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A Study on Association between Local Climate Change and Disease Deaths

Yang Hee Kim

Department of Statistics, The Graduate School,
Pukyong National University

Abstract

In literatures, many results are reported for the association between temperature
changes and the disease deaths. In this paper, we consider the ischaemic heart
diseases and cerebrovascular diseases from 1993 to 2012 in seven metropolitan
cities of Korea. Data are arranged by weekly intervals. For the analysis, Poisson
regression model with transition time lag effect is considered specially for the aged
=65 year deaths in “Seoul. The results show that daily difference of temperatures
have statistically significant association ' for the ischaemic heart diseases and
cerebrovascular diseases. In-conclusion, the greater change of the daily temperature
gives the higher the mortality rate.

key words : Poisson regression model, climate data , ischaemic heart diseases,
cerebrovascular diseases

Collection @ pknu



L a3 % 534

71T %] A3k AR 7+ #Hd IPCC (Intergovernmental Panel on
Climate Change)®] A 4xF HAle] w2 X F2wtsto] uwpe} 1543
Z1FHtR o] A 100d7F (1906~20054) A Ao Hitr|>
0.74(0.56~0.92) C 4<% (IPCC, 20073k 3l guet dFd7|&% A

5~

30 7H(1981 ~20101d) 041 C/10d =2 12T ®F Asstdt (7174
A, 2013). IPCC% RCP 45 A }2]l2 (Representative Concentration
Pathways, &&27F2 Sl & Alvg] )l e 35 A 5-2] 7]2o] A
w30 (1971 ~2000W) ‘e 4] 2100 7FR] Ht 7= 25C=2 s A
olH, 2100 A= SREEE EF sk FofA|ole A Et 20 FUIE

Hetytd F90] 2~5d FIl2 BAd Aoz q=sidn  (IPCC,

(Lugo-Amador, 2004). T3+ Aldz= 1oz Qs AadaA A3 3
1A A, AAA A D AAAA HA3y Z2e R AA V|HeR
ols] ZF7}gktt (Mastranglo 5 2007; Cheng %5 2010; Bi %, 2011; Page
S 2012).
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Table 1. 7t FAr]e] H7]2, Har|2, duztel mg Add 2=
A4 me}a\jn%i sd mej;l/‘\i sd me:Hn:riL sd me(ajldni‘ir sd me?ni sd me:HnZ‘JjL sd mea%n/‘\i sd
= 11.43%+0.89 12.89£0.75 13:3610.78 10.59+0.87 12.33%+0.81 11.74%0.87 12.55%+3.50
- o AF 24.33%0.79 23.43+0.86 25.07£1.00 233 75%0).78 24.72%0.76 24.31+0.82 22.61+£4.65
T & 15.84%0.69 18.35+0.62 16.96+0.69 16.02%+0.69 16.93+0.70 15.54*0.62 17.23%+0.57
A -0.23£1.28 5.00£1.05 238 QI91 Ofed. + 11 2 2.38+1.01 0.44*1.12 3.82+1.13
= 16.40%+1.01 17.37%0.74 19.25+0.89 SRS .23 15.36£1.23 17.84%0.93 17.90*+3.64
i o AF 28.46+£0.97 26.83+1.01 29.84+1.31 27.40£1.10 27.40£1.10 28.87+1.06 27.13%14.05
A 7t 20.46+0.78 22.72%0.59 22.34£0.82 21.60£4.89 21.60£4.89 21.23+0.71 22.22%0.58
A 3.81%£1.30 9.64 £1.03 7.58+1.04 495 £1°19 4.15*1.19 5.73*1.21 8.98+1.19
= 9.33£0.43 8.08+0.46 11.25+0.67 8.40%0.92 8.27%1.01 11.75%0.65 10.16+0.94
oo AF 7.53£0.56 5.93+0.5 8.67£0:81 6.96£0.83 6.19£1.13 8.41%0.74 8.15+1.34
e & 8.64*0.56 7.60£0.57 9.92£0.88 8.21+0.89 9.15£4.71 10.47%0.82 9.14£0.50
A 7.62%0.38 8.38£0.49 9.34%0.66 7.48%0.53 5.86*0.66 9.92%0.70 9.50£0.49
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Table 2. 70 FSA]e] AFH AFLE (100,000 )

i of %t
A Mean=SD Mean*=SD
B 59.07+72.37 50.22+63.06
= 52.33165.22 43.35+54.07
e 7t 57.25+71.92 47.21+60.41
e 64.17+79.67 53.88 +66.24
B 77.69+88.68 62.04+68.68
o] 66.71+74.95 53.07+60.74
At 7+ 76.36+89.29 61.67+72.38
A& 90.28 +104.89 71.60+81.25
B 67.80176.04 54.801+64.66
o] & 61.38+74.38 48.821+57.43
o 7He 64.99+79.32 53.75+64.31
A& 74.87%90.62 61.37+72.34
= 76.79+91.82 60.13+73.16
o] & 66.72+82.74 53.31+67.36
pk 7+ 74.34+95.73 57.43%+73.57
A% 83.28+102.33 63.19t77.89
= 55.51 £63.14 44.44+52.37
o] & 50.38 ©59.98 39.00+47.23
KA 7+ 52.45%60.92 41.71%+49.91
7% 58.03167.83 49.31+59.09
B 59.53+69.88 50.70+63.68
o] 53.22+64.70 44.97+56.23
Rk} 7He 59.62+73.38 49.28+65.07
A% 69.84+82.75 54.04+67.83
& 66.63+78.30 57.39%+61.60
oI5 62.17+78.80 50.90+59.73

=4 .
7+ 67.98£82.55 58.53+68.44
7% 78.15+£92.52 65.06+71.32
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Figure 1. A& A1%E 54 (100,000 )
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Table 3. 7] F<Ale] A3lo] W& 7

A AFEE(100,000% =)

g Mg i o okl B EE &2
mean+tsd mean+sd mean*sd mean+tsd mean+sd mean*sd mean+tsd

44 & 49.78+11.44 75.80+22.00 53.51£19.08 56.02+19:27 40.42+15.52 42.87+18.66 60.13+16.45
AdA s = 43.10+10.06 64.67+£16.36 49.92+13.09 45.33+15.73 37.42+18.44 40.39+16.80 50.47+18.78
7h& 47.12+12.13 73.68+17.09 51.10+15.04 50.20+15.84 40.49+16.50 40.40+17.25 59.64+20.64
s 52.67+12.07 85.50+22.08 57.79+19.73 56.62+£17.47 40.96+17.89 48.35+20.72 63.14+17.26
= d# = 154.65+58.74 183.43+65.16 167.74+£52.01 196.01£60.66 138.8+40.23 157.16+£47.85 166.46+52.61
2 gk & 136.83+50.72 158.08+55.54 153.20£56.49 178.05+51.70 125.49241.71 141.51+44.65 160.43+56.60
7h& 151.16+55.58 185.82£68.93 169.34+54.19 196.72+68.01 132.78+36.72 162.72+47.56 174.48+61.37
Ag 168.08+61.59 216.57+77.77 192.22462.67 214.17+67.25 153.68+37.34 179.67+£51.22 197.08+59.43
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Figure 2. A& AdE A& =W stel ¥4 (100,000 =)
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Y, ~ Poisson(,ut )

log(t,) = 1og(1) + B, + By t + By sin (o) + B, c05(2) + By, 1 + Bt
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po oy ol 71k
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Table 4-a. & o, A& H7]&o] AN GHZ AP E 1A=
Sk
W Coef. RR 95% CI P-value
B, (AH) -9.5075 0.0001 (-9.7505, —-9.2646) <0.001
3, (time) -0.0005 0.9995 (-=0.0006, -0.0004) <0.001
B -0.032 0.9685 (-0.1676, 0.1036) 0.643
Bs -0.0182 0.9820 (-0.1653, 0.1289) 0.809
By 0.0188 1.0190 (0.011, 0.0266) <0.001
Bs 0.0258 1.0261 (0.0181, 0.0336) <0.001
Season
=(Bg) -0.0073 0.9927 (-0.1299, 0.1153) 0.907
oA =F(8;) -0.0732 0.9294 (-0.2257, 0.0793) 0.347
7F(8g) -0.0392 0.9616 (-0.1563, 0.0778) 0.511
e
Yt 7] & -0.0067 0.9933 (=0.0187,-0.0053) 0.271
1 lag(3,) 0.0003 1.0003 (=0.0124, 0.0131) 0.958
2 lag(By) -0.002 0.9980 (-0.0145, 0.0104) 0.749

Table 4-b. ozt o,

ot

Xgel @7 Lo

AL ALAE A}

W Coef, RR 95% CI P-value
B (2H) — 99326 0.0000 r0.157, -9.7131) <0.001
3, (time) -0.0002 0.9998 (-0.0003, ~0.0001) <0.001
By -0.063 0.9389 (-0.1836, .0.0577) 0.306
B -0.0856 0.918 (=0.2164, 0.0452) 0.200
B 0.0221 1.0223 (0.0164, 0.0279) <0.001
Bs 0.019 1.0192 (0.0132, 0.0247) <0.001
Season
= (B) -0.0143 0.9858 (-0.124, 0.0953) 0.798
o4 F(6,) -0.1414 0.8681 (-0.2764, —0.0064) 0.040
7H&(6g) -0.0257 0.9746 (-0.1301, 0.0787) 0.629
A&
7] -0.0009 0.9991 (-0.0116, 0.0098) 0.869
1 lag(f,) -0.0144 0.9857 (-0.0258, -0.0031) 0.013
2 lag(pBy,) 0.004 1.0040 (-0.0071, 0.0151) 0.482
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Table 5-a. &Y o, A&9] Har|o] s FHAS A}

ot

i Coef. RR 95% CI P-value
By (2 H) -9.5313 0.0001 (-9.8308, -9.2318) <0.001
3, (time) -0.0005 0.9995 (-0.0006, -0.0004) <0.001

By -0.0097 0.9903 (-0.1368, 0.1175) 0.881

B3 0.0135 1.0136 (-0.1232, 0.1501) 0.847

By 0.0188 1.0190 (0.011, 0.0266) <0.001

Bs 0.0258 1.0261 (0.0181, 0.0336) <0.001

Season

=(83s) -0.014 0.9861 (-0.1374, 0.1095) 0.824
o E5(3;) -0.0753 0.9275 (-0.228, 0.0774) 0.334
7h=(Bg) -0.041 0.9598 (-0.1601, 0.0782) 0.500

A&
7| -0.0047 0.9953 (-0.0162, 0.0067) 0.418
1 lag(3,) 0.0024 1.0024 (-0.0098, 0.0145) 0.703
2 lag(p8,,) -0.0028 0.9972 (-0.0146, 0.0091) 0.647

=

Table 5-b. AL wj, &9 Hur|2o] sdA4423 A}

o2t

W Coef. RR 95% CI P-value
By (2 H) -9.9641 0.0000 7102312, -9.697) <0.001
3, (time) =0.0002 0.9998 (-0.0003, -0.0001) <0.001

By -0.0337 0.9669 (=0.1464, 0.079) 0.558

B -0.0447 0.9563 (=0.1656, 0.0762) 0.469

B4 0.0223 1.0226 (0.0166, 0.0281) <0.001

Bs 0.0192 1.0194 (0.0135, 0.0249) <0.001

Season

() -0.0231 09772 (-0.1335, 0.0873) 0.682
o9 =(8;) -0.144 0.8659 (-0.2792, -0.0087) 0.037
7h=(Bg) -0.0284 0.9720 (-0.1348, 0.078) 0.601

A&

Ha7] & 0.0019 1.0019 (-0.0083, 0.0122) 0.713
1 lag(3,) -0.0127 0.9874 (-0.0235, -0.0019) 0.022
2 lag(8y) 0.0037 1.0037 (-0.0068, 0.0143) 0.491
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=

Table 6-a. A2 W, &2 daxt Hyto] TN LES At E vA=

[‘

3 3F
= Coef. RR 95% CI P-value
B,(2H) -10.1191 (-10.2932, -9.945) <0.001
3, (time) -0.0006 0.9994 (=0.0007, -0.0005) <0.001
By 0.0181 1.0183 (-0.0454, 0.0816) 0577
B3 0.0958 1.1005 (0.035, 0.1566) 0.002
B 0.0153 1.0154 (0.0105, 0.0201) <0.001
Bs 0.017 1.0171 (0.0122, 0.0218) <0.001
Season
= (Bg) 0.082 1.0855 (-0.0092, 0.1733) 0.078
oA F(6;) 0.068 1.0704 (-0.0523, 0.1883) 0.268
7HE(5g) 0.0286 1.0290 (-0.0687, 0.126) 0.564
A&
o L &}
e 0.016 1.0231 (0.0006, 0.0314) 0.042
1 lag(p,) -0.0089 0.9911 (-0.0242, 0.0065) 0.257
2 lag(B) -0.0107 0.9894 (-0.0253, 0.004) 0.153
Table 6-b. AAY w, e duwx Fdgo] sIZHUGAS AIGE PA =
3 3F
W Coef. RR 95% CI P-value
B,(2H) -10.5716 3 —10/410W <0.001
3, (time) -0.0004 0.9996 (-0.0005, -0.0004) <0.001
B 0.0314 1.0319 (-0.0261,0.0889) 0.284
Bs 0.0439 1.0449 (=0.011,70.0988) 0.117
B 0.0205 1.0207 (0.0169, 0.0241) <0.001
Bs 0.0195 1.0197 (0.0159, 0.0231) <0.001
Season
= (Bg) -0.0007 0.9993 (-0.0832, 0.0818) 0.987
oA F(6;) 0.007 1.0070 (-0.1021, 0.1161) 0.900
7F&(8g) 0.0269 1.0273 (-0.0617, 0.1155) 0.552
A
o L Af
or 0.0162 1.0163 (0.0022, 0.0302) 0.024
1 lag(8,) -0.0216 0.9786 (-0.0354, -0.0077) 0.002
2 lag(8,,) -0.0023 0.9977 (-0.0156, 0.011) 0.737
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Y. HJ &3 2A3% (CerebroVascular Disease: CVD)

71 ¢ A4S AAsA T (Table 7-a, Table 7-b #%). 1 A3 A}
d W HI@Agol] o3k A AF B2 dFe vAA &=
Aoz YetHtt (p=0.798). =gk, oxd wQl A% Fd wj e} vt
AR Bl HAdadsol gk At E dFS vAA e AL
= ek (p=0.335)

Ha7)Lo] HERAS ] Y3t AL EY FlA= ¥ Potry] T
2 A= Table 8-agt Table 8-bollA AN Astx it AL w
dd st o3 AMEe B¢ Hur|ee SFS VA Fe AoE
bkt (p=0.418). spA W A=A W HauT| 2 HI oA skl o A
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d@A7t 1T 2ol 7h

Aoz ekt (p=0.001).

el

A}
el

_27_

Collection @ pknu



Table 7-b. ozt wj, A 2o Hit7]2o] HdAEg AlgE] 1A

i

%

ot

W Coef. RR 95% CI P-value
B (2 H) -8.0763 0.0003 (-8.257, -7.8956) <0.001
3, (time) -0.0013 0.9987 (-0.0013, -0.0012) <0.001
B -0.0515 0.9498 (-0.1444, 0.0414) 0.277
B 0.0308 1.0313 (-0.0715, 0.1331) 0.555
By 0.007 1.0070 (0.0031, 0.011) 0.001
Bs 0.0022 1.0022 (-0.0017, 0.0062) 0.268
Season
=(Bg) 0.0113 1.0114 (-0.0716, 0.0943) 0.789
oA E(6;) -0.0188 0.9814 (-0.1231, 0.0855) 0.724
7S (Bg) 0.0254 1.0257 (-0.0546, 0.1053) 0.534
A&
7] = -0.0011 0.9989 (-0.0094, 0.0072) 0.798
1 lag(8,) -0.0017 0.9983 (-0.0105, 0.007) 0.699
2 lag(By,) -0.0101 0.9900 (-0.0187, -0.0016) 0.020
Table 7-b. A o, A& F7|0] HAHJAI AMGE v A= &
W Coef. RR 95% CI P-value
B,(2A) -8.6273 0.0002 (-8.7883, -8.4664) <0.001
3, (time) -0.001 0.9990 (-0.001, -0.001) <0.001
B -0.1425 0.8672 (-0.2224, -0.0626) 0.001
Bs -0.0276 0.9728 (=0.115, 0.0597) 0.535
B 0.0085 1.0085 (0.0059, 0.0111) <0.001
Bs 0.0103 1.0104 (0.0077, 0.0129) <0.001
Season
=(Bg) 0.0694 1.0719 (-0.0024, 0.1413) 0.058
oAE(6;) 0.0015 1.0015 (-0.088, 0.091) 0.974
7H&(Bs) 0.0139 1.0140 (-0.0543, 0.0821) 0.690
A&
D T 0.0035 1.0035 (-=0.0036, 0.0105) 0.335
1 lag(8,y) -0.0121 0.9880 (-0.0196, -0.0047) 0.002
2 lag(p,,) -0.0081 0.9919 (-0.0154, -0.0007) 0.031
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Table 8-a. A4 W, M&e] FHarv]Zo] HIdAdd ApdE 1A

i

%

ot

W Coef. RR 95% CI P-value
By (2H) -8.1101 0.0003 (-8.3241, —-7.8961) <0.001
3, (time) -0.0013 0.9987 (-0.0013, -0.0012) <0.001

B -0.0144 0.9857 (-0.1007, 0.072) 0.745

B 0.0734 1.0762 (-0.021, 0.1678) 0.127

B4 0.007 1.0070 (0.0031, 0.011) 0.001

Bs 0.0024 1.0024 (-0.0016, 0.0063) 0.237

Season

=(Bg) 0.0027 1.0027 (-0.0808, 0.0861) 0.950
oA E(6;) -0.0185 0.9817 (-0.1229, 0.0859) 0.728
7S (Bg) 0.024 1.0243 (-0.0575, 0.1055) 0.564

A&

Ha7| & 0.0012 1.0012 (=0.0067, 0.009) 0.772
1 lag(8,) -0.0019 0.9981 (-0.0102, 0.0063) 0.644
2 lag(pBy,) -0.0074 0.9926 (-0.0155, 0.0006) 0.070

3

Table 8-b. 1A o, M2 7|0l HE@d AgE 1A }

i

0

W Coef. RR 95% CI P-value
By (2H) -8.673 0.0002 (-8.8585, —-8.4874) <0.001
3, (time) -0.001 0.9990 (-0.001, -0.001) <0.001

B =0.0993 0.9055 (-0.1734, —0.0251) 0.009

B 0.0267 1.0271 (-0.0539, 0.1074) 0.516

By 0.0087 1.0087 (0.0061, 0.0113) <0.001

Bs 0.0105 1.0106 (0.0079, 0.0131) <0.001

Season

=(Bg) 0.0597 1.0615 (-0.0126, 0.132) 0.106
oAE(6;) 0.002 1.0020 (-0.0877, 0.0916) 0.966
7S (Bg) 0.0136 1.0137 (-0.056, 0.0831) 0.703

A&

Ha7| & 0.0075 1.0075 (0.0009, 0.0142) 0.027
1 lag(s,) -0.012 0.9881 (-0.0191, -0.005) 0.001
2 lag(B) -0.0064 0.9936 (-=0.0133, 0.0005) 0.068
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=

Table 9-a. HAL W, M2 duaf Fito] HIRAL AgE] v

i

%

i
F
ofk

W Coef. RR 95% CI P-value
B,(2H) -8.7967 0.0002 (-8.9143, -8.6792) <0.001
3, (time) -0.0013 0.9987 (-0.0013, -0.0012) <0.001

B -0.0145 0.9856 (-0.0526, 0.0237) 0.457

B 0.0456 1.0467 (0.0081, 0.0831) 0.017

By 0.006 1.0060 (0.0044, 0.0077) <0.001

Bs 0.0059 1.0059 (0.0042, 0.0076) <0.001
Season
=(Bg) -0.0163 0.9838 (-0.0719, 0.0392) 0.565
oA &(6;) -0.0517 0.9496 (-0.1247, 0.0213) 0.165
7H&(Bs) -0.0394 0.9614 (-0.0985, 0.0196) 0.191

A&

o &}

e 0.0161 1.0162 (0.007, 0.0252) 0.001
1 lag(B,) -0.0045 0.9955 (-0.0136, 0.0047) 0.337
2 lag(p,,) -0.0003 0.9997 (=0.009, 0.0085) 0.955

Table 9-b. oz mf, Ao Ldalx} Hto] @Ak ALFE 1A ¥

i

3

[e3

W Coef. RR 95% CI P-value
B,(2H) -9.2579 0.0001 (-9.3682, -9.1476) <0.001
3, (time) -0.001 0.9990 (=0.001, -0.0009) <0.001

B 0.0026 1.0026 (=0.0306, 0.0358) 0.878

B 0.0834 1.087 (0.0512, 0.1157) <0.001

B 0.0068 1.0068 (0.0056, 0.008) <0.001

Bs 0.0049 1.0049 (0.0037,-0.0061) <0.001
Season
= (Bg) 0.0347 1.0353 (-0.0131, 0.0825) 0.155
oAE(6;) 0.0590 1.0608 (-0.0041, 0.1222) 0.067
7H&(Bg) 0.0132 1.0133 (-0.0381, 0.0645) 0.614

e
& L =}

e 0.0132 1.0133 (0.0054, 0.021) 0.001
1 lag(8,) 0.0066 1.0066 (-0.0013, 0.0144) 0.101
2 lag(p8,,) -0.01 0.9900 (-0.0175, —-0.0025) 0.009
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