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ABSTRACT

There are increasing concerns about the impact of using e-cigarettes on the overall health and respiratory
complications of users. These modalities were proposed to potentially reduce the harmful events that are associated
with cigarette smoking. Nevertheless, the acute and chronic effects secondary to the exposure and use of this modality
are still controversial. However, it has been demonstrated that using the modality is associated with remarkable
damage to lung injury because it releases significant amounts of reactive oxygen species, furans, volatile carbonyls,
furans and metals (chromium, lead, and nickel). We have discussed the impact of e-cigarette using and exposure to its
aerosol and the development and progression of the different respiratory diseases at the different clinical and
pathological levels. Asthma, chronic bronchitis were the most significant lung conditions, and evidence indicated that
exacerbation of symptoms was reported in some patients. Furthermore, acute exposure was also associated with the
development of respiratory-related symptoms. Accordingly, studies indicated severe inflammatory reactions and
significant lung injury were observed among e-cigarette users concerning vaping or exposure. Therefore, further
preventive approaches are required by healthcare authorities to increase public awareness of the different hazards of
using these modalities.
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INTRODUCTION

The role of the respiratory system in human physiology is
critical as the lungs transmit the total cardiac output via
around 2000 km of capillaries. The estimated surface area
of the alveoli is 70 m? and the heat beats through the vast

space in these alveoli performing the process of gas
exchange. Furthermore, it is known that the lungs are
mainly at high risk of catching a disease because they are
usually exposed to the different inflammatory and
infectious diseases with every breath taken. However, the
inspired air is humidified and cleaned as a result of the
underlying structure of the respiratory system and the
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presence of acquired and innate immunity, which keeps
the delicate structure of the lungs and alveoli protected.?

There are increasing concerns about the impact of using
e-cigarettes on the overall health and respiratory
complications of users. These modalities were proposed
to potentially reduce the harmful events that are
associated with cigarette smoking.? Nevertheless, the
acute and chronic effects secondary to the exposure and
use of this modality are still controversial. However, it
has been demonstrated that using the modality is
associated with remarkable damage to lung injury
because it releases significant amounts of reactive oxygen
species, furans, volatile carbonyls, furans and metals
(chromium, lead and nickel).® In the present literature
review, we aimed to provide evidence regarding the
impact of e-cigarette use and the development and
progression of respiratory diseases in these users.

METHODS

This literature review was based on an extensive literature
search in the Medline, Cochrane and EMBASE databases
on which was performed 26 September 2021 using the
medical subject headings (MeSH) or a combination of all
possible related terms, according to the database. To
avoid missing poetential studies, a further manual search
for papers was done through Google Scholar, while the
reference lists of the initially included papers. Studies
discussing the impact of e-cigarette use on the
progression of respiratory diseases were screened for
useful information, with no limitations posed on date,
language, age of participants or publication type.

DISCUSSION

The rates of cigarette smoking were significant in the late
19th and early 20th centuries following the huge
advances in mass production. However, the significance
of the impact of cigarette smoking was not concerned
until the 1930s, when evidence showed that the
prevalence of lung cancer and associated different
surgical procedures including pneumonectomy, in
addition to the remarkable increase in the mortality rates
owing to thoracic cancers.*® Following this, the US
surgeon general’s report that was published in 1964
demonstrated that lung cancer was significantly
associated with cigarette smoking. Nevertheless, the
cigarette smoking industry was not burdened until four
decades later. Accordingly, the progression of the
education about the harmful effects of cigarette smoking
and its correlation with the different respiratory diseases
took much time before making a significant impact on the
industrial process. Therefore, the current healthcare
authorities should exert further efforts about all the
available tobacco products to furtherly investigate the
impact of these modalities on the health status of
smokers. In e-cigarettes, nicotine, propylene glycol and
vegetable glycerin, in addition to the different flavoring
agents were heated and aerosolized using a metal

resistance coil. Many changes were introduced to these
modalities to enhance their functions and make them
more advantageous. The main aim of these modalities
was to make the user better control of the administered
nicotine concentration, e-liquid composition and vaping
of e-liquids.

Many previous investigations have indicated the
association between the increased risk of different
respiratory diseases and pulmonary lesions with the use
of e-cigarettes. A previous investigation by Cho et al also
reported that as a result of asthma-induced frequent use of
e-cigarettes, the affected patients had a more frequent
absence from schools.® This was also indicated in high
school students that exhibited asthma-like symptoms
secondary to the use of e-cigarettes.”® It was worth
mentioning that the previous investigation by Cho et al
demonstrated that there was no significant association
between asthma and e-cigarette use among smokers.
Nonetheless, the correlation was significant among never-
smokers.® This had been further indicated in another
investigation by Wang et al that demonstrated that there
was a significant correlation between respiratory
symptoms and e-cigarette use among never-smokers.® In
the United States, an investigation by Choi et al
demonstrated that 30 day use of e-cigarette was more
significantly correlated with the development of
respiratory symptoms than lifetime use.'® This had been
furtherly indicated in other investigations that indicated
the strong association between asthma development and
e-cigarette use.!>*2 McConnell et al also conducted a
study in California and found that chronic bronchitis was
significantly associated with e-cigarette use and the
association was dose-dependent.’* Chronic obstructive
pulmonary disease (COPD) was also significantly
associated with the prolonged use of e-cigarettes. In the
United States, evidence showed that the use of these
modalities, especially among dual smokers was
significantly associated with a diagnosis of COPD.!416
Wills et al also demonstrated that the association of
COPD and e-cigarette use was more significant among
non-smokers than the included individuals that smoked.’
Furthermore, among healthy individuals, evidence
indicated that exposure to e-cigarettes aerosol was
significantly associated with the development of
respiratory symptoms. Besides, this had been associated
with increased symptoms of asthma, COPD, cystic
fibrosis, in addition to the altered host defense status and
respiratory physiology. Studies also demonstrated that
phlegm and cough have been significantly associated with
the use of e-cigarettes among adolescents.

Different investigations have also assessed the association
between the use of e-cigarettes and respiratory diseases
through spirometry and evaluation of respiratory
functions. Most of these studies have focused on the
airway changes that occur immediately after vaping to
assess the acute inflammatory changes. The findings
regarding the potential association between respiratory
diseases and the use of e-cigarettes among these studies

International Journal of Community Medicine and Public Health | November 2021 | Vol 8 | Issue 11  Page 5594



Al-Ghamdi HS et al. Int J Community Med Public Health. 2021 Nov;8(11):5593-5597

were controversial. It should be noted that it had been
indicated that acute airway obstruction can significantly
develop after exposure to e-cigarettes in patients suffering
from pre-existing airway conditions.’®° On the other
hand, only a few spirometric investigations have assessed
the association on a long-term basis. A previous
investigation compared e-cigarette users (and excluded
current and previous smokers) with controls and found
that the respiratory functions were significantly reduced
among e-cigarette users.? However, it should be noted
that the authors of this investigation indicated that
assessment of the included patients was done 1 hour after
abstinence. Therefore, the worsened functions among
individuals using e-cigarettes might be attributable to the
potential acute spasm secondary to using e-cigarettes.
Other investigations also demonstrated that no significant
changes or improvements in their respiratory functions
were noticed after to using e-cigarettes.??? Besides, it
should be noted that normal respiratory function tests on
spirometry do not necessarily mean that using e-cigarettes
was harmless. This can be elaborated by an example of
patients that suffered from cystic fibrosis, in which the
lungs of these patients progressively deteriorated due to
this chronic lung disease, as younger patients usually
have normal functions tests despite the underlying
condition of their lungs.? Similarly, abnormal functions
tests secondary to e-cigarettes use can then be detected
years after exposure and use of these modalities.
However, it should be noted that a distal injury of the
lung tissues was still inevitable and can be evaluated by
other approaches.?* For instance, evidence indicated the
ability of imaging modalities on detecting remarkable
pathological changes that might include alveolar
destruction, similar to the pathology of COPD secondary
to smoking, although the corresponding changes to the
respiratory functions were marked as relatively low.?

Previous investigations have also demonstrated the main
mechanisms of the pathology of pulmonary diseases that
were induced by the use of e-cigarettes. Nitric oxide
deficiency, increased oxidative stress and endothelial
dysfunction was the main events that occured to these
patients contributing to the pathology of the different
conditions and pulmonary disease.?® Reduced clearance
activities of the nasal and bronchial mucociliary have also
been reported in previous investigations due to the
exposure and use of e-cigarettes. Reduced nitric oxide
and increased airway resistance among healthy adults
were also significantly associated with the short-term
exposure to e-cigarettes with and without nicotine within
them.?”? This had been furtherly indicated in other
investigations that demonstrated that following the
exposure of healthy individuals to e-cigarettes smoking,
reduced pulmonary functions were significant among
these individuals. Moreover, it should be noted that there
was no sufficient evidence that can support the favorable
outcomes of alternative use of e-cigarettes rather than the
usual smoking as noticed with quitting. Lung toxicity and
damage, in addition to bronchial and parenchymal
inflammation, in addition to the impaired signaling of

systemic inflammation were also reported in the literature
secondary to e-cigarettes use and exposure.?%-3

Evidence showed that mild changes can affect lung
functions significantly because of the delicate structure of
the lungs. It had been demonstrated that in patients with
COPD, reduced respiratory functions were associated
with mucin levels, which indicated the presence of
significant harm and chronic bronchitis. Following
exposure to e-cigarettes, previous investigations have
indicated that the fractional excretion of nitric oxide had
been estimated to significantly decrease.® Further
evidence indicated the elevated levels of neutrophils in
the sputum of e-cigarette users including proteinase-3,
neutrophil elastase and myeloperoxidase. This was also
previously indicated to occur among tobacco smokers, 334
Therefore, this indicated that the presence of these
substances in e-cigarette users was a strong indicator of
the presence of an underlying lung lesion. In the same
context, a previous controlled investigation demonstrated
that decreased expiratory gas flow and impaired gas
exchange were significant after exposure to e-cigarettes
aerosol, which was also associated with increased levels
of lung-specific protein CC16. This showed that using e-
cigarettes can significantly cause lung damage in a
physiologically acute pattern.

Delayed recovery from and increased susceptibility to
different respiratory infections have been associated with
the use of e-cigarettes.®® Reduced cough sensitivity was
reported in a previous investigation for participants that
were exposed to e-cigarettes aerosol while being healthy
and non-smokers. Previous animal investigations also
reported that ciliary dysfunction can also be associated
with these situations. Accordingly, increased rates of
pneumonia might be observed among these patients as a
result of the reduced ciliary clearance and reduced cough
sensitivity following the exposure to e-cigarettes
aerosol.¥” Critical functions of the innate immunity of the
affected patients might also be impaired in these
situations. A previous investigation that compared nasal
biopsies between smokers, non-smokers and e-cigarette
users demonstrated that e-cigarette users had a
significantly higher risk than the other two populations in
terms of increased immunosuppression at a genetic
level.*® Alveolar macrophages were also studied in a
previous investigation that conducted an alveolar lavage
for healthy non-smoking participants that were exposed to
e-cigarettes aerosol. The authors demonstrated that
following only 20 puffs by two hours from using e-
cigarettes, 60 genes were altered within the studied
macrophages, including inflammation-related genes.
Impaired neutrophil functions and phagocytosis were also
reported to be potentially present among e-cigarette users.

In addition to the different human investigations, previous
animal studies were also found in the literature, indicating
the significant association between exposure to e-
cigarettes and the development of significant lung injury
and subsequent pulmonary diseases.3*#° Different protein
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and cellular changes were reported in the literature
secondary to the acute exposure to e-cigarettes aerosol
including modulation of the functions of cytokines and
mucins, in addition to the impaired autophagy.
Furthermore, evidence also indicated that following
chronic exposure, neutrophilia, emphysema and airway
inflammation and remodeling were observed in the
investigated animal models.** Nicotine and non-nicotine-
dependent effects and increased sensitivity to
methacholine were also reported by some studies. On the
other hand, it should be noted that some previous
investigations reported that vaping does not adversely
impact the health status of the lungs. However, the results
of these studies might be biased because they are
industrial-based on similar findings were not reported by
other investigations.*? Therefore, the current evidence still
supported the aforementioned parameters regarding the
adverse association between e-cigarette use and the health
status of the users’ lungs.

CONCLUSION

Asthma, chronic bronchitis were the most significant lung
conditions and evidence indicates that exacerbation of
symptoms was reported in some patients. Furthermore,
acute exposure was also associated with the development
of respiratory-related symptoms. Accordingly, studies
indicated that severe inflammatory reactions and
significant lung injury were observed among e-cigarette
users in relation to vaping or exposure. Therefore, further
preventive approaches are required by healthcare
authorities to increase public awareness of the different
hazards of using these modalities.
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