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Summary

Background: While short term effects of bioclimatic discomfort on mortality have
been widely investigated, only few studies have been focused on medium term ef-
fects. We analysed the strength of the association between summer bioclimatic dis-
comfort and mortality with respect to different temporal scales (same day, month
and season). Final goal was to estimate heatattributable mortality. Methods: Moz-
tality data of resident population in an Italian urban area were analyzed for summer
periods in the years 19892003. Bioclimatic discomfort conditions were defined by
using the Thom index. We assumed the existence of a threshold value of the Thom
index after which mortality increases with a loglinear trend. Data after threshold
were analyzed at daily, monthly and summer scale, using Poisson regressions. Analy-
sis were conducted also by cause of death, gender and age. Attributable mortality
was estimated by comparing mortality with baseline value. Results: All causes, na-
tural, cardiovascular and respiratory mortality were significantly associated with bio-
climatic discomfort. The percentage increase in mortality due to an unit increment
of Thom index after threshold rises on enlarging the time window. For allcauses
mortality, the percentage increases from 12 to 27%. The highest risk was for respi-
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Background

Summer bioclimatic discomfort is a si-
gnificant public health problem. Every
year, a large number of deaths occur in
association with stressful bioclimatic
conditions (1, 2). Events like that expe-
rienced during summer 2003 in southern
and central European regions could also
give rise to emergency situations for the
public health systems (3), and pointed
out the need of setting up suitable war-
ning and prevention systems. Further-
more, because of the projected conse-
quences of global warming (4, 5), and
the increased frequency and intensity of
heat waves (6), heat-related mortality
may assume greater public health signifi-
cance during the coming decades (7, 8).
Populations at middle latitudes are more
vulnerable (9). Risks are even higher for
people living in urban environments,
where antropogenic emissions together
with physical properties of materials
used for buildings and streets give rise to
the phenomenon known as the “urban
heat island effect”, i.e. higher heat inde-
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ratory mortality with a percentage increment at summer scale equal to 78%. Me-
diumterm allcauses mortality was the one most closely associated with bioclimatic
discomfort, with pseudoR2 rising from 0.08 at daily scale to 0.51 at summer scale.
At daily scale the >75 years old total mortality risk was about four times the <65
yearsold. Risk in men and women did not differ significantly. Heatattributable all-
causes mortality estimated at summer scale for the period 19892003 was about 6%
of the total deaths. Conclusions: The strong influence of bioclimatic discomfort on
mortality we have found both for short and medium term highlights its role as pri-
mary risk factor and calls for appropriate prevention policies. he short term, so that
the harvesting effect does not appear to have a primary role.

Riassunto

Introduzione: Mentre sono numerosi gli studi che hanno analizzato gli effetti a
breve termine del disagio bioclimatico sulla mortalita, solo pochi hanno indagato
gli effetti 2 medio termine-Si & voluto in questo lavoro studiare la forza dell’asso-
ciazione tra disagio bioclimatico estivo e mortalita rispetto a diverse scale tempo-
rali (giornaliera, mensile e stagionale). Obiettivo finale & stato la stima della mor-
talia attribuibile. Metodi: Sono stati analizzati i dati di mortalita dei periodi estivi
degli anni 1989-2003 della popolazione residente in un'area urbana italiana. Le
condizioni di disagio bioclimatico sono state definite utilizzando I'indice di Thom.
Si & verificata I'esistenza di un valore soglia del'indice di Thom oltre il quale la mor-
talitd aumenta con un andamento log-lineare. I dati oltre la soglia sono stati ana-
lizzati alla scala temporale giornaliera, mensile e estiva usando regressioni di Pois-
son. Sono state condotte anche analisi per causa di morte, sesso ed eti. La morta-
litd attribuibile & stata stimata confrontando la mortalitd con il valore di baseline.
Risultati: La mortalitd per tutte le cause, per cause naturali, cardiovascolari e respi-
ratorie & risultata significativamente associata al disagio bioclimatico. Lincremen-
to percentuale della mortalita giornaliera dovuto ad un incremento unitario dell'in-
dice di Thom dopo la soglia aumenta al con I'ampiezza della scala temporale. Ri-
spetto alla mortalitd per tutte le cause la percentuale aumenta dal 12 al 27%. La
mortalitd per cause respiratorie & risultata quella associata al rischio pit elavato, pa-
ri, alla scala estiva, al 78%. Anche la forza dell’associazione aumenta con 'ampiez-
za della scala temporale. Gli pseudo-R? variano, per la mortalita totale, da 0.08 al-
la scala giornaliera a 0.51 alla scala estiva. Alla scala giornaliera il rischio di morte
degli ultra-75enni & circa quattro volte maggiore di quello dei minori di 65 ani. 1
rischi negli uomini e nelle donne non sono risultati significativamente differenti.
La mortalitd nel periodo 1989-2003 attribuibile al disagio bioclimatico ¢ stata sti-
mata pari a circa il 6% della mortalita totale. Conclusioni: Il forte effetto, sia nel
breve che nel medio termine, del disagio bioclimatico sulla mortalitd evidenzia la
sua rilevanza come importante fattore di rischio e richiama la necessita di adegua-
te politiche di prevenzione.

xes in urban than surrounding rural areas
(10, 11).

Cardiovascular and respiratory effects
are prominent (12-14), and most deaths
have occurred in persons with pre-exi-
sting diseases, such as diabetes, ischemic
hearth disease, stroke, or respiratory ill-
nesses. However, heat could affect a vast
atray of health events, and also violent
and accidental deaths (15). At individual
level, several factors could influence the
heat-related risk: demographic factors

such as age (13, 16); behavioural factors
such as living alone (17, 18), using air
conditioning facilities (19, 20), living on
the upper floors of multistory buildings
and being alcoholic (19); health status
factors such as being confined to bed
(18), having a mental illness (20) and
using tranquilizers (19). These indivi-
dual factors, together with genetic and
acclimatisation factors, are responsible
for remarkable geographic heterogeneity
in the effects of the bioclimatic discom-

fort (2, 21); this highlights the impor-
tance of local studies.

While a number of studies have explored
the short term temporal pattern of the
association between bioclimatic discom-
fort and mortality, only a few have analy-
sed the medium term effects. The main
objective of this paper was to examine
the association between bioclimatic dis-
comfort and mortality in the short {(same
day) and medium (monthly and seaso-
nal) term in a middle-latitude urban area
with recurrent stressful bioclimatic con-
ditions (22) and exposed to heavy heat
waves (23, 24). Attributable mortality at
the three temporal scales was also esti-
mated.

Methods

The study area was the urban district of
Bologna, the chief city of the Emilia-
Romagna region, in the north-east of
Italy. We included in this definition the
three municipalities of Bologna, Casa-
lecchio and S. Lazzaro. This area is cha-
racterized by almost continuous building
and, from a bioclimatic point of view, co-
uld be considered uniform. The city is in
the Po Plain, a vast flat area surrounded
by mountains (Alps and Apennines) in
the north of Italy. The area is characteri-
sed by a continental climate with cold
winters and hot summers (typical
monthly mean temperatures ranging
from 1,7 to 24,3°C), high humidity le-
vels (typical monthly mean relative hu-
midity ranging from 60 to 84%) and low

typical wind intensities (annual mean

wind intensities of about 2 m/sec). The
urban population is about 420,000 per-
sons (85% living in the municipality of
Bologna). We analyzed the periods with
highest frequency of heat waves (15 May
— 31 August) in the 15 years from 1989
to 2003. Daily counts of residents who
died within the city were calculated for
all causes, natural causes (International
Classification of Diseases — ICD-9 — co-
des < 800), cardiovascular causes (ICD-
9 390-459) and respiratory causes (ICD-
9 460-519). Daily deaths were categori-
zed by gender and age (0-64, 65-74 and
>75 years). The effect of bioclimatic dis-

comfort was analyzed with respect to the
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same day (lag 0), temporal windows of
31-days (from now on referred as
monthly window) and the whole “sum-
mer” periods (15 May-31 August). In
the analyses of the short-term effects, lag
0 was preferred because most studies ha-
ve shown that this approach is better, or
not worse, than other more complex ap-
proaches (32). The monthly periods we-
re 31 May-30 June, 1-31 July and 1-31
August. For seasonal analyses, in addi-
tion to the window 15 May-31 August
we considered the wider window 15
May-30 September, in order to test an
eventual decrease in mortality rates after
the usual period of heat wave. We did
not analyse the association of mortality
and bioclimatic discomfort in the subse-
quent months because of the different
risk factors typical of the autumnal pe-
riod that might confound the results. To
take into account the changes in age dis-
tribution of the population of the area,
we calculated the five-year age-gender-
specific standardized death rate. The re-
ference population for the standardiza-
tion is the population living in the study
area in 2003. We controlled for long
term trends in total, natural and cardio-
vascular mortality (no trend was found
for respiratory mortality), probably due
to slow changes in socio-economic sta-
tus, medical practices, access to social
and health care and home air conditio-

ning prevalence. The trend was approxi-
mately linear.

Bioclimatic discomfort conditions were
defined by using Thom index (25), al-
ready used in several epidemiologic stu-
dies (22, 26-28), and chosen since the
1980s by the Emilia-Romagna Regional
Meteorological Service as reference bio-
climatic index. This index combines
temperature and humidity trough a li-
near combination of air temperatures
measured by dry (T.) and wet (T.) ther-
mometers. On the basis of experiments,
literature proposed that a value over 24
may outlook health problems for several
members of a population. We used the
mean daily value of the index in order to
take into account both the divrnal, more
unfavourable conditions and the noctur-
nal ones, important for physical recovery.
Dry (Ty) and wet (T.) thermometer
temperatures were calculated using tem-
perature and humidity data of the airport
station (“Borgo Panigale”), located very
close to the city. In order to better captu-
re the “heat island effect” (the airport
station is very close to the city but ob-
viously not in the city center), we correc-
ted the airport data using a linear func-
tion estimated by relating the airport da-
ta with the data of a station located wi-
thin the city center operating only from
2001 (R* temperature = 0.96 and R? hu-
midity = 0.79); the correction was ap-
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plied to the whole historical data set of
the airport station. We did not include in
the analysis the effects of ozone and par-
ticulate matter since ozone and PM10
data were not available for the entire pe-
riod (monitoring activity started in 1994
for ozone and in 1999 for PM10) and we
chose to privilege the length of the bio-
climatic discomfort time series. Air con-
ditioning use in the study area was also
not available.
In agreement with [iterature, we found
in a preliminary analysis (Fig. 1) a thres-
hold value of Thom index (24} before
which mortality was constant and after
which it increases with a trend that could
be assumed as log-linear. In order to
estimate daily risks, we analyzed the da-
ta after the threshold using a Poisson re-
gression. At the monthly and summer
level, consistently with this approach, we
defined a medium term discomfort index
as the (monthly or summer) sum of daily
Thom index values over the threshold
{from now on called for the sake of bre-
vity Over-Threshold Thom Index Sum —
OTTIS value). The method used to esti-
mate the heat-attributable mortality was
also based on the assumption of constant
mortality before threshold. The regres-
sion analyses results were used to estima-
te the attributable deaths (M) by using
the following expression:
M=% ((Y*lxl)_Yb)

where X, are the OTTIS values of Thom
index, (Y*|X)) are the estimated values
with the regression functions at each
temporal scale, YD is the baseline value
of mortality (assumed to be equal to the
intercepts of the regressions) and the
sum operator must be applied to all the
over-threshold days and to all the
monthly and summer values. We assi-
gned to this estimate a confidence inter-
val by using the uncertainties associated
with the fits of the regressions. Hence,
the formula for the low confidence limits
was:

LCLy = Z ((LCLyxy- Y3)
and symmetrically for the upper ones.

Results

Table 1 shows the percentage increase in
mortality due to a unit increment of




Tab. 1 - Percentage increases and C195% in daily hoﬂality risk by temporal scale, time
windaw, cause of death and"gender due to a unit increment of Thom or OTTIS {monthly or
seasonal sum of Thom index valugs over the threshald),

Thom index (or of OTTIS) at the daily,
monthly and summer scales. The per-
centage reported in the table may be in-
terpreted as the mortality increment
with respect to the daily baseline morta-
lity for a single day in a daily, monthly or
summer time window with a discomfort
index a unit higher than the threshold
value (monthly and summer percentage
were “normalized” to daily scale).

The summer percentage increment in
mortality was the highest, followed by
the monthly and the daily ones. In parti-
cular, the risk derived at summer scale
with respect to total mortality was more
than twice the daily one; with respect to
respiratory mortality the risk became
nearly three times higher.

Table 2 shows the results of the Poisson
regression analyses in terms of pseudo-
R? (29). The highest pseudo-R? coeffi-
cients were found for total and natural
mortality. The coefficients became hi-

gher broadening the time windows (Fi-
gure 2 shows scatter plots at the three
termporal scales of all-causes mortality
against bioclimatic index).

In order to evaluate a possible distortion
in the estimates produced by the excep-
tional heat waves of 1998 and 2003, we
re-analysed the risks without 1998 and
2003 data. The results were very similar:
taking into account total mortality, the
risks became 13% (8, 18) using daily da-
ta, 12% (6, 18) using monthly data and
21% (9, 33) using summer data.

The associations between bioclimatic
discomfort and mortality in the period
May-September were very similar to the
associations in the May-August period:
0.45,0.46, 0.37, and 0.39 respectively for
all causes, natural, cardiovascular and re-
spiratory mortality. Therefore, Septem-
ber did not show lower than average
mortality after summer periods with
heat-related excess deaths.

. M+F - M F Day Month Swnmer
All causes Day 13¥9tl1?7). . = 13 (71020} - 12%(7 10 18} All causes 008 021 0.51
Moenth - 15 (10t021) 13* (51020} 23* (16 to 31) Natural 007 020 . 050
' . Summer "~ . 27" (180 36) 25*{121039) - 29"(161041) | |Cardiovascular 0.04 011 ~ 025
Natural ~ Day . - 12 (8t016) 125(6t019) - 12°(6t017) - | |Respiratory 002 023 043
§ ' Month . 15%(101020) - 12*(4020) - 23*(16to 30) : -
Summer 25* (1610 35) ~ 22* (810 36) 28* (15 to 41) .
Cardio  Day _ 15 (8 t0 23) 17 (6t030) 14 (5 to 23) Tab. 2 - Pseudo-R2 of the Plf"ssond "
: - Month 18% (9 t 27) 6 (-8 to 20) 31% (20 to 43) regressions between mortality and Thom or
. Summer 27* (11 to 43) 4 (=20 to 29) 4% (23 10°65) QTTIS {monthly or seasonal sum of Thom
Resp Day 27 (13 10 43) 21* (1 to 45) 33% (12 to 54) index values over the threshold) values by
Month 50* (32 to 68) 35* (10 to 60) 72* (48 t0 97) temporal scale and cause of death.
Summer 78* (46 10 111) 94* (49 o 139) 61* (14 10 108)

Respiratory mortality risks were the hi-
ghest at all the temporal scales, Risk in
men and women did not differ signifi-
cantly. The largest difference, even if not
significant, was found for cardiovascular
mortality at the monthly and summer
scales. We explored the association bet-
ween mortality and bioclimatic discom-
fort respect to age only for total and na-
tural mortality, because of the small
number of respiratory and cardiovascular
deaths. There was a positive association
between bioclimatic discomfort and
both total and natural mortality in each
age group, even if only >75 years-old
risks were significant (Table 3). At daily
scale, the >75 years total and natural
mortality risks were respectively about
four and five times the <65 years-old. Si-
milarly, the risk increased with age at the
monthly scale, whereas small differences
among the age groups were found at the
summer scale.

The results of the 1989-2003 heat-attri-
butable mortality analysis are shown in
table 4. At summer scale, all causes, na-
tural and cardiovascular-attributable
mortality were about 6% of the corre-

Al causes

Natural

o Day Month = Summer Day Month Sunxmer
0-64 M+F 7 7 5(-7t018) 5(-11 t0.21) 26 (-2 to 54} 3 (-9 to 16) 4 {13 to 21) 22'(-7 to 51}
S M T 5(-10t022) " -3(-241017) - 9(-26 to 45) 4 (-11 to 22} -4(-25t017) - -1(-38to36)
B 4 (14 t6-26) 18 (-8to44) 54*(8 to 100) " 1(-17 to 23) 17 (-10 1o 44) 60* (13 to 108)
65-74 - M+F 6 (<310 17} 2(-11to 15) 19 (-5 to 42) 6(-4t017) 2 (-11 o 16} 19 (-5 to 43)
M 6(-7 to 20) 2(-16 t0 19) 24 (-6 to 55) 6 (-7 to 20) 2 (-15 to 20} 26 (-5 to 57)
F 7 (-7 to 24) 2(-19t023) 10(-26t047) 7 (-8 t0 23) 2{-19 to 23) 9 (=29 to 46)
»75 M+F 16* (1140 21) 21*(15t028)  29*(18'to 40) 15* (10 to 20) 22* (15 to 28) 27" (1610 38)
M 18* (10t 27) 17 (7 t0 27) 29* (12 to 46) - 18* (10 to 26) 17* (7 10 27) 26* (9 to 43)
F 14* (8 to 21) 24*(16 t0 32} - 29* (14 to 43) 14* (8 to 20) 25% (17 to 33) 28* (13 to 43)
*P0.05 : B : :

Tab. 3 - Percentage increases and CI95% in daily mortality risk by temporal scale, time window, cause of death and gender due to a unit
increment of Thom or OTTIS {monthly or seasonal sum of Thom index values over the threshold).
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sponding deaths of the period; the per-
centage rose to about 17% for respiratory

mortality.

Discussion

The study showed a strong influence of
bioclimatic discomfort on mortality in
both short and medium term.

High risks were found on the same day.
Critical, but not exceptional, bioclimatic
conditions (Thom index equal to 26) ha-
ve been linked to increments of about
30% in total mortality. The strongest ef-
fects were found for respiratory morta-
lity and in the 75-years old. The results
are qualitatively consistent with many
other studies even if a quantitative com-
parison is difficult because of the diffe-
rent bioclimatic indexes (simply tempe-
rature, Apparent Temperature, Humi-
dex, etc) and daily indicators (mean, ma-
ximum or minimum daily values) used in
literature. Analogies were found espe-
cially with areas with continental clima-
tes (21).

An even stronger effect on mortality of
bioclimatic discomfort was found in me-
dium term (monthly and seasonal tem-
poral scales). The risks increase broade-
ning the time window. This could be ex-
plained both by a cumulative effect of
the risk in days after heat peaks and by
the effects of persistence of the discom-
fort conditions that could enhance the
heat waves effect on mortality.

Previcus studies on medium term effects
are only a few and results quite contro-
versial. Ballester et al. (30) highlighted
effects at weekly scale. A recent work of
Hajat et al. (31) showed medium term
effects on mortality up to four weeks in
Dehli and Sic Paulo (but not in Lon-
don). However, more studies (9, 32-34)
found periods of lower-than-average
deaths some days or weeks after exposu-~
re to discomfort conditions. This pattern
is sometimes referred to as the harve-
sting effect.

Our study did not analyze the behaviour
of mortality in the single days after dis-
comfort conditions. However, our results
showed that, at monthly and summer
scale, a possible decrease in mortality at-
tributable to the harvesting effect in the




_ - Day 'Month Summer
Al causes . -572.(385 10 768) 688 (351 to 1034) 1184 (813 to 1562)
Natoral /522 (338 o 713) 638 (308 to 977) 1061 (698 to 1432)
Cardiovaseular . 235 {126 10 352) 279 (8210 484) " 415 (198 to 640)
Respiratory . 101 (4710163), - - 183 (88t0.286) - 270 (166 to 381)

Tab. 4 - 1989-2003 heat related mortality and Cl by temporal scale and cause of death.

days after heat peaks was however lower
than the mortality increase due to cumu-
lative or delayed effects. In fact, by con-
sidering the monthly and the summer
scale with respect to the daily one, we
observe an increasing both of the morta-
lity risk and of the Pseudo-R2. The
analysis of the May-September period
was a further check that the relationship
between mortality and bioclimatic dis-
comfort was not only due to mortality
displacement.

Some limitations are present in the
study. For example, other potentially im-
portant environmental risks factors such
as PM10 and ozone were not taken into
account in this study because of the lack
of data for many years of the study pe-
riod. However, the Italian meta-analysis
on short term effects of air pollution
MISA II (35) (consistently with the
other main international meta-analyses
NMMAPS and APHEAII) together
with other studies considering also ef-
fects on medium term (36,37), found
risks much lower in magnitude with re-
spect to those found in this work and
hardly could account both single day ef-
fects and the increase in risk found broa-
dening the time window. Furthermore, a
recent work of Keatinge and Donaldson
(38) concluded that pollutants played a
little part in excess mortality associated
with hot weather.

Indicators of time evolutions of socio-
economic status and air conditioning
prevalence were also not included in the
study. Even if, generally speaking, these
confounders could be important, they
are belived to have not a primary in-
fluence on the results of this study. In
fact, the trend in these indicators was ex-
pected to be monotonic and quite
smooth and has been probably included
in the analysis by controlling in long
term trend in summer mortality.

Conclusions

The large effect of heat on medium-term
mortality highlighted in this study en-
hances the importance of bioclimatic
discomfort as a primary environmental
risk factor and suggests appropriate in-
vestments in prevention policies, such as
setting up heat warning systems. These
alert systems should, however, take into
account that the daily variability of mor-
tality is very high, especially in cities
with populations equal to or less than
Bologna where the random component
of the mortality fluctuations is domi-
nant. In fact, if bioclimatic discomfort
accounts for about 51% of the variability
of summer total mortality and about
23% of the monthly one, it accounts only
for about 8% of the daily variability.
Owing to the entities of the random
fluctuations, the daily mortality becomes
hard to predict, and this should be care-
fully evaluated in setting up a bioclima-
tic warning system and its communica-
tion and assistance components.

Bibliografia

1. Keatinge WR, Donaldson GC, Cordioli E,
et al.: Heat related mortality in warm and
cold regions of Furope: observational study.
BM]J 2000; 321: 670-3.

2. Donaldson GC, Keatinge WR, Nayha S:
Changes in summer temperature and heat-
related mortality since 1971 in North Caro-
lina, South Finland and Southeast England.
Environ Res 2003; 91: 1-7

3. Vandentorren S, Suzan T, Medina §, et al.:
Mortality in 13 French cities during the Au-
gust 2003 heat wave. Am ] Public Health
2004; 94 (9): 1518-20.

4. National Research Council: Reconciling ob-
servations of global temperature change.
Washington, DC: National Academy Press
2000; 86.

5. Yoganathan D, Rom WN: Medical aspects
of global warming. Am J Ind Med 2001; 40:
199-210.

6. Meehl GA, Zwiers F, Evans ], Knutson I,
Meams L, Whetton P: Trends in extreme
weather and climate events: isuues related
to modeling extremes in projections of fu-
ture climate change. Bull Am Met Soc
2001, 81: 427-76.

7.Karl TR; Knight RW, Easterling DR,
Quayle RG: Indices of climate change for
the United States. Bull Am Met Soc 1996;
77: 279-303.

8. Patz JA, McGeehin MA, Bernard SM, et
al: The potential health impacts of climate
variability and change for the United Sta-
tes: executive summary of the report of the
health sector of the U:S: National Asses-
sment. Environ Health Perspect 2000;
108: 367-76.

9. Kalkstein LS: Health and climate change.
Direct impact in citles. Lancet 1993; 342:
1397-1399,

10. Lee DX: Seventy-five years of searching

for a heat index. Environ Res 1980; 22:
231-56.

11. Landsberg HE: The urban climate. New

York, NY: Academic Press, Inc; 1981.

12. Kunst AE, Looman CW, Mackenbach JP:

Outdoor air temperature and mortality in
the Netherlands: a time-series analysis. A J
Epidemiol 1993; 137: 331-41.

13. Saez M, Sunyer J, Castellague J, Murillo

C, Anto JM: Relationship between wea-
ther temperature and mertality: a time se-
ries approach in Barcelona. Int J Epide-
miol 1995; 24: 576-82.

14. Keatinge WR, Cleshaw SR, Holmes J:

Changes in seasonal mortalities with im-
provement in home heating in England
and Wales from 1964 to 1984. Int J Bio-
meteorol 1989; 33: 71-6.

15. Wyndham CH, Fellingham SA: Climate

and disease. S Afr Med ] 1978; 1051-61.

16. Smoyer-Tomic KE, Rainham DG: Beating

the heat: development and evaluation of a
Canadian hot weather health response
plan. Environ Healih Perspect 2001; 109:
1241-8.

17. Naughton MP, Henderson A, Mirabelli

M, et al: Heat-related mortality during a
1999 heat wave in Chicago. Am J Prev
Med 2002; 22: 221-7.

18, Semenza JC, Rubin CH, Falter KH, et al:

Heat-related deaths during the 1995 heat
wave in Chicago. N Engl ] Med 1996; 335:
84-90.

19. Kilbourne EM, Choi K, Jones TS, Thacker

SB: Risk factors for heat stroke: a case con-
trol study. JAMA 1982; 247: 3332-6.

20. Kaiser R, Rubin CH, Henderson A, et al:

Heat related deaths and mental illness du-
ring the 1999 Cincinnati heat wave. Am J
Forensic Med Pathol 2001; 22: 303-7.

21. Curriero FC, Heiner KS, Samet JM, Zeger

SL, Strug L, Patz A: Temperature and
mortality in 11 cities of the eastern United
States. Am ] Epidemiol 2002; 155: 80-7.

2/2007 73




22. Zauli Sajani S, Garaffoni G, Goldoni CA,
Ranzi A, Tibaldi S, Lauriola P: Mortality
and bioclimatic discomfort in Emilia-Ro-
magna, [taly. ] Epidemiol Community
Health. 2002; 56 (7): 536-7.

23. Michelozzi P, De’ Donato F, Bisanti L, et
al: The impact of the summer 2003 heat
waves on mortality in four Iralian cities.
Euro Surveill 2005; 10 (7).

24. Conti 5, Meli P, Minelli G, et al: Epide-
miologic study of mortality during the
summer 2003 heat wave in-Italy. Environ
Res 2005; 98 (3): 390-9.

25. Thom EC, Bosen JF: The discomfort in-
dex. Weatherwise 1959; 12: 57-60.

26, WMO: The assessment of human biocli-
mate. A limited review of physical parame-
ters. 1972; 331, Technical Note 123.

27, Katsouyanai K, Pantazopoulou A, Toulou-
mi G, et al: Evidence for interaction bet-
ween air pollution and high temperature in
the causation of excess mortality, Arch En-
viron Health 1993; 48 {4): 235-42.

28. Giles BD, Balafoutis C, Maneras P: Too

29.

30.

31.

32.

33.

hot for comfort: the heatwaves in Greece
in 1987 and 1988. Int ] Biometeorol 1990
34: 98-104.

Kleinbaumn DG, Kupper LL, Muller KE:
Applied regression analysis and other mul-
tivariable methods, Duxbury Press, Second
Edition, 1988, Belmont California.
Ballester F, Corella D, Pérez-Hoyos S,
Saez M, Hervds A: Mortality as a function
of temperature. A study in Valencia, Spain,
1991-1993. Int ] Epidemiol 1997; 26 (3):
551-61.

Hajat §, Armstrong BG, Gouveia N, Wil-
kinson P: Mortality displacement of heat-
related deaths. A comparison of Dehli, Sao
Paulo, and London. Epidemioclogy 2005;
16 (5): 613-20.

Braga ALF, Zanobetti A, Schwartz J: The
time course of weather-related deaths.
Epidemiol 2001; 12: 662-7.

Pattenden S, Nikiforov B, Armstrong BG:
Mortality and temperature in Sofia and
London. J Epidemiol Community Health
2003; 57: 628-33.

74 G.E.A.

34. Alberdi JC, Diaz J, Monterc JC, Miren I:
Daily mortality in Madrid community
1986-1992: relationship with meteorologi-
cal variables. Europ J Epidemiol 1998; 14:
571-8.

35. Biggeri A, Bellini P, Terracini B: Meta-
analysis of the Ttalian studies on short-
term effects of air pollution — MISA
1996-2002. Epid Prev 2004; 28 (4-5): 1-
100.

36. Bell ML, McDermott A, Zeger SL, Samet
JM, Dominici F: Ozone and short-term
mortality in 95 US Urban Communities,
1987-2000. JAMA 2004; 292 (19): 2372~
8.

37. Goodman PG, Dockery DW, Claney L:
Cause-specific and extended effects of par-
ticulate pollution and temperature exposu-
re. Environ Health Perspect 2004; 112:
179-85.

38. Keatinge WR, Donaldson GC: Heat accli-
matization and sunshine cause false indica-
tions of mortality due to ozone. Environ
Res 2005 (Epub ahead of print).



