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Ambient air quality and subjective stress level using
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OBJECTIVES: Air pollution causes various disease in exposed populations, and can lead to premorbid health effects manifested
as both physical and psychological functional impairment. The present study investigated the subjective stress level in daily life in
relation to the level of air pollution.

METHODS: Data from the Community Health Survey (2013), comprising 99,162 men, and 121,273 women residing in 253 health-
care administrative districts, were combined with air pollutant concentration modelling data from the Korean Air Quality Fore-
casting System, and were stratified by subjective stress levels into five strata for multiple logistic regression. Levels of exposure
were divided into five quintiles according to the annual concentration of nitrogen dioxide (NO2), and were analyzed using a sin-
gle-pollutant model using NO2 concentration only, and a multi-pollutant model adjusted for the concentration of particulate
matter < 10 um in diameter.

RESULTS: Analysis of men and women in various age groups showed the highest odds ratio (OR) for subjective stress level at the
highest NO:2 concentration quintile in men and women aged 30-64 years (men: 2.91; 95% confidence interval [Cl], 2.12 to 4.01;
women: 1.82;95% Cl, 1.32 to 2.51). As the NOz concentration quintile increased, the OR increased. Men showed higher ORs than
women in all strata.

CONCLUSIONS: In the present study, annual NO: concentrations were found to be associated with subjective stress levels. This as-
sociation was especially clear among socioeconomically active men and women aged 30-64 years.
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Table 1. Characteristics of the study subjects

Characteristics i g
(n=99,162) (n=121,273)

NO: (ppb) 19.0+9.4 19.0+9.4
PMio (pg/m3) 43.246.4 43.2+6.4
Temperature (°C) 12.3£1.6 12.3+1.6
Humidity (%) 72.3+5.0 72.245.0
Income (104 KRW) 3,769.4+2,871.6  3,505.1+2,897.0
Age (yr)

<30 11,013 (11.1) 12,880 (10.6)

30-64 63,746 (64.3) 73,690 (60.8)

>65 24,403 (24.6) 34,703 (28.6)
Marriage

Not married 17,848 (18.0) 14,555 (12.0)

Married 73,176 (73.8) 77,598 (64.0)

Divorced or death of a spouse 8,138 (8.2) 29,120 (24.0)
Cigarette smoking

Never 24,224 (24.4) 114,681 (94.6)

Past 33,971 (34.3) 2,905 (2.4)

Current 40,967 (41.3) 3,687 (3.0)
Educational level

College or above 39,157 (39.5) 34,795 (28.7)

High school 31,373 (31.6) 31,819 (26.2)

Middle school or below 28,632 (28.9) 54,659 (45.1)
Economic activity

Yes 76,407 (77.1) 62,691 (51.7)

No 22,755 (22.9) 58,582 (48.3)
Subjective health status

Very good 7,677 (7.7) 5,202 (4.3)

Good 36,430 (36.7) 35,855 (29.6)

Usual 38,495 (38.8) 49,787 (41.1)

Bad 12,817 (12.9) 23,298(19.2)

Very bad 3,743 (3.9) 7,131 (5.8)
Sleeping hours (hr/d)

<6 21,454 (21.6) 27,349 (22.6)

6-8 62,585 (63.1) 71,447 (58.9)

>8 15,123 (15.3) 22,477 (18.5)

Values are presented as mean+standard deviation or number (%).
NO, , nitrogen dioxide; ppb, parts per billion; PMio, particulate matter <10
pm in diameter; KRW, Korean won.
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Figure 1. Concentration of annual average (A) nitrogen dioxide (NO-) and (B) particulate matter <10 pym in diameter (PMio) in 2013 by 253
administrative regions. Average annual concentration of the NO, was estimated by Community Multiscale Air Quality model and synchro-
nized by air post measurement data.

g }
5 20
)
= } % } J !
r gt R
g 1r° s * s @
A
0
123‘123‘123‘123 123‘123‘123‘123
1st 2nd 3rd 4th 5th 1st 2nd 3rd 4th Sth
Men Women

NO: (quantile)

Figure 2. Subjective stress level in association with NO2 concentration by 20 percentiles in multi-pollutant model by gender. OR, odds ratio;
(I, confidence interval; PMo, particulate matter <10 um in diameter. 'ORs were estimated by multinomial logistic regression adjusted for
temperature, humidity, income, age, marriage, cigarette smoking, educational level, economic activity, subjective health status, sleeping
hours and annual average concentration of PMio. 2Level of subjective stress: 1, feel stress little’; 2,’l feel stress much; 3:°l feel stress very
much’.
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Table 2. Subjective stress level in association with 5 quintiles for NO; stratified by gender and age in single, and multi-pollutant model’

NO, Single-pollutant Multi-pollutant*
Age (yr) . Stress level3
(percentile)? Men Women Men Women
<30 1st 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
2nd 1 1.01(0.82,1.24) 0.95(0.76, 1.19) 1.09 (0.87,1.36) 0.99(0.77, 1.28)
2 1.03(0.80, 1.34) 1.04 (0.80, 1.35) 1.10(0.83, 1.46) 1.07 (0.80, 1.42)
3 1.42(0.83,2.45) 1.39(0.87,2.22) 1.35(0.75,2.42) 1.60 (0.96, 2.68)
3rd 1 1.11(0.90, 1.37) 0.91(0.72,1.14) 1.27(0.98, 1.64) 0.97 (0.73, 1.30)
2 1.18(0.92,1.52) 0.96 (0.74, 1.24) 1.31(0.96, 1.80) 1.00(0.72,1.39)
3 1.50(0.89, 2.53) 1.21(0.77,1.91) 1.37(0.72,2.59) 1.53(0.86,2.71)
4th 1 1.21(0.97,1.52) 1.00 (0.78, 1.28) 1.43(1.07,1.91) 1.09(0.78,1.51)
2 1.36(1.04,1.79) 1.25(0.94, 1.65) 1.55(1.09,2.21) 1.31(0.90, 1.90)
3 2.18(1.27,3.73) 1.37(0.84,2.23) 1.96 (0.97,3.93) 1.81(0.95,3.44)
5th 1 1.12(0.83, 1.50) 0.90 (0.65, 1.24) 1.32(0.93,1.88) 0.98 (0.66, 1.46)
2 1.50(1.05,2.15) 1.19(0.83,1.71) 1.72(1.12,2.64) 1.26 (0.80, 1.96)
3 2.26(1.13,4.51) 1.37(0.74,2.53) 2.02(0.88,4.62) 1.84 (0.86, 3.94)
30-64 1st 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
2nd 1 0.95(0.89, 1.02) 0.91 (0.85,0.97) 1.02(0.94,1.11) 0.94(0.87,1.01)
2 1.04 (0.96, 1.14) 0.96 (0.88, 1.04) 1.09 (0.99, 1.20) 0.98 (0.90, 1.08)
3 1.19(1.00, 1.41) 1.04 (0.88, 1.23) 1.26 (1.04,1.52) 1.06 (0.87,1.27)
3rd 1 1.16 (1.07,1.25) 1.08 (1.00, 1.16) 1.30(1.17,1.43) 1.13(1.03,1.25)
2 1.36(1.24,1.49) 1.15(1.05, 1.25) 1.45 (1.29, 1.64) 1.20(1.07, 1.35)
3 1.77 (1.49,2.11) 1.35(1.14, 1.60) 1.94 (1.55,2.44) 1.37(1.10,1.72)
4th 1 1.30(1.19,1.42) 1.18(1.08, 1.28) 1.49(1.32,1.68) 1.25(1.12,1.40)
2 1.75(1.58, 1.95) 1.33(1.20,1.47) 1.89(1.65,2.18) 1.40(1.22,1.61)
3 2.12(1.75,2.58) 1.56(1.28, 1.89) 2.37(1.83,3.08) 1.59(1.22,2.07)
Sth 1 1.32(1.16, 1.50) 1.18(1.05, 1.33) 1.51(1.30, 1.75) 1.26 (1.09, 1.45)
2 2.01(1.74,2.33) 1.38(1.21,1.59) 2.17 (1.83,2.58) 1.47 (1.24,1.73)
3 2.61(2.00,3.41) 1.78(1.37,2.31) 2.91(2.12,4.01) 1.82(1.32,2.51)
>65 1st 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
2nd 1 0.81(0.75,0.87) 0.79(0.74,0.84) 0.84(0.77,0.92) 0.84(0.78,0.91)
2 0.98 (0.88, 1.08) 0.81(0.75,0.88) 1.02(0.90, 1.15) 0.90 (0.82,0.99)
3 0.92(0.71,1.19) 1.01(0.86, 1.19) 0.92 (0.68, 1.25) 1.10(0.91,1.34)
3rd 1 0.99 (0.90, 1.09) 0.95(0.88, 1.04) 1.04(0.92,1.17) 1.06 (0.95, 1.19)
2 1.13(0.99,1.29) 1.00 (0.90, 1.10) 1.20(1.02,1.43) 1.18(1.03,1.35)
3 1.17(0.85,1.61) 1.30(1.06, 1.58) 1.18(0.79,1.77) 1.48(1.14,1.92)
4th 1 1.08 (0.96, 1.22) 1.05(0.95,1.18) 1.15(0.99, 1.34) 1.20(1.05, 1.38)
2 1.16(0.98,1.37) 1.12(0.98, 1.28) 1.26 (1.02, 1.56) 1.37(1.16,1.62)
3 1.12(0.74,1.67) 1.33(1.02,1.73) 1.13(0.68, 1.88) 1.56(1.12,2.18)
5th 1 1.26 (1.06, 1.50) 1.08 (0.92, 1.26) 1.34(1.10,1.62) 1.23(1.03,1.47)
2 1.40(1.09, 1.78) 1.33(1.10, 1.60) 1.50(1.15, 1.98) 1.62(1.31,2.01)
3 1.54(0.88, 2.68) 1.64(1.14,2.36) 1.55(0.83,2.91) 1.93(1.27,2.92)

NO,, nitrogen dioxide; PM;,, particulate matter <10 um in diameter; ppb, parts per billion.

1Adjusted for temperature, humidity, income, age, marriage, cigarette smoking, educational level, economic activity, subjective health status, sleep-
ing hours.

2Concentration of NO, (unit: ppb) in men: 1st (0-20th percentile): <10.46, 2nd (20-40th percentile): 10.46-15.78, 3rd (40-60th percentile): 15.78-
19.76, 4th (60-80th percentile): 19.76-29.87, 5th (80-100th percentile): >29.87; Concentration of NO, in women: 1st (0-20th percentile): <10.25, 2nd
(20-40th percentile): 10.25-15.06, 3rd (40-60th percentile): 15.06-19.76, 4th (60-80th percentile): 19.76-30.08, 5th (80-100th percentile): >30.08.
3Level of subjective stress: 1,’l feel stress little’; 2,'I feel stress much’; 3,I feel stress very much!.

“Adjusted for annual average concentration of PMy,.
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Table 3. Subjective stress level in association with five quintiles for
PM, stratified by gender, age in a single-pollutant model’

PMso (per-

Stress

AEE ) centile)2  leveld L peen
<30 st 1.00 (reference)  1.00 (reference)
2nd 1 0.92(0.76,1.12)  0.96 (0.78, 1.19)
2 0.83(0.65,1.06)  0.98(0.77,1.25)
3 1.11(0.67,1.84) 0.95(0.62, 1.46)
3rd 1 0.94(0.77,1.15)  0.86(0.69, 1.07)
2 0.86(0.67,1.10)  0.95(0.74,1.22)
3 1.40(0.85,2.29) 1.23(0.81,1.87)
4th 1 0.85(0.69,1.05)  1.05(0.83,1.33)
2 0.82(0.63,1.06) 1.08(0.82, 1.40)
3 1.03(0.61,1.73)  1.20(0.77,1.87)
5th 1 0.97(0.80,1.19)  0.94(0.76, 1.16)
2 0.95(0.75,1.21)  1.05(0.82, 1.34)
3 1.42(0.88,2.30) 0.95(0.63,1.44)
30-64 1st 1.00 (reference)  1.00 (reference)
2nd 1 1.02(0.95,1.09) 0.97(0.91,1.04)
2 1.04(0.95,1.13)  1.01(0.93,1.09)
3 1.14(0.96,1.35)  1.05(0.89,1.23)
3rd 1 0.96 (0.89,1.04)  1.00(0.93, 1.08)
2 1.01(0.92,1.10) 1.03(0.94,1.12)
3 141(1.19,1.67) 1.21(1.02,1.43)
4th 1 1.00(0.92,1.08)  0.98 (0.90, 1.06)
2 1.07 (0.97,1.18)  0.99 (0.90, 1.08)
3 1.34(1.11,1.61) 1.03(0.86, 1.24)
Sth 1 1.12(1.04,1.22)  1.05(0.98,1.13)
2 1.32(1.21,1.45) 1.13(1.03,1.23)
3 1.57(1.33,1.87) 1.31(1.11,1.54)
>65 1st 1.00 (reference)  1.00 (reference)
2nd 1 0.87(0.81,0.94) 0.87(0.81,0.93)
2 0.86(0.77,0.96) 0.80(0.73,0.87)
3 0.78(0.59,1.02)  0.83(0.70,0.99)
3rd 1 0.87(0.79,0.96) 0.82(0.75,0.89)
2 0.89(0.78,1.02)  0.84(0.76,0.93)
3 0.98(0.73,1.33)  1.20(1.00, 1.44)
4th 1 0.81(0.73,0.90) 0.77 (0.70,0.85)
2 0.96 (0.82,1.12)  0.75(0.67,0.85)
3 0.64(0.43,0.94) 0.90(0.71,1.14)
Sth 1 0.98(0.89,1.08)  0.99(0.91, 1.09)
2 1.00(0.87,1.15)  0.94(0.84,1.05)
3 1.05(0.76,1.45)  0.99(0.80, 1.24)

Values are presented as odds ratio (95% confidence interval).

PM;,, particulate matter <10 um in diameter.

1Adjusted for temperature, humidity, income, age, marriage, cigarette
smoking, educational level, economic activity, subjective health status,
sleeping hours.

2Concentration of PM,, (unit: mg/m3) in men: 1st (0-20th percentile):
<38.36, 2nd (20-40th percentile): 38.36-42.47, 3rd (40-60th percentile):
42.47-45.59, 4th (60-80th percentile): 45.59-48.45, 5th (80-100th percen-
tile): >48.45; Concentration of PM,, in women: 1st (0-20th percentile):
<38.36, 2nd (20-40th percentile): 38.36-42.44, 3rd (40-60th percentile):
42.44-45 47, 4th (60-80th percentile): 45.47-48.45, 5th (80-100th percen-
tile): >48.45.

3Level of subjective stress: 1,’l feel stress little’; 2,’l feel stress much’; 3,
feel stress very much’
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