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A commentary on

Electronic cigarettes
by Grana RA, Ling PA, Benowitz N, Glantz S. Circulation (2015) 129:e490–2. doi: 10.1161/CIRCU-
LATIONAHA.114.008545

Electronic cigarettes were originally introduced as devices to facilitate smoking cessation, but
their efficacy in this regard has not been established. Instead, they are often used to facilitate
continued cigarette smoking in adults, and are common entry devices for nicotine dependency in
children and adolescents (1). The aim of this commentary is to emphasize these problems since far
from improving health, E-cigarettes may paradoxically be damaging physical/psychological health.
Furthermore, while this is certainly an issue for active smokers, itmay become an increasing problem
for those who are “passively vaping” E-cigarettes.

E-cigarettes are battery-operated devices, which deliver hits of nicotine via the inhalation of an
aerosol spray, which contains a mixture of nicotine, flavorings, and other chemicals (1–3). The
E-cigarette was originally introduced as an aid to facilitate smoking cessation. It followed the
successful development of earlier nicotine substitution devices, such as nicotine chewing gum, nico-
tine transdermal patch, and the inhaler (4–6). However, these earlier products were only partially
effective at nicotine delivery, with 2mg gum producing around 25% of the psychophysiological
effects of a nicotine cigarette and 4mg nicotine gum producing around 40% of its physiological
effects (7). Yet, despite their comparative inefficacy at nicotine delivery, they partially assuaged
nicotine cravings, which allowed them to double the success rates for smoking cessation (4).
Crucially, this was achieved without making these early nicotine substitution devices attractive to
non-smokers.

E-cigarettes were consciously designed to make them attractive, but unfortunately this can now
be seen as a mistake since it has encouraged their use as a facilitator for continued smoking
in adults, and has introduced many youngsters into nicotine and nicotine dependency. Grana
et al. (1) note that they were designed to look like cigarettes; also they were given “kid-friendly
flavors, including grape, chocolate, bubble gum, and gummy bear”; furthermore, they have also
been marketed “aggressively” often using simplistic and misleading messages. Since first introduced
into the USA and Europe in 2006, their usage has risen dramatically, with sales doubling every
year [Wells Fargo Internet report cited in Ref. (3)] so that instead of being used to aid tobacco
cessation, they are often being used to facilitate continued cigarette smoking. Grana et al. (1)
noted that many adult smokers continue to smoke tobacco in private, but vape E-cigarettes where
smoking is banned. Furthermore, E-cigarettes are providing a simple introduction into nicotine
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TABLE 1 | The adverse effects of nicotine dependency in cigarette smokers,
and the similar psychobiological problems predicted for E-cigarette users.

Mood fluctuation: smokers typically experience positive moods on smoking,
followed by negative moods on nicotine withdrawal. This mood vacillation is rapid,
with moods going up and down every day in parallel with cigarette/nicotine intake
(9, 11). Similar types of mood fluctuation are likely to be found in regular
E-cigarette “vapers”

Psychophysiological vacillation: the repetitive mood changes of smokers are just
one element of a core psychobiological fluctuation. Hence, alertness goes up and
down over the day, in parallel with the changes in mood state. Cognitive skills and
memory abilities may also fluctuate (13). Similar core psychobiological fluctuations
may also develop with E-cigarette users

Addiction potential: psychobiological fluctuation provides an essential rationale for
nicotine’s strong addiction potential. Similar basic processes underlie the
addiction potential of cocaine (10) and other CNS stimulants, such as
methamphetamine, MDMA, and mephedrone (8). To the extent that E-cigarettes
are effective at nicotine delivery – they will also show addiction potential

Wider psychobiological problems: nicotine dependency in cigarette smokers
leads to greater daily stress, depression, cognitive deficits, worse memory, poorer
sleep, lower self-efficacy, and many other deficits (12–15). Similar
psychobiological problems are predicted to develop in regular uses of E-cigarettes

dependency for children and adolescents. Grana et al. (1) reported
that youth use of E-cigarettes had increased from 3.3% in 2011 to
6.8% in 2012. They further noted that around a third of adolescent
E-cigarette users have never smoked a tobacco cigarette. Hence,
another major concern is the potential progression to higher
self-dosing with nicotine – readily achieved by progressing onto
cigarette smoking.

Grana et al. (1) noted several of health problems associated
with E-cigarettes: the noxious cancerous chemicals in the aerosol
vapors, the dangers of passive vaping (viz: as with passive cigarette
smoking), and several other problems. However, they did not
describe one of the most important problems – that nicotine
is highly addictive drug, and that regular nicotine usage has
many damaging psychological consequences. In neuropsychobi-
ological terms, nicotine is a powerful CNS stimulant, with many
basic similarities to other CNS stimulants, such as cocaine and
methamphetamine. Hence, the acute effects of increased heart
rate, greater alertness, and mood intensity are similar to every

other CNS stimulant drug. All drugs in this class generate brief
mood gains, but they are soon followed by negativemoods (feeling
tired and stressed), during the post-drug recovery period [for
review, see Ref. (8)]. With nicotine, this mood fluctuation can
be very rapid, with moods fluctuating up and down in paral-
lel with their nicotine intake [viz: every 20–30min in regular
smokers; see Figure 1 in Ref. (9)]. This rapid mood fluctua-
tion helps explain its high addiction potential. Indeed, nico-
tine is one of the most addictive of all drugs due to its very
rapid onset and consequent downturn. Hence, nicotine is similar
to cocaine in its psychobiological effects and addiction profile
(10). Furthermore, as with every CNS stimulant drug, nicotine
can damage the integrity of the HPA axis. Hence, all stimulant
drugs can lead to deficits in homeostasis, with disrupted sleep,
disrupted circadian rhythms, altered cortisol levels, and other
neurohormonal deficits [for review, see Ref. (8)]. Regular nico-
tine users can also suffer from neurocognitive and other psy-
chobiological deficits, which I have outlined in earlier reviews
(11, 12). These included daily mood fluctuation, increased stress,
heightened depression, poorer memory, and neuroimaging data
indicative of other neurocognitive deficits (6, 13–15). Finally,
these psychobiological problems tend to be greater in disadvan-
taged individuals with a propensity for distress, making nico-
tine and other stimulant drugs particularly damaging vulnerable
individuals (12).

In summary, nicotine is a powerful CNS stimulant with a
wide range of adverse effects. Its addictive potential may be
widely recognized, but there is far less realization about its
damaging psychobiological and health effects – on heart rate,
mood stability, alertness, neurocognitive skills, sleep, the HPA
axis, cortisol, and stress (12). These psychobiological deficits are
likely to be found in regular users of E-cigarettes, even in those
who use them alone (i.e., without smoking tobacco cigarettes
in parallel; see Table 1). The main aim of this commentary
is to emphasize that all these core functions, which are cru-
cial for human well-being, need to be empirically studied in
E-cigarette users.My core prediction is that these damaging effects
of nicotine in cigarette smokers will be replicated in users of
E-cigarettes.

References
1. Grana RA, Ling PA, Benowitz N, Glantz S. Electronic cigarettes. Circulation

(2015) 129:e490–2. doi:10.1161/CIRCULATIONAHA.114.008545
2. Glasser AM, Cobb CO, Teplitskaya L, Ganz O, Katz L, Rose SW, et al. Electronic

nicotine delivery devices, and their impact on health and patterns of tobacco
use: a systematic review protocol. BMJ Open (2015) 5:e007688. doi:10.1136/
bmjopen-2015-007688

3. Dawkins L, Kimber C, Puwanesarasa Y, Soar K. First generation versus second
generation electronic cigarettes: predictors of choice and effects on urge to
smoke and withdrawal symptoms. Addiction (2014) 110:669–77. doi:10.1111/
add.12807

4. Viswesvaran C, Schmidt FL. A meta-analytic comparison of the effectiveness
of smoking cessation methods. J Appl Psychol (1992) 77:554–61. doi:10.1037/
0021-9010.77.4.554

5. Parrott AC, Craig D. Psychological functions served by nicotine chewing gum.
Addict Behav (1995) 20:271–8. doi:10.1016/0306-4603(94)00068-A

6. Parrott A,Morinan A,MossM, Scholey A.Understanding Drugs and Behaviour.
Chichester: John Wiley & Sons (2004).

7. Parrott AC, Winder G. Nicotine chewing gum (2mg, 4mg) and cigarette smok-
ing: comparative effects upon vigilance and heart rate. Psychopharmacology
(1989) 97:257–61. doi:10.1007/BF00442260

8. Parrott AC. Why all stimulant drugs are damaging to recreational users: an
empirical overview and psychobiological explanation. Hum Psychopharmacol
(2015) 30:213–24. doi:10.1002/hup.2468

9. Parrott AC. Individual differences in stress and arousal during cigarette smok-
ing. Psychopharmacology (1994) 115:389–96. doi:10.1007/BF02245082

10. Mello NK. Hormones, nicotine, and cocaine: clinical studies. Horm Behav
(2010) 58:57–71. doi:10.1016/j.yhbeh.2009.10.003

11. Parrott AC. Does cigarette smoking cause stress?Am Psychol (1999) 54:817–20.
doi:10.1037/0003-066X.54.10.817

12. Parrott AC. Nicotine psychobiology: how chronic-dose prospective studies can
illuminate some of the theoretical issues from acute-dose research. Psychophar-
macology (2006) 184:567–76. doi:10.1007/s00213-005-0294-y

Frontiers in Psychiatry | www.frontiersin.org September 2015 | Volume 6 | Article 1232

http://dx.doi.org/10.1161/CIRCULATIONAHA.114.008545
http://dx.doi.org/10.1136/bmjopen-2015-007688
http://dx.doi.org/10.1136/bmjopen-2015-007688
http://dx.doi.org/10.1111/add.12807
http://dx.doi.org/10.1111/add.12807
http://dx.doi.org/10.1037/0021-9010.77.4.554
http://dx.doi.org/10.1037/0021-9010.77.4.554
http://dx.doi.org/10.1016/0306-4603(94)00068-A
http://dx.doi.org/10.1007/BF00442260
http://dx.doi.org/10.1002/hup.2468
http://dx.doi.org/10.1007/BF02245082
http://dx.doi.org/10.1016/j.yhbeh.2009.10.003
http://dx.doi.org/10.1037/0003-066X.54.10.817
http://dx.doi.org/10.1007/s00213-005-0294-y
http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive


Parrott Psychobiological issues with electronic cigarettes

13. Heffernan TM, Ling J, Parrott AC, Buchanan T, Scholey AB, Rodgers J. Self-
rated everyday and prospective memory abilities of cigarette smokers and non-
smokers: a web based study. Drug Alcohol Depend (2005) 78:235–41. doi:10.
1016/j.drugalcdep.2004.11.008

14. Weiser M, Zarka S, Werbeloff N, Kravitz E, Lubin G. Cognitive tests scores in
male adolescent cigarette smokers compared to non-smokers: a population-
based study. Addiction (2009) 105:358–63. doi:10.1111/j.1360-0443.2009.
02740.x

15. Parrott AC, Murphy RS. Explaining the stress inducing effects of nico-
tine to cigarette smokers.Hum Psychopharmacol (2012) 27:150–5. doi:10.1002/
hup.1247

Conflict of Interest Statement: The author declares that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2015 Parrott. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordancewith
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org September 2015 | Volume 6 | Article 1233

http://dx.doi.org/10.1016/j.drugalcdep.2004.11.008
http://dx.doi.org/10.1016/j.drugalcdep.2004.11.008
http://dx.doi.org/10.1111/j.1360-0443.2009.02740.x
http://dx.doi.org/10.1111/j.1360-0443.2009.02740.x
http://dx.doi.org/10.1002/hup.1247
http://dx.doi.org/10.1002/hup.1247
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive

	The psychobiological problems of continued nicotine dependency in E-cigarette 'vapers'. Commentary: "Electronic Cigarettes"
	References


