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E-cigarettesincrease harm andshould

bediscouraged

Pamela M. Ling & Stanton A. Glantz

M Check for updates

Ever since electronic cigarettes (e-cigarettes)
were first marketed in 2004, they have been
promoted as ‘tobacco harmreduction’ on the
basis of the assumption that they are a less
toxic way for smokers to consume nicotine.
As detailed below, current evidence does not
support this. E-cigarettes as actually used can
increase harm and use should be discouraged.

Ever since they were introduced, arguments that e-cigarettes reduce
tobacco harm have hinged on three assumptions: (1) nicotine aerosol
fromheatingaliquid rather than burning tobacco substantially reduces
disease risk; (2) smokers would quit or switch completely from ciga-
rettes to e-cigarettes; and (3) e-cigarettes would not appeal to youth.

Yet the over 11,000 papers on e-cigarettes published by January
2026 demonstrate that all three assumptions are wrong: (1) e-cigarettes
are associated with substantial disease risks, (2) as consumer products,
e-cigarettes do not promote smoking cessation and (3) e-cigarettes
expand nicotine addiction by attracting youth who are otherwise at
low risk for smoking cigarettes. Therefore, e-cigarettes should notbe
promoted as reducing harm or for smoking cessation, and policies
to discourage e-cigarette initiation, use, and dual use with cigarettes
should expand. Legislation and regulations should include the elimi-
nation of flavours and limits on potency, including maintaining and
implementing bans on sales.

One key argument that e-cigarettes are needed for harm reduc-
tion is that ‘hard-core’ addicted smokers who cannot or will not quit
are increasing and need lower-risk alternate recreational nicotine
products. But, infact, as smoking prevalence has fallenin the USA and
Europe, quit attempts and success have increased, and consumption
among continuing smokers has fallen. Thus, the smoking population
finds quitting easier as prevalence declines', which obviates the need
for additional recreational nicotine products.

The role of tobacco companies is notable. It is true that the first
commercialized e-cigarette was developed in Chinain 2003, and was
not linked to multinational cigarette companies. However, before this,
the Philip Morris tobacco company first developed an e-cigarette inthe
mid-1990sto deter health-concerned smokers from quitting, but chose
not to market it to avoid triggering US Food and Drug Administration
(FDA) regulations. As all major transnational tobacco companies now
produce e-cigarettes, the tobacco industry’s interest in promoting
e-cigarettes to hold onto customersis clear.

E-cigarettes have substantial health risks
The first influential estimate of e-cigarette risk came from a 2013
meetinginwhich an expert paneljudged that e-cigarettes were far less

There is a substantial body of scientific evidence that, as consumer
products, e-cigarettes increase harm, are not associated with
smoking cessation and increase youth nicotine addiction.

harmful than cigarettes. However, this effort did not cite any empiri-
cal evidence and the authors disclosed several ties to the e-cigarette
industry. Evenso, this meeting paper has been widely cited to support
the claim that e-cigarettes are ‘95% safer’ than cigarettes.

The assumption of reduced risk has been supported by studies
that found lower levels of biomarkers of tobacco combustion toxi-
cants among e-cigarette users than cigarette smokers. However, by
October2023, there were 107 epidemiological studies (81% published
in 2020 or later) that provide direct estimates of the associations
between e-cigarettes and population disease risk for cardiovascular
disease, stroke, metabolic dysfunction, asthma, chronic obstruc-
tive pulmonary disease (COPD) and oral disease, as well as other dis-
eases. Ameta-analysis of these studies revealed much higher risks for
e-cigarettes than expected on the basis of biomarkers? E-cigarette
risks for some diseases were statistically indistinguishable from ciga-
rettes; others were lower than cigarettes but higher than predicted
by biomarkers. Although these data have the typical limitations of
all large epidemiological studies, direct disease outcomes are more
clinically meaningful thanindirect risk estimates based on biomarkers.
Other meta-analyses have found thatamong mothers, prenatal vaping
was associated with a 53% increase in the odds of adverse maternal or
infant outcomes, including low birth weight, preterm birth and small
for gestational age?, as well as a bidirectional association between
e-cigarette use and depression®.

Multiple studies show that dual use — using both cigarettes and
e-cigarettes — is common and is associated with a higher risk of car-
diovascular, metabolic, respiratory and oral diseases than smoking
only cigarettes®. In addition, a human case-control study found daily
dual users had nearly 40 times the odds of developing lung cancer as
nonsmokers, as compared with ten times the odds for those who only
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smoked cigarettes’. In 2022, 26.7% of US adults overall and 39.2% of
those aged 45-64 who reported using e-cigarettes were dual users who
alsoreported current smoking. E-cigarettes expose people to a differ-
ent toxicant mixture than cigarettes, including compounds formed
during heating the e-liquid. Dual use delivers more toxins than either
product alone, which may explain why it is associated with a higher
disease risk than smoking.

Epidemiological data on disease risks are consistent with patho-
physiological evidence of adverse cardiovascular and pulmonary
effectsassociated with e-cigarette use and human and animal evidence
of cancer risk (see Supplementary Information for further reading).
E-cigarette aerosol increases sympathetic activity, oxidative stress,
altered metabolism, vascular stiffness and endothelial dysfunction.
In 2023, the American Heart Association concluded that e-cigarettes
injure airway epithelium (the barrier that lines the lungs), increase
pulmonaryinflammation, and suppress respiratory immunity, and evi-
dence met criteriafor consistency, strength of effect, temporality and,
insome cases, a dose-response for asthmaand COPD (Supplementary
Information). E-cigarette users and cigarette smokers experience simi-
lar elevated levels of DNA damage linked to cancer risk. In mice, breath-
ing e-cigarette aerosol causes lung cancer and bladder hyperplasia, and
promotes breast cancer progression and lung metastasis. In 2025, the
Clinical Oncology Society of Australia concluded “e-cigarettes are likely
to cause lung cancer and oral cancer” (Supplementary Information).

Nicotine is not harmless. E-cigarette advocates often quote Rus-
sell's 1976 statement that “people smoke for the nicotine but they die
fromthetar”in his paper promoting low-tar cigarettes and dismissing
nicotine reduction (Supplementary Information). We now know much
more about the dangers of nicotine than when Russell wrote his paper
half a century ago; PubMed listed 3,614 publications with keyword
‘nicotine’ in 1976, as compared with 67,766 in January 2026. Nicotine
adversely affects the cardiovascular system and, although it is not a
carcinogen, studies using mice have found that is atumour promotor
and interferes with cancer treatments (Supplementary Information).

Concerns withe-cigarettes are not limited to nicotine. E-cigarette
flavours induce mitochondria (the parts of cells that convert oxygen
into useful energy) to generate damaging oxidants, increase DNA
damage, weaken the airway epithelium and stimulate blood vessels
to release inflammatory proteins. In mice, exposure to e-cigarette
aerosol and the propylene glycol and vegetable glycerine solvents in
e-cigarettes promotes tumour metastasis. Russell’s oft-quoted state-
ment and the other ideas proffered in his 1976 paper are similarly out-
dated: we now know that low-tar cigarettes do not reduce harm, and
in2025 the FDA proposed to reduce nicotine in cigarettes markedly.

E-cigarettes are ineffective for real-world cessation
Neither the FDA nor comparable authorities elsewhere have approved
e-cigarettes for smoking cessation.

Randomized controlled trials have measured the efficacy of
e-cigarettes for smoking cessationunderideal circumstances. Arecent
review of randomized controlled trials found that e-cigarettes (com-
bined with counselling in most trials) had higher efficacy for smoking
cessation than nicotine-replacement therapy: the use of e-cigarettes,
however, only translates to an additional 4 quitters per 100 people
trying to quit smoking®.

Most people use e-cigarettes as unsupervised consumer prod-
ucts without counselling, rather than as a supervised medical treat-
ment. Population studies have measured the real-world association of
e-cigarettes with smoking cessation. In 2021, two meta-analyses found

that when e-cigarettes are purchased as consumer products, their useis
notassociated with smoking cessation (Supplementary Information).
Alimitation of these meta-analyses is most studies preceded the advent
of fourth-generation protonated nicotine e-cigarettes pioneered by
Juul, which deliver nicotine more effectively and are regarded by some
asbeing potentially ‘ideal’ to transition from cigarettes. Newer studies
with data after protonated nicotine, such as a2017-2019 longitudinal
study, however, found lower cigarette abstinence for e-cigarette users
thanfor sole smokers. Longitudinal datafrom 2017 through 2021 found
that after properly controlling for demographic differences and base-
line e-cigarette use and smoking, e-cigarette use was not significantly
associated with smoking cessation (Supplementary Information).
These studies suggest that even protonated nicotine e-cigarettes do
notincrease smoking cessationin the population.

Inaddition, the randomized controlled trials show that providing
smokers e-cigarettes to help them to quit results in more dual users
than quitters. Data from several of the randomized controlled trials
comparinge-cigarettes to nicotine-replacement therapy revealed that
for every quitter, the number of dual users was 3.0 (ref. 7), 2.2 (ref. 8)
and 1.9 (ref. 9), and 2.3 for protonated and 3.1 for earlier-generation
e-cigarette users. Anaturalistic randomized controlled trial that evalu-
ated giving smokers free e-cigarettes for smoking cessation found that
for every person given e-cigarettes who stopped smoking (switchers
plus quitters), 2.7 became dual users'. Dual use is more common
than cessationin clinicaltrials, is anincreasingly persistent pattern of
real-world use, and is associated with higher health risks than smoking
alone?. Therefore, providing smokers with e-cigarettes is unlikely to
reduce, and may increase, harm.

Youth addictionisimportant

Early concernsthat e-cigarettes would appeal to youth were dismissed
by e-cigarette enthusiasts, by saying that e-cigarettes were designed
for adult smokers interested in quitting and that most youth using
e-cigarettes would have smoked cigarettes. Although they attribute
reductions in youth cigarette smoking to e-cigarette use, decreases
in smoking started long before the popularity of e-cigarettes, and
increases in e-cigarette use were larger than reductions in smoking.
After e-cigarettes emerged, the declinein nicotine use among US youth
stalled around 2013 and reversed around 2017-2019, and declines in
cigarette smoking slowed. In England, declines in youth smoking
reversed after 2019". Instead of replacing cigarettes with e-cigarettes;
asubstantial number of youth who were at very low risk of cigarette
smoking initiated nicotine use with e-cigarettes, probably attracted
to their flavours and lifestyle marketing®.

The important risk of nicotine addiction posed by e-cigarettes
is growing. In the USA, the National Youth Tobacco Survey showed
that between 2014 and 2021 the age of initiation of e-cigarettes
decreased and frequency of use and addiction increased®. Also
reflecting increased addiction, in 2024, more than 1in 4 youth using
e-cigarettesreported using e-cigarettes daily, and more thanlin 3 used
them onmorethan 20 of the past 30 days. The increasing capacity and
potency of protonated nicotine e-cigarettes facilitate escalating nico-
tine dependence, and some e-cigarettes in 2025 can deliver nicotine
equivalent to several cartons of cigarettes in a single device™.

Most young e-cigarette users are initiating tobacco or nicotine
use, rather than quitting smoking: in the USA, 66% of young adults
using e-cigarettes in 2022 reported never smoking cigarettes.
A2025review found a consistent significant association: young people
using e-cigarettes are about three times more likely toinitiate smoking
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(Supplementary Information). USyouthwho reported using e-cigarettes
to quit cigarettes during 2015-2021 were much less likely to stop smok-
ing. Youth report experiencing strong symptoms of addiction® and
are interested in quitting, but struggle to quit, e-cigarettes. Although
cessation programmes try to meet increasing demands for e-cigarette
cessation, the product continues to evolve faster than the science.

Policy implications

No country has successfully regulated e-cigarettes in a way that lim-
its use to adults who might theoretically benefit from e-cigarettes as
aharm reduction strategy, while preventing youth uptake. Regula-
tions are also susceptible to political forces and tobaccoindustry cam-
paign contributions. As of 2024, 52 countries had banned the sale of
e-cigarettes despite multinational tobacco companies arguing for
regulation instead. Although data are limited, several countries that
have banned sales have much lower levels of youth and adult use than
the USA, which has attempted to regulate e-cigarettes.

We need strong policies that protect against the promotion of
e-cigarettes more than ever. In particular, inthe USA, federal research
funding was cut and the Centers for Disease Control and Prevention
Office onSmoking and Health was eliminated in2025, ending national
educational campaigns and most funding for tobacco control. Tobacco
industry forces are poised to fill this void with offers of research
funding and ‘educational’ programmes that promote e-cigarettes as
harmreduction®.

In addition to health harms, the environmental effects of
e-cigarette biohazard, plastic and electronic waste also contribute to
product harms.

Members of the scientific and public health community should
stop minimizing the dangers of nicotine use and claiming that that
e-cigarettes have a role in promoting health, as this can trivialize the
burden of nicotine addiction and adverse disease effects of nicotine
and provide support to tobacco companies, and result in harms to
health. As actually used at a population level, e-cigarettes do not help
cigarette smokers to quit and do drive youth addiction.

Given current evidence, policy efforts should discourage
e-cigarette initiation, as well as sustained and dual use among both

adults and youth. We also recommend the elimination of flavours for
e-cigarettes, limitations on potency and availability, and maintaining
and/or implementing bans on sales.
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