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into the BALF, an aggravation in ROS production, and 
an augmented percentage of cellular death. Furthermore, 
histopathological examination of these groups revealed 
infiltration of inflammatory cells, decrease of air space, 
and thickened alveolar wall, or alveolar edema. Masson 
trichrome staining demonstrated collagen fibers around 
bronchioles and among smooth muscles after exposure 
to CS, ECIG + CS, and HTP + CS when compared to the 
Control. This observation may indicate the initiation of 
lung remodeling and future fibrosis19

We also demonstrated that swapping up to 50% of CS 
exposure with ECIG or HTP, overall, did not result in signif-
icant attenuation of lung injury secondary to CS. The apop-
tosis, oxidative stress data of ECIG + CS and HTP + CS may 
suggest a reduction in lung injury when compared to CS only 
exposure. All other elements, however, were not reduced. In 
a clinical study, similar adverse effects were described by 
Wang et.al who noted that ECIG + CS exposure was associ-
ated with higher cardiopulmonary risks when compared to 
CS only. In addition, the study noted that dual users smoked 
more conventional cigarettes and scored lower health 
rates when compared to exclusive conventional cigarette 
smokers.20 This places dual users at a higher risk compared 
to CS and the main associating factor appears to be nicotine 
levels, which were higher in dual users when compared to 
CS.21,22 These observations clearly indicate that dual users, 
in real life, are not equally substituting CS with alternatives 
on a one-to-one ratio, and hence the current model is a con-
servative representation of current dual users’ practices. It 
may be the case that conventional cigarette smokers who are 
also ECIG or HTP consumers end up with higher nicotine 
dependency due to the greater availability of nicotine by the 
combination of CS, ECIG, or HTP consumption, and simply 
augment rather than substitute.9 Even with our conservative 
estimate and with a reduction of 50% of CS, our study did 
not demonstrate a significant attenuation of lung injury in 
our animal model.

In previous work, exposure to only ECIG attenuated 
the cardiovascular risk as compared to only CS.23 As for 
HTP, the manufacturer published various research papers 

showing a less harmful effect of HTP compared to CS ex-
posure that was accredited to the elimination of combustion 
products.24–26 At the cellular level, HTP aerosols displayed 
less cytotoxicity than CS but higher than ECIG.27 The 
findings of limited lung injury by ECIG- or HTP-only ex-
posure have led to recommendations without adequate 
substantiation from organizations, groups, and a few med-
ical societies urging traditional cigarette smokers to quit 
smoking or adopt a “dual user” approach.28 Intriguingly, 
in the United Kingdom, authorities have banned traditional 
smoking in indoor public areas and permitted people to 
switch and smoke electronic cigarettes in these designated 
areas29 In this context, the findings of our study signal 
against dual use and the associated benefit or risk reduc-
tion. The notion that dual use is a reduced-risk alternative to 
quitting combustible tobacco smoking is not supported by 
the findings of this study.

Most studies on dual-use concentrated on the behavioral 
and psychosocial aspects of dual smoking.30,31 Pokhrel et.al 
reported that dual users are influenced by many social and 
psychological characteristics, including eating, stress, as well 
as permission of smoking outdoors, and dual smoking at 
younger ages was associated with different sociable factors 
when compared to ECIG users only or non-smokers.32 In 
this study, we examined the physiologic effects of combined 
product use in an animal model that may be utilized in future 
studies aimed at understanding the pathophysiology of dif-
ferent combinations of tobacco products. It is estimated that 
63% of ECIG users in Canada and up to 70% of ECIG users 
in the United States are also CS users. The high percentage of 
dual smokers,10,28 necessitates the creation of consistent “dual 
users” animal models for future studies that incorporate the 
multifaceted physiological and psychological aspects of the 
use of these products.

Our findings of lung injury, secondary to HTP exposure, 
are different from those observed by Bhat et al who did il-
licit lung injury after exposing animals to a five hour per day 
of HTP exposure in a closed chamber for two weeks.33 We 
believe that the design of Bhat et al included confounding 
parameters that created a more intense exposure to animals 

Figure 4. Cell death assessment in the lungs. A: Ctrl; B: ECIG; C: HTP; D: CS; E: ECIG + CS; F: HTP + CS; and G: HTP + ECIG. Terminal 
deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) staining of lung sections. A signi�cant increase in apoptotic activity was 
demonstrated in CS, ECIG + CS, and HTP + CS when compared to the control.
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and is more likely to result in lung injury when compared to 
our study.

Finally, our study demonstrated no significant lung in-
jury by combining exposure to ECIG and HTP in an animal 
model. There was no significant increase in inflammatory 
markers expression, no infiltration of inflammatory cells, and 
no apoptosis or ROS production. While additional studies are 
needed to document and analyze this interesting observation, 
one possible explanation may be the limited time exposure of 
one week as per the design of the study. Another explanation 
is the different mechanisms of lung injury that are associated 
with ECIG when compared to pathways of lung injury sec-
ondary to HTP exposure. It appears, from this study, that an 
equal mix of HTP + ECIG exposure for one week did not 
reach the threshold needed to illicit significant lung injury 
even though our study design ensured that ECIG and HTP 
exposure was more intense when compared to CS exposure.

A limitation of this study includes the acute duration of 
animal exposure. It is possible that chronic studies may re-
veal different results as animals may adapt and adjust to the 
chronicity of exposure resulting in different observations. 
Another limitation of this study is the assigned amount of 
exposure to ECIG, HTP, and CS. Different combinations and 
different percentages of exposure to each element may lead 
to different conclusions. Also, the study did not rely on nico-
tine blood levels to determine the intensity of ECIG exposure. 
Finally, this study used a single ECIG product operating at 
a fixed power and with a fixed liquid composition; varying 
combinations of device, power, and composition have been 
shown to result in widely varying toxicant emissions across 
and within products3

Conclusion
This study examined the effects on the lung of partially 
substituting CS with ECIG or HTP aerosol that mimics dual 
users in humans. We found that substituting fifty percent of 
CS exposure with ECIG or HTP did not reduce lung injury. 
These results suggest a potentially grave misunderstanding by 
cigarette users that partially substituting cigarette use with 
ECIG or HTP use can reduce health risks.
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