate and 
future health risks for youth and young adults who use 
e-cigarettes can be anticipated from exposure to nicotine, 
including addiction and harmful effects on brain develop-
ment. Research must continue to characterize and quan-
tify the full spectrum of potential health risks. Thus, in 
formulating policies related to the role of e-cigarettes 
in tobacco control and reducing the burden of tobacco-
related disease, particularly among youth and young 
adults, e-cigarette products that deliver nicotine cannot 
be considered a risk-free alternative to conventional ciga-
rettes or other combustible tobacco products.

Any analysis of the potential increased risks and 
reduced harms of e-cigarette use also needs to consider 
data on the actual patterns of use because more of the 
risks affect youth and young adults and most of the poten-
tial benefits from reduced risk to health largely accrue 
to older cigarette smokers (Chapter 2). However, the 
reports of the tobacco industry to investors indicate the 
industry’s interest in maintaining a broad pattern of use 
of nicotine-containing products, including conventional 
cigarettes, for decades to come (Calantzopoulos 2015). 
When considered in the context of the tobacco industry’s 
past changes to product design (e.g., the creation of so-
called “low-tar” cigarettes), the broader array of tobacco 
products now being discussed within the tobacco indus-
try’s plans (e.g.,  “Heat-Not-Burn” products) could slow 
cessation (because smokers have historically been drawn 
to reduced-harm products) and thus the overall decline of 
tobacco-related diseases (USDHHS 2014).

The dynamic balancing between risks and potential 
benefits of e-cigarette use will be swayed by the impact of 
such use on the use of other tobacco products by youth 
and young adults over time. The availability of e-cigarettes 
could adversely affect the use of tobacco products in 
this group by slowing the decline of smoking because 
this population will be exposed to nicotine and possibly 
become addicted to that substance. Indeed, data reviewed 
in Chapter 2 show evidence of such trends. Although 
the decline in rates of smoking conventional cigarettes 
and other combustible tobacco products is viewed uni-
versally as positive, the increasing number of youth and 
young adults who use e-cigarettes is a serious concern for 
all the reasons cited above. West and Brown (2014) and 
McNeill and colleagues (2015) suggest that the limited 

evidence from the United Kingdom does not support the 
concern that using e-cigarettes leads to the use of other 
tobacco products, and they maintain that the new adoles-
cent users of these e-cigarette products include very few 
never smokers. However, the marketing of e-cigarettes is 
quite different between the United Kingom and the United 
States, and the patterns of use, particularly among youth, 
are also quite different (European Parliament and Council 
2014; England et al. 2015; Klein 2015; Leventhal et al. 
2015; Primack et al. 2015; Barrington-Trimis et al. 2016; 
Wills et at. 2016; Institute for Global Tobacco Control 
n.d.). This pattern is also evident in some U.S. survey 
data from early in the era of e-cigarette use (as reviewed 
in Chapter 2), but not in more recent data, which indi-
cate that e-cigarette products may contribute to nicotine 
addiction in a new generation of young people and thereby 
lead to increased use of a variety of nicotine delivery prod-
ucts, including combustible tobacco (Bauld et al. 2016; 
CDC 2016).

Fundamentally, the public health challenge and the 
charge to policy development can be framed as balancing 
the potential use of e-cigarettes as a new technology to 
reduce the use of combustible tobacco products against 
the possibility of expanding tobacco use among non-using 
youth and young adults, long-term former smokers, and 
other vulnerable populations (e.g., women of reproduc-
tive age and individuals with significant comorbidities, 
including those with mental health problems). Already, the 
e-cigarette companies are increasing the appeal of their 
offerings by enhancing the efficiency of nicotine delivery 
and using flavorings while they continue to advertise and 
promote their products aggressively.

Additional Evidence Suggested for 
Future Research

To characterize the critical balance for public health 
between the harms and potential benefits of e-cigarettes, 
more evidence on each of the elements that determine 
that balance would be useful (Table 5.1). The needed 
data would come from surveillance of patterns of adop-
tion of e-cigarettes and their use among the popula-
tion generally, and particularly among the most critical 
populations for uptake: youth and young adults, former 
smokers, smokers, and other populations that are particu-
larly at risk for adverse outcomes. Few studies have been 
done on the health risks posed by e-cigarettes and their 
potential effectiveness for smoking cessation (Hartmann-
Boyce et al. 2016). However, as discussed in Chapter 2, 
there are still no standardized questions for research on 
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e-cigarettes, and there is a need for further testing and 
development of e-cigarette questions and measurements.

Table 5.1 Comparative risk assessment: Potential harms and benefits of e-cigarettes

Harms Benefits

Increased youth exposure to nicotine and potentially greater 
initiation of conventional cigarettes

Reduced disease risk for current smokers who completely switch 
to e-cigarettes 

Slowing cessation by smokers due to nicotine addiction Reduced disease morbidity for smokers with existing heart or 
lung disease who switch to e-cigarettes 

Nicotine addiction in former smokers who begin to use 
e-cigarettes and possibly transition back to smoking

Potential for cessation of combustible products

Renormalization of nicotine use and smoking as acceptable Fewer users of combustible products in the entire population

Future disease risks for youth who are exposed to nicotine  

Increasing the dual use of e-cigarettes with combustible 
products 

 

Serving as a “gateway” to the initiation of tobacco smoking  

Increased disease risk vs. complete cessation among those who 
use both e-cigarettes and combustible products

 

Exposure to secondhand aerosol and lack of clean air  

To characterize the harms and benefits of e-cigarettes 
to public health, models are used to project their overall 
impact on public health (Levy et al. 2016). The use of mod-
eling was described in detail in the 2014 Surgeon General’s 
report (USDHHS 2014). Conceptual models are needed to 
define the potential scenarios of changes in patterns of use 
among youth, young adults, adult smokers, former smokers, 
and other significant vulnerable populations. Figure 5.1 dis-
plays the range of patterns that are emerging with the wider 
adoption of e-cigarettes (Cobb et al. 2015; Vugrin et al. 2015). 
Researchers and public health officials can use dynamic 
population models (Mejia et al. 2010; Kalkhoran and Glantz 
2015; Vugrin et al. 2015; Levy et al. 2016) to analyze the 
potential impact on population health of the relative prob-
abilities of these various paths. Initial modeling has shown 
that the potential population health benefits are very sensi-
tive to several factors: the levels of product risk, particularly 
those of e-cigarettes; patterns of initiation and switching; and 
the extent of dual use (Mejia et al. 2010; Cobb et al. 2015; 
Kalkhoran and Glantz 2015; Vugrin et al. 2015). The ben-
efits of smoking cessation, particularly as early in life as pos-
sible, are well documented, but the epidemiologic evidence 
that reducing (but not quitting) cigarette consumption can 
lower the risk of all-cause mortality, or mortality from car-
diovascular diseases, remains inconclusive (USDHHS 2014). 
Thus, more research is needed to better characterize the 
health consequences of dual use, in particular, in compar-
ison to the recognized health benefits of complete smoking 
cessation (or potentially only e-cigarette use). Similarly, the 
health risks to former smokers who become exposed again 

to nicotine through e-cigarettes are uncertain. Data are still 
limited on the risk of starting (or not starting) to smoke con-
ventional cigarettes again (after successful cessation) fol-
lowing exposure to nicotine via e-cigarettes.

As reviewed in Chapter 3, the long-term health risks 
of e-cigarettes will not be known for decades, although evi-
dence to date suggests that they are generally less harmful 
than combustible products. However, less harmful is not 
the same as harmless. A substantial amount of evidence 
is available on some components of the aerosols inhaled 
by e-cigarette users. For many people, exposure to aerosol 
could occur across much of the life span, beginning in 
adolescence and even in childhood, when the lungs and 
brain are still developing. Flavorings are of particular con-
cern with regard to pulmonary toxicity, as are the various 
effects of nicotine on the brain. Although the National 
Institutes of Health is now supporting a growing program 
of research on e-cigarettes, critical questions have not yet 
been answered. Given experiences with conventional ciga-
rettes, long-term studies will be needed to identify the full 
health consequences of using e-cigarettes.

Thus, policies related to e-cigarettes will necessarily 
be made in the context of accumulating but incomplete 
evidence. The landscape is changing rapidly and, inevi-
tably, research cannot keep pace. Quoting Sir Austin 
Bradford Hill’s landmark paper on environment and dis-
ease: “All scientific work is incomplete—whether it be 
observational or experimental. All scientific work is liable 
to be upset or modified by advancing knowledge. That 
does not confer on us a freedom to ignore the knowledge 
we already have, or to postpone the action that it appears 
to demand at a given time” (Hill 1965, p. 300).
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Figure 5.1 Potential patterns of use of combustible products (CPs) and e-cigarettes (e-cigs)

Source: USDHHS (2014). Adapted for this report.

Potential Public Policy Approaches

In formulating public policies related to e-cigarettes, 
the context and possibilities vary across the national, 
state, local, tribal, and territorial governments and public 
entities. At the national level, progressive steps are being 
taken by FDA under the Tobacco Control Act. In 2010, 
the U.S. Court of Appeals for the D.C. Circuit determined 
that e-cigarettes and other products made or derived from 
tobacco may be regulated by FDA as tobacco products 
under the Tobacco Control Act and are not drugs or devices 
unless marketed for therapeutic purposes, such as being 
an aid to smoking cessation (Sottera, Inc. v. Food and 
Drug Administration 2010). In May 2016, FDA released 
its deeming rule to regulate the sale and distribution of 
e-cigarettes as a tobacco product (see Chapter 1) (Federal 
Register 2016). The rule is currently under litigation. The 
rule restricts the age of sale to those 18 years of age and 

older and requires retailers to check the age identification 
of young people under age 27, restricts vending machines 
to adult-only facilities, prohibits free samples, requires a 
health-warning statement about nicotine on packaging 
and in advertisements, requires domestic manufacturers 
to register their products and disclose the ingredients 
of their products, requires the reporting of the levels of 
harmful and potentially harmful constituents to FDA, 
allows FDA to review any new or changed products before 
being sold, and requires manufacturers to show scientific 
evidence that demonstrates the overall public health ben-
efit of any product before it can be marketed as a modified 
risk tobacco product (Federal Register 2016). The Tobacco 
Control Act does not provide FDA with authority to impose 
taxes on tobacco products (Bhatnagar et al. 2014; Huang 
et al. 2014; Tobacco Control Legal Consortium 2015) or 
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regulate indoor air quality (Schripp et al. 2013; Bam et al. 
2014; Bhatnagar et al. 2014; Brandon et al. 2015a), occu-
pational health and safety (USDHHS 2015; Whitsel et al. 
2015), or hazardous waste disposal (Chang 2014; Krause 
and Townsend 2015).

FDA is not the only federal agency with potential 
jurisdiction over some aspect of e-cigarettes (Table 5.2). 
For example, the U.S. Department of Defense and U.S. 
Department of Veterans Affairs relate to specific popula-
tions, and other agencies relate to regulatory activities, such 
as the U.S. Federal Trade Commission, U.S. Department 
of Transportation, and the U.S. Environmental Protection 
Agency. Some agencies have coverage over specific areas, 
such as the General Services Administration and the 
National Park Service.

State, local, tribal, and territorial governments, as well 
as private entities, may also address these and other mat-
ters that are covered by the Tobacco Control Act (Freiberg 
2012), and since 2010 many actions have been taken at 
the nonfederal level. State and local governments may uti-
lize effective interventions that would also be expected to 
apply to e-cigarettes: increasing the price of tobacco prod-
ucts through taxation (Community Preventive Services 
Task Force 2012); creating and enforcing clean air policies 
(Hopkins et al. 2010); and passing comprehensive laws pro-
hibiting sales to minors, combined with active enforcement 
(Community Preventive Services Task Force 2001). In addi-
tion, based on evidence that new e-cigarette products may 
addict a generation of young people to nicotine (Bunnell 
et al. 2015; CDC 2015b) and on mounting indications about 
potential harm from the use of these products in this popu-
lation (Flouris et  al. 2013; Barrington-Trimis et al. 2014; 
Goniewicz et  al. 2014; Grana et al. 2014a; Pisinger and 
Dossing 2014; Goniewicz and Lee 2015), numerous health 
organizations have called for the extension of smoking-
related policies to e-cigarettes (Association of State and 
Territorial Health Officials 2014; Bam et al. 2014; Bhatnagar 
et al. 2014; Offermann 2014; Schraufnagel et al. 2014; World 
Health Organization 2014a; Brandon et al. 2015a; USDHHS 
2015). In the absence of causal findings that have guided 
evidence-based tobacco control for decades, the “precau-
tionary principle” is relevant to decision makers as a guide 
to action to address e-cigarettes among youth and young 
adults. This principle supports intervention to avoid pos-
sible health risks when the potential risks remain uncertain 
and have been as yet partially undefined (Bialous and Sarma 
2014; Saitta et al. 2014; Hagopian et al. 2015). However, the 
interventions should be appropriate to the currently per-
ceived risk for future health consequences, in this case 
from e-cigarette use by youth, young adults, and pregnant 

women, as well as from the secondhand exposure of non-
users to e-cigarette vapor.

Clean Indoor Air Policies

Clean indoor air or smokefree policies prohibit 
the use of conventional tobacco products in indoor 
public places, such as worksites, restaurants, bars, and 
casinos. Because most of these policies predate the rise 
of e-cigarettes, their language does not necessarily 
cover emissions from these products. To protect the 
public from both secondhand smoke and secondhand 
aerosol, smokefree air policies should be modernized 
to include e-cigarettes. Such policies will maintain cur-
rent standards for clean indoor air, reduce the potential 
for renormalization of tobacco product use, and prevent 
involuntary exposure to nicotine and other aerosolized 
emissions from e-cigarettes (Ingebrethsen et al. 2012; 
Schripp et al. 2013; Goniewicz et al. 2014; Offermann 
2014; Schober et al. 2014). Updating existing policies to 
cover e-cigarettes (and all electronic nicotine delivery sys-
tems) will eliminate the introduction of airborne toxins 
into enclosed spaces and establish a uniform standard for 
preventing the use of both combustible and electronic 
tobacco products in public and private spaces, including 
schools, offices, restaurants, bars, casinos, and airplanes.

Prohibiting the use of e-cigarettes in enclosed 
spaces eliminates potential health risks to nonusers and 
ensures their right to clean air; may discourage the dual 
use of electronic and combustible tobacco products; sim-
plifies public compliance with and enforcement of existing 
clean indoor air laws; facilitates reduced consumption of 
these products; and maintains clear, comprehensive non-
smoking norms (Richardson et al. 2014; World Health 
Organization 2014a). As of January 1, 2016, six states 
(Delaware, Hawaii, New Jersey, North Dakota, Oregon, 
and Utah) had passed comprehensive smokefree indoor 
air laws that include e-cigarettes (CDC 2015a). These laws 
prohibit smoking and the use of e-cigarettes in indoor 
areas of private worksites, restaurants, and bars. Sixteen 
additional states had prohibited the use of e-cigarettes on 
some or all state property, and 475 local laws restricted 
e-cigarette use in 100% smokefree venues (Americans for 
Nonsmokers’ Rights Foundation 2015). Nationwide, more 
than 400 local jurisdictions prohibit e-cigarette use in 
100%-smokefree workplaces (Americans for Nonsmokers’ 
Rights Foundation 2015). Major cities that have addressed 
e-cigarettes include Austin, Boston, El Paso, Chicago, Los 
Angeles, Minneapolis, San Francisco, and New York City.
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Table 5.2 Principle federal policies and regulations of tobacco that emphasize e-cigarettes

Agency
Authority and 
description Current Potential 

Executive Office 
of the President 
(EOP) and Office 
of Management 
and Budget 
(OMB)

— Executive Order 13058, issued on August 9, 1997 (EOP 1997), generally prohibits 
the smoking of tobacco products in all interior space owned, rented, or leased by 
the executive branch of the federal government, and in any outdoor areas under 
executive branch control in front of air intake ducts. The Executive Order carves 
out an exception to its smoking prohibition for any residential accommodation for 
persons voluntarily or involuntarily residing, on a temporary or long-term basis, 
in a building owned, leased, or rented by the federal government.

—

Executive Office 
of the President 
(EOP) and Office 
of the U.S. Trade 
Representative 
(USTR)

— Executive Order 13193, issued January 18, 2001 (EOP 2001), prohibits all U.S. 
executive branch agencies from promoting the sale or export of tobacco. It also 
prohibits using U.S. trade initiatives to restrict tobacco marketing and advertising 
regulations in other countries, unless those regulations discriminate against U.S. 
tobacco products in favor of that country’s domestic tobacco products.

—

Federal 
Communications 
Commission 
(FCC)

Has broad 
regulatory power 
over commercial 
communication, 
including television, 
radio, and the 
Internet. 

15 U.S.C. § 1335 (the “Broadcast Ban”), 15 U.S.C. § 4402(f): Prohibits advertising 
for cigarettes, little cigars, smokeless tobacco, and chewing tobacco on radio, TV, 
or any other medium of electronic communication under FCC’s jurisdiction.

Prohibit the advertising of smoking 
accessories, cigars, pipes, pipe tobacco, or 
cigarette-making machines on television; 
prohibit the advertising of e-cigarettes on 
television; and regulate the advertising of 
tobacco products on the Internet.

Federal Trade 
Commission 
(FTC)

Publishes annual 
report on tobacco 
products.

Reviews tobacco 
manufacturer-
proposed schedules 
to rotate mandatory 
package warnings.

Protects consumers.
Enforces antitrust 
laws.

15 U.S.C. § 46 authorizes FTC to require entities to file special reports. On an 
annual basis, FTC collects and publishes information on the practices of the 
largest manufacturers of cigarettes and smokeless tobacco in the United States. 
Among other things, the information collected includes sales and, in several 
categories, expenditures for marketing.

15 U.S.C. § 45: FTC has broad authority to prevent “unfair or deceptive” 
business practices. It is an unfair and deceptive act or practice for a firm to make 
unsubstantiated claims, express or implied, about such matters as a product’s 
efficacy, safety, or health benefits (FTC 1983).

FTC is broadly authorized to prevent companies from using “unfair methods of 
competition” that affect commerce. FTC uses its antitrust authority to review and 
impose conditions on those proposed mergers of tobacco companies that raise 
anticompetitive concerns.

Collect sales, advertising, and information 
on promotion expenditures from 
e-cigarette companies and issue reports 
on same.

Take enforcement action against unfair or 
deceptive advertising of tobacco products 
or e-cigarettes.
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Agency
Authority and 
description Current Potential 

General Services 
Administration 
(GSA)

In its role as an 
independent agency, 
GSA manages and 
maintains more 
than 1,550 federally 
owned buildings 
and leases space 
in an additional 
7,100 buildings in 
the United States. 
GSA manages 
the federal 
government’s 
automobile fleet and 
is the acquisition 
arm of the federal 
government.

GSA Order ADM, 5800. 1C: Smoking in GSA-occupied space and government-
owned or -leased vehicles assigned to GSA is prohibited “to protect GSA 
employees, GSA contractors, and the visiting public from exposure to tobacco 
smoke in the Federal workplace.” The Order prohibits smoking in or on all 
“interior GSA-occupied space, exterior GSA-occupied space, including courtyards, 
garages, loading docks, stairwells, rooftops and balconies, and other outdoor areas 
under GSA control within 25 feet of doorways and building air intake ducts; and 
government-owned or leased vehicles assigned to GSA” (U.S. General Services 
Administration 2009).

Clarify that existing policies include 
e-cigarettes.

Implement a tobacco-free campus policy 
in GSA-occupied space.

Office of 
Personnel 
Management 
(OPM)

— While not regulatory in nature, OPM and GSA coordinate standard responses to 
frequently asked questions about the use of e-cigarettes in government facilities.

—

U.S. Department 
of Agriculture 
(USDA)

Commodity and 
inspection standards 
for agricultural 
products.
Administers SNAP 
and WIC programs.

7 U.S.C. § 30: USDA provides commodity standards for tobacco.
7 U.S.C. § 2012: Under the Food and Nutrition Act of 2008, tobacco products 
cannot be purchased with SNAP benefits. ENDS are included in the policy because 
the USDA interprets ENDS to be tobacco products.
7 CFR 246.10: USDA identifies requirements for WIC-eligible foods. 

—

Table 5.2 Continued
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Agency
Authority and 
description Current Potential 

U.S. Department 
of Defense (DoD)

May issue general 
instructions and 
restrictions in 
regulating the 
sale and/or use of 
tobacco products. 
Individual service 
branches may 
expand these 
regulations. 
Individual bases 
may also draft 
regulations. 
These typically 
are based on DoD 
instructions, 
directives, or service 
policies. DoD has 
authority over 
TRICARE.

DoD follows the smoking policy in federal facilities covered in 41 CFR 102-74.315, 
which states, “pursuant to Executive Order 13058, ‘Protecting Federal Employees 
and the Public From Exposure to Tobacco Smoke in the Federal Workplace’ it 
is the policy of the Executive Branch to establish a smokefree environment for 
federal employees and members of the public visiting or using federal facilities. 
The smoking of tobacco products is prohibited in all interior space owned, rented 
or leased by the Executive Branch of the federal government” (Federal Register 
2008, p. 77518).

Each of the armed services has issued statements clarifying that the prohibition on 
smoking tobacco products extends to the use of e-cigarettes.

The 2015 NDAA directs the sale of cigarettes, cigars, and chewing tobacco at 
military commissaries. These items cannot be sold on military bases at prices 
lower than the most competitive prices in the local community. The NDAA 
replaced Directive 1330.09 (U.S. Department of Defense 2005), which established 
that tobacco prices on U.S. military bases should be no lower than 5% below the 
most competitive commercial price in the local community.

Branches of the armed services have tobacco policies:
• U.S. Navy and Marines, Instruction 5100.13E (U.S. Navy 2002)
• U.S. Army, Army Health Promotion Policy Regulation 600–63 (U.S. Army 1996)
• U.S. Air Force, Instruction 40-102, Air Force Tobacco Policy (U.S. Air Force 

2013)

TRICARE covers limited tobacco cessation counseling from any TRICARE-
authorized provider in the United States. This coverage includes up to 
18 counseling sessions per quit attempt, with up to 4 individual counseling 
sessions per quit attempt. Two quit attempts per fiscal year are automatically 
covered, with coverage extending to a third with a doctor’s justification and 
pre-authorization. TRICARE also covers tobacco cessation products, including 
prescriptions and over-the-counter products, with 120 days’ use of a tobacco 
cessation product per quit attempt.

DoD-unified regulations on tobacco use in 
common housing.

Increased restrictions on commissary 
sales. 

Table 5.2 Continued
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Agency
Authority and 
description Current Potential 

U.S. Department 
of Education 
(ED)

Funding for tobacco 
control programs 

In FY 2014, pursuant to 20 U.S.C. § 7131, Safe and Drug-Free Schools and 
Communities Act, ED awarded the first round of 5-year grant awards under 
the School Climate Transformation Grant—Local Educational Agency Grants 
program. These FY 2014, Year 1 grant awards provided more than $35.8 million 
to 71 school districts in 23 states; Washington, DC; and the U.S. Virgin Islands. 
The funds should be used to develop, enhance, or expand systems of support for 
implementing evidence-based, multitiered behavioral frameworks for improving 
behavioral outcomes and learning conditions among students. The goals of the 
program are to connect children, youth, and families to appropriate services and 
supports; improve conditions for learning and behavioral outcomes for school-
aged youth; and increase awareness of mental health issues and the ability to 
respond to such issues among school-aged youth. School districts can also use 
the funds to implement models for reform and evidence-based practices. Drug 
prevention, including preventing tobacco use by youth, is an allowable activity. 
Grantees are encouraged, as part of their local needs assessment, to measure 
drug use among students along with other relevant issues and problems. This 
assessment of local needs will also be used by grantees to help identify and 
select the most appropriate evidence-based programs and practices. If the needs 
assessment indicates that drug abuse is an issue for students, prevention of drug 
abuse should be addressed by a multitiered behavioral framework.

—

U.S. Department 
of Education 
(ED)

Restrictions on 
tobacco use 

20 U.S.C. § 7181: The Pro-Children Act of 2001 prohibits smoking in any indoor 
facility that provides routine or regular kindergarten, elementary, or secondary 
education and library, health, or day care services to children, if such services 
and/or facilities are funded by the federal government, whether directly or through 
state or local governments, by federal grant, loan, loan guarantee, or contract 
programs.

—

Table 5.2 Continued



E-Cigarette Use Among Youth and Young Adults

E-Cigarette Policy and Practice Implications  193

Agency
Authority and 
description Current Potential 

U.S. Department 
of Health 
and Human 
Services, Centers 
for Medicare 
& Medicaid 
Services (CMS) 
(continues on 
next page)

Sets policies 
regarding Medicaid 
coverage for tobacco 
cessation products 
and counseling.

42 U.S.C. § 1396r–8(d)(7): Tobacco cessation medications cannot be excluded from 
coverage under Medicaid prescription drug benefits. Section 2502 of the Affordable 
Care Act amends section 1927(d)(2) of the Social Security Act by removing 
barbiturates, benzodiazepines, and agents used to promote smoking cessation 
from the list of drugs that a state Medicaid program may exclude from coverage or 
otherwise restrict.

42 U.S.C. §§ 18021(a)(1)(B), 18022(b)(1): Tobacco use screening and cessation 
must be provided at no cost as an essential health benefit and a preventive benefit. 
This includes Medicaid expansion plans, plans sold on insurance exchanges, and 
private plans.

For youth: Tobacco cessation services are coverable as part of EPSDT, the Medicaid 
benefit for children and adolescents. EPSDT provides a comprehensive array of 
prevention, diagnostic, and treatment services for low-income infants, children, 
and adolescents under age 21, as specified in Section 1905I of the Social Security 
Act.

For pregnant women: Section 4107 of the Affordable Care Act amends 
section 1905 of the Social Security Act to require coverage of counseling and 
pharmacotherapy for cessation of tobacco use by pregnant women. Section 
1905(bb)(2) of the Social Security Act defines the new tobacco cessation coverage 
services for pregnant women as services recommended in the 2008 PHS Guideline, 
or any subsequent modification of this Guideline, and such other services that 
the Secretary recognizes to be effective for cessation of tobacco use by pregnant 
women.

Affordable Care Act, Section 4108, Medicaid Incentives for Chronic Disease 
Prevention Program: This is a grant program in which states apply for funds to 
incentivize Medicaid recipients to prevent chronic disease, including through 
tobacco cessation.

—

Table 5.2 Continued
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Agency
Authority and 
description Current Potential 

(continued from 
previous page) 
U.S. Department 
of Health 
and Human 
Services, Centers 
for Medicare 
& Medicaid 
Services (CMS)

— 42 U.S.C. § 1395x (ddd): Medicare covers tobacco cessation programs (Centers 
for Medicare & Medicaid Services 2010): Effective for claims with dates of service 
on or after August 25, 2010, CMS will cover tobacco cessation counseling for 
outpatient and hospitalized Medicare beneficiaries:
• Who use tobacco, regardless of whether they have signs or symptoms of 

tobacco-related disease;
• Who are competent and alert at the time that counseling is provided; and
• Whose counseling is furnished by a qualified physician or other Medicare-

recognized practitioner.

Intermediate and intensive tobacco cessation counseling services are covered 
under Medicare Parts A and B when the above conditions of coverage are met, 
subject to frequency and other limitations. Medicare covers two individual 
tobacco cessation counseling attempts per 12-month period. Each attempt may 
include a maximum of four intermediate or intensive sessions, with a total benefit 
covering up to eight sessions per 12-month period per Medicare beneficiary who 
uses tobacco. The practitioner and patient have the flexibility to choose between 
intermediate (more than 3 minutes, up to 10 minutes) and intensive (more than 
10 minutes) cessation counseling sessions for each attempt. Medicare beneficiaries 
also have access to smoking cessation prescription medication through Medicare 
Part D.

—

U.S. Department 
of Health 
and Human 
Services, Centers 
for Medicare 
& Medicaid 
Services (CMS)

Sets policies 
regarding private 
and marketplace 
health plan 
coverage of tobacco 
cessation products 
and counseling.

42 U.S.C. §§ 18021(a)(1)(B), 18022(b)(1): Tobacco cessation must be provided at 
no cost as an essential health benefit. This includes Medicaid expansion plans, 
plans sold on insurance exchanges, and private plans.

42 U.S.C. § 300gg-6 (Public Law 114-38): Tobacco cessation must be covered 
in employer plans. Plans should cover two cessation attempts per year, 
including (1) all FDA-approved cessation medications (both prescription and 
over-the-counter) and (2) four tobacco cessation counseling sessions, including 
telephone, group, and individual counseling.

42 U.S.C. § 300gg(a)(1(iv)): Tobacco users may be charged 50% more for 
insurance than nonusers of tobacco.

42 U.S.C. § 300gg–4(j)-(k): Employers  may reward or penalize employees by up to 
50% of the cost of health care coverage based on their tobacco use, if the employer 
offers a health-contingent wellness program designed to prevent or reduce tobacco 
use.

—

Table 5.2 Continued
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Agency
Authority and 
description Current Potential 

U.S. Department 
of Health and 
Human Services, 
National 
Institutes of 
Health (NIH)

NIH is a tobacco-
free campus.

NIH’s policy specifically includes e-cigarettes. In accordance with the tobacco-free 
initiative from HHS, the use of cigarettes, e-cigarettes, cigars, pipes, smokeless 
tobacco (“snuff”), and any other tobacco product is prohibited on the NIH campus 
in Bethesda, MD (NIH 2016).

—

U.S. Department 
of Health and 
Human Services, 
National 
Institutes of 
Health, National 
Institute on 
Drug Abuse 
(NIDA), National 
Advisory Council 
on Drug Abuse 
(NACDA)

The mission 
of NIDA is to 
advance science 
on the causes and 
consequences 
of drug use and 
addiction and 
to apply that 
knowledge to 
improve individual 
and public health.  
NACDA serves 
crucial roles in 
advising NIDA on 
research priorities 
and policy and 
in providing a 
secondary level 
of review for 
applications under 
consideration for 
federal funding.

NIDA (2016) urges grantees to recognize that:
• Receiving funding from the tobacco industry may compromise the perceived 

objectivity of their research results, which in turn could impact the overall 
credibility of their research findings, including its interpretation, acceptance, 
and implementation;

• Acceptance of tobacco industry funds is viewed by many as contributing directly 
or indirectly to the industry’s interests, and thus harmful to the public health; 
and

• Any connection between tobacco industry-supported research (or tobacco 
industry scientists) and NIDA could negatively impact NIDA’s credibility and the 
public’s trust in NIDA-funded research.

—

Table 5.2 Continued
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Agency
Authority and 
description Current Potential 

U.S. Department 
of Health and 
Human Services, 
Substance Abuse 
and Mental 
Health Services 
Administration 
(SAMHSA)

Implements the 
Synar Amendment, 
which requires 
states, in order to 
receive their full 
Substance Abuse 
Prevention and 
Treatment Block 
Grant awards, 
to enact and 
enforce laws that 
prohibit the sale 
or distribution of 
tobacco products to 
individuals under 
the age of 18.

More information about the Synar Program is available online: http://www.
samhsa.gov/synar/about

SAMHSA is exploring opportunities to 
align the Synar regulation with the federal 
statutory definition of tobacco products, 
which includes e-cigarettes.

U.S. Department 
of Homeland 
Security (DHS)

Sales and use 
restrictions for the 
U.S. Coast Guard.
DHS Management 
Directorate-
Directive No. 06603 
Smoking Policy. 

COMDTINST M6200.1B limits smoking to designated outdoor areas, prohibits use 
of tobacco by recruits, and prohibits tobacco use in any Coast Guard-controlled 
living quarters, including common areas. This policy includes extensive sales and 
advertising restrictions, but it does not consider NRT to be a tobacco product.

Implement a policy to enforce a ban on 
e-cigarette use on federal property.

U.S. Department 
of Homeland 
Security (DHS), 
Bureau of 
Immigration  
and Customs 
Enforcement 
(ICE)

Issues standards for 
facilities housing 
immigration 
detainees

Detainee smoking is prohibited in all buildings, including detainee-housing units. 
If smoking is permitted at a particular facility, the only designated smoking areas 
are outside of all buildings (Immigration and Naturalization Service 2000).

—

Table 5.2 Continued
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Agency
Authority and 
description Current Potential 

U.S. Department 
of Housing 
and Urban 
Development 
(HUD)

Resident health in 
assisted housing

Public and Indian Housing (PIH) Notice 2009-21 strongly encourages HUD-funded 
public housing agencies to adopt smokefree policies in some or all of their public 
housing units.

Housing Notice 2010-21 encourages owners and management agents of HUD-
assisted multifamily housing to implement smokefree housing policies in one or 
all of the properties they own or manage.

Both notices focus on cigarettes that “burn” as their mechanism for generating 
smoke, and so their applicability to e-cigarettes is uncertain.

Regarding its Weaver Building headquarters (the only building for which GSA has 
designated HUD as the facility management authority), HUD follows GSA Order 
ADM 5800.1C, GSA’s smoking policy for federal offices (U.S. General Services 
Administration 2009). This GSA policy permits smoking in exterior space under 
GSA control that is beyond “25 feet of doorways and building air intake ducts,” 
except for “courtyards, garages, loading docks, stairwells, rooftops, and balconies.” 
The management of HUD’s other facilities, federally owned or leased, is not 
delegated to the Department, and so GSA makes the decision on smoking policy 
for those campuses.

HUD’s Office of PIH published its 
proposed rule on Instituting Smoke-
Free Public Housing (80 FR 71762) on 
November 17, 2015, accepting comments 
through January 19, 2016 (Federal 
Register 2015). In addition to inviting 
comments on all aspects of the proposed 
rule, the notice specifically solicited public 
comments on nine questions (e.g., should 
the policy extend to electronic nicotine 
delivery systems, such as e-cigarettes, 
and/or to waterpipe tobacco smoking?).

Based on responses to HUD’s Request for 
Information on Adopting Smoke-Free 
Policies in PHAs and Multifamily Housing 
(77 FR 60712) (Federal Register 2012), 
HUD may consider drafting a regulation 
or notice that could prohibit smoking 
in some or all HUD-assisted multifamily 
housing. Such a proposal could cover 
e-cigarettes.

HUD is beginning to prepare for the 
adoption and implementation of a 
campus-wide tobacco-free policy, which 
would include e-cigarette use,  
at the Weaver Building headquarters by 
January 1, 2017.

Table 5.2 Continued
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Agency
Authority and 
description Current Potential 

U.S. Department 
of Justice, 
Bureau of 
Alcohol, 
Tobacco, 
Firearms and 
Explosives (ATF)

ATF is given 
primary jurisdiction 
to combat cigarette 
trafficking and 
administration 
(via the CCTA) and 
to stop tobacco 
diversion (via the 
PACT).

18 U.S.C. § 2342: Under the CCTA, it is illegal to possess more than 10,000 
unstamped cigarettes in a state that requires a tax stamp.

18 U.S.C. § 2343: Any person who distributes more than 10,000 cigarettes must 
keep accurate records pertaining to the shipment, receipt, sale, and distribution of 
cigarettes.

18 U.S.C § 2320: Trafficking in counterfeit cigarettes.

15 U.S.C. § 375: It is illegal to ship cigarettes to a non-licensee in a state without 
notifying the state taxation authority.

15 U.S.C. § 375–377: Requires online retailers to check the identification of 
customers at purchase and delivery: section 375 covers definitions; section 
376 covers reports to state tobacco administrators; and section 377 covers 
penalties.

The Smuggled Tobacco Prevention (STOP) Act amends the IRC to restrict the sale, 
lease, export or import, or delivery of tobacco production machines to persons 
lawfully engaged in (1) the sale, lease, export or import, or delivery of such 
machines; (2) the manufacture or packaging of tobacco products or processed 
tobacco; or (3) the application of unique identification markings onto tobacco 
products or processed tobacco packages.

—

U.S. Department 
of Justice, 
Bureau of 
Prisons (BOP)

BOP has authority 
to govern the 
control and 
management 
of federal penal 
and correctional 
institutions.

28 C.F.R. § 551.162: Smoking is generally prohibited in and on the grounds of 
BOP institutions and offices, with exceptions for smoking as part of an authorized 
inmate religious activity, and for smoking only in smoking areas designated by the 
warden, for BOP staff and official visitors.

28 C.F.R. § 551.163: Possession of smoking apparatus and tobacco in any form is 
prohibited for inmates, unless as part of an authorized inmate religious activity.

BOP Operations Memorandum 006-
2015 (BOP 2015) sets out guidelines 
for e-cigarette use. Guidelines state 
that e-cigarette use is to be limited 
to designated outdoor areas that are 
reasonably accessible to employees and 
provide a measure of protection from the 
elements. These areas may only be used by 
employees, but must be separate from the 
areas presently designated as “smoking 
areas” for use of tobacco products. Indoor 
use of e-cigarettes shall not be permitted 
in BOP facilities, except in perimeter 
towers and perimeter patrol vehicles when 
occupied by one person.

Table 5.2 Continued
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Agency
Authority and 
description Current Potential 

U.S. Department 
of Labor, 
Occupational 
Safety and 
Health 
Administration 
(OSHA)

Sets standards for 
indoor air quality.

29 CFR 1910.1000, Air Contaminants: This policy restricts employee exposure to 
several of the main chemical components found in tobacco smoke. OSHA rules 
apply to tobacco smoke only in rare and extreme circumstances, such as when 
contaminants created by a manufacturing process combine with tobacco smoke 
to create a dangerous air supply that fails OSHA standards for the workplace. In 
normal situations, exposures would not exceed permissible exposure limits and, as 
a matter of prosecutorial discretion, OSHA will not apply the General Duty Clause 
to environmental tobacco smoke.

Have smokefree workplaces. In the 
1990s, OSHA proposed a regulation 
setting indoor air quality standards for 
environmental tobacco smoke, but this 
rulemaking was terminated (Federal 
Register 2001).

U.S. Department 
of Transportation 
(DOT)

Sets restrictions 
on tobacco use on 
commercial and 
personal aircraft.

49 U.S.C. § 41706: Prohibits smoking on passenger flights.

14 CFR Part 252: DOT rule implementing 49 U.S.C. §  41706, and prohibiting 
smoking on most passenger flights. DOT interprets current Part 252 to include 
e-cigarettes in smokefree policies.

Note: FAA regulations also prohibit smoking on most aircraft from an aircraft 
safety perspective, not from a health perspective (see notes to 14 CFR Part 252).

In early 2016, DOT issued a final rule 
(RIN 2105-AE06). In keeping with 
section 41706, the rule amends Part 252 
to prohibit smoking on charter flights 
where a flight attendant is a required crew 
member. The rule also makes explicit the 
determination that the use of e-cigarettes 
falls within the definition of smoking.

DOT’s Pipeline and Hazardous Materials 
Safety Administration has proposed a rule 
to prohibit the charging of e-cigarettes in 
an aircraft cabin, and to prohibit stowage 
of e-cigarettes in the cargo hold of an 
aircraft (this is a hazardous material/safety 
rule, not a health/tobacco rule).

Table 5.2 Continued
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Agency
Authority and 
description Current Potential 

U.S. Department 
of Treasury, 
Alcohol and 
Tobacco Tax and 
Trade Bureau 
(TTB)

TTB administers the 
provisions of the 
Internal Revenue 
Code (IRC) of 1986, 
as amended, that 
impose federal 
excise taxes on 
tobacco products 
and cigarette 
papers and tubes, 
and it establishes 
a comprehensive 
civil and criminal 
framework to 
protect the revenue.

Among other issues, 
TTB investigates 
illegal production, 
underreporting 
of production, 
smuggling 
or unlawful 
importation, 
and diversion of 
domestic tobacco 
products intended 
for export.

26 U.S.C. 26 § 5701–5763, Tobacco Products and Cigarette Papers and Tubes: 
Under the IRC, the tobacco products that are subject to tax and TTB regulation 
are cigars, cigarettes, smokeless tobacco (chewing tobacco and snuff), pipe 
tobacco, and roll-your-own tobacco. Each of these tobacco products is defined with 
reference to “tobacco.” TTB also has regulatory authority over processed tobacco, 
which is not subject to tax. TTB regulations define processed tobacco to mean 
any tobacco that has undergone processing but that does not include tobacco 
products. The processing of tobacco includes, but is not limited to, stemming 
(i.e., removing the stem from the tobacco leaf); fermenting, threshing, cutting, 
or flavoring the tobacco; or otherwise combining the tobacco with nontobacco 
ingredients.

To protect revenue, the IRC and its implementing regulations establish 
qualification criteria to engage in businesses related to manufacturing, importing, 
or exporting tobacco products or in manufacturing or importing processed 
tobacco, and they require that persons obtain permits to engage in these activities. 
Under the IRC, manufacturers of tobacco products and export warehouse 
proprietors must file a bond that relates to the tax liability for the tobacco 
products on the premises covered by the permit. The IRC and implementing 
regulations also include recordkeeping and reporting requirements designed to 
ensure that TTB can verify that the tax on tobacco products is paid or determined 
or that adequate documentation exists to confirm that a tax exemption applies. 
The IRC also provides TTB with certain enforced-collection options (e.g., liens and 
levies), civil and criminal penalties, permit suspension and revocation procedures, 
and forfeiture provisions to ensure that the tax is collected.

ENDS that do not contain nicotine derived from tobacco are not tobacco products 
under the IRC and are not subject to taxation or TTB regulation. ENDS containing 
nicotine derived from tobacco may meet the definition of a tobacco product under 
the IRC, in which case they would be regulated by TTB and taxed accordingly.

TTB will collaborate with foreign-
counterpart tax administrators to share 
information and best practices in the 
administration of tobacco excise taxes 
and their enforcement. Areas of possible 
technical assistance include setting up an 
auditing system and permitting regimen 
and conducting investigations.

TTB’s tobacco laboratory provides 
technical assistance to TTB program 
offices on tobacco products for regulatory 
compliance and enforcement purposes. 
TTB’s tobacco laboratory develops and 
validates analytical methods and protocols 
on tobacco products. It also collaborates 
with national and international tobacco 
regulatory federal agencies and has 
established a collaborative partnership 
with the World Health Organization’s 
Tobacco Laboratory Network and the 
North America Tobacco Regulatory 
Laboratory Network.

Table 5.2 Continued



E-Cigarette Use Among Youth and Young Adults

E-Cigarette Policy and Practice Implications  201

Agency
Authority and 
description Current Potential 

U.S. Department 
of Veterans 
Affairs (VA)

Can restrict the 
use of e-cigarettes 
and combustible 
cigarettes on facility 
grounds of the 
Veterans Health 
Administration to 
designated outdoor 
smoking areas only.

Public Law 102-585: Requires medical centers, nursing homes, and domiciliary 
care facilities of the Veterans Health Administration to establish smoking areas for 
patients and residents in a way that is consistent with medical requirements and 
limitations.

Include language about restrictions on the 
use of e-cigarettes in local and national 
guidance regarding smokefree policies.

U.S. Department 
of Veterans 
Affairs (VA)

Provides evidence-
based tobacco 
cessation treatment 
to veterans 
receiving care in 
the VA health care 
system.

38 CFR Part 17: Eliminated in 2006 the copayment for smoking cessation 
counseling for veterans in care facilities of the Veterans Health Administration 
(Federal Register 2006).

Continue to provide clinical guidance 
for the health care professionals and 
patients in facilities of the Veterans Health 
Administration on the evidence base of 
(a) potential health effects of e-cigarettes 
and (b) comparisons to FDA-approved 
NRT for cessation treatment.

U.S. 
Environmental 
Protection 
Agency (EPA)

Sets policies 
regarding the 
hazardous 
waste status of 
e-cigarettes under 
the RCRA.

Nicotine is a commercial chemical product listed in 40 CFR 261.33(e) and is an 
acute hazardous waste (EPA waste code P075) when disposed. EPA has concluded 
that nicotine is the sole active ingredient of the  e-liquid in e-cigarettes and thus 
a commercial chemical product, that e-cigarettes are not manufactured articles, 
and that e-cigarette cartridges are considered containers of nicotine. Therefore, 
e-cigarettes may be regulated as acute hazardous waste code P075 when disposed. 
If the nicotine e-liquid is legitimately recycled, it is not considered a solid 
waste under 261.2 because it is considered a commercial chemical product, and 
therefore it is not subject to hazardous waste regulation. E-cigarettes that are 
disposed of by consumers at their residences are considered exempt household 
hazardous waste under 261.4(b)(1) and are not subject to regulation as hazardous 
waste under the federal RCRA regulations.
• Regulatory Citation(s): 261.2, 261.4(b)(1), 261.33.
• Statutory Citation(s): 3006 Read U.S. Code 42, Chapter 82.

—

Note: ATF = Bureau of Alcohol, Tobacco, Firearms and Explosives; BOP = Bureau of Prisons; CCTA = Contraband Cigarette Trafficking Act; CFR = Code of Federal 
Regulations; CMS = Centers for Medicare & Medicaid Services; DHS = U.S. Department of Homeland Security; DoD = U.S. Department of Defense; DOT = U.S. Department 
of Transportation; ED = U.S. Department of Education; ENDS = electronic nicotine delivery systems; EOP = Executive Office of the President; EPA = U.S. Environmental 
Protection Agency; EPSDT = Early and Periodic Screening, Diagnosis and Treatment; FAA = Federal Aviation Administration; FCC = Federal Communications 
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Commission; FDA = Food and Drug Administration; FTC = U.S. Federal Trade Commission; FY = fiscal year; GSA = General Services Administration;  
HUD = U.S. Department of Housing and Urban Development; ICE = Bureau of Immigration and Customs Enforcement; IRC = Internal Revenue Code; NACDA = National 
Advisory Council on Drug Abuse; NDAA = National Defense Authorization Act; NIDA = National Institute on Drug Abuse; NIH = National Institutes of Health;  
NRT = nicotine replacement therapy; OMB = Office of Management and Budget; OPM = Office of Personnel Management; OSHA = Occupational Safety and Health 
Administration; PACT = Prevent All Cigarette Trafficking Act; PHS = Public Health Service; PIH = Public and Indian Housing; RCRA = Resource Conservation and 
Recovery Act; SAMHSA = Substance Abuse and Mental Health Services Administration; SNAP = Special Supplemental Nutrition Program; TTB = Alcohol and Tobacco Tax 
and Trade Bureau; U.S.C. = United States Code; USDA = U.S. Department of Agriculture; USTR = U.S. Trade Representative; VA = U.S. Department of Veterans Affairs;  
WIC = Women, Infants, and Children.

Table 5.2 Continued
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Prevent Youth Access

Ensuring that laws on youth access include 
e-cigarettes is intended to protect youth from exposure 
to nicotine, which can lead to addiction and other health 
problems. Additionally, ensuring that these laws include 
e-cigarettes helps to capture the full diversity of the 
tobacco product landscape, including combustible, non-
combustible, and electronic tobacco products. Effective 
strategies to deter access to e-cigarettes by youth and the 
use of these products in this population include restricting 
sales of e-cigarettes to minors, requiring verification of 
age, mandating clear signage about minimum age where 
sales take place, prohibiting the sale of e-cigarettes from 
vending machines, eliminating self-service displays of 
e-cigarettes, and actively enforcing existing laws with a 
focus on retailers. Compliance with laws that regulate 
the sale and distribution of e-cigarettes is facilitated by 
requiring retailers to be licensed. To date, 46 states have 
prohibited the sale of e-cigarettes to minors younger than 
a specified age (National Conference of State Legislatures 
2015; The Council of State Governments 2015). Federally, 
aligning youth tobacco access control regulations with 
the statutory definition of tobacco products in the Tobacco 
Control Act, which includes e-cigarettes, could provide 
consistent framework to help ensure that restrictions on 
youth access to e-cigarettes are prioritized and enforced 
(Federal Register 2016). This could include modifications 
to the Synar regulation, which requires states, U.S. ter-
ritories, and jurisdictions to enact and enforce laws pro-
hibiting the sale or distribution of tobacco products to 
youth. Substance Abuse Prevention and Treatment Block 
Grant recipients must comply with the Synar amendment 
and implement regulations in order to receive their full 
awards (U.S. Food and Drug Administration, Center for 
Tobacco Products n.d.).

Licensing

Licensing is used to regulate professional practice 
and business operations and represents one strategy to con-
trol the rising use of e-cigarettes among youth. In general, 
in the case of tobacco-related licensing, a business is autho-
rized to manufacture, distribute, or sell tobacco products 
as long as it complies with all relevant laws (McLaughlin 
2010). Typically, tobacco-related licensing requirements 
for retailers and/or manufacturers help to prevent evasion 
of excise taxes, ensure that licensees comply with tobacco-
related laws, and promote safe manufacturing practices 

(ChangeLab Solutions 2012). Repeat violators of relevant 
laws may be subject to suspension or permanent revocation 
of their license, an outcome that provides a strong incentive 
to comply with existing requirements. As in the conven-
tional cigarette industry, licensing of e-cigarette retailers 
and manufacturers is designed in part to prevent the use 
of these products by youth and to facilitate safe manufac-
turing practices. Unlike traditional tobacco products, for 
which retailers sell prepackaged products and the number 
of manufacturers is limited, a growing number of busi-
nesses engage in both the retail sale and manufacturing of 
devices and liquids used in the devices (e-liquids). Stores 
devoted exclusively to the sale of e-cigarettes are known as 
“vape shops.” These shops frequently offer a social environ-
ment for using products, and they may also sell food and 
beverages (Sussman et al. 2014).

As of April 2015, 99 cities and counties in California 
required a retailer to obtain a license to sell e-cigarettes. 
The majority of these jurisdictions did so by broadening 
the definition of tobacco products to include “electronic 
smoking devices” (ChangeLab Solutions 2015a). The 
definition was purposely broadened to include prod-
ucts that do not include nicotine to decrease the com-
plexity of enforcement and in recognition of the fact 
that e-cigarette devices are sometimes used with liquids 
that do not contain nicotine but may contain marijuana 
oil (The Center for Tobacco Policy & Organizing 2015a). 
Licensing requirements also may be used to restrict the 
sale of flavored products or to address issues of consumer 
and worker safety relative to the mixing of e-liquids.

Imposing a moratorium is another potential 
approach that has been used in some communities to stop 
new “vape shops” from entering the market while a more 
comprehensive approach was being considered. A morato-
rium is a land-use law that takes effect immediately to stop 
temporarily the issuance of a business license, building 
permit, or use permit. Typically, a moratorium is enacted 
to provide a jurisdiction with time to research and study 
how to regulate a type of business (ChangeLab Solutions 
2015b). In California, several communities enacted mor-
atoria that are initially 45 days but can be extended for 
up to 2 years (ChangeLab Solutions 2014, 2015b). A four-
fifths vote, however, is required to establish a moratorium 
in California. Hayward and Union City, California, are 
examples of cities that have enacted moratoria and later 
adopted both retail licensing requirements for existing 
e-cigarette retailers and zoning restrictions to prohibit 
new vapor and hookah bars and lounges from opening 
within city limits (ChangeLab Solutions 2014; The Center 
for Tobacco Policy & Organizing 2015b).
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Taxation and Other Price Policies

Taxation and other price policies directed at making 
e-cigarettes more expensive may be implemented at mul-
tiple levels of government, from local to federal. Increasing 
the price of conventional cigarettes, including those 
increases resulting from excise taxes, significantly prevents 
and reduces tobacco use, particularly among youth and 
young adults (USDHHS 2014), and has potentially more 
impact on prevalence of current use in this population than 
on first use (Bader et al. 2011). Similarly, price policies are 
likely to reduce the use of e-cigarettes: a 10% increase in 
the price of e-cigarettes has been estimated to reduce sales 
of disposable e-cigarettes by approximately 12% and reus-
able products by about 19% (Bader et al. 2011; Huang et al. 
2014). Data are currently lacking on the potential effects 
that taxing e-cigarettes might have on conventional ciga-
rettes. Tobacco products are taxed in two main ways:

1. A “specific” excise tax is levied based on the quantity 
of the product sold (e.g., as measured by number of 
cigarettes, weight, or volume). This type of mecha-
nism applies the same tax across low-end and pre-
mium brands and is generally simple to administer. 
The disadvantages to specific excise taxes are that 
the real value of the tax declines over time with 
inflation, making products more affordable, and 
that super-lightweight products—such as snus, 
orbs, sticks, and dissolvables—are grossly under-
taxed if the tax is based on weight (Freiberg 2012; 
Boonn 2013; Shang et al. 2015).

2. The second tax mechanism is an ad valorem excise 
tax, which is levied on a percentage of the value of 
the tobacco product (e.g., the retailer’s, wholesal-
er’s, or manufacturer’s price). This type of tax keeps 
up with inflation and establishes a flat tax rate across 
all brands, product types, weights, and packaging. 
The disadvantages to this kind of tax include the 
potential for tax evasion through predatory (below-
cost) or anticompetitive pricing; increasing the 
price differential between products with different 
pretax prices, leading to greater price variability and 
more opportunity for tax avoidance; a government-
provided subsidy for manufacturers’ price cuts; and 
more expensive brands being subjected to a larger 
tax (Freiberg 2012; Boonn 2013; Shang et al. 2015). 

Governments use uniform, tiered, and mixed-tax 
approaches to implement specific and ad valorem tobacco 
excise taxes. Uniform systems apply the same tax rate 
across all products; tiered systems levy taxes based on 
such product characteristics as toxicity, nicotine content, 

type of production (handmade versus machine made), 
sales volume, packaging, or whether the products are 
domestic or imported; and mixed systems use a combi-
nation of uniform and tiered-tax approaches (Shang et al. 
2015). Tiered-tax approaches, such as those based on nico-
tine content, could steer consumers to a less toxic product 
or one with lower nicotine (Benowitz 2014). Tiered-tax 
approaches are more complex to administer and may 
provide greater opportunity for tax evasion as a result of 
manipulation of the product or its packaging by the man-
ufacturer (Shang et al. 2015). In recognition of nicotine’s 
toxicity, particularly to youth, several health groups have 
endorsed imposing excise taxes on e-cigarettes to dis-
courage their use by youth (American Thoracic Society 
2013; Association of State and Territorial Health Officials 
2014; Bhatnagar et al. 2014; Brandon et al. 2015a; Crowley 
and Health Public Policy Committee of the American 
College of Physicians 2015; National Association of 
County and City Health Officials 2014). E-cigarettes are 
likely less toxic than combustible products (such as con-
ventional cigarettes), and therefore, some contend should 
be taxed at a lower rate (Benowitz 2014; Bhatnagar et al. 
2014). Yet others argue that e-cigarettes should be taxed 
at the same rate as other tobacco products (Freiberg 2012; 
American Thoracic Society 2013; National Association of 
County and City Health Officials April 2014).

As of January 2016, four states (Kansas, Louisiana, 
Minnesota, and North Carolina) and six localities (Juneau, 
Matanuska-Susitna, Petersburg, and Sitka, Alaska; 
Montgomery County, Maryland; and Chicago, Illinois) 
had enacted e-cigarette taxation policies. Minnesota’s 
ad valorem tobacco tax equates to 95% of the wholesale 
cost of any product containing or derived from tobacco 
(Minnesota Revenue 2014; Tobacco Control Legal 
Consortium 2015). It taxes e-liquids and e-cigarettes 
sold with nicotine cartridges that cannot be removed 
(i.e., disposables). In Minnesota, devices without a nico-
tine cartridge are not taxed as a tobacco product. On the 
other hand, North Carolina applies a specific excise tax, 
taxing e-liquids based on volume at 5 cents per milliliter 
(National Conference of State Legislatures 2015).

The Tobacco Control Legal Consortium, which 
is based at William Mitchell College of Law in St. Paul, 
Minnesota, recommends using an ad valorem tax for 
e-cigarettes applied at the retail level to the “essential” 
components of these devices. The tax is simple, captures 
both disposable and refillable devices, and could exclude 
accessories and universal parts sold separately, such 
as batteries or charging cords (Tobacco Control Legal 
Consortium 2015).

Numerous major health organizations support 
raising the price of e-cigarettes through non-tax options, 
such as limiting rebates, discounts, and coupons (Freiberg 
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2012; Association of State and Territorial Health Officials 
2014; Bhatnagar et al. 2014; Huang et al. 2014; Brandon 
et al. 2015a).

Finally, Chaloupka and colleagues (2015) have pro-
posed that differential taxation of tobacco products can 
be used to incentivize a move away from combustible 
products to less hazardous noncombustible products, 
including e-cigarettes. They have argued that taxation 
could be part of a harm-reduction system. In their view, 
future determinations by FDA as to whether a product 
poses a substantially reduced risk would be one criterion 
in determining the relative rate of taxation.

Restrictions on Marketing

As described in Chapter 4, the marketing of 
e-cigarettes drives consumer demand for these prod-
ucts. Such marketing also may promote misperceptions 
about the safety and efficacy of these products for use 
as cessation devices (Choi and Forster 2014; Mark et al. 
2015; Pokhrel et al. 2015). For some populations—such 
as pregnant women, adolescents, former smokers, and 
young adults—the adverse health consequences of nico-
tine intake are substantial. Several groups have supported 
extending marketing restrictions that apply to conven-
tional cigarettes and other tobacco products to e-cigarettes 
(Association of State and Territorial Health Officials 2014; 
Bam et al. 2014; Bhatnagar et al. 2014; Partnership for 
Prevention 2014; Brandon et al. 2015a). Significant bar-
riers still exist to regulating commercial speech, including 
the First Amendment rights of the e-cigarette companies 
(Laird-Metke 2010).

Additionally, for traditional tobacco products, partial 
advertising bans and voluntary agreements have gener-
ally been ineffective in reducing consumption because the 
tobacco industry circumvents the restrictions by shifting 
the marketing platforms used to unregulated platforms 
(National Cancer Institute 2008). This response would 
be expected to be similar with regard to e-cigarettes. 
Therefore, despite the numerous barriers, public health 
groups and state, local, tribal, and territorial governments 
should take steps to stem the proliferation of e-cigarette 
marketing likely to appeal to young people by using tools 
designed to curb youth-oriented tobacco marketing and 
expanding evidence to inform future restrictions on the 
marketing of e-cigarettes to youth and young adults.

Surveillance of e-cigarette marketing, performing 
content analyses of the messages used, and conducting 
studies to assess the link between exposure to e-cigarette 
marketing and the use of e-cigarette products, particularly 
among youth and young adults, will facilitate the develop-
ment of an evidence base of the type that informed prior 

federal and Master Settlement Agreement restrictions on 
tobacco advertising. Observations of retailers’ practices, 
assessments of outdoor advertising, and identification 
of event sponsorships and promotional activities at bars 
and community events are actions that state, local, tribal, 
and territorial public health agencies have taken related 
to traditional tobacco products. Many of these actions 
can be adapted to monitor and document the presence of 
e-cigarette marketing in communities (Pucci et al. 1998; 
Feighery et al. 2001; Rigotti et al. 2005; Roeseler et al. 2010; 
Rose et al. 2014).

In the absence of legal restrictions on e-cigarette 
marketing, and apart from the issue of the previous prom-
ulgation by some companies of unsubstantiated health 
and cessation claims, public health groups can advocate 
for television and radio broadcasters, print and outdoor 
media companies, the management of event venues and 
sports events, digital media outlets, retailers, and others 
to voluntarily refuse to air or place e-cigarette advertising, 
offer sponsorships, or give out free samples at fairs and fes-
tivals. Although the impact of a voluntary approach may 
be low, such actions raise awareness, build concern, and 
help to denormalize the proliferation of e-cigarette mar-
keting. In California, surveillance plus voluntary efforts 
to promote restrictions on sponsorship of events by the 
tobacco industry facilitated a modest decline in tobacco 
industry-sponsored events and youth-oriented activities 
at those events that promoted the interests of the tobacco 
companies, and it led to a productive partnership with the 
tobacco litigation unit of the California attorney gener-
al’s office that resulted in several settlements with tobacco 
companies (Roeseler et al. 2010).

State, local, tribal, and territorial public health 
agencies may be able to contribute to the stimulation 
of enforcement and compliance with existing rules that 
constrain marketing. Some states have brought lawsuits 
against e-cigarette companies, alleging that distributors 
of these products violated state law by selling to minors 
or making unsubstantiated health claims; some of those 
lawsuits resulted in financial damages and agreements to 
stop making claims that e-cigarettes are safer than con-
ventional cigarettes unless confirmed by rigorous science 
(Center for Public Health and Tobacco Policy 2013).

 Finally, another area to address is the use of “adver-
torials” employed by e-cigarette retailers to promote 
cessation and health claims. Advertorials are paid adver-
tisements designed to look like an independent editorial. 
Although there are no specific rules for how a publisher 
should distinguish actual editorial content from paid edi-
torial content in terms of their appearance, the Federal 
Trade Commission (FTC) stated in an advisory opinion 
that disclosure of the source is necessary when content 
“uses the format and has the general appearance of a news 
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feature and/or article for public information which pur-
ports to give an independent, impartial and unbiased view” 
(Federal Register 1972, p. 154). Additionally, paid adver-
tising must be disclosed clearly and conspicuously in a 
manner that is understandable to consumers (FTC 1984). 
State and local public health agencies can play an impor-
tant role by monitoring and providing substantiation to 
their state attorney general or FTC regarding advertising 
that makes improper claims or is not clearly identified as 
advertising.

Educational Initiatives

The extensive data reviewed in Chapter 2 high-
lighted the limited knowledge that members of the gen-
eral public, particularly adolescents and young adults, 
have about e-cigarettes and their potential for nicotine 
addiction and other adverse health consequences. FDA 
has jurisdiction for product warnings that can reach 
users, but that agency, along with other federal entities 
and state and local governmental and nongovernmental 
organizations, can also carry out educational campaigns 
to enhance such limited knowledge levels. Potentially 
effective initiatives with youth and young adults to prevent 
smoking were reviewed in the 2012 Surgeon General’s 
report and may be applicable to preventing e-cigarette 
use. That report concluded that sufficient evidence exists 
to conclude that mass media campaigns, comprehensive 
community programs, comprehensive statewide tobacco 
control programs, and school-based programs that have 
shown evidence of effectiveness, if they contain specific 
components, can produce at least short-term effects and 
reduce the prevalence of tobacco use among school-aged 
youth (USDHHS 2012).

Implications for Health Care 
Practice

Although the issues are not well documented, health 
care practitioners face questions about e-cigarettes from 

their patients and their communities, including what are 
the risks of using e-cigarettes, how do these risks compare 
with those of cigarettes or other combustible products, 
and is e-cigarette use an effective way to quit smoking? 
Chapter 3 set out the limited evidence base related to 
these questions. Clinicians need to respond to these ques-
tions and guide their patients in the context of consider-
able uncertainty. At this time, practitioners can turn to 
the various statements from medical organizations, which 
generally urge caution regarding e-cigarettes and do not 
find the evidence to be supportive of their use for cessa-
tion or for formal harm-reduction strategies (Table 5.3). 
In fact, any recommendation to use e-cigarettes for the 
cessation of smoking is not supported by the bulk of 
the available scientific evidence (Hartmann-Boyce et al. 
2016). Both the American Association of Cancer Research 
and the American Society of Clinical Oncology recom-
mend against advising the use of e-cigarettes for cessa-
tion (Brandon et al. 2015b). The U.S. Preventive Services 
Task Force found that there is insufficient evidence that 
e-cigarettes are an effective smoking cessation tool in 
adults, including pregnant women (Agency for Healthcare 
Research and Quality 2015).

The clinical care setting is a critical venue for taking 
evidence-based approaches for enhancing smoking cessa-
tion and increasing the protection of susceptible groups 
against exposure to secondhand smoke (USDHHS 2014). 
However, research on e-cigarettes in relation to this set of 
venues is lacking and urgently needed. Regardless, some 
pragmatic approaches have been proposed. For example, 
the American Academy of Pediatrics (AAP) gives advice 
on how pediatricians can approach questioning about the 
use of e-cigarettes. As of October 2015, the AAP’s position 
on e-cigarettes is that sales to minors should be prohib-
ited; flavors that appeal to youth should be prohibited; 
and measures against the use of e-cigarette products need 
to be included in requirements for maintaining smoke-
free environments, such as in restaurants and workplaces 
(AAP 2015a).
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Table 5.3 Medical organizations
A. Positions of professional organizations

Organization
Organizational 
position on cessation Organizational position on harm Organizational position on regulation General comments

American 
Academy of 
Pediatrics 
(2015b)

— • “Concentrated nicotine solution 
for electronic nicotine delivery 
systems should be sold in 
child-resistant containers with 
amounts limited to that which 
would not be lethal to a young 
child if ingested.”

• “Prohibitions on smoking and 
use of tobacco products should 
include prohibitions on use of 
electronic delivery systems.”

• “The promotion and sale of electronic nicotine delivery 
systems to youth should be prohibited by federal, state, and 
local regulations.”

• “Prohibitions on promotion should include all media that can 
be viewed by youth, including broadcast, print, and electronic 
(Web- or Internet-based) media.”

• “Prohibitions on promotion should include prohibitions 
on sponsorships, such as sports, cultural event, and 
entertainment sponsorships. Any promotional activities that 
can be accessed by children and/or adolescents should be 
considered promoting to children.”

• “Electronic nicotine delivery systems should be subject 
to the same restrictions on advertising and promotion at 
least as restrictive as that on combustible cigarettes. Until 
government agencies institute these prohibitions, media 
companies, entertainment companies, sports teams, and 
promoters should voluntarily institute these prohibitions.”

• “Celebrities should not use their privileged position to model 
tobacco product use, including electronic nicotine delivery 
systems and other existing or emerging tobacco products.”

—
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American 
Association 
for Cancer 
Research 
(AACR) and 
the American 
Society of 
Clinical 
Oncology 
(2015)
(continues 
on next 
page)

• FDA has not 
approved e-cigarettes 
as smoking cessation 
aids, and current 
data are inconclusive 
with regard to their 
efficacy as quit-
smoking products.

• “Oncologists would 
be wise to refrain 
from recommending 
e-cigarettes to 
patients as a first-
line therapy for 
smoking cessation.”

• “The evidence regarding the 
risks and benefits of e-cigarettes 
is difficult to interpret, and data 
on the long-term consequences 
of e-cigarette use are not yet 
available.”

• “Chemicals and ultrafine 
particles known to be toxic 
and carcinogenic and/or to 
cause respiratory and heart 
distress have been identified in 
e-cigarettes.”

• “Studies find the levels of the 
toxicants in e-cigarette aerosol 
to be significantly lower than in 
cigarette smoke and, in many 
cases, comparable with trace 
amounts found in a medicinal 
nicotine inhaler. It is unclear 
what effects these toxicants 
might have on e-cigarette users 
after chronic and frequent use.”

• “The vast majority of e-cigarette 
users use products containing 
nicotine. Nicotine is an addictive 
chemical, adversely affects 
maternal and fetal health 
during pregnancy, has adverse 
consequences for fetal brain 
development, and may adversely 
affect the adolescent brain. It 
is unclear what effect nicotine 
intake via e-cigarettes has on 
health or on the addictiveness of 
these products.”

• “The FDA CTP should regulate all ENDS that meet the 
statutory definition of tobacco products and their component 
parts. ENDS delivery systems and e-liquids containing 
tobacco-derived nicotine should be regulated whether they 
are sold together or separately.”

• “ENDS manufacturers should be required to register with 
FDA and report all product and ingredient listings, as well as 
the nicotine concentration in the ENDS solution.”

• “ENDS packaging and advertising should be required to 
carry health warnings and safety labels—including a warning 
regarding nicotine addiction.”

• “Youth-oriented ENDS advertising and marketing should 
be prohibited, including: self-service ENDS displays, the 
provision of gifts and other giveaways with purchase of ENDS, 
the sale and distribution of items such as hats or t-shirts 
with ENDS brand logos, brand name sponsorship of social or 
cultural events, or of any team entry into those events, and 
youth-oriented advertising of tobacco products.”

• “Internet and other mail-order sellers of ENDS should be 
required to check the age and identification of customers at 
the point of purchase and delivery; to comply with all laws 
in the purchaser’s state or local jurisdiction; and pay all 
applicable federal, state, and local taxes.”

• “Childproof caps should be required for all e-liquid 
containers.”

• “ENDS and ENDS liquid containing candy and other youth-
friendly flavors should be banned unless there is evidence 
demonstrating that these products do not encourage youth 
uptake.”

• “ENDS use should be prohibited in places where combustible 
tobacco product use is prohibited by federal, state, or local 
law until the safety of second- and thirdhand aerosol exposure 
is established.”

• “There are 
insufficient data on 
health consequences 
of e-cigarette use, 
their value as tobacco 
cessation aids, and 
their effects on the 
use of combustible 
tobacco products 
by smokers and 
nonsmokers.”

• “Oncologists should 
advise all smokers 
to quit smoking 
combustible 
cigarettes, encourage 
use of FDA-
approved cessation 
medications, refer 
patients for smoking 
cessation counseling, 
and provide 
education about 
the potential risks 
and lack of known 
benefits of long-term 
e-cigarette use.”

Table 5.3 A Continued
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Organizational 
position on cessation Organizational position on harm Organizational position on regulation General comments

(continued 
from 
previous 
page)  
American 
Association 
for Cancer 
Research 
(AACR) and 
the American 
Society of 
Clinical 
Oncology 
(2015)

— • “Data from the [CDC] showed 
a significant increase in 
e-cigarette-related calls to poison 
centers between 2010 and 2014 
as a result of accidental ingestion 
or absorption of e-cigarette 
liquid.”

• “Secondhand exposure to 
toxicants and nicotine from 
e-cigarette aerosol has been 
documented, though there are 
not current data suggesting 
that exposure to the aerosol has 
adverse health effects.”

• “There are no published 
studies evaluating thirdhand 
(i.e., residue that builds up on 
surfaces over time) exposure 
to e-cigarette aerosol in indoor 
environments, although 
preliminary data suggest that 
nicotine from e-cigarettes can 
stick to surfaces.”

• “Funding generated through tobacco product taxes, including 
any potential taxes levied on ENDS, should be used to help 
support research on ENDS and other tobacco products, but 
should not preclude the allocation of federal funding for this 
research.”

• “All data related to ENDS composition, use, and health effects 
should be disclosed for dissemination and independent review 
as well as to enhance policy decisions for ENDS product 
regulation.”

• “Tobacco products should be taxed proportionate to their 
harm; therefore, ENDS should not be taxed at equal or higher 
rates than combustible cigarettes.”

• “State and local governments should implement ENDS 
regulations within their authorities that are appropriate for 
protecting the public health, including restricting the sale, 
distribution, marketing, and advertising of ENDS to youth.”

• “International cooperation is needed to develop standards 
for the regulation of ENDS, and these regulations should 
prioritize protection of the public’s health and draw upon the 
best available scientific evidence whenever possible.”

—

American 
Association 
for 
Respiratory 
Care (AARC) 
(2015)

• “Even though the 
concept of using 
the e-cigarettes for 
smoking cessation 
is attractive, they 
have not been fully 
studied and the 
use among middle 
school children is 
increasing year after 
year.”

• “There is no evidence as to the 
amount of nicotine or other 
potentially harmful chemicals 
being inhaled during use or if 
there are any benefits associated 
with using these products.”

— • Date effective: April 
2014

• “The [AARC] opposes 
the use of the 
electronic cigarette 
(e-cigarette).”

Table 5.3 A Continued
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American 
College of 
Physicians 
(ACP) 
(Crowley 
and Health 
Public Policy 
Committee 
of the ACP 
2015)

• “ENDS, which 
include electronic 
cigarettes, or 
e-cigarettes, 
are growing in 
popularity, but their 
safety and efficacy as 
a smoking cessation 
aid are not well 
understood.”

• “[There is concern] that the 
health effects of ENDS use are 
unknown, that they may appeal 
to young people, and that they 
may encourage dual use of 
ENDS and traditional tobacco 
products.”

• “The Food and Drug Administration [should] extend its 
regulatory authority granted through the Family Smoking 
Prevention and Tobacco Control Act to cover electronic 
nicotine delivery systems (ENDS).”

• “Characterizing flavors should be banned from all tobacco 
products, including ENDS.”

• “The [ACP] supports taxing tobacco products, including 
ENDS devices and nicotine liquids, to discourage use among 
children and adolescents. Local governments should be 
permitted to establish higher tax rates for ENDS and related 
products than state levels.”

• “The [ACP] supports legislative or regulatory efforts to 
restrict promotion, advertising, and marketing for ENDS 
products in the same manner as for combustible cigarettes, 
including a prohibition on television advertising.”

• “Youth tobacco prevention efforts, such as antismoking media 
campaigns and school-based interventions, should include 
information about the potential risks of ENDS use.”

• “The federal, state, and local regulators should take action to 
extend indoor and public place clean air laws that prohibit 
smoking in public places, places of employment, commercial 
aircraft, and other areas to ENDS products.”

• “The federal government should authorize and appropriate 
funding to rigorously research the health effects of ENDS 
use, chemical content, and toxicity; effects of ENDS vapor 
exposure; dual-use rates; and effects of ENDS-derived nicotine 
on human health.”

• “The [ACP] supports 
strong regulations to 
ensure product safety 
and transparency, 
policies that prevent 
use among young 
people, increased 
research to better 
determine their 
health effects, strong 
limits on marketing 
and promotion to 
discourage interest 
among young people, 
and application of 
indoor air laws to 
protect the health of 
bystanders.”

• “This paper is not 
intended to offer 
clinical guidance or 
serve as an exhaustive 
literature review 
of existing ENDS-
related evidence but 
to help direct the 
[ACP], policymakers, 
and regulators on 
how to address these 
products.”

Table 5.3 A Continued
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Organizational 
position on cessation Organizational position on harm Organizational position on regulation General comments

American 
Thoracic 
Society 
(2013, 2015) 
(continues 
on next 
page)

• “The new CDC 
data show that Big 
Tobacco is once 
again peddling a new 
product intended to 
get youth hooked 
on nicotine, and 
that e-cigarettes 
are not about 
harm reduction or 
smoking cessation, 
but about addiction.”

• “The short- and long-term health 
risks of these nicotine-delivery 
devices are largely unknown.”

• “States should regulate e-cigarettes as tobacco products. 
E-cigarettes should not be sold to those younger than 18, and 
regulations requiring identification and proof of age at the 
time of purchase should apply. Internet sales of e-cigarettes 
should be strictly regulated.”

• “E-cigarettes should be taxed at rates equivalent with 
traditional cigarettes and other tobacco products.”

• “E-cigarettes should be subject to the same restrictions 
regarding public use as combustible tobacco products, and 
e-cigarettes should not be used in smoke-free areas.”

• “The FDA should deem regulatory authority over 
e-cigarettes.”

• “Candy and menthol flavored e-cigarettes should be banned.”
• “E-cigarette packaging should include warning labels, similar 

in size and scope to those required of combustible tobacco 
packaging. Where risks are known, the consumer should be 
informed of those risks in clear and direct language. Where 
data regarding risk is [sic] unavailable or inconclusive, the 
consumer should be informed of the lack of reliable safety 
testing data.”

• “The FDA should regulate the form and content of e-cigarette 
advertising.”

• “Both direct and implied health and safety claims by 
e-cigarette manufacturers should be subject to the same 
evidentiary review process currently required for other 
products making such claims.”

• “The FDA should require e-cigarette manufacturers to adopt 
Good Manufacturing Processes similar to those that exist for 
other regulated products, including lot numbers, securing 
packaging, etc.”

• “Given that nicotine is an addictive drug, with the dependence 
liability related to the pharmacokinetic characteristics of 
the delivery device, delivery characteristics of the e-cigarette 
should be evaluated and disclosed, and periodically monitored 
to ensure consistency of the product’s dependence potential 
over time.”

• “[E]-cigarettes need 
to be subject to the 
same marketing 
and manufacturing 
restrictions as 
tobacco products.”

• “For the first time, 
e-cigarette use 
among young people 
is higher than for 
any other tobacco 
product.”

Table 5.3 A Continued
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(continued 
from 
previous 
page) 
American 
Thoracic 
Society 
(2013, 2015)

— — • “Content of e-cigarette cartridges should be disclosed and 
regulated.”

• “The nicotine content of the e-cigarette cartridge should not 
exceed that of similar user volume of combustible tobacco.”

• “Deliverable nicotine levels should be consistent between 
cartridges.”

• “Researchers and clinicians, along with scientific societies 
and publications, receiving funding from e-cigarette 
manufacturers should disclose this relationship and the 
potential for conflict of interest in a manner equivalent to 
disclosures required for funding from the remainder of the 
tobacco industry.”

—

Table 5.3 A Continued
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European 
Respiratory 
Society 
(ERS) (2014)

• “Electronic 
cigarettes are 
designed for the 
purpose of direct 
nicotine delivery 
to the respiratory 
system, and they fall 
into a regulatory gap 
in most countries, 
escaping regulation 
as medicinal 
products and 
avoiding the controls 
applicable to tobacco 
products.”

• “For ERS, the priority of the 
Revision of the Tobacco Products 
Directive is to protect children 
and youth from becoming 
smokers by preventing them 
from picking up their first 
cigarette.”

• “There is no adequate scientific 
research available on the overall 
health risk or the long-term 
effects of electronic cigarette use 
on humans.”

• “Mandatory reporting system of ingredients used in tobacco 
products.”

• “Harmonised regulation of the ingredients of tobacco 
products.”

• “80% pictorial health warnings, covering the front and back 
of packages. Based on evidence, the larger the pictorial health 
warnings are, the more effective they are.”

• “Plain/standardised packaging of tobacco products.”
• “Introduction of both visible and invisible security features on 

tobacco packaging and ensuring that the storage and access 
to such data is [sic] independent from tobacco companies.”

• “Prohibition on the cross-border distance sale of tobacco 
products.”

• “Strong regulatory framework and independent research for 
electronic cigarettes. Any regulation of electronic nicotine 
delivery systems should be science based.”

• “Ensuring the adoption of delegated acts is not exposed to the 
interests of the tobacco industry, which would jeopardise the 
achievement of high level of health protection.” 

• “ERS supports 
the European 
Commission’s 
Proposal for the 
Tobacco Products 
Directive and 
Rapporteur Linda 
McAvan’s efforts to 
improve it.”

• “Introduction of 
standard packs with 
increased health 
warnings.”

• “Prohibition of 
characterizing 
flavours.”

• “Strengthening 
of traceability and 
security features for 
combating illicit 
trade.”

• “Prohibiting 
misleading features, 
including slim 
cigarettes.”

• “Approximately 
700,000 EU citizens 
die prematurely 
every year because 
of tobacco 
consumption.”

Table 5.3 A Continued
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Forum of 
International 
Respiratory 
Societies 
(American 
College 
of Chest 
Physicians 
2014; 
Schraufnagel 
et al. 2014)

• “Studies looking at 
whether electronic 
cigarettes can 
aid smoking 
cessation have had 
inconsistent results.”

• “The safety of electronic 
cigarettes has not been 
adequately demonstrated.”

• “The addictive power of nicotine 
and its untoward effects should 
not be under-estimated.

• “Potential benefits to an 
individual smoker should be 
weighed against harm to the 
population of increased social 
acceptability of smoking and use 
of nicotine.”

• “Adverse health effects for third 
parties exposed to the emissions 
of electronic cigarettes cannot be 
excluded.”

• “Health and safety claims regarding electronic nicotine 
delivery devices should be subject to evidentiary review.”

• “If ENDS devices are permitted, they should be regulated as 
tobacco products.”

• “Research, supported by sources other than the tobacco 
or electronic cigarette industry, should be carried out to 
determine the impact of electronic nicotine delivery devices 
on health in a wide variety of settings.”

• “The use and population effects of END devices should be 
monitored.”

• “All information derived from this research should be 
conveyed to the public in a clear manner.”

• “ENDS should be 
restricted or banned, 
at least until more 
information about 
their safety is 
available.”

Table 5.3 A Continued
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Organization
Organizational 
position on cessation Organizational position on harm Organizational position on regulation General comments

American 
Cancer 
Society 
(ACS) (2014)

• “Because the 
American Cancer 
Society doesn’t 
yet know whether 
e-cigarettes are safe 
and effective, we 
cannot recommend 
them to help people 
quit smoking.”

• “There are proven 
methods available 
to help people quit, 
including pure forms 
of inhalable nicotine 
as well as nasal 
sprays, gums, and 
patches.”

• “[E]-cigarettes are not labeled 
with their ingredients, so the 
user doesn’t know what’s in 
them.”

• “Inhaling a substance is not the 
same as swallowing it.”

• “Studies have shown that 
e-cigarettes can cause short-term 
lung changes that are much 
like those caused by regular 
cigarettes.”

• “E-cigarettes need to be researched and regulated.” • “Until electronic 
cigarettes are 
scientifically 
proven to be safe 
and effective, 
ACS will support 
the regulation of 
e-cigarettes and laws 
that treat them like 
all other tobacco 
products.”

Table 5.3 Continued
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American 
Heart 
Association 
(AHA) 
(Bhatnagar 
et al. 2014) 
(continues 
on next 
page)

• “Current evidence 
evaluating the 
efficacy of these 
products as a 
cessation aid is 
sparse, confined 
to 2 randomized 
controlled trials 
and 1 large cross-
sectional study, 
anecdotal reports, 
and Internet-based 
surveys.”

• “[R]eports are 
confounded by a 
self-selection bias in 
that the respondents 
are often e-cigarette 
enthusiasts.”

• “The AHA maintains 
that e-cigarette 
use should be 
part of tobacco 
screening questions 
incorporated into 
clinical visits and 
worksite/community 
health screenings 
that are tied into 
healthcare delivery.”

• “Low levels of harmful or 
potentially harmful metals such 
as lead, nickel, and chromium 
are listed as having been 
detected.”

• “Trace levels of tobacco-specific 
N-nitrosamines, polycyclic 
aromatic hydrocarbons, and 
volatile organic compounds in 
the e-liquid and vapor have been 
reported.”

• “The FDA has issued warnings 
to several e-cigarette companies 
for selling e-cartridges with 
[diethylene glycol, weight-
loss chemical rimonabant 
(Zimulti), and the erectile 
dysfunction medication tadalafil 
(active ingredient in Cialis)] 
contaminants.”

• “There are no reports of 
e-cigarette safety in patients with 
known cardiovascular disease.”

• “The regulation should allow for quality-controlled products 
for adults who want to transition from conventional cigarettes 
to e-cigarettes or to quit or reduce smoking.”

• “Bottles containing nicotine refill liquids can be toxic if 
swallowed, so cartridges and bottles should have proper 
warning labeling and child-proofing packaging.”

• “It is important that the relevant government agency monitor 
whether these devices are used for delivery of other drugs and 
medications.”

• “Companies should not be able to claim that e-cigarettes are 
a cessation aid unless they are approved by the FDA for that 
purpose.”

• “The [AHA] supports 
effective regulation 
that addresses 
marketing, labeling, 
quality control of 
manufacturing, 
and standards for 
contaminants.”

• “[It] also supports 
including 
e-cigarettes in 
smoke-free air laws 
and prohibiting the 
sales of e-cigarettes 
to youth.”

Table 5.3 B Continued
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(continued 
from 
previous 
page) 
American 
Heart 
Association 
(AHA) 
(Bhatnagar 
et al. 2014)

• “Clinicians should 
be educated about 
e-cigarettes and 
should be prepared 
to counsel their 
patients who are 
using combustible 
tobacco products to 
use e-cigarettes as 
a primary cessation 
aid.”

• “For patients 
with existing 
cardiovascular 
disease and stroke, 
or at risk of a 
cardiovascular 
disease event, 
intensive cessation 
counseling should 
be offered as soon as 
possible.”

— — —
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American 
Lung 
Association 
(2014, 2015)

• “Until and unless 
the FDA approves a 
specific e-cigarette 
for use as a tobacco 
cessation aid, the 
American Lung 
Association does not 
support any direct 
or implied claims 
that e-cigarettes help 
smokers quit.”

• “There is currently no scientific 
evidence establishing the safety 
of e-cigarettes.”

• “FDA found detectable levels of 
toxic cancer-causing chemicals, 
including an ingredient used in 
anti-freeze, in two leading brands 
of e-cigarettes and 18 various 
cartridges.”

• “The lab tests also found that 
cartridges labeled as nicotine-
free had traceable levels of 
nicotine.”

• “Nicotine is believed to 
contribute to increased incidence 
of premature birth, and low birth 
weight.”

• “Research has also shown a 
negative impact on pulmonary 
function in newborns.”

• “The FDA has not approved any e-cigarettes as a safe or 
effective method to help smokers quit.”

• “Including 
e-cigarettes in 
smokefree laws and 
ordinances.”

• “State laws that 
would prohibit the 
sale of any flavored 
e-cigarette product.”

• “Taxing e-cigarettes 
at a rate equivalent 
with all tobacco 
products, including 
cigarettes.”

• “Eliminating 
e-cigarette sales to 
youth, otherwise 
restricting youth 
access to e-cigarettes 
and requiring 
e-cigarette retailers 
to be licensed.”

• “E-cigarettes should 
be defined as tobacco 
products.”

• “Opposes creating 
new definitions for 
‘vapor products’ 
and/or ‘alternative 
nicotine products’ in 
state laws.”
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Americans 
for 
Nonsmokers’ 
Rights (ANR) 
(n.d.a; n.d.b)

• “ESDs are not 
proven cessation 
devices.”

• “Many people 
become ‘stable 
dual-users’ who use 
both cigarettes and 
ESDs.”

• “Americans for Nonsmokers’ 
Rights recommends that 
e-cigarettes not be used in areas 
where people will be exposed to 
the vapors they emit.”

• “Electronic smoking device 
aerosol is not water vapor. . . . 
The aerosol (incorrectly called 
vapor) contains nicotine, 
hazardous ultrafine particles that 
lodge deeply in the lungs . . . and 
toxins known to cause cancer.”

• “Electronic smoking devices are currently unregulated 
products.”

• “[ANR] . . . encourages municipalities and states to prohibit 
the use of ESDs in all smokefree venues.”

• “Electronic cigarettes 
are not a safe 
alternative!”

C. World Health Organization

Organization
Organizational 
position on cessation Organizational position on harm Organizational position on regulation General comments

World Health 
Organization 
(WHO) (Bates 
2014; WHO 
2014b) 
(continues on 
next page)

• “Prohibit 
manufacturers and 
third parties from 
making health 
claims for ENDS, 
including that 
ENDS are smoking 
cessation aids.”

• “The regulatory 
standard for 
cessation claims 
and approval as 
cessation aids 
should remain an 
appropriate body 
of evidence, based 
on well-controlled 
clinical trials.”

• “ENDS users should be legally 
requested not to use ENDS 
indoors, especially where smoking 
is banned until exhaled vapour 
is proven to be not harmful 
to bystanders and reasonable 
evidence exists that smoke-
free policy enforcement is not 
undermined. If smoke-free 
legislation is not fully developed 
according to Article 8 of the WHO 
FCTC and the guidelines for its 
implementation, this should be 
done as soon as possible.”

• “Health warnings should be 
commensurate with proven health 
risks.”

• “Parties should contemplate putting in place an effective 
restriction on ENDS advertising, promotion and sponsorship.”

• “Protection from vested commercial interests.”
• “Governments are recommended to use or strengthen their 

existing tobacco surveillance and monitoring systems to assess 
developments in ENDS and nicotine use by sex and age.”

• “Overall, in 
its public 
communication 
WHO portrays 
e-cigarettes as a 
threat to public 
health.”

• “Encourage 
smoking cessation 
and provide a 
quitline number if 
one exists.”
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(continued 
from previous 
page)  
World Health 
Organization 
(WHO) (Bates 
2014; WHO 
2014b)

• “For ENDS 
products to be 
approved for 
smoking cessation 
by the suitable 
regulatory agency, 
the appropriate 
balance should 
be reached 
between providing 
accurate scientific 
information 
to the public 
about the risk of 
ENDS use and its 
potential benefits 
as compared with 
smoking.”

— — —
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D. Government health

Organization
Organizational 
position on cessation Organizational position on harm Organizational position on regulation General comments

European 
Union (EU) 
(European 
Parliament 
and Council 
2014; WHO 
Framework 
Convention 
on Tobacco 
Control 2014)

— • “Certain additives used to create 
the impression that tobacco 
products have health benefits, as 
well as those with [carcinogenic, 
mutagenic, or reprotoxic] 
properties in unburnt form, 
should be prohibited in order to 
ensure uniform rules throughout 
the Union and a high level of 
protection of human health.”

• “Electronic cigarettes and 
refill containers could create a 
health risk when in the hands 
of children—it is necessary to 
ensure products are child and 
tamperproof.”

• “Nicotine-containing liquid should 
only be placed on the market in 
electronic cigarettes or in refill 
containers that meet certain safety 
and quality requirements.”

• “The prohibition of tobacco products with characterizing 
flavours does not preclude the use of individual additives 
outright, but it does oblige manufacturers to reduce the 
additive or the combination of additives.”

• “Electronic cigarettes and refill containers should be 
regulated by this Directive.”

• “Where the manufacturer of the relevant product is not 
established in the Union, the importer of that product should 
bear the responsibilities relating to the compliance of those 
products with this Directive.”

• “Nicotine-containing liquid should only be allowed to be 
placed on the market, where the nicotine concentration does 
not exceed 20 mg/ml.”

• “Only electronic cigarettes that deliver nicotine doses at 
consistent levels should be allowed to be placed on the 
market.”

• “The labeling and packaging of [e-cigarettes] should display 
sufficient and appropriate information on their safe use.”

• New directive: May 
2014.

• New rules applied: 
First half of 2016.

• “Aims at ensuring 
equal treatment 
across the EU for 
nicotine-containing 
e-cigarettes 
(products that do 
not contain nicotine 
are not covered by 
the Directive).”

• “Electronic 
cigarettes can 
develop into 
a gateway to 
nicotine addiction 
and ultimately 
traditional tobacco 
consumption, as 
they mimic and 
normalize the 
action of smoking. 
For this reason, it 
is appropriate to 
adopt a restrictive 
approach to 
advertising 
electronic 
cigarettes and refill 
containers.”
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Organization
Organizational 
position on cessation Organizational position on harm Organizational position on regulation General comments

CAP/BCAP 
(UK) (2014)

— • “Ads cannot convey health benefits 
or claim that they are safer or 
healthier than smoking tobacco.”

• “Ads must not be likely to appeal particularly to people under 
18, especially by reflecting or being associated with youth 
culture.”

• “People shown using e-cigarettes or playing a significant role 
must neither be, nor seem to be, under 25.”

• “Ads must not be directed at people under 18 through the 
selection of media or the context in which they appear.”

• “Ads must not encourage nonsmokers or nonnicotine users to 
use e-cigarettes.”

• “Ads must make clear that the product is an e-cigarette and 
not a tobacco product.”

• “Ads on TV and radio will be subject to scheduling restrictions 
to reduce the chance of e-cigarette advertisements being seen 
or heard by children.”

• Effective date: 
November 10, 2014.

• “The rules place an 
emphasis on the 
protection of young 
people and ads must 
avoid containing 
anything that 
promotes the use of 
a tobacco product 
or that shows the 
use of a tobacco 
product in a positive 
light.”

• CAP: Write and 
maintain the UK 
advertising codes.

Public Health 
England (UK) 
(Britton and 
Bogdanovica 
2014; 
CAMQUIT 
n.d.)

— — • “Under the terms of the new Tobacco Product Directive  
(TPD) . . . advertising of nicotine-containing devices that are 
not licensed as medicines will be prohibited, products will be 
required to carry health warnings, meet purity and emission 
standards that are yet to be defined.”

• Effective date: 2016.
• “The UK [Medicines 

and Healthcare 
products Regulatory 
Agency] announced 
that from 2016, it 
intended to regulate 
electronic cigarettes 
and other nicotine-
containing products 
as medicines by 
function, and 
thus require 
manufacture to 
medicinal purity 
and delivery 
standards, and 
proactive controls 
on advertising.”

Table 5.3 D Continued
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Organization
Organizational 
position on cessation Organizational position on harm Organizational position on regulation General comments

International 
Union Against 
Tuberculosis 
and Lung 
Cancer (2013)

• “The benefits 
of e-cigarettes 
have not been 
scientifically 
proven.”

• “Very few studies 
have assessed ECs/
ENDS as a harm 
reduction and 
cessation aid and 
with conflicting 
findings.”

• “The safety of ECs or ENDS has not 
been scientifically demonstrated.”

• “Adverse health effects for 
[secondhand smoke] cannot 
be excluded because the use of 
electronic cigarettes leads to 
emission of fine and ultrafine 
inhalable liquid particles, nicotine 
and cancer-causing substances into 
indoor air.”

• “A range of current and proposed legislative and regulatory 
options exists.”

• “Brazil, Norway, and Singapore have banned ECs/ENDS 
completely.”

• “ENDS could undermine the implementation of WHO FCTC 
Article 12 (de-normalisation of tobacco use).”

• “Use of ENDS could also hamper the implementation of 
Article 8 (protection from exposure to tobacco smoke).”

• “The Union 
strongly supports 
the regulation of 
the manufacture, 
marketing and 
sale of Electronic 
cigarettes (ECs) 
or electronic 
nicotine delivery 
systems (ENDS); 
the preferred option 
is to regulate 
ECs or ENDS as 
medicines.”

• “The Union is 
concerned that 
the marketing, 
awareness and use 
of ECs or ENDS is 
growing rapidly.”

Note: AARC = American Association for Respiratory Care; ACP = American College of Physicians; ACS = American Cancer Society; AHA = American Heart Association; 
ANR = Americans for Nonsmokers’ Rights; CAP/BCAP = Committees of Advertising Practice/Broadcast Committee of Advertising Practice; CDC = Centers for Disease 
Control and Prevention; CTP = Center for Tobacco Products; ECs = electronic cigarettes; ENDS = electronic nicotine delivery systems; ERS = European Respiratory 
Society; ESDs = electronic smoking devices; EU = European Union; FCTC = Framework Convention for Tobacco Control; FDA = U.S. Food and Drug Administration; 
UK = United Kingdom; WHO = World Health Organization.

Table 5.3 D Continued
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Case Studies

Case studies in California and North Dakota dem-
onstrate how e-cigarette policies have been enacted at the 
local and state levels, and they provide potential models 

of how cities, counties, and other states might address 
e-cigarettes in their jurisdictions.

City of Hayward Takes Bold Steps to Address Tobacco Products Aimed 
at Kids

In response to the “D” grade that the city of Hayward received in 2011 from the American Lung Association in 
California for its efforts to protect youth from tobacco sales, the city council directed its staff to develop regulations 
to address the problem of youth tobacco sales. Draft regulations were presented at a city planning meeting in 2012, 
followed by a series of community meetings and hearings that culminated in the Hayward city council’s adoption of 
a 45-day moratorium to begin in January 2014 on the issuance of business licenses or building permits for any new 
tobacco retailers. The following month, the moratorium was extended another 15 months to provide more time to 
research and consider the issue (City of Hayward 2014).

On July 1, 2014, the Hayward city council unanimously adopted an ordinance that requires sellers of tobacco 
products and “electronic smoking devices” to obtain annually a $400 tobacco retailer license that covers the cost of 
an annual inspection for compliance with federal, state, local, tribal, and territorial tobacco control laws. The ordi-
nance allowed the city’s existing 142 tobacco retailers, 8 e-cigarette retailers, and 2 hookah lounges to continue 
operating at their current locations; however, new sellers must obtain a conditional use permit, are restricted to spe-
cial commercial zones, and may not locate within 500 feet of residential areas or child-sensitive areas (e.g., schools 
and parks) or within 500 feet of an existing tobacco seller. It also prohibits new hookah lounges or vaping lounges 
from opening within the city.

The ordinance also contains provisions to prohibit self-service displays of tobacco products and e-cigarettes 
and to regulate the sales of cigars, flavored products, and imitation tobacco products. Cigars selling for less than 
$5 each are required to be sold in pack sizes of five or more, and the sale of flavored traditional tobacco products, 
e-cigarettes, and imitation tobacco products (e.g., candy cigarettes, bubble gum chew) is prohibited within 500 feet 
of schools for any business not selling these products before July 1, 2014.

Penalties range from $1,500 for a first violation and possible suspension to a complete revocation of a license 
after three violations within a 3-year period (City of Hayward 2014; n.d.a.). Active enforcement of the ordinance 
began in April 2015 (City of Hayward n.d.b.).

Throughout the process, Hayward officials and staff relied heavily on materials from the American Lung 
Association, the Center for Tobacco Policy and Organizing, and ChangeLab Solutions to provide the public health 
and legal rationale for supporting the provisions. Hayward’s tobacco retail licensing effort was also supported by 
the tobacco control program of the Alameda County public health department, which used monies from its Master 
Settlement Agreement to fund the Hayward police department to conduct youth decoy operations and local commu-
nity and youth organizations to conduct educational outreach (City of Hayward 2014). Collectively, these resources 
informed the Hayward city council’s decision-making process.
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North Dakota’s Statewide Clean Indoor Air Law Prohibits Conventional 
Tobacco Products and E-Cigarettes

In November 2012, North Dakota achieved a remarkable victory for statewide clean indoor air (BreatheND 
n.d.a.) despite major obstacles, including a harsh winter climate, an adult smoking rate of 21.9% (CDC 2013), and 
several prior failed legislative attempts to close exemptions in the state’s 2005 clean indoor air law (CDC 2014). 
Despite these impediments, two-thirds of the state voted to prohibit both the smoking of conventional tobacco prod-
ucts and use of e-cigarettes in all non-hospitality workplaces; restaurants; bars; hotel guest rooms and communal 
areas; health care facilities; assisted living facilities; all licensed child and adult day care facilities; gaming facili-
ties; indoor areas of sports arenas; and within 20 feet of entrances, exits, operable windows, air intakes, and venti-
lation systems of enclosed areas where smoking is not allowed (BreatheND n.d.b.). Additionally, the law provided 
no exemptions for tobacco-only retail or “vape shops” (Americans for Nonsmokers’ Rights Foundation 2015, n.d.).

The 2012 ballot initiative on statewide clean indoor air resulted from the lack of progress in working with the 
legislature to try to close smoking exemptions in the state law. The initiative’s sponsors, Tobacco Free North Dakota 
and the American Lung Association in North Dakota, worked closely with the Tobacco Control Legal Consortium 
to draft policy language, which included prohibiting the use of e-cigarettes anywhere smoking was prohibited. The 
sponsors approached stakeholders and assessed public support. Little opposition was encountered to prohibiting the 
use of e-cigarettes indoors. In addition to the sponsors’ efforts, the North Dakota Center for Tobacco Prevention and 
Control Policy conducted a media campaign and worked with local partners to educate their communities, resulting 
in 11 smokefree ordinances prior to the issuing of the statewide ballot initiative. The landslide victory (66% vs. 33%) 
in favor of clean indoor air, with the initiative successfully carried in every one of North Dakota’s 53 counties, dem-
onstrated widespread public support for clean indoor air (Ballotpedia 2012).

Only a few years later, the law continues to enjoy strong public support from nonsmokers (84.4%) and smokers 
(58%) alike. Compliance with the law is comparable to cigarette smoking; just 16.8% of North Dakotans reported 
having observed smoking indoors in areas where it was prohibited, and 23.2% reported having seen e-cigarettes 
used indoors in such places. Local enforcement personnel confirm a high level of compliance, reporting violations 
primarily related to smoking within 20 feet of entrances. To date, the only prosecuted violation of the law involved 
the sampling of an e-cigarette product inside a “vape shop” (BreatheND 2014). In hindsight, the decision to include 
e-cigarettes in North Dakota’s smokefree law was helpful, given increasing concerns about involuntary exposure to 
nicotine and other aerosolized e-cigarette emissions.

Summary and Recommendations

The Surgeon General has long played a leading role 
in identifying the harms of tobacco use and documenting 
the most effective ways to reduce them. This report comes 
amid the rising use of e-cigarettes among the nation’s 
youth and young adults. It calls attention to this problem 
and the need to implement immediately a comprehensive 
strategy to minimize any negative public health impact 
now and in the future, giving consideration to the potential 
for youth to be harmed from e-cigarettes while, simultane-
ously, acknowledging that gains might be made if the use 
of combustible tobacco products fell among adult smokers. 
Chapters 1–4 documented the particular challenges posed 
by the rapid emergence and dynamic nature of e-cigarette 
use among youth and young adults. The marketplace is 
diverse, and although it includes the large tobacco com-
panies, e-cigarettes are sold in thousands of “vape shops” 

and other small commercial locations and on the Internet. 
Marketing strategies exploit social media, reaching widely 
and with tailored targeting to consumers.

The differences notwithstanding, the principles and 
strategies articulated in the 2014 Surgeon General’s report 
and prior reports remain relevant to e-cigarettes. The 2014 
report was written not long after the use of e-cigarettes 
began to surge dramatically; that report commented on the 
need for rapid elimination of conventional cigarettes and 
other combustible tobacco products but did not specify 
a role for e-cigarettes or discuss strategies to minimize 
adverse effects among youth and young adults (USDHHS 
2014). The report’s final chapter, however, set out an evi-
dence-based strategy for the future. The present report 
builds on this foundation, adding recommendations related 
to e-cigarettes.
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Conclusions

1. The dynamic nature of the e-cigarette landscape 
calls for expansion and enhancement of tobacco-
related surveillance to include (a) tracking patterns 
of use in priority populations; (b) monitoring the 
characteristics of the retail market; (c) examining 
policies at the national, state, local, tribal, and ter-
ritorial levels; (d) examining the channels and mes-
saging for marketing e-cigarettes in order to more 
fully understand the impact future regulations 
could have; and (e) searching for sentinel health 
events in youth and young adult e-cigarette users, 
while longer-term health consequences are tracked.

2. Strategic, comprehensive research is critical to 
identify and characterize the potential health risks 
from e-cigarette use, particularly among youth and 
young adults.

3. The adoption of public health strategies that are pre-
cautionary to protect youth and young adults from 
adverse effects related to e-cigarettes is justified.

4. A broad program of behavioral, communications, 
and educational research is crucial to assess how 
youth perceive e-cigarettes and associated mar-
keting messages, and to determine what kinds of 
tobacco control communication strategies and 
channels are most effective.

5. Health professionals represent an important 
channel for education about e-cigarettes, particu-
larly for youth and young adults.

6. Diverse actions, modeled after evidence-based 
tobacco control strategies, can be taken at the 
state, local, tribal, and territorial levels to address 
e-cigarette use among youth and young adults, 
including incorporating e-cigarettes into smoke-
free policies; preventing the access of youth to 
e-cigarettes; price and tax policies; retail licensure; 
regulation of e-cigarette marketing that is likely to 
attract youth and young adults, to the extent feasible 
under the law; and educational initiatives targeting 
youth and young adults. Among others, research 
focused on policy, economics, and the e-cigarette 
industry will aid in the development and imple-
mentation of evidence-based strategies and best 
practices.
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