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Abstract: Background: The use of electronic cigarettes has become increasingly popular in recent
years. However, the impact that electronic cigarettes have on the ocular surface is not well known.
Therefore, the aim of this review is to explore the current literature on the acute and chronic sequelae
of electronic cigarettes on the ocular surface. Methods: A systematic review of the literature was
undertaken by keyword searching on the Embase, Medline, and Web of Science databases. Articles
identified through the search underwent title/abstract screening, full-text screening, and data ex-
traction. Results: A total of 18 studies were included in this review. Non-intended ocular surface
exposures and intended exposures on the ocular surface were found to be associated with the use of
electronic cigarettes. Conclusions: The impact of vaping on the ocular surface is not benign. There
are significant risks that vaping can pose to the ocular surface. Hence, it is necessary to develop
appropriate risk communication tools given the increasing popularity of this activity. Additionally,
future long-term studies are needed to better understand the long-term impacts of vaping on the
ocular surface given the lack of current data.
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1. Introduction

Electronic cigarette (e-cig) and vaping products have increased in popularity in recent
years. Globally, it has been estimated that roughly 68 million people used e-cigs in the year
2020 [1], highlighting the widespread use of these products. E-cigs and vaping products
have been discussed as an alternative to combustible cigarettes [2]. Some proponents of
e-cigs and vaping products suggest that these products may even have a role as a potential
harm reduction tool [3]. Qualifying these products as a harm reduction tool suggests that
the use of e-cigs or vaping products may be safer than the use of combustible cigarettes.
In fact, some users of combustible cigarettes are also dual users of e-cigs and vaping
products, highlighting that users may use these different products, instead of using a single
product [3]. E-cigs and vaping products often come in various designs and typically contain
a battery, heater, and e-liquid [2]. Some e-cig users may even consider modifying their
e-cigs through a variety of mechanisms such as by changing their e-cig battery power or
coil resistance [4]. Modifying these products may put users at risk of unintended outcomes.

There exists a great deal of controversy surrounding e-cigs, vaping products, and their
safety, some of which has been amplified by misinformation on social media platforms [5,6].
During the COVID-19 pandemic, one instance of misinformation highlighted the potential
for e-cigs to be protective against the COVID-19 virus [5]. This spread of misinformation on
social media may have impacted and influenced vulnerable populations in our society, such
as youth, to use e-cigs in an effort to protect themselves from COVID-19 [5]. Unfortunately,
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the e-cig or vaping-associated lung injury (EVALI) outbreak has shown some of the dangers
that can be associated with the use of e-cigs, such as acute respiratory distress syndrome or
acute eosinophilic pneumonia [6]. Further, it is known that e-cigs contain nicotine, which
is a highly addictive substance [7]. Addiction to nicotine is one of the major barriers that
can make smoking cessation efforts challenging, therefore highlighting one of the main
challenges of e-cigs or vaping products as a smoking cessation tool [7]. The development
of optimal risk communication tools to engage people who use e-cigs is needed [5], so
that they can understand the potential risks associated with e-cig use and make informed
decisions about using these products.

Nicotine and other chemicals in e-cigs may affect different components of the eye
including the corneal epithelium, the tear film, and retinal light-adapted vision, along with
inducing nystagmus and exerting vasoconstrictive effects on the ocular blood flow [8].
The ocular surface includes the surface and glandular epithelia of the cornea, conjunctiva,
lacrimal gland, accessory lacrimal glands, and meibomian gland, and their apical (tears)
and basal (connective tissue) matrices, the eyelashes with their associated glands of Moll
and Zeis, those components of the eyelids responsible for the blink, and the nasolacrimal
duct and its health are critical for providing and maintaining clear vision [9,10]. Currently,
there exists a paucity of data on the impact that e-cig and vaping product use have on the
ocular surface [8,11]. In a review by Martheswaran et al. [8], two contrasting perspectives
on the effects that e-cigs and vaping have on the ocular surface were described [12,13].
Thus, it is still unclear what the true impact of e-cigs or vaping products is on the ocular
surface, highlighting the need for further exploration and study. Given the detrimental
effects that e-cigs or vaping products have on other physiological systems in the body [5,6]
and the nearby proximity of the ocular surface to e-cig or vaping product exposure, the
main aim of this review was to specifically explore the impact of e-cig or vaping product
use on the ocular surface.

2. Materials and Methods

The research question this systematic review aimed to answer was, What impact does
e-cig or vaping product use have on the ocular surface? A formal search strategy was
developed and finalized with the assistance of a subject-expert librarian at the University
of British Columbia. The systematic review was not registered. A primary literature
search was performed using the Embase, Medline, and Web of Science databases with
keywords and MeSH terms including “e-cig*” or “e cig*” or “electronic cig*” or “vaping
and ocular surface or cornea* or conjunctiv*”. MeSH terms were identified and used
as appropriate to strengthen the search. After carrying out the initial search, articles of
interest were uploaded onto the research management software Covidence (covidence.org,
Veritas Health Innovation Ltd.; Melbourne, Australia) [14]. After uploading onto the
Covidence software, duplicates were automatically identified and removed by Covidence.
The authors manually checked each article automatically flagged as a duplicate to ensure
that articles were not inaccurately being removed. The patient, exposure, and outcome
(PEO) framework was used to establish the inclusion and exclusion criteria for this review.

2.1. Inclusion Criteria

For the population, human participants of any age, geographic location, or gender
identity were included. For exposure, participants had to have some degree of exposure to
e-cigs or vaping products. The primary outcome of interest was the impact that e-cig or
vaping use has on the ocular surface. All study designs were deemed to be eligible for this
systematic review, including original research and review articles. Moreover, articles from
any publication date and only peer-reviewed publications were included.

2.2. Exclusion Criteria

Studies without any discussion of research on human participants, for example, studies
that were focused on animal models, were excluded. Studies where the exposure did not
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include data on e-cigs or vaping products—in other words, studies that only focused on
traditional, combustible cigarette use—as well as studies where there were no outcomes
related to the ocular surface, for example, studies that focused on the retina or other
ocular structures, were also excluded. Articles that were not available in the English
language were excluded, as the authors did not have the resources to reliably and accurately
translate non-English research studies. In addition, non-peer-reviewed materials, such as
publications in the grey literature (blogs, interviews, and dissertations), were excluded
from the present review.

Following this, each article underwent title and abstract screening against the review’s
inclusion and exclusion criteria. Eligible articles then underwent full-text screening where
an article’s full text was evaluated against the review’s inclusion and exclusion criteria.
Finally, articles that were deemed to be eligible went through data extraction. At each
stage of the review, two independent reviewers (NAB and XRZ) assessed the eligibility of
every article. If there were any conflicts between the reviewers, the two reviewers (NAB
and XRZ) met, discussed the article, and came to consensus. While no issues of missing
full-text articles or retrieving specific articles were faced, had such issues arisen, a plan to
identify the corresponding author, contact them, and request for access to their paper had
been created.

The secondary literature was found using relevant references from the articles identi-
fied by the primary literature search and through a search of the Google Scholar website.
Following the primary literature search on the three formal databases, 16 articles were
identified. Further, after the secondary search, an additional two articles were identified.
Therefore, 18 articles were identified, reviewed, and included in this systematic review.
These 18 articles were then thematically analyzed to be coded under non-intended expo-
sures to the ocular surface or intended exposure to the ocular surface. Exposures where
research participants were unexpectedly exposed to the contents of e-cigs or vaping prod-
ucts were classified as non-intended exposures. On the other hand, in intended exposures,
users were aware of their e-cig use. Figure 1 shows the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [15] flowchart for this review, which
documents all steps of this systematic review from study identification to data extraction.
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3. Results

After data extraction, the diverse effects that e-cigs had on the ocular surface through
non-intended exposures and intended (acute and chronic) exposures were conceptualized.
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3.1. Non-Intended

Non-intended exposures are exposures caused by the explosions of e-cigs or vaping
products, inadvertent exposure to e-liquid, and exposures related to components of e-cigs
or vaping products breaking off. These types of exposures are not typically expected with
routine use of e-cigs or vaping products, but may occur accidentally [16–19].

Spontaneous e-cig device explosions may cause unintended injuries to e-cig users;
these explosions are difficult to predict and therefore to avoid. Documented injuries from e-
cig explosions include corneal injury (epithelial defects and corneal burn), subconjunctival
hemorrhage, and black particulate accumulation in the tear film and conjunctiva [16–19].
The severity of these injuries can vary significantly. Patterson et al. [18] described a
patient with an abrasion of 80% of the cornea from an e-cig explosion. Another case report
presented an explosion injury due to a modified e-cig involving the right side of his face that
initially required irrigation of the ocular surface due to inadvertent contact with alkaline
fluid [20]. The patient presented with two 2cm linear superficial upper eyelid laceration
wounds that did not involve the eyelid margin and an 8mm conjunctival laceration, both of
which required suturing. In addition, there was traumatic mydriasis, anterior uveitis and
cataract with zonulysis, extensive commotio retinae, and Berlin oedema.

Accidental exposure to e-liquid is another cause for concern. Several case reports
have highlighted a multitude of possible ways one could be exposed to the chemicals and
nicotine in e-cigs, mainly through accidental ingestion and ocular exposure [21–24]. There
are also reports of accidental e-liquid ocular application when mistaken for eye drops; the
ocular surface damage in these cases ranged from mild eye irritation to ocular chemical
injury [22–24]. These inadvertent exposures to e-liquid differ in severity and often lead to
poison centre calls that require additional allocation of health resources [25].

These non-intended ocular exposures are significant and constitute the majority of
poison control centre calls in the United States. Wang et al. [26] found that the majority of
the calls (87%) had a root exposure that was ocular only, further underlining the importance
of communicating these risks to care providers.

3.2. Intended Exposures

Intended exposures point to the potential short-term (acute) and long-term (chronic)
effects that e-cigs or vaping products have on the ocular surface.

3.3. Acute Exposure

Munsamy et al. [13] assessed the impact that acute exposure to e-cig use had on
the ocular surface. Specifically, they assessed tear film stability and corneal epithelial
thickness before and following acute exposure to e-cigs, at a dose equivalent to about
10 puffs in 64 participants. Non-invasive tear breakup time (NITBUT) is a useful indicator
of the stability of the tear film [27]. An increase in NITBUT of 1.4 s after e-cig use was
found, but this was not statistically significant (p = 0.089), which could be due to the
limited time between e-cig use and NITBUT measurement, as well as the variability of
instrumentation [13]. Also, the chosen number of puffs (0.05 mL of e-liquid or on average
10 puffs of e-cigarette vapour) may have been inadequate to effect changes. After e-cig
use, there was an increase in the mean corneal epithelial thickness in all five zones (central,
superior, inferior, nasal, and temporal), although this was also not statistically significant
(p > 0.05) [13].

3.4. Chronic Exposure

Ocular surface malignancies, changes in tear film stability and quality, tear production,
corneal epithelial thickness, average loss of meibomian glands in the upper and lower
eyelid, and dry eye symptoms/ocular irritation have been associated with chronic exposure
to e-cig use [11,28,29]. An earlier comprehensive review carried out by Makrynioti et al. [11]
described the impact that various forms of smoking, such as combustible cigarettes and
e-cigs, had on dry eye and various ocular conditions. Their work suggests that while
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research on e-cigs is still in its infancy, there are some signs that point to e-cigs resulting in
ocular irritation and dry eye disease.

Shields et al.’s [28] case report highlighted that e-cig use may be associated with the
development of conjunctival intraepithelial neoplasia (CIN). The patient had used e-cigs
for five years at a rate of at least five vapes per day without any concurrent cigarette use.
The authors hypothesized a correlation between the carcinogenic components of e-cigs and
the development of CIN.

Another chronic effect is the disruption of the ocular surface components such as
the tear film quality and stability and the meibomian glands’ physiology. Dry eye or
eye irritation can be caused by disruption of the normal functioning of the tear film and
meibomian glands [30]. In a cross-sectional study, Md Isa et al. [12] found that there was a
significant reduction in the NITBUT of e-cig users compared to a control group (non-e-cig
users) over a one-year period [12]. Moreover, a systematic review conducted by Miglio
et al. [31] revealed that e-cigs could negatively impact both the stability and quality of
the tear film. Kalayci et al. [29] conducted a cross-sectional study comparing the ocular
surface of people who used and did not use e-cigs (control). Tear breakup time (TBUT) was
evaluated with the assistance of a biomicroscope, and e-cig users had a significantly lower
TBUT of 6.96 ± 2.31 s compared to 9.84 ± 2.13 s for the control group [29].

As for tear production, Md Isa et al. [12] used the Schirmer test with topical anaesthesia
to evaluate this in long-term e-cig users compared to controls. Tear production amongst
those in the e-cig group was significantly higher at an average of 14.5 mm compared to
an average of 8.0 mm for the control group (p = 0.001). This increase in tear production
may be a potential homeostatic measure in response to lower tear film integrity that may
result from e-cig use. In contrast, Kalayci et al. [29] found that the average Schirmer II
values were significantly (p = 0.002) lower in the e-cig group at 9.16 ± 2.09 mm compared
to the control group at 11.2 mm ± 2.14 mm, which was attributed to the impact that the
metabolites of lipid peroxidation (i.e., malondialdehyde) associated with e-cig use have on
the ocular surface.

Furthermore, Kalayci et al. [29] conducted non-contact meibography to evaluate the
impact of e-cig use on the meibomian glands over an average duration of 4.9 years. The
loss of meibomian glands was calculated using the Phoenix meibography imaging software
module installed on the Sirius (CSO, Florence, Italy) corneal topography device. After
taking images of the tarsal conjunctiva, the borders of the eyelids and of the meibomian
glands are marked using the Phoenix software module. The meibomian gland loss is
automatically calculated by the software, obtaining values of the percentage loss. Their
study found that participants in the e-cig group had a significant (p = 0.002) average
meibomian gland loss of 23.08 ± 6.55% on the upper eyelid and a significant (p < 0.001)
average meibomian gland loss of 27.83 ± 5.98% on the lower eyelid compared to the controls
who had an average loss of 17.60 ± 4.94% and 18.44 ± 5.91%, respectively. Moreover, e-cig
users were more likely to have Meibomian glands that were irregularly distributed and
less hyperreflective compared to the control group [29].

Finally, Md Isa et al. [12] used the Ocular Surface Disease Index (OSDI) score to
assess dry eye symptoms in participants who reported long-term use of e-cigs compared
to controls; their study noted that participants in the e-cig group had moderate to severe
dry eye syndrome compared to those in the control group [12]. Also, Kalayci et al. [29]
observed that the OSDI score was significantly higher in the e-cig group compared to the
control group (p < 0.001). Interestingly, dry eye symptoms were shown to substantially
increase in relation to an increase in e-cig voltage [12]. Thus, participants who used e-cigs
with greater voltage were more likely to experience more severe dry eye syndrome [12].

3.5. Quality Assessment

In general, the research studies included in this systematic review highlight that the
quality of evidence available on how the use of e-cigs and vaping products impact the
ocular surface is low. None of the research studies included in this review were randomized
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control trials (RCTs). It is necessary to acknowledge that much of the research on how
e-cigs impact the ocular surface is likely still emerging, which may potentially explain why
the majority of the studies included in this systematic review (68%) were in the form of case
reports and case series. Also, many of the case series were often limited to small sample
sizes, which further reduces the generalizability of their findings.

4. Discussion

This review highlights that e-cig use is associated with both non-intended and intended
exposure adverse effects on the ocular surface. Published studies demonstrated that e-
cigs can have a negative impact on the stability and quality of the tear film, which is an
important component of ocular surface health. This can lead to an increase in dry eye
syndrome in users of e-cigs. Therefore, the impact of e-cigs or vaping products on the
ocular surface is not benign.

The non-intended impacts that e-cigs can have on the ocular surface point out potential
dangers that e-cig users may not be aware of. For example, e-cig explosions may result
in ocular trauma, such as subconjunctival hemorrhages [16] or corneal abrasions [16–20].
Based on this review, corneal trauma was the most common form of ocular surface injury
as a result of e-cig explosions. There are a variety of reasons why e-cigs explode, including,
in particular, modifying the different components of e-cigs [20,32]. Further, Jamison and
Lockington [23] and Hughes and Hendrickson [24] described how e-liquid containers can
be mistaken for eye drops, particularly as the containers can appear similar. Since most
calls to poison control centers concern ocular-related injuries, with almost 20% of these
injuries pertaining to children under the age of five [26], clear communication regarding the
risks of e-cig use is clearly needed. Efforts to educate e-cig users on the ocular risks that can
be associated with e-cig modifications may help prevent associated injuries. Clear labeling
and possibly the use of very distinct containers for e-liquid may also help in preventing
inadvertent administration to the ocular surface. Making warning messages mandatory
and highly visible on e-liquids may also potentially reduce inadvertent exposure of the
ocular surface to e-liquids.

A variety of acute and chronic impacts on the ocular surface have been described.
The potential carcinogenic effects of long-term e-cig use were highlighted by Shields
et al. [30]. Given the fact that research on the possible oncologic outcomes associated with
e-cig and vaping use is still emerging, users of these products should be made aware of
the potential risks of ocular-related oncological conditions in order to make an informed
decision on the use of these products. Further, several groups investigated the impact
that e-cig use had on the stability of the tear film and dry eye syndrome/ocular irritation
and together yielded conflicting results [12–14]. This could be due to the very low dose
used in Munsamy et al.’s [13] study, which did not show an impact of e-cig use on the
ocular surface. Participants used e-cigs at a dose equivalent to that of about 10 puffs, while
typical e-cig users may inhale anywhere from 120 to 235 puffs per day [33]. On the other
hand, the participants in Md Isa et al.’s [12] and Kalayci et al.’s [29] studies may be more
representative of typical e-cig users given their average daily e-cig use frequency and
duration of e-cig use.

An interesting point for future analysis is the impact that e-cigs have on tear production.
Md Isa et al. [12] observed that e-cig use was associated with increased tear production,
while Kalayci et al. [29] noted that e-cig use led to decreased tear production. Considering
the duration of e-cig use, Md Isa et al.’s [12] sample had been using e-cigs for an average of
17.2 ± 6.5 months, while Kalayci et al.’s [29] sample had an average use of 4.9 ± 0.9 years.
Therefore, long-term use of e-cigs may be associated with a reduced level of tear production.
Exploring this further, the reduced amount of tear production could be due to use over the
long term in combination with the effects of various aldehydes, which have the potential to
cause lipid peroxidation, thereby damaging the tear film’s lipid layer and impacting the
stability of the tear film. This could lead to a long-term reduction in tear production [34].



J. Clin. Med. 2024, 13, 2619 7 of 9

As this area of study is still unraveling, reviews are limited by the type of studies and
level of evidence available to date. For instance, 68% of studies were either case reports
or small case series, which underscores the overall low quality of data available on this
topic. Miglio et al.’s [31] article was the only systematic review included in this review,
which mainly addressed the work of Md Isa et al. [12]. Additionally, our systematic review
did not include research studies from the grey literature and sources from outside our
primary and secondary literature search; therefore, additional perspectives and research
identified by these sources may not have been included in this review. Although more
work certainly needs to be carried out to determine with more certainty the long-term
impacts of e-cig usage on the ocular surface, there is low-level evidence to date to suggest
the negative impact on various components of the ocular surface, with particular reference
to the development of dry eye syndrome. However, it is important to acknowledge that an
absence of evidence of harm at this stage does not mean that long-term use of e-cigs is safe.

5. Conclusions

This review showcases both the non-intended and intended impact that e-cigs can
have on the ocular surface. Primarily, e-cigs may have a negative impact on the ocular
surface by reducing the quality and stability of the tear film. Since the prevalence of dry eye
disease can be significant in the general population, it is important to recognize e-cigs and
vaping products as a potential contributing factor to this multifactorial disease entity. As
the use of e-cigs and vaping products continues to increase in popularity, considering this
factor in the evaluation and management of dry eye disease will become more important.

Given these early findings, efforts should be made to educate e-cig users on the
potential effects that vaping can have on their ocular surface, as well as the potential dangers
of non-intended exposures. Additionally, policymakers should consider implementing
legislation that reduces the potential for ocular harm caused by e-cigs or vaping products,
such as restrictions on the containers that e-liquids are available in. Future research
should include larger cross-sectional studies and aim at better characterizing the long-term
impact that e-cig use has on the ocular surface, especially considering that research on
e-cigs and the ocular surface is still emerging. A risk analysis of such effects among a
variety of e-cig users, such as daily versus occasional users, may also be of interest to
better qualify the relationship between frequency of e-cig use and relevant health outcomes.
Further, comparative studies analyzing the impact on the ocular surface of both combustible
cigarettes and e-cigs will allow us to better understand whether a true role exists for e-cigs
as a harm reduction tool. Future studies should also consider including dual users of e-cigs
or vaping products and cigarettes, as that can allow for a comparison of outcomes between
only e-cig users, only combustible cigarette users, and dual users.
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