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Focused review

Electronic cigarettes and lung toxicity

Terrance Rodrigues MBA, Eric L Deal MS, Kenneth Nugent MD, Drew Payne DO

AbstrAct

The use of electronic cigarettes (e-cigarettes) in the United States has steadily increased 
since their introduction into the market in 2007. These devices deliver nicotine through the 
vaporization of a liquid which contains a vehicle (propylene glycol or glycerin), artificial 
flavoring, and nicotine. The combustion of these liquids creates a vapor containing particulates, 
multiple chemicals, and nicotine. The long-term safety of these products is unknown. Studies 
in healthy, non-smoking volunteers and smokers with no clinical pulmonary disease have 
demonstrated that the inhalation of e-cigarette vapor has minimal short-term effects on 
pulmonary function. The exposure of cell cultures to e-cigarette liquid or aerosols has been 
shown to reduce cell viability, induce cytokine production, and cause oxidative stress. The 
exposure of animals (mice and rats) to e-cigarette aerosols induces inflammatory responses 
in the lungs and delays the clearance of bacterial and viral challenges. There are a small 
number of case reports of patients developing acute pulmonary toxicity following the use of 
e-cigarettes. Two patients have developed lipoid pneumonia following the use of e-cigarettes 
for 3 and 7 months. Finally, several studies suggest that patients with chronic lung disease 
who switch from tobacco cigarettes to e-cigarettes can have improvement in lung function 
(asthmatics) and a reduction in the number of exacerbations (chronic obstructive pulmonary 
disease). Clearly, the public and the medical profession need more information about the 
long-term complications associated with the use of e-cigarettes and their benefit in smoking 
cessation efforts.
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IntroductIon

Since their introduction in 2007, electronic ciga-
rettes (e-cigarettes) have increased in popularity in 
the United States. These devices typically include 
an aerosol generator, a flow sensor, battery, and a 
solution cartridge of variable composition containing 

a carrier solution (propylene glycol or vegetable 
glycerin), artificial flavoring, and nicotine.1,2 Recent 
surveys have reported that ever use of e-cigarettes 
among adults has increased from 1.8% in 2010 to 
13% in 2013, and current use has increased from 
0.3% to 6.8% over the same time period.3 Due to this 
increase in use, clinicians should be aware of the 
potential effects e-cigarettes have on the respiratory 
system. In this review we consider four main topics: 
1) The effects of e-cigarettes on pulmonary function 
tests; 2) Pulmonary toxicity related to e-cigarettes 
based on case reports; 3) The effects of e-cigarettes  
on cells using in vitro studies; 4) The effects of 
e-cigarettes in animal models.
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Methods

The PubMed database and Google Scholar were 
searched using the MeSH terms electronic cigarettes 
combined with (AND) drug-related side effects and 
adverse reactions, lung diseases, case reports (pub-
lication type), animal models, or pulmonary function 
tests.

dIscussIon

E-cigarEttEs and lung function

The vapor generated by e-cigarettes includes 
nicotine and multiple other chemical compounds. 
Nicotine has a direct effect on vagal afferent nerves 
in the airways and causes cough and bronchocon-
striction. The various chemicals present in e-cigarette 
vapor can cause direct irritant effects on cholinergic 
receptors in the airways. Therefore, studies have 
tried to determine whether or not e-cigarettes cause 
changes in pulmonary function in non-smokers or tra-
ditional cigarette smokers and whether or not nicotine 
is a key component in any observed response. Three 
recent studies measured pulmonary function before 
and after e-cigarette smoking. Flouris et al enrolled 
30 subjects in two cohorts; one cohort included fifteen 
smokers who smoked greater than fifteen cigarettes a 
day and the other cohort included fifteen never smok-
ers.4 Smokers were exposed to e-cigarette vapor 
consistent with the level of nicotine found in two tradi-
tional cigarettes, while never smokers were exposed 
to passive levels of e-cigarette vapor consistent 
with that of a bar/restaurant with e-cigarette use. 
Spirometry was measured before, immediately after, 
and one hour post-exposure. Neither cohort experi-
enced statistically significant post-exposure changes 
in PFTs (FEV1, FVC, FEV1/FVC, or FEF25-75%). Ferrari 
et al studied the effect of nicotine free e-cigarettes.5 
Twenty subjects were enrolled in two cohorts; the first 
consisted of ten smokers with a minimum five pack-
year history and the second included ten never smok-
ers.5 Each cohort was randomized with cross-over; 
five subjects within each group smoked nicotine free 
e-cigarettes first and then two traditional cigarettes 

24 hours later. The other five subjects in the cohorts 
smoked the traditional cigarette first and then the 
nicotine free e-cigarettes. Pulmonary function was 
measured five minutes before and immediately after 
smoking for five minutes. Results showed that e-cig-
arettes had no significant effect on FeCO or FeNO 
in either non-smokers or smokers. Smokers who 
used a nicotine free e-cigarette did show a significant  
decrease in FEV1 and FEF25-75%, while in non-smokers  
there were no significant changes in spirometry. 
Vardavas et al studied the effects of e-cigarettes in 
30 smokers with no clinical pulmonary disease (age 
19-56, 14 males).6 Use of an e-cigarette ad lib for 
5 minutes caused an immediate reduction in FeNO 
(16%) and increases in airway resistance measured 
by impulse oscillometry. There were no changes in 
FeNO or flow resistance in 10 subjects randomly 
selected from the main group who handled an e-cig-
arette but did not have exposure to the vapor. These 
studies demonstrate that there are no short-term 
changes in spirometry in e-cigarette users who are 
never smokers. However, smokers may have a slight 
decrease in lung function and an increase in periph-
eral airway resistance when exposed to e-cigarette 
vapor.

Polosa et al prospectively followed 18 patients 
with asthma who were former cigarette smokers who 
switched to e-cigarettes.7 These patients had had 
asthma for an average of 20 years and had smoked 
approximately 20 pack-years. There was a signifi-
cant reduction in the use of conventional cigarettes 
in all e-cigarette users. At 6 months the FEF25-75% 
increased, and the asthma control questionnaire 
scores increased. At 12 months the FEV1, FVC, 
FEF25-75%, asthma control questionnaire, and metha-
choline responsiveness all improved. There was no 
difference in the number of exacerbations over twelve 
months. This study demonstrated that chronic asth-
matics can have improved pulmonary function tests 
and symptoms scores when switching from conven-
tional tobacco cigarettes to e-cigarettes. 

Polosa and colleagues also performed a retro-
spective study of patients with COPD who switch 
to e-cigarettes.8 This study demonstrated that these 
patients had a reduction in the frequency of acute 
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exacerbations over 12 month and 24 month periods. 
In addition, dual users who reduced the amount of 
conventional tobacco cigarette smoking also had a 
reduction in the frequency of acute exacerbations.8

To date, there is no information on the long-term 
effects of e-cigarettes on lung function in never smok-
ers who adopt exclusive e-cigarette use. There is lim-
ited information in patients with lung disease, such 
as asthma or COPD. Long-term prospective studies 
in current e-cigarette users are needed to determine 
whether or not these devices affect lung function; 
however, these studies may be difficult to organize as 
many e-cigarette smokers are dual users.

E-cigarEttEs and lung toxicity: casE rEports

Significant exposure to the primary ingredient of 
the e-liquid, propylene glycol, is generally considered 
safe by the FDA but can cause irritation to the upper 
and lower respiratory tract mucosa. In addition, the 
flavoring chemicals in e-cigarettes, especially sweet 
or cinnamon e-liquid, can contain diacetyl, a com-
pound linked to respiratory injury.9 The long term 
effects of exposure are unknown, and documented 
acute adverse effects on the lungs from e-liquid expo-
sure have been limited to infrequent case reports and 

abstracts (Table). Three individual case reports have 
described a temporal association between subacute 
bronchiolitis, pleuritic chest pain with associated 
bilateral pleural effusions, and acute hypersensi-
tivity pneumonitis with the use of e-cigarettes. The 
symptoms and chest x-rays in each case returned 
to baseline after e-cigarette cessation.10-12 A case of 
eosinophilic pneumonia which developed one hour 
after smoking an e-cigarette has been reported. This 
patient was treated with antibiotics and corticosteroids 
and improved.13 These four cases developed pulmo-
nary toxicity after relatively brief use of e-cigarettes  
(1 hour to 7 days). Two patients have developed lipoid 
pneumonia attributed to the glycerin containing solu-
tion used in e-cigarettes, and both patients’ symp-
toms improved with cessation of e-cigarettes.14,15 
These two cases developed toxicity following more 
prolonged use of e-cigarettes (3 months, 7 months).

In summary, these case reports point to the unpre-
dictable and potentially serious side effects associ-
ated with e-cigarette use. However, the information in 
these case reports is limited. There is no information 
on baseline lung function prior to presentation, smok-
ing history is often incomplete, and the patients devel-
oped different clinical disorders, involving both airways 
and alveolar spaces. Therefore, the contribution of 

Table Case reports with lung toxicity

Age
Gender

Smoking 
History

Duration of  
E-cig Use Presentation Diagnosis Treatment/ Outcome

60 M10 Not
reported

Not 
reported

Weakness and cough Hypersensitivity 
inhalation injury

Resolution with abstinence 
from e-cigarette

43 M11 45 pack yr 4 weeks total;  
SOB after 1 week

Cough and SOB Subacute bronchial 
toxicity

Resolution with abstinence 
from e-cigarette

42 F14 Not 
reported

7 months Dyspnea and 
productive cough

Exogenous Lipoid 
pneumonia

Resolution with abstinence 
from e-cigarette

31 F15 Not reported 3 months Dyspnea and cough Exogenous Lipoid 
pneumonia

Resolution with abstinence 
from e-cigarette

43 M12 Smoker # 
pack-yr 
Not reported

3 days SOB and pleuritic 
chest pain

Pneumonia and 
bilateral pleural 
effusions

Resolution with abstinence 
from e-cigarette

20 M13 Not reported 1 hour SOB Acute eosinophilic 
pneumonia 

Resolution with abstinence 
from e-cigarette
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pre-existing lung disease and prior cigarette smoking 
is uncertain. In addition, the unregulated production 
of e-cigarette liquid creates situations in which undis-
closed and possibly toxic substances are included in 
the e-liquid. 

E-cigarEttEs and in vitro toxicity? 

The effects of e-cigarettes at the cellular level 
have not been well studied. The aerosol generated 
from e-cigarettes typically contains variable artificial 
flavors, a carrier solution, and nicotine. Leigh et al 
explored the effect of artificial flavors on the metabolic 
activity, as measured by neutral red uptake assay; 
viability, as measured by trypan blue assay; and the 
inflammatory cytokine activity, as measured using 
enzyme-linked immunosorbent assay kits, of human 
bronchial cells.16 Of five artificial flavored aerosols 
tested, three significantly decreased cell viability and 
metabolic activity when compared to air controls, 
while a fourth significantly decreased metabolic activ-
ity but had no significant effect on cell viability and the 
fifth had no effect on either viability or metabolic activ-
ity. Two flavors increased the levels of inflammatory 
cytokines when compared to air controls (IL-1β, IL-10, 
CXCL1, CXCL2 CXCL10 and IL-6, CXCL1 CXCL2, 
respectively).16

Human bronchial cells were exposed to carrier 
solutions of propylene glycol only, vegetable glycerin 
only, and a 50/50 mixture of propylene glycol and veg-
etable glycerin. Each carrier solution resulted in a sig-
nificant decrease in cell viability but only two solutions, 
the 50/50 mixture of propylene glycol and the vege-
table glycerin showed a significant decrease in cell 
metabolic activity. Each carrier solution resulted in a 
significant increase in the inflammatory cytokine IL-10 
with variable increases in the other cytokines tested 
(IL-1β, IL-6, IL-10, CXCL1, CXCL2 and CXCL10).16 

In a study by Scheffler et al human bronchial epithe-
lial cells also showed reduced cell viability and higher 
oxidative stress when exposed to propylene glycol 
versus clean air.17 

Leigh et al compared the effects of five nicotine 
concentrations on human bronchial cell viability and 
metabolic activity with air controls. No significant 

differences were observed in metabolic activity and 
cell viability. When cells were exposed to 18 mg/mL 
of nicotine, there was a significant decrease in IL-1β, 
CXCL1 and CXCL2 versus air controls but when 
exposed to 24 mg/mL a significant increase in IL-6 
was found.16 Differing results were found in a study 
by Schweitzer et al. Rat lung endothelial cells were 
exposed to two separate nicotine-containing e-ciga-
rette solutions.18 Each caused a dose dependent cel-
lular injury seen by decreased barrier function. One 
of the two solutions also induced similar dysfunction 
in its nicotine free variety, suggesting dysfunction is 
only partially nicotine dependent. Vaporization of 
the solutions caused similar, but less potent dose 
dependent decreases in function. Dose dependent 
loss of endothelial function was also seen in human 
lung endothelial cells in both solution and vaporized 
forms, although a less potent effect was seen in the 
vaporized form.18 Mixed results were seen in a study 
by Scheffler et al. Two cell lines of human bronchial 
endothelial cells were exposed to two varieties of one 
e-cigarette aerosol, one variety contained nicotine 
and the other was nicotine free. One cell line showed 
similar results independent of nicotine concentration 
while the other showed a significant increase in oxi-
dative stress but no difference in cell viability when 
compared to clean air.17 

These in vitro studies suggest that artificial fla-
voring has variable negative effects on both cell 
viability and metabolic activity and results in an 
increase in inflammatory cytokine production but 
due to the wide variety of flavors and variability in 
composition, it is difficult to draw conclusions on 
flavorings as a whole. Carrier solutions showed 
increases in inflammatory cytokines while stud-
ies of nicotine’s effects on cell viability, metabolic 
function, and inflammatory cytokine production had 
differing results. Overall, these studies show the 
components of the aerosol generated by e-ciga-
rettes have potentially harmful effects in vitro and 
need to be studied further. 

E-cigarEttE EffEcts in animal modEls

Studies using animal models and e-cigarette 
vapor can provide more precise information about  
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in vivo events. Lerner et al exposed mice to either room 
air or e-cigarette aerosols for 5 hours per day for three 
consecutive days.19 The mice then underwent bron-
choalveolar lavage to measure cytokine production 
and lung homogenization to measure changes in glu-
tathione levels. Bronchoalveolar lavage fluid collected 
24 hours after the last exposure had increased levels of 
M CP–1 (a potent macrophage chemotactic cytokine) 
and IL-6. Lung lysates had reduced glutathione levels 
after exposure to e-cigarettes. This study indicates that 
short-term exposure increases inflammatory cytokines 
in bronchoalveolar spaces and causes oxidative stress 
with reduced glutathione levels. Werley et al exposed 
rats to low-dose, mid-dose, and high-dose aerosols 
from e-cigarette formulations for 90 days.20 There was 
a dose-dependent increase in bronchoalveolar lavage 
fluid lactate dehydrogenase levels, total protein levels, 
the number of alveolar macrophages, the number of 
neutrophils, and lung weight at 90 days. This effect 
was largely explained by the vehicle control (a mixture 
of glycerin and propylene glycol) and resolved after a 
42 days washout period. This study would suggest that 
the chemical constituents in e-cigarettes can cause 
both inflammation and lung injury with increased capil-
lary permeability. Sussan et al exposed mice to e-ciga-
rette vapor for 1.5 hours twice daily for 2 weeks.21 This 
exposure resulted in oxidative stress and macrophage 
mediated inflammation. These mice had impaired 
clearance of bacterial challenges (105 Streptococcus 
pneumoniae using an intranasal route) secondary to 
decreased phagocytosis by macrophages. In addition, 
these mice had impaired clearance of influenza A with 
an increase in lung viral titers, in morbidity (weight 
loss), and in mortality. 

In summary, these animal model studies demon-
strate that short-term exposure to aerosols from e-cig-
arettes can induce inflammatory responses in murine 
lungs and cause oxidative stress. In addition, these 
exposures alter bacterial clearance and viral clear-
ance in the lungs. The vehicle in e-cigarettes may 
cause these toxic effects.

conclusIons

Combustion of the liquid in e-cigarettes creates 
a vapor which includes multiple small particulates, 

chemicals, and nicotine. This exposure does not 
appear to cause any acute changes in pulmonary 
function in healthy non-smokers. However, expo-
sure does appear to increase peripheral resistance in 
smokers. There is no information on adverse effects 
associate with long-term regular use of e-cigarettes. 
There are several case reports which suggest that 
these devices can be associated with acute lung 
injury. In vitro studies indicate that the aerosol from 
e-cigarettes can cause cell injury. In vivo studies 
demonstrate that these aerosols can induce inflam-
matory responses in murine lungs and can alter host 
defenses with reduced clearance of bacterial and 
viral pathogens. Studies on the long-term effect of 
e-cigarettes will need to consider liquid composition, 
the frequency of smoking, the presence of underlying 
clinical or subclinical lung disease, and idiosyncratic 
responses. The best approach to the studies will 
likely involve longitudinal cohort studies which include 
healthy controls with no smoking history, e-cigarette 
users, tobacco cigarette smokers, and dual users. 
Until this information is available consumers and 
physicians should not conclude that these devices 
are safe. If viewed as smoking cessation/reduction 
devices, e-cigarettes may have a role in harm reduc-
tion. If used in smoking cessation programs, then reg-
ulation is needed to assure the composition of e-liquid 
meets safety standards.
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