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Changes in the Attributable Burden of High Temperatures on Deaths
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ABSTRACT

Objectives: Due to global warming resulting from climate change, there has been increasing interest in the
relationship between temperature and mortality. These temperature-related deaths depend on diverse conditions
related to a given place and person, as well as on time. This study examined changes in the impact of high
temperatures on death in summer, using the effect and burden of elevated temperatures on deaths in Seoul and Daegu.

Methods: A Poisson regression model was used to estimate short-term temperature effects on mortality.
Temperature-related risks were divided into three time periods of equal length (1996-2000, 2001-2005, and
2006-2010). In addition, in order to compare the impact of high temperatures on deaths, this study calculated
the proportion of attributable deaths to population, which simultaneously considers the threshold and the slope
above the threshold.

Results: The effect and burden of high temperatures on deaths is high in Daegu. However, the impact (i.e. the
effect and burden) of elevated summer temperatures on deaths has declined over the past 15 years. Sensitivity
analyses using alternative thresholds show the robustness of these findings.

Conclusion: This study suggests that the attributable burden of high temperatures on deaths to be more plausible
than relative risk or threshold for comparing the health impact of high temperatures across populations.
Moreover, these results contain important implications for the development or the adjustment of present and
future strategies and policies for controlling the temperature-related health burden on populations.
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Table 1. Average daily number of deaths and temperature in summer seasons (June-August) in Seoul and Daegu, 1996-

2010
Death* Temperature’

Year Seoul Daegu Seoul : Daegu :

All ages >65years  All ages >GSyears Mean Percentile* Mean Percentile*
Mean (SD) Mean (SD) Mean (SD) Mean (SD) (SD)  75% 80% 85% (SD)  75% 80% 85%
1996 (?g?) (57020) (254:’) (14410) (2247283) 26.94 27.59 27.75 (244.‘.1847) 28.69 29.04 29.68
1997 (?(5)2) (57]76) (2f29) (13433) (2259416) 27.56 27.85 28.36 (225;429) 27.66 28.10 28.35
1998 ?9466) (57192) (26429) (14448) (2236935) 25.59 25.81 26.09 (2342019) 26.09 26.65 27.21
1999 (89498) (5804?) (25565) (14532) (2246929) 26.56 27.15 28.64 (2245522) 26.63 27.10 27.43
2000 (?(7)?) (57257) (25425) (13475) (225.'2597) 27.53 27.99 28.29 (2257600) 2741 2770 28.21
1996-2000 (213(5):;) (57182) (25448) (14406) (2247824) 26.83 27.33 27.81 (2341951) 2735 27.71 28.21
2001 (89825) (5';89) (24595) (13588) (2243988) 26.61 26.74 2738 (2267312) 28.57 29.04 2931
2002 (?gg) (58319) (255;4) (13690) (223.;‘951) 25.56 25.85 25.98 (2340738) 27.00 27.26 28.09
L R T
2004 (??2) (59703) (25669) (15728) (2247703) 26.59 27.56 28.34 (2351423) 28.30 28.86 29.18
2005 (?(5)2) (58598) (25553) (14722) (2246318) 26.16 26.49 27.09 (2256897) 27.96 2820 28.89
2001-2005 (?g;) (5;39) (25535) (14645) (22452(;)) 2591 26.29 26.70 (2259183) 2736 28.02 28.58
2006 (89898) (68071) (25515) (14713) é4(?01) 26.51 27.06 27.64 (2354256) 2790 29.24 30.01
2007 (88731) (579 48) (254;4) (] 4638) (224 fol) 2642 26.70 27.15 (235.'2]57) 27.64 2824 29.20
2008 (?gé) (58906) ?f26) (13780) (2;.8091) 25.79 2631 27.03 (2358167) 28.64 28.99 29.44
2009 (?(6)2) (690(;‘; (25529) (14808) (2243176) 25.77 26.13 26.54 (2243766) 27.06 27.15 27.54
2010 (?(1)3) (69527) (25730) (14976) (22512;) 26.69 27.03 27.33 (226.'5776) 28.63 29.01 29.41
2006-2010 (?3(1)) (68181) (255 15) (14739) (2246420) 26.31 26.66 27.14 (2352412) 27.89 28.48 29.09
All (?(6)2) (59527) (25523) (1464:7,) (2246449) 2631 26.71 27.29 (2351126) 27.55 28.06 28.61

*All non-accidental deaths
"Mean daily temperature (0-lag day)

*Percentile with daily mean temperature for summer season (June - August)
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Fig. 1. Exposure-response curve for daily mean temperature and daily death counts for all ages and among those > 65 years

of age in summer (June-August), 1996-2010.

S HolA] Utk AE Bt #4717 5%
WAzl HFe 217t 86.6%, 25.3HoF T+
7F AL-o] ok 380 | Zo|qiT) AMANLRSe]
AALGHQ] Wske RH F A9 BT FrksleE A
o2 yepon 654 o AbgRETE HAl AF
Atz B 543 ST
Fig 1= H|AE o537 RES &g gy
7] 4oz g dHAIYAY] =& NES 2
< HAErh A3 tiqtollA] dHH7]20] A
IR gt ARl 5
oM FE FA3] Tk Ag I}l
. 53] o]yt g AMEET tlollA o
B8 202 Holn, A AFe] APgHUE 65
Bo| APgellA ] FsHA st Ae

2 ooy oM

rlo met

ﬂ_h,
TH s

£
S
oz
2

2. Atofl chHst 7245 HMEY Saet fH

Table 2= A& 9 ojgtelx] 247170 dARE
o dARE o] Felxe] 712 1°C sl mE o
HANRRe] Mg Z7H(percentage increase)S 5
A3 Atoltt,

7|45 02 A5 APEF A AARES A

J Environ Health Sci 2012: 38(6): 460-471

717k AF5e] 80% Tl E AAIE W, A&l o
A2w=E AA717E, 1996~2000, 2001~2005, =2
g3 2006~20108 =02 zFz} 26.71°C, 27.33°C,
26.29°C, 18] 26.66°CE FERITH(Table 2). -
o] ZA$olle zk2F 28.06°C, 27.71°C, 28.02°C, 12
L 28.48°CE YENHTHTable 2). 53] 80% =2
PAREE A& A9l 1996~2000°] 7H =
A vepgtem,| tigte] 9ol 2006~20108°] 71
A JEFSTE. olldt BE 75% B 85% Tl
PAREANNE FLaA JERGTH(Table 2).
AEolA 80% = AT o dEHF7]E
1°C g0 2 A3 A Ao AR MRS
=71 AA717Y, 199620003, 2001~20053, 28] 32
200620101 &2 2 7}7} 2.86%(95% Confidence
Interval: 1.80~3.94%), 5.09%(95% CI: 2.81~7.42%),
3.04%(95% CI: 1.45~4.65%), L2]3L 1.48%(95%
CL: -0.57~3.58%)% 54 = Arh(Table 2). 2] 73
$-oll= 47t 4.69%(95% CI: 2.56~6.86%), 3.27%
(95% CI: -0.43~7.10%), 6.71%(95% CI: 3.08~10.47%),
I3 2.94%(95% CI: -1.17~721%)2 F3 ATt
(Table 2). YT T2 AALEE A&3 654
old AF AbgAtel et WMEE TVl WA A

http://www.kseh.org/



SHEY| Jl2dseR Qg M9l 7[R E Hel 465

Table 2. Estimated increase in mortality (95% confidence interval) associated with a 1°C increase in temperature above
the thresholds in Seoul and Daegu, South Korea, according to definitions of threshold (75th, 80th, and 85th

percentile with summer daily mean temperature for each city)

Threshold and study period

Percentage increase® (95% CI)

City Percentile* of study period Threshold value (°C) All ages > 65 years
All 26.31 2.58 (1.67 — 3.50)  4.08 (2.94 — 5.24)
75% 1996 — 2000 26.83 4.17 (2.36 — 6.00)  6.64 (4.29 — 9.05)
2001 —2005 2591 278 (136 — 4.22)  4.17 (2.39 — 5.99)
2006 —2010 26.31 1.51 (-0.26 — 3.32) 243 (0.31 - 4.61)
All 26.71 2.86 (1.80 —3.94)  4.55 (3.22 - 5.90)
1996 — 2000 27.33 5.09 2.81 —7.42) 7.96 (4.98 — 11.02)
Seoul 80%
2001 —2005 26.29 3.04 (145 — 4.65)  4.69 (2.69 — 6.72)
2006 —2010 26.66 1.48 (-0.57 — 3.58) 2.41 (-0.05 — 4.93)
All 27.29 3.65 (225 - 5.06)  5.76 (4.00 — 7.54)
95% 1996 — 2000 27.81 6.40 (3.39 — 9.50) 1029 (6.35 — 14.38)
2001 - 2005 26.70 3.46 (1.63 = 533) 544 (3.14 - 7.80)
2006 —2010 27.14 1.78 (-0.83 — 4.46) 2.72 (-0.41 — 5.94)
All 27.55 3.54 (1.82 — 530) 4.63 (249 — 6.83)
75% 1996 — 2000 27.35 2.51 (-0.68 — 5.81) 3.84 (-0.35 — 8.20)
2001 — 2005 27.36 483 (2.02 - 7.71)  8.11 (4.55 - 11.79)
2006 — 2010 27.89 2.26 (-0.89 — 5.51)  1.15 (-2.56 — 4.99)
All 28.06 4.69 (2.56 — 6.86)  6.16 (3.51 — 8.88)
1996 — 2000 27.71 3.27 (043 - 7.10)  4.63 (-0.21 — 9.70)
Daegu 80%
2001 - 2005 28.02 6.71 (3.08 — 10.47) 11.46 (6.82 — 16.29)
2006 — 2010 28.48 294 (-1.17 = 721)  1.85 (-2.98 — 6.92)
All 28.61 6.35 (3.55 —9.23) 838 (4.88 — 11.99)
95% 1996 — 2000 28.21 5.42 (0.78 — 10.29)  6.90 (0.81 — 13.34)
2001 - 2005 28.58 8.46 (3.72 — 13.42) 14.96 (8.86 — 21.40)
2006 — 2010 29.09 5.37 (-0.46 — 11.53) 4.25 (-2.59 - 11.57)

*Percentage increase in daily mortality with a 1°C temperature increase above the threshold

T The temperature at which the risk of mortality begins to increase with increasing temperature
T Percentile with season daily mean temperature for summer season (June - August)
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4.63%, 11.46%, 1.85%=2 F7F=|ATH Table 2).
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Table 3. Yearly attributable burden of temperature in the summer (June®©August) for Seoul and Daegu, South Korea,
according to definitions of threshold (75th, 80th, and 85th percentile with summer daily mean temperature for

each city)

Yearly attributable death and burden of high temperature on deaths

Definition of threshold

Ci . i i
y and study pericd Population i?ui??ggiﬁd?gl (9?2212}?];2 bll;)r(if)r(l)o
All 10,066,343 73 (48 — 98) 0.72 (0.47 — 0.97)
5% 1996 — 2000 10,095,278 105 (61 — 147) 1.04 (0.60 — 1.46)
2001 — 2005 10,041,178 85 (42 — 126) 0.84 (0.42 — 1.25)
2006 — 2010 10,062,574 38 (-7 — 80) 0.37 (-0.07 — 0.80)
All 10,066,343 60 (39 — 82) 0.60 (0.38 — 0.81)
1996 — 2000 10,095,278 85 (48 — 121) 0.85 (0.48 — 1.20)
Seoul 80%
2001 — 2005 10,041,178 72 (35 — 108) 0.72 (0.35 — 1.08)
2006 — 2010 10,062,574 27 (-11 — 64) 0.27 (-0.11 — 0.63)
All 10,066,343 48 (30 — 65) 0.47 (0.30 — 0.65)
85% 1996 — 2000 10,095,278 65 (36 — 94) 0.65 (0.35 — 0.93)
2001 — 2005 10,041,178 63 (30 — 94) 0.62 (0.30 — 0.93)
2006 — 2010 10,062,574 20 (-10 — 50) 0.20 (-0.10 — 0.49)
All 2,503,126 31 (16 — 45) 1.23 (0.65 — 1.79)
5% 1996 — 2000 2,505,501 19 (-5 — 41) 0.75 (-0.21 — 1.64)
2001 — 2005 2,526,268 47 21 = 72) 1.88 (0.82 — 2.87)
2006 — 2010 2,477,609 20 (-8 — 47) 0.81 (-0.33 — 1.88)
All 2,503,126 28 (16 — 40) 1.13 (0.63 — 1.60)
1996 — 2000 2,505,501 18 (-3 — 38) 0.73 (-0.10 — 1.51)
Daegu 80%
2001 — 2005 2,526,268 42 (20 — 62) 1.66 (0.80 — 2.47)
2006 — 2010 2,477,609 17 (-7 - 39) 0.68 (-0.29 — 1.59)
All 2,503,126 24 (14 - 34) 0.96 (0.55 — 1.34)
85% 1996 — 2000 2,505,501 19 3 - 34) 0.77 (0.12 — 1.37)
2001 — 2005 2,526,268 33 (16 — 50) 1.32 (0.62 — 1.99)
2006 — 2010 2,477,609 17 (-2 — 35) 0.70 (-0.06 — 1.41)

Mg 19965 E 20108714 3HE71(6~8Y)
Foke] A STGE 10,066,3435°12H, 1996~
200031 10,095,278, 2001~2005391 10,041,178
g, 283 2006~20101 90 10,062,574 ©] )t}
(Table 3). 80% G- YAIR= o)dollAe] dEH+
71 =22 A% 7|AEEs BH A7,
1996~2000%, 2001~2005%1, 22|37 2006~2010 &=
o=z 74z} A 60(95% CI: 39~82), 85(95% CI:
48~121), 72(95% CI: 35~108), &3 27(95% CI:
-11~64)B o2 FAEAK(Table 3). 2] 735l
1996358 20108714] s 71(6~8€) e A%
o QTFE 2,503,126 0102, 1996~2000 ]l
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