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ABSTRACT

Objectives: The impact of climate change on the health has been of increasing concern due to a recent
temperature increase and weather abnormality, and the research results of the impact varied depending on
regions. We synthesized risk estimates of the overall health effects of low and high temperature taking account
of the heterogeneity.

Methods: A comprehensive literature search was conducted using PUBMED to identify journal articles of low
and/or high temperature effects on mortality. The search was limited to the English language and epidemiological
studies using time-series analysis and/or case-crossover design. Random-effect models in meta analysis were
used to estimate the percent increase in mortality with 1°C temperature decrease or increase with 95% confidence
intervals (CI) in cold or hot days.

Results: Twenty three studies were presented in two tables: 1) low temperature effects; 2) high temperature
effects on mortality. The combined effects of low and high temperatures on total mortality were 2% (95% ClI,
1-4%) per 1°C decrease and 4% (95% CI, 2-5%) per 1°C increase of temperature, respectively.

Conclusions: This meta analysis found that both low and high temperatures affected mortality, and the
magnitude of high temperature appeared to be stronger than that of low temperature.

Keywords: Climate change, High temperature, Low temperature, Meta analysis, Mortality
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Table 1. Recent studies of cold effects on mortality

Author (year) Study population Method Exposure Outcome Main findings (95% CI)
Europe
Gomez-Acebo et al. . . Case-crossover < 5" vs. > 5" ptl
(2010) Cantabria (Northern Spain) analysis femperature All cause OR 3.40 (2.95, 3.93) or 6-day lag
15 Europeon Regions (Athens, Barcelona,
.. Ljubljana, Milan, Rome, Turin, and . . Temperature during
Analitis et al. Valencia, Budapest, Dublin, Helsinki, Time series, winter Months All cause 1.35% (1.16, 1.53)

(2008)

Revich et al. (2008)
Hajat et al. (2007)
Carder et al. (2005)

Huynen et al. (2001)

The Eurowinter
group (1997)

Nayha et al. (1995)
North America

Anderson et al.
(2009)

Cagle et al. (2005)
Asia

Ha et al. (2009)

London, Paris, Prague, Stockholm,
and Zurich)

Moscow, Russia
England and Wales, UK
Scotland, UK

The Netherlands

8 Europeon regions (North Finland,
South Finland, Baden-Wiirttemberg,
Netherlands, London, North Italy,
Athens, Palermo)

Northern Finland

107 US communities

Washington, US

Seoul, Korea

% change

Time series,
% change

Time series,
Relative risk
Time series,
% change
Time series,
% change

Time series,
% change

Time series,
% change

Time series,
meta analysis,
% change

Time series,
Death rate change

Time series,
% change

(Oct-March)

Mean temperature

Temperature from
Sth centile

Mean temperature
from 11°C

Temperature below
14.5°C

Temperature below
18°C

Mean temperature

1% vs. 10"
percentile
temperature

Mean temperature

Cold wave

Non-accidental

All cause

All cause

All cause

All cause

IHD

All cause

All cause

Cardiovascular

9.9% (8.0, 12)
RR 1.06 (1.05, 1.06)

2.9% (2.5, 3.4)

1.37% increase per 1°C decrease
(CI not provided)

Cold effects were greater in warmer
regions than in colder regions
(Athens vs. South Finland 0.27%)

5% (1, 9) per 1°C decline

4.2% (3.2, 5.3) increase in risk

A decrease in death rate
by a factor of 0.97 (0.96, 0.98)

1.80 (0.63, 2.95) cardiovascular
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PUBMED (www.ncbi.nlm.nih.gov)] =& 5 A&
o] #&(‘cold’, ‘low temperature’) = L-2(‘hot’,
‘high temperature’, ‘heat’), 22|32 AF(‘death’, ‘mor-
tality’ )& EFshs =& s 29 147
FEFol At AYAF7E vlaA wol Pz W
o AAAS TS 3 =BG 9FT /H;go]_o:h;]_
2 A3 F 24599] =Fo] HAHAT, 2 FA
o7t obd osolR 2ol =1, 17k Abgol
opd F&, vEElol, ME 5o Abd(death)} 717
WA AREE cold7} ofd 77U EAHL2EE W
Aote =i 5 AP &2 FAIE AlFolA Al
Qlste] 1071 =t AT HES FUA
—% —r]SHH populatlon-based Z}L, AAE 24 2

H(ﬂ 11, 127H)4 Xﬂi 2 ﬂli g AP
o A3 =ES HFTHoE Mt

HEREA o] ]%5} =i AFAHE s
w2 Abhe] W8 H38}EF(percentage change, %)
Z 95% A12]77H(confidence intervals, CI)°] U=
ATk olgsldon e ¢ s T 7hio)
oJg F7PEE TS o8kt 1°F 22 10°FS
2 AXE A 1°C F7F WEEE $bete] A
A5t} WEHEA]L R software (cran.r-project.org)

9] metaford] 7| A & o] &3} t}.
(Heterogeneity testy S Q-F A H(Q-statistics)2] p-Zt

SEERECE:

o] 0.05 FEAM FFAE Hjom, SWHF
(publication bias)= =9/377d (rank correlation
test)S ©]&3lIA p-ghol 0.05 FFolA F-23HK]
g HodY.
mz o

Ao g Qg Abg 2o o3k Rk A
T7F Bol BaER] ¢kgkeh, AElst 1139 =7 7t
2 fH2=77TeNA o] Algel B3t =i 8, St

1-14 u]=t 230]RtH(Table 1). The Eurowinter Group

< e FHETHES] ZAIERNA Al ARl v
ﬂ—t— FEFE WERTA 02 SHEAE HoE ¥ o}
Yt 7 =AM 93-S A2 AAlEaL Ak
Analitis &< 157] F8AFle] AL (10-39)
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o] FEFS 2O FE AAIstaL slojx HEsk A
aol| it = 1f S AT A =Fell
A o A S gl Sshe e &L
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2 1°C 22T u 1.3-9.9%2] Abdo] 718

Area (Author and Year) RR [95% CI]
Europe

South Finland, Finland (The Eurowinter Group 1997) a2 1.00[1.00,1.00]
North Finland, Finland (The Eurowinter Group 1997) - 1.00[1.00,1.00]
North Italy, Italy (The Eurowinter Group 1997) - 1.01[1.00,1.01]
The Netherlands (The Eurowinter Group 1997) | 1.01[1.00,1.01]
Baden-Wurttemberg, Germany (The Eurowinter Group 1997) | | 101[1.00,1.01]
Europe (Analitis 2008) * n 1.01[1.01,1.02]
London, UK (The Eurowinter Group 1997) ] 1.01[1.01,1.02]
Palermo, Italy (The Eurowinter Group 1997) = 1.02[1.01,1.02]
Athens, Greece (The Eurowinter Group 1997) —— 1.02[1.01,1.03]
Scotland, UK (Carder 2005) - 1.03[1.03,1.03]
England and Wales, UK (Hajat 2007) —s— 1.06[1.05,1.07]
Moscow, Russia (Revich 2008) e 1.10[1.08,1.12]
RE Model i 1.02[1.01,1.04]

T T T T 1
0.98 1.02 1.06 1.10 1.14
RR of Mortality

Fig. 1. Combined percentage change of relative risk of cold effects on total mortality. *combined effects.
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Table 2. Recent studies of heat effects on total mortality using time-series analysis

Percentage Change of all cause-mortality risk

Author (Year) Study population Exposure (95% CI) in time-series analysis
Europe
Almeida et al. (2010) Lisbon, Portugal Mean AT* 2.1% (1.6, 2.5)
Baccini et al. (2008) 15 European cities Max AT* 3.12% (0.6, 5.7)
1 11 0, 0, 0,
Michelozzi et al. (2006) Italian cities Max AT* 3.2% (1.9, 4.6), 5.0% (3.8, 6.1), 5.4% (4.3, 6.5),

(Bologna, Milano, Roma, Torino)
Dublin, Ireland
London, US; Sofia, Bulgaria

Goodman et al. (2004)
Pattenden et al. (2003)

Hajat et al. (2005) Delhi, Sao Paulo, London

North America

Basu et al. (2011) 13 counties in California

Basu et al. (2008) 9 California counties

Zanobetti et al. (2008) 9 U.S. counties

Medina-Ramon et al. (2007) 50 US cities

Asia
Hashizume et al. (2009) Matlab, Bangladesh

Korean cities (Seoul, Daegu,

Kim et al. (2006) Incheon, Gwangju)

Min temperature

Mean temperature

Temperature

Mean AT*

AT*

Daily AT*
(minimum, mean, maximum)
Binary variable as extreme heat
(range 22-32°C) and continuous

Mean temperature

Mean temperature

and 3.8% (2.5, 5.0), respectively.
0.4% (0.3, 0.6)
1.9% (1.4, 2.4), 3.5% (2.2, 4.8)

2.4% (0.1, 4.7) in Delhi, 0.8% (-0.4, 2.1) in Sao Paulo
and -1.6% (-3.4, 0.3) in London

Excess risk=4.3% per 5.6°C (3.4, 5.2);
0.75% (0.33, 0.42) per 1°C.

Per 10°F, 2.3% (1.0, 3.6); Per 1°C, 0.41% (0.18, 0.23)

Per 5.5°C (10°F), 2.7% (2.0, 3.5);
per 1°C, 0.48 (0.36, 0.12)

5.74% (3.38, 8.15)

3.2% (0.9, 5.5)

Seoul, Daegu, Incheon, and Gwangju, estimated
percentage increases in daily mortality were
16.3% (14.2,18.4), 9.10% (5.12, 13.2),
7.01% (4.42, 9.66), and 6.73% (2.47, 11.2)

‘AT means apparent temperature.
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Area (Author and Year) RR [95% CI]
Asia
Seoul, Korea (Kim 2006) —— 1.16[1.14 ,1.18]
Daegu, Korea (Kim 2006) P 1.09[1.05,1.13]
Incheon, Korea (Kim 2006) 1.07[1.04,1.10]
Gwangju, Korea (Kim 2006) p——— 1.07[1.02,1.11]
Matlab, Bangladesh (Hashizume 2009): ————-A 1.03[1.01,1.06]
Delhi, India (Hajat 2005) f—a— 1.02[1.00,1.05]
Europe
Roma, ltaly (Michelozzi 2006) = 1.05[1.04,1.07]
Milano, ltaly (Michelozzi 2006) = 1.05[1.04,1.06]
Torino, ltaly (Michelozzi 2006) == 1.04[1.03,1.05]
Sofia, Bulgaria (Pattenden 2003) F—— 1.03[1.02,1.05]
Bologna, Italy (Michelozzi 2006) —=— 1.03[1. 02 ,1.05]
Europe (Baccini 2008) * A 1.03[1.01,1.06]
Lisbon, Portugal (Aimeida , 2010) ! 1.02[1. 02 1.03]
London, UK (Pattenden 2003) (! 1.02[1.01,1.02]
Dublin, Ireland (Goodman 2004) u 1.00[1.00,1.01]
London, UK (Hajat 2005) —— 0.98[0.97,1.00]
North America
US (Medina-Ramon 2007) * = 1.06[1.03,1.08]
Califronia, US (Basu 2011) * ] 1.01[1.00,1.01]
US (Zanobetti 2008) * n 1.00[1.00,1.01]
California, US (Basu 2008) * L] 1.00[1.00,1.01]
South America
Sao Paulo, Brazil (Hajat 2005) b= 1.01[1.00,1.02]
RE Model - 1.04[1.02,1.05]
I T T 1
0.92 0.99 1.07 1.15 1.23

Mortality

Fig. 2. Combined percentage change of relative risk of heat effects on total mortality. *combined effects.
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