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Figure 1. Study design (School A: Suburban residential, B: Near industrial, C:

Coastal residential, D: Central urban)
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Table 1. Characteristics of four schools selected for this study

Suburban Near industrial Coastal Central urban
residential (A) (B) residential (C) D)
Students
100 140 90 180
per grade
Building year 2000 2003 2004 1991
Floors 6 6 5 5
Playground + + + +
Gymnasium + + + +

School A~D : see figure 2



=

[ |Industrial complex area

B ) VP

Air quality monitoring sites
Four study schools (A-D)

15 3 6 Kilometers
| T T O N T T |

Figure 2. Geographical features in Ulsan and the location of the study schools (A—

>
a
N

]

le]

D) and air quality monitoring sites. Gray shaded regions and thick lines
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Table 2. The mean annual concentration of air pollutants of last—1—year from

the date of survey, classified by monitoring sites

Date of survey (year. month) Air pollutant concentrations
Monitoring site Monitoring site
A B C D A B C D

NO2 09.07 09.07 09.07 10.03 29.62 20.36 19.35 24.90
(ppb) 12.03 11.03 11.03 12.03 27.37 24.89 1891 23.03
14.05 13.03 13.03 14.04 30.81 23.91 19.40 23.65
16.04 15.04 15.04 16.04 27.16 25.98 18.87 20.41
18.04 17.04 17.04 18.04 26.91 23.45 17.36  22.33

SOz 09.07 09.07 09.07 10.03 6.25 6.02 7.65 6.23
(ppb) 12.03 11.03 11.03 12.03 4.58 7.21 8.02 0.72
14.05 13.03 13.03 14.04 6.37 6.14 8.81 8.37
16.04 15.04 15.04 16.04 4.99 6.56 7.59 7.42
18.04 17.04 17.04 18.04 4.12 6.47 6.72 6.88
O3 09.07 09.07 09.07 10.03 35.71 39.01 37.75  33.86

(ppb) 12.03 11.03 11.03 12.03 30.00 38.61 36.05 33.93
14.05 13.03 13.03 14.04 40.74 39.72 4250 41.33
16.04 15.04 15.04 16.04 40.71 36.70 41.58 40.18
18.04 17.04 17.04 18.04 41.64 42.98 40.77  43.11

CcO 09.07 09.07 09.07 10.03 363.74 428.96 466.76 439.16
(ppb) 12.03 11.03 11.03 12.03 005.18 432.24 526.02 483.86
14.05 13.03 13.03 14.04 003.54 522.50 511.84 532.54
16.04 15.04 15.04 16.04 463.52 487.54 566.49 467.15
18.04 17.04 17.04 18.04 032.78 513.98 484.18 613.53

12



Table 2. Continued

Date of survey (year. month)

Monitoring site

Air pollutant concentrations

Monitoring site

A B C D A B C D
PM10 09.07 09.07 09.07 10.03 49.82 54.90 45.12  50.04
(ug/m®) 12.03 11.03 11.03 12.03 44.30 59.02 4573 43.38
14.05 13.03 13.03 14.04 45.50 08.01 48.61 44.61
16.04 15.04 15.04 16.04 40.99 56.34 46.40 44.19
18.04 17.04 17.04 18.04 39.32 45.25 4278  38.28

T Air quality monitoring site A: Suburban residential, B: Near industrial, C: Coastal

residential, D: Central urban

13
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of wAe] AASA FomE, Y FAEY ARE A WANM A WA Al
o MEAZAE TFAIE Ul WA BEAE A 9590 Figure 3).
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16,061 cases
(2009.6 ~ 2018.4)

1st 2nd 3rd 4th bth survey
4,680 3,448 3,081 2,706 2,146

Compare

Y

L i Address
Identification

rechecked & matched

Phone number

Y

Parents' name

Correct ID of 1.108 cases (6.9 %) rahilE TR

1.069 students birth vear

5,043 students excluded

Have repeated data?
who have only 1 enrollment

11,018 cases (4,733 students)

1st 2nd  3rd 4th enrcllment
4,733 4,733 1,550 2

f 2 case excluded J
-

’L (4th enrollment only)

L

Check questionnaire input error

corrected 190 cases (1.72 %)

l

-
11,016 cases
(4,733 students)
1st 2nd 3rd enrollment
4,733 4,733 1,550

\ A

Figure 3. Flowchart of case selection

15



Fol, ox AEx) 7} ol 2 (1)/

S

=3
H

©
o

Agold 3 5 49 Sgo] YA, upE o]

Rnog ¥o
g dgE Zog gAEGgAY, fegFES 7o) gt

)

%]\

o (2) ] F 7FARE

ojn

g 1 ot

AN L

=
R

o] 1 ~5 o 112

—_
10

X
sl

—_
fife)

gl

A<

Heshsaes.

9]

1.72%°l)

=
K

= AR

SR &

Apolol) 44 ]

=
=

2}

1th (Table 3).

[e;
S
=l

]_
wol, 71, =FA s°l

o5

A 2

AN L

Fol7h

x

Pl 2Ab Al

BE

A A A <l

[e)
T

A ok ol

Ay
e i

B

ol H

3}
=

B

ZAbe

3|

X

-

ool EobA

R4

dl

had

Fo ZloE yuhgth oz

A
601-

A

A st
ZAb A AQ)E Foll A ZA} 3] Ape] Hakgho] v vt @

wl
=

Fo A oln] 5, 681l obEE FA oA A 9] H o]

=
o

Z
o Fitgrel B ¥ Aol o

i S A

9]

S|
&

K
i

16



Table 3. Differences between excluded and included students

Excluded students Included students P—value T
Survey group * 2.38 £ 1.61 2.76 £ 1.27 0.000
Grade * 3.72 £ 1.87 3.57 £ 1.63 0.000
Sex
2581:2398 5614:5405 0.305
Male : Female
Age * 9.18 £ 1.92 9.08 £ 1.71 0.003
Height = 138.27 £ 13.10 136.74 £ 11.79 0.000
Weight * 35.28 £ 13.80 33.96 £ 10.17 0.000
Asthma ™ 1.8% 2.0% 0.380
Allergic rhinitis T 26.8% 27.7% 0.280
Atopic
12.4% 11.6% 0.150
dermatitis T
Allergic
11.8% 13.0% 0.043
conjunctivitis T
Food allergy ¥ 2.2% 2.6% 0.170

T: p—value by student's t test or chi—squared test (categorical variables)
* . p—value < 0.05

F : history of last—1—year diagnosis by doctor
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diagnosis of

Last—1—year Last—1—vyear
ast—1—year i ! ) : Last—1—year

Enrollment . s diagnosis of : = diagnosis of diagnosis of ; : allergic diseases B
allergic rhinitis : . ... v diagnosis of ; ! diagnosis of except
number allergic rhinitis allergic atopic except e
(dependent asthma : G = food aller ] 1 s allergic rhinitis
B (dependent conjunctivitis dermatitis allergic rhinitis
variable) : (dependent
variable) ;
variable)
1 1 — = - = 2 + 1 =
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2 2 — = -k = 22 e 1 =
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Figure 4. Processing of dependent variable data (examples)
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= BAEA S SPSS Statistics 21.0 (SPSS Inc., Chicago, IL, USA)<

=1
ARE-EE o FoEF2 0.05 vnto 7 A3

kel

2 x3dstd Table 43 7t}

B 0wl e Y 20e

Table 4. Result tables by dependent variables and study subjects

Dependent variable

Base Presence of Occurrence of Table
Multimorbidity
AR allergic rhinitis by allergic rhinitis by of results*
occurrence
1—year diagnosis 1—year diagnosis
Any Table b
SPT+ Table 6
Any
Any Table 7
SPT+ Table 8
Positive Any Table 9
only SPT+ Table 10

Base AR+: Have allergic rhinitis by 1—year diagnosis at 1% enrollment

SPT+ : Target group was limited to individuals with positive skin—prick test to any

allergens
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Table 5. Factors affecting prevalence of allergic rhinitis by last—1—year

diagnosis
Variable OR 95% CI of OR p—value’
NO: (ppb) 0.987 0.968 ~ 1.007 0.206
SOz (ppb) 1.012 0.949 ~ 1.081 0.708
Os (ppb) 1.016 0.996 ~ 1.036 0.121
CO (pph) 1.000 0.998 ~ 1.001 0.545
PM10 (ug/m®) = 0.985 0.972 ~ 0.998 0.020
Age (year) 0.982 0.949 ~ 1.016 0.288
BMI (kg/m®) = 1.023 1.006 ~ 1.040 0.006
Sex (female vs. male) * 0.805 0.708 ~ 0.916 0.001
Father's allergy history * 2.086 1.840 ~ 2.364 0.000
(yes vs. no)
Mother's allergy history * 2.481 2.190 ~ 2.811 0.000
(yes vs. no)
Sibling’s allergy history * 1.475 1.300 ~ 1.674 0.000
(yes vs. no)
History of bronchiolitis
under 2 years of age * 1.415 1.192 ~ 1.679 0.000
(yes vs. no)
Age of house
<1 year reference
1 ~4years*  0.655 0.431 ~ 0.996 0.048
5~ 9yearsx  0.562 0.379 ~ 0.832 0.004
10 years or overs 0.605 0.409 ~ 0.895 0.012
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Table 5. continued

Variable OR 95% CI of OR p—value’
Type of house
detached house reference

Multi—family* 1.598 1.071 ~ 2.384 0.022
Apartment below 5™ floor: 1.519 1.045 ~ 2.208 0.028
Apartment 5" ~ 10" floor*  1.507 1.048 ~ 2.169 0.027
Apartment over 10" floor 1.499 1.062 ~ 2.116 0.021
Humidifier (yes vs. no) * 1.362 1.197 ~ 1.548 0.000
Air—conditioner (yes vs. no) * 1.531 1.254 ~ 1.870 0.000
Moved to new home (yes vs. no) 0.969 0.857 ~ 1.097 0.623
Pets (ever vs. never) * 0.792 0.686 ~ 0.915 0.002

T : p—value by generalized estimating equation

* . p—value < 0.05
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Table 6. Factors affecting prevalence of allergic rhinitis by last—1—year

diagnosis, in positive SPT students

Variable OR 95% CI of OR  p—value’
NO:z (ppb) 1.002 0.973 ~ 1.032 0.891
SO (ppb) 1.058 0.968 ~ 1.156 0.212
O3 (ppb) 1.004 0.977 ~ 1.032 0.759
CO (ppb) * 0.998 0.996 ~ 1.000 0.047
PM10 (ug/m®) * 0.973 0.956 ~ 0.990 0.002
Age (year) 1.031 0.983 ~ 1.081 0.206
BMI (kg/m®) 1.019  0.995 ~ 1.043 0.117
Sex (female vs. male) * 0.779 0.651 ~ 0.933 0.007

Father’'s allergy history *
2.079 1.747 ~ 2.473 0.000
(yes vs. no)

Mother’s allergy history *
2.408 2.025 ~ 2.865 0.000
(yes vs. no)

Sibling’s allergy history *
1.366 1.144 ~ 1.631 0.001
(yes vs. no)

History of bronchiolitis
under 2 years of age * 1.587 1.254 ~ 2.007 0.000

(yes vs. no)
Age of house
<1 year reference
1 ~4years 0.649 0.351 ~ 1.199 0.168
5~ 9years 0.587 0.327 ~ 1.052 0.074

10 years or over 0.661 0.370 ~ 1.183 0.164
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Table 6. continued

Variable OR 95% CI of OR p—valueT
Humidifier (yes vs. no) * 1.432 1.199 ~ 1.710 0.000
Air—conditioner (yes vs. no) * 1.493 1.126 ~ 1.979 0.005
Moved to new home (yes vs. no) 0.925 0.781 ~ 1.096 0.367
Pets (ever vs. never) * 0.726 0.596 ~ 0.884 0.001

T : p—value by generalized estimating equation

* . p—value < 0.05
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Table 7. Factors affecting occurrence of allergic rhinitis by last—1—year

diagnosis
Variable OR 95% CI of OR p—value’
NO2 (ppb) * 1.046 1.007 ~ 1.087 0.019
SOz (ppb) * 1.196 1.073 ~ 1.333 0.001
O3 (ppb) 1.025 0.989 ~ 1.063 0.175
CO (ppb) = 1.004 1.001 ~ 1.006 0.009
PM10 (ug/m®) = 0.975 0.955 ~ 0.995 0.016
Age (year) = 1.501 1.416 ~ 1.592 0.000
BMI (kg/m?) 1.023  0.999 ~ 1.047 0.058
Sex (female vs. male) 1.052 0.864 ~ 1.282 0.613

Father's allergy history *
1.478 1.190 ~ 1.834 0.000

(yes vs. no)

Mother's allergy history *
1.455 1.174 ~ 1.804 0.001
(yes vs. no)

Sibling's allergy history
1.213 0.980 ~ 1.501 0.076
(yes vs. no)

Education level of father
Below middle school reference
High school  0.444 0.076 ~ 2.600 0.368
University  0.560 0.096 ~ 3.266 0.520
Graduate school  0.331 0.055 ~ 2.004 0.229
Humidifier (ves vs. no) 1.168 0.930 ~ 1.468 0.181

Air—conditioner (yes vs. no) 1.348 0.944 ~ 1.924 0.100

T : p—value by generalized estimating equation

* . p—value < 0.05

31



SPTelA] ofdl FANEA FHE wel PS4 95k, 1dD
o og =W P W o] E FHUSE Ex GEE BAT AE A
ST (Table 8). BAolE AZgke] Q& Aolin =% LFAA AEHo

2 BAle] ¥3tE Aol AE 505270 = 3,48871(69.0%) o) it
SPT %Al sHE=R sAAL BEAAE, f7|edEdE Zd= NO,,

SO, CO7F A1 % T7ket dedAd = B3tk PM102 123 daAd = HolA| ¢

32



Table 8. Factors affecting occurrence of allergic rhinitis by last—1—year

diagnosis, in positive SPT students

Variable OR 95% CI of OR  p—value’
NO2 (ppb) * 1.069 1.006 ~ 1.116 0.030
SOz (ppb) * 1.248 1.073 ~ 1.452 0.004
O3 (ppb) 1.012 0.964 ~ 1.062 0.633
CO (ppb) = 1.004 1.000 ~ 1.007 0.049
PM10 (ug/m?) 0.973 0.944 ~ 1.001 0.063
Age (year) = 1.472 1.358 ~ 1.594 0.000
BMI (kg/m®) 1.027 0993 ~1.062  0.126
Sex (female vs. male) 0.935 0.719 ~ 1.215 0.614

Father's allergy history *
1.636 1.230 ~ 2.176 0.001

(yes vs. no)

Mother's allergy history *
1.452 1.084 ~ 1.945 0.012

(yes vs. no)

Sibling's allergy history
0.998 0.747 ~ 1.334 0.991

(yes vs. no)
Education level of father
Below middle school reference
High school 0.278  0.039 ~ 1.999 0.203
University 0.352  0.050 ~ 2.502 0.297
Graduate school 0.210 0.028 ~ 1.552 0.126
Humidifier (ves vs. no) 1.008 0.739 ~ 1.376 0.959

Air—conditioner (yes vs. no) 1.210 0.750 ~ 1.952 0.435

T : p—value by generalized estimating equation

* . p—value < 0.05
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Table 9. Factors affecting occurrence of co—morbidity of other allergic

diseases than allergic rhinitis

Variable OR 95% CI of OR p—value’
NO2 (ppb) 1.015 0.950 ~ 1.085 0.655
SOz (ppb) 0.956 0.812 ~ 1.126 0.590
O3 (ppb) * 1.060 1.007 ~ 1.116 0.026
CO (ppb) 1.001 0.997 ~ 1.004 0.727
PM10 (ug/m®) = 0.963 0.935 ~ 0.993 0.014
Age (year) = 1.544 1.410 ~ 1.689 0.000
BMI (kg/m®) 1.028  0.993 ~ 1.064 0.121
Sex (female vs. male) 1.068 0.790 ~ 1.443 0.670

Father's allergy history *
1.571 1.145 ~ 2.154 0.005

(yes vs. no)

Mother's allergy history
1.285 0.917 ~ 1.802 0.146

(yes vs. no)

Sibling's allergy history
1.384 0.995 ~ 1.925 0.054

(yes vs. no)
Air—purifier (yes vs. no) * 1.532 1.107 ~ 2.121 0.010
Humidifier (ves vs. no) 0.744 0.523 ~ 1.058 0.099
Education level of father
Below middle school reference
High school 0.157 0.021 ~ 1.182 0.072
University 0.152 0.020 ~ 1.151 0.068

Graduate school * 0.100 0.013 ~ 0.800 0.030
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Table 9. continued

Variable OR 95% CI of OR p—value
Monthly income (Korean won)
below 1M reference

1~2M  0.197 0.022 ~ 1.760 0.146

2~3M  0.180 0.023 ~ 1.431 0.105

3~4M  0.232 0.031 ~ 1.739 0.155

4~5M  0.237 0.031 ~ 1.800 0.164

over 6M  0.216 0.029 ~ 1.632 0.138

T : p—value by generalized estimating equation

* . p—value < 0.05
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Table 10. Factors affecting co—morbidity of other allergic diseases than

allergic rhinitis, in positive SPT students

Variable OR 95% CI of OR  p—value'
NO2 (ppb) 0.995 0.915 ~ 1.081 0.898
SOz (ppb) 0.984 0.808 ~ 1.199 0.875
O3 (ppb) 1.057 0.993 ~ 1.125 0.084
CO (ppb) 1.000 0.996 ~ 1.005 0.881
PM10 (ug/m®) 0.979 0.944 ~ 1.015 0.247
Age (year) * 1.570 1.406 ~ 1.753 0.000
BMI (kg/m?) 1.042  0.995 ~ 1.091 0.080
Sex (female vs. male) 1.061 0.735 ~ 1.531 0.751

Father's allergy history
1.440 0.981 ~ 2.113 0.063
(yes vs. no)

Mother's allergy history
1.173 0.785 ~ 1.755 0.436
(yes vs. no)

Sibling's allergy history
1.345 0.903 ~ 2.006 0.145
(yes vs. no)

Air—purifier (yes vs. no) * 1.583 1.065 ~ 2.353 0.023

Humidifier (ves vs. no) 0.714 0.468 ~ 1.089 0.118

T : p—value by generalized estimating equation

* . p—value < 0.05
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Table 11. Considerations in integrating variables related to time use

Integrated
1% survey 2nd ~ 51 surveys
variables

Hour of

Average time spent Average time spent at home per day during
home activity

at home per day weekdays, sleeping hour included
per 1 day

Hour of

Average time spent Average time spent at school per day during
school activity

at school per day weekdays
per 1 day

Hour of

Average time spent Average time spent using public transportation
in—car activity

in—car per day (bus or subways) per day during weekdays
per 1 day

Hour of Average time spent Average time spent outside (field, playground or
outdoor activity  outside with friends park. Not in a building, car or subways) per day

per 1 day per day during weekdays
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Table 11. continued

Average time spent

extracurricular per day
Average time spent in public

N/A
area (ex. theater) per day

Average time spent in PC—

room or karaoke per day

Average time spent in—door area except home
or school (ex. hospital, library, department
store, mart, theater, restaurant) per day

during weekdays

N/A

N/A

N/A

N/A

N/A

Average time spent at home per day during

weekends, sleeping hour included

Average time spent at school per day during

weekends

Average time spent using public transportation

(bus or subways) per day during weekends

Average time spent outside (field, playground
or park. Not in a building, car or subways) per

day during weekends

Average time spent in—door area except home
or school (ex. hospital, library, department
store, mart, theater, restaurant) per day

during weekends
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Table 12. Distribution of missing values of integrated variables

1% survey 2" ~ 5" surveys
integrated (4,680 case) (11,381 case)
valuables effective missing effective missing

value value value value
Hour of
home activity 3,124 1,556 (33.2 %) 10,915 466 (4.1 %)
per 1 day
Hour of
school activity 4,342 338 (7.2 %) 10,946 435 (3.8 %)
per 1 day
Hour of
in—car activity 1,812 2,868 (61.3 %) 7,037 4344 (38.2 %)
per 1 day
Hour of
outdoor activity 2,983 1,697 (36.3 %) 10,242 1139 (10.0 %)
per 1 day
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Table 13. Comparison of two groups in integrated variables

1% survey (4,680 case) 2" syurvey (11,381 case)

Integrated

mean = S.D. mean £ S.D.
valuables

(95% confidence interval) (95% confidence interval)

Hour of

14.03 £1.99 13.43 £2.49
home activity

(13.96 ~ 14.10) (13.38 ~ 13.47)

per 1 day
Hour of

5.67 £1.19 6.25 £1.33
school activity

(5.63 ~5.70) (6.23 ~ 6.28)
per 1 day
Hour of

0.65 £0.89 0.36 £0.59
in—car activity

(0.61 ~ 0.69) (0.35 ~ 0.38)
per 1 day
Hour of

1.40 £0.90 1.53 £1.49
outdoor activity

(1.37 ~1.43) (1.51 ~1.56)

per 1 day
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Analysis of factors related to allergic rhinitis
focused on air pollution factors using follow—up
data of elementary school students in Ulsan

Suk Hwan Kim

POSCO health center, POSCO, Pohang, South Korea.

Objectives

The purpose of this study is to identify the effects of environmental factors,
particularly representative air pollutants, among the factors affecting allergic

rhinitis of elementary school children.

Methods

All panelists of four elementary schools in Ulsan were constructed and
surveyed at two—year intervals. The survey used data collected five times
over a nine—year period from June 2009 to April 15, 2018. The questionnaire
used in the survey was a modified version of the ISAAC (International society
of asthma and allergy of children). As an indicator to ensure allergic
responsiveness objectively, skin prick test (SPT) was performed with 24

standard antigens.

To estimate outdoor air pollution exposure levels, sulfur dioxide (SO,),
nitrogen dioxide (NOs), ozone (O3), carbon monoxide (CO), and particulate

matter 10 ym or less in diameter (PM10) concentration data were collected.
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Three target variables were used.
1. prevalence of allergic rhinitis by last—1—year diagnosis
2. occurrence of allergic rhinitis by last—1—year diagnosis
3. among children who had allergic rhinitis at the first survey, the increase of

number of co—morbid other allergic diseases during last—1—year

Each analysis was repeated again within a limited subject group who had

positive SPT.

Logistic regression analysis was used to select variables suitable for the
statistical model. And then selected variables were used to assess the

associlation with target variables by the generalized estimation equation.

Results

About factors influencing prevalence of allergic rhinitis, among
environmental factors, PM10 concentrations were associated with low risk.
In the analysis within positive SPT students, CO concentrations also were
associated with low risk. The risk of living in a house built within last year
was high, and the risk of living in a multi—family house or apartment was
higher than in a detached house. History of allergic diseases of the family
showed high risk. There was a relationship between history of bronchiolitis

under 2 years of age and higher risk. Boys showed higher risk than girls.

About factors influencing the occurrence of allergic rhinitis, NOs, SOs and
CO concentrations showed high risk. In particular, odds ratio of SO,
concentrations was 1.196. PM10 concentrations were associated with low

risk. Family history of allergic diseases were also significant.
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About factors influencing the multi—morbidity of allergic diseases, O3 was
associated with higher risk as concentration increased. The use of air purifier

was associated with a higher risk.

Conclusion

In a follow—up to a panel of elementary school students in Ulsan, we
analyzed the effects of risk factors, including air pollution factors, on the
prevalence and occurrence of last—1—year diagnosis of allergic rhinitis and
multimorbidity of allergic diseases. The higher the concentration of air
pollutants from industrialization and traffic factors such as SO, and NO,, the
higher the risk association. In the future, we can expect further research
based on indoor and outdoor environment information in each home with more

accurate environmental measurement reflecting address information.
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