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Institute of Vision Research, Department of Ophthalmology, Yonsei University College of Medicine', Seoul, Korea
Department of Ophthalmology, Yongin Severance Hospital, Yonsei University College quedicinez, Yongin, Korea
Department of Ophthalmology, National Health Insurance Service llsan Hospital3, Goyang, Korea

Purpose: Dry eye disease (DED) has become a common ocular surface disorder in the recent decades, which can be influenced
by environmental factors. This study aimed to examine the clinical association between DED and ambient air pollutants.
Methods: A total of 216 patients (18 patients per each month) diagnosed with DED were enrolled in this retrospective study.
Ocular surface disease index (OSDI), tear film breakup time (TFBUT), fluorescein corneal staining (FCS), and Schirmer’s test 1
(ST1) were examined. The monthly concentrations of air pollutants in 2018 were obtained from the data released by the Korean
Ministry of Environment. Based on the mean of PM1o and PM. s, subgroup with exposure to low (L-PM) or high concentration of
PM (H-PM) was analyzed.

Results: Patients had moderate DED as high OSDI, low TFBUT, increased FSC, and decreased ST1. During the year 2018,
monthly variation of PM showed that May to October was the period of L-PM and January to April and November to December
was the period of H-PM. In subgroup analysis, patients in H-PM showed significantly higher OSDI, FCS, and lower ST1 com-
pared to in L-PM. However, there was no significant difference in TFBUT between subgroups.

Conclusions: DED was more severe in the period of H-PM than L-PM even though there was no difference in tear film instability
between both periods. Ambient inflammatory factors including PM might deteriorate ocular surface as well as tear secretion, re-
sulting in aggravating DED.
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Figure 1. Monthly variations in ambient air pollutant concentrations in the year 2018. (A) Ambient particulate matter (PM) with aer-
odynamic diameter < 10 pm (PM10) and <2.5 um (PM,s). The box indicates the period with low concentration of ambient PM based
on the mean concentration. (B) Carbon monoxide (CO), ozone (O3), nitrogen dioxide (NO;), and sulfur dioxide (SO,). All air pollu-
tant concentrations were measured in Goyang-si, Paju-si, Gimpo-si (Gyeonggi-do) and Eunpyeoung-gu (Seoul).

Table 3. Comparisons of clinical parameters among subgroups of dry eye patients according to exposure to low or high concen-
trations of ambient particulate matter

Variable L-PM (n = 108) H-PM (n = 108) p-value
Age (years) 60.6 +12.2 (62, 21-82) 62.7 + 11.8 (64, 21-82) ns
Sex, female 72 (66.7) 72 (66.7)

TFBUT (seconds) 4.6 +1.5(4,1-9) 45+1.8(4,1-9) ns
Fluorescein corneal staining score 1.6 +£1.3(1,1-4) 27+1.2(2,1-4) <0.01
Schirmer’s test 1 (mm) 8.7 +4.3(9,1-15) 4.9 +2.6 (6, 1-15) <0.01
OSDI score 25.3 +19.8 (22.5, 5.0-89.6) 36.3 +£23.2(31.3, 5.0-89.6) <0.01
NO; (ppm) 0.0152 + 0.0108 (0.0121) 0.0254 + 0.0165 (0.0222) ns
O (ppm) 0.0293 + 0.0198 (0.0264) 0.0226 + 0.0164 (0.0218) ns
CO (ppm) 0.337 + 0.138 (0.320) 0.525 + 0.255 (0.471) ns
SO, (ppm) 0.00287 + 0.00296 (0.0300) 0.00445 = 0.00277 (0.0399) ns
Relative humidity (%) 66.3 +7.0 (65.8) 79.6 2.5 (79.2) <0.01

Values are presented as mean + standard deviation (median, range) or number (%).

L-PM = subgroup of dry eye patients with exposure to low concentration of ambient particulate matter; H-PM = subgroup of dry eye patients
with exposure to high concentration of ambient particulate matter; TFBUT = tear film breakup time; OSDI = Ocular Surface Disease Index;
NO:; = nitrogen dioxide; O3 = ozone; CO = carbon monoxide; SO; = sulfur dioxide; ns = not significant.

p-values for comparisons between groups were determined with Mann—Whitney test.
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Figure 2. Comparison of clinical signs and symptoms between subgroups of dry eye patients in the year 2018. ns = not significant;
OSDI = ocular surface disease index; L-PM = subgroup of dry eye patients with exposure to low concentration of ambient partic-
ulate matter; H-PM = subgroup of dry eye patients with exposure to high concentration of ambient particulate matter. p-values for
comparisons between groups were determined with Mann—Whitney test. **p < 0.01.
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