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ENVIRONMENTAL CONTAMINATION

About 90% of the world's population is exposed to air pollutants beyond the limits of the World 
Health Organization (WHO) recommended. Due to regular contact of atmospheric air with the cornea, 
tear the fi lm, and conjunctiva, the pollutants present in the air have direct access to these ocular 
structures. Exposure to different parts of the eye to polluted air results in burning and redness of the 
eye, ocular disorders, and several other problems. Several studies have shown the drastic impact of 
air pollution on the eyes. In addition to these short-term effects, air pollution can also affect eyesight. 
Recently studies have linked air pollution exposure with the risk of glaucoma. Based on these fi ndings 
of inner retinal changes, the Exposure to urban air pollution particulate matter and ocular disorders 
suggests that PM2.5 may be an independent risk factor for glaucoma. The effects of air pollutants on 
the eyes are thought to be limited to the surface of the eye and simple eye irritation. While exposure to 
air pollution has a much greater impact on the eyes than we think. In this mini-review, we investigated 
ocular disorders following exposure to air pollution particulate matter.

ABSTRACT

Introduction
Air pollutants are a mixture of thousands of compounds including Carbon 

Monoxide (CO), Ozone (O3), Nitrogen Oxides (NOx), Sulfur Dioxide (SO2), Volatile 
Organic Compounds (VOCs) and Particulate Matter (PM) [1]. The relationship 
between air pollutants and human health has been studied for decades. These adverse 
health eff ects on humans include acute and chronic eff ects. Almost all systems of 
the human body can be aff ected. There was considerable evidence that air pollutants 
can have serious consequences for human respiratory and nervous health systems 
[2-5]. Retinal tissue and optic nerve are considered as part of the Central Nervous 
System (CNS) because their growth is the protrusions of an embryonic brain [6]. 
However, the eyes are often a neglected organ in environmental medicine. Most 
people predict that the eff ects of air pollutants on the eyes are limited to the surface 
of the eye and simple eye irritation. In fact, air pollutants have a much greater impact 
on the eyes than we think. Eyes, which are only protected by a thin layer of the tear 
fi lm, are very sensitive to external factors [7]. If the PM concentration in the air is 
high, it can cause clinical manifestation even on the same day. Conditions associated 
with air pollution are primarily: red eye syndrome, eye irritation, conjunctivitis, dry 
eye syndrome, discomfort, and meibomian gland dysfunction. A high concentration 
of PM in the air causes a narrowing of the retina’s vessels, which leads to disorders 
in its microcirculation.  Air pollution PM causes a toxic eff ect on the conjunctiva. 
The connection between air pollution and cataract is also being studied [5,7]. In this 
mini review, we examine some of the acute and chronic health eff ects of exposure 
to particulate matter on the eye (Figure 1).

Exposure to PM and eye surface disorders

Exposure to air pollutants due to direct contact with the surface of the eye 
can lead to eye irritation and signifi cant discomfort. Approximately half of people 
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exposed to higher levels of air pollutants complained 
of redness and burning of the eyes [8]. In addition, air 
pollutants lead to irritation and disturbances of the eye 
surface not only in the ambient air, but also in the indoor 
air environment. For those workers in buildings, indoor air 
pollutants, including gaseous and particulate pollutants, are 
one of the causes of the symptoms of sick building syndrome 
[9]. The results of a study showed that air pollutants actually 
have signifi cant eff ects on the incidence of dry eye without 
delay [10]. In a study in Japan, this signifi cant association 
was shown between exposure to PM and allergic conjunctiva 
without delayed eff ects [11]. In addition, not only for allergic 
conjunctivitis, similar results were reported for nonspecifi c 
conjunctivitis in a study from Taiwan. In that study, gaseous 
pollutants and airborne particles increased the risk of 
nonspecifi c conjunctivitis and these eff ects had no time lag 
[12]. The eff ect of non-delay observed in all the above studies 
was consistent with the results of the Paris study, which 
shows that the levels of air pollution are associated with an 
increase in emergency room visits [13]. Accordingly, many 
population-based studies support the belief that the ocular 
surface eff ect associated with air pollution is acute and has 
almost no time-delay eff ect. The following are possible 
mechanisms of ocular surface disorders. The tear layer, as 
the outermost layer of the eye surface, plays an important 
role in eye irritation and discomfort. For people exposed 
to air pollutants, tear evaporation rate, TBT, and corneal 
staining rates can be signifi cantly worse. The alternation 
of tear cytokines and the microstructure of the eye surface 
may lead to lacrimal layer problems for possible reasons. 
Increasing the concentration of tear chemicals explained the 
functional changes in tear lipids and their proliferation [14]. 
In addition, for tear physiology, the increase in a number 
of chemical factors associated with infl ammation at the 
surface of the eye after exposure to air pollutants confi rmed 
that exposure to air pollution increases the conjunctival 
infl ammatory levels of individuals [15]. In an animal study 
to examine PM-induced conjunctivitis, higher goblet cell 
densities were observed, along with strong eosinophil 

infi ltration into the conjunctiva. These fi ndings confi rm 
the change in the structure of conjunctival tissue after 
PM exposure [16]. In recent years, there is evidence at the 
molecular biological level that particles in the air may cause 
cell death in the human corneal epithelium [17].

Exposure to PM and blepharitis

In addition to changes in the corneal, conjunctival, and 
lacrimal epithelium, which in turn can lead to irritation, 
redness, and discomfort of the eye, exposure to air pollution 
PM is associated with blepharitis, which is associated with 
acute signs and symptoms on the surface of the eye. In 
one study, an increase in PM and CO concentrations was 
associated with an increased incidence of blepharitis without 
delay eff ects [18].

Exposure to PM and Retinal Vessel Narrowing

Both adults and children are prone to these health 
eff ects. The eff ect of air pollutants on the retina is on the 
microvascular structure. In one study, an increase in PM10 
monitoring data was associated with a decrease in Central 
Retinal Arterial Equivalent (CRAE) and Central Retinal 
Equivalent (CRVE). The eff ect can be seen after days of 
exposure to PM air [19]. The eff ects of retinal microvascular 
narrowing have also been observed in children due to the 
smaller particles, PM2.5. Another study involving repetitive 
retinal microvascular measurements was performed 
in children. The results showed that increased PM2.5 
exposure on the same day was associated with narrower 
arterial/venous structures of the retina [20]. The suggested 
mechanisms, in this case, are that air pollution causes 
systemic infl ammation. Another study suggested that PM 
aff ects miRNAs and that miRNAs are more likely to lead to 
infl ammation and oxidative stress [21]. This infl ammatory 
condition caused vascular endothelial dysfunction. The 
second possible mechanism is that air pollution causes 
sympathetic nerve activity and thus causes vascular smooth 
muscle contraction [20].

Figure 1 Acute and chronic health effects of exposure to air pollution particulate matter on the eyes.
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Chronic exposure to total hydrocarbons and non-
methane hydrocarbons increases the incidence of Central 
Retinal Artery Occlusion (CRAO). In addition to CRAO, 
airborne contaminants also lead to Central Retinal Vein 
Occlusion (CRVO). The possible mechanism of chronic 
air pollution exposure in retinal vessels is systemic 
infl ammation that may cause endothelial dysfunction. 
Systemic infl ammation also increases coagulation, and 
infl ammatory cytokines, including interleukin-1 beta, tumor 
necrosis factor-alpha, and interleukin-6, activate external 
coagulation. They also reduce tissue-type plasminogen 
activators and inhibit fi brinolysis [22]. In a population-based 
study, the relationship between short-term and long-term 
levels of air pollutants and microvascular characteristics 
was investigated using arterial vessel width as measured by 
retinal color images. A decrease in CRAE was observed in the 
presence of PM2.5 levels [23]. Air pollutants appear to have 
chronic eff ects on retinal vascular changes not only in adults 
but also in children. By measuring recent exposure (same 
and previous day) and chronic (annual average) exposure 
to air pollutants, the results showed signifi cant acute and 
chronic eff ects on children living closer to the main road. 
There are and children experience narrower arteries [20]. 
Narrowing of the retinal arteries, both arteries, and veins, 
can be even worse in other conditions and eventually 
lead to retinal artery occlusion. Which has been proven by 
various population-based studies. The risk of starting CRAO 
increased signifi cantly over a period of less than 1 week, 
following a 1 PPM increase in NO2 levels [9].

Exposure to PM and myopia

In recent years, there have been population-based 
studies that show an association between air pollution 
and the progression of myopia. The likelihood of myopia 
increases with exposure to higher levels of PM2.5 and 
NOx concentrations. According to the results of animal 
studies, exposure to airborne particles leads to increased 
infl ammation and further development of myopia [24]. In 
the study of the causes of myopia in the elderly 50 years 
and older, it was observed that exposure to particulate 
matter and O3 in the air is associated with an increase of 
more than ten percent in the prevalence of myopia [25]. In 
investigating the relationship between exposure to urban 
air pollutants and children, oxidative stress and systemic or 
local infl ammation were suggested as possible mechanisms 
of how to develop myopia due to exposure to air pollutants. 
Nitrogen dioxide and PM were signifi cantly associated with 
the occurrence of myopia [26].

Exposure to PM and glaucoma

Glaucoma is a common age-related degenerative 
neuropathy and one of the leading causes of global blindness. 
Increased Intraocular Pressure (IOP) is the most important 
modifi able risk factor for glaucoma and is suffi  cient to 
cause disease but is not necessary [27]. The exact etiological 

mechanisms involved in glaucoma are still unclear. People 
living in urban areas are 50 percent more likely to develop 
glaucoma than those living in rural areas, which makes air 
pollution a potential risk factor for glaucoma [28]. Recently, 
a link between glaucoma disability and national PM2.5 
levels has been suggested [29]. Some pathophysiological 
mechanisms such as infl ammation and increased oxidative 
stress are common in diseases of the cardiovascular and 
central nervous systems and glaucoma [30]. If air pollution 
is adversely associated with glaucoma, a new and potentially 
reversible risk factor may be added to air pollution reduction 
campaigns. Carbon monoxide is associated with glaucoma 
control by aff ecting intraocular pressure [31]. Apart from 
intraocular pressure, air pollutants can aff ect glaucoma 
control in a variety of ways. Ozone, NO and PM were found to 
be associated with Endothelin-1 (ET-1) system regulation. 
Increased ET-1, which can lead to vascular dysfunction, was 
a suggested reason for the progression of early wide-angle 
glaucoma [32]. Further exposure to PM2.5 was associated 
with glaucoma and adverse structural changes. Intraocular 
pressure suggests that this relationship may occur through 
a non-pressure mechanism, possibly neurological and / or 
vascular eff ects [33]. Also, the results of a cohort study on 
ten thousand children showed that exposure to airborne 
particles increase the incidence of glaucoma in childhood 
[34]. Recently, a new association has been reported between 
increased exposure to environmental PM2.5 and an 
increased risk of glaucoma. Internal retinal changes, as seen 
in glaucoma, were greater in people exposed to higher levels 
of PM2.5. These results suggest that exposure to PM2.5 air 
pollutants may be an independent risk factor for glaucoma, 
possibly caused by a neurovascular mechanism rather than 
an increase in IOP [33].

Conclusion
The eyes are a very vulnerable organ to air pollution. Long-

term and short-term exposure to air pollution is harmful. 
Exposure to high doses of PM and gaseous air pollutants 
can lead to conjunctival symptoms or dry eyes even on the 
same day. The lacrimal layer, cornea, and conjunctiva are in 
constant contact with ambient air, so the tiny PM in the air 
can directly aff ect them and interfere with their function. 
Clinical manifestations of exposure to air pollutants range 
from ineff ective or minimal to chronic discomfort and eye 
irritation. In those who wear contact lenses, eye irritation is 
exacerbated by air pollution. The association between poor 
air quality and the development of conjunctivitis and dry eye 
syndrome has been extensively investigated and reported. 
The impact of PM air pollution is not limited to the surface 
of the eye. There are studies that link exposure to fi ne PM 
air pollution with cataracts and circulatory disorders in the 
retina. Therefore, the most important issue is to provide 
systemic solutions to reduce engine emissions and other 
exhausts to minimize air pollution.



737Ehsanifar M, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1506

How to cite this article: Ehsanifar M, Ghadim BK. Exposure to Urban Air Pollution Particulate Matter and Ocular Disorders. J Biomed Res Environ Sci. 2022 June 30; 3(6): 734-737. doi: 
10.37871/jbres1506, Article ID: JBRES1506, Available at: https://www.jelsciences.com/articles/jbres1506.pdf

References
1. Jonidi JA, Ehsanifar M. The share of different vehicles in air pollutant emission 

in tehran, using 2013 traffi  c information. Caspian Journal of Health Research. 
2016;2(2):28-36.

2. Ehsanifar M, Montazeri Z, Rafati M. Neurotoxicity related exposure to ambient 
nanoparticles. 2022. doi:10.29328/journal.jnnd.1001060

3. Ehsanifar M, Banihashemian S. Exposure to air pollution nanoparticles: Oxidative 
stress and neuroinfl ammation. J Biomed Res Environ Sci. 2021;2(10):964-976.

4. Ehsanifar M, Tameh AA, Farzadkia M, Kalantari RR, Zavareh MS, Nikzaad H, Jafari AJ. 
Exposure to nanoscale diesel exhaust particles: Oxidative stress, neuroinfl ammation, 
anxiety and depression on adult male mice. Ecotoxicol Environ Saf. 2019 Jan 
30;168:338-347. doi: 10.1016/j.ecoenv.2018.10.090. Epub 2018 Nov 2. PMID: 
30391838.

5. Chen CC. Association between particulate matter exposure and short-term prognosis 
in patients with pneumonia. Aerosol and Air Quality Research. 2020;20(1):89-96.

6. Sebastian ET. The complexity and origins of the human eye: A brief study on the 
anatomy, physiology, and origin of the eye. 2010.

7. Mannucci PM, Franchini M. Health effects of ambient air pollution in developing 
countries. International Journal of environmental research and public health. 
2017;14(9):1048.

8. Saxena R, Srivastava S, Trivedi D, Anand E, Joshi S, Gupta SK. Impact of environmental 
pollution on the eye. Acta Ophthalmol Scand. 2003 Oct;81(5):491-494. doi: 
10.1034/j.1600-0420.2003.00119.x. PMID: 14510797.

9. Cheng HC, Pan RH, Yeh HJ, Lai KR, Yen MY, Chan CL, Wang AG. Ambient air pollution 
and the risk of central retinal artery occlusion. Ophthalmology. 2016 Dec;123(12):2603-
2609. doi: 10.1016/j.ophtha.2016.08.046. Epub 2016 Oct 13. PMID: 27745901.

10. Mo Z, Fu Q, Lyu D, Zhang L, Qin Z, Tang Q, Yin H, Xu P, Wu L, Wang X, Lou X, Chen 
Z, Yao K. Impacts of air pollution on dry eye disease among residents in Hangzhou, 
China: A case-crossover study. Environ Pollut. 2019 Mar;246:183-189. doi: 10.1016/j.
envpol.2018.11.109. Epub 2018 Dec 4. PMID: 30543944.

11. Mimura T, Ichinose T, Yamagami S, Fujishima H, Kamei Y, Goto M, Takada S, 
Matsubara M. Airborne particulate matter (PM2.5) and the prevalence of allergic 
conjunctivitis in Japan. Sci Total Environ. 2014 Jul 15;487:493-499. doi: 10.1016/j.
scitotenv.2014.04.057. Epub 2014 May 4. PMID: 24802272.

12. Chang CJ, Yang HH, Chang CA, Tsai HY. Relationship between air pollution and 
outpatient visits for nonspecifi c conjunctivitis. Invest Ophthalmol Vis Sci. 2012 Jan 
25;53(1):429-433. doi: 10.1167/iovs.11-8253. PMID: 22205603.

13. Bourcier T, Viboud C, Cohen JC, Thomas F, Bury T, Cadiot L, Mestre O, Flahault A, 
Borderie V, Laroche L. Effects of air pollution and climatic conditions on the frequency 
of ophthalmological emergency examinations. Br J Ophthalmol. 2003 Jul;87(7):809-
811. doi: 10.1136/bjo.87.7.809. PMID: 12812873; PMCID: PMC1771754.

14. Rummenie VT, Matsumoto Y, Dogru M, Wang Y, Hu Y, Ward SK, Igarashi A, Wakamatsu 
T, Ibrahim O, Goto E, Luyten G, Inoue H, Saito I, Shimazaki J, Tsubota K. Tear cytokine 
and ocular surface alterations following brief passive cigarette smoke exposure. 
Cytokine. 2008 Aug;43(2):200-208. doi: 10.1016/j.cyto.2008.05.011. Epub 2008 Jul 
3. PMID: 18602273.

15. Fujishima H, Satake Y, Okada N, Kawashima S, Matsumoto K, Saito H. Effects of diesel 
exhaust particles on primary cultured healthy human conjunctival  epithelium. Ann 
Allergy Asthma Immunol. 2013 Jan;110(1):39-43. doi: 10.1016/j.anai.2012.10.017. 
Epub 2012 Nov 17. PMID: 23244657.

16. Tang YJ, Chang HH, Chiang CY, Lai CY, Hsu MY, Wang KR, Han HH, Chen LY, Lin DP. 
A murine model of acute allergic conjunctivitis induced by continuous exposure to 
particulate matter 2.5. Invest Ophthalmol Vis Sci. 2019 May 1;60(6):2118-2126. doi: 
10.1167/iovs.18-26214. PMID: 31099828.

17. Park EJ. Nano-sized iron particles may induce multiple pathways of cell death 
following generation of mistranscripted RNA in human corneal epithelial cells. 
Toxicology in Vitro. 2017;42:348-357.

18. Malerbi FK, Martins LC, Saldiva PH, Braga AL. Ambient levels of air pollution induce 
clinical worsening of blepharitis. Environ Res. 2012 Jan;112:199-203. doi: 10.1016/j.
envres.2011.11.010. Epub 2011 Dec 26. PMID: 22204918.

19. Louwies T, Panis LI, Kicinski M, De Boever P, Nawrot TS. Retinal microvascular 

responses to short-term changes in particulate air pollution in healthy adults. Environ 
Health Perspect. 2013 Sep;121(9):1011-1016. doi: 10.1289/ehp.1205721. Epub 2013 
Jun 18. PMID: 23777785; PMCID: PMC3764070.

20. Provost EB, Int Panis L, Saenen ND, Kicinski M, Louwies T, Vrijens K, De Boever 
P, Nawrot TS. Recent versus chronic fi ne particulate air pollution exposure as 
determinant of the retinal microvasculature in school children. Environ Res. 2017 
Nov;159:103-110. doi: 10.1016/j.envres.2017.07.027. Epub 2017 Aug 5. PMID: 
28783615.

21. Louwies T, Vuegen C, Panis LI, Cox B, Vrijens K, Nawrot TS, De Boever P. MiRNA 
expression profi les and retinal blood vessel calibers are associated with short-term 
particulate matter air pollution exposure. Environ Res. 2016 May;147:24-31. doi: 
10.1016/j.envres.2016.01.027. Epub 2016 Feb 1. PMID: 26836502.

22. Zhang HW, Lin CW, Kok VC, Tseng CH, Lin YP, Li TC, Sung FC, Wen CP, Hsiung CA, Hsu 
CY. Incidence of retinal vein occlusion with long-term exposure to ambient air pollution. 
PLoS One. 2019 Sep 24;14(9):e0222895. doi: 10.1371/journal.pone.0222895. PMID: 
31550294; PMCID: PMC6759191.

23. Adar SD, Klein R, Klein BE, Szpiro AA, Cotch MF, Wong TY, O'Neill MS, Shrager S, 
Barr RG, Siscovick DS, Daviglus ML, Sampson PD, Kaufman JD. Air Pollution and 
the microvasculature: A cross-sectional assessment of in vivo retinal images in the 
population-based multi-ethnic study of atherosclerosis (MESA). PLoS Med. 2010 Nov 
30;7(11):e1000372. doi: 10.1371/journal.pmed.1000372. PMID: 21152417; PMCID: 
PMC2994677.

24. Wei CC, Lin HJ, Lim YP, Chen CS, Chang CY, Lin CJ, Chen JJ, Tien PT, Lin CL, Wan L. 
PM2.5 and NOx exposure promote myopia: Clinical evidence and experimental proof. 
Environ Pollut. 2019 Nov;254(Pt B):113031. doi: 10.1016/j.envpol.2019.113031. Epub 
2019 Aug 15. PMID: 31454569.

25. Ruan Z, Qian ZM, Guo Y, Zhou J, Yang Y, Acharya BK, Guo S, Zheng Y, Cummings-
Vaughn LA, Rigdon SE, Vaughn MG, Chen X, Wu F, Lin H. Ambient fi ne particulate 
matter and ozone higher than certain thresholds associated with myopia in the 
elderly aged 50 years and above. Environ Res. 2019 Oct;177:108581. doi: 10.1016/j.
envres.2019.108581. Epub 2019 Jul 9. PMID: 31323395.

26. Dadvand P, Nieuwenhuijsen MJ, Basagaña X, Alvarez-Pedrerol M, Dalmau-Bueno 
A, Cirach M, Rivas I, Brunekreef B, Querol X, Morgan IG, Sunyer J. Traffi  c-related air 
pollution and spectacles use in schoolchildren. PLoS One. 2017 Apr 3;12(4):e0167046. 
doi: 10.1371/journal.pone.0167046. PMID: 28369072; PMCID: PMC5378327.

27. Leske MC, Connell AM, Wu SY, Hyman LG, Schachat AP. Risk factors for open-angle 
glaucoma. The Barbados Eye Study. Arch Ophthalmol. 1995 Jul;113(7):918-924. doi: 
10.1001/archopht.1995.01100070092031. PMID: 7605285.

28. Vijaya L, George R, Baskaran M, Arvind H, Raju P, Ramesh SV, Kumaramanickavel 
G, McCarty C. Prevalence of primary open-angle glaucoma in an urban south Indian 
population and comparison with a rural population. The Chennai Glaucoma Study. 
Ophthalmology. 2008 Apr;115(4):648-654.e1. doi: 10.1016/j.ophtha.2007.04.062. 
Epub 2007 Jul 30. PMID: 17664010.

29. Wang W, He M, Li Z, Huang W. Epidemiological variations and trends in health burden 
of glaucoma worldwide. Acta Ophthalmol. 2019 May;97(3):e349-e355. doi: 10.1111/
aos.14044. Epub 2019 Feb 20. PMID: 30790460.

30. Sivak JM. The aging eye: Common degenerative mechanisms between the Alzheimer's 
brain and retinal disease. Invest Ophthalmol Vis Sci. 2013 Jan 30;54(1):871-880. doi: 
10.1167/iovs.12-10827. PMID: 23364356.

31. Bucolo C, Drago F. Carbon monoxide and the eye: Implications for glaucoma therapy. 
Pharmacol Ther. 2011 May;130(2):191-201. doi: 10.1016/j.pharmthera.2011.01.013. 
Epub 2011 Feb 2. PMID: 21295073.

32. Finch J, Conklin DJ. Air pollution-induced vascular dysfunction: potential role 
of endothelin-1 (ET-1) system. Cardiovasc Toxicol. 2016 Jul;16(3):260-275. doi: 
10.1007/s12012-015-9334-y. PMID: 26148452; PMCID: PMC4704997.

33. Chua SYL, Khawaja AP, Morgan J, Strouthidis N, Reisman C, Dick AD, Khaw PT, Patel 
PJ, Foster PJ; UK Biobank Eye and Vision Consortium. The relationship between 
ambient atmospheric fi ne particulate matter (PM2.5) and glaucoma in a large 
community cohort. Invest Ophthalmol Vis Sci. 2019 Nov 1;60(14):4915-4923. doi: 
10.1167/iovs.19-28346. PMID: 31764948.

34. Min KB, Min JY. Association of ambient particulate matter exposure with the incidence 
of glaucoma in childhood. Am J Ophthalmol. 2020 Mar;211:176-182. doi: 10.1016/j.
ajo.2019.11.013. Epub 2019 Nov 14. PMID: 31734134.


