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ABSTRACT: The use of electronic cigarettes 
(e-cigarettes) is rapidly growing. Recent surveys 
demonstrate particularly high uptake among 
young never-smokers and a possible association 
with increased uptake of combustible cigarette 
smoking. E-cigarettes may be associated with 
increased risk of cardiovascular disease, includ-
ing myocardial infarction, stroke, coronary artery 
disease, hypertension, and elevated heart rate. 
However, there is a paucity of long-term clinical 
data to show the cardiovascular disease implica-
tions of these changes. With regard to pulmonary 
disease, e-cigarettes appear to be strongly impli-
cated in the recent outbreak of acute e-cigarette, 
or vaping, product use–associated lung injury. The 
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relationship between e-cigarettes and chronic 
pulmonary disease is less clear, though possible 
associations with obstructive spirometric changes, 
chronic obstructive pulmonary disease, asthma, 
and chronic cough have been demonstrated. None-
theless, the literature suggests that e-cigarettes 
are likely less harmful to the cardiovascular and 
respiratory systems than combustible cigarettes, 
and emerging evidence suggests that e-cigarettes 
can be an effective smoking cessation aid for smok-
ers who are motivated to quit. 

E lectronic cigarettes (e-cigarettes), 
or vapes, are devices that use a 
battery-powered metal resistance 

coil to heat and aerosolize e-cigarette liquid 
(e-liquid), which is composed mainly of nico-
tine, propylene glycol, and vegetable glycerin, 
which is then inhaled by the user. E-cigarettes 
have been advertised as a safer way to consume 
nicotine compared with traditional combus-
tible cigarettes.1 However, emerging evidence is 
demonstrating detrimental health consequences 
related to e-cigarette use. This, coupled with the 
rapid uptake of e-cigarettes among youth,2-4 
is cause for concern and warrants further re-
search. Our aim is to review the epidemiol-
ogy of e-cigarette use, discuss the evidence for 
e-cigarettes as a smoking cessation aid, and 
examine the known cardiovascular and respira-
tory effects of e-cigarette use.

There are four types of e-cigarettes: pods, 
tanks (also known as mods), vape pens, and 
cig-a-likes.5 The most recent trend in e-cigarette 
use involves the use of pods;6 they use dispos-
able cartridges that contain e-liquids with 

nicotine benzoate salt, which have a much 
higher nicotine concentration than e-liquids 
with freebase nicotine.3 Tanks, or mods, have 
an e-liquid storage tank attached to the main 
body, which contains a battery. Vape pens are 
similar but are slimmer and more easily por-
table. Cig-a-likes look similar to combustible 
cigarettes.7 

In addition to nicotine, propylene glycol, 
and vegetable glycerin, e-liquids contain ben-
zyl alcohol, terpenes, pyrazines, formaldehyde, 
acetaldehyde, acrolein, and toluene.8 The inhala-
tional safety of these compounds is unknown.9 
The presence of diacetyl in e-liquids is a concern 
because it is a known pulmonary toxin and has 
a propensity for causing bronchiolitis obliterans, 
also known as “popcorn lung.”9 Of particular 
concern is the addition of vitamin E acetate in 
tetrahydrocannabinol-containing e-liquids pur-
chased on the black market because it appears to 
be associated with the recent outbreak of acute 
e-cigarette, or vaping, product use-associated 
lung injury (EVALI).10-12 Further research is 
necessary to better characterize the inhalational 
health risks of these compounds. 

Epidemiology
E-cigarette use is a common and rapidly spread-
ing phenomenon, particularly among youth. The 
2017 Canadian Tobacco, Alcohol and Drugs 
Survey (which included all ages) found that 
15.4% of Canadians reported ever trying an 
e-cigarette, while 2.9% had used an e-cigarette 
in the past 30 days.2 Ever use of e-cigarettes 
was significantly higher among adolescents (15 
to 19 years old) and young adults (20 to 24 
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years old) at 22.8% and 29.3%, respectively, 
compared with older individuals.2 Furthermore, 
e-cigarette use is increasing at an alarming rate 
among young people. Hammond and colleagues 
found that in their longitudinal study sample, 
ever use of e-cigarettes among Canadian ado-
lescents (16 to 19 years old) increased from 
29.3% in 2017 to 37.0% in 2018.3 Similarly, 
the 2018–19 Canadian Student Tobacco, Al-
cohol and Drugs Survey (CSTADS), which 
included only students, found that past 30-day 
e-cigarette use among Canadian grade 7 to 12 
students doubled (20% versus 10%) compared 
with the 2016–17 CSTADS results.4 Data from 
the US are similar: past 30-day e-cigarette use 
among US high school students increased from 
11.7% in 2017 to 27.5% in 2019,13,14 which is 
the largest recorded increase in the use of any 
substance among US adolescents. 

Multiple studies have demonstrated that 
e-cigarettes may be a risk factor leading 
people toward combustible cigarette use. A 
meta-analysis showed that among adolescent 
and young adult never-smokers, e-cigarette use 
was associated with increased odds of initiation 
of combustible cigarette smoking (odds ratio 
[OR] 3.50, 95% CI, 2.38-5.16, P = 0.03).15 
Another study showed similar results (adjusted 
OR [aOR] 6.8, 95% CI, 1.65-28.25).16 This as-
sociation was further supported by Azagba and 
colleagues,17 who used data from the 2016–17 
CSTADS to demonstrate that Canadian stu-
dents who used an e-cigarette for more than 21 
of the past 30 days had increased odds of both 
trying combustible cigarettes (aOR 4.83, 95% 
CI, 3.33-7.01) and smoking regularly (aOR 
3.39, 95% CI, 2.16-5.34). These data collec-
tively suggest that e-cigarette use may be as-
sociated with higher rates of both occasional 
and regular use of combustible cigarettes. This 
is of special concern because 42% of Canadian 
student e-cigarette users have never smoked a 
combustible cigarette.4

However, there are two important counter-
arguments to the proposition that e-cigarette 
use is a gateway to combustible cigarette use. 
First, there is a common liability of use between 
combustible and e-cigarettes, meaning that 
there are common factors that drive people to 
use both combustible and e-cigarettes, but the 
two are not necessarily causally related. Second, 

if increased e-cigarette use were causally related 
to increased smoking initiation, one would ex-
pect to see this reflected in population-level 
studies, but this is not the case. Hammond and 
colleagues found increased rates of e-cigarette 
use among adolescents in Canada, the US, and 
the UK (from 2017 to 2018) but increased rates 
of combustible cigarette smoking only among 

Canadian adolescents, which, as per the authors’ 
conclusions, suggests that e-cigarette use may 
not be causally related to increased smoking 
uptake.3 E-cigarettes may indeed be a gateway 
to combustible cigarette smoking, and this is a 
valid concern, but there is not yet enough evi-
dence to state a conclusive causal association.

Smoking cessation and harm 
reduction 
E-cigarettes are widely used as a smoking ces-
sation tool: 32.4% of Canadian smokers used 
e-cigarettes for this purpose in 2017,2 and the 
UK National Health Service officially recom-
mends e-cigarettes as a smoking cessation 
aid.18 Though older studies19-21 have shown that 
e-cigarettes are not superior to traditional nico-
tine replacement therapy (NRT) for smoking 
cessation, more recent randomized controlled 
trials have shown e-cigarettes to be superior to 
NRT [Table 1]. A UK randomized controlled 
trial published in 2019 showed a 1-year smok-
ing abstinence rate of 18.0% in its e-cigarette 
group compared with 9.9% in the NRT group 
(relative risk [RR] 1.83, 95% CI, 1.30-2.58,  
P < 0.001), with a number needed to treat of 12 
(95% CI, 8-27).22 Similarly, another randomized 

controlled trial published in 2020 showed the 
superiority of e-cigarettes plus nicotine trans-
dermal patches compared with patches alone for 
smoking cessation (RR 2.92, 95% CI, 0.91-9.33, 
P = 0.05).23 Though these more recent results 
are encouraging for smoking cessation interven-
tions, one caveat is that e-cigarette users may 
remain nicotine dependent even after quitting 
combustible cigarettes. The previously men-
tioned UK randomized controlled trial showed 
that 80% of participants in the e-cigarette group 
continued to use e-cigarettes after 1 year of 
abstinence from smoking, while only 9% of 
participants in the NRT group continued to 
use NRT after 1 year.22

For smokers of combustible cigarettes, an-
other possible beneficial aspect is harm reduc-
tion via partial substitution of combustible 
cigarettes with e-cigarettes. This is conceptually 
plausible because e-cigarettes deliver nicotine 
via a similar smoking-like behavior but with 
fewer apparent health risks compared with 
combustible cigarettes. Moreover, e-cigarettes 
offer the psychological and sociocultural aspects 
of cigarette smoking that traditional NRT does 
not, which places e-cigarettes in a unique posi-
tion as a more desirable combustible cigarette 
substitute.24 However, the limited data available 
thus far suggest that e-cigarettes have either no 
effect or a net detrimental effect on harm re-
duction at the population level. In smokers who 
are not intending to quit, ad libitum e-cigarette 
use while continuing ad libitum combustible 
cigarette use is not associated with reduced 
combustible cigarette use.25,26 Another study 
found that e-cigarette use was associated with a 
net effect of increased combustible cigarette use; 
only 13.2% of ever e-cigarette users were able 
to successfully quit combustible cigarette smok-
ing, while 22.2% of e-cigarette users started 
or restarted smoking combustible cigarettes.27 
Nonetheless, e-cigarettes may provide a viable 
harm reduction strategy at the individual level 
for smokers who are able to successfully tran-
sition partially or exclusively to e-cigarettes.24 
However, this is likely most effective if reviewed 
on a case-by-case basis rather than as a general 
recommendation for smokers not intending to 
quit because the data do not currently support 
the use of e-cigarettes as a population-level 
harm reduction intervention.

Our aim is to review 
the epidemiology 
of e-cigarette use, 

discuss the evidence 
for e-cigarettes as a 
smoking cessation 

aid, and examine the 
known cardiovascular 
and respiratory effects 

of e-cigarette use.
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Cardiovascular effects
Combustible cigarette smoking is one of the 
strongest preventable risk factors for cardiovas-
cular disease.28 Though the association between 
e-cigarette use and cardiovascular outcomes is 
largely unclear at this point, new data suggest 
that e-cigarettes are associated with cardiovas-
cular morbidity [Table 2], though it is likely less 
than that of combustible cigarette smoking.29 
This section highlights the potential associa-
tions between e-cigarette use and cardiovascular 
disease, hypertension, endothelial health, and 
myocardial function.

Of greatest concern is the emerging poten-
tial relationship between e-cigarette use and 
cardiovascular disease. Observational studies 
have noted associations between e-cigarette use 
and higher incidence of coronary artery disease 
(OR 1.4, 95% CI, 1.35-1.46),30 stroke (OR 1.71, 
95% CI, 1.64-1.80),30 and myocardial infarction 

(OR 1.59–2.25, P < 0.001).30,31 One of these 
studies compared the myocardial infarction risk 
of combustible versus e-cigarette use and found 
that, as expected, combustible cigarette smoking 
was more strongly associated with myocardial 
infarction (OR 2.72 versus 1.79).31 Collectively, 
these observational associations warrant further 
study because a causal relationship between 
e-cigarettes and cardiovascular disease has not 
yet been established.

Early evidence suggests an association be-
tween e-cigarette use and the development of 
hypertension and elevated resting heart rate. 
This is important because these hemodynamic 
changes are thought to precede the development 
of cardiovascular disease. A recent meta-analysis 
found that chronic e-cigarette use (compared 
with no use) was associated with increased 
heart rate (mean difference [MD] 2.27, 95% 
CI, 1.64-2.89, P < 0.0001), increased systolic 

blood pressure (MD 2.02, 95% CI, 0.07-3.97, 
P = 0.042), and increased diastolic blood pres-
sure (MD 2.01, 95% CI, 0.62-3.39, P = 0.004).32 
The cardiovascular disease implications of these 
small but statistically significant hemodynamic 
changes remain unclear. These shifts appear to 
be at least partially associated with nicotine, as 
one randomized controlled study found that 
systolic blood pressure, diastolic blood pres-
sure, and heart rate were significantly higher 
when participants used nicotine-containing 
e-cigarettes (compared with nicotine-free 
e-cigarettes).33 An encouraging finding from 
this meta-analysis is that positive hemodynamic 
changes were seen in association with switching 
from combustible to e-cigarette use, includ-
ing a significant reduction in systolic blood 
pressure (MD −7.00, 95% CI, −9.63 to −4.37, 
P < 0.0001) and diastolic blood pressure (MD 
−3.65, 95% CI, −5.71 to −1.59, P = 0.001), but 

Article Study type Population Research question Statistical result Conclusion

Hartmann-
Boyce et al.19

Cochrane 
systematic review 
and meta-analysis

Various Effectiveness of 
e-cigarettes (vs NRT) as a 
smoking cessation aid

RR 1.26
(95% CI, 0.68-2.34)

E-cigarettes are no more effective 
than NRT for smoking cessation.

Kalkhoran et 
al.21

Systematic review 
and meta-analysis

Various Effectiveness of e-cigarette 
use (vs no use) as a 
smoking cessation aid

OR 0.72
(95% CI, 0.57-0.91)

E-cigarette users are less likely 
than nonusers to successfully quit 
smoking combustible cigarettes.

Hajek et al.22 Randomized 
controlled trial

UK adults attending 
the UK National 
Health Service 
smoking cessation 
services

Effectiveness of 
e-cigarettes (vs NRT) for 
smoking cessation

RR 1.83
(95% CI, 1.30-2.58, P < 0.001)
NNT 12
(95% CI, 8-27)

E-cigarettes are more effective than 
NRT for smoking cessation among 
smokers intending to quit.

Walker et al.23 Randomized 
controlled trial

New Zealand adult 
smokers who were 
e-cigarette naive and 
motivated to quit 
smoking

Effectiveness of combining 
nicotine patches with 
e-cigarettes (vs nicotine 
patches alone) for smoking 
cessation 

RR 2.92
(95% CI, 0.91-9.33, P = 0.05)

E-cigarettes used in combination 
with nicotine patches are more 
effective than nicotine patches 
alone for smoking cessation among 
smokers intending to quit.

Bullen et al.20 Randomized 
controlled trial

New Zealand adult 
smokers motivated to 
quit smoking

Effectiveness of 
e-cigarettes (vs nicotine 
patches) for smoking 
cessation

RR 1.26
(95% CI, 0.68-2.34, P = 0.46)

E-cigarettes are no more effective 
than nicotine patches for smoking 
cessation among smokers intending 
to quit.

Caponnetto 
et al.25

Randomized 
controlled trial

Italian adult smokers 
not intending to quit 
smoking

Effectiveness of nicotine-
containing e-cigarettes (vs 
nicotine-free e-cigarettes) 
for smoking reduction and 
cessation

Reduction: 10% vs 12%  
(P = 0.24)

Cessation: 13% vs 4%  
(P = 0.24)

Nicotine-containing e-cigarettes are 
no more effective than nicotine-free 
e-cigarettes for smoking reduction 
or cessation among smokers not 
intending to quit.

Liu et al.27 Observational 
study

Italian e-cigarette 
users

Association between 
combustible cigarette and 
e-cigarette use

Ever e-cigarette users:
13% quit smoking
22.2% started or restarted 
smoking

E-cigarette use may be associated 
with increased combustible cigarette 
use.

NRT: nicotine replacement therapy; RR: relative risk; OR: odds ratio; NNT: number needed to treat. 

Table 1. Evidence for e-cigarettes as a smoking cessation aid.
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no difference in heart rate (MD 0.03, 95% CI, 
−2.57 to +2.52, P = 0.983).32 This suggests an 
improved cardiovascular risk profile for smok-
ers of combustible cigarettes who switch com-
pletely to e-cigarettes.

Another key aspect of cardiovascular health 
is myocardial function. This is estimated by 
the myocardial performance index, which uses 
echocardiographic parameters to calculate an 
expression of global systolic and diastolic ven-
tricular function. Smokers of combustible 
cigarettes have worse myocardial function pa-
rameters and worse scores on the myocardial 
performance index after smoking a combustible 
cigarette.34-36 However, e-cigarette users ap-
pear to have no change in myocardial func-
tion parameters or myocardial performance 
index scores immediately after e-cigarette use.37 
This suggests improved myocardial health for 
smokers of combustible cigarettes who switch 
completely to e-cigarettes, thereby providing 
another possible benefit of cardiovascular harm 
reduction.

Respiratory effects
Combustible cigarette smoking is strongly asso-
ciated with poor respiratory health. E-cigarettes 
are likely less harmful to the respiratory system 

than combustible cigarettes,9 but new data 
suggest that e-cigarettes are associated with 
independent respiratory health risks, most 
notably acute EVALI.10 Weaker associa-
tions have been shown between e-cigarettes 
and chronic respiratory diseases, including 
higher incidence of chronic obstructive pul-

monary disease,38 asthma,39-43 and obstruc-
tive lung disease not otherwise specified.44-46  
Because the data on the respiratory effects of 
e-cigarettes are expansive, we provide an over-
view of the key points. For a more detailed 
review of the respiratory effects of e-cigarettes, 
see Gotts and colleagues.9 

In the US, there was a national outbreak 
of EVALI, with 2807 hospitalizations and 68 
deaths as of 18 February 2020.47 This illness 
peaked in September 2019 and is now steadily 
declining.48,49 In comparison, EVALI cases in 
Canada have been relatively sparse, with a to-
tal of 19 cases, 15 hospital admissions, and no 
deaths reported as of 11 March 2020.50 EVALI 
was first reported in the US in August 2019 in 
a case series that included 53 patients.51 Most 
of those patients presented with respiratory 
symptoms (dyspnea, cough, chest pain), gastro-
intestinal symptoms (nausea, vomiting, diarrhea, 
abdominal pain), and constitutional symptoms 
(fever, chills, malaise). Many of those patients 
had severe acute illness: 58% required admission 
to the ICU, 32% required intubation and me-
chanical ventilation, and 17% had acute respira-
tory distress syndrome. Two patients required 
extracorporeal membrane oxygenation, and one 
of them died. On CT scanning of the chest, 
key findings included bilateral ground-glass 
lung opacities, sometimes with subpleural spar-
ing. Most patients received glucocorticoids, 
which resulted in respiratory improvement. Al-
though the specific etiological agent within the 
e-cigarette vapor is unconfirmed at this time, vi-
tamin E acetate has been strongly implicated.11 

Article(s) Study type Association Statistical result Conclusion

Ndunda and Muutu30 Observational 
study

Coronary artery disease OR 1.4 (95% CI, 1.35-1.46) E-cigarette use is associated with higher 
incidence of coronary artery disease.

Ndunda and Muutu30

Alzahrani et al.31

Observational 
studies

Myocardial infarction OR 1.59 (95% CI, 1.53-1.66)30

OR 1.79 (95% CI, 1.20-2.66, P = 0.004)31

E-cigarette use is associated with higher 
incidence of myocardial infarction.

Ndunda and Muutu30 Observational 
study

Stroke OR 1.71 (95% CI, 1.64-1.80) E-cigarette use is associated with a 
higher incidence of stroke.

Skotsimara et al.32 Systematic 
review and 
meta-analysis

Hemodynamic 
parameters

sBP: MD 2.02 (95% CI, 0.07-3.97, P = 0.042)
dBP: MD 2.01 (95% CI, 0.62-3.39, P = 0.004)
HR: MD 2.27 (95% CI, 1.64-2.89, P < 0.0001)

E-cigarette use is associated with higher 
sBP, dBP, and HR.

Improved hemodynamic 
parameters after 
switching from 
combustible cigarettes 
to e-cigarettes

sBP: MD −7.00 (95% CI, −9.63 to −4.37,  
P < 0.0001)
dBP: MD −3.65 (95% CI, −5.71 to −1.59,  
P = 0.001)
HR: MD −0.03 (95% CI, −2.57 to +2.52, P = 0.983)

Switching from combustible cigarettes 
to e-cigarettes is associated with lower 
sBP and dBP but no difference in HR.

Farsalinos et al.37 Observational 
study

No acute change in 
myocardial function

Mitral flow early diastolic velocity: P = 0.13
Mitral flow late diastolic velocity: P = 0.083
Deceleration time of early mitral flow: P = 0.581
Isovolumetric relaxation time: P = 0.286
Myocardial performance index: P = 0.330

E-cigarette use is not associated with 
acutely worsened myocardial function.

OR: odds ratio; sBP: systolic blood pressure; dBP: diastolic blood pressure; HR: heart rate; MD: mean difference 

Table 2. Cardiovascular effects of e-cigarettes.

New data suggest 
that e-cigarettes 

are associated 
with independent 
respiratory health 
risks, most notably 

acute e-cigarette, or 
vaping, product use-

associated lung injury.
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Vitamin E acetate is added to black market 
e-liquids as a condensing product, and it is 
problematic because it is sticky, which results in 
vitamin E acetate remaining in the lungs longer 
than other ingredients. The exact mechanism of 
vitamin E acetate–mediated pulmonary toxicity 
is unknown, but it is thought to interfere with 
pulmonary surfactant function.11 One study 
found vitamin E acetate and tetrahydrocan-
nabinol in the bronchoalveolar lavage fluid in 
94% of EVALI patients;10 other studies found 
77% to 84% of EVALI patients reported using 
tetrahydrocannabinol-based products.10,49,51 It is 

important to note that vitamin E acetate is pres-
ent mainly in tetrahydrocannabinol-containing 
e-liquids purchased on the black market, not 
in nicotine-containing e-liquids purchased 
through licensed businesses.12 Therefore, the 
risk of EVALI is likely low among users of 
commercially available nicotine-only e-liquids.

There is also evidence of long-term re-
spiratory risk from e-cigarette use [Table 3], 
though the evidence is less conclusive than that 
of acute EVALI. Several retrospective observa-
tional studies have noted that e-cigarette users 
report symptoms of airway obstruction and 

alveolar injury. This includes increased chronic 
productive cough (OR 2.1, 95% CI, 1.8-2.5,  
P < 0.001),52 higher incidence of asthma (high-
est OR 2.36, 95% CI, 1.89-2.94, P < 0.001)39-43 
and asthma exacerbations,53 chronic obstruc-
tive pulmonary disease,38 and dyspnea.38 Other 
studies have found e-cigarette use is associated 
with reduced cough sensitivity54 and ciliary dys-
function in cell culture models,55 which suggests 
that e-cigarette users may be at higher risk for 
pulmonary infection.9 Case reports have also 
described diffuse alveolar hemorrhage, exog-
enous lipoid pneumonia, organizing pneumonia, 

Article(s) Study type Association Statistical result Conclusion

Meo et al.44 
Vardavas et al.45 
Staudt et al.46

Randomized 
controlled trial

Obstructive spirometry results FEV1: 
4.6 vs 5.2 (P = 0.007)44

No difference before and after use45,46

FEV1/FVC:
77.4 vs 83.4 (P = 0.001)44

No difference before and after use45,46

Conflicting evidence.

Vardavas et al.45 Randomized 
controlled trial

Increased airway resistance (as 
measured by IOS)

Increased IOS at 5, 10, and 20 Hz: β > 0.034  
(P < 0.02)

E-cigarette use is associated with 
increased airway resistance.

Polosa et al.59 
Cibella et al.60 
Veldheer et al.61

Observational 
study

Improvement in spirometry after 
switching from combustible to 
e-cigarettes

FEV1:
3.33 vs 3.43 (P = 0.013)59

3.46 vs 3.62 (P = 0.69)60

β = 0.0009 (P = 0.84)61

FEV1/FVC:
80.3 vs 80.7 (P = 0.96)60

β = 0.0028 (P = 0.51)61

Conflicting evidence.

Layden et al.51 Case series E-cigarette, or vaping, and 
vaping product use–associated 
lung injury (EVALI)

Hospitalization: 94%
ICU: 58%
Intubation: 32%
Death: 2%

E-cigarette use is associated with 
EVALI.

Wang et al.52 Observational 
study

Chronic productive cough OR 2.1 (95% CI, 1.8-2.5, P < 0.001) E-cigarette use is associated with 
chronic productive cough.

Cho and Paik40 
Osei et al.41 
Schweitzer et al.42

Observational 
studies

Asthma OR 2.36 (95% CI, 1.89-2.94, P < 0.001)40

OR 1.39 (95% CI, 1.15-1.68, P < 0.01)41

aOR 1.48 (95% CI, 1.26-1.74, P < 0.01)42

E-cigarette use is associated with 
higher incidence of asthma.

Wang et al.38 Observational 
study

Chronic obstructive pulmonary 
disease (COPD)

6.7% vs 3.7% (P < 0.0001) E-cigarette use is associated with 
higher incidence of COPD.

Carson et al.55 In vitro 
experimental 
study

Ciliary dysfunction Decreased ciliary beat frequency and 
decreased secretory function (P < 0.05)

Exposure to e-cigarette vapor induces 
ciliary dysfunction in a human airway 
epithelium cell culture model.

Agustin et al.56 
McCauley et al.57 
Flower et al.58

Case reports •	 Diffuse	alveolar	hemorrhage
•	 Exogenous	lipoid	pneumonia
•	 Organizing	pneumonia
•	 Eosinophilic	pneumonia
•	 Acute	respiratory	bronchiolitis	

interstitial lung disease

N/A N/A

FEV1: forced expiratory volume in 1 second; FEV1/FVC: ratio of FEV1 divided by forced vital capacity; IOS: impulse oscillometry system; OR: odds ratio; aOR: adjusted odds ratio

Table 3. Respiratory effects of e-cigarettes.
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eosinophilic pneumonia, and acute respiratory 
bronchiolitis interstitial lung disease associ-
ated with e-cigarette use.56–58 Several of these 
associations were noted to be independent of 
combustible cigarette use; this suggests that 
e-cigarettes carry their own unique respira-
tory health risks, which are just starting to be 
understood.

E-cigarette use may be associated with the 
development of obstructive lung physiology. To 
date, studies have found mixed results with re-

gard to e-cigarette use and spirometric changes. 
One study found e-cigarette use was associ-
ated with lower forced expiratory volume in 1 
second ([FEV1] 4.6 versus 5.2, P = 0.007) and 
lower ratio of FEV1 to forced vital capacity 
([FEV1/FVC] 77.4 versus 83.4, P = 0.001).44 
Since smokers of combustible cigarettes were 
excluded from this study, these results suggest 
that e-cigarette use may be independently as-
sociated with obstructive airway changes. How-
ever, spirometry was performed after only 1 
hour of abstinence; thus, it potentially reflected 
acute bronchospasm rather than lasting changes 
in the airways. Furthermore, this association is 
still unclear, as two other studies have shown no 
difference in spirometric measurements before 
and after e-cigarette use.45,46 However, one of 
these studies did show an increase in pulmonary 
airflow resistance by impulse oscillometry,45 
which indicates evidence of obstructive airway 
changes before they can be seen on spirometry. 
In terms of improving obstructive lung physiol-
ogy among smokers of combustible cigarettes 
who have switched completely to e-cigarettes, 
there are conflicting results: one study showed 
improved spirometry;5 two others showed no 
changes.60,61 Overall, the data suggest that 
e-cigarette use is potentially associated with 
early obstructive pulmonary changes, but this 
association remains inconclusive.

Summary
E-cigarette use is a rapidly growing phenom-
enon, especially among young people and 
never-smokers. There is emerging evidence that 
e-cigarettes can be an effective smoking cessa-
tion tool for smokers of combustible cigarettes. 
However, they are not benign: there is evidence 
of potential cardiovascular and respiratory mor-
bidity. Nonetheless, e-cigarettes do appear to 
have an improved cardiopulmonary risk pro-
file compared with combustible cigarettes and 
therefore may provide a viable harm reduction 
strategy for some smokers. n
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