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Meteorological variables and climate have 
a significant effect on human health

üMortality displays a seasonality with a general 
peak in the winter, but there are peaks in the 
summer as well, corresponding to heat -waves.

üVarious diseases also display seasonality with 
similar or opposite patterns to that of  
mortality.



Mortality - temperature association in 
Athens - Greece

Touloumi et al. Int J Epidemiol 1994; 23:957 - 967



Outline of the presentation

üEffect of heat -waves

üEffect of warm/hot temperature

üEffect of cold



ü On July 21- 31, 1987 a heat - wave hit Greece

ü After this major 1987 heatwave, we conducted a 
study to investigate what were the effects of the 
heat - wave on mortality by degree of urbanity and 
whether air pollution played a role in further 
increasing the effects

ü We had to use monthly data for the number of 
deaths, because at that time the National 
Statistical Service did not provide daily death 
counts, except for Athens where we had our own 
recording of daily deaths

Reference:
Katsouyanni et al. Arch Environ Health 1993; 48: 235 - 242



Mean daily number of deaths by month in 
Athens, 1984 - 1988



Daily temperature and number of deaths in 
Athens, July 1987



Observed number of deaths during the month of 
July, from 1981 to 1987, for various cities and 

areas in Greece

Number of Deaths

City or area 1981 1982 1983 1984 1985 1986 1987

Athens 1905 1763 1972 1983 2016 2928 4093

Thessaloniki 383 358 424 379 436 440 572

Patra 84 81 105 88 119 81 140

All urban areas 

(except Athens) 1536 1452 1682 1627 1721 1747 2396

All other areas 3200 3318 3654 3637 3669 3806 5015



Observed number of deaths during July 1987 and 
òexpectedó number (95% C.I.) calculated through linear 

regression, based on data from 1981 to 1986, in various 
areas of Greece

City Observed 

deaths

Expected deaths  

(95% C.I.)

Percentage 

increase 

(%)

p

(one-

tailed)

Athens 4 093 2 083

(1 949, 2217)

451

(404,498)

101

(71, 132)

1 808

(1684,1932)

3954

(3776,4132)

96.5 <10-6

Thessaloniki 572 26.8 .001

Patra 149 47.5 .01

All urban areas 

(except Athens)

2 396 32.5 .0001

All other areas 5 015 26.8 <10-4



ü We saw that the effect of the heat - wave was much 
more pronounced in Athens compared to other urban 
areas

ü The effect was smallest in non - urban areas of Greece

ü There are many environmental and social characteristics 
that differ in the Athens area compared to other 
areas of the country. Examples are: the dense building 
network, the fact that old persons may be left alone 
for longer time periods, air pollution

ü We were not able to assess the role of some of these 
variables, but we attempted to investigate the role of 
air pollution and found some evidence that the 
combination of very high temperature and high air 
pollution enhances the effect of both variables



ü For the 1987 heatwave we also investigated the 
increase in morbidity, using data on hospital 
admissions for heat - related conditions collected by 
the Ministry of Health, from all private and public 
hospitals in the greater Athens area.

Source: Katsouyanni et al, The Lancet 1988; 573



ü Eighty - six hospitals reported 2960 heat - related 
hospital admissions and 926 deaths, giving a case -
fatality of 31% among admitted cases

ü The admission rate increased 5 - fold after the 
third day of the heat - wave

ü The case - fatality rate was higher during the first 
2 days of the outbreak (73% vs 32%)

ü Age had a profound effect on heat related 
morbidity.



Age and sex specific then -day cumulative incidence and 
mortality (per 100000) in Athens, July 21 -31, 1987

Age (years)

Sex -39 40-49 50-59 60-69 70-79 80-89 90+

Incidence

Male 8 21 51 181 510 2043 3896

Female 4 14 46 173 707 2314 3362

Mortality

Male 1 4 12 50 169 679 1195

Female 0 2 14 50 226 824 1399



Results from the EU - funded 
EUROHEAT project

ü 9 European cities
(Athens, Barcelona, Budapest, London, Milan, Munich, 
Paris, Rome, Valencia)

ü Daily mortality and temperature data within years

1987 - 2004

ü Focus on heat - waves

ü Coordinator : Dr B. Menne, WHO Environment & Health,

Rome



ü Heat wave definition:
Max apparent temperature > 90 th percentile of the 
distribution for each month, with duration >= 2 days

ü Interaction with air - pollution

ü Generalized Linear Models assuming Poisson 
distribution adjusting for various confounders:
holidays, day of the week, calendar month, long -term 
trends, barometric pressure, wind speed.

Analytical issues



Percent increase in the total daily number of 
deaths in days with a heat - wave and a òlowó 

or òhighó level of ozone

Age group
Low* ozone 

% increase (95% CI)

High** ozone

% increase (95% CI)

All ages 10.0 (3.0, 17.4) 13.2 (8.1, 18.6)

0-64 yrs 5.3 (-1.2, 12.23) 8.6 (4.7, 12.7)

65-74 yrs 7.7 (-1.4, 17.6) 9.8 (4.8, 15.1)

75-84 yrs+ 11.8 (4.8, 19.21) 16.9 (10.7, 23.5)

85+ yrs 21.3 (11.6, 31.9) 22.7 (13.1, 33.0)

*: at the 25th percentile of the city-specific distribution of ozone

**: at the 75th percentile of the city-specific distribution of ozone

+: significant interaction at P<0.05



Percent increase in the total daily number of deaths in days with a 
heat -wave and a òlowó or òhighó level of ozone, adjusting for 
barometric pressure, wind speed, calendar month, day of the week, 
holiday and time trend. Results from random effects meta -analysis.
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Percent increase in the total daily number of 
deaths in days with a heat - wave and a òlowó 

or òhighó level of PM10

Age group
Low* PM10

% increase (95% CI)

High** PM10

% increase (95% CI)

All ages+ 11.1 (6.3, 16.0) 12.6 (8.7, 16.8)

0-64 yrs 7.6 (2.3, 13.2) 7.7 (4.3, 11.2)

65-74 yrs 8.8 (3.6, 14.3) 9.3 (4.8, 14.0)

75-84 yrs+ 11.2 (4.2, 18.6) 13.6 (8.6, 18.9)

85+ yrs+ 12.6 (5.5, 20.1) 19.4 (8.1, 31.9)

*: at the 25th percentile of the city-specific distribution of PM10

**: at the 75th percentile of the city-specific distribution of PM10

+: significant interaction at P<0.05



Percent increase in the total daily number of deaths in days with a 
heat -wave and a òlowó or òhighó level of PM10, adjusting for 

barometric pressure, wind speed, calendar month, day of the week, 
holiday and time trend. Results from random effects meta -analysis.
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Mean daily number of deaths and temperature 

in Chicago USA, summer 1995

Kaiser et al. Am J Public Health 2007; 97: S158


