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Abstract
Background

This study aimed to examine the association of suspended particulate matter (SPM) with outpatient
attendance for allergic conjunctivitis.

Methodology

The information on air pollution, encompassing total hydrocarbons, non-methane hydrocarbons, methane,
carbon monoxide, nitrogen oxide, nitric oxide, oxidants, and SPM alongside data concerning daily weather
conditions such as temperature, wind speed, and humidity, was gathered. Subsequently, the weekly mean
values for outpatient visits, air pollution, and weather parameters were computed.

Results

The number of outpatient visits for allergic conjunctivitis was significantly associated with SPM levels (r =
0.70, p = 0.0037), oxidant levels (r = 0.70, p = 0.0038), wind speed (r = 0.48, p = 0.0472), and humidity (r =
0.77, p = 0.0009) from January to March, as well as SPM levels (r = 0.53, p = 0.0309) and carbon monoxide (r =
0.56, p = 0.0230) from April to June. Multivariate analysis showed that SPM (odds ratio = 1.37, p = 0.0161)
and wind velocity (odds ratio = 1.52, p = 0.0038) were significant predictors of the number of outpatient
visits from January to December.

Conclusions

SPM levels were the only independent predictor of outpatient visits for allergic conjunctivitis, suggesting
that SPM contributes to the pathophysiology of this condition.

Categories: Public Health, Ophthalmology, Allergy/Immunology
Keywords: environment, suspended particulate matter, outpatient attendance, allergic conjunctivitis, air pollution

Introduction

Tokyo is a typical example of a megacity. Megacities have a global impact on air quality because their
automobiles, trucks, buses, and motorcycles are commonly responsible for a considerable amount of air
pollution. In December 2000, the Tokyo Metropolitan Assembly passed an ordinance regulating diesel-
powered vehicles [1]. In October 2003, the Tokyo Metropolitan Government began to regulate emissions
from diesel-powered trucks and buses in cooperation with eight local governments of the Kanto district near
Tokyo. After these legal restrictions on the use of diesel vehicles came into force, air pollution gradually
improved in Tokyo [2,3].

However, particulate air pollution has increased over the past few decades in many cities around the world
due to more motor vehicle traffic and industrial emissions. In Japan, the Japanese Air Quality Standard was
formulated to assess and compare air pollution levels among different areas. Ambient particulate matter
with an aerodynamic diameter of 2.5 ym or less (PM3 5) and suspended particulate matter (SPM) are

generally used as the indexes of air pollution. According to the Japanese Air Quality Standard, SPM is
defined as particles with an aerodynamic with a diameter of less than 10 um by the 100% cutoff point, which
approximately corresponds to particulate matter <7 mm in aerodynamic diameter by the 50% cutoff point
[4,5]. Studies have indicated that exposure to PM), s is associated with cardiopulmonary mortality [6-10], as

well as with the development of asthma [11] and respiratory disease [12-14], while other studies have
produced evidence that SPM is associated with respiratory health [5,15-17].

There have been limited epidemiological studies on the association between air pollutants and ocular
diseases. Photochemical air pollution has been reported to have an effect on the conjunctival goblet cells
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[18] and to cause ocular irritation and discomfort [19]. In severe cases, air pollution has been reported to
affect visual function [20]. Examination of a year-long dataset regarding air pollutants in Paris revealed a
correlation between the degree of air pollution and a temporary surge in visits to an ophthalmology
emergency department [21]. Exposure to high levels of air pollutants has various adverse effects on ocular
surface health, such as photophobia, eye strain, irritation, dry eye, and watering [22]. Furthermore, elevated
atmospheric concentrations of nitrogen dioxide (NO5) and nitric oxide (NO) impact the pH of tears, which

diminishes as atmospheric sulfur dioxide (SO,) levels rise [23]. Air pollutants such as nitrogen oxides (NOx)
and ozone (Oz) have been reported to worsen symptoms related to allergic reactions in the nose and eyes
[24]. Furthermore, an increase in integrated air pollutants such as PM, Oz, SOy, and NO, has been reported

to increase medical appointments for unspecified conjunctivitis at outpatient clinics [25].

However, very little has been published about the impact of air pollutants on the pathogenesis of allergic
conjunctivitis [26]. We previously showed that the PM, s level is an independent predictor of outpatient

visits for allergic conjunctivitis during the non-pollen season [27]. SPM may frequently induce a worsening
of allergic conjunctivitis due to a stronger irritant effect compared with PM; 5 because SPM has a larger

diameter. However, no epidemiological investigation of the influence of SPM on allergic conjunctivitis has
been conducted. Accordingly, the present study aimed to investigate the influence of exposure to SPM on
morbidity due to allergic conjunctivitis. For this purpose, we examined the relationship between the level of
SPM and outpatient attendance rates for allergic conjunctivitis. The present report covers part of the results
of our investigation into the association of PM; s with rates of outpatient visits related to allergic

conjunctivitis [27].

Materials And Methods
Study region and survey of outpatient visits

This research received approval from the Institutional Review Board of Tokyo Women’s Medical University
(#4161) and was conducted following the principles of the Helsinki Declaration. The investigation was
conducted prospectively at Nerima West Eye Clinic (Tokyo, Japan) between January 1 and December 31,
2012. We documented the daily count of outpatient visits attributed to allergic conjunctivitis. Subsequently,
we computed the mean number of outpatient visits per week for each week throughout the year and utilized
these weekly averages for analysis. Allergic conjunctivitis was identified through clinical diagnosis in
accordance with the published guidelines [28].

Observation of atmospheric circumstances

Information regarding atmospheric conditions was acquired from the Japan Meteorological Agency
(http://www.jma.go.jp/jma/index.html) and the Japan Ministry of the Environment
(http://www.env.go.jp/en/). The data on humidity, wind speed, and temperature, as well as the daily
concentrations of total hydrocarbons (THC), non-methane hydrocarbons (NMH), methane (CHy), carbon

monoxide (CO), NOx, NO,, NO, oxidants (Ox), and SPM were obtained. According to reports from the Japan

Meteorological Agency, concentrations of air quality factors were measured using either a high-performance
liquid chromatograph-UV detector or a gas chromatograph-mass spectrometer.

Statistical analysis

Mean values were compared using the one-way analysis of variance and Scheffe’s multiple comparison test.
To explore connections between continuous variables, Pearson’s two-tailed correlation coefficients were
computed, and discrepancies between the correlation coefficients were assessed through Fisher’s Z
transformation. Factors displaying a significant correlation with outpatient visits for allergic conjunctivitis
were identified via forward stepwise multiple logistic regression analysis. Statistical significance was
established at p-values <0.05. SAS System 9.1 software (SAS Institute Inc., Cary, North Carolina, USA) was
utilized for statistical analysis.

Results

During the study period, out of 30,749 patients visiting the clinic, 6,145 were diagnosed with allergic
conjunctivitis. Table I presents the mean daily count of clinic visitors and the environmental factors
categorized by each season. There were no substantial variations in the total daily clinic attendance across
the four seasons. However, the environmental factors exhibited notable distinctions across seasons, as
determined by one-way analysis of variance (p < 0.05).
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Variable

Outpatients with allergic
conjunctivitis

Ox (ppb)

NO (ppb)

NO> (ppb)

NOx (ppb)

CO (0.01ppm)
CHy4 (0.01ppm)
NMH (0.01ppm)
THC (0.01ppm)
Wind velocity (0.1 m/s)
Temperature (°C)
Humidity (%)

SPM (mg/m®)

Winter January— Spring April- Summer July— Autumn October— *P-
March June September December value
179+7.7 16.4+3.5 171+ 3.5 149+2.6 0.4781
234+84 38.8 £8.0 254 +55 17.3+53 <0.0001
8.1+52 1.0+0.5 21+0.6 125+10.7 <0.0001
20.4 £3.7 13.7+2.0 122+24 20.5+4.3 <0.0001
285+7.9 148+24 142+23 329+ 142 <0.0001
40+0.5 3.0+£0.3 25+0.6 41+0.8 <0.0001
197.9+23 1929+ 1.4 188.1+3.4 198.0+ 2.9 <0.0001
19.1+2.4 170+ 1.6 17.2+1.8 20.3+34 0.0025
217.0+4.5 209.8£2.6 205.3+4.6 218.3+6.1 <0.0001
136+2.6 9.4+£39 85+25 8.0+£29 <0.0001
52126 176+3.5 26.1+2.3 10.3+4.9 <0.0001
546 +9.4 69.1+95 759+4.6 65.3+6.5 <0.0001
18.3+4.6 23.0+4.3 243+74 176+3.2 0.0033

TABLE 1: Comparison of outpatient counts and environmental variables across seasons.

Data are shown as the mean + standard deviation. *: One-way analysis of variance and Scheffe’s multiple comparison test.

O, = oxidants; NO = Nitric oxide; NO, = nitrogen dioxide; NOy = nitrogen oxides; CO = carbon monoxide; CH, = methane; NMH = non-methane

hydrocarbons; THC = total hydrocarbons; SPM = suspended particulate matter

The number of daily outpatient visits for allergic conjunctivitis varied greatly, spanning from 0 to 62. Figure
1 illustrates the mean weekly counts of total daily outpatients and those specifically for allergic
conjunctivitis between January and December. Throughout this duration, three peaks in allergic
conjunctivitis outpatient visits were evident, occurring during the final week of February, the closing week of
July, and the initial week of September.
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FIGURE 1: Seven-day average values for the total daily number of
outpatients and the number of outpatients with allergic conjunctivitis.

Figure 2 shows the seven-day average levels of each air pollutant and other parameters. Figure 3
demonstrates the relationship between the seven-day average level of SPM and the seven-day average
values for the daily number of outpatients with allergic conjunctivitis. The level of SPM and the number of
outpatients varied proportionally from January to February and April to May, and the number of outpatients
also tended to vary with SPM after a delay of about one week from August to December (Figure 3). However,
the number of outpatients changed independently of the SPM level during March, which is the beginning of
the pollen season in Japan (Figure 3).
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FIGURE 2: Seven-day average levels of air pollutants (A and B) and
environmental parameters (C).

(A) Atmospheric levels of oxidants, nitric oxide, nitrogen dioxide, and nitrogen oxide (ppb). (B) Atmospheric levels
of carbon monoxide, methane, non-methane hydrocarbons, and total hydrocarbons (0.01 ppm). (C)
Environmental parameters, including wind velocity (0.1 m/s), temperature (°C), and humidity (%).
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FIGURE 3: Seasonal changes in the number of outpatients with allergic
conjunctivitis and the atmospheric level of SPM from January to
December.

SPM = suspended particulate matter

We divided the study period into four seasons (January to March, April to June, July to September, and
October to December). As shown in Table 2, there was a positive correlation with the number of outpatients
for the level of Ox (r = 0.70, p = 0.0077), temperature (r = 0.77, p = 0.0019), and SPM (r = 0.70, p = 0.0073)
during winter from January to March, as well as a correlation with CO (r = 0.56, p = 0.0460) during spring
from April to June (two-tailed Pearson’s correlation coefficient). Conversely, no associations were found
between the outpatient count and any of the variables from July to December, covering the summer and
autumn seasons (Table 2).
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Correlation coefficient

Variable

Ox

NO

NO,

NOyx

co

CHy

NMH

THC

Wind velocity
Temperature
Humidity

SPM

January—March

R

0.70

-0.62

-0.20

-0.56

-0.43

-0.62

-0.54

-0.65

0.48

0.77

0.32

0.70

95% CI

0.24-0.90

-0.87-0.11

-0.67-0.40

-0.85-0.01

-0.79-0.16

-0.87-0.11

-0.84-0.01

-0.88-0.15

-0.09-0.82

0.39-0.93

-0.28-0.74

0.25-0.90

P-value

0.0077

0.0230

0.5187

0.0490

0.1400

0.0226

0.0562

0.0166

0.0944

0.0019

0.2804

0.0073

April-June

R 95% Cl
0.46 -0.12-0.81
0.07 -0.50-0.60
0.14 -0.44-0.64
0.13  -0.45-0.63
0.56 0.01-0.85
0.37 -0.22-0.77
0.13 -0.45-0.64
0.27 -0.33-0.71
0.40 -0.19-0.78
-0.62 -0.87-0.11
-0.53 -0.84-0.03
0.53 -0.03-0.84

P-value

0.1103

0.8089

0.6460

0.6741

0.0460

0.2074

0.6733

0.3812

0.1731

0.0231

0.0627

0.0618

July—September

R

0.15

0.13

0.07

0.10

0.09

0.02

-0.33

-0.12

-0.06

0.04

-0.04

0.01

95% ClI

-0.42-0.63

-0.43-0.62

-0.48-0.58

-0.46-0.60

-0.46-0.60

-0.52-0.54

-0.73-0.24

-0.61-0.44

-0.57-0.48

-0.50-0.56

-0.56-0.50

-0.52-0.54

P-value

0.6144

0.6472

0.8155

0.7392

0.7474

0.9589

0.2441

0.6930

0.8306

0.8787

0.8835

0.9658

October—December

R

0.46

-0.31

-0.15

-0.28

-0.35

-0.10

-0.15

-0.13

-0.29

0.46

-0.21

0.20

95% ClI

-0.12-0.81

-0.74-0.29

-0.65-0.44

-0.72-0.32

-0.75-0.25

-0.62-0.47

-0.65-0.43

-0.63-0.46

-0.73-0.31

-0.12-0.81

-0.68-0.38

-0.39-0.68

TABLE 2: Correlation between the number of patients with allergic conjunctivitis and

environmental factors in each season.

Correlations between weekly averages for the daily number of outpatients with allergic conjunctivitis in each season and the seven-day average levels of

P-value

0.1108

0.2980

0.6213

0.3484

0.2457

0.7351

0.6182

0.6791

0.3280

0.1106

0.4894

0.5135

each parameter were calculated by the two-tailed Pearson’s product moment formula. R = two-tailed Pearson’s correlation coefficient; Cl = confidence

interval.

O, oxidants; NO = nitric oxide; NO, = nitrogen dioxide; NO, = nitrogen oxides; CO = carbon monoxide; CH, = methane; NMH = non-methane

hydrocarbons; THC = total hydrocarbons; SPM = suspended particulate matter

The outpatient count increased concurrently with the escalation of SPM from January through June. (Figures
4A-4C), but there was no relationship between July and December (Figures 4D, 4F).
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FIGURE 4: Relationship between the seven-day average daily number of
outpatients with allergic conjunctivitis and the seven-day average PM2.5
level (mg/m3).

(A) Relationship from January to December. (B) Relationship from January to March. (C) Relationship from April
to June. (D) Relationship from July to September. (E) Relationship from October to December. The horizontal axis
is the concentration of SPM, and the vertical axis indicates the number of patients.

SPM = suspended particulate matter

Figure 5 shows seasonal changes in the correlation between the seven-day average daily number of
outpatients with allergic conjunctivitis and the seven-day average levels of air pollutants and environmental
parameters. Correlation coefficients for the relationship between daily outpatients with allergic
conjunctivitis and the level of SPM were above 0.3 in every month except for March and December. On the

2024 Mimura et al. Cureus 16(1): €53292. DOI 10.7759/cureus.53292

8 of 14


https://assets.cureus.com/uploads/figure/file/873806/lightbox_79a17e50aa2611eea55b1597748956d8-Mimura-Figure4.png
javascript:void(0)

other hand, correlations of the other parameters with outpatient visits varied greatly during the study

period.

~+0Oxidants
1 ~=Nitric Oxide
~+Nitrogen Dioxide

>

us]

—-Carbon Monoxide
—~+~Methane
~Nonmethane Hydrocarbons

E ~—Nitrogen Oxides E —Total Hydrocarbons
5 05 L8 05
£ g
& o
g o
c 0 c o
8 2
5 =
g 05 2 .05
& Q
&} Q
-1 -1
cC O = 5 >c 35 9 T 2 © = - S > c 35 O o 2 9
§85835385328838 2012 sg22823328028 201

O
o

5 5
5 05 5 05
= =
[ [
8 3
0 0
E —~Wind velocity E
K *Lemf)gmtwe ®
S 05 ~Humidity S 05
5 5
o [&] —~—SPM
-1 B
C 05 5 >2c 35 Dag z Q €c o =5 >c 35 D2ap 2 @
sps2E3328028 2012 se=<2E83328028 2012

FIGURE 5: Seasonal changes of the correlations between the seven-day
average daily number of outpatients with allergic conjunctivitis and the
seven-day average levels of air pollutants and environmental
parameters.

(A) Variation in the correlation coefficient between the concentration of oxidants, nitric oxide, nitrogen dioxide, and
nitrogen oxides and the number of patients. (B) Variation in the correlation coefficient between the concentration
of carbon monoxide, methane, non-methane hydrocarbons, and total hydrocarbons and the number of patients.
(C) Variation in the correlation coefficient between wind velocity, temperature, and humidity and the number of
patients. (D) Variation in the correlation coefficient between SPM and the number of patients.

Table 3 displays correlations between selected variables and the number of outpatients with allergic
conjunctivitis (two-tailed Pearson’s product moment formula). The number of outpatients with allergic
conjunctivitis was positively correlated with Oy (r = 0.33, p = 0.0172) and SPM (r = 0.33, p = 0.0161), while it
was negatively correlated with NO (r = -0.28, p = 0.0430). The multivariate analysis indicated a connection

between the count of allergic conjunctivitis-related outpatients and the wind speed (odds ratio (OR) = 1.52, p
=0.0038) and SPM level (OR = 1.37, p = 0.0038).
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Variable

Ox

NO

NO,

NOyx

co

CHy

NMH

THC

Wind velocity
Temperature
Humidity

SPM

0.33

-0.28

-0.08

-0.22

-0.13

-0.13

-0.26

-0.19

0.24

0.09

-0.01

0.33

Correlation coefficient Multivariate analysis

95% ClI P-value OR P-value
0.06-0.55 0.0172 - -
-0.51-0.01 0.0430 - -
-0.34-0.19 0.5613 - -
-0.46-0.06 0.1164 - -
-0.38-0.15 0.3625 - -
-0.39-0.15 0.3593 - -
-0.50-0.01 0.0596 - -
-0.44-0.08 0.1664 - -
-0.03-0.48 0.0815 1.52 0.0038
-0.19-0.35 0.5229 - -
0.28-0.26 0.9430 - -
0.06-0.55 0.0161 1.37 0.0161

TABLE 3: Correlation coefficients and multivariate odds ratios for predictors of the number of
outpatients from January to December 2012.

Correlations between weekly averages for the daily number of outpatients with allergic conjunctivitis and the seven-day average levels of each parameter
were calculated by the two-tailed Pearson’s product moment formula. R = two-tailed Pearson’s correlation coefficient. Independent determinants of the
number of outpatients with allergic conjunctivitis were investigated by multiple logistic regression analysis. OR = odds ratio.

O,: oxidants; NO = nitric oxide; NO, = nitrogen dioxide; NO, = nitrogen oxides; CO = carbon monoxide; CH, = methane; NMH = non-methane

hydrocarbons; THC = total hydrocarbons; SPM = suspended particulate matter

Correlations were also investigated among pollutants and environmental parameters during the study period
(Table 4). The level of SPM was positively correlated with that of Oy (r=0.51, p < 0.0001), as well as with

temperature (r = 0.49, p=0.0002) and humidity (r = 0.37, p = 0.0063), while it was negatively correlated with
NO (r = -0.37, p = 0.0059), NOx (r = -0.35, p = 0.0099), CHy4 (r = -0.36, p = 0.0089), and THC (r = -0.30, p =

0.0319) (Table 4).
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NO

NO,

NOy

co

CHy

NMH

THC

Wind velocity
Temperature
Humidity

SPM

Ox
-0.61*
-0.54*
-0.63*
-0.40*
-0.32*
-0.50*
-0.42*
0.10
0.35*
0.15

0.51*

NO, NOx co CHy NMH THC  Wind Velocity TP Humidity

0.73*

0.96* 0.90*

0.74* 0.93* 0.88*

0.64* 0.89* 0.79* 0.90*

0.78* 0.79* 0.84* 0.78* 0.68*

0.75* 0.92* 0.88* 0.93* 0.96* 0.86*

0.07 0.03 0.11 0.11 -0.18 0.01

-0.57*  -0.82* -0.72* -0.83* -0.89* -0.51* -0.82* -0.42*

-0.35*  -0.48* -0.44* -0.48* -0.54* -0.25* -0.48* -0.61* 0.72¢

-0.37* -0.25 -0.35*  -0.20 -0.36*  -0.11 -0.30*  -0.17 0.49*  0.37

TABLE 4: Pearson’s correlations for seven-day average levels of daily pollutant concentrations in
Tokyo from January to December 2012.

Correlation coefficients were calculated by the two-tailed Pearson’s product moment formula. *P < 0.05.

O,: oxidants; NO = nitric oxide; NO, = nitrogen dioxide; NO, = nitrogen oxides; CO = carbon monoxide; CH, = methane; NMH = non-methane
hydrocarbons; THC = total hydrocarbons; SPM = suspended particulate matter

Discussion

The relationship between allergic conjunctivitis and SPM has not been investigated previously. This study
demonstrated that the number of patients with allergic conjunctivitis was correlated with the level of SPM in
a hospital-based population in January-March and April-June. The count of allergic conjunctivitis
outpatients exhibited a noteworthy correlation with heightened levels of SPM in the atmosphere. This
relationship appeared more pronounced during winter and spring compared to summer and fall. Notably, the
multivariate analysis indicated that among multiple factors considered, only SPM emerged as a significant
determinant influencing the number of allergic conjunctivitis outpatient cases throughout the study period.
These analyses strongly imply an association between SPM and the exacerbation of allergic conjunctivitis
symptoms.

In this study, secondary data were collected for atmospheric parameters. The advantage of using secondary
data is that it is less expensive than primary information and allows the necessary information to be
collected in a shorter time. On the other hand, the reliability of secondary information may affect the results
of statistical processing. In this study, data strictly measured by the Japan Meteorological Agency and the
Japan Ministry of the Environment were used. Therefore, the secondary data used in this study did not affect
the statistical processing and results.

Recently, several studies have addressed the association between SPM and cardiovascular or respiratory
diseases [17]. PM; s and PM( have both been demonstrated to be associated with respiratory symptoms in

asthma patients [29-35]. Additionally, studies have demonstrated the impact of SO, NO,, and Oz on

individuals with asthma [36,37]. However, to our understanding, there has been minimal exploration into
the prevalence of SPM concerning allergic conjunctivitis. Conversely, assessments have been made
regarding the correlation between air pollutants and ocular surface diseases. For instance, studies have
highlighted air pollutants such as PM;, O3, SOy, and NO, as contributors to escalated outpatient visits due

to non-specific conjunctival disorders [25]. Our study showed a positive association between SPM and
outpatient visits for allergic conjunctivitis (r = 0.70 in winter, and r = 0.53 in spring). Previously, we also
demonstrated that PMj s is a predictor of outpatient visits for allergic conjunctivitis during the non-pollen

season [27]. Conversely, studies have indicated that PM, s has a relatively minor impact on the occurrence of
ocular surface diseases when compared to PMy, Oz, SOy, and NOy [25]. PMj s has a smaller diameter than
SPM or PM, and larger particles may cause a stronger inflammatory response of the conjunctiva than

smaller particles.
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Our study demonstrated a significant positive correlation between the level of O, and outpatient visits for
allergic conjunctivitis during winter and spring (r = 0.70 in winter, r = 0.46 in spring). Oy in photochemical
smog includes O3, hydrogen peroxide, NOy, and nitric acid. Research conducted by Riediker et al. found that
Oz and NOy, can worsen allergic rhinoconjunctivitis symptoms [24]. Oz serves as a potent oxidizing agent

and is frequently utilized in industrial settings for oxidation procedures, as well as in urban areas for
purifying tap water. Furthermore, atmospheric Os is a significant constituent of photochemical smog.

Because of its strong oxidative potential, Oz can damage the human nasal mucosa [38] and conjunctival
mucosa [24,25]. Furthermore, the presence of Oy (including SO, NO 5, and NO) in the air alters the
composition of the tear fluid, rendering it acidic [23]. Consequently, this acidified tear fluid affected by Oy

can lead to the inflammation of cells present on the surface of the conjunctiva.

During the spring season, a notable positive correlation was observed between outpatient visits for allergic
conjunctivitis and CO levels (r = 0.56 in spring). Norris et al. reported that PM and CO were related to daily
emergency department visits for asthma [39]. Our study also showed a positive correlation between CO and
other pollutants such as NO (r = 0.74), NOy (r = 0.93), NOy (r = 0.88), CHy4 (r = 0.90), NMH (r = 0.78), and THC

(r=0.93) (Table 4). However, we found that CO was negatively correlated with Ox (r = -0.4) and SPM (r = -
0.20). In this study, Oy and SPM were the two major predictors of outpatient visits for allergic conjunctivitis.

Because there is no evidence that CO induces conjunctival damage, CO would be expected to have little
influence on allergic conjunctivitis.

The curve of variation in the number of patients with allergic conjunctivitis was very similar to the curve of
variation in the level of SPM in the air, with statistically significant differences (Table 5) by multivariate
analysis, and a significant correlation was observed between outpatient visits and SPM (r = 0.33, p = 0.0161).
There are multiple reasons why SPM induces a more pronounced conjunctival inflammation compared to
other air pollutants. First, SPM can act as an adjuvant for allergic sensitization in patients with allergic
conjunctivitis. It has been reported that SPM has an adjuvant effect on the production of IgE targeting
common environmental allergens [40]. Four molds (Fusarium, Aspergillus, Penicillium, and Basipetospora)
were identified in samples of SPM in western Korea [41]. Furthermore, the spores of Aquabacterium,
Flavobacteriales, and Prevotellaceae were detected in airborne dust in Korea [42]. Moreover, airborne dust in
southern Taiwan has been found to contain various molds [43]. These data suggest that SPM contains
various sensitizing allergens and pollen and fungi attached to SPM may cause allergic conjunctivitis. The
second reason why SPM may provoke conjunctivitis is the physical form in the atmosphere at standard
temperature and pressure. SPM are solid dust particles, while other air pollutants (including Ox, NO, NO,,

NOx, CO, CHy, NMH, and THC) are gases. Thus, SPM can induce inflammation related to friction with the

conjunctiva, while gaseous air pollutants are unlikely to have such an effect. SPM may also alter tear film
stability, causing break-up and thinning of the tear film by disrupting the tear lipid layer.

Next, we examined the relationship between the number of outpatients and the level of air pollution in each
season. The number of patients was significantly correlated with the level of SPM in winter (r = 0.70), but
there was no relationship in spring (r = 0.53), summer (r = 0.01), or autumn (r = 0.20) (Table 2). One possible
reason is that atmospheric pollen levels increase during spring and autumn in Japan as pollen is released
from the forests twice per year [44-48], while house dust mites and mold are the main causes of seasonal
allergy in the humid summer and autumn months. Because our study did not assess outdoor allergens such
as pollen and mites, our results might have been influenced by airborne allergens (pollen and mites) as well
as air pollutants during spring, summer, and autumn.

There were several limitations of this study, as we reported in our previous study [27]. The onset of allergic
conjunctivitis and outpatient attendance may be delayed after the increase in SPM levels. We also did not
examine the age distribution of patients with allergic conjunctivitis. Furthermore, this study did not examine
the effects of exposure to house dust or mold in the home. We also did not use data on past allergic history or
occupational history factors in the statistical processing and calculations. The background of these patients
should also be examined in the future.

Conclusions

We observed a significant association between the daily number of outpatients with allergic conjunctivitis
attending a hospital in Tokyo and the airborne level of SPM. This suggests a possible role of SPM in the
development of allergic conjunctivitis. An association between SPM and allergic conjunctivitis could have
broad public health implications in relation to the management of allergic diseases.
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