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0.76°C increase over the past

100 yrs

1.1°C over the past 100 yrs

Best estimated increase 1.8—4.0
°C during this century

(range 1.1-6.4 °C)

Mean increase 2.1-4.4 °C up to
2100 (range 2.0-6.3°C) with larger
increases in southern and north-
eastern Europe
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Chapgos in Intermediate Factors

SE—

Air Pollution Concontration
and Dstribution

Pallen Prod

Mitigation Policies

Mitigation Policies for Reduction
of Greenhouse Gas Emissions

Energy EMiclency

Use of Renewabile Energy Sources

Forast Presanvation

Crop Yield

Moderating Influences
Poputation Density and Grorath
Level of Technological Development

Coastal Flooding
Coastal Aquiter Sainity

Maoderating Influences and
Adaptation Measures

Adaptation Measures
Vaccination Programs
Disease Survelllance

Standard of Lving and Local Enveeanmantal Condition Protective Technologies

Proexistng Health Status
Cuality and Accesa to Health Core
Pubic Haalth Infrastructure

Woather Forecasting and Warning Systems
Emergency Management and Disaster Preparedness
Public Haalth Education and Prevention

Legisiation and Adminstration

Haines and Patz, JAMA 2004




Phenomenon and trend

Warmer days and nights, more hot days
and nights and fewer cold days and
nights

Projections for
the 215t century

Virtually certain

Benefits or risk to human
health

Reduced mortality from
decreased cold exposure

Increase in frequency of warm
spells/heat-waves

Very likely

Increased risk of heat-related
mortality, especially for the
elderly, chronically ill, very young
and socially isolated

Increase in frequency of heavy
precipitation events

Very likely

Increase risk of death, injuries,
infectious diseases, and mental
health problems

Increase droughts areas

Likely

Increase risk of food and water
shortages, malnutrition and
water- and foodborne diseases

Increased incidence of extremes high
sea levels

Likely

Adapted from Climate Change 2007. Synthesis report IPCC

Increases risk of deaths and
injuries from drowning and of
negative migration-related health
effects




Estimating the impact of heat

and heat waves on health




Temperature-mortality relationship

ponse relationship.

Daily mortality

relationship
Threshold level
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Two EU-funded multicenter projects (PHEWE, EuroHEAT)
have investigated the effect of temperature and heat waves
on mortality and hospital admissions in European cities.

Michelozzi P, et al. Environ Health 2007;6:12.

Baccini M, et al. Epidemiology 2008;19(5):711-9.

Analitis A, et al. Am J Epidemiol 2008;168(12):1397-1408.

Michelozzi P, et al. Am J Respir Crit Care Med. 2009 Mar 1;179(5):383-9.

D’Ippoliti D, et al. Am J Epidemiol (submitted).
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PHEWE and EuroHEAT projects:
cities involved
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PHEWE

EuroHEAT

Study
design

Time series analysis

Episode analysis

Exposure

Maximum apparent

temperature (T,pomax)
(lag 0-3)

Heat wave: two or more

days with:
-T >90° pctile OR

appmax

ToP290° pctile &

min

Tappmax>med|an

Qutcome

Mortality & hospital
admissions

Mortality
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Mediterranean cities North-Continental cities
Natural
mortality

% change  95% Crl % change  95% Crl

All ages 3.12 0.60 5.73 1.84 0.06 3.64
15-64 vyrs 0.92 -1.29 3.13 1.31 -0.94 3.72
65-74 vrs 2.13 -0.42 4.74 1.65 -0.51 3.87
75+ vrs 4.22 1.33 7.20 2.07 0.24 3.89
Cardiovascular
mortality

% change  95% Crl % change 95% Crl
All ages 3.70 0.36 T7.04 -0.09 5.32
15-64 vrs 0.57 -247 3.83 .0 -2.20 492
65-74 vrs 1.92 -1.49 5.35 " -1.12 4.62
754+ yrs 4.66 1.13  8.18 2.5 -0.24 551

Respiratory mortality

% change  95% Crl change  95% Crl
All ages 6.71 2.43 2 6.10 246 11.08
15-64 vrs 1.54 @y 3.02 -1.55 T7.42
65-74 vrs 3.9 46 8.2 3.90 -0.16 8.92
75+ vrs 8.10 3. 3.37 6.62 3.04 11.42




Log mortality rate
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Mediterranean cities

Effect: +3.12% for 1 °C

Log mortality rate

Threshold: 29°C

| L] ]
10 20 30
max apparent temperalure

Baccini M, et al. Epidemiology 2008

North—Continental cities

Effect:+1.84% for 1°C

Threshold: 23°C

-5 0 10 20 30
Max apparent lempeiature




% change (95%CI)’
Mediterranean cities  North-Continental cities

Cardiovascular causes
all ages
65-74 age group
75+ age group

Cerebrovascular causes
all ages
65-74 age group
75+ age group

Respiratory causes
all ages
65-74 age group
75+ age group

-0.6
-0.5
-1.1

(-1.8; 0.5)
(-2.7; 1.7)
(-2.5; 0.3)

(-3.0; 1.6)
(-3.1; 4.0)
(-4.2; 0.5)

(0.6; 3.6)
(-4.1; 3.6)
(1.9; 7.3)

-0.6
-1.1
-0.6

1.2
2.7
3.1

(-1.2; 0.1)
(-2.3; 0.1)
(-1.4; 0.3)

(-2.5; 0.2)
(-4.2; 1.1)
(-3.1; 0.6)

(0.1; 2.2)
(-0.3; 6.0)
(0.8;5.5)




Athens Barcelona Budapest London Milan Munich Paris Rome Valencia

& All heat waves & Long Duration heat waves  Long Duration and High Intensity heat waves




‘ anad genaer

Mediterranean cities North continental cities All cities

t

65-74 75-84 85+

B Females ¢ Males




Mediterranean North Continental
Increase in daily mortality Increase in daily mortality
% 90% CI % 90% CI

Respiratory causes
female 57.0 32.7 - 85.7 24.9 18.5 - 31.5
male 48.9 37.4 - 61.3 15.6 104 - 21.2

Cardiovascular causes
female 38.0 30.3 - 46.1 16.1 10.1 - 22.3

male 22.6 17.8 - 27.8 9.6 4.8 - 14.6
Cerebrovascular causes

female 39.8 29.2 - 51.3 19.5 129 - 26.4
male 22.6 1/.8 - 27.8 9.6 4.8 - 14.6




ERJ Express. Published on February 27, 2009 as doi: 10.1183/09031936.00003409

Climate change and respiratory disease: a position
statement

Ayres JG1, Forsberg B2, Annesi-Maesano I3, Dey R4, Ebi KL5, Helms
PJB, Medina-Ramon MT, Menne Ba, Windt Mg, and Forastiere F'° on
behalf of the Environment & Human Health Committee of the
European Respiratory Society (ERS)




Attributable deaths under different weather scenarios

Number of attributable deaths*

Bl ALB A2

Observed Low emission M|_dd_|e High emission
. . emission .
series scenario scenario scenario
1990-2000 2030 2030 2030
*k— *k—
AT**=0.54 AT+=0.84 AT**=1.02

Athens 230 316 376 415
Barcelona 290 319 338 350
Budapest 399 457 490 511
Dublin 0 0 1 1
Helsinki 11 14 17 18
Ljubljana 13 13 15 15
London

Milan 95

Paris

Prague 72
Rome
Stockholm 21
Turin
Valencia 72
Zurich 29

Baccini M, et al. J Epidemiol Comm Health (in press



Results. Public health implications

= Effect of heat on mortality greater in cities with higher
exposure levels (Mediterranean cities)

» Higher susceptibility/lower adaptive capacity of populations
living in North-Continental cities (lower threshold, higher
Impact of unusual heat waves)

* Hospital admissions for respiratory diseases is a good
Indicator of heat effect in European cities

* The impact of extreme heat events on chronic respiratory
diseases Is expected to increase in European cities as result
of global warming and progressive population aging

(ERS Position Statement, Eur Respir J 2009)
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ldentifying subgroups of general

population more susceptible to
heat and heat waves




Vulnerability =

function of intensity and duration of a period of anomalous heat

physiological and behavioural response to anomalous heat,
individual/population level

perception, awareness of heat hazard and of the need to adapt,
availability of resources
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Susceptible population subgroups

eAge
>65 anni

eChronic illnesses
cardiovascular
respiratory
psychosis

eGender
female

ePoor social condition
Socio-economic status
living alone
limited social contacts

S3IpN1s JO JaquInN

eIndividual preventive measures
air conditioning
changes in behaviour
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Age (years): 35-64
65-74
75+
Sex Men
Women
Marital status: Married
Not married
Income (level area): Low
High

Hospitalized in the
2 years before death: No
Yes

Place of death:

Out of hospital
Discharged 2-28 days before death
In hospital (< 60 days)
In hospital (2 60 days)
Nursing home
Psychoses: No
Yes
Depression: No
Yes
Conduction disorders: No
Yes

Cerebrovascular diseases: No
Yes
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Vulnerability to Heat-Related Mortality

A Multicity, Population-Based, Case-Crossover Analysis

Messime Stafoesia, ® Francesce Forastiore,® Danicle Agosting, ¥ Annibale Bigeeri, ] Lujei Bisanii, §
Fmnio Cadwm, || Nicoda Caranci, ® Froncesca de ' Domate, ™ Sara Dy Livio, ¥ Morena De Maria, ||
Paode Michelozzi * Roxvella Migfio, ¥* Paolo Pandodl, ¥ Sallv Picciotte, ™ Magda Reononi, 3
Antowio Russo, ¥ Corvado Scarnato, ¥ and Carlo A, Perueci®
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Environmental Health \ ) BiolVed Central

Susceptibility to heat wave-related mortality: a follow-up study of a cohort of
elderly in Rome




Environmental Health

) BiolMed Centra

Susceptibility to heat wave-related mortality: a follow-up study of a cohort of

elderly in Rome

(Schifano et al., Env. Health, 2009)

IAge groups strata
Factors

Civil Status

Malignant neoplasm

Acute and chronic liver diseases
Renal failure

Psychiatric disorders
Diabetes mellitus

Other Disorders of the CNS
Cardiac dysrhythmias

Heart failure
Cerebrovascular diseases
Chronic pulmonary diseases
Income level

RR
1.48

85-94 vs 75-84 =
95+ vs 75-84 -
single vs not single 1.37

14.66

2.56

2.63

2.18

1.25

3.24

1.57

2.58

1.74

1.99

lowvs high 1.24

Number of previous hospitalizations

0-1 1.24

65-74

inf
1.27

1.17
12.68
1.88
1.96
1.54
1.00
2.45
1.20
1.85
1.35
1.58
1.06

0.89

CI 95%
sup
1.72

1.61
16.95
3.47
3.53
3.09
1.58
4.29
2.06
3.60
2.24
2.51
1.46

1.74

RR

1.26

2.45
4.46
1.27
3.86
1.82
1.82
1.46
1.54
1.03
1.94
1.28
1.98
1.54
1.34

0.63

75+

inf
1.15

2.26
3.91
1.16
3.49
1.44
1.58
1.23
1.37
0.90
1.69
1.13
1.72
1.38
1.18

0.49

CI 95%
sup
1.37

2.65
5.08
1.38
4.27
2.30
2.10
1.74
1.74
1.17
2.24
1.45
2.28
1.73
1.52

0.81




SUSCEPTIBILITY MODEL

CHRONIC

GENERAL CONDITIONS ACUTE DEATH
POPULATION CONDITIONS

SUSCEPTIBILITY

OO..C.Q0.0000..C.QC..OOC..C.....OOO..C.....)

Exposure level and adaptive/mitigation
mechanisms (vulnerabilti




Low Winter Mid Winter High Winter

2,4 Mortality Mortality Mortality Aotal
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Summer Mortality
Relative Risk (95% Confidence Interval)
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Prevention

of heat-health effects




Italian Prevention Programme

» City-specific Heat Health Watch Warning
Systems (HHWWS) and local network for
the distribution of the warning bulletin

* To identify susceptible (at-risk) subgroups
of the population

 To define local prevention




National Programm Summer 2009

Coverage: 93% of
elderly population
(age >65) living in
urban areas




<< City >>

Warning System for Prevention of the health effects of heat waves

Forecast

06-14-2009 06-15-2009 06-16-2009

Temperature 8:00 am.
Temperature 14:00 pm.

Maximum Apparent Temperature

Legend

- Meteorological conditions with no risk for population’s health

Meteorological conditions with no risk for population’s health that may anticipate level 2
Level 1 e
conditions.

| High temperatures and meteorological conditions with adverse health effects on at risk
. population subgroups®

Level 3 Heat wave episode (adverse metecrological conditions prolonged for three or more days)
Prevention activities targeted to at risk population subgroups are needed

*See on this websie the documen: *Heat Prevenson; informasons for general populalon®

On behalf of
the National Coordination Center

National
Department for
Civil Protection




Prevention activities in ltalian cities

Level of
implementation
Define a Local prevention plan 29/34  +++

Preventive measure

Social interventions
Educational campaign 32/43

Telephone help-line 28/34
Social support services 31/34
Availability of air-conditioned places 22/34
Educational programmes for social and 25/34
health workers

Health care interventions

Health surveillance of at-risk individuals

Local register of susceptible individuals

Emergency protocols




Conclusions

A reduction in the impact of heat waves has

been observed in the Italian cities which have
had operational HHWWS and heat programs
since 2004.

Preliminary results suggest that the active
surveillance of high risk subgroups may reduce
the impact on mortality.

Considering future predictions of climate
change, the implementation of effective
prevention programs, targeted to high risk
subjects, are a priority in the public health



