REVIEW

DRY EYE DISEASE AND RISKS OF URBAN
AIR POLLUTION - LITERATURE REVIEW

Natasha Trpevska-Shekerinov!, Andrijana Petrushevska?, Emilija Gjoshevska-Dashtevska?, Toni
Shekerinov?, Jana Nivichka-Kjaeva!

1

University Clinic for Eye Diseases; Ss. Cyril and Methodius University in Skopje, Faculty of Medicine, Skopje, Republic of North Macedonia

Citation: Trpevska-Shekerinov N, Petrushevska
A, Gjoshevska-Dashtevska E, Shekerinov T, Niv-
ichka-Kjaeva J. Dry eye disease and risks of urban
air pollution - literature review. Arch Pub Health
2022;14(2).

doi.org/10.3889/aph.2022.6061 Online First
Key words: dry eye, air pollution, eye allergy

*Correspondence: Andrijana Petrushevska, Uni-
versity Clinic for Fye Diseases; Ss. Cyril and Metho-
dius University in Skopje, Faculty of Medicine,
Republic of North Macedonia. E-mail: ane_petru-
sevska@yahoo.com

Received: 26-Jul-2022; Revised: 15-Sep-2022;
Accepted: 17-Sep-2022; Published: 23-Sep-2022

Copyright:° 2022. Natasha Trpevska-Shekeri-
nov, Andrijana Petrushevska, Emilija Gjoshevs-
ka-Dashtevska, Toni Shekerinov, Jana Nivich-
ka-Kjaeva. This is an open-access article distributed
under the terms of the Creative Commons Attribu-
tion License, which permits unrestricted use, distri-
bution, and reproduction in any medium, provided
the original author(s) and source are credited.

Competing Interests: The author have declared
that no competing interests

NPEFNEQ HA TIMTEPATYPA

Abstract

Air pollution has a major impact on health, and it particularly affects the mucous membranes
of the respiratory tract and the eyes. The ocular effects of chronic, long-term exposure to high
levels of air pollution are still unclear. The increase in air pollution levels can be associated with
an increase in the instability of the tear film. The aim of this paper is to evaluate and discuss
the available data about chronic eye diseases in regions with high air pollution. Furthermore, the
review also offers a certain understanding of the link between chronic dry eye disease (DED) and air
pollution. Materials and methods: Specific keywords (dry eye, air pollution, and urban) were used
to search the medical databases of PubMed and Medline. This research technique led to obtaining
103 papers, dating from 1995 to 2021. Out of those, 15 were used as the basis of this paper. Results:
The pathophysiological mechanisms of oxidative stress and ocular surface inflammation involve
the selective binding of environmental agents to ocular surface membrane receptors, leading to
the activation of proinflammatory signaling pathways with changes in the extracellular stromal
matrix and consequent occurrence of inflammation of the ocular surface with epithelial defects.
Conclusions: Dry eye disease, pollution, and eye allergy overlap, but their presentations can be
different. Future advancements in monitoring technology and the development of modern, non-
invasive diagnostic methods will help prove the link between air pollutants and DED. The points
should be aimed at preventing the global risks of antigenic stimulation of ,urban eye®.,
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N3Bagok

3arayBameTo Ha BO3AYXOT FIMa roieMo BiIMjaHie Bp3 37paBjeTo, a 0c00eHO BiMjae Ha MYKO3HHUTe MeM-
OpaHy Ha PeCcrMpaTopHUOT TPaKT 1 ounte. OKymapHUTe eheKTy 0fl XPOHUUHATA, JJOJITOTPajHA M37I0-
JKEHOCT Ha BUCOKM HIBOA Ha 3araflyBarbe Ha BO3YXOT CE VIITe Ce HejacHw. 3ToMeMyBameTo Ha HUBOTO
Ha 3araJIeHOCT Ha BO3JIYXOT MOKe Jja Ouie [IOBP3aHO CO 3roJIeMyBarbe Ha HeCTaOKMTHOCTA Ha CONI3HUOT
. Llenta Ha 0BOj TPYZ € Jla ce eBaIyMpaaT ¥ AMCKYTUPAaT AOCTAITHUTE TIOIATOLM 3@ XPOHUUHHTe
OUHM OOJTECTH BO PETMOHKTE CO BICOKO 3araiyBarbe Ha BO3/XOT. [ToHaTaMy, IPerieior Hyau 1 ofipe-
TIEHO TOJIKYBambe 3a BPCKaTa MoMery XpOHMUHATa 007lecT Ha CYBO OKO M 3arajlyBareTo Ha BO3MYXOT.
Marepujami u metopu: CrieldyuuHi KIyuHr 300pOBHM (CYBO OKO, 3arajlyBare Ha BO3/IYXOT M ypOaHo)
Oea KopucTeH) 3a mpebapyBame Ha MemuLMHCKUTe Oasu Ha rogatory Ha PubMed n Medline. TTpo-
HajoBme 103 Tpyzosu, kou aatupaar off 1995 o 2021 rogmua. Op Hu, 15 6ea KOPHCTEHN KAKO 0CHOBA
Ha 0Boj Tpy/1. Pesynratit: [laTochusrononkyTe MexaHu3M1 Ha OKCUIATMBHUOT CTPEC M BOCTIAIEHNETO Ha
OKy/TapHaTa TOBPIIMHA BK/IUyBAAT CEJIEKTHBHO BP3YBae HA areHCHTe Of] CPeJIMHATA 3a PELeNTOpuTe
Ha OKy/TapHAaTa TIOBPIIMHA IITO I0BEJTyBa 110 AKTUBUParhe Ha TPOMH(BIAMATOPHITe CUTHA/IHY TIATHIITA
€O MPOMEHHM BO eKCTpalie/ly/lapHaTa CTPOMAaIHA MATPULIA 1 [OC/IeIoBaTeIHa T10jaBa Ha BOCITa/IeH1e Ha
OKy/TapHaTa TOBpIIMHA. €O JieheKTI Ha emiTeNoT. 3aKTydok: CYBO OKO, 3araiyBameTo 1 ajeprujara Ha
OuHTe Ce MPEKJIONYBAAT, HO HUBHKTE [Pe3eHTALIN MOKe f1a OKJIaT a3nuuHi. VIH!Te JOCTUIHYBakba BO
TEXHOJIOTHjaTa 3a Cleflerbe M Pa3BOjOT Ha COBPeMeHH, HeTHBA3MBHY [IMjarHOCTIUKM METOTH Ke TIOMOT-
HAT Jla ce JIOKaKe BPCKATa MOMery 3arajlyBaeTo Ha BO3[YXOT 1 CYBOTO 0KO. MepkuTe Tpeba fia Oupar
HACOUeHN KOH CIpeuyBatbe Ha I700ajTHUTe PU3UIIN Off AHTHTEHCKA CTUMY/Iallija Ha ,ypOaHOTO OKO".



Introduction

Dry eye disease is a chronic condi-
tion. Being very common, it affects
millions of people worldwide and
is one of the most common causes
for patients to visit ophthalmolo-
gists®. It is a multifactorial disease,
and incidence can be significantly
increased by climatic conditions,
the environmental pollution, traf-
fic, extreme temperatures, and rela-
tive humidity. Studies prove that
there is a correlation between low
relative humidity and the increased
prevalence of DED. Namely, air-
conditioned offices and vehicles,
extremely hot air, and air pollution
with high levels of PM particles lead
to tear film instability.

The National Eye Institute and In-
dustry of workshop on Clinical Tri-
als in Dry Eyes held in 1995 proposed
a global definition for this entity, as
disorder of the tear film due to tear
deficiency or excessive tear evapo-
ration, which cause damage to the
interpalpebral ocular surface, asso-
ciated with ocular discomfort. Both
of these factors lead to the damage
of the interpalpebral ocular surface,
which is associated with ocular dis-
comfort?.

According to epidemiological stud-
ies, more than 6 % of people over the
age of 40 suffer from dry eye, with
the prevalence increasing to 15 %
when it comes to adults age 65 and
older. Several environmental factors
have been linked to DED, including
high altitude, wind, air pollution,
allergens, adjuvants, temperature,
relative humidity (RH), and UV ra-
diation’.

Air pollution has a major impact on
health, and it particularly affects

the mucous membranes of the re-
spiratory tract and the eyes.

It appears that the contamination
related to traffic emissions is as-
sociateded with DED and other al-
lergic diseases; thus, lowering pol-
lution levels caused by exhaust gas
is necessary to mitigate this health
problem.

The ocular effects of chronic, long-
term exposure to high levels of air
pollution are still unclear. The in-
crease in air pollution levels can be
associated with an increase in the
instability of the tear film.

It is considered that the abnormali-
ties of the ocular surfaces caused by
high levels of air pollution are sub-
types of the dry eye disease? Fur-
thermore, the rise in temperature,
which results from the ongoing cli-
mate changes, causes high rates of
tear evaporation in patients with
DED. Global warming contributes to
the prolongation of the allergy sea-
son and leads to the development
of allergy-triggered DED. Since en-
vironmental conditions like these
can’'t be bypassed, prevention strat-
egies must be created with those
suffering from the disease taken
into account.

There aren’t any large studies on the
link between air pollution and DED
while focusing on multiple air pol-
lutants. On the other hand, there is
an important knowledge gap when
it comes to how environmental fac-
tors (especially air pollution along
with weather conditions) affect the
frequency of detrimental changes
to the eye.

Main inductors contains air pollu-
tion, exposure to pollutants: par-
ticulate matter (PM10, PM2.5), in-



creased ozone and nitrogen oxides
(O3, NOx), increased allergenic bio
particles, chronic use of preserved
eye drops, reduced enzymes - nic-
otinamide adenine dinucleotide
phosphate (NADPH) oxidase, pollen-
associated lipid mediators (PALMs)
and allergic proteins. In fact, reac-
tive oxygen radicals (ROS) present
on the PM particles can act anti-oxi-
dative barrier of the tear film?>.

The lacrimal gland reduces the
production of mucin and increases
tears evaporation, which reduces
the protective barrier and facili-
tates the flow of antigens.

According to the World Health Or-
ganization, the air quality in the
countries of the Western Balkans is
terrible. The air in each country of
this region contains large quantities
of harmful PM 2.5 particles; in fact,
the concentration of PM 2.5 and PM
10 particles is often 10 times the al-
lowable level. The biggest polluters
in this part of the world are coal
power plants and old cars*.

The aim of this paper is to evaluate
and discuss the available data about
chronic eye diseases in regions with
high air pollution. Furthermore, the
review also offers a certain under-
standing of the link between chron-
ic dry eye disease and air pollution.

Environmental challenges
low humidity, high temperature,
UV radiation, dissecation,
Wa pollutants

Materials and methods

In this paper we were focused on
recent DED-related studies to iden-
tify the urban eye allergy syndrome
associated with DED and perennial
conjunctivitis (PAC). We are pre-
senting update about some hypo-
thetical mechanisms of changes in
the structure of allergen with ac-
celeration of immune reaction of
conjunctiva. The studies discussed
in this paper suggest objective di-
agnostic methods for DED. Specific
keywords (dry eye, air pollution, and
urban) were used to search the med-
ical databases of PubMed and Med-
line. This research technique led to
obtaining 103 papers, dating from
1995 to 2021. Out of those, 15 were
used as the basis of this paper.

Results

The pathophysiological mecha-
nisms of oxidative stress and ocular
surface inflammation involve the
selective binding of environmental
agents to ocular surface membrane
receptors leading to the activation
of pro-inflammatory signaling path-
ways with changes in the extracellu-
lar stromal matrix and consequent
occurrence of inflammation of the
ocular surface with epithelial de-
fectss.(Figure 1)

Ocular surface inflammation
epithelial defects
goblet cell proliferation

Pathophysiological mechanisms
of DED at the cellular level

Source: Alves M. et al., Arqg Bras
Oftalmol. 2014



There is increasing evidence that
the dry eye disease leads to inflam-
mation of the ocular surface and
is partially responsible for ocular
surface epithelial diseases and ir-
ritation symptoms that develop. In-
flammation may be caused by differ-
ent factors, including desiccation,
hyperosmolarity, alteration in the
tear film composition, and micro
trauma of the eyelids. Whatever the
initial etiology of DED, once it de-
velops, inflammation becomes the
core mechanism of ocular surface
disease.

Exposure to ozone exacerbates the
adverse effects of allergic reactions
by enhancing the production of the
IgE. Current studies show that pa-
tients with chronic allergic or atop-
ic tendencies may have less toler-
ance for additional environmental
antigen stimulation®.

Antioxidative defenses in the ocu-
lar surface occur in the form of tear
proteins such as lactoferrin and
S100A proteins and enzymes like
superoxide dismutase (SOD), peroxi-
dase, catalase, and mitochondrial
oxidative enzymes. An imbalance
between the level of reactive oxygen
species (ROS) and the action of pro-
tective enzymes will lead to oxida-
tive damage and possibly inflamma-
tion>.

The manifestations of the pseudo-
allergic form of irritating conjunc-
tivitis include the following eye
problems as immediate effects of ex-
posure: watering, burning, redness,
irritation, itching, stinging, chronic
discomfort, dry eye symptoms, for-
eign body sensation, blurred vision,
increased sensitivity to light, in-
flammation of the cornea, and wors-
ening of allergic symptoms, which
can be minimal, middle or chronic®.
(Figure 2, 3)

Fig. 2.

The latest articles describes the tear
film as an interactive hydrated mu-
cin gel with the presence of lipids
and proteins distributed through-
out the gel. Eye moisture, which is
of optical and physiological impor-
tance, is maintained by the secre-
tion of lipids and aqueous solution
and the mucous layer. Lipids pre-

+

Figure 2, 3 Manifestations of the pseudo- allergic form of irritating conjunctivitis

vent evaporation and stabilize the
tear film, and any disruption of the
lipid secretion process will result in
increased evaporation and destabi-
lization of the tear film and conse-
quentially lead to DED.

Kjaeregaard et al. confirm that there
is a link between high humidity and



the stability of the tear film, empha-
sizing that air in a room should be
dry, cool, and with a humidity level
of 40%’.

In their study, Hwang et al. point
out that high ozone levels and low
humidity are the main causes of
DED in the Korean population®.

Another study showed that outpa-
tient visits for conjunctivitis sig-
nificantly increase during periods
of higher levels of air pollution and
the presence of PM particles in the
air® (Fu et al.).

Furthermore, the authors of the
study suggest a complexity of the
clinical picture of DED, with symp-
toms of the condition including not
only those related to the dry eye dis-
ease, but eye infections and irrita-
tion, dry cough, itching of the nose,
fluctuation vision, etc. Analyses
confirm that PM particles present
on the surface of the eye are more
damaging for eyes affected by the
dry eyve disease than they are for
healthy eves, suggesting that poor
air quality might be a factor in the
development of DED.

Discussion

Recognizing that insufficient tear
production and increased evapora-
tion are two different components
of DED that interact with the condi-
tion differently can lead to a signifi-
cant progress in the management of
this disease!®,

Identifying the presence of volatile
film instability in the various stag-
es of DED and understanding that
the thickness of the lipid layer can
determine the stability of the tear
film can also improve the treatment

plans of individuals with the condi-
tion.

Evaluations of the effects of expo-
sure to pollution in patients with
irritating and perennial conjunc-
tivitis (PAC) contain evaluation of
the conjunctiva (hyperemia, hyper-
plasia, chemosis); evaluation of the
tear film lipid layer; ocular surface
staining and corneal involving; cor-
neal sensation; Schirmer test and
Tear film break up time; cultures
from the ocular surface or associ-
ated tissue and serum antibody bio-
markers and/or other serological
tests!12,

The diversity of the existing clinical
forms of DED and other conjunctival
and corneal diseases that may have
similar symptoms and clinical pre-
sentations leads to the conclusion
that diagnosing DED is not easy and
that it should be done by obtaining
different information with various
procedures.

New, non-invasive imaging methods
include the following: optical coher-
ence tomography (AS- OCT) for tear
meniscus; corneal biopsy for evalu-
ating the thickness and structure of
the cornea; corneal topography for
measuring the tear break-up time
and tear meniscus height; meibo-
mian gland imaging and osmolarity
testing, which measure the adverse
effects that exposure to high levels
of air pollution has on the ocular
surface; and using the Inflame Dry
Detector (RPS) to detect the produc-
tion of the inflammatory MMP- 9 cy-
tokine marker.

Findings about the link between in-
flammation with reduced secretion
of tears and subsequent damage to
the ocular surface have led to a pro-
posal for a unified concept of DED®.

5



Air pollutants may create tempo-
rary eye irritations, but eye redness
typically clears up when pollution
levels decrease. However, people liv-
ing in areas where the air contains
many pollutants are three to four
times more likely to develop an eye
condition called dry eye syndrome.
Four years of monitoring the air af-
ter the conclusion of the New York
State Department of Environmental
Conservation’s (NYSDEC’s) Tonawa-
nda Community Air Quality Study
showed a reduction in the concen-
trations of benzene and other air
pollutants within the Tonawanda
community’,

The interactions between differ-
ent microenvironment components
during the development of DED need
to be investigated as well. The ulti-
mate goal of DED management is to
revert the ocular surface and tear
film to their normal homeostatic
state. Awide range of therapeuticsis
available in treating DED, but evalu-
ating whether certain treatment in-
terventions can interfere with the
functions of other components and
cause unrelated complications or
exacerbate DED is crucial®.

Ophthalmologists need to check the
environmental histories of patients
with dry eyes and allergic conjunc-
tivitis. Environmental manipula-
tions, such as increasing local hu-
midity and decreasing the exposure
to air pollution, and encouraging
frequent blinking hydration, the
use of sunglasses, and the finding
of ways to increase indoor humidity
and making the necessary lifestyle
changes (AQI) are vital in prevent-
ing DED'.

Conclusion

Dry eye disease, pollution, and eye
allergy overlap, but their presenta-
tions can be different.

Future advancements in monitor-
ing technology and the development
of modern, non-invasive diagnostic
methods will help prove the link
between air pollutants and DED.
The points should be aimed at pre-
venting the global risks of antigenic
stimulation of “urban eye”.

The best way to alleviate the ef-
fects of air pollution on the eyes is
to avoid the same, but this is not al-
ways possible. A reasonable preven-
tion strategy would be to keep the
eves well lubricated with artificial
tears that don’t contain preserva-
tives and to keep an eye on cleaning
the caps and eyelashes after long-
term exposure to high levels of pol-
lution.
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