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Abstract

This study investigated the relationship between heat-related illnesses obtained from healthcare big data and daily
maximum temperature observed in seven metropolitan cities in summer during 2013~2015. We found a statistically significant
positive correlation (r = 0.4~0.6) between daily maximum temperature and number of the heat-related patients from Pearson's
correlation analyses. A time lag effect was not observed. Relative Risk (RR) analysis using the Generalized Additive Model
(GAM) showed that the RR of heat-related illness increased with increasing threshold temperature (maximum RR = 1.21). A
comparison of the RRs of the seven cities, showed that the values were significantly different by geographical location of the
city and had different variations for different threshold temperatures. The RRs for elderly people were clearly higher than
those for the all-age group. Especially, a maximum value of 1.83 was calculated at the threshold temperature of 35C in Seoul.
In addition, relatively higher RRs were found for inland cities (Seoul, Gwangju, Daegu, and Daejeon), which had a high
frequency of heat waves. These results demonstrate the significant risk of heat-related illness associated with increasing daily
maximum temperature and the difference in adaptation ability to heat wave for each city, which could help improve the heat
wave advisory and warning system.
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Table 1. Basic statistics of heat-related illness and daily maximum temperature in summer during 2013~2015

Month June July Aug. Total
Heat-related All ages 2,286 3,216 4,398 9,900
patients >65 age 479 712 924 2,115
Emergency All ages 105 313 521 939
patients >65 age 21 59 104 184
Heat-related All ages 0 2 6 8
deaths >65 age 0 1 4 5
Daily maximum temp. (C) 26.1+3.9 28.6+3.7 29.343.6
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Table 2. Basic statistics of heat-related illness for each city in summer during 2013~2015

City Seoul Incheon Daejeon Daegu Ulsan Gwangju Busan
Num. of days >30T 115 2 109 139 85 134 29
. 2,819 597 593 1,845 731 945 2,370
All ages
Heat-related (3,094) (2,146) (4,005) (7,627) (6,410) (6,537) (6,932)
patients - 589 151 176 363 122 232 482
>65 age
(528) (452) (990) (1,078) (1,091) (1,286) 916)
. 184 65 71 84 113 219 203
All ages
Emergency (287) (247) (495) (388) (1,006) (1,524) (607)
patients " 40 8 22 27 16 43 28
>065 age
(40) (24) (130) (81) (144) (247) (56)
Heat-related All ages 1 0 0 2 2 3 0
deaths >65 age 1 0 0 1 1 2 0

*( ) is number of patients per 10 million
**( ') is number of patients per million

Table 3. The Pearson correlation coefficient (r) between heat-related illness and daily maximum temperature (time lag=0, 1, 2)

during 2013~2015

lag 0 lag 1 lag 2
all ages 0.35 0.32 0.33

heat-related patients
>65 age 0.25 0.25 0.25
) all ages 0.38 0.33 0.30

emergency patients
>65 age 0.26 0.23 0.21
heat-related deaths all ages 0.09" 0.10 0.10

All values are statically significant (p<0.01 or *p<0.05)
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Table 4. The Pearson correlation coefficient (r) between heat-related illness patients and daily maximum temperature by time
lag and region during 2013~2015

heat-related patients

emergency patients

lag 0 lag 1 lag 2 lag 0 lag 1 lag 2

Seoul 0.32 021" 021" 0.39 0.30 0.22"
Incheon 0.25 0.19" 0.18" 0.32 0.26 0.23"
Daejeon 0.29 0.33 0.39 0.40 0.20" 0.23"
Daegu 0.40 0.33 0.38 0.41 0.32 0.31
Ulsan 0.59 0.57 0.59 0.47 0.46 0.45
Gwangju 0.60 0.60 0.53 0.58 0.53 0.42
Busan 0.62 0.61 0.59 0.57 0.55 0.49

All values are statically significant (p<0.01 or *p<0.05)
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Fig. 1. Scatter plots for heat-related patients and daily maximum temperatures for each city.
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Table 5. Relative risk and 95% conference interval at threshold of temperature index

Daily max. temperature

30°C 33°C 35°C
Heat-related All ages 1.04(1.02,1.07) 1.15(1.12,1.19) 1.21(1.16,1.27)
patients >65 age 1.10(1.04,1.16) 1.12(1.05,1.20) 1.15(1.04,1.27)
Emergency All ages 1.22(1.09,1.35) 1.17(1.06,1.28) 1.13 (1.00,1.29)
patients
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Table 6. Relative risk and 95% conference interval at threshold of temperature index for each city

ft- on

Heat-related patients (all ages)

33°C

35°C

1.05(0.93,1.17)
0.97(0.78,1.19)
1.19(1.11,1.28)
1.09(1.00,1.20)
1.47(1.33,1.63)
1.00(0.61,1.65)

1.100.83,1.46)
1.13(1.10,1.16)
1.31(1.20,1.42)
1.10(0.99,1.23)
1.28(1.12,1.46)

Heat-related patients (=65 age)

33°C

35°C

1.28(1.03,1.59)
1.73(1.21,2.48)
1.13(0.98,1.31)
0.97(0.76,1.24)
1.40(1.14,1.73)

1.83(1.18,2.84)
1.41(0.51,3.89)
1.38(1.14,1.68)
0.92(0.66,1.26)
1.52(1.18,1.95)

Emergency patients (all ages)

33°C

35°C

30°C
Seoul 1.08(1.01,1.16)
Incheon 0.44(0.30,0.67)
Daejeon 0.77(0.67,0.89)
Daegu 1.13(1.06,1.21)
Ulsan 1.11(1.01,1.23)
Gwangju 0.96(0.85,1.09)
Busan 1.04(0.96,1.12)

30°C
Seoul 1.14(0.98,1.32)
Incheon 0.30(0.01,12.33)
Daejeon 0.64(0.51,0.79)
Daegu 1.13(0.98,1.31)
Ulsan 1.08(0.85,1.37)
Gwangju 1.35(1.03,1.76)
Busan 1.11(0.94,1.30)

30°C
Seoul 1.39(1.00,1.94)
Incheon 1.23(0.52,2.90)
Daejeon 1.39(0.65,2.98)
Daegu 1.39(0.79,2.45)
Ulsan 1.16(0.86,1.56)
Gwangju 1.50(1.02,2.22)
Busan 1.07(0.80,1.43)

1.07(0.69,1.64)
1.15(0.63,2.09)
1.40(0.95,2.05)
1.11(0.88,1.41)
1.38(1.06,1.79)

0.08(0.004,1.28)

1.43(0.97,2.10)
1.09(0.84,1.41)
1.28(0.97,1.69)
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