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Executive summary

The PHEWE project (Assessment and Prevention of Acute Health effects of weather Conditions in
Europe) is a three-year pan-European collaboration between experts in the fields of epidemiology,
meteorology, and public health and researchers from 16 cities, representing a large spectrum of
climatic conditions: Athens, Barcelona, Budapest, Kracow, Dublin, Helsinki, Ljubljana, London,
Milan, Paris, Prague, Rome, Stockholm, Turin, Valencia and Zurich.

The general aim of the study was to assess the acute health effects of weather in various European
countries characterised by widely differing climatic conditions. Specific objectives are:
l)investigate the association between meteorological variables and daily mortality, and hospital
admissions ; 2)examine, in different baseline climatic conditions, the form of the relationship
between the meteorological variables and mortality/hospital admissions, the threshold level above
which the effect is detected, the relevant time interval between the exposure and the effect, and the
possibility that cumulative exposures may play a role; 3) define the specific synoptic weather
categories associated with increased mortality/ morbidity in each city; 4) analyse the interaction
between weather and air-pollution on mortality and morbidity and quantify the specific
contribution of each environmental factor; 5) develop a heat/health watch warning system to predict
in advance and to alert cities’ residents of potentially oppressive weather conditions that could
negatively affect health; 6) develop a framework of preventive strategies to minimise adverse
health effects in Europe, and develop guide-lines for public health interventions

The centralised database that includes for each city health data, meteorological data and air
pollution data for a period between 1990 and 2000, was an important milestone of the project.
Mortality data from 16 cities and hospital admission data from 12 cities were collected for ages
combined and specific age groups (15-64 yrs, 65-74 yrs, 75+ yrs) for the following causes: all
causes (except deaths from external causes), ICD-9: 1-799; cardiovascular diseases, ICD-9: 390-
459; cerebrovascular diseases, ICD-9: 430-438; respiratory diseases, ICD-9: 460-519; influenza,
ICD-9: 487 (only for hospital admissions).

For each city, data from a weather station located in the city centre as well as from the nearest
airport weather station were retrieved for the period under study. The following meteorological
variables, recorded every three hours, were collected: air temperature, including absolute maximum
and minimum daily values, dew point temperature, wind speed, wind direction, sea level pressure,
total cloud cover, solar radiation, precipitation, visibility.

Air pollution data were available for most of the cities from the APHEA-2 project. The existing
data were updated and integrated by data from non-APHEA cities. The following pollutants were
collected for each monitor (maximum 6): SO, (mean 24-hours), TSP or Black Smoke (mean 24-
hours), PM10- if available-(mean 24-hours), NO, (maximum 1 hour, mean 24-hours), O3
(maximum 1 hour, maximum 8-hours moving average) CO (maximum 8-hour moving average).

For each city meteorological data were analysed using a large number of single variables, synthetic
indicators, and a synoptic approach.

For the analysis of the short term effect of temperature on mortality/hospital admissions a new
methodology was developed for the analysis taking into account previous criticism on time series
approach. The analysis of the short term effect of temperature on mortality/hospital admissions was
performed separately for the warm (April-September) and the cold season (October-March); this
design provided flexibility in the analysis allowing the use of different model structure for season.
The analysis of the effect of meteorological conditions on daily mortality was performed on 15
cities: Athens, Barcelona, Budapest, Dublin, Helsinki, Ljubljana, London, Milan, Paris, Prague,
Rome, Stockholm, Turin, Valencia, Zurich.
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The analysis of the effect of meteorological conditions on daily hospital admissions was performed
on 12 cities: Barcelona, Budapest, Dublin, Ljubljana, London, Milan, Paris, Rome, Stockholm,
Turin, Valencia, Zurich.

The statistical analysis followed two stages. In the first stage, data from each city were analyzed to
estimate the city-specific effects using a common model, defined on the basis of a sensitive
analysis. The city-specific analyses were based on the Generalized Estimating Equations (GEE)
models.

Common models, defined on the basis of a structured exploratory analysis, were used to model
daily time series of health outcomes. The models include maximum apparent temperature which is a
combination of temperature and dew point temperature as the exposure variable, outcome variables
(number of deaths/hospital admissions) and several covariates (confounders, temperature, other
meteorological variables). A Poisson distribution of the dependent variable was assumed. Potential
confounders in the model include a dummy variable for holidays, day of the week and calendar
month, linear terms for pressure, wind speed and air pollution variables and linear and quadratic
terms to pick long term time trends. An indicator of influenza epidemics was included in the model
for cold season analyses.

With regards to air pollution, the maximum daily value of NO, was used as indicator of air pollution
level for all the cities, except for Dublin and Ljubljana, where we adjusted for the daily average of
Black Smoke and for the daily average of SO,, respectively.

Based on the results of previous studies the lag structure was defined a priori as 0-3 days for the
summer season and 0—15 days for the winter season.

The effect of high temperatures in summer mortality was investigated focusing on the slope above the
city-specific threshold of the exposure-response curve. During the cold period a linear shape was
expected. The delayed effect of exposure on health outcomes was accounted for by using both
constrained distributed-lag models (up to lag 40), as well as unconstrained distributed-lag models, that
simultaneously included variables for the same day and up to 5, 10, 15, 20, 25 and 30 days.

In the second stage city-specific results were combined to obtain pooled estimates and to investigate
heterogeneity. In order to reduce heterogeneity among cities, the results were pooled defining two
city groups, the Mediterranean cities (Rome, Barcelona, Valencia, Turin, Milan, Ljubljana) and the
Northern-continental cities (Prague, Budapest, Zurich, Paris, Helsinki, Stockholm London and
Dublin).

Overall exposure-response curves for the two groups are obtained through a fixed effect meta-
analytical approach using the pooled dataset or with a second stage meta-analytical approach. The
city-specific effect estimates were pooled using a Bayesian random effects meta-analytical model.
The city specific distributed-lag curves and time-varying effects are pooled applying a two-level
multivariate normal hierarchical model.

Results of the effect of temperature on mortality showed a significant association of mortality to
both low, and to high temperatures in all cities examined.

During summer, the main results which emerged from the analysis of the effect of apparent
temperature on daily mortality was that a J-shaped relationship was observed in most cities. In the
Mediterranean cities thresholds (temperature value above which an increase in temperature is
associated to an increase in mortality) present high heterogeneity ranging from 21.5°C in Ljubljana
to 32.7°C in Athens. The effect of heat (expressed in terms of percent variation in mortality
associated to 1° C increase in apparent temperature above the city-specific threshold) ranged from
0.56% in Valencia to 5.54% in Athens.

The effect of heat was immediate (picked up by lag 0-3 analysis).
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City specific thresholds and slopes were also pooled by area. The pooled threshold for the
Mediterranean cities was 29.4°C, while for the northern-continental counties was 23.3°C; the
percent variation in total mortality for every 1°C increase in apparent temperature above the
common threshold was equal to 3.12 (95% CI: 0.60-5.72) and to 1.84 (95% CI: 0.06-3.64)
respectively.

The percent variation in mortality was higher for respiratory and cardiovascular mortality. A
statistically significant effect of high temperatures on cardiovascular mortality was seen when
considering all age groups and in the 75+ age group in Mediterranean cities, while a significant
effect in mortality by respiratory causes was observed for both Mediterranean and North
Continental in all ages and the 75+ age group.

The impact of high temperatures differs within the summer season, in fact there was evidence that
first episodes are the most dangerous as populations are not yet acclimatised.

A harvesting effect for total and cardiovascular mortality was observed, which was more evident in
the Mediterranean cities.

During winter season a linear trend, with a negative slope, in the temperature mortality relationship
was observed, suggesting mortality increasing as temperatures decline.

For total natural and cardiovascular causes of death there was a statistically significant effect in all
age group and in the oldest age groups (65-74 and >75 years). The results showed an increase in the
effect with increasing age. For respiratory and cerebrovascular mortality there was a statistically
significant effect of similar magnitude in those 65-74 and >75 years old but the adverse effect of
decreasing temperature was not nominally significant for those 15-64 years old for respiratory causes
of death, and there was no effect for this age group on cerebrovascular mortality.

City-specific analysis presented heterogeneous results and there was a difference between the
Mediterranean and Northern-continental cities, with an higher effect for total CVD and
cerebrovascular mortality in Mediterranean cities while an higher effect was observed in Northern-
continental cities for respiratory causes of deaths.

The combined curves for total, cardiovascular, respiratory and cerebrovascular mortality also have a
linear trend. The pooled analysis shows that for total and cardiovascular causes of death there is a
statistically significant effect in all age groups considered and there is a clear increase in the effect
with increasing age. For respiratory and cerebrovascular mortality there is a statistically significant
effect of similar magnitude in the 65-74 and 75+ age groups. The 15-64 age groups shows a
significant effect only for respiratory causes of death.

Distributed lags models showed the delayed effect of temperature on daily mortality. While
unconstrained distributed lags models showed the cumulative effect of temperature on daily number
of deaths up to 30 days for 5 day intervals. There is a delayed effect of low apparent temperature
that goes up to 20 days.

The analysis of the effect of temperature on hospital admissions was not always consistent with
results on mortality.

In fact, during summer no effect of high temperatures was observed on cardiovascular and
cerebrovascular causes for all age groups considered.

For respiratory admissions an effect of temperature on was observed only in some cities;
considering all age groups only in Stockholm, Milan and London, whereas the analysis by age
groups gave a better insight with a positive association between high temperatures and respiratory
admissions in a larger group of cities: Stockholm (65-74, 75+), London (15-64; 65-74; 75+), Rome
and Valencia for the very old (75+), in Milan in the young (0-14) and very old group (75+) and in
Turin only in the 15-64 age group.
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Pooled analysis was carried out on extreme summer temperatures (>9Oth percentile during summer).
For cardiovascular and cerebrovascular disease a negative significant coefficient was observed for
all cities. For respiratory disease a positive coefficient was observed for all cities and northern-
continental cities. Pooled analysis (Mediterranean and northern-Continental cities) for respiratory
disease by age groups illustrated a significant positive effect of high temperatures for the 15-64 and
65-74 age groups was only observed in the northern-Continental cities, while for the 75+ age group
a positive effect was estimated in all cities, Mediterranean and northern-Continental cities.

During winter the effect of cold temperature showed a weak association (increase in mortality for
temperature decrease) with cardiovascular causes only for the 65-74 and 75+ years age groups.
City-specific results for cardiovascular admissions showed a significant effect only in Barcelona
(all ages and 75+ age group), Budapest (all age groups considered) and London (all ages and 75+
age group). Cerebrovascular causes were not associated with a decrease in temperature in most
cities; city-specific results showed a significant association only in Barcelona (75+ age group) and
Budapest (all ages and 75+ age group).

A significant effect was observed on respiratory admissions in all age groups in Budapest, Dublin,
London, Paris, Rome, Stockholm and Valencia. While for Barcelona and Milan only for total and
the 75+ age group.

It’s worth noting a certain degree of heterogeneity between city-specific estimates for all the three
outcomes.

The pooled exposure-response curves of maximum apparent temperature and daily hospital
admissions in the 75+ years age group for all cities has a linear trend, with admission rates rising
progressively as temperature decreases for all the three outcomes considered, although it appears to
be stronger for respiratory causes.

Considering the pooled estimates, a significant increases in hospital admission counts for a decrease
in 1°C in maximum apparent temperature are visible for cardiovascular causes in the 65-74 and 75+
years age groups in all cities and only in the 75+ age group in Continental/Northern cities. Overall,
no effect of low temperature was found for cerebrovascular admissions in all three groups of cities.
With regards to respiratory admissions, a significant association with temperature was observed for
all the age groups considered even if higher in the 75+ years age group in all cities as well as in
Northern-continental cities. In Mediterranean cities the only significant association was found in the
75+ age group.

We investigated the confounding effect and interaction of air pollution on mortality both during
summer and winter seasons. For the investigation of confounding, models with and without
adjustment for each available pollutant were applied and their results compared.

For the cold season the observed confounding is indeed minimal. In all cases, the change after
inclusion of the air pollutant variable in the model is to obtain a smaller effect estimate (less than
10%). For the warm season again the confounding effect of pollutants on the size of the apparent
temperature effect estimate is small and the size of the effect estimate of apparent temperature when
adjusting for an air pollution variable generally decreases, except for a few specific models
concerning effects on cerebrovascular mortality.

We investigated possible interaction with separate analysis by season. For the winter season the
parameters for the interaction variables are not statistically significant with a few exceptions.
Exceptions are: the interactive effect of NO, and apparent temperature on total natural mortality, of
CO and apparent temperature on total mortality, of PM;¢ and apparent temperature on respiratory
mortality and finally, the interactive effect of apparent temperature and SO, on cerebrovascular
mortality. For the summer season, more significant interactive effects are observed. Thus, for the
effects of apparent temperature on total natural mortality, there is a significant but small interactive
effect with CO and a larger interactive effect with ozone. For cardiovascular disease mortality, there
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is a significant interaction of apparent temperature with black smoke levels. These interactive
effects are investigated for all temperatures above the turning point (threshold) of the temperature-
mortality association.

The PHEWE project also included work packages on prevention. Pilot HHWWS warning systems
were developed in Paris, Budapest, Rome, Barcelona and London. Mortality in the 65+ and 75+
was predicted using deterministic and conditional probabilistic models. The results showed that
thresholds for warnings vary be region and the PHEWE project can provide guidance for local
action. The models experimented became operational only in Budapest and in Rome. The
indications from the PHEWE project for the future development of HHWWS are that it should be
based on an efficient forecast and warning system, robust understanding of the temperature-
mortality relationship and a series of effective response measure in terms of public health which
include efficient infrastructures and prevention programs.

To have an overview of the prevention activities in action a survey on city preparedness was
defined and a questionnaire was distributed to all the cities included in PHEWE. The aim of the
survey was to describe prevention activities related to population health during extreme weather and
environmental events in the 16 cities and develop guidelines on the various activities that can be put
in practise during these events. Only nine cities responded to the questionnaire and results refer to
these nine cities. The poor response can be attributable to a language barrier, difficulties in
identifying the respondent/s and questions were too open ended. In terms of results this also made it
difficult to validate the information, and who the respondent was influenced the outcome of the
questionnaire.

In the context of the PHEWE study of summertime heat-related mortality in 16 European cities, we
developed a probabilistic assessment of years of life lost (YoLL)

We estimate <60 excess hot temperature-related deaths per 100,000/year during 1990-2000 in each
of the 16 PHEWE cities among persons aged 15-64 and 65-74. For persons of 75+, we estimate
150-200 excess deaths per 100,000/year in each of Athens, Barcelona, Budapest, Paris, and Rome.
The estimated number of excess deaths in these cities is reduced by 35-60% when those occurring
within 60 days of above-threshold temperatures are set aside. Certain cities, Paris and Budapest
being examples, appear particularly sensitive to high temperatures. We calculate that aggregate
years of life lost due to heat occur in fairly similar proportions for the three age groups once short-
term mortality displacement is taken into account.

In conclusion, the results of this project documented the effect of temperature on mortality both
during the summer as well as the winter seasons in all the European cities included in the project,
showing a large heterogeneity of the effect attributable to the differences in local climate and to the
impact this has on local populations.

For the effect of hot temperatures thresholds were higher in the Mediterranean and lower in the
Northern-Continental countries indicating that people residing in the latter are susceptible to lower
values of apparent temperature. We found that the effect of heat was stronger in the very old (75+
age group) than earlier in life confirming a high vulnerability of elderly populations. In general, the
highest effect of heat on mortality was observed for respiratory causes.

As shown by the distributed lag analysis, the effect of high apparent temperature appears to be
immediate (5-6 days) both in Mediterranean and Northern-Continental cities. A certain evidence of
mortality displacement was found in both groups but the displacement effect was more prolonged in
Mediterranean cities.

Concerning the effect of cold temperature during the winter months, our results documented that in
European cities temperature is inversely associated with mortality, and the relationship appears to

7
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be linear. The effect of cold was observed on all causes of death, and was stronger on
cardiovascular and respiratory causes. Furthermore, in warmer cities the cold temperature effect
was higher than in coldest cities.

In our study we observed effects of similar magnitude on deaths from respiratory and
cardiovascular causes. However, when more prolonged effects were studied with distributed lag
models, it appears that the respiratory effects are more persistent through time.

Results by age groups showed that for total and CVD mortality the effects had an age gradient; the
effect increased progressively with age and was greatest in the elderly. Whereas the effects of
apparent temperature on respiratory and cerebrovascular deaths were only observed on those older
than 65 years.

In general the impact on hospital admissions hot temperature appears to be lower than the impact on
mortality. Our conclusions are that, in European cities, hot temperatures seems to have an
immediate effect on susceptible subgroups that died before getting to hospital. These results may be
important to understand the physiological processes, and to focus preventive actions on susceptible
subgroups, especially old and very old people living alone, to prevent fatal events allowing they
come to medical’s attention.
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1. General Introduction

General introduction

Interest in the impact of weather on human health is increasing, especially in the light of potential
climate changes (1). According to experts, such changes would be characterised by wider
temperature fluctuations and a resulting increase in heat waves and cold spells. The increased
frequency and intensity of heat waves can lead to an increase in heat related deaths and morbidity
episodes. The epidemiological evidences indicate that the impact would be greatest in urban areas,
affecting particularly the elderly and people suffering from chronic disease (2,3). City’s
geographical location, the magnitude of the urban heat island effect, and housing conditions
influence the magnitude of the negative health impacts associated with oppressive summer
conditions.

The World Health Organisation considers the health effects of global warming, to be one of the
main problems for the 21st century. Such conditions will require a concerted action between
meteorological services and public health institutions to set up heat/health watch warning systems
(WWS) to alert the residents of urban areas to potentially oppressive weather conditions that could
have an impact on health. Before the start of any intervention, however, a scientific documentation
of the short-term effects of warm weather conditions is needed.

Record temperatures were observed across Europe in 2003 and the impact on mortality reported in
several countries indicates that most European countries were unprepared to cope with such an
emergency.

It is well known that many aspects of human health are affected by meteorological variables, and a
J- or U-shaped relationship between outdoor temperature and daily mortality has been extensively
reported (4, 5). In most industrialised countries, death rates are higher in winter months than at
other times of the year, with the minimum on days in which the temperature ranges between 20-25°
C. A summer peak in mortality has been observed in some cities, and it has been linked with high
temperatures (6). Deaths attributable to episodic increases in temperature have been specifically
reported in Mediterranean cities (Rome, Athens, Barcelona) (7, 8, 9). However, current knowledge
of the effects of temperature on mortality is still largely based on studies of heat waves, which have
been linked to excess deaths from cardiovascular, cerebrovascular, and respiratory conditions (10,
11, 12, 13). The effects on health of weather temperature in the usual range between 24 and 30 °C, a
range that characterises summertime in most European countries, have never been systematically
explored.

The project “Assessment and Prevention of Acute Health Effects and Weather Conditions in
Europe” (PHEWE) is a collaborative effort to investigate the short-term health effect of weather
conditions in European cities using a standardized time series approach. This multi-city study
allows for the evaluation of the health effects of temperature both during hot and cold season in a
wide range of climatic conditions A multi-centre study has the advantage of comparing city-specific
results using the same methodological approach, giving the possibility of investigating the pattern
across cities, and to explore factors related to the variability of the effect observed. The PHEWE
project has the general aim the effect to analyse the short-term effects on health outcomes of both
warm and cold temperature, to compare the effect among European cities, and to provide an overall
overview of the effect quantifying the impact on mortality and on hospital admissions. The health
end-points were total mortality, selected cause specific mortality, and hospital admissions for
cardiovascular, cerebrovascular and respiratory causes.

10
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The PHEWE project has the following objectives:

- investigate the association between meteorological variables and daily mortality, and hospital
admissions

- examine, in different baseline climatic conditions, the shape of the relationship between the
meteorological variables and mortality/hospital admissions, the threshold level above which
the effect is detected, the relevant time interval between the exposure and the effect, and the
possibility that cumulative exposures may play a role

- define the specific synoptic weather categories associated with increased mortality/ morbidity
in each city

- analyse the synergy between weather and air-pollution on mortality and morbidity and
quantify the specific contribution of each environmental factor

- develop a heat/health watch warning system to predict in advance and to alert cities’ residents
of potentially oppressive weather conditions that could negatively affect health.

- develop a framework of preventive strategies to minimise adverse health effects in European
cities
Rationale

The rapid increase of greenhouse gases in the atmosphere is expected to increase both mean
temperature and temperature variability around the world (14); inducing a change in the global
climate. Climatologists project that, in temperate climates, a 2-3°C increase in average summer
temperatures, will double the frequency of periods characterized by extremely high temperatures

(15).

The vulnerability of human populations to extreme weather events is a function of their sensitivity
to the exposure, of the character, magnitude and rate of the climate extreme, and of the adaptation
measures and preventive actions in place (16). In healthy individuals, an efficient thermoregulatory
system enables the body to cope effectively with thermal stress. Within certain limits, thermal
comfort can be maintained by appropriate thermoregulatory responses; temperatures exceeding
these limits, both with respect to heat and cold, substantially increase the risk of death (17).
Temperature-related effects are particularly evident among the elderly (18, 19, 7, 9, 20, 21, 22, 10,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38). Studies have shown that with
advancing age, thermoregulatory responses are reduced and less sensitive thermal perception may
affect the behavioural response to heat or cold stress, facilitating the onset of heat- and cold-related
illnesses and deaths (17, 39, 12, 40). Other susceptible subgroups include people suffering from
chronic diseases (41, 42, 18, 43, 5, 21, 10, 23, 24, 26, 44, 45, 27, 28, 46, 47, 29, 36, 48), persons
living in deprived areas (41, 19, 49, 33).

Hot and cold temperatures have been related to total and cause specific mortality (42, 18, 7, 50, 5,
51, 21, 52, 53, 10, 23, 54, 26, 55, 56, 57, 58) and to other health outcomes such as hospitalizations
(18, 59, 60, 24, 61, 62, 63, 64, 65, 66). Most studies analysed the relation between temperature and
effects on health during extreme weather events, called heat waves/cold spells. Although there is no
standard definition, a heat wave/cold spell is generally defined as a period of extremely high/low
temperatures associated with an excess in the risk of adverse health effects and mortality (26). The
impact of such extreme weather events has been estimated using descriptive episode analysis (18, 7,
50, 51, 23). More recently, the relation between temperature and mortality was explored through the
time series approach (5, 9, 21). In many time series studies, the association between temperature
(minimum, maximum or mean temperature) and mortality has been described as a non linear U-, J-
or V-shaped function, with the lowest mortality rates recorded at moderate temperatures, rising
progressively as temperatures increase or decrease. In some regions both temperature extremes have
been associated with fatal events with similar magnitude of effects (5, 21, 26, 67), whereas in other

11



PHEWE Final Scientific

regions the susceptibility to cold and hot temperatures are more differentiated (9, 10, 68, 69, 54, 44,
45, 55,27, 28, 56, 70).

Time series studies on the effects of both high and low temperatures on mortality have been
performed in several cities in the United States (45, 55, 30, 65) and in various European areas
including the Netherlands (5), several Spanish cities (9, 21, 10, 27, 28), London (71) and Rome
(69). These studies have shown that the temperature level corresponding to the minimum mortality
rate varies from city to city and across different latitudes according to the local climate and
probably reflecting acclimatization by the local population to the temperature range in both the hot
and cold season. For example, the minimum mortality is around a mean temperature of 16.5°C in
the Netherlands (5), 19°C in London (71), 23°C in Valencia (21), 24°C in Rome (69), 27.2°C in
Miami, Florida (55) and 27.5°C in Beirut (67). To date, there is limited evidence of the impact of
high and low temperatures on mortality and morbidity in developing countries (72, 58, 56).
However, populations residing in these countries may be particularly vulnerable to the effect of heat
and cold due to the poor housing conditions and to the limited resources for coping with thermal
stress (58). Quantifying the impact of temperature extremes on these populations is needed to
address future public health interventions.

Considering climate change scenarios and possible temporal changes in the individual and
community factors that determine vulnerability to extreme weather events in a particular
environmental-demographic setting, it is important to monitor the temporal variation of the
temperature-mortality relationship, both in the long-term and in the short-term, to understand a
population’s capacity to adapt to new climate conditions. Studies addressing inter-annual variations
are to date limited. With regards to the long-term variations, some authors have observed a long-
term decline in summer mortality and suggest this can be explained by changes in adaptation
strategies such as the increased use of air conditioning and public health interventions activated
during extreme weather events (73, 74, 75). Similar conclusions have gained from studies
comparing heat wave episodes in different years, showing a decline in heat-related mortality that,
other than differences in exposure levels, could be attributable to adaptation measures and actions
(76, 77, 78). Other studies have documented a substantial long term decline in excess winter
mortality (79, 80); authors suggest that a general improvement in housing conditions and in public
health system may have contributed to the observed trends.

The literature about the effects on mortality of moderate heat and cold has been reviewed by
Martens and an aggregate estimate of heat and cold effect was derived by means of a meta-analysis
and combined with projections of changes in baseline climate conditions (81). For most of the cities
included, global climate change was likely to lead to a reduction in mortality rates due to decreasing
winter mortality that offset increased excess summer mortality, especially in the elderly and in cities
with temperate or cold climates. However, this finding may present a bias because the majority of
the studies described the relation between mortality and low temperatures while only very few
studies dealt with the relation between heat and mortality. This latter topic was discussed more in
detail by Basu and Samet (82) in their review including forty-nine studies published after 1970 in
peer-reviewed journals. Most studies reported that hot weather had a large immediate effect on
mortality on the same day and on the subsequent 2-3 days and that these excess deaths were
recorded among persons at high risk of dying and were compensated for by a fall in mortality in the
following weeks, a phenomenon known as “harvesting effect”.

To date, time series studies on the effect of hot temperatures have largely used mortality as the
outcome measure; whereas the analysis of the effect of hot temperature on non fatal outcomes, such
as emergency hospital admissions, is limited. Cardiovascular, respiratory and cerebrovascular
diseases were the most frequent underlying causes of death during heat waves (41, 42, 18, 23, 24,
26, 46, 36), since heat produces stress on the cardiovascular and respiratory systems, especially
among subjects with limited adaptive responses. Keatinge et al. (83) have documented some
physiological changes that promote arterial thrombosis following moderately severe exposure to hot

12
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weather; after heat esposure, blood viscosity and plasma cholesterol levels increased, as a
consequence of the reduction of plasma volume due to a loss of salt and water from the body (83).
Moreover, heat stress causes a release of platelets into circulation whose deposition on arterial walls
was the early stage of arterial thrombosis. A sudden fall in arterial pressure may precipitate cerebral
as well as coronary thrombosis, that is a possible explanation to the increase of mortality for
cerebral and cardiovascular disease observed after peaks of heat. The biological mechanism
throughout high temperature may increase mortality for respiratory causes is unclear.

Few studies have quantified the effect of heat on hospital admissions (18, 19, 84, 24, 60, 62, 63, 65,
66).

In 12 U.S. cities (65) increases in emergency admissions for heart diseases have been observed in
response to hot weather. According to the limited published literature, the effect of heat on hospital
admission seems to be lower than the effect observed on mortality. A study which analysed the
effect of hot weather on emergency hospital admissions in London reported a small or absent
impact of heat on admissions for several causes including cardiovascular diseases (63).

Cold temperatures have been related to increases in mortality during winter in a number of time
series studies both in Europe (68, 26, 44, 47, 70, 85), in the United States (30), and in other
countries (67, 58). These studies have documented a geographical variability in the impact of cold
on mortality but comparisons have to be made cautiously as the exposure indicator and the
statistical methods employed differed. The few multi-city studies available, allowing for unbiased
comparison thanks to standardization of protocols between study centers, showed a greater effect of
low temperatures in populations residing in warmer than in colder regions of Europe (53) and of the
U.S. (45, 55). The underlying mechanisms by which cold exposure can lead to heterogeneous
responses in different populations are still not completely understood. Possible explanations consist
in a different population’s ability to cope with extremely low temperatures attributable, for
example, to differences in home heating, clothing and in level of physical activity outdoors (53), as
well as, in a diverse demographic and socio-economic structure that makes a specific population
more susceptible to the effect of cold.

Direct effects of cold such as hypothermia are rarely the cause of winter deaths, at least in
developed countries, and the greatest part of cold-related mortality is due to cardiovascular and
respiratory diseases, especially in the elderly who have early stage arterial disease and limited
thermoregulatory responses (86). Effects on morbidity usually anticipate death as suggested by the
biological mechanisms underlying cold-related illnesses (87). However, the influence of cold on
outcomes other than mortality has received little investigation. Time series studies performed in
France (84), Italy (66) and Greece (64) have documented cold-related increases in hospital
admissions for myocardial infarction or coronary disease in persons older than 65 years. On the
contrary, a large multi-city study from the U.S. found a linear relation between temperature and
heart disease admissions in the elderly with the lowest admission rates recorded during cold weather
(65). Considering the limited and conflicting evidence available, the specific contribution of cold
temperatures on hospital admissions needs to be thoroughly examined. Moreover, no study to date
has systematically examined the effect of cold on both mortality and morbidity outcomes. This
could be of interest when addressing the question of how well health services are able to respond to
cold weather. Studies carried out during heat waves (19, 22, 24, 63) suggest that burden on hospital
admissions does not reflect the magnitude of that observed on mortality, supporting the hypothesis
that many heat related deaths occur before coming to medical attention. Similar studies carried out
during cold weather are needed. This knowledge gap could only be filled in by studies with enough
power to test the hypothesis of interest but also including different areas to ensure the results can be
generalised to other areas and populations.
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Overview of the project

PHEWE is a pan-European project within the Quality-of-life-and-living-resources programme of
the EC, which started in August 2005 and was concluded in March 2006. Researchers from the
fields of Epidemiology, Statistics, Meteorology, and Public Health collaborated involving 16
European cities representing a broad range of geographical and climatic, cultural and socio-
economic conditions (Athens, Barcelona, Budapest, Dublin, Helsinki, Krakow, Ljubljana, London,
Milan, Paris, Prague, Rome, Stockholm, Turin, Valencia, and Zurich). The general aim was to
assess the association between weather and acute health effects (daily mortality and hospital
admissions) in Europe and to provide information for public health policy on preventive and
adaptive actions. Meteorological, air pollution and mortality data from 16 cities and hospital
admission data from 12 cities were available for the period 1990 to 2000; the short term health
effects of weather conditions on daily mortality and daily hospital admissions was analyzed
respectively on 15 and 12 cities through city-specific and pooled time series analysis, separately for
the warm and the cold seasons. The role of air pollutants as potential confounders and/or effect-
modifiers was investigated. Meteorological analysis performed, a synoptic weather classification
system in different European areas was defined and synoptic categories associated with increased
mortality and morbidity were evaluated. Experimental Heat/health watch warning systems
(HHWWS) to predict in advance high risk weather conditions were developed for a subset of cities.
Health impact assessments of weather conditions on mortality was performed and a survey on
current prevention policies was conducted. The project was broken down into eight work packages,
and three working groups (Epidemiology&Statistics, Meteorology, Public Health) supported and
supervised the work The project results were presented to all project partners in a final meeting and
to the scientific community during the International Conference on Environmental Epidemiology &
Exposure.

Structure of this report

The present report is structured according to the structure of the PHEWE project itself, i.e.
reflecting the division of the tasks between the different work-packages:

Chapter 2 summarises the background, objectives, and study design of the PHEWE project.
Information on the data collection, management and an overview of the methodology are included,
as well as a description of the city characteristics and the collected health and meteorological
variables (WP1). Chapter 3 describes the analysis of the meteorological data and the development
of synoptic indices for the PHEWE cities (WP2).The methodology applied for the assessment of the
short-term health effect of meteorological conditions and the results of the city-specific and pooled
analysis of mortality (WP3) and hospital admission data (WP4) for the warm and the cold season
are reported in chapters 4, 5, 6, and 7. The role of air pollution as a potential confounder and/or
effect modifier is addressed in chapter 8 (WP5). The development of heat/health watch warning
systems (HHWWS) in a five pilot cities and the experiences of the implementation of the HHWWS
in the city of Budapest are described in chapters 9 and 10 (WP6). The public health related issues
are reported in chapters 11 and 12, giving an overview of the prevention policies currently adopted
by the PHEWE cities and the estimation of years-of-life-lost due to heat related mortality (WP7).
The main project findings are summarised and discussed in chapter 13. All tables including city
characteristics, health, meteorological and air pollution data are allocated in the appendices chapter.
This also comprises the protocol for data collection, the supplementary questionnaire and the letter
and questionnaire for the heat prevention survey.
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Abstract

Background

The project “Assessment and prevention of acute health effects of weather conditions in Europe”
(PHEWE) aimed at assessing the association between weather conditions and acute health effects,
during both warm and cold seasons in 16 European cities with widely differing climatic conditions
and to provide information for public health policies.

Methods

The PHEWE project was a three-year pan-European collaboration between epidemiologists,
meteorologists and experts in public health.

Meteorological, air pollution and mortality data from 16 cities and hospital admission data from 12
cities were available from 1990 to 2000. The short-term effect on mortality/morbidity was evaluated
through city-specific and pooled time series analysis. The interaction between weather and air
pollutants was evaluated and health impact assessments were performed to quantify the effect on
the different populations. A heat/health watch warning system to predict oppressive weather
conditions and alert the population was developed in a subgroup of cities and information on
existing prevention policies and of adaptive actions was gathered.

Results

Main results were presented in a symposium at the conference of the International Society of
Environmental Epidemiology in Paris on September 6™ 2006 and will be published as scientific
articles. The present article introduces the project, including the description of the database and the
framework of the applied methodology.

Conclusions

The PHEWE project offers the opportunity to investigate the relationship between temperature and
mortality in 16 European cities, representing a wide range of climatic, socio-demographic and
cultural characteristics; the use of a standardized methodology allows for direct comparison
between cities.
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Background

Interest in the impact of weather on human health is increasing, especially in the light of potential
climate changes. The rapid increase of greenhouse gases in the atmosphere is expected to increase
both mean temperature and temperature variability around the world.[1][2] Climatologists project
that, in temperate climates, a 2-3°C increase in average summer temperatures doubles the frequency
of periods characterized by extremely high temperatures.[3] Such changes would be characterized
by the increased frequency and intensity of heat waves, and could lead to an increase in heat related
illness episodes and deaths.

The association between high and low temperatures and mortality has been investigated in several
studies. Most investigations have focused on the effect of temperature on health during extreme
events (heat waves, cold spells) through descriptive (episode analysis) and analytical (time series)
approaches. A review of the epidemiological studies on the effect of high temperatures on mortality
conducted after 1970 identified sensitive groups among the elderly, persons with pre-existing
cardiovascular and respiratory diseases and/or those of low socioeconomic status.[4] The heat effect
appears within few days of exposure and some harvesting is observed.[4][5] The heterogeneity of
the impact of heat on health reflects geographical, climatic and cultural variability, as well as
different capacities to adapt to extreme heat and cold and needs to be addressed more in depth in a
large scale study.[4][5][6][7]

Recently, studies on the effect of high temperatures on morbidity provided evidence of an increase
in emergency hospital admissions for specific causes in young children and persons over 75 years
of age, though with a smaller effect for admissions than for mortality.[8] Schwartz et al. reported an
effect of heat on cause-specific admissions within a few days after exposure and a short-term
displacement of the events (harvesting effect).[9]

In the 1990s, the APHEA (Air Pollution and Health: an European Approach) project investigated
the short-term effects of air pollution on health throughout Europe.[10] In the time series analysis
performed for this project, temperature was considered an important confounder of the association
between air pollution and mortality.[11]

The project “Assessment and Prevention of Acute Health Effects and Weather Conditions in
Europe” (PHEWE) was initiated in 2002, with the general aim to assess the association between
weather and acute health effects (daily mortality and hospital admissions) in Europe and to provide
information for public health policy on preventive and adaptive actions. The specific objectives of
the program were:

- to create a European database of meteorological variables and health indicators;

- to perform time series analysis using a standardized methodology to evaluate the short term
health effects of weather conditions on daily mortality and daily hospital admissions, both
during warm and cold seasons;

- to investigate the role of air pollution as a potential effect-modifier using a standardized
methodology;

- to define a synoptic weather classification system in different European areas, and to evaluate
synoptic categories associated with increased mortality and morbidity;

- to experiment the use of Heat/health watch warning systems (HHWWS) to predict in advance
high risk weather conditions;

- to produce a health impact assessments of weather conditions on mortality;
- to define public health actions aimed at the prevention of adverse health effects of weather in
Europe.
Methods
The database
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The project collected data from 16 European cities, representing a large spectrum of climatic
conditions: Athens, Barcelona, Budapest, Krakow, Dublin, Helsinki, Ljubljana, London, Milan,
Paris, Prague, Rome, Stockholm, Turin, Valencia, and Zurich, including about 30 million European
citizens (Table 1). The number of city residents ranges between 6,8 M (London) to 260.000
(Ljubljana), with the percentage of the elderly population (over 75 years) between 5% (Helsinki)
and 10% (Barcelona). The gender and age-adjusted mortality rate is highest in Budapest (1093.6)
and lowest in Milan (439.4).

Health data

Mortality data were provided from 16 cities, and hospital admission data from 12 cities for all
available years in the period 1990-2000 (Table 1), all referring to the city residents, and to events
that occurred in the city, except for Dublin, where hospital admissions referred also to non
residents. Taking into account the results of previous studies, [12][13][14] and the biological
plausibility of the health effects, [7] [15][16][17] the following causes of death and hospital
admission were selected for all ages combined and specific age groups (0-14 yrs, 15-64 yrs, 65-74
yrs, 75+ yrs): all causes (excluding external causes), ICD-9: 1-799; cardiovascular diseases, ICD-9:
390-459; cerebrovascular diseases, ICD-9: 430-438; respiratory diseases, ICD-9: 460-519.

Data from cold and warm seasons were analyzed separately, defining summer as the months from
April to September and winter as the months between October and March.

Table 2 gives an overview of the mean daily number of deaths by cause and season. Data on
cerebrovascular mortality were not available in three cities (Athens, Paris, Zurich). For all other
causes the mean daily counts were lower in the summer season.

Emergency hospital admission records for the same causes (plus influenza, ICD-9: 487) were
selected, following the APHEA-2 project protocol.[10] Only main causes of admission were
considered. In table 3 mean daily admission counts are summarized by cause and season. Two cities
could not provide all requested causes (Paris, Zurich). Generally, admission counts were higher in
the cold season, especially for respiratory diseases.

Meteorological variables

For each city, data were retrieved from a weather station located in the city centre as well as from
the nearest airport weather station for the study period. The following meteorological variables,
recorded every three hours, were collected: air temperature, dew point temperature, wind speed,
wind direction, sea level pressure, total cloud cover, solar radiation, precipitation, visibility. Quality
control included a descriptive overview of the variables in all cities, detecting possible errors and
extreme values, testing for homogeneity and correcting erroneous values where possible.

Table 4 gives an overview of the daily mean values observed in the participating cities. Mean
summer temperatures ranged between 12.0 °C in Helsinki and 23.5 °C in Athens, in Valencia the
lowest inner-city temperature range was reported. Relative humidity levels were highest in Dublin
(81%) and lowest in Athens (57%). In winter, the lowest temperature was observed in Helsinki (-
0.9°C), and the highest in Valencia (13.7°C), which is also the city with lowest relative humidity
(69%) and the smallest temperature range.

Previous studies have used a variety of exposure measures, including maximum, minimum or
average temperature, apparent temperature, humidity and dew point temperature but to date there is
no standard indicator of heat or cold stress.[18][19] [5] [20][21] In the present study, maximum
apparent temperature (Tappmax) was chosen as the exposure variable, which is an index of thermal
discomfort based on air temperature and dew point temperature.[22] Tappmax is defined as the
highest value of the 3-hourly apparent temperature values, using the following formula:

AT =-2.653+0.994 Temp + 0.0153 (Dew)’

where AT is apparent temperature, Temp is the air temperature in °C and Dew is the dew point
temperature in °C.[23][24]
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For Barcelona, where 3 hour meteorological data were not available, the daily average apparent
temperature was used.

Air pollution data

The data collected within the APHEA-2 project were updated and integrated according to that
project’s procedures.[10] The following pollutant measurements were recorded at each monitoring
station (maximum 6): SO, (mean 24-hours), TSP or Black Smoke (mean 24-hours), PM10- if
available-(mean 24-hours), NO, (maximum 1 hour, mean 24-hours), O; (maximum 1 hour,
maximum 8-hours moving average) CO (maximum 8-hour moving average).

The selection of the monitors was based on local criteria, mainly on the completeness of
measurements and representation of population exposure. A standardized procedure was used to
fill-in days with missing data.[10]

Other variables

Through a complementary questionnaire information on other confounders and potential effect
modifiers was gathered from each city, such as holidays and unusual events during the study period
(strike in the health services or transportation, flood, earthquake), percentage of households with air
conditioning facilities and annual restrictions on home heating use. Questions on the city
population, and on details concerning data quality were also included, which were useful in order to
characterize the different city populations (Table 1) and necessary to complete the Health Impact
Assessment.

City-specific analysis

For the city-specific analyses a Generalized Equation Estimation (GEE) approach was proposed as
an extension of Generalized Linear Models to analyze longitudinal data, when the observations on
different subjects (clusters) can be assumed independent and the observations on the same subject
correlated.[25]

For each city, there was an outcome variable (number of deaths or hospital admissions) and several
covariates (confounders, apparent temperature, other meteorological variables), observed on
different days. A marginal Poisson distribution of the dependent variable and correlation between
observations during one summer (winter) were assumed, while observations from different summer
(winter) periods were considered independent.

An exploratory analysis indicated the appropriate dependence structure within a season to be used
in the GEE. Dynamic regression models were combined with a genetic algorithm for the semi-
automatic selection of the best model over a large model space, covering different specifications of
the correlation structure within a cluster.[26]

A first order autocorrelation structure within a season resulted to be appropriate both for mortality
and hospital admissions.

The common model applied to single city analysis took into account potential confounding effects
of holidays, day of the week, seasonality and long-term time trend, barometric pressure, wind speed
and air pollution levels, all modeled in parametric terms.

An indicator of influenza epidemics was included in the model for cold season analyses (except for
respiratory causes).[27] Models for hospital admission analysis in the warm season included the
moving average of total admission counts (ICD 9: <800) to offset population reduction during
summer holidays.

Exposure modeling
Based on the results of previous studies, the maximum apparent temperature of current and previous
3 days (lag 0-3) for the warm season and lag 0-15 for the cold season was chosen as the indicator of
exposure; the delayed effect of the exposure was further investigated by distributed lag models in a
sensitivity analysis.
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The shape of the exposure-response curve between apparent temperature and log mortality/hospital
admission rate was investigated, with a flexible approach, introducing a cubic regression spline for
apparent temperature into the model.

For mortality, during the warm season a “turning point” or “threshold” was identified. The effect of
high temperatures on summer mortality was also investigated focusing on the slope above the city-
specific threshold of the exposure-response curve. City-specific thresholds were obtained a priori by
a maximum likelihood approach, treating the apparent temperature corresponding to the minimum
of exposure-response curve as an unknown parameter.[28]

For hospital admissions the effect of high temperatures in summer was investigated using a dummy
variable for maximum apparent temperatures above the 90™ percentile.

The delayed effect of exposure on health outcomes was investigated using constrained and
unconstrained distributed-lag models that simultaneously included variables for the same day and
up to 5, 10, 15, 20, 25, 30 and (for hospital admissions) 40 days.

The impact of high temperatures on mortality was investigated with health risk assessment analyses.

Pooled analysis

In the second stage, the city-specific effect estimates were combined to obtain pooled estimates.
Overall exposure-response curves were obtained through a fixed effect meta-analytical approach
using the pooled data set and through a second stage meta-analytical approach,[29] while the city-
specific effect estimates and the city-specific curves for distributed-lag and time-varying effects
were pooled by a hierarchical Bayesian modeling approach.

To reduce heterogeneity, pooled results were obtained grouping the cities, according to a priori
defined meteorological and geographical criteria, distinguishing between Mediterranean cities and
Continental/North Atlantic cities.

Second stage models including potential effect modifiers as covariates were applied in order to
explore heterogeneity. Such effect modifiers included variables on climate and health of the
population, variables on air pollution levels and the correlation between air pollution concentrations
and the meteorological variables.

Confounding and synergistic effect of meteorological and air pollution variables

Based on the models defined in the city-specific and pooled analysis, further exploration of the
confounding effects of air pollutants was carried out. Possible effect modification of the
temperature-mortality effect by air pollutant levels was investigated using meta-regression models.

Heat/health watch warning system (HHWWS)

In five cities (Rome, Barcelona, London, Paris, Budapest), experimental heat/health watch warning
systems were developed based on the results of the time series analysis. An air-mass-based
climatologic index was developed, using a synoptic climatologic approach. Feeding the forecast
data for upcoming days (up to 72 hours) into the model, can predict the arrival of an oppressive air
mass.

Public health policies

An overview of existing prevention programs in the participating cities was obtained by the
implementation of a questionnaire. Moreover, physiological and behavioral adaptation measures,
experiences with heat health warning systems, urban planning, housing standards, and socio-
economic determinants of vulnerability were summarized in a comprehensive literature review. The
quantification of the effect of heat/air masses exposures in the different populations was addressed
through health impact assessment (years-of-life-lost approach).

Results and Discussion

While previous studies focused on single cities, the present project investigated the health impact of
weather on a large scale through a variety of climate conditions and of socio-economic and
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demographic characteristics, applying the same methodology, thus allowing for comparison
between the city specific results.

Previous studies showed that the temperature level corresponding to the minimum mortality level
varies from city to city and across different latitudes according to the local climate and probably
reflecting adaptation by the local population to the temperature range in both the hot and cold
season.[12] [20] [30][31][32][33][34] The analysis of the heterogeneity of the effect in European
areas was accounted for in the present project, describing city-specific “change points” of the dose-
response relationship and the specific shape of the dose-response curves. In the pooled analysis,
heterogeneity was reduced grouping the cities according to a priori geographical and meteorological
characteristics.

Few studies have examined the effect of heat on outcomes other than mortality. In Chicago, during
the July 1995 heat wave an 11% increase in hospital admissions was observed, with 35% of the
increase among patients over 65 years.[35] More recently, studies performed in London and 12 US
cities reported an increase of admissions for specific causes in the elderly and evidence of a
harvesting effect.[8][9] To date, the present study is the largest one to investigate weather and
hospital admissions in Europe.

In the present study, the role of meteorological variables other than temperature was investigated,
assuming that they may contribute to the negative health effects.[22][24] Therefore, an exposure
indicator including dew point temperature was chosen for the time series analysis,[36][37] and the
excess mortality/morbidity associated with specific air masses was explored using a climatologic
classification based on synoptic indexes.[38][39][40]

This project focused on time series rather than on heat wave episodes, using an approach, that has
been successfully used in the analyses of the effects of air pollution. Such methods have the
advantage that the population under study serves as its own control, and covariates that vary
between subjects, but not over time, are not potential confounders.[39][40]

Evidence that the increase in mortality is followed by a deficit that (partly) compensates the
negative effect (harvesting) is contradictory.[41] In the present study the heterogeneity of
mortality/morbidity displacement patterns between cities was systematically investigated.

There is much disagreement in literature concerning human acclimatization to changing
weather.[22] [36] [42][43] While the issue was examined by comparing the threshold temperature
in different geographic locations, the possibility of a short-term acclimatization was also evaluated
by comparing the dose-response function in the first period of the summer with the effects modeled
in the later part of the season. This allowed also for comparison of the impact of the first heat wave
in one summer with the following ones.

Given the small number of events (mortality and admissions), a unique definition of winter and
summer season was chosen in order to reach a reasonable statistical power, and sensitivity analysis
was performed, focusing on the three central summer months (June-August).

The relationship between increase in air pollution levels and acute health effects has been well
described in the USA and in Europe.[40] [11] The levels of some of the pollutants associated with
increase in mortality and hospital admissions are higher during the summer period in many
European areas. A synergistic effect of warm temperature and air pollution on mortality has been
suggested from time series analysis conducted in Athens, whereas no effect modification detected in
a study in Philadelphia, USA.[44][45] The present study investigated the independent effect of
meteorological variables of that of ambient air pollution, and explored whether there is synergy
between the two factors.

The development and evaluation of HHWWS in a subset of European cities represents an
innovation in the field of climate and health research in Europe. After the 2003 heat wave, the need
for early warning systems based on a standardized protocol and using the same evaluation criteria
has become a major topic of public health policies.

These results of the health impact assessment will contribute to policy development, public health
decision-making, and will be an important input for cost-benefit analysis and risk communication.
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Guidelines for preventive strategies and health care actions taken to lessen morbidity and mortality
effects can then be based on evidences arising from this project, namely the literature review, the
investigation of the state-of-the-art in the participating cities (feasibility), and the identification of
susceptible populations.

Conclusions

The PHEWE project offers the opportunity to investigate the relationship between temperature and
mortality in 16 European cities, representing a wide range of climatic, socio-demographic and
cultural characteristics; the use of a standardized methodology allows for direct comparison
between cities. The analysis of the effect of weather on hospital admissions in 12 cities is an
innovation in Europe. The evidence arising from the project’s results, namely the literature review,
the investigation of the state-of-the-art in the participating cities (feasibility), and the identification
of susceptible populations (target groups), offer an important contribution for guidelines for
preventive strategies and health care actions taken to lessen morbidity and mortality effects. The
results of this project contribute to policy development, public health decision-making, and will be
an important input for cost-benefit analysis and risk communication.
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Table 1. PHEWE cities: characteristics and data series available

City

Characteristics

Health data - Time series used

Mortaliy rate

Population % 75+ (x 100.000) Mortality Hospital Admissions

Athens 3188 305 6.4 663.6 1992-1996

Barcelona 1512971 10.1 542.5 1992-2000 1994-1997
Budapest 1797 222 7.3 1093.6 1992-2001 1997-2000
Dublin 481 854 5.3 826.7 1990-2000 1994-2001
Helsinki 955 143 5.0 590.0 1990-2000

Krakow 741510 8.9** 805.4 1990-1996

Ljubljana 263 290 5.9 719.1 1992-1999 1997-1999
London 6 796 900 6.8 584.5 1992-2000 1992-2000
Milan 1304 942 9.5 439.4 1990-2000 1990-1999
Paris 6 161 393 6.1 554.0 1991-1998 1991-1995
Prague 1183 900 7.0 779.4 1992-2000

Rome 2812573 7.3 497.4 1992-2000 1998-2000
Stockholm 1173183 8.5 576.2 1990-2000 1990-2000
Turin 901 010 9.2 479.5 1991-1999 1995-1999
Valencia 739 004 7.6 595.6 1995-2000 1996-2000
Zurich 990 000 n.a. n.a. 1990-1996 1990-1996

** >=70 years

* adjusted for gender and age
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Table 2. Mortality data: daily mean and standard deviation (sd) by cause and season.

Total mortality Cardiovascular Cerebrovascular Respiratory
(ICD-IX < 800.0) (ICD-IX: 390-459) (ICD-IX: 430-438) (ICD-IX:460-519)

Summer* Winter** Summer* Winter** Summer* Winter** Summer* Winter**
mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd
Athens 67.46 10.79 78.26 13.18 32.62 7.58 39.46 8.4 - - - - 4.19 2.21 5.08 2.57
Barcelona 35.89 6.58 42.75 9.17 12.96 3.96 16.58 5.11 3.61 2.01 4.45 2.07 3.08 1.88 471 3.07
Budapest 70.99 11.01 79.82 13.38 34.89 7.32 40.9 8.92 70.97 11 79.8 13.36 2.22 1.6 3.12 2.24
Dublin 11.42 3.45 13.62 4.12 491 2.19 5.98 2.57 0.99 1.01 1.23 1.1 11.42 1.25 2.12 1.68
Helsinki 17.05 4.18 18.45 4.6 8.23 2.96 8.81 3.1 2.42 1.56 2.66 1.65 1.37 1.18 1.79 1.47
Ljubljana 6.29 2.58 7.06 2.89 2.55 1.63 3.03 1.84 0.63 0.8 0.73 0.86 0.36 0.62 0.53 0.75
London 149.01 16.45 179.23 29.35 60.96 10.51 73.5 13.62 14.14 4.2 16.91 4,71 23.73 6 36.58 15.79
Milan 26.3 5.87 31.86 7.17 9.85 3.41 13.21 4.22 2.88 1.78 3.58 1.97 1.65 1.38 2.54 1.93
Paris 115.69 13.84 128.17 16.44 34.81 6.57 40.01 7.91 - - - - 7.69 3.06 10.33 4.15
Prague 34.94 6.51 38.52 7.49 20.27 4.87 22.66 5.62 5.64 2.62 6.19 2.72 1.12 1.09 1.53 1.32
Rome 52.81 9.55 61.71 10.48 20.92 5.52 26.62 6.46 4.87 2.36 5.79 2.6 2.58 1.72 3.73 2.52
Stockholm 27.85 5.41 30.81 6.3 13.47 3.84 14.93 4.28 2.96 1.72 3.34 1.81 2.15 15 2.76 1.88
Turin 19.14 4.65 23.18 5.35 7.91 3.01 10.3 3.49 2.71 1.67 3.34 1.9 1.02 1.04 1.62 1.44
Valencia 14.64 4.11 17.92 5.27 5.28 2.41 6.97 2.94 1.57 1.27 1.91 1.46 1.37 1.2 2.09 1.76
Zurich 11.63 3.52 13.53 3.84 5.24 2.36 6.31 2.59 - - - - 0.6 0.79 1.01 1.09

note: * April-September, ** October-March
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Table 3. Hospital admission data: daily mean and standard deviation (sd) by cause and season.

Cardiovascular
(ICD-IX: 390-459)

Cerebrovascular
(ICD-IX: 430-438)

Respiratory
(ICD-I1X:460-519)

City Summer* Winter** Summer* Winter** Summer* Winter**
mean sd mean sd mean sd mean sd mean sd mean sd
Barcelona 21.8 6.0 25.9 6.3 5.0 2.3 5.6 2.4 15.9 5.3 235 7.6
Budapest 110.8 50.1 119.1 50.0 14.5 7.5 15.2 7.6 25.7 10.0 37.0 15.3
Dublin 25.9 6.4 27.3 6.7 5.1 2.4 5.5 2.4 22.6 5.7 30.3 10.4
Ljubljana 11.2 49 12.4 5.4 15 1.2 1.6 1.3 6.7 4.4 8.2 4.6
London 163.8 31.8 171.2 34.7 28.3 6.8 30.0 7.5 125.2 25.3 178.6 52.7
Milan 71.2 26.3 81.6 24.7 14.0 5.1 15.2 4.9 25.6 10.4 34.4 11.1
Paris 126.5 45.3 146.5 44.3 n.a. n.a. n.a. n.a. 59.0 19.4 85.0 22.7
Rome 120.3 27.0 133.6 26.1 25.1 6.1 26.7 6.0 43.1 11.4 63.2 18.3
Stockholm 48.0 121 50.8 12.2 10.4 3.6 10.9 3.7 18.3 6.1 24.2 7.9
Turin 25.2 6.4 28.5 6.8 7.2 2.8 7.7 2.9 10.1 4.0 15.9 6.4
Valencia 12.4 4.1 13.6 4.6 3.1 1.8 3.2 1.9 9.2 3.6 14.4 5.6
Zurich 8.2 3.4 9.1 49 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

* April-September, ** October-March
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Table 4a. Metereological data: daily mean values (mean, minimum and maximum) summer period (April-September).

temperature (°C) relative humidity (%) sea level pressure (hPa) wind speed (m/s) max apparent temperature (°C)

CITY mean min max mean min max mean min max mean min max mean min max
Athens 235 7.6 34.3 57 23 89 1013.0 945.8 1031.3 3.3 0.3 11.6 27.9 7.9 41.6
Barcelona 21.7 8.6 34.2 66 29 99 1015.2 993.7 1030.6 6.7 0.9 22.3 23.3* 6.5% 36.9*
Budapest 18.2 15 29.8 61 30 97 1014.5 992.6 1033.6 2.6 0.7 8.8 21.9 0.2 38.8
Dublin 125 14 21.0 81 53 100 1014.8 974.7 1038.5 4.7 11 12.0 14.7 1.5 28.5
Helsinki 12.0 -6.5 25.4 71 28 98 1012.7 982.9 1035.6 3.6 0.9 9.6 14.3 -3.7 32.8
Krakow 15.0 -1.6 26.6 77 45 98 1015.7 991.1 1033.1 2.3 0.0 10.1 19.1 2.3 35.8
Ljubljana 15.9 0.6 26.5 75 33 98 970.8 949.2 985.4 1.6 0.2 7.0 20.1 -1.7 354
London 15.1 3.2 28.0 71 42 96 1015.5 984.1 1036.3 3.4 0.7 9.3 18.1 1.5 35.2
Milan 20.0 25 29.4 72 26 100 1014.2 991.5 1031.9 17 0.0 9.4 254 2.7 40.8
Paris 16.1 2.1 30.2 72 32 100 1015.9 988.1 1032.9 4.0 1.0 11.9 19.7 1.5 394
Prague 15.1 -1.7 28.7 70 31 98 972.5 947.0 990.4 3.8 0.3 12.0 17.8 -3.3 36.3
Rome 20.5 6.1 30.3 72 25 94 1014.2 992.6 1031.8 3.1 0.5 125 26.1 5.9 40.5
Stockholm 12.8 -3.2 26.6 72 36 99 1012.9 985.6 1036.1 3.3 0.6 8.1 15.4 2.1 34.0
Turin 18.5 3.0 27.9 74 32 97 1014.2 993.0 1032.0 14 0.0 7.7 23.4 4.2 45.8
Valencia 223 10.5 30.0 66 32 92 1015.1 995.1 1030.9 3.3 11 9.9 29.5 10.6 44.9
Zurich 15.1 14 26.2 73 42 97 1016.4 993.2 1034.6 2.1 0.2 6.0 19.0 0.7 35.2
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Table 4b. Metereological data: daily mean values (mean, minimum and maximum) winter period (October-March).

temperature (°C) relative humidity (%) sea level pressure (hPa) wind speed (m/s) max apparent temperature (°C)

CITY mean min max mean min max mean min max mean min max mean min max
Athens 13.1 0.7 26.5 70 35 92 1018.2 988.9 1035.7 3.2 0.0 12.8 14.8 0.8 34.1
Barcelona 13.4 19 25.2 69 37 100 1018.3 990.2 1038.2 7.0 0.0 22.1 12.3* 0.2* 27.9*
Budapest 4.0 -12.1 19.5 77 36 100 1019.7 988.9 1045.7 2.6 0.5 8.6 5.0 -9.7 25.7
Dublin 7.0 -4.2 17.8 85 54 100 1012.2 971.1 1046.3 6.0 0.6 17.5 7.5 -4.6 19.8
Helsinki -0.9 -24.1 14.7 85 44 99 1010.8 949.5 1054.4 4.1 0.1 11.5 -0.7 -14.5 14.8
Krakow 2.3 -21.4 17.9 86 53 100 1019.2 987.7 1046.9 2.8 0.0 115 33 -14.4 25.4
Ljubljana 3.0 -13.3 18.4 83 26 100 973.5 939.8 995.5 13 0.0 8.0 4.4 9.9 24.3
London 7.5 -5.2 18.9 81 52 100 1016.1 978.6 1044.3 3.7 0.4 12.5 8.4 -5.6 24.5
Milan 7.1 -6.5 22.7 81 20 100 1019.1 986.8 1041.0 13 0.0 9.4 8.8 -6.3 32.6
Paris 6.9 -10.7 20.0 84 37 100 1018.1 983.3 1044.8 4.8 0.5 14.6 7.7 9.2 254
Prague 2.5 -19.7 19.0 84 42 100 973.8 974.5 996.8 4.6 0.0 16.3 2.6 -13.4 22.5
Rome 10.5 -2.0 25.8 80 34 98 1017.1 990.4 1039.1 3.2 0.3 13.1 13.5 -1.0 41.5
Stockholm 1.3 -16.7 15.8 85 44 99 1010.9 947.9 1049.1 3.7 0.3 10.3 1.3 -12.9 19.4
Turin 6.0 -6.9 20.2 76 25 99 1019.5 989.2 1041.4 11 0.0 9.5 8.1 -59 29.5
Valencia 13.7 3.4 26.0 69 29 98 1018.7 993.5 1034.8 3.1 0.3 12.2 18.1 32 359
Zurich 4.0 -11.7 17.0 82 44 98 1020.7 987.2 1044.6 2.4 0.5 10.3 4.8 9.2 23.5
* for Barcelona the mean apparent temperature is reported
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3. Analysis of the meteorological data and development of synoptic indices
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Abstract

In this study we examined the short-term effects of air mass types on mortality in Athens, Greece in
two ways: one independent and the other including temperature effects on air mass types. An
‘automated’ air mass types classification was used, based on meteorological parameters measured at
the surface. Mortality data were treated with generalized additive models (GAM) and extending
Poisson regression, using a LOESS smoother to control for the confounding effects of seasonal
patterns, adjusting also for temperature, long-term trends, day of the week and ambient particle
concentrations. The introduced air mass classification explains the daily variation of mortality to a
statistically significant degree. The highest daily mortality was observed on days characterized by
southerly flow conditions for both the cold (increase in relative risk for mortality 9%; with a 95%
confidence interval: 3-14%), and the warm period (7%; with a 95% confidence interval: 2-13%) of
the year. The southeasterly with extended cloudiness and the northeasterly flows are associated with
the lowest mortality for winter and summer respectively. Effects on mortality, independent of
temperature, are observed mainly for lag 0 during the cold period, but persist longer during the
warm period. Not adjusting for temperature and/or ambient particle levels slightly alters the results,
which then reflect the known temperature and particle effects, already reported in the literature. In
conclusion, we find that air mass types have independent effects on mortality for both the cold and
warm season and may be used to predict weather-related adverse health effects.

Introduction

The impact of weather on health and consequently on mortality has been known for centuries
(Kilbourne, 1986). The occurrence of respiratory and heart diseases is related with cold weather
leading to increased mortality of special sensitive population groups. Heat waves are also related to
increases in mortality (Hadley and Webster, 1995; Rooney et al., 1998). Recently, Curriero et al
(2002) found associations between extremely high or low temperatures and mortality in 11 cities of
the eastern USA, while Garcia et al (2002; 2005) examined the health impacts of prevailing
synoptic conditions associated with extreme summer temperatures in the Iberian peninsula.
Kljakovic and Salmond, (1998) found relationships between the number of consultations for asthma
and weather in New Zealand during a five years study. Projected global warming and climate
change renewed the interest concerning the weather-mortality association. Guest et al (1999)
applied a relationship, determined between recent climate conditions and mortality, to scenarios for
climate and demographic change, to predict potential impacts on public health in Australian cities,
for the year 2030. The temperature-mortality relationship is known to be ‘J-shaped’ because of the
asymmetrical pattern of association with a rise in mortality counts that is steeper and rises more
quickly for high rather than for low temperatures (Kunst et al., 1993). The temperature
corresponding to the lowest observed mortality varies by latitude and topographical features. Thus,
in Athens with latitude 38° N, it is at about 22°C (Touloumi et al., 1994), while in the Netherlands,
with latitude about 53°N, it is at 16.5°C only (Kunst et al., 1993). Temperature and humidity
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(relative or dew point) have often been used to control for the confounding effects of weather in
studies of air pollution and mortality (Katsouyanni et al., 1997).

Instead of using one or more separate meteorological variables examining possible relations
between weather and mortality, investigators try to find indices combining more than one
meteorological variable in an effort to express parsimoniously a variety of meteorological
phenomena and thus assess simultaneously the effect of several meteorological variables on
mortality. Composite indices have been developed such as human discomfort indices (Steadman,
1984), heat budgets (Jendrinski and Sievers, 1989) and synoptic climatological classifications
(Kalkstein, 1991). One such index of the latter type represents a classification into air mass types,
which contain all the appropriate meteorological information to characterize a day. Since it can be
predicted two or three days in advance, it can be a very useful tool for providing valuable
information to public health authorities. Synoptic weather systems, characterizing the prevailing
weather systems in an area, have been correlated with human health effects.

There are different methods to categorize air masses. In the past manual methods were more
common but now due to the high-speed computers automated methods have been popular. Both
methods of classification have limitations; manual methods are time consuming, depended by the
researcher and difficult to reproduce while automated methods may not produced -easily
interpretable results. Recent methods have incorporated the advantages of both methodologies into
a hybrid scheme. Among others Kassomenos et al (1998) introduced a manual method to classify
the synoptic circulation types over Athens, using 12-y meteorological data. Kassomenos et al
(2001) examined the correlation of 8 a-priori defined and manually estimated synoptic circulation
types at 850 and 700 hPa, with mortality in Athens, Greece.

During the recent years automated methods have come to a wide use. Specifically, Kalkstein (1991)
proposed a synoptic weather classification system based on air mass type and evaluated the impact
of meteorological conditions on human mortality. This system was employed for St. Louis, USA
and used surface meteorological data and principal component and cluster analyses statistical
techniques. He found that the worst categories are characterized by warm and humid southern air
flow coming from the Caribbean Sea.

McGregor (1999) investigated the relationship between winter ischaemic disease deaths and
weather, using a synoptic climatological approach for Birmingham, UK. He found that strong south
flow characterized by high temperatures and humidity coming from Atlantic, combined with rapid
changes in temperature, is associated with increased mortality from ischaemic heart episodes during
winter. Similar conditions have been found to be associated with mortality increases in Barcelona,
Spain (Saez et al., 1995) and Birmingham, Alabama, US (Kalkstein and Davis, 1989). Pope and
Kalkstein (1996) and Samet et al (1998) estimated the association between ambient particulate
matter and daily mortality in Utah valley and Philadelphia respectively, using a synoptic approach
to control for potential confounding weather effects. The objective of these studies focused on air
pollution rather than on weather effects.

Since these methods (manual and automated) develop different number of categories for one city
vs. another we can not make direct comparisons from place to place about the weather types
produced. Recently Sheridan, (2002) redeveloped a weather type classification scheme for North
America extending the initial work of Kalkstein et al (1996). This system (Spatial Synoptic
Classification System) is a hybrid one and classifies each day at a location into six weather types or
a transition between two weather types. With this system direct comparison of the weather types
from place to place could be done.

Whereas temperature is one of the most significant factors that affect the human mortality, as
previously stated in numerous studies, the focus of the present paper is to examine the effects of air
mass types on mortality in 2 ways: one independent of temperature effects, i.e. the effects of all
other meteorological variables combined in the air mass type were assessed, and the other was
including the temperature effects.

We examine the associations between air mass types and mortality in Athens, Greece for the period
1987-1991, using an automated air mass classification scheme, similar to the one used by Kalkstein
et al (1991), developed using surface level data by Kassomenos et al (2003). This system was
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produced using surface meteorological data collected between 1954-1999 in the area of Athens.
These data were classified in 8 and 6 weather types for winter and summer respectively using
Principal Component and Cluster Analysis. Prior to the final adoption of the weather types they
examined in terms of their physical interprentation. This classification system differs from the one
employed in Kassomenos et al (2001) in the procedures followed and the number of resulting
synoptic categories. In the classification system of Kassomenos et al (2001), described in detail in
Kassomenos et al (1998,) the 12-y daily weather maps (1983-1995) at 850 and 700 hPa levels were
attributed manually to 8 a priori defined weather types by two independent observers. It is therefore
interesting to see the associations of the synoptic categories, resulting from this more “objective”
process, with mortality in Athens and compare them with previous results derived with a different
type of synoptic classification.

Data and Methods

Athens is situated in a small peninsula located in the southeastern edge of the Greek mainland
(central Greece). It covers about 450 Km?” and has about 4,000,000 inhabitants. The built up area is
mainly located in a basin, surrounded by tall mountains from three sides and open to the sea from
the south. There are small openings connecting the Metropolitan area of Athens with the rest of
Greek mainland to the north, northwest and northeast of the basin. In Athens, more than 2,000,000
cars are registered while industrial activities are mainly located in the west and southwest of the
basin (Katsoulis and Kassomenos 2004).

The climate of the area is Mediterranean with hot, dry summers and moderately wet, mild winters.
The mean daily temperature for winter is 10.20C and the daily minimum temperature drops below
00C only for a few days every year. In summer, the mean daily air temperature is 26.20C, and the
average daily maximum temperature is higher than 31.00C. Solar radiation income is strong with
daily values of the order of 22 MJ/m2 in summer and 8 MJ/m2 in winter (Katsoulis and
Kassomenos 2004).

For the extraction of the air mass types we used daily values of 11 meteorological parameters
recorded in the National Observatory of Athens (NOA) at the surface for the period 1954-1999.
These parameters are: mean, maximum and minimum air temperature (Tmean, Tmax, Tmin), diurnal
temperature range (Trange), total solar radiation (SR), mean relative humidity (RH), mean water
vapor pressure (e), mean atmospheric pressure (P), arithmetic mean wind speed (WS) and mean
wind velocity components of W-E and S-N directions (u and v respectively) (Kassomenos et al.
2003).

The number of daily non-accidental deaths, for the period January 1* 1987 to December 30" 1991
(a total of 1826 days) was recorded from the Athens Town Registry and the registries of all towns
contiguous to Athens (19 town registries) (Touloumi et al 1994). In July 1987, in Athens, there was
a 9-day heat wave characterized by maximum daily temperatures greater than 35°C (>40°C on 6
days). The total number of daily deaths increased by more than 100% during this month. Since this
period is a climatic outlier, we did our analyses both including it and excluding it from the time
series.

Enhanced concentrations of particulates are associated with health effects (Katsouyanni et al 2001;
Pope and Kalkstein, 1996; Samet et al., 1998). Ambient particles in Athens were measured during
the study period by the method of black smoke (BS), a photometric index assessed on the basis of
black particles with aerodynamic diameter < 4.5 micrometers. The air pollution measurements
(daily values of BS for the time period 1987-1991) were provided by the Monitoring Network
operated by the Ministry of Environment, Planning and Public Works (Ministry of Environment,
1989). BS is measured by the method of the Organization for Economic Cooperation and
Development (WHO, 1997). In order, for the pollution time series to be more representative, we
used the average daily measurements of three fixed sites (Patision, Aristotelous, Piracus) for BS (24
hour level in pg/m’). These stations cover the study area and are representative of the population
exposure (Touloumi et al., 1994). During this period, BS exceeded the World Health Organization
1997 air quality guideline (125 pg/m’) on 42% of the days, in the center of Athens (Patision) where
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the highest levels were observed. Missing values in each station were completed as described by
Katsouyanni et al (1996).

Weather effects were accounted for using an air mass classification, originally developed in
Kassomenos et al (2003). P-mode principal components analysis, using varimax rotation, was used
to reduce the number of variables of the original meteorological data and in a second stage the non-
hierarchical k-means clustering analysis, which allows the rearrangement of the observations after
they have been classified into a group, gave an optimized final classification. The air mass
classification was applied separately for two sub-periods of the year. The first includes the days
from 16 October to 15 April (8090 days consisting the cold period) and the second includes the
days from 16 April to 15 October (8283 days consisting the warm period). This splitting is
considered necessary, because of the different general and local atmospheric circulation regimes,
characterizing the two seasons. The classification revealed 8 weather types for the cold period and 6
for the warm period of the year. The basic characteristics of each air mass type by season are briefly
described in Tables 1 and 2 respectively. More details on the methods and data used may be found
in Kassomenos et al (2003).

For the analyses investigating the effects of air mass types on mortality, we applied Generalized
Additive Models (GAM), extending Poisson regression to model the non-linear effects of the
covariates; we used a LOESS smoother to control for seasonal patterns and long term trends and
allowed for overdispersion (Schwartz et al., 1996). All analyses were done in S-Plus, using stringent
convergence criteria, as proposed by Dominici et al (2002).

We tested various smoothing parameters to remove the basic seasonality from the data. To choose
among these, diagnostic tools including partial autocorrelation plots and plots of residuals over time
were used to determine the smoothing parameter (i.e. the fraction of the data used for smoothing).
We had decided in advance that the smoothing window should not be below 2 months in order to
avoid eliminating short-term patterns, which may actually be due to the exposure under study
(Kassomenos et al., 2001). After seasonal and long-term trends were controlled for, temperature
was incorporated into the model. Smoothed functions of the same day and of lags up to 2 days or
averaged over 1 to 3 days of daily mean temperature were investigated.

The inclusion of lagged temperature variables and the choice of smoothing parameters were done
by minimizing Akaike’s information criterion (Fujikoshi and Satoh, 1997). Then we added dummy
variables to the model to control for day of the week. We included dummy variables for the air
mass types. Finally, we included BS as a linear term, average of lags 0 and 1, in the model to adjust
for air pollution potential confounding effects.

Tables 1 and 2 present the basic characteristics and the frequency of occurrence of air mass types
over the study period, for the cold and warm period of the year respectively. For winter the most
frequent air mass type was 7W (high atmospheric pressure-high diurnal temperature range- weak
northern winds), while for summer these were 3S (low wind speed- high temperature range) and 4S
(strong northern winds- low pressure and humidity). It can be seen that there is a seasonal variation
in mortality and black smoke levels. Thus the mean daily number of deaths in the cold period is
39.8 whilst it is 34.1 for the warm period. Black smoke concentrations in the cold period exceed
those in the warm by more than 20pg/m’®. Within the cold period, the daily number of deaths was
increased during the weather type categories 7W, 4W (high humidity- SW flow — cloudiness) and
2W (strong and dry N-NW flow- cloudiness), while for summer during 3S and 4S.

Table 3 shows the relative risks for daily mortality for each air mass type, by season, adjusting for
black smoke, temperature, long term and seasonal trends and day of the week, excluding the data
for the July 1987 period. The air mass type with the smallest observed daily number of deaths (as
seen in Tables 1 and 2) was chosen as a reference category for each of the periods: SW (weak SW
flow-high radiation levels- low relative humidity- high temperature range) for the cold and 2S
(strong NE wind- low temperature and humidity) for the warm period. The highest risk for mortality
for the cold period is observed during days with 4W (9% increase in the daily number of deaths
with 95% CI: 3-14%). No other estimated relative risk is statistically significant for the day an air
mass is observed (ie for lag 0). For lag 1, again the highest relative risk is for type 4W, but it does
not reach the nominal level of statistical significance. No air mass type has an elevated relative risk
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for lag 2. For the warm period, the highest relative risk for mortality is observed during days with
6S (SW winds- high temperature and humidity) (7% increase in the daily number of deaths for lag 0
with 95% confidence interval (CI): 2-13%; 5% for lagl , 95% CI 0-11% ; and 5% for lag 2, 95% CI
0-10%). Type 1S (weak SW flow during the day- warm and humid air masses) also has higher risks
for mortality which are statistically significant at lags 0 and 1 (6% increase 95% CI 1-12% and 7%
with 95% CI 1-13% in the daily number of deaths respectively). Relative risks estimated from
models without adjustment for black smoke followed an identical pattern and were in some
instances slightly higher (results not shown).

In Table 3 the effects of air mass types shown are adjusted for temperature, so the temperature
effect within each type is estimated separately. Table 4 shows the relative risks for daily mortality
for each air mass type, by season, adjusting for black smoke, long term and seasonal trends and day
of the week, but not adjusting for temperature. For the cold season, the relative risks for mortality
associated with all air mass types except 2W remain unchanged. 4W air mass type still presents the
higher relative risk for mortality (8% increase in the daily number of deaths for lag 0 with 95%
confidence interval (CI): 3-14%). For type 2W there is now an elevated risk, which is statistically
significant for lag 0. The type 2W is associated with the lowest winter temperatures and extensive
cloudiness (see Table 1) and this excess mortality is due to the cold temperature effect. When the
temperature effect is accounted for, the other meteorological characteristics of this air mass type are
not associated with additional excess mortality. For the warm season, the relative risks associated
with the two air mass types which have the coolest temperatures (1S and 6S, see Table 2) is reduced
as it now reflects the protective effect of cool summer temperatures on mortality, which were
estimated separately when temperature was adjusted for. On the contrary, the risks associated with
the warmest types (3S and 48, see Table 2), are increased.

The analysis was done including the July 1987 period, which was characterized by unusually high
temperatures. Adjusting for temperature, the relative risks estimated for mortality in the warm
period, remained practically the same and the pattern of statistical significance remained identical.
During the 1987 heat wave the air mass types observed were 3S (5 days) and 4S (4 days).

In all models, positive relative risks for mortality were associated with exposures to black smoke.
Specifically, an increase of 10pg/m’ was associated with about a 0.5% increase in the daily number
of deaths.

Discussion

In this study we observed associations of daily air mass types with the daily number of deaths in
Athens, Greece, an area with typical Mediterranean climate. We also adjusted for confounding
effects of air pollution using ambient particles concentrations. Temperature effects on mortality are
well established.

For the cold period of the year, the lowest mortality days are those with the 5W air mass type,
characterized by dry conditions, local circulation cells, and relatively high radiation levels. The
temperature is rather high for the winter and these meteorological conditions form pleasant
conditions over Athens and are associated with decreased mortality. The most unfavorable air mass
type during the cold period is 4W. Mortality during these days is elevated by almost 10% compared
to category SW. This air mass type is combined with high humidity levels, relatively strong
southerly flow over Athens and extensive cloudiness. Another unfavorable air mass type is 6W,
characterized by a relatively high temperature range. The humidity is very high, combined with
almost stagnant conditions over Athens. Since the wind speed is very low, from southern directions,
the air masses transported over Athens are coming from the Aegean Sea and consequently are
humid enhancing the unpleasant conditions over Athens. The days characterized by air mass type
2W, also have significant elevated mortality. Air mass type 2W is characterized by extensive
cloudiness and dry strong NW flow. It is further characterized by the lowest minimum temperature.
These conditions are known for the formation of unpleasant conditions for sensitive groups of
population (McGregor, 1999, McGregor and Kassomenos 2005). It is observed that the effects of
the air mass types on mortality appear mainly on the same day (lag 0).
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For the warm period of the year the lowest mortality days are those characterized by 2S which was
used as the baseline air mass type to which all other were compared. This air mass type induces
strong northeasterly flow, small water vapor pressure and relative humidity. The temperature range
is the lowest. This type of flow contributes significantly to the ventilation of the atmosphere over
Athens and is associated with decreased mortality. Categories 3S, 4S and 5S do not differ from 2S
to a statistically significant degree, when the temperature effect is estimated separately. However,
when the effect of temperature in included in the estimation, the warmest air mass types 3S and 4S
are also associated with increased mortality. The most unfavorable air mass type for the warm
season is 6S. The airflow is weak from SW directions during the daytime and is associated with the
establishment of local circulations over Athens (e.g sea breezes). Sea breezes bring humid and
relatively warm air masses over Athens. The meteorological characteristics of 6S lead to intense
thermal discomfort conditions. Similar results were found for type 1S. This air mass type is
characterized by relatively weak SW flow. The air masses over Athens are warm and humid and it
seems to contribute to the establishment of unpleasant weather conditions. It should be noted that
the effects of air mass type on mortality in the warm period appear on the same day (lag 0) and also
persist on the next day and even 2 days later (lags 1 and 2).

The adjustment for temperature is an advantage of our analyses because it gives an estimate of the
effect on mortality of the other —not studied so far- meteorological variables combined. The
estimates including temperature, which are also provided, confirm the reported results (Curriero et
al 2000) of the cold and heat associated effects on increasing mortality.

The comparison of crude (unadjusted) and adjusted daily number of deaths by air mass type shows
that the contrast of about 10% is preserved during the cold period and is slightly lowered during the
warm period when black smoke levels, seasonal patterns and day of the week are taken into
account. For the cold season, types SW and 3W have the lowest crude mortality followed by 6W
and 8W and this rank is preserved after adjustment. However, category 7W has the highest crude
daily number of deaths, whilst it has a low one after adjusting, presumably because it is the category
with the highest black smoke levels and its elevated crude mortality is due to elevated black smoke.
For the warm season, the lowest crude daily number of deaths is observed when categories 2S and
58S prevail, followed by all the other categories. When adjusting for black smoke levels, seasonal
patterns, day of the week and temperature the highest adjusted mortality is observed in types 6S and
1S. From the comparison of the results of the different models presented, it is inferred that the high
mortality during days with air mass types 3S and 4S is due to the high temperatures characterizing
these types.

The air mass type classification used in the present paper is different from a previously reported
one (Kassomenos et al 2001) which used manual categorization with a priori defined air mass types.
The present classification is based on the meteorological data and produces air mass types which
are based on the actual observations. Thus it is possible that these latter types are more specific to
the local situation and may reflect better the associated health effects. A cross-classification of the
two categorizations shows that there is no one to one correspondence of the derived types of air
masses, however there is some overlap. A comparison of the results shows that the classification of
Kassomenos et al (2001) also indicated that SW flow and zonal flow combined at the isobaric levels
of 850 and 700 hPas, resulting in local circulations on the surface, are associated with enhanced
relative risk for mortality in Athens but it failed to detect associations between strong NW flow and
mortality. Moreover the southerly and southeasterly flow is not detected by the ‘subjective’ method.
Both

Comparing the present findings with those of similar classifications in the USA (Kalkstein, 1991)
and Europe (McGregor, 1999) it is seen that in all situations increased mortality is associated with
warm and humid air masses.

In our analyses, we adjusted also for a measure of particulate matter pollution, black smoke. The
results confirm the independence of the effects of weather and air pollution on mortality. This
implies that for each synoptic category for which an effect on mortality is found, this is independent
of the corresponding air pollution levels. The results are consistent with those reported in the
literature (Pope and Kalkstein 1996, Samet et al 1998).
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We also found that the positive relative risks for mortality associated with exposures to particles in
Athens are similar for both seasons and independent of air mass type and temperature effects. The
size of the estimated black smoke effect is consistent with the findings of Katsouyanni et al (1997)
who reported an increase of 0.6% in the daily number of deaths combined with a change of
10pgr/m’ in BS levels.

Conclusions
From the analysis presented above the following main conclusions could be drawn:

- High relative risk for mortality was detected during the cold period of the year when the area
of Athens is affected by air masses associated with SW flow (characterized by high humidity,
relatively strong southerly wind and cloudiness), followed by days characterized by stagnant,
high humidity, high temperature range conditions.

- During the warm period again days with air masses characterized by SW flow (with humid
and warm conditions) have the highest mortality rates.

- The effects of the air mass types on mortality (excluding the temperature effects) are observed
mainly on the same day during the cold period but persist on the next day during the warm
period.

- The effects of air mass types and black smoke levels on mortality are independent.

- In conclusion, this work provides evidence that objective air mass classification schemes
could act as a useful tool for studying the weather-health associations in Athens. Given the
high predictability of the air mass types (2-3 days before with very high accuracy) a well
developed air mass type classification could be a valuable tool for the authorities to predict
future unhealthy conditions for humans, and therefore the impact on public health.
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Table 1. Air mass type frequency and characteristics for the cold period of the year.

Abbre- | Short description of the meteorological Mean Air Mean Water Number of | Daily Black smoke
viation | situation over Athens Temperature | Vapor pressure | days (%) | number of | mean
(°C) (mmHg) deaths (ug/m3)
IW | Weak easterly flow. High humidity,
extensive cloudiness and low radiation 12.2 11.5 110 (12.3) 39.7 99.8
levels.
2W Relativ‘ely strong and dry N-NW flow. 75 74 98 (11.0) 41.0 759
Extensive cloudiness.
3W | Strong and relatively dry NE flow. 10.2 8.6 108 (12.1) 38.0 542
4W | High hpmidity l.evels, SW flow and 12.9 11.4 82 (9.2) 412 9.8
extensive cloudiness.
SW | Weak southwesterly flow. Local circulation
cells, relatively high radiation levels. The
relative humidity is low and the diurnal 14.1 10.3 102dLs | 378 88.8
temperature range is high.
6W S-SE flow. Warm and humid air masses, 16.1 142 119 (13.4) 389 119.7
relatively high temperature range.
7W | The atmospheric pressure is the highest, the
diurnal temperature range is also high and
the winds are weak from northern 10.0 90 157 (17.6) 414 122.3
directions.
8W | A weak pressure gradient over Aegean.
The air temperature, the diurnal
12.5 9.3 115 (12.9) 39.0 98.0

temperature range and solar radiation are
high.
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Table 2. Air mass type frequency and characteristics for the warm period of the year (excluding the “heat-wave” period of July 21-30, 1987)

Abbre- Short description of the meteorological | Mean Air Mean water Number of | Daily Black smoke
viation situation over Athens Temperature | vapor pressure days (%) | number of | mean
(°0) (mmHg) deaths (ug/m3)
1. 1S Relatively weak SW flow during all the
day. The air masses are warm and
humid. The total radiation is at low 208 16.1 127(14.4) 345 1.8
levels.
2S The wind is strong and blows from NE,
the solar radiation and air temperature 21.0 13.3 81(9.2) 31.8 54.0
and humidity are relatively low.
3S Wind speed is relatively low and its
direction is not well defined at the 26.9 18.4 180 (20.4) 35.3 80.4
surface. High temperature range.
4S Strong northerly wind flow. Water vapor
pressure and relative humidity are 26.8 15.8 177 (20.0) 35.0 60.4
generally low.
5S The wind is light without constant
direction, the total radiation is low. 22.1 16.0 158 (17.9) 323 88.8
6S Local circulations having a SW direction
during daytime. Air masses are humid 19.3 13.0 160 (18.1) 34.7 69.1

and relatively warm.
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Table 3. Relative risks (95% confidence interval-CI) for total daily mortality, for each air
mass type by season, for lag 0, lag 1 and lag 2 (adjusting for BS, temperature, seasonal
patterns, day of the week)

Air mass Air mass
type Cold period type Warm period
Lag0 Lag 1 Lag 2 Lag0 Lag 1 Lag2
SW Reference category 28 Reference category
1.03 1.01 1.00 1.06 1.07 1.04
1Y 1S
(0.98,1.08) | (0.97,1.06) | (0.95,1.05) (1.01,1.12) | (1.01,1.13) | (0.99,1.09)
1.03 0.96 0.92 1.02 1.01 0.98
2W 3S
(0.98,1.08) | (0.91,1.01) | (0.87,0.97) (0.97,1.08) | (0.95,1.06) | (0.92,1.03)
0.99 0.96 0.95 1.01 1.01 0.96
3W 4S
(0.94,1.04) | (0.92,1.01) | (0.91,1.00) (0.95,1.07) | (0.95,1.06) | (0.91,1.02)
1.09 1.04 0.98 1.00 1.01 1.01
4W 58
(1.03,1.14) | (0.99,1.09) | (0.93,1.03) (0.95,1.05) | (0.96,1.07) | (0.96,1.06)
1.04 1.03 1.02 1.07 1.05 1.05
6W 6S
(0.99,1.09) | (0.99,1.08) | (0.97,1.07) (1.02,1.13) | (1.00,1.11) | (1.00,1.10)
1.00 1.00 1.01
T™W
(0.96,1.05) | (0.95,1.05) | (0.96,1.06)
1.00 1.00 1.01
W
(0.95,1.04) | (0.96,1.05) | (0.97,1.06)
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Table 4. Relative risks (95% confidence interval-CI) for total daily mortality, for each air
mass type by season, for lag 0, lag 1 and lag 2 (adjusting for BS, seasonal patterns, day of the

week)

Air mass Air mass
type Cold period type Warm period
Lag O Lag 1 Lag 2 Lag O Lag 1 Lag 2
SW Reference category 28 Reference category
1.04 1.02 1.01 1.04 1.04 1.01
W 1S
(0.99,1.09) | (0.98,1.07) | (0.97,1.06) (0.98,1.10) | (0.98,1.10) | (0.95,1.07)
1.07 1.03 1.01 1.07 1.04 1.02
2W 3S
(1.02,1.12) | (0.98,1.08) | (0.96,1.06) (1.01,1.12) | (0.98,1.10) [ (0.97,1.08)
1.00 1.00 1.01 1.07 1.07 1.03
3W 4S
(0.96,1.05) | (0.96,1.05) | (0.96,1.06) (1.02,1.13) | (1.01,1.12) | (0.98,1.08)
1.08 1.04 0.99 0.98 0.99 0.98
4W 58
(1.03,1.14) | (0.99,1.09) | (0.95,1.05) (0.92,1.03) | (0.93,1.05) |(0.93,1.04)
1.02 1.01 0.99 1.05 1.02 1.02
6W 6S
(0.97,1.07) | (0.96,1.05) | (0.94,1.04) (1.00,1.11) | (0.97,1.08) | (0.97,1.08)
1.03 1.04 1.05
TW
(0.99,1.08) [ (0.99,1.08) | (1.00,1.10)
1.02 1.03 1.04
&W
(0.97,1.06) | (0.98,1.08) | (0.99,1.09)
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4. The effect of apparent temperature on mortality in summer

See attached pdf file
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5. The effect of apparent temperature on mortality in winter

Effects of Cold Weather on Mortality: Results from 15 European Cities within
the PHEWE Project

Prepared by A. Analitis & K. Katsouyanni & Phewe co-authors

Mortality is known to be associated with meteorological conditions and to display a seasonal
pattern, with excess mortality during the winter as well as during very hot days in the summer
(Kilbourne 1986, Kalkstein & Greene 1997). In recent years, the effects of meteorological factors
on health have attracted renewed interest due to the observed and predicted climate change expected
to result in a general rise in temperature but also in abnormal climatic extremes. The short-term
effects of meteorological variables (mainly of temperature) have been studied in various locations.
A J shaped association with mortality has been observed with increased mortality at cold and hot
temperatures and a minimum mortality observed at various points according to the latitude (Kunst
et al 1993; Touloumi et al 1994). In the U.S. various multi-city studies on short-term effects of
weather on mortality have been reported recently (Braga et al 2002; Curriero et al 2002). In Europe
the Euro-winter project reported results from the time period between 1988 and 1992 (The
Eurowinter Group, 1997) and a more recent multi-country project used monthly data to estimate
excess winter mortality in 14 European countries (Healy 2003). However, the different distribution
of factors that affect weather related mortality (e.g. use of air conditioning or heating) can lead to
major spatial and temporal differences in weather related health effects. The Assessment and
Prevention of Acute Health Effects of Weather Conditions in Europe (PHEWE) project is a multi-
city European project aiming to assess the short-term cold and heat related mortality and morbidity
in 15 European cities with more than 30 million inhabitants using data for 5 to 11 years for each
city within 1990-2000. The extent of the data base and the geographical diversity allows the
exploration of issues of heterogeneity and adaptation. We report here the cold related effects on
cause-specific mortality.

Data

The PHEWE database includes data from 15 European cities covering almost every geographical
region of the continent and representing about 30 million European citizens. Athens, Barcelona,
Budapest, Dublin, Helsinki, Ljubljana, London, Milan, Paris, Prague, Rome, Stockholm, Turin,
Valencia and Zurich provided daily mortality, meteorological and air pollution data within years
1990-2001. More details on the data are provided in Michelozzi et al (2006, protocol paper).

The causes of death considered are: all natural causes (ICD-9: 1-799), cardiovascular (ICD-9: 390-
459), cerebrovascular (ICD9: 430-438) and respiratory diseases (ICD-9: 460-519) for all ages and
by age group (0-14,15-64,65-74, 75+). Cerebrovascular mortality data were not available in three
cities (Athens, Paris and Zurich) and the age group 0-14 in two cities (Athens, Barcelona). The
mean daily number of deaths by cause and age group are presented in Table 1.

In the PHEWE database there is information concerning the 3 hourly levels of: air temperature, dew
point temperature, wind speed, wind direction, sea level pressure, total cloud cover, solar radiation,
precipitation, visibility. In this application we use apparent temperature as exposure variable,
adjusting for wind speed and barometric pressure. Maximum apparent temperature is a discomfort
index based on air and dew point temperatures. It is defined as the maximum daily value of the
three-hourly apparent temperature values, calculated using the following formula:

AT = -2.653 + 0.994*T + 0.0153*(DT)?

where AT is apparent temperature, T is the air temperature in °C and DT is the dew point
temperature in °C.
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For Barcelona three-hourly data were not available and mean apparent temperature was used.

The air pollution part of the database is an updated version of the APHEA database (Katsouyanni et
al 2001) and includes daily concentration measurements of the following pollutants: SO, (24-hour),
an index of 24-hour ambient particles concentrations, TSP or Black Smoke or PM10 as available,
NO; (1 hour, 24-hours), O; (1 hour, 8-hours), CO (8-hour). SO2 and ozone in the winter have
generally low concentrations, CO was available only in 11 cities and the particle indicators were not
uniformly comparable, so NO2 was chosen to adjust for air pollution. NO2 is considered a good
traffic pollution indicator and in the PHEWE cities traffic is the major pollution source. The
maximum 1-hour value of NO, was selected as the air pollution index in the main analysis. Median
values and 10™ and 90™ percentile of the distribution of maximum apparent temperature and NO, 1
hour are presented it Table 2.

Methods

In the PHEWE project, the investigation of the effects of apparent temperature on daily mortality
was done separately for the cold (October to March) and the warm season (April to September).
This design provides flexibility in the analysis as it reduces the complexity of the control for
temporal confounding, avoiding the use of smooth functions when controlling for time trend. Also,
it allows the use of different model structure per season.

The analysis was carried out in two stages. In the first stage individual city data were analysed and
city-specific effect estimates were obtained which were then used in a second stage analysis to
provide overall estimates and investigate heterogeneity.

Individual city data analysis

For the city-specific analysis we adopted the Generalized Estimating Equations (GEE) approach
(Liang & Zieger) as an extension of Generalized Linear Models (GLM) for the analysis of
longitudinal data. GEE model the marginal relationship between outcome variable and covariates,
treating the correlation within subject as a nuisance. The observations between different subjects
(clusters) are assumed to be independent while the observations of the same subject are correlated.
GEE require the specification of a “working” correlation matrix, defining the structure within
subject. For a large number of clusters the robust (empirical) estimator of variance has the property
of being a consistent estimator of the covariance matrix even if the “working” correlation matrix is
mis-specified.

In this study, for each city we have an outcome variable and several covariates observed at different
days. We assumed a Poisson distribution on the outcome variable. Further, it was assumed that the
observations within each cold season (October to March) are correlated, while observations in
different cold seasons are independent. So, for example, the winter 1992-93, the winter 1993-94 etc
were considered independent. (A similar approach was previously suggested by Schwartz &
Dokcery (1992) for the evaluation of short term effects of air pollution on health.) Since, in our
case, the number of clusters (cold seasons) was small (equal to the number of years in the study
period), the robust estimator of variance could be inefficient and the use of the model based
variance estimator was favoured. A model based estimator requires a correct specification of the
“working” correlation matrix. This was achieved by applying an exploratory analysis based on an
approach similar to that described by Chiogna and Gaetan (2005). Dynamic regression models were
combined with a genetic algorithm for the semi-automated selection of the best model over a large
model space, covering different specifications of the correlation structure within cluster. This
analysis suggested a first order autocorrelation structure to be appropriate.

A common model was specified for each city taking into account potential confounders: holidays
(one dummy variable), day of the week (six dummy variables) and calendar month (five dummy
variables), linear terms for barometric pressure, wind speed and an air pollution index (NO2 1 hour
maximum, black smoke 24 hours average for Dublin as NO2 was not available) and linear and
quadratic terms of time to pick up the potentially remaining long term trend. An indicator of
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influenza epidemics was also included in the model (not used for respiratory events). Previous
results have shown a prolonged effect of cold temperature on heath so it was decided a-priori to use
as indicator for the exposure variable the mean of the current day and the previous 15 days (lags 0
to 15).

Since the shape of the exposure-response curve between apparent temperature and log-mortality
rate was unknown, the assumption of a linear association was not documented. Therefore the first
step was to investigate the shape of the association between the exposure and outcome variables. A
flexible parametric approach was used to model the exposure-response curve. We included in the
GEE model the basis vector of a cubic regression spline of apparent temperature, obtained using
mgcev library of R software (Wood 2001) after defining a city specific vector of equally spaced
knots (one every 8 °C). The exposure-response curve was estimated for the following outcomes:
daily total natural number of deaths (0-14, 15-64, 65-74, >75 years of age), cardiovascular deaths
(15-64, 65-74, >75 years of age), cerebrovascular (15-64, 65-74, >75 years of age) and respiratory
deaths (15-64, 65-74, >75 years of age). In the majority of cities and outcomes the shape of the
association is approximately linear with negative slopes indicating increased mortality at lower
apparent temperature levels. Deviations from linearity but without a specific pattern appear in
outcomes with small number of daily counts (cerebrovascular mortality, respiratory mortality <65
years of age). After identifying the linear relationship between maximum apparent temperature and
mortality in the cold season, the city specific slope was estimated by introducing a linear term of
exposure in the model.

The delayed effect (up to 30 days) of apparent temperature on mortality was investigated with
distributed lag models. We applied 5™ order, polynomial constrained, distributed lag models in
order to obtain flexibility in modelling the lags distribution and avoid problems related to
colinearity between lagged covariates (Almon 1965). Unconstrained distributed lag models that
simultaneously included variables for same day and up to 5, 10, 15, 20, 25 and 30 days were used in
order to obtain the cumulative effect of the exposure over five days, in each city.

Pooled analysis

A second stage analysis was performed to provide a quantitative summary of all individual city
results. In order to reduce heterogeneity, we also pooled the results by grouping the cities according
to predefined meteorological and geographical criteria. The Mediterranean cities group consists of
Athens, Barcelona, Ljubljana, Milan, Rome, Turin and Valencia and the Continental and North
Atlantic cities group, of Budapest, Dublin, Helsinki, London, Paris, Prague, Stockholm and Zurich.

Overall exposure-response curve was estimated using a GEE regression model with a cubic
regression spline for maximum apparent temperature on the pooled dataset (all cities). The
construction of the model was similar to the city-specific one, with the addition of city indicator
variable as well as interaction terms with confounders. This fixed effects meta-analytical approach
produces an overall descriptive exposure-response curve, without pooling the individual curves and
thus avoiding problems related to the large variability of the exposure ranges among cities.

To combine slopes and sum the effect of apparent temperature on mortality for a more prolonged
time of 30 days, unconstrained distributed lags models were used, with inverse variance weighted
averages including a random variance component to incorporate heterogeneity (Laird...). In order
to combine the city specific estimates of the coefficients from the distributed lag models we applied
a multivariate random effects regression model described by Berkey et al (....new one).

Results

Table 1 shows the mean daily number of deaths in the 15 cities. The total natural number of death
ranges from 7 (Ljubljana) to 179 (London). A large percentage of the deaths happen among those
older than 75 years (50-68%), followed by deaths in the 65-74 years age group (14-29%), whilst the
counts of deaths are very small in children. Cardiovascular mortality is about 40-50% of total whilst
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respiratory and cerebrovascular mortality generally represent less than 10% of the total mortality
counts (an exception is London where respiratory deaths are 20% of the total).

In Table 2 the median, the 10™ and 90" percentiles of apparent temperature and NO, concentrations
in the 15 cities are shown. There is substantial variability in the median apparent temperature,
which ranges from -1.2°C in Helsinki to 17.6°C in Valencia. The median concentrations of NO, also
vary from 44.5 pg/m’ in London to 148 pg/m’ in Valencia.

Figures 1 — 4 show the combined exposure — response curves for total natural, cardiovascular,
respiratory and cerebrovascular mortality. It can be seen that the curve can be adequately
approximated by a linear model for all causes. The smaller counts represented by the respiratory &
cerebrovascular series are reflected in the wider confidence intervals (zones?)

Figures 5-8 show the city specific and pooled estimated effects of apparent temperature on total
natural, CVD, respiratory and cerebrovascular daily number of deaths. For total natural and CVD
causes of death there is a statistically significant effect in all 3 age groups and there is a clear
increase in the effect with increasing age. For respiratory and cerebrovascular mortality there is a
statistically significant effect of similar magnitude in those 65-74 and >75 years old but the adverse
effect of decreasing temperature is not nominally significant for those 15-64 years old for
respiratory causes of death, whilst there is no effect for this age group on cerebrovascular mortality.

Table 3 shows the corresponding numbers for the pooled estimates shown in Figures 5-8 and
additionally the estimated pooled effects for all ages and the effects of apparent temperature on total
mortality in children. There is a statistically significant effect of apparent temperature on children
mortality: once degree of decrease in temperature is associated with 1.15% increase in the daily
number of deaths in the 0-14 years old age group.

Table 4 shows the estimated pooled effects of apparent temperature on the cause — specific
mortality for all ages separately for the 7 Mediterranean and the 8 Central Northern European cities.
It can be seen that the effects for total, CVD and cerebrovascular mortality are higher in
Mediterranean cities but the inverse is true for respiratory causes of death. The heterogeneity
between cities remains significant in most cases in the region-specific analysis.

Table 5 shows the cumulative effects for 30 days of decreased apparent temperature on cause
specific daily deaths. It can be seen that the effect over 30 days is increased by about 30% for all
age deaths and deaths among those >75 years old for all, CVD and cerebrovascular causes, whilst it
triples for respiratory causes, indicating stronger prolonged effects. The cumulative effect is smaller
in the younger age groups except for respiratory causes, where a pronounced prolonged effect is
observed. Figure 9 shows the distributed lag curve for total mortality. It can be seen that there is an
effect until about day 25 and no harvesting is observed. The same is seen for all other causes of
death (results not shown).

Discussion

In the present paper we confirmed the results from previous work that temperature in the cold
season is inversely associated with mortality. Specifically we found that the total natural daily
number of deaths increases by 1.1% when the maximum apparent temperature decreases by 1°C.
CV deaths increase by 1.4%, respiratory by 1.5% and cerebrovascular by about 1%. We have found
that in warmer cities the cold temperature effect was higher. These results are consistent with
previously reported results from the U.S. (Curriero et al 2002, Braga et al 2002) and from Europe
(Eurowinter 1997, Healy 2003). One study done in the coldest setting in Siberia (Donaldson et al
1998) actually found no cold related mortality. For cause-specific mortality, the Eurowinter study
found the effect of cold was larger in warmer countries for respiratory causes but this was not so
pronounced for CVD and IHD. Braga et al observed stronger effects of cold weather on CVD
compared to respiratory mortality especially in colder cities. Curriero et al grouped CVD and
respiratory deaths together and observed similar effects to those on total mortality. Some studies
focused on cardiac mortality as there is a stronger a-priori hypothesis that cold specifically affects
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the cardiovascular system. Several reports on mechanisms based on experiments have been
presented. Thus Keatinge (1960,1961) studied the effects of cold exposure to the metabolic and
vascular responses and also investigated acclimatization and its potential modifying role. In another
study Keatinge et al (1984) showed that cold exposure increased platelet and red cell cents, blood
viscosity and arterial pressure. In our study we observed effects of similar magnitude on deaths
from respiratory and cardiovascular causes. However, when more prolonged effects were studied
with distributed lag models, it appears that the respiratory effects are more persistent through time.

In our study we were able to investigate the effects by age groups. For total and CVD mortality the
effects had an increasing gradient with age: they could be observed in the younger age groups but
the effects were clearly larger in the elderly. Effects of apparent temperature on respiratory and
cerebrovascular deaths were only observed on those older than 65 years. This observation is not
entirely consistent with other reports. O Neill et al 2003 found stronger cold related effects on
mortality for those younger than 65 years and Curriero et al 2002 report a qualitatively similar
relation between weather and mortality in the same age groups used in the present study. However,
reports in Europe show that the elderly are more sensitive (Wilkinson et al 2001).

We observed significant heterogeneity in the effect estimates from specific cities. These may be due
to differences in environmental, socioeconomic and behavioral patterns. The heterogeneity
practically remained after dividing the cities in 2 groups according to geographical location, with
the objective of having more homogeneous groups. In second stage models however, we identified
various climatic effect modifiers which reduced the heterogeneity substantially or eliminated it. We
identified as effect modifiers of the association between apparent temperature and mortality, the
mean winter temperature over the study period (higher temperature was associated with larger cold
effects) KKKKKK. These modifiers did not act uniformly for all causes of death. Thus...

Other studies have also attempted to investigate effect modification. Wilkinson et al 2002 studied
potential effect modifiers of the cold related mortality in the elderly in Britain but was unable to
identify others except female sex and pre-existing respiratory illness. In an ecological analysis
comparing monthly mortality in 15 FEuropean counties, Healy (2003) identified several
environmental and SES factors associated with the magnitude of effects. Thus higher mean
temperatures and, to a lesser extent, higher humidity are associated with greater cold related
mortality. Also countries with greater poverty, inequality and deprivation appear to have more
excess winter mortality.

In the present work we have used apparent temperature as the weather index because this is now
used by various public health agencies for prediction of discomfort conditions. Apparent
temperature is calculated on the bases of temperature and humidity (or dew point) and is supposed
to take into account the “discomfort” felt by the population from a combination of temperature and
humidity conditions (reference — Paola please add). It is not clear which is the best indicator to use
when assessing temperature effects. An alternative would be to use temperature and a measure of
humidity separately. This latter gives more flexibility in estimating the separate temperature and
humidity effects on the studied health index. Studies which have assessed these two separately
show that humidity plays a small and inconsistent role in affecting mortality (Braya 2002). This
issue deserves further investigation.
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Table 1: Mean daily number of deaths by cause of death and age group for the cold season (October to March).

Total natural CVD Respiratory Cerebrovascular
CIty all ages over75 65to74 15to 64 Oto 14 all ages over 75 65to 74 15to 64 all ages over 75 65to 74 15to 64 all ages over 75 65to 74 15to 64
years years  years years years years years years years  years years years years

Athens 78 46 23 40 26 10 3 5 4 1 0

Barcelona 43 27 9 7 17 13 3 1 5 4 1 0 5 4 1 0
Budapest 80 40 19 20 1 41 26 9 6 3 2 1 1 9 6 2 1
Dublin 14 8 0 4 2 1 2 1 1 0 1 1 0 0
Helsinki 18 11 0 2 1 2 1 0 0 3 2 0 0
Ljubljana 7 4 2 0 3 1 1 1 0 0 0 1 1 0 0
London 179 112 37 29 1 74 48 16 10 37 28 6 3 17 13 3 2
Milan 32 19 7 5 0 13 10 2 1 3 2 0 0 4 3 1 0
Paris 128 75 21 30 2 40 30 6 4 10 8 1 1

Prague 39 21 10 7 0 23 15 5 3 2 1 0 0 6 5 1 1
Rome 62 36 14 11 0 27 19 5 3 4 3 1 0 6 4 1 1
Stockholm 31 21 6 4 0 15 12 2 1 3 2 0 0 3 3 1 0
Turin 23 14 5 4 0 10 2 1 2 1 0 0 3 3 1 0
Valencia 18 11 4 3 0 1 1 2 2 0 0 2 1 0 0
Zurich 14 9 2 2 0 1 1 1 1 0 0
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Table 2: Distribution of maximum apparent temperature, average of 16 days and NO; 1 hour
maximum, average of 2 days for the cold season (October to March).

Max. apparent temp. NO, 1 hour max.
City 10th 50th 90th 10th 50th 90th
percentile percentile percentile percentile percentile percentile

Athens 8.8 13.6 25.0 78.0 112.2 175.7
Barcelona 8.0 11.1 19.4 64.0 92.1 137.2
Budapest -2.2 4.4 15.5 45.5 80.5 144.0
Dublin* 4.4 7.3 12.4 - - -
Helsinki -5.2 -1.2 6.8 38.3 56.3 81.5
Ljubljana -2.4 4.1 141 46.0 75.0 127.0
London 4.5 8.1 14.2 35.8 445 61.5
Milan 1.9 7.4 18.9 102.5 144.5 238.0
Paris 1.8 7.7 14.5 58.1 79.9 116.6
Prague -3.5 2.6 11.2 38.1 55.9 86.4
Rome 9.1 12.4 22.3 71.2 94.3 131.6
Stockholm -2.9 0.7 8.4 30.6 45.7 61.6
Turin 25 7.5 16.4 86.7 132.4 210.5
Valencia 13.3 17.6 25.8 108.7 148.1 197.6
Zurich -1.5 5.0 12.9 43.8 61.2 95.2

* NO, was not available
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Table 3: Percent increase (95% C.1.) in the daily number of deaths, for 1 °C increase in the maximum apparent temperature (average of
lags 0-15) in the cold season (October to March) by cause of death and age group in 15 European cities.

all ages

over 75 years

65 to 74 years

15 to 64 years

Oto 14 years

% increase 95% C.I.

% increase 95% C.I.

% increase 95% C.I.

% increase 95% C.I.

% increase 95% C.I.

. Fixed p.e. -1.09*  (-1.18,-1.01) -1.37* (-1.48,-1.26) -0.88* (-1.04,-0.71) -0.48 (-0.65,-0.32) -1.15 (-1.97,-0.33)
Total mortality
Randomp.e. 5317 (128-094) -1.36 (-1.56,-1.15) -091 (-1.15,-0.66) -052 (-0.76,-0.27) -0.98 (-2.54,0.61)
Fixed p.e. -1.39%  (-1.52,-1.27) -1.51* (-1.65,-1.36) -1.18 (-1.44,-0.93) -0.95 (-1.27,-0.63
CVD mortality ' (-1.52,-1.27) ' (-1.65, -1.36) . (-1.44,-0.93) . (-1.27,-0.63)
Randomp.e. 543 (1.74,-111) -153 (-1.79,-1.26) -1.22 (-1.57,-0.88) -0.99 (-1.35,-0.63)
Respiratory Fixed p.e. -1.76*  (-2.05,-1.47) -1.75* (-2.12,-1.39) -1.79 (-2.42,-1.14) -1.21* (-2.03,-0.38)
mortality
Randomp.e. 48 (205-091) -140 (-2.08,-0.70) -1.79 (-2.46,-1.12) -0.86 (-2.24, 0.54)
Cerebrovascular Fixed p-e. -0.97*  (-1.25,-0.69) -1.06* (-1.38,-0.73) -1.29  (-1.91,-0.66) -0.11  (-0.96, 0.75)
mortality
Randomp.e. 099 (-1.60-0.38) -1.24 (-2.15-0.33) -1.29  (-1.91,-0.66) -0.11 _ (-0.96, 0.75)

* significant heterogeneity
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Table 4: Percent increase (95% C.I.) in the daily number of deaths for all ages in 7
Mediterranean and 8 North-Central cities, for 1 °C increase in the maximum apparent
temperature (average of lags 0-15) in the cold season (October to March) by cause of death.

Mediterranean North-Central
% increase 95% C.I. % increase 95% C.I.

Fixed p.e. -1.36* -1.53,-1.19 -1.00* -1.10,-0.90

Total mortality ( ’ ) ( ’ )

Random p.e. -1.29 (-1.57,-1.00) -0.98 (-1.16,-0.80)

Fixed p.e. -1.84* -2.10,-1.59 -1.25* -1.39,-1.11

CVD mortality ' (-210-1.59) ’ (-1.39,-1.11)

Random p.e. -1.72 (-2.21,-1.22) -1.22 (-1.45,-0.99)

. _ Fixedp.e. -1.56*  (-2.16,-0.97)  -1.82  (-2.15,-1.49)
Respiratory mortality

Random p.e. 121 (-255,0.14)  -1.66  (-2.17,-1.16)

Cerebrovascular Fixed p.e. -1.58*  (-2.20,-0.95) -0.82  (-1.14,-0.51)

mortalit
Y Random p.e. -1.49 (-2.65,-0.32) -0.69 (-1.28,-0.10)

* significant heterogeneity
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Table 5: Cumulative effect of apparent temperature on the daily number of deaths from 30-days polynomial distributed lags models.
Percent increase (95% C.1.) in the daily number of deaths, for 1 °C increase in maximum apparent temperature (average of lags 0-15) in
the cold season (October to March) by cause of death and age group in 15 European cities.

all ages over 75 years 65 to 74 years 15 to 64 years Oto 14 years

% increase 95% C.I. %increase 95% C.I. % increase 95% C.l. % increase 95% C.I. %increase 95% C.I.

Fixed p.e. -1.39* -1.51,-1.27)  -1.83*  (-1.98-1.67) -1.09  (-1.32,-0.85) -0.34*  (-0.58,-0.10)  -0.96  (-2.20,0.30
Total mortality (-1.51,-1.27) (-1.98,-1.67) (-1.32,-0.85) (-0.58,-0.10) (-2.20, 0.30)
Random p.e. -1.42 (-1.63,-1.21)  -1.81  (-2.09,-1.53) -1.09  (-1.35-0.83) -0.51  (-1.02,0.00) -0.80  (-2.61, 1.05)
Fixed p.e. -1.82* -1.99,-1.64)  -2.01*  (-2.22,-1.81 -1.67 -2.03,-1.31 -0. -1.40,-0.4 - -
CVD mortality 8 (-1.99,-1.64) 0 (-2.22,-1.81) 6 (-2.03,-1.31)  -0.93  (-1.40,-0.45)
Random p.e. -1.86 (-2.19,-1.53)  -2.01  (-2.42-1.61) -1.71  (-2.20,-1.22)  -0.93  (-1.40,-0.45) - -
Respiratory Fixed p.e. -4.74* (-5.17,-4.31)  -4.72* (-5.25,-4.18) -470  (-5.61,-3.79) -3.92*  (-5.09,-2.74) - -
mortalit
Y Random p.e. -4.21 (-5.17,-3.24)  -420  (-5.20,-3.18)  -4.70  (-5.61,-3.79) -3.22  (-5.05,-1.35) - .
Cerebrovascular F1xed p-e. -1.37%  (-1.62-1.12) -1.71*  (-2.05-1.37) -1.23  (-1.74,-0.72)  -0.47  (-0.98,0.03) - -
mortalit
y Random p.e. -1.23 (-1.85,-0.61)  -1.59  (-2.67,-0.51)  -1.22  (-2.54,0.12)  -0.08  (-1.15,1.01) - -

* significant heterogeneity
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6. Short term effect of apparent temperature on hospital admissions during
summer: results of the European PHEWE project

Introduction

Several studies have assessed the relationship between outdoor temperature and health outcomes
during the warm season. Climate change models indicate that the frequency and intensity of heat
wave events are expected increase in the future. To date, time series studies on the effect of hot
temperatures have largely used mortality as the outcome measure; whereas the analysis of the effect
of hot temperature on non-fatal outcomes, such as hospital admissions, is to date limited.

Results of studies in both European and U.S. cities have shown an effect of increasing temperature
on total mortality, with a stronger effect on cardiovascular and respiratory causes, and a higher
vulnerability of the elderly. Moreover, previous results indicate a large heterogeneity in the effect
due to the local meteorological conditions and population characteristics. Cardiovascular,
respiratory and cerebrovascular diseases were the most frequent underlying causes of death during
heat waves (1, 2, 3, 4, 5, 6, 7, 8), since heat produces stress on the cardiovascular and respiratory
systems, especially among persons with limited adaptive responses. Keatinge et al. (9) have
documented some physiological changes that promote arterial thrombosis following moderately
severe exposure to hot weather; after heat esposure, blood viscosity and plasma cholesterol levels
increased, as a consequence of the reduction of plasma volume due to a loss of salt and water from
the body (9). Moreover, heat stress causes a release of platelets into the circulation whose
deposition on arterial walls was the early stage of arterial thrombosis. A sudden fall in arterial
pressure may precipitate cerebral as well as coronary thrombosis, that is a possible explanation to
the increase of mortality for cerebral and cardiovascular disease observed after episodes of extreme
heat.

Studies on hospital admissions may clarify if heat waves are also associated to increases in non-
fatal illness, allowing to identify indicators of the effect of heat on morbidity, moreover they may
help to obtain indications on the mechanisms that underlie the association between outdoor air
temperature and mortality.

Few studies have quantified the effect of heat on hospital admissions (2, 10, 11, 5, 12, 13, 14, 15,
16). A study on 12 U.S. cities (15) showed an increase in admissions for heart diseases in response
to hot weather. According to the limited published literature, the effect of heat on hospital
admission seems to be lower than the effect observed on mortality. A study which analysed the
effect of high temperatures on emergency hospital admissions in London reported a small, or no
impact, of heat on admissions for several causes including cardiovascular diseases (14).

The project “Assessment and Prevention of Acute Health Effects and Weather Conditions in
Europe” (PHEWE) is a collaborative effort to investigate the short-term health effect of weather
conditions across Europe using a standardized time series approach. This multi-city study allows to
evaluate the health effects of temperature both during hot and cold season in a wide variability of
climatic conditions A multi-centre study has the advantages of comparing city-specific results
using the same methodological approach, giving the possibility to investigate pattern across cities,
and to explore factors related to the variability of the effect observed.

In the PHEWE project, the health end-points were total mortality, selected cause specific mortality,
and hospital admissions for cardiovascular, cerebrovascular and respiratory causes; details are
described elsewhere (Chapter 2). In this article a summary of the results of the effect of temperature
during the summer season on hospital admissions in 12 European cities are presented. Results of the
effect of temperature on hospital admissions during cold season, and results of the effect on
mortality are presented elsewhere (Chapter 4,5, Chapter 7).
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Methods

Study areas and populations

For 12 cities, Barcelona, Budapest, Dublin, Ljubljana, London, Milan, Paris, Rome, Stockholm,
Turin, Valencia and Zurich, out of the 15 cities participants the PHEWE project were considered
for the hospital admissions analysis on the basis of data availability. These cities include a
population of about 25 million people and are heterogeneous by demographic and socio-economic
structures, and by climates and air pollution levels. More details on the datasets are provided in
Chapter 2.

Hospital admission data

Hospital admissions data were provided by routine registers and referred to the resident population
only, except for Dublin where data also included non residents. For most cities, quality control of
the data was carried out by local researchers and included checking for completeness of diagnosis
and validity. For Barcelona, London, Milan, Paris, Rome and Stockholm data were previously
collected within the second APHEA (Air Pollution on Health: European Approach) project (17, 18)
and were updated. For the remaining cities data were collected for the first time and a minimum of
3 years was considered within the period 1990-2001. Time series of daily counts of admissions
were constructed, for all ages combined and for specific age groups (0-14 yrs, 15-64 yrs, 65-74 yrs,
75+ yrs), for the following causes:

- Cardiovascular causes: International Classification of Diseases, 9™ revision (ICD-9), 390-459
- Cerebrovascular causes: ICD-9, 430-438

Respiratory diseases: ICD-9, 460-519

Influenza: ICD-9, 487

Data for cerebrovascular causes was not available in Paris while in Zurich both cerebrovascular and
respiratory data were not provided. Each cause was extracted by considering only the main
discharge diagnosis. Furthermore, only hospital admission for acute conditions were collected for
all cities. Acute admissions was available in Barcelona, Budapest, Dublin, Ljubljana, London,
Stockholm (from 1997), Turin and Valencia. For the other cities where admissions for acute
conditions could not be directly derived, a common procedure was adopted. The selection criteria
implied to exclude transfers from other hospitals, to focus on the diagnoses reported only for the
first service in which the patients were admitted, and to exclude the highly elective conditions (day
hospital stay, rehabilitation, surgery, traumas, deliveries, psychiatric and dermatological
conditions).

Meteorological data

The dataset comprised of three-hourly meteorological variables including air temperature (T, °C),
dew point temperature (Tgewp, °C), relative humidity (%), wind speed (m/s), wind direction
(degree), sea level pressure (hPa), total cloud cover (octas), solar radiation (MJ/m?), precipitation
(mm), visibility (m) (17). In the present study, maximum apparent temperature (Tappmax) Was used as
the exposure variable apparent temperature, an index of thermal discomfort based on air
temperature and dew point temperature using the following formula (19, 20).

T,y = —2.653+0.994(T, )+ 0.0153(T,,.., ]
The choice of maximum apparent temperature as the exposure variable for the time series analysis
was driven by the fact that it comprises air and dew point temperature in a single parameter. The
simplified formula for this indicator was considered the most suitable one on the basis of data
availability and quality. In Barcelona, where the three-hourly meteorological data were not
available, the mean apparent temperature was used.
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Air pollution data

Since air pollution levels are linked to atmospheric conditions, there is the potential for an effect
modification and/or confounding of air pollution on the relationship between temperature and
mortality, although the magnitude of the effect is still unclear.

The air pollution database comprised of the following pollutants: PM10, TSP or Black Smoke, SO,
(24-hour), NO; (1 hour, 24-hour), Os(1 hour, 8-hour), and CO (8-hour). Further details on the data
collection and datasets are provided in Chapter 2. The maximum 1-hour daily value of NO, was
used as pollutant variable to include in the model in all cities, except Dublin and Ljubljana where
the daily average of Black Smoke and SO, were used respectively. NO, was selected as an indicator
of air pollution levels on the basis of a series of considerations; firstly it is a good traffic pollution
indicator as well as a valid proxy of the overall pollutant levels in an urban area, and secondly for
the completeness of the data series in most cities.

Statistical analysis

In the PHEWE project the analysis of the effect of apparent temperature on hospital admissions was
performed separately for the warm (April-September) and the cold season (October-March); this
design provides flexibility in the analysis allowing the use of different model structure for season.
In this paper the analysis was carried out for the summer period to investigate the effect of
maximum apparent temperature on daily hospital admissions. The statistical analysis followed two
stages. In the first stage, data from each city were analyzed to estimate the city-specific effects
using a common model, defined on the basis of a sensitive analysis. In the second stage city-
specific results were combined to obtain pooled estimates and to investigate heterogeneity.
City-specific analysis

The city-specific analyses were based on the Generalized Estimating Equations (GEE) models (21).
According to this approach, we modelled the marginal relationship between daily hospital
admission counts and maximum apparent temperature, treating the dependence of daily
observations within each summer as a nuisance parameter. Since hospital admissions are often
highly correlated over time, we assumed that observations between days of different summer
periods were independent and observations within each summer were correlated. As required by the
GEE approach, the correlation structure within observations was specified on the basis of an

exploratory analysis (22) and a first order autoregressive term within year was included in the
model (23).

In the common model considered for each city, a Poisson distribution with a logarithmic link
function was fitted on daily counts for hospital admissions (outcome variable), including different
covariates as potential confounders. Potential confounders considered in the analysis were: holiday,
day of the week and calendar month (included as dummy variables); linear terms for barometric
pressure (lag 0-3), wind speed, linear and quadratic terms of time to pick up the long-term trend (24,
25, 26) and an air pollution variable (lag 0-1). For all cities, the maximum 1-hour daily value of
NO, was used as an indicator for air pollution levels, except Dublin and Ljubljana where the daily
average of Black Smoke and SO, were used respectively. Furthermore, to control for population
reduction during the summer periods, a moving average value of total admission counts (ICD-9: 0-
800) was included in the model as an offset variable.

As exposure variable it was decided to consider the delayed effect of maximum apparent
temperature (lag 0-3), chosen on the basis of results from transfer functions exploratory analysis
and in agreement with other results presented in time series studies (15, 27, 28,).

Since the shape of relationship between maximum apparent temperature and hospital admissions is
not known, the exposure-response curve was modelled through a flexible parametric approach
including penalized cubic regression splines for the temperature variable. Temperature splines were
created considering the whole range of maximum apparent temperature, specifying a vector of
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interior knots placed at equally-spaced intervals for each city (one knot every 8 °C) using the
‘mgcv’ library available for the R software Version 2.1.0 (29).

Finally, we investigated the effect of extremely high temperatures. In each city, the 90™ annual
percentile of the maximum apparent temperature was identified and above this value the relation
between hospital admissions and maximum apparent temperature was considered linear. To
estimate the effect of extreme temperatures, a dummy variable with value of 1 for days with
maximum apparent temperature grater than the 90" percentile was added to the model. The
estimated effect was then expressed as percent change in daily hospital admissions for 1°C increase
in maximum apparent temperature above this value.

Pooled analysis

In the second stage of the analysis, results from each city were combined to summarize estimates of
all cities. To reduce the heterogeneity among the city-specific estimates, results were pooled after
classifying cities in two groups identified a priori on the basis of meteorological and geographical
criteria. The two groups were defined as Mediterranean cities (Barcelona, Ljubljana, Milan, Rome,
Turin and Valencia) and Northern-Continental cities (Budapest, Dublin, London, Paris, Stockholm
and Zurich).

In order to describe the overall exposure-response curves, a GEE regression model with a cubic
regression spline for maximum apparent temperature was specified on the pooled dataset containing
information from all cities. The model was the same as the one used in the first stage analysis, and a
city indicator variable and interaction terms between confounders and city indicator were added.
This approach allows to obtain an overall exposure-response curve that accounts for the large
variability of the range in the exposure variable among cities. The analysis were performed
separately for all cities and for the two city groups.

Finally, in order to obtain the overall estimates of the effect of the temperature on the hospital
admissions, a meta-analytical approach was applied on the results obtained from each city. In this
case, fixed effects and random effects models were run to derive the pooled estimates of the effect
of maximum apparent temperature (lag 0-3) on the daily hospital admissions. Furthermore, the
effect of extreme temperatures was investigated according to the meta-analytical approach, and in
both cases the percent change in daily hospital admissions for 1°C increase in maximum apparent
temperature was estimated. Again the analysis were performed separately for all cities and for the
two city groups.
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Results

Table 1 shows the median, 10™ and 90™ percentiles of temperature (air, dew point and maximum
apparent temperature) and air pollution (maximum 1-hour NO, concentrations) variables and the
study period in the 12 cities during summer. Results show a variability among the cities considered,
with median apparent temperatures ranging from 15.0°C in Stockholm to 30.7°C in Valencia. The
90™ percentile in maximum apparent temperature is highest in Valencia, Milan and Rome (36.7°C,
34.2°C and 34.1°C respectively) and lowest in Dublin and Stockholm (20.4°C and 23.6°C
respectively) The median concentrations of NO, range from 7.0 pg/m3 in Dublin to 137.1 pg/m3 in
Milan.

Table 2 shows the population size and the mean number of daily hospital admissions for
cardiovascular, cerebrovascular and respiratory disease in the 12 cities during summer.
Heterogeneity among population size and hospital admissions can be observed. London and Paris
have over 6 million inhabitants, while Ljubljana has just over 250 thousand. It is interesting to note
that the percentage of elderly in the population changes greatly among cities, with Barcelona having
over 10% of the population in the 65-74 and 75+ ages groups respectively, while London, Paris and
Dublin have under 14% of the population aged 65 and over. For all the causes considered, the
highest daily mean number of admissions, in the 75+ age group, is recorded in London, while
Ljubljana registers the lowest. London, Budapest and Rome register the highest number of
cardiovascular admissions, ranging from 68-50 mean daily admissions. London and Rome have the
largest number of cerebrovascular admissions, (15 and 14 admissions in the 75+ age respectively),
while the other cities range from 8 in Milan to 1 in Ljubljana. Respiratory disease again are highest
in London (33 daily admissions in the 75+ age group) while in the other cities range from 11 in
Paris and Rome to 1 in Ljubljana.

Figure 1-3 illustrate the city-specific and pooled estimates of the association between
cardiovascular, cerebrovascular and respiratory hospital admissions and Tappmax. Cardiovascular and
cerebrovascular causes appear to be weakly associated with an increase in Tappmax, While respiratory
causes show a positive and significant association for the pooled all ages estimates and 75+ age
group. City-specific results show no effect of high temperatures was observed on cardiovascular
and cerebrovascular causes for all ages considered. Considering all age groups an effect of
temperature on respiratory admissions was observed only in Stockholm, Milan and London.
Analysis by age groups gave a better insight with a positive association between high temperatures
and respiratory admissions in a larger group of cities: Stockholm (65-74, 75+), London (15-64; 65-
74; 75+), Rome and Valencia for the very old (75+), in Milan for the young (0-14) and very old
(75+) and Turin only in the 15-64 age group. Overall, the effects tend to be greatest and statistically
significant in the 75+ years age group. City-specific estimates illustrate a degree of heterogeneity in
the association for all the three outcomes between and Tappmax-

Figure 4 shows the combined exposure-response curves for cardiovascular, respiratory and
cerebrovascular hospital admissions in all cities, Mediterranean and continental/northern cities for
the 75+ age group. Respiratory admission curves have a j-shape when considering all cities and the
Mediterranean group, suggesting a positive correlation between temperature and respiratory
admissions; as maximum apparent temperature increase the number of admission also increases.
For the Continental/northern cities the trend for maximum apparent temperature and respiratory
admissions also seems to be positive but with a less clear trend. No clear trend can be observed for
cardiovascular and cerebrovascular admissions. The smaller counts in cerebrovascular counts are
reflected by the wider confidence interval bands.

Table 3 illustrates the pooled estimates of the association between maximum apparent temperature
and hospital admissions for cardiovascular, cerebrovascular and respiratory causes in the 12 cities.
No effect of high temperatures was observed on cardiovascular and cerebrovascular causes for all
age groups considered, in all cities as well as in the Mediterranean and Continental/Northern cities.
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A significant effect was observed for respiratory disease when considering all cities and
Mediterranean cities, for all ages and the 75+ age group. A significant effect of maximum apparent
temperature on respiratory admissions was also seen in the 75+ age group in the Continental and
Northern cities.

Discussion

The PHEWE project was the first study to systematically analyse the effect of temperature on
hospital admissions in European cities. The present paper on the effect during the summer season
shows no association of high temperatures with hospital admissions for cardiovascular and
cerebrovascular causes in old age groups in all the cities considered. Although there is
heterogeneity of the dose-response curves, hot temperature was inversely associated with hospital
admissions for cardiovascular and cerebrovascular causes in all the cities. An effect of hot
temperature was found only on hospital admissions for respiratory causes especially, in the over 75
age group, and only in some cities. Results regarding hospital admissions for cardiovascular and
cerebrovascular causes are not consistent with mortality studies that report a positive association
between temperature and cardiovascular deaths during summer and during heat wave episodes (31).

Only few studies until now have analysed the effect of high temperatures on hospital admissions
(5,10,13,14,15, 16, 31, 32).

In Europe, only two studies analysed the effect of heat on hospital admissions. In London Kovats et
al. 2004 reported no effect of heat on cardiovascular admissions, and a recent study in Florence
showed no effect of hot temperatures on myocardial infarction among the elderly and a small effect
only among men younger than 65 years (16).

Studies from the U.S. showed different results reporting a positive association of high temperature
and hospital admissions for cardiovascular causes both in episode analyses (5,10) and analysing
long time series through a time series approach (13, 15); these studies found a positive association
of high temperatures and hospital admissions for all cardiovascular and cerebrovascular diseases
and for specific diseases (acute myocardial infarction, coronary atheriosclerosis, pulmonary heart
disease and congestive heart failure). Moreover the study on hospital admissions for heart disease in
12 U.S. cities showed a linear association between high temperatures and hospital admissions
without threshold, for cardiovascular diseases and myocardial infarction admissions among elderly,
and a similar effect was observed in all cities (15).

The PHEWE study shows a small significant effect of high apparent temperature only on
respiratory admissions and only among the elderly (75+ age group), while for the younger age
groups the effect was absent or not significant. The London study (14) even if with a lower effect
than that observed on mortality, also reported an increase in respiratory admissions in response to
high temperatures.

Episode studies on heat waves or extreme temperatures, have reported an increase in several
European cities deaths due to cardiovascular, cerebrovascular and respiratory diseases, but results
from this study show that hospital admissions for the same causes don’t to be affected by heat. The
inconsistency of mortality and hospital admissions results may be explained by the adverse effect of
heat on people suffering from chronic cardiovascular and respiratory disease; heat may exacerbate
their health conditions and cause a rapid death often before receiving medical treatment or
admission to hospital. This hypothesis is confirmed by previous observations of a greater increase
in out-of-hospital deaths with respect to in -hospital deaths during heat waves (30). These results
may also reflect the different analytical procedure employed and intent in the coding death
certificates and hospital admissions since the first one aim to identify the pathologies most
responsible for initiating the sequence of events leading to death, whereas hospital admission codes
reflect major clinical conditions treated in the hospital. Furthermore, in the case of multiple
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diagnoses regulations for the definition of reimbursement may bias the choice of primary diagnosis
coding criteria.

In conclusion, our results showed that high temperatures do not have an impact on hospital
admissions for cardiovascular and cerebrovascular diseases while a small impact on admissions for
respiratory causes. The same results have been observed in all cities, and this seems to reflect a true
effect of heat on health that seems to produce an increase in deaths for cardiovascular causes but not
an increase in non-fatal illnesses.

Our results may have important public health implications, and preventive interventions should be
focused on the surveillance of susceptible subgroups (ageing people and those suffering from
chronic diseases) staying at home at high risk of dying during periods of high temperatures.
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Tables and Figures

Table 1. Study period and summary statistics of daily mean air temperature (T,j, °C), daily mean dew point temperature (Tgewpt, °C), daily
maximum apparent temperature (Tippmax, °C) and the maximum 1 hour daily value of NO, (ug/m3) in 12 European cities within the
PHEWE project during summer (April-September), 1990-2001.

Cit Study Percentile of mean Percentile of mean Percentile of Tap,[,,m,‘§° Percentile of NO;"
y period Taie’ (°C) Taewps (°C) (°C) (Lg/m®)
10" 50" 9™ 10" 50"  9o™ 0™ 50" 9™ 0™ 50" 9™

Barcelona 1994-1997 15.9 22.6 27.4 9.0 15.7 20.6 14.8 23.9 31.0 61.7 94.1 142.9
Budapest 1997-2000 12.0 18.6 23.9 4.0 10.9 15.6 13.3 22.3 29.9 35.0 59.0 82.0
Dublin 1994-2001 7.7 12.8 16.4 4.7 9.9 13.6 8.6 15.0 20.4 4.0 7.0 14.0
Ljubljana 1997-1999 9.7 16.8 214 4.8 12.0 16.2 11.5 20.8 28.2 3.0 10.0 40.0
London 1992-2000 9.5 154 20.1 4.0 9.8 13.7 10.8 18.1 25.3 31.5 44.0 66.0
Milan 1990-1999 12.9 20.5 26.0 7.2 14.9 20.1 15.6 259 34.1 102.0 137.1 192.0
Paris 1991-1995 9.8 16.4 22.0 5.0 11.5 16.3 11.0 19.9 28.6 48.5 794 1258
Rome 1998-2000 14.3 21.3 259 10.2 15.7 19.9 17.4 27.4 34.2 89.7 116.6 1458
Stockholm 1990-2000 5.2 13.5 19.1 -0.6 8.0 13.7 6.3 15.7 23.6 23.3 423 65.7
Turin 1995-1999 12.5 18.9 24.0 6.8 14.1 19.4 14.8 23.8 31.7 70.7  101.0 140.7
Valencia 1996-2000 16.2 233 26.8 14.4 20.6 24 .4 20.5 30.7 36.7 84.0 122.6 1703
Zurich 1990-1996 8.7 15.4 21.4 3.2 10.2 15.3 9.9 19.1 28.3 46.6 69.6 100.5

¥ Three-hourly meteorological data from the nearest airport weather station
Mean apparent temperature in Barcelona
" Daily average of Black Smoke (g/m’) and SO, (g/m’) in Dublin and Ljubljana respectively

67



PHEWE Final Scientific

Table 2. Population size and daily mean number of hospital admissions (HA) for cardiovascular, cerebrovascular, and respiratory causes
by age group in 12 European cities within the PHEWE project during summer (April-September), 1990-2001.

City Population size” Cardiovascular causes Cerebrovascular causes Respiratory causes
(daily number of HA) (daily number of HA) (daily number of HA)
all(ﬁ)ges yfsszz/‘:) 75(_: /j;rs all ages 6ysljs7A4 75+ yrs all ages 6;;}4 75+ yrs all ages 6ysljs7A4 75+ yrs
Barcelona 1,512,971 11.8 10.1 22 7 9 5 2 2 16 4 6
Budapest 1,797,222 9.4 7.3 111 30 50 15 4 6 26 4 5
Dublin 481,854 7.8 53 26 7 9 5 1 2 23 3 5
Ljubljana 263,290 9.3 59 11 3 3 2 0 1 7 1 1
London 6,796,900 7.0 6.8 164 42 68 28 7 15 125 18 33
Milan 1,304,942  12.1 9.5 71 19 25 14 4 8 26 4 6
Paris 6,161,923 7.1 6.1 127 31 29 n.a. n.a n.a. 59 8 11
Rome 2,812,573 109 8.2 120 34 50 25 6 14 43 8 11
Stockholm 1,173,183 6.9 8.5 48 12 25 10 3 6 18 4 6
Turin 901,010 123 9.2 25 7 11 7 2 4 10 2 3
Valencia 739,004 9.9 7.6 12 4 5 3 1 1 9 2 3
Zurich 990,000 n.a. n.a. 8 5 n.a. n.a. 1 n.a. n.a. 1 n.a.

* 1996 population in Dublin; 1999 population in Paris; 2000 population in Barcelona, Budapest, Ljubljana, Rome, Stockholm, Turin and Valencia; 2001 population in London
and Milan

" Daily number of hospital admissions for the 65+ age group in Zurich
n.a.: not available
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Figure 1. City-specific and pooledA estimates (regression coefficients” and 95% confidence intervals) of association between daily hospital
admissions for cardiovascular causes and maximum apparent temperature (Tappmax, °C) (lag 0-3) by age group (all age, 65-74 yrs and 75+
yrs) in 12 European cities within the PHEWE project during summer (April-September), 1990-2001.
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* Coefficients expressed as number of daily admissions for an increase of 1°C over 90" seasonal percentile of Typpmax (30.8 °C in Barcelona, 28.9 °C in Budapest, 19.7 °C in
Dublin, 27.3 °C in Ljubljana, 24.6 °C in London, 33.8 °C in Milan, 27.8 °C in Paris, 34.5 °C in Rome, 22.8 °C in Stockholm, 31.2 °C in Turin, 36.4 °C in Valencia, 27.3 °C in
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Figure 2. City-specific and pooledA estimates (regression coefficients” and 95% confidence intervals) of association between daily hospital
admissions for cerebrovascular causes and maximum apparent temperature (Tappmax, °C) (lag 0-3) by age group (all age, 65-74 yrs and 75+

yrs) in 12 European cities within the PHEWE project during summer (April-September), 1990-2001.
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Figure 3. City-specific and pooledA estimates (regression coefficients” and 95% confidence intervals) of association between daily hospital
admissions for respiratory causes and maximum apparent temperature (Tappmax, °C) (l1ag 0-3) by age group (all age, 65-74 yrs and 75+ yrs)
in 12 European cities within the PHEWE project during summer (April-September), 1990-2001.
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Figure 4. The pooled exposure-response curves of maximum apparent temperature (Tappmax, °C) (1ag 0-3) and daily hospital admissions for
cardiovascular, cerebrovascular and respiratory causes in the 75+ yrs age group in all cities, Mediterranean and Continental/Northern

cities within the PHEWE project during summer (April-September), 1990-2001
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Table 3. Pooled” estimates of the association between maximum apparent temperature (Tappmax, °C) (lag 0-3) and daily hospital admissions
(HA) for cardiovascular, cerebrovascular and respiratory causes by age group in all cities, Mediterranean and Continental/Northern cities
within the PHEWE project during summer (April-September), 1990-2001.

All cities Mediterranean cities Continental/Northern cities
% change (95%CI) in daily HA % change (95%CI) in daily HA for % change (95%CI) in daily HA for
for 1°C increase in T,ppmax 1°C increase in T,ppmax 1°C increase in T,ppmax

Fixed effects Random effects Fixed effects Random effects Fixed effects Random effects

Cardiovascular
causes
allages -0.9(-1.3;-0.5) -0.8 (-1.7; 0.0) -0.9 (-1.8; -0.1) -0.6 (-1.8; 0.5) -0.9 (-1.4;-0.4) -1.1(-2.4;0.2)
65-74  -1.2 (-2.1;-0.3) -1.2(-2.3; 0.0) -1.0 (-2.7; 0.6) -0.5(-2.7; 1.7) -1.2 (-2.3;-0.2) -1.4 (-2.9; 0.1)
75+ years  -1.1(-1.8;-0.4) -1.2 (-2.3;-0.1) -1.1(-2.5;0.3) -1.1(-2.5;0.3) -1.1 (-2.0; -0.3) -1.2 (-2.8; 0.5)
Cerebrovascular
causes
all ages -1.2(-2.3;-0.1) -1.1(-2.3; 0.0) -0.9 (-2.7; 0.8) -0.7 (-3.0; 1.6) -1.3(-2.7; 0.0) -1.3(-2.7; 0.1)
65-74 -1.0(-3.1; 1.1) -1.0 (-3.1; 1.1) 0.4 (-3.1;4.0) 0.4 (-3.1;4.0) -1.7 (-4.3; 0.9) -1.7 (-4.3; 0.9)
75+ years  -1.5(-3.0;-0.1) -1.5(-3.0; -0.1) -1.9(-4.2;0.5) -1.9(-4.2;0.5) -1.3(-3.1; 0.5) -1.3(-3.1; 0.6)
Respiratory causes
all ages 1.5(0.8; 2.1) 1.5(0.7; 2.2) 2.1 (0.6; 3.6) 2.1(0.6; 3.6) 1.3(0.6;2.1) 1.1 (0.0; 2.2)
65-74 2.5(0.9;4.2) 1.5(-0.9; 4.1) 0.0 (-3.1;3.4) -0.3 (-4.1; 3.6) 3.3(1.4;5.1) 2.7(-0.4; 6.0)
75+ years 4.1 (2.7;5.3) 3.7(2.1;5.3) 4.5(1.9;7.3) 4.5(1.9;7.3) 3.9(2.4;5.3) 2.9 (0.5;5.4)

" Results from fixed and random effects meta-analysis

: Percentage change for 1°C increase over the 90" annual percentile of Typpmax (30.8 °C in Barcelona, 28.9 °C in Budapest, 19.7 °C in Dublin, 27.3 °C in Ljubljana, 24.6 °C in
London, 33.8 °C in Milan, 27.8 °C in Paris, 34.5 °C in Rome, 22.8 °C in Stockholm, 31.2 °C in Turin, 36.4 °C in Valencia, 27.3 °C in Zurich)

° Mediterranean cities: Barcelona, Ljubljana, Milan, Rome, Turin and Valencia

“ Continental/Northern cities: Budapest, Dublin, London, Paris, Stockholm and Zurich
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7. Short term effect of apparent temperature on hospital admissions during
winter: results of the European PHEWE project

INTRDUCTION

Cold temperatures have been related to increases in mortality during winter in a number of time
series studies both in Europe (Rossi et al. 1999, Huynen et al. 2001, Keatinge and Donaldson 2001,
Wilkinson et al. 2004, Carder et al. 2005, Diaz et al. 2005), in the United States (O’Neill et al.
2003), and in other countries (El-Zein et al. 2004, O’Neill et al. 2005). These studies have
documented a geographical variability in the impact of cold on mortality but comparisons have to
be made cautiously as the exposure indicator and the statistical methods employed differ
considerably. The few multi-city studies available, allowing for unbiased comparison thanks to
standardization of protocols between study centers, and showed a greater effect of low temperatures
in populations residing in warmer than in colder regions of Europe (Eurowinter Group 1997) and of
the U.S. (Braga et al. 2001, Curriero et al. 2002). The underlying mechanisms by which cold
exposure can lead to heterogeneous responses in different populations are still not completely
understood. Possible explanations consist in a different population’s ability to cope with extremely
low temperatures attributable, for example, to differences in home heating, clothing and in level of
physical activity outdoors (The Eurowinter Group 1997), as well as, in a diverse demographic and
socio-economic structure that makes a specific population more susceptible to the effect of cold.

Direct effects of cold, such as hypothermia, are rarely the cause of winter deaths, at least in
developed countries, and the greatest part of cold-related mortality is due to cardiovascular and
respiratory diseases, especially in the elderly who have beginning stage arterial disease and limited
thermoregulatory responses (Keatinge 2002). Effects on morbidity usually anticipate death as
suggested by the biological mechanisms underlying cold-related illnesses (Nayha 2002). However,
the influence of cold on outcomes other than mortality has received little investigation and are
somewhat in contrast. Time series studies performed in France (Danet et al. 1999), Italy (Morabito
et al. 2005) and Greece (Panagiotakos et al. 2004) have documented cold-related increases in
hospital admissions for myocardial infarction or coronary disease in subjects older than 65 years.
On the contrary, a large multi-city study from the U.S. found a linear relation between temperature
and heart disease admissions in the elderly with the lowest admission rates recorded during cold
weather (Schwartz et al. 2004). Considering the limited and conflicting evidence available, the
specific contribution of cold temperatures on hospital admissions needs to be thoroughly examined.
Moreover, no study to date has systematically examined the effect of cold on both mortality and
morbidity outcomes. This could be of interest to address the question how well the health services
are able to respond to cold weather. Studies carried out during heat waves (Jones et al. 1982,
Whitman et al. 1997, Semenza et a. 1999, Kovats et al. 2004) suggest that burden on hospital
admissions does not reflect the magnitude of that on mortality, supporting the hypothesis that many
heat related deaths occur before coming to medical attention. Similar studies carried out during cold
weather are needed. This knowledge gap could only be filled in by studies with enough power to
test the hypothesis of interest but also including different areas to ensure results can be generalised.
This can be the case of multi-centres studies with standardized protocols and procedures between
study areas. Such studies could also be important to establish international collaborations between
experts in several disciplines like health care and meteorology that may support institutions in
defining usable public health programmes for preventing cold-related impacts on health.

The three-year EU funded multi-cities project PHEWE (Assessment and prevention of acute health
effects of weather conditions in Europe) was planned with the primary aim to evaluate the acute
health effects of weather during the warm and the cold season through a time series approach. Both
mortality and hospital admissions for cardiovascular, cerebrovascular, and respiratory causes were
the outcomes considered. The objectives and the design of the PHEWE study have already been
described elsewhere (chapter 2). Results from city specific and pooled analyses of the relationship
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between meteorological variables and daily number of hospital admissions for the winter season
will be discussed in this paper.

Methods

Study areas and populations

Twelve cities (Barcelona, Budapest, Dublin, Ljubljana, London, Milan, Paris, Rome, Stockholm,
Turin, Valencia and Zurich) were considered for the hospital admissions analysis on the basis of
data availability. These cities include a population of about 25 million people and are heterogeneous
by demographic and socio-economic structures, and by climates and air pollution levels. More
details on the datasets are provided in chapter 2.

Hospital admission data

Hospital admissions data were provided by routine registers and referred to the resident population
only, except for Dublin where data also included non residents. For most cities, quality control of
the data was carried out by local researchers and included checking for completeness of diagnosis
and validity. For Barcelona, London, Milan, Paris, Rome and Stockholm data were previously
collected within the second APHEA (Air Pollution on Health: European Approach) project
(Atkinson et al. 2001, Le Tertre et al. 2002) and were updated. For the remaining cities data were
collected for the first time and a minimum of 3 years was considered within the period 1990-2001.
Time series of daily counts of admissions were constructed, for all ages combined and for specific
age groups (0-14 yrs, 15-64 yrs, 65-74 yrs, 75+ yrs), for the following causes:

Cardiovascular causes: International Classification of Diseases, 9" revision (ICD-9), 390-459
- Cerebrovascular causes: ICD-9, 430-438

Respiratory diseases: ICD-9, 460-519

- Influenza: ICD-9, 487

Data for cerebrovascular causes was not available in Paris, while in Zurich both cerebrovascular
and respiratory data were not provided. Each cause was extracted by considering only the main
discharge diagnosis. Furthermore, only hospital admission for acute conditions were collected for
all cities. Acute admissions was available in Barcelona, Budapest, Dublin, Ljubljana, London,
Stockholm (from 1997), Turin and Valencia. For the other cities where admissions for acute
conditions could not be directly derived, a common procedure was adopted. The selection criteria
implied to exclude transfers from other hospitals, to focus on the diagnoses reported only for the
first service in which the patients were admitted, and to exclude the highly elective conditions (day
hospital stay, rehabilitation, surgery, traumas, deliveries, psychiatric and dermatological
conditions).

Meteorological data

The dataset comprised of three-hourly meteorological varaibles including air temperature (T, °C),
dew point temperature (Tgewp, °C), relative humidity (%), wind speed (m/s), wind direction
(degree), sea level pressure (hPa), total cloud cover (octas), solar radiation (MJ/m?), precipitation
(mm), visibility (m) (chapter 2). In the present study, maximum apparent temperature (Tappmax) Was
used as the exposure variable apparent temperature, an index of thermal discomfort based on air
temperature and dew point temperature using the following formula (Kalkstein and Valimont, 1986;
O’Neill et al. 2003).

T,y = —2.653+0.994(T, )+ 0.0153(T,..., J
The choice of maximum apparent temperature as the exposure variable for the time series analysis
was driven by the fact that it comprises air and dew point temperature in a single parameter. The
simplified formula for this indicator was considered the most suitable one on the basis of data
availability and quality. In Barcelona, where the three-hourly meteorological data were not
available, the mean apparent temperature was used.
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Air pollution data

Since air pollution levels are linked to atmospheric conditions, there is the potential for an effect
modification and/or confounding of air pollution on the relationship between temperature and
mortality, although the magnitude of the effect is still unclear.

The air pollution database comprised of the following pollutants: PM10, TSP or Black Smoke, SO,
(24-hour), NO; (1 hour, 24-hour), Os(1 hour, 8-hour), and CO (8-hour). Further details on the data
collection and datasets are provided in chapter 2. The maximum 1-hour daily value of NO, was
used as pollutant variable to include in the model in all cities, except Dublin and Ljubljana where
the daily average of Black Smoke and SO, were used respectively. NO, was selected as an indicator
of air pollution levels on the basis of a series of considerations; firstly it is a good traffic pollution
indicator as well as a valid proxy of the overall pollutant levels in an urban area, and secondly for
the completeness of the data series in most cities.

Statistical analysis

Daily hospital admissions counts were collected in each city and sent to partner 1 in which the
analysis was centralised. The time series used in the analysis were chosen based on the datasets
available that differed between cities (Table 1). The present analysis was carried out for the winter
period (October-March) to investigate the effect of maximum apparent temperature on daily
hospital admissions. The statistical analysis followed two stages according to a jointly decided
methodology defined by the Working Group Epidemiology and Statistics. In the first stage, data
from each city were analyzed to estimate the city-specific effects. A common model, defined on the
basis of a sensitive analysis was used for each city. In the second stage city-specific results were
combined to obtain pooled estimates and to investigate heterogeneity.

City-specific analysis

The city-specific analyses were based on the Generalized Estimating Equations (GEE) models
(Liang and Zeger 1986). According to this approach, we modelled the marginal relationship
between daily hospital admission counts and maximum apparent temperature, treating the
dependence of daily observations within each winter as a nuisance parameter. Since hospital
admissions are often highly correlated over time, we assumed that observations between days of
different summer periods were independent and observations within each winter were correlated.
As required by the GEE approach, the correlation structure within observations was specified on the
basis of an exploratory analysis (Chiogna and Gaetan 2003) and a first order autoregressive term
within year was included in the model (Schwartz and Dockery 1992).

In the common model considered for each city, a Poisson distribution with a logarithmic link
function was fitted on daily counts for hospital admissions (outcome variable), including different
covariates as potential confounders. Potential confounders considered in the analysis were: holiday,
day of the week and calendar month (included as dummy variables); linear terms for barometric
pressure (lag 0-3), wind speed, linear and quadratic terms of time pick up the long-term trend
(Biggeri et al. 2004a, Biggeri et al. 2004b, Biggeri et al. 2005) and an air pollution variable (lag 0-
1). For all cities, the maximum 1-hour daily value of NO, was used as an indicator for air pollution
levels, except Dublin and Ljubljana where the daily average of Black Smoke and SO, were used
respectively. Furthermore, an indicator of influenza epidemics was also included, but it was not
included in the analysis for respiratory causes. Considering that the analysis is only for the winter
period, seasonality is accounted for and will not be regarded as confounder in the analysis. However
it is important to consider that there is heterogeneity in the length of the season and that the climatic
characteristics vary among the 12 cities (for details see chapter 2).

As exposure variable it was decided to considered the delayed effect of maximum apparent
temperature (lag 0-15), chosen on the basis of results from transfer functions exploratory analysis
and in agreement with other time series studies’ results (Kunst et al. 1993, Ballester et al. 1997,
Schwartz et al. 2004). Sensitivity analyses using the minimum apparent temperature were
performed and consistent results were obtained. Since the shape of relationship between maximum
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apparent temperature and hospital admissions is not well known, the exposure-response curve was
modelled using a flexible parametric approach including penalized cubic regression splines for the
temperature variable. Temperature splines were created considering the whole range of maximum
apparent temperature, specifying a vector of interior knots placed at equally-spaced intervals for
each city (one knot every 8 °C) using the ‘mgcv’ library available for the R software Version 2.1.0
(The R Foundation 2004).

Pooled analysis

In the second stage of the analysis, results from each city were combined to summarize estimates of
all cities. To reduce the heterogeneity among the city-specific estimates, results were pooled after
classifying cities in two groups identified a priori on the basis of meteorological and geographical
criteria. The two groups were defined as Mediterranean cities (Barcelona, Ljubljana, Milan, Rome,
Turin and Valencia) and Northern-Continental cities (Budapest, Dublin, London, Paris, Stockholm
and Zurich).

In order to describe the overall exposure-response curves, a GEE regression model with a cubic
regression spline for maximum apparent temperature was specified on the pooled dataset containing
information from all cities. The model was the same as the one used in the first stage analysis, and a
city indicator variable and interaction terms between confounders and city indicator were added.
This approach allows to obtain an overall exposure-response curve that accounts for the large
variability of the range in the exposure variable among cities. The analysis were performed
separately for all cities and for the two city groups.

Finally, to obtain the overall estimates of the effect of temperature on hospital admissions, a meta-
analysis approach was applied on the results obtained from each city. In this case, fixed effects and
random effects models were run to derive the pooled estimates of the effect of maximum apparent
temperature (lag 0-15) on the daily hospital admissions. The estimated effect was then expressed as
the percent change in daily hospital admissions for 1°C increase in maximum apparent temperature.
Again the analysis were performed separately for all cities and for the two city groups.

Preliminary analysis showed a weak associations for the younger age groups (0-14 years and 15-64
years age groups), hence it was decided to present results only for the following age groups: all
ages, 65-74 years and 75+ years.

Results

Table 1 shows the study periods and summarizes the distribution of mean air temperature, mean
dew point temperature, Tappmax and NO, for the 12 cities included in the present analysis. The
median of the daily mean air temperature ranged from 1.4°C in Stockholm and 13.5 °C in
Barcelona, with the greatest variability observed in Ljubljana and Budapest (range between the 90
and the 10" percentile equal to 14.6 °C and 14.5 °C respectively) and the lowest in Dublin (range
between the 90™ and the 10™ percentile equal to 9.2 °C). The mean dew point temperature has a
similar distribution with the minimum in Stockholm (median equal to 0.8 °C) and the maximum in
Valencia (median equal to 12.7 °C), with the greatest variability in Budapest, Ljubljana and the
Italian cities (range between the 90™ and the 10" percentile about 14 °C) and the lowest in Valencia
(range between the 90™ and the 10" percentile equal to 8.2 °C). Similarly, Tappmax ranged from
0.8°C in Stockholm and 17.2°C in Valencia, with the greatest variability in Ljubljana range between
the 90™ and the 10™ percentile equal to 17 °C) and the lowest in Dublin (range between the 90™ and
the 10™ percentile equal to 10.6 °C. The median concentrations of NO2 also vary, from 150.3 ug/m’
in Valencia to 28.0 pg/m’ in Ljubljana.

In Table 2 is given a description of population size and daily number of hospital admissions for
cardiovascular, cerebrovascular and respiratory causes by age group in the 12 cities. The number of
city residents ranged from about 6.8 million in London to just over 250,000 in Ljubljana, with the
greatest proportion of persons in the 75+ years age group in Barcelona (10.1%), Milan (9.5%) and
Turin (9.2%) and the lowest in Dublin (5.3%) and Ljubljana (5.9%). With regards to the hospital
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admissions, there is some variability among cities; with the highest mean number of admissions
recorded in London for both cardiovascular (171 admissions) and respiratory (179 admissions)
causes, and the lowest in Zurich for cardiovascular causes (9.1 admissions) and Ljubljana for
respiratory causes (8 admissions). Overall, the greatest mean number of daily admission for all the
three causes considered was recorded in the 75+ years age group.

Figure 1 to 3 illustrate the city-specific and pooled estimates of the association between
cardiovascular, cerebrovascular and respiratory hospital admissions and Tappmax. Overall,
cardiovascular causes appear to be weakly associated with a decrease in Tappmax only for the 65-74
and 75+ years age groups. In most cities cardiovascular admissions tend to increase in presence of
low temperatures although a significant effect can only be observed in Barcelona (all ages and 75+
age group), Budapest (all age groups considered) and London (all ages and 75+ age group). Pooled
admissions for cerebrovascular causes were not associated with a decrease in temperature; city-
specific results show an increase in admission counts with decreasing temperature in most cities,
but significant associations only in Barcelona (75+ age group) and Budapest (all ages and 75+ age
group). A significant effect of decreasing temperatures was observed in the pooled analysis on
respiratory admissions in all age groups considered. Significant coefficients were observed in all
age groups considered in Budapest, Dublin, London, Paris, Rome, Stockholm and Valencia. While
for Barcelona and Milan only for total and the 75+ age group. It’s worth noting a certain degree of
heterogeneity between city-specific estimates for all the three outcomes.

The pooled exposure-response curves of maximum apparent temperature and daily hospital
admissions in the 75+ years age group in all cities, Mediterranean and Continental/Northern cities
are depicted in Figure 4. When considering all cities together, the relation between Tappmax and
hospital admissions assumes a linear relation with admission rates rising progressively as
temperature decreases for all the three outcomes, although it appears to be stronger for respiratory
causes. In the analysis carried out on Mediterranean and Continental/Northern cities separately, the
strongest associations are visible for the second group of cities, especially for respiratory causes.
The wider confidence intervals observed for cerebrovascular causes reflect the smaller admission
counts.

Table 3 shows pooled estimates of the association between maximum apparent temperature and
daily hospital admissions by age group in all cities, Mediterranean and Continental/Northern cities.
Significant increases in hospital admission counts for a decrease in 1°C in Tappmax are visible for
cardiovascular causes in the 65-74 and 75+ years age groups in all cities and only in the 75+ age
group in Continental/Northern cities. Overall, no effect of low temperature was found for
cerebrovascular admissions in all three groups of cities. With regards to respiratory admissions,
significant association between admissions rates and a decrease in Tappmax 1S Observed for all the age
groups considered even if higher in the 75+ years age group in all cities as well as in
Continental/Northern cities, with a high degree of heterogeneity. In Mediterranean cities the only
significant association was found in the 75+ age group.

Discussion

The present study carried out within the PHEWE project provides evidence of a small increase in
daily hospital admission counts for cardiovascular and cerebrovascular causes while an higher
significant effect was observed for respiratory causes. When comparing with findings for cold-
related mortality within the same cities in the PHEWE project (see chapter 4) it can be observed
that the effect seen on cardiovascular mortality is higher than the impact on admissions. Respiratory
admissions on the contrary show a similar effect to that already observed for mortality (see chapter
4). The effect on respiratory admissions are stronger in the 65-74 years and 75+ years age groups
with a 1.8% and 2.5% increase in daily counts for 1 °C decrease in maximum apparent temperature,
respectively. This findings are also in agreement with results found in the Eurowinter study
(Eurowinter Group, 1997) involving people aged 50-74 years in various European regions (Finland,
Baden-Wiirttemberg, Netherlands, London, Athens, northern Italy and Palermo) where a significant
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effect of cold temperatures on respiratory mortality but not on cardiovascular mortality was
observed.

The twelve cities included in the present study cover a wide range of climatic conditions. To reduce
such a heterogeneity pooled analyses were run after grouping cities on the basis of meteorological
and geographical criteria into Mediterranean and Continental/Northern cities. When considering
pooled results for the two groups of cities, the larger effects of cold temperatures on cardiovascular
(75+ age group only) and respiratory admissions were observed in Continental/Northern cities.
Such a geographical heterogeneity is in contrast with findings on cold-related mortality within the
PHEWE project that show a cold effect on mortality (both all and specific causes) greater in
Mediterranean than in Continental/Northern cities (see chapter 4). Other authors have also found
results contrasting with the present study, with greater effect of low temperatures in populations
residing in warm regions suggesting that in these areas populations are usually less adapted to cold
weather. The Eurowinter study (Eurowinter Group, 1997) estimated an increase in total mortality
for a 1 °C fall in temperature below 18 °C highest in warmer than in colder countries (from 2.2% in
Athens, Greece to 0.27% in south Finland). Curriero et al. (2002) in 11 cities in the eastern United
States found an highest cold impact on warmest cities (increase in mortality from 0.1% below
21.4°C in Baltimore, Maryland to 0.5% below 27.2°C in Miami, Florida, at lag 0). However,
comparisons with other studies on winter exposure should be made with caution as different
methodologies are employed and no other studies present pooled estimates of the effect.
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Table 1. Study period and summary statistics of daily mean air temperature (T, °C), daily mean dew point temperature (Tgewpi, °C), daily

maximum apparent temperature (Tippmax, °C) and the maximum 1 hour daily value of NO, (ug/m3) in 12 European cities within the
PHEWE project during winter (October-March), 1990-2001.

City Study Percentile of mean Percentile of mean Percentile of Tappmax§° Percentile of NOz*
period Tair’ (°C) Taenpts (°C) (°C) (pg/m)
0™ 50" 9™ 10" s50™ 9™ 10" 50" 9™ 10" 50" oo™

Barcelona 1994-1997 9.5 13.5 19.5 33 8.3 14.6 7.0 12.1 19.8 64.7 91.0 133.0
Budapest 1997-2000 2.8 4.0 11.7 -6.6 -0.2 7.7 -3.2 4.8 13.6 33.0 67.0 96.0
Dublin 1994-2001 2.4 6.8 11.6 0.3 4.8 9.6 2.3 7.4 12.9 4.0 10.0 23.0
Ljubljana 1997-1999 -4.3 2.2 10.3 -6.7 -0.3 7.8 -3.7 3.6 13.8 10.0 28.0 68.0
London 1992-2000 2.7 7.7 12.1 -0.7 4.1 9.4 2.6 8.4 13.9 335 44.0 62.5
Milan 1990-1999 1.0 6.7 14.1 -2.9 3.3 11.3 1.0 7.8 18.0 98.0 1438 2472
Paris 1991-1995 0.6 7.2 12.7 -1.8 4.6 10.1 04 7.8 14.5 53.1 77.1 116.8
Rome 1998-2000 5.1 9.7 16.6 0.6 7.0 15.0 7.3 12.6 21.5 909 116.1 149.0
Stockholm 1990-2000 -4.7 1.4 7.6 -7.6 -0.8 54 -4.7 0.8 8.0 26.8 45.3 66.1
Turin 1995-1999 1.0 5.9 13.1 -4.4 1.2 9.8 1.5 7.6 17.1 79.3 1237 1952
Valencia 1996-2000 8.9 13.1 18.8 9.0 12.7 17.2 11.6 17.2 253 105.2 150.3 209.7
Zurich 1990-1996 2.4 4.0 10.3 -5.6 1.0 7.3 -3.0 4.5 13.0 42.1 61.6 96.3

¥ Three-hourly meteorological data from the nearest airport weather station
Mean apparent temperature in Barcelona
" Daily average of Black Smoke (g/m’) and SO, (g/m’) in Dublin and Ljubljana respectively
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Table 2. Population size and daily mean number of hospital admissions (HA) for cardiovascular, cerebrovascular, and respiratory causes
by age group in 12 European cities within the PHEWE project during winter (October-March), 1990-2001.

City Population size" Cardiovascular causes Cerebrovascular causes Respiratory causes
(daily number of HA) (daily number of HA) (daily number of HA)
all(:tl)ges yfsszz/:) 75(-:,_ A));rs all ages 6;;}4 75+ yrs all ages 6;;;4 75+ yrs all ages 6;;}4 75+ yrs
Barcelona 1,512,971 11.8 10.1 26 8 11 6 2 3 24 5 8
Budapest 1,797,222 9.4 7.3 119 32 54 15 4 6 37 5 7
Dublin 481,854 7.8 53 27 8 10 6 2 3 30 5 6
Ljubljana 263,290 9.3 59 12 4 4 2 1 1 8 1 1
London 6,796,900 7.0 6.8 171 43 73 30 7 16 179 24 50
Milan 1,304,942  12.1 9.5 82 21 29 15 4 8 34 5 9
Paris 6,161,923 7.1 6.1 147 37 34 n.a. n.a. n.a. 85 10 16
Rome 2,812,573  10.9 8.2 134 38 56 27 7 15 63 12 18
Stockholm 1,173,183 6.9 8.5 51 13 26 11 3 6 24 5 8
Turin 901,010 123 9.2 29 8 13 8 2 5 16 3 4
Valencia 739,004 9.9 7.6 14 4 6 3 1 2 14 3 5
Zurich 990,000 n.a. n.a. 9 6 n.a. n.a. 1 n.a. n.a. 1 n.a.

" 1996 population in Dublin; 1999 population in Paris; 2000 population in Barcelona, Budapest, Ljubljana, Rome, Stockholm, Turin and Valencia; 2001 population in London
and Milan

" Daily number of hospital admissions for the 65+ age group in Zurich
n.a.: not available
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Figure 1. City-specific and pooledA estimates (regression coefficients” and 95% confidence intervals) of association between daily hospital
admissions for cardiovascular causes and maximum apparent temperature (Tappmax, °C) (lag 0-15) by age group (all age, 65-74 yrs and 75+
yrs) in 12 European cities within the PHEWE project during winter (October-March), 1990-2001.
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" Results from fixed and random effects meta-analysis
* Coefficients expressed as number of daily admissions for an increase of 1°C of Tappmax
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Figure 2. City-specific and pooled” estimates (regression coefficients* and 95% confidence intervals) of association between daily hospital
admissions for cerebrovascular causes and maximum apparent temperature (Tappmax, °C) (lag 0-15) by age group (all age, 65-74 yrs and

75+ yrs) in 12 European cities within the PHEWE project during winter (October-March), 1990-2001.
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Figure 3. City-specific and pooled” estimates (regression coefficients* and 95% confidence intervals) of association between daily hospital
admissions for respiratory causes and maximum apparent temperature (Tappmax, °C) (lag 0-15) by age group (all age, 65-74 yrs and 75+
yrs) in 12 European cities within the PHEWE project during winter (October-March), 1990-2001.
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Figure 4. The pooled exposure-response curves of maximum apparent temperature (Tappmax, °C) (lag 0-15) and daily hospital admissions

for cardiovascular, cerebrovascular and respiratory causes
Continental/Northern®® cities within the PHEWE project during winter (October-March), 1990-2001.
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Table 3. Pooled” estimates of the association between maximum apparent temperature (Tappmax, °C) (lag 0-15) and daily hospital
admissions (HA) for cardiovascular, cerebrovascular and respiratory causes by age group in all cities, Mediterranean and
Continental/Northern cities within the PHEWE project during winter (October-March), 1990-2001.

Continental/Northern cities

% change (95%¢CI) in daily HA for
1°C increase in Tappmax

Fixed effects

Mediterranean cities

% change (95%CI) in daily HA for
1°C increase in T,ppmax

Fixed effects

All cities

% change (95%¢CI) in daily HA
for 1°C increase in T,ppmax

Fixed effects

Random effects Random effects Random effects

Cardiovascular
causes
allages  -0.2(-0.3;-0.1) -0.2 (-0.4; 0.1) 0.0 (-0.2; 0.2) -0.1 (-0.5; 0.2) -0.2 (-0.4; -0.1) -0.2 (-0.6; 0.2)
65-74  -0.3 (-0.5;-0.1) -0.3 (-0.5; -0.1) -0.2 (-0.6; 0.1) -0.2 (-0.6; 0.1) -0.3 (-0.5; -0.1) -0.3 (-0.6; 0.1)
75+ years  -0.6 (-0.8; -0.5) -0.5 (-0.9; -0.2) -0.3 (-0.6; 0.0) -0.3 (-0.6; 0.0) -0.8 (-1.0; -0.6) -0.7 (-1.1; -0.2)
Cerebrovascular
causes
allages  -0.3 (-0.6; -0.1) -0.3 (-0.7; 0.0) -0.4 (-0.8; 0.0) -0.4 (-0.8; 0.0) -0.3 (-0.6; 0.0) -0.3(-0.9; 0.4)
65-74 -0.4 (-0.9; 0.1) -0.4 (-0.9; 0.2) -0.5(-1.3; 0.3) -0.7 (-1.7; 0.4) -0.3(-0.9; 0.3) -0.3 (-1.0; 0.4)
75+ years  -0.5(-0.8;-0.1) -0.5 (-0.9; 0.0) -0.4 (-1.0; 0.1) -0.4 (-1.0; 0.1) -0.5 (-0.9; 0.0) -0.6 (-1.4;0.3)
Respiratory causes
allages -1.7(-1.9;-1.6) -1.5(-2.3;-0.7) -1.0 (-1.3; -0.7) -1.0 (-2.0; 0.0) -2.1(-2.3;-1.9) -2.2(-3.2;-1.0)
65-74  -2.1(-2.5;-1.8) -1.8 (-2.9; -0.6) -1.2 (-1.9; -0.5) -0.6 (-2.2; 1.1) -2.6 (-3.1; -2.1) -3.0(-4.4;-1.4)
75+ years  -2.9 (-3.1; -2.6) -2.5(-3.4;-1.6) -1.8(-2.4; -1.2) -1.8(-2.4; -1.2) -3.3(-3.7;-3.0) -3.4 (-4.8; -2.0)

" Results from fixed and random effects meta-analysis
° Mediterranean cities: Barcelona, Ljubljana, Milan, Rome, Turin and Valencia

°° Continental/Northern cities: Budapest, Dublin, London, Paris, Stockholm and Zurich
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8. Effects of apparent temperature on mortality: Investigation of potential
confounding by air pollution and possible interaction between air pollutants and
temperature in the PHEWE project

Objectives

In this WP we assess the potential confounding by all available pollutants on the temperature —
mortality effect and investigate the possibility for interactive effects of temperature and pollution on
mortality.

Data

Within PHEWE we have data from 15 cities which include: exposure to meteorological variables,
air pollution, and health outcomes.

In this analysis, we used the maximum 3-hourly apparent temperature as the exposure variable for
each day.

The available pollutants include: NO; (1 hour), ozone (8 hours), particles (PM;, black smoke BS),
CO (8 hours), SO; (24 hours). In Table 1 the levels and availability of each pollutant for each city is
shown.

The health outcomes concerning mortality are: total natural (ICD-9 code : 0-799), cardiovascular
(ICD-9 code: 390-459), respiratory (ICD-9 code: 460-519), cerebrovascular (ICD-9 code: 430-438).
The health outcomes also included hospital admission data, but since the temperature effects on
these outcomes are not clear, we will only analyze mortality outcomes.

Methods

Control of confounding of air pollution in the estimated temperature-mortality effects:

The modeling strategy in PHEWE (details may be found in previous chapters), was based on
seasonal analysis (i.e. separate analysis for the warm - April to September - and for the cold -
October to March - season) using GEE modeling. In the core analysis, to control for the
confounding effects of pollution, we used NO,, average of lags 0 and 1 as air pollution indicator,
when attempting to estimate the apparent temperature - mortality association. Air pollution
concentrations co-vary (within season), so any pollutant represents to some considerable extent the
variability of the other pollutants within each season. We chose to use as a first adjustment NO,
concentrations because NO, was the pollutant available in all cities and with more complete series.

For the investigation of confounding by all available pollutants, models with and without
adjustment for the pollutant were applied and their results compared. Because each pollutant was
available for a different number of cities, we ran models with and without each specific pollutant
for the same set of cities. If there was confounding at lags 0-1, we investigated further using the
same lags for air pollutants as the ones used for temperature.

The results were assessed both at city by city level and as combined estimates.

| nter action between temperature and pollution effect:

There are indications in the literature about possible interactive effects of high temperature and air
pollution. However, the data are sparse and most results are based on limited series (i.e. one city).
Furthermore, the questions have been addressed with various different methodologies and it is
difficult to review the results in a formal way. The PHEWE data base offers a unique opportunity to
investigate this issue using an extensive data base and a standardized protocol for the analysis.
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We investigated possible interaction by season (i.e. separately for the cold and warm period), for all
cities and for the groups of cities which have been established (i.e. Mediterranean, Central -
Northern).

For the cold period we have so far observed a linear relationship of apparent temperature and
mortality. The same is true for the relationship of pollutants and mortality for those pollutants for
which we have found statistically significant associations. Therefore, to investigate possible
interaction we will include the interaction terms between each pollutant and apparent temperature.

For the warm period, the association between apparent temperature is not linear. It follows a well
reported J shape, with no association until a certain level of temperature and a steep rise in mortality
after a certain point. So the estimation of this association involves two parameters: estimation of the
turning point and of the slope of the curve above the turning point. In principle, the investigation of
the temperature-pollution interaction should assess the effects on both parameters.

We propose to start holding the turning point unchanged and investigating the interaction of
apparent temperature and the pollutants (in single pollutant models). The slope above the turning
point has so far been considered linear. The first step will be to assess one interaction term of
temperature and pollutant in a linear association above the turning point. A second step will involve
creating two turning points: the first one as described above and the second one at the 90™
percentile of apparent temperature. In this latter model we will estimate 2 slopes, which may or may
not differ statistically significantly; the slope during days with highest 10% of temperature may be
steeper. We will introduce 2 interactions terms to estimate the possible temperature-pollutant
synergy at different temperature levels. The hypothesis behind the second approach is that there is a
possibility that pollution and temperature interact at certain temperature levels and not in others.

We will also investigate the role that pollution may play in changing the estimated turning point.
This will be done in second stage analyses with the turning point of temperature as dependent
variable and the average air pollutant concentrations (NO,, particles, ozone) alternatively as
independent variables.
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Results

In Tables 2 to 9, the results of the investigation for the confounding effects by air pollutants are
shown for total natural, cardiovascular, respiratory and cerebrovascular mortality, separately for the
cold and warm season.

For the cold season (Tables 2, 4, 6, 8) the observed confounding is indeed minimal. In all cases,
except when adjusting for SO, and ozone in cerebrovascular disease mortality, the change in the
effect estimates is less than 10% after adjustment by the air pollutant. In all cases, the change after
inclusion of the air pollutant variable in the model is to obtain a smaller effect estimate.

For the warm season (Tables 3, 5, 7, 9) again the confounding effect of pollutants on the size of the
apparent temperature effect estimate is small (<10% in all cases, except when including PM; in the
fixed effects model for cerebrovascular disease mortality. The size of the effect estimate of apparent
temperature when adjusting for an air pollution variable generally decreases, except for a few
specific models concerning effects on cerebrovascular disease (Table 9).

In Tables 10 to 17, the results of the investigation for the possible interactive effects of apparent
temperature with each pollutant alternatively on cause-specific mortality are shown. The interactive
effects are investigated above the estimated threshold of effects which are given from a different
WP.

For the winter season (Tables 10, 12, 14, 16), the parameters for the interaction variables are not
statistically significant with a few exceptions. One exception is the interactive effect of NO, and
apparent temperature on total natural mortality, which is significant only when the fixed effects
model is applied and becomes totally insignificant in the random effects model (Table 10). Also, the
interactive effect of CO and apparent temperature on total mortality is significant and a smaller
effect of apparent temperature is observed when the pollutant level in a city is higher (Table 10).
Further, the interactive effect of apparent temperature and PM;, on respiratory mortality is
significant and the effect of apparent temperature is smaller when the PM10 levels in a city are
higher (Table 14). Finally, the interactive effect of apparent temperature and SO, on
cerebrovascular disease is significant when the fixed effects model is applied. The effect of
apparent temperature is higher when the pollutant is higher (Table 16).

For the summer season, more significant interactive effects are observed. Thus, for the effects of
apparent temperature on total natural mortality, there is a significant but small interactive effect
with CO and a larger interactive effect with ozone (Table 11). In cities where the ozone levels are
higher, the effects of apparent temperature are higher. Specifically, for a city with ozone level at the
25™ percentile of the ozone distribution over all cities, the increase in mortality associated with an
increase of 1°C above the threshold level is 1.66%, whilst in a city with ozone at the 75" percentile,
the increase in mortality is 2.10%. However, the significance of the interactive effect does not reach
the nominal level when the random effects model is applied (preserving the same pattern). For
cardiovascular disease mortality, there is a significant interaction of apparent temperature with
black smoke levels both with fixed and random effects models (Table 13). The increase in mortality
associated with 1°C increase in apparent temperature, is 3.06% in a city with low black smoke (at
the 25™ percentile) whilst it is 2.47% in a city with high black smoke (75™ percentile). There is no
interaction of the effects of apparent temperature with any pollutant when respiratory and
cerebrovascular mortality is analyzed (Tables 15 and 17).

As mentioned above, these interactive effects are investigated for all temperatures above the turning
point (threshold) of the temperature- mortality association, as estimated from previous WPs. We
intend to investigate whether there is interaction of temperature and the pollutants available for the
warmest 10% of the days in each city and also to investigate a possible effect of the pollutants on
the estimate of the threshold per se.
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Table 1A. Descriptive statistics for the levels and availability of air pollutants in 15 cities. Winter (October — March)

City NO, (pg/m’) SO, (pg/m®) PM,;, (pg/m’) BS (pg/m°) CO (mg/m’ — 8h) Ozone (pg/m°-8h)
25" | median| 75" | 25™ | median| 75" | 25™ | median| 75" perce| 25" | median | 75" perce| 25" | median | 75" | 25™ |median | 75"
perce perce | perce perce | perce ntile perce ntile perce perce | perce perce
ntile ntile | ntile ntile | ntile ntile ntile ntile | ntile ntile

Athens 90 111 146 38 55 81 34 42 53 47 70 105 5 7 9 35 44 58

Barcelona 75 89 109 B _ _ 38 50 63 33 42 56 1 2 2 21 31 44

Budapest 61 81 109 35 41 52 7 7 7 B B B 2 3 5 29 43 [ 59

Dublin B B B 14 19 26 B B B 7 11 18 | B B ~ B

Helsinki 44 56 69 3 5 10 14 19 28 ~ B B 1 1 2 36 47 58

Ljubljana 56 74 96 20 33 55 _ B ~ 14 22 38 1 2 3 6 16 36

London 39 44 51 4 8 14 18 23 31 7 11 18 1 1 1 5 11 17

Milano 115 144 185 22 35 59 B B B B B B 5 7 15 6 11 22

Paris 66 80 95 13 20 32 16 24 36 15 25 39 B B B 7 14 27

Prague 44 56 70 14 29 61 27 43 67 B B B B B B _ 1

Rome 80 95 113 3 6 9 33 44 61 ~ B B 3 4 6 24 45 70

Stockholm 35 45 56 3 5 7 9 12 18 _ _ ~ 1 1 2 39 51 60

Torino 100 128 168 18 28 47 B B B B B B B B 8 19 46

Valencia 123 147 174 14 19 26 7 B B 34 46 60 3 3 4 19 29 40

Zurich 51 62 76 10 15 23 B B B B B B 1 1 2 8 25 44
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Table 1B. Descriptive statistics for the levels and availability of air pollutants in 15 cities. Summer

City NO, (pg/m’) SO, (pg/m’) PM;, (pg/m’) BS (pg/m’) CO (mg/m’ — 8h) 0; (ng/m’-8h)

25" | median| 75™ | 25™ median 75" perd 25™ median | 75" perce| 25™ median 75M | 25™ median (75" perd 25"  |median [75™ perc

perce perce | perce ntile | perce ntile perce perce | percen ntile | perce ntile

ntile ntile | ntile ntile ntile ntile tile ntile
Athens 104 126 162 28 39 52 33 39 46 40 58 81 4 5 6 73 89 105
Barcelona 71 88 108 _ _ _ 36 45 55 25 32 39 1 1 1 51 63 76
Budapest 57 78 120 28 34 38 _ _ _ _ _ _ 2 2 4 65 82 101
Dublin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Helsinki 48 61 75 2 3 6 16 22 31 _ _ _ 1 1 1 49 61 74
Ljubljana 57 72 87 9 17 28 19 28 39 6 8 12 1 1 1 44 66 88
London 37 45 54 3 5 8 19 24 31 6 8 12 1 1 1 14 20 27
Milano 116 137 164 4 8 13 _ _ _ _ _ _ 3 4 6 46 75 106
Paris 65 81 101 7 10 15 16 21 30 11 16 23 _ _ _ 34 50 70
Prague 40 55 74 7 13 27 22 35 56 B _ B B B _ _ _ _
Rome 86 100 116 2 3 5 37 48 61 _ _ _ 2 3 3 96 115 139
Stockholm 31 42 54 2 2 4 10 13 18 _ _ _ 1 1 1 57 70 81
Torino 89 109 132 6 10 15 _ _ _ _ _ _ _ _ _ 78 104 131
Valencia 104 124 150 7 10 14 _ _ _ 24 31 39 2 2 3 45 53 62
Zurich 57 70 85 4 6 9 _ _ _ _ _ _ 1 1 1 58 80 105
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Table 2. Effects of apparent temperature on total mortality all ages during the cold season
(October — March) with and without adjustment for NO,, SO,, CO, PM;y and BS. Results are
given in percent increase in the daily number of deaths (95% Confidence Intervals) associated
with 1° C increase in apparent temperature.

Pollutant | No of Model Without adjustment With adjustment
cities

. -1 OR% (- ; -1.08% (- -
NO, 14 Fixed 1.08* (-1.17, -1.00) 1.08* (-1.17, -1.00)
Random -1.08 (-1.25,-0.92) -1.08 (-1.26,-0.91)

. _1.14% (- } S1.12% (- -
PM, 2 Fixed 1.14* (-1.25, -1.03) 1.12* (-1.23, -1.00)
Random -1.18 (-1.40, -0.95) -1.17 (-1.40, -0.94)
BS 7 Fixed -1.27* (-1.39, -1.15) -1.23* (-1.35, -1.10)
Random -1.36 (-1.56,-1.16) -1.35 (-1.57,-1.12)

. -1 05% (- B} -0.96* (- -
SO, 14 Fixed 1.05* (-1.14, -0.96) 0.96* (-1.06, -0.86)
Random -1.05 (-1.19,-0.90) -0.97 (-1.11, -0.82)

. 1 13% (- } S1.12% (- -
co 1 Fixed 1.13* (-1.25,-1.02) 1.12* (-1.23, -1.00)
Random -1.18 (-1.38,-0.98) -1.17 (-1.36,-0.97)

. 111 (- B} -1.10% (- -
Ozone 13 Fixed 1.11* (-1.21,-1.02) 1.10* (-1.20, -1.00)
Random -1.14 (-1.31,-0.97) -1.14 (-1.32,-0.96)

* significant heterogeneity

95



PHEWE Final Scientific

Table 3. Effects of apparent temperature on total mortality all ages during the warm season
(April — September) with and without adjustment for NO,, SO,, CO, PM;, and BS. Results
are given in percent increase in the daily number of deaths (95% Confidence Intervals)
associated with 1° C increase in apparent temperature.

Pollutant | No of Model Without adjustment With adjustment
cities

. %* *
NO, 14 Fixed 2.71* (2.52, 2.89) 2.55*% (2.37,2.74)
Random 3.22 (1.97,4.49) 3.04 (1.85,4.24)

. % *
PMio 2 Fixed 2.48% (2.24, 2.72) 2.31* (2.06, 2.56)
Random 3.19 (1.54, 4.86) 2.90 (1.36, 4.46)
BS 6 Fixed 2.39* (2.13, 2.64) 2.28%* (2.02, 2.53)
Random 2.54 (1.02,4.07) 2.46 (0.99, 3.95)
Fixed 2.72* (2.52, 2.93) 2.68% (2.47, 2.88)

SO, 13

Random 3.06 (1.97,4.16) 3.01 (1.95,4.09)
co 1 Fixed 2.47* (2.23, 2.71) 2.43* (2.20, 2.67)
Random 3.11 (1.83,4.40) 3.09 (1.81, 4.40)

3 %k LS
Ozone 13 Fixed 2.79* (2.60, 2.99) 2.62* (2.42,2.82)
Random 3.31 (1.97, 4.68) 3.13 (1.85,4.42)

* significant heterogeneity
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Table 4. Effects of apparent temperature on cardiovascular diseases mortality all ages during
the cold season (October — March) with and without adjustment for NO,, SO,, CO, PM;, and
BS. Results are given in percent increase in the daily number of deaths (95% Confidence
Intervals) associated with 1° C increase in apparent temperature.

Pollutant | No of Model Without adjustment With adjustment
cities
: _1.38% (- - -1.38% (- -
NO, 14 Fixed 1.38* (-1.50, -1.26) 1.38* (-1.50, -1.25)
Random -1.39 (-1.64, -1.13) -1.39 (-1.65, -1.12)
: -1 45% (- - -1.43% (- -
PM,q 2 Fixed 1.45* (-1.61, -1.28) 1.43* (-1.59, -1.27)
Random -1.51 (-1.79, -1.23) -1.50 (-1.78, -1.22)
BS 7 Fixed -1.58 (-1.76, -1.39) -1.53* (-1.71, -1.34)
Random -1.65 (-1.93, -1.36) -1.61 (-1.91, -1.30)
: -1.30% (- - S1.18%* (- -
SO, 14 Fixed 1.30* (-1.43,-1.17) 1.18* (-1.32,-1.04)
Random -1.30 (-1.52, -1.08) -1.19 (-1.41,-0.97)
: -136% (- - -1.35% (- -
o 1 Fixed 1.36* (-1.52,-1.21) 1.35* (-1.50,-1.19)
Random -1.40 (-1.69, -1.12) -1.39 (-1.68, -1.10)
: _136% (- - -1.32% (- -
Ozone 13 Fixed 1.36* (-1.50, -1.22) 1.32* (-1.46,-1.18)
Random -1.37 (-1.62, -1.11) -1.35 (-1.67, -1.02)

* significant heterogeneity
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Table 5. Effects of apparent temperature on cardiovascular diseases mortality all ages during
the warm season (April — September) with and without adjustment for NO;, SO,, CO, PM;,
and BS. Results are given in percent increase in the daily number of deaths (95% Confidence
Intervals) associated with 1° C increase in apparent temperature.

Pollutant | No of Model Without adjustment With adjustment
cities

1 % %
NO, 14 Fixed 2.95% (2.67,3.24) 2.83*% (2.54,3.11)
Random 3.32(1.73,4.94) 3.17(1.61,4.74)

1 % %
PM, 2 Fixed 2.50* (2.12, 2.88) 2.36* (1.97,2.76)
Random 3.32(0.78, 5.93) 3.22 (0.68, 5.83)
BS 6 Fixed 2.42%* (2.00, 2.85) 2.35% (1.92,2.78)
Random 2.56 (1.03,4.11) 249 (0.99,4.01)

1 k *
SO, 13 Fixed 2.90* (2.58,3.21) 2.87* (2.55, 3.18)
Random 3.22 (1.62, 4.84) 3.20 (1.61, 4.82)

. %* *
co 1 Fixed 2.87* (2.51, 3.24) 2.83* (2.47, 3.20)
Random 3.37 (1.51, 5.26) 3.38 (1.49, 5.30)

1 k *
Ozone 13 Fixed 2.86* (2.53, 3.18) 2.67* (2.34,3.01)
Random 3.28 (1.71, 4.88) 3.15(1.62,4.70)

* significant heterogeneity
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Table 6. Effects of apparent temperature on respiratory diseases all ages during the cold

season (October — March) with and without adjustment for NO,, SO;, CO, PM;, and BS.

Results are given in percent increase in the daily number of deaths (95% Confidence

Intervals) associated with 1° C increase in apparent temperature.

Pollutant | No of Model Without adjustment With adjustment
cities
: _ ® ([ - . ® (_ .

NO, 14 Fixed 1.78* (-2.07, -1.48) 1.77* (-2.06, -1.47)
Random -1.49 (-2.09, -0.88) -1.47 (-2.08, -0.86)

PM,q 2 Fixed -1.86 (-2.22, -1.50) -1.81 (-2.18, -1.44)
Random -1.75 (-2.38, -1.12) -1.73 (-2.34, -1.12)

BS 7 Fixed -2.18 (-2.55, -1.81) -2.10* (-2.47, -1.71)
Random -2.16 (-2.81, -1.51) -2.06 (-2.79, -1.33)

SO, 14 Fixed -1.71 (2.02, -1.40) -1.64 (-1.97, -1.31)
Random -1.51 (-1.99, -1.01) -1.48 (-1.96, -1.00)

o 1 Fixed -1.98 (-2.35, -1.61) -1.96 (-2.34, -1.59)
Random -1.84 (-2.36, -1.32) -1.82 (-2.34, -1.30)

Ozone 13 Fixed -1.93 (-2.24, -1.61) -1.93 (-2.24, -1.61)
Random -1.86 (-2.28, -1.43) -1.86 (-2.28, -1.43)

* significant heterogeneity
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Table 7. Effects of apparent temperature on respiratory diseases mortality all ages during the
warm season (April — September) with and without adjustment for NO;, SO, CO, PM;, and
BS. Results are given in percent increase in the daily number of deaths (95% Confidence
Intervals) associated with 1° C increase in apparent temperature.

Pollutant | No of Model Without adjustment With adjustment
cities

1 % %
NO, 14 Fixed 5.96* (5.25, 6.67) 5.58* (4.86, 6.30)
Random 7.72 (4.95, 10.57) 7.31 (4.63, 10.05)

1 % %
PM, 2 Fixed 4.85* (3.98, 5.73) 4.64* (3.74, 5.55)
Random 5.54 (3.39,7.74) 5.06 (3.09, 7.06)
BS 6 Fixed 4.51* (3.65, 5.38) 4.34* (3.47,5.21)
Random 4.80 (2.31, 7.35) 4.70 (2.14, 7.34)

1 k *
SO, 13 Fixed 5.96* (5.16, 6.76) 5.92* (5.12, 6.73)
Random 6.63 (4.79, 8.51) 6.55 (4.77, 8.36)

. %* *
co 1 Fixed 5.37* (4.50, 6.25) 5.28*% (4.41, 6.16)
Random 6.59 (4.39, 8.83) 6.42 (4.31, 8.58)

1 k *
Ozone 13 Fixed 5.57* (4.82, 6.33) 5.12* (4.33, 5.92)
Random 6.70 (4.91, 8.52) 6.23 (4.49, 8.00)

* significant heterogeneity
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Table 8. Effects of apparent temperature on cerebrovascular diseases mortality all ages
during the cold season (October — March) with and without adjustment for NO,, SO,, CO,
PM;y and BS. Results are given in percent increase in the daily number of deaths (95%

Confidence Intervals) associated with 1° C increase in apparent temperature.

Pollutant | No of Model Without adjustment With adjustment
cities
. _ % (_ } . * (_ .
NO, 1 Fixed 0.99* (-1.27, -0.71) 0.96* (-1.24, -0.68)
Random -0.98 (-1.68, -0.27) -0.94 (-1.61,-0.27)
PM, 6 Fixed -0.89 (-1.30, -0.47) -0.80 (-1.22, -0.37)
Random -0.82 (-1.42, -0.22) -0.75 (-1.40, -0.10)
BS 4 Fixed -1.23 (-1.78, -0.68) -1.15 (-1.70, -0.59)
Random -1.08 (-2.22, 0.08) -1.07 (-2.30, 0.18)
Fixed -0.84 (-1.13, -0.54) -0.69 (-1.00, -0.38)
SO, 11
Random -0.78 (-1.20, -0.36) -0.66 (-1.16, -0.15)
co 2 Fixed -0.83* (-1.15, -0.51) -0.82* (-1.14, -0.49)
Random -0.70 (-1.35, -0.05) -0.70 (-1.33, -0.07)
. _ % (_ } . * (_ .
Ozone 10 Fixed 0.80* (-1.13, -0.47) 0.70* (-1.04, -0.37)
Random -0.67 (-1.29, -0.04) -0.57 (-1.21, 0.08)

* significant heterogeneity
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Table 9. Effects of apparent temperature on cerebrovascular diseases mortality all ages
during the warm season (April — September) with and without adjustment for NO,, SO,, CO,
PM;y and BS. Results are given in percent increase in the daily number of deaths (95%
Confidence Intervals) associated with 1° C increase in apparent temperature.

Pollutant | No of Model Without adjustment With adjustment
cities

] ES %
NO, 1 Fixed 3.95% (3.30, 4.61) 3.80* (3.15, 4.46)
Random 3.93 (1.30, 6.63) 3.82 (1.31, 6.39)

1 %
PM, 6 Fixed 3.05 (2.01, 4.10) 2.60* (1.54,3.67)
Random 3.71 (1.49, 5.98) 3.88 (0.79, 7.07)
BS 3 Fixed 2.75 (1.36, 4.15) 2.72 (1.33,4.13)
Random 2.71 (1.19, 4.26) 2.72 (1.33,4.13)

3 %k %k
SO, 10 Fixed 3.65% (2.95, 4.35) 3.60* (2.90,4.31)
Random 3.81 (1.74,5.91) 3.78 (1.74, 5.86)
co 2 Fixed 3.91*% (3.11,4.72) 4.00* (3.19, 4.81)
Random 4.31 (2.12,6.55) 4.42 (2.13,6.76)

3 %k %k
Ozone 10 Fixed 3.81* (3.02, 4.60) 3.49*% (2.67,4.31)
Random 3.92 (1.93,5.95) 3.61 (1.52,5.74)

* significant heterogeneity
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Table 10: Percent increase (95% C.1.) in the total daily number of deaths, all ages, for 1 °C
increase in the maximum apparent temperature at the 25™ and 75™ percentile of the city-

specific distribution of each pollutant, in the cold season (October to March).

No of
Pollutant | cities Model 25™ percentile 75" percentile
1 kK _ * (2 _ _ * (2 _
NO, 14 Fixed 1.10* (-1.20,-1.01) 1.07* (-1.16,-0.99)
Random -1.09 (-1.26,-0.92) -1.09 (-1.26,-0.91)
1 - * (2 - _ * (2 _
PM, 2 Fixed 1.17* (-1.30,-1.05) 1.10* (-1.21,-0.99)
Random -1.23 (-1.50,-0.95) -1.14 (-1.36,-0.93)
BS 7 Fixed -1.25% (-1.39,-1.11) -1.21%* (-1.34,-1.09)
Random -1.35 (-1.58,-1.13) -1.33 (-1.56,-1.11)
. 0% (. i i i i
SO, 14 Fixed 0.95* (-1.05,-0.85) 0.97 (-1.07,-0.86)
Random -0.96 (-1.10,-0.81) -0.97 (-1.11,-0.83)
1 _ * (2 - - * (2 _
e 1 Fixed 1.17* (-1.29,-1.06) 1.07* (-1.18,-0.95)
Random™** -1.22 (-1.43,-1.01) -1.10 (-1.28,-0.92)
: -1.09% (- - 111% (- -
Ozone 13 Fixed 1.09* (-1.20,-0.99) 1.11* (-1.21,-1.00)
Random -1.13 (-1.32,-0.94) -1.15 (-1.35,-0.95)

* significant heterogeneity
** significant interaction
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Table 11: Percent increase (95% C.1.) in the total daily number of deaths, all ages, for 1 °C
increase in the maximum apparent temperature at the 25" and 75™ percentile of the city-
specific distribution of each pollutant, in the warm season (April to September).

No of
Pollutant | cities Model 25™ percentile 75" percentile

1 % %
NO, 14 Fixed 2.33* (2.09,2.57) 2.54* (2.35,2.73)
Random 2.80 (1.60,4.01) 3.14 (1.80,4.49)

1 % %
oML . Fixed 2.32% (1.98,2.67) 231% (2.052.57)
Random 3.00 (0.97.5.07) 2.86 (1.18,4.56)
BS 6 Fixed 2.21* (1.89,2.54) 2.29% (2.04,2.55)
Random 2.73 (0.88.4.61) 2.44 (0.88.4.02)

1 % %
so, 13 Fixed 2.72% (2.48,2.96) 2.64% (2.40,2.88)
Random 2.95 (1.95,3.96) 3.11 (1.96,4.27)
o 1 Fixed** 2.34* (2.06,2.63) 2.43* (2.17,2.68)
Random 3.01 (1.68,4.37) 3.18 (1.70,4.69)

1 sk %k %
ovene | 13 |_Fixed 1.66* (1.35,1.98) 2.10* (1.86,2.33)
Random 2.44 (1263.63) 2.74 (1.633.87)

* significant heterogeneity
** significant interaction
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Table 12: Percent increase (95% C.1.) in the cardiovascular daily number of deaths, all ages,
for 1 °C increase in the maximum apparent temperature at the 25™ and 75™ percentile of the

city-specific distribution of each pollutant, in the cold season (October to March).

No of
Pollutant | cities Model 25™ percentile 75" percentile

- 1.40% (-1 53 - -1.37* (-1.50.-
NO, 14 Fixed 1.40* (-1.53,-1.26) 1.37* (-1.50,-1.25)
Random 1138 (-1.71.-1.05) 1139 (-1.65-1.12)

: 152% (-1 70 - 21.41% (-1.58.-
oML . Fixed 1.52% (-1.70,-1.34) 1.41% (-1.58-1.25)
Random 11,63 (-2.13,-1.14) 147 (-1.73,-121)
BS 7 Fixed -1.59 (-1.79,-1.38) -1.50* (-1.69,-1.31)
Random -1.64 (-1.92,-1.36) -1.57 (-1.89,-1.25)

. ek (123 ] L an
so, " Fixed 1.18% (-1.33 -1.04) 118 (-133,-1.04)
Random 11,18 (-1.42,-0.94) 2120 (-1.40,-1.00)

: 130% (-1 55 - -1.30% (-1.46.-
o . Fixed 1.39% (-1.55,-1.23) 1.30% (-1.46,-1.14)
Random 1142 (-1.81,-1.03) 1135 (-1.61,-1.08)

: 197 (L1 4D - -1.35% (-1.50.-
omre | 13 Fixed 1.27% (-1.42-1.11) 1.35% (-1.50.-1.20)
Random 131 (-1.57,-1.04) 1137 (-1.75,-0.99)

* significant heterogeneity
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Table 13: Percent increase (95% C.1I.) in the cardiovascular daily number of deaths, all ages,
for 1 °C increase in the maximum apparent temperature at the 25™ and 75™ percentile of the

city-specific distribution of each pollutant, in the warm season (April to September).

No of
Pollutant | cities Model 25™ percentile 75" percentile

1 % %
NO, 14 Fixed 2.63* (2.26,3.00) 2.89*% (2.59,3.19)
Random 2.99 (1.42,4.58) 3.32 (1.62,5.05)

1 % %
oML . Fixed 2.58% (2.02,3.13) 2.45% (2.04,2.86)
Random 3.82 (1.29.6.41) 3.38 (0.90,5.92)
BS 6 Fixed** 2.57* (2.02,3.12) 2.35% (1.91,2.78)
Random** 3.06 (0.95,5.22) 2.47 (0.82,4.15)

1 % %
so, 13 Fixed 2.96% (2.59,3.33) 2.89% (2.52,3.26)
Random 3.12 (1.67,4.59) 3.45 (1.78,5.14)

1 * %
o . Fixed 2.78% (2.34,3.22) 2.82% (2.44321)
Random 3.46 (1.50,5.47) 322 (1.32,5.17)

1 % %
omre | 13 Fixed 2.12* (1.60,2.64) 2.55% (2.17,2.93)
Random 3.12 (1.19.5.07) 3.13 (1.50,4.78)

* significant heterogeneity
** significant interaction
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Table 14: Percent increase (95% C.1.) in the respiratory daily number of deaths, all ages, for 1
°C increase in the maximum apparent temperature at the 25™ and 75™ percentile of the city-
specific distribution of each pollutant, in the cold season (October to March).

No of
Pollutant | cities Model 25™ percentile 75" percentile
- 1775 (L0 08 - -1.76* (-2.06.-
NO, 14 Fixed 1.77* (-2.08,-1.45) 1.76* (-2.06,-1.46)
Random 11,45 (-2.09,-0.81) 11,47 (-2.10,-0.83)
1 sk - - _ - - -
oML . Fixed 2.09 (-2.49-1.68) 176 (-2.13,-1.38)
Random** | -2.05 (-2.59.-1.50) 11,63 (-2.30,-0.95)
BS 7 Fixed -2.13* (-2.54,-1.71) -2.05 (-2.43,-1.66)
Random -2.06 (-2.89,-1.22) -2.07 (-2.74,-1.39)
so, " Fixed -1.64 (-1.99,-1.29) -1.63 (-1.97,-1.28)
Random 1159 (-2.03,-1.15) 141 (-1.95,-0.86)
. gk (4 ] A
o 1 Fixed 2.06* (-2.45,-1.66) 1.92 (-2.31,-1.53)
Random J1.81 (-2.45,-1.15) 11.86 (-2.31,-1.42)
. ] e 0% (e
omre | 13 Fixed 1.93 (-2.28,-1.58) 1.93% (-2.28-1.57)
Random -1.93 (-2.29,-1.55) 11.89 (-2.42,-1.35)

* significant heterogeneity
** significant interaction
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Table 15: Percent increase (95% C.1.) in the respiratory daily number of deaths, all ages, for 1
°C increase in the maximum apparent temperature at the 25™ and 75™ percentile of the city-

specific distribution of each pollutant, in the warm season (April to September).

No of
Pollutant | cities Model 25™ percentile 75" percentile

1 % %
NO, 14 Fixed 5.51*% (4.58,6.45) 5.40*% (4.65,6.15)
Random 6.82 (4.05,9.66) 7.06 (4.53,9.66)

1 %
oML . Fixed 455 (3.27.5.84) 4.42% (3.45,5.41)
Random 470 (2.30,7.15) 474 (2.64,6.89)
BS 6 Fixed 3.93* (2.81,5.05) 4.36* (3.49,5.25)
Random 4.71 (1.94,7.56) 4.60 (1.88,7.40)

1 % %
so, 13 Fixed 6.29% (5.35.7.25) 5.30% (4.36,6.24)
Random 6.60 (4.97.8.26) 6.20 (4.08,8.36)

1 * *
o . Fixed 4.87* (3.80,5.95) 5.38% (4.45,631)
Random 5.65 (3.74,7.59) 6.96 (4.48.9.50)

1 %
omre | 13 Fixed 3.80 (2.62,4.98) 4.46* (3.56.5.38)
Random 434 (2.24,6.49) 5.76 (3.69.7.86)

* significant heterogeneity
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Table 16: Percent increase (95% C.1.) in the cerebrovascular daily number of deaths, all ages,
for 1 °C increase in the maximum apparent temperature at the 25™ and 75™ percentile of the

city-specific distribution of each pollutant, in the cold season (October to March).

No of
Pollutant | cities Model 25™ percentile 75" percentile
- L0.93% (-1 23 - -1.00* (-1.28.-
NO, 1 Fixed 0.93* (-1.23,-0.63) 1.00* (-1.28,-0.71)
Random -0.94 (-1.65.-0.22) -0.97 (-1.63.-0.31)
oML ) Fixed 20.81 (-1.28,-0.33) 20.82 (-1.25,-0.39)
Random 2073 (-1.50,0.05) 2079 (-1.34,-0.23)
BS 4 Fixed -1.26 (-1.87,-0.64) -1.06 (-1.63,-0.49)
Random -1.29 (-2.50,-0.07) -0.82 (-2.09,0.46)
Fixed®* | -0.63*(-0.96.-031) | -0.75(-1.08.-0.42)
SO, 11
Random 20.62 (-1.27,0.03) 2073 (-1.15,-0.30)
o . Fixed L0.82% (-1.16,-0.48) | -0.81 (-1.15,-0.48)
Random 2071 (-1.41,-0.00) -0.75 (-1.20,-0.29)
. 1 <0% (19T ] 11
omre | 10 Fixed 0.59% (-0.97,-0.22) 0.75 (-1.11,-0.39)
Random 2045 (-1.26,0.36) 20,66 (-1.23,-0.08)

* significant heterogeneity
** significant interaction
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Table 17: Percent increase (95% C.1.) in the cerebrovascular daily number of deaths, all ages,
for 1 °C increase in the maximum apparent temperature at the 25™ and 75™ percentile of the

city-specific distribution of each pollutant, in the warm season (April to September).

No of
Pollutant | cities Model 25™ percentile 75" percentile
1 % %
NO, 1 Fixed 3.40* (2.56,4.25) 3.95*% (3.26,4.64)
Random 3.54 (1.37,5.76) 4.05 (1.11,7.08)
1 % %
oML ) Fixed 2.50% (0.90.4.13) 2.62* (1.453.79)
Random 4.68 (-0.39,10.01) 4.15 (0.57,7.86)
as ; Fixed 2.72 (1.02.4.45) 2.67 (1214.15)
Random 2.72 (1.02.4.45) 2.59 (0.58.4.63)
1 %
so, 0 Fixed 3.61% (2.79.4.44) 3.38 (2.57.4.19)
Random 3.61 (1.57.5.68) 3.52 (1.71,5.37)
o . Fixed 3.97% (2.97.4.98) 3.84% (2.98.4.71)
Random 4.67 (2.33,7.06) 3.74 (1.96,5.54)
1 % %
omre | 10 Fixed 3.59% (2.24.4.95) 3.76% (2.83.4.71)
Random 4.97 (1.04,9.05) 3.87 (1.25.6.56)

* significant heterogeneity
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9. The Development of Heat Stress Watch Warning Systems (WWS) for Five
European Cities

The overall aim of the WWS work package is to develop heat stress watch warning systems (WWS)
for 5 European cities that can be applied in the mitigation of heat related death and illness. The
related objectives are therefore:

1. To construct statistical algorithms that will form the scientific basis of the WWS for the
prediction of heat related death and illness in the target cities. Algorithms will describe the
relationship between stratified/unstratified daily mortality (morbidity) and a range of
standard and derived (rate of change and antecedent) daily meteorological and human
energy balance-based heat stress index variables.

2. To design a set of generic and city specific mitigation measures for the reduction of heat
stress related mortality and morbidity as an integral part of a WWS for each city.

3. To formulate protocols for implementing a WWS

4. To install and undertake a ghost trial of the WWS for each target city and thus an evaluation
of the potential effectiveness of the WWS and associated mitigation measures.

Materials

In order to develop an experimental HHWWS mortality, meteorological and forecast data were
required as described below.

Mortality data

Daily data on total mortality, mortality older than 64 (65+) and older than 74 (75+) (“all causes”)
were available for following periods and locations:

London 01/01/1992 until 31/12/2000
Paris 01/01/1991 until 31/12/1998
Budapest 01/01/1992 until 31/12/2001
Barcelona 01/01/1991 until 31/12/2000
Rome 01/01/1992 until 31/12/2001

The average of the daily mortality for each target city are displayed in figure 1.

Average Daily Mortality

O,

London Paris Budapest | Barcelona
HE Total Mortality 144 114 71 36
065+ 118 83 50 29
B75+ 87 64 33 22

Figure 1 Average daily mortality London, Paris, Budapest, Barcelona, and Rome
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Mortality time series, which demonstrated a statistically temporal trend, were de-trended. This
correction was achieved by linear regression modelling with time as the independent variable.
Regression model residuals were added to the mean mortality for the study period to create a de-
trended time series (McGregor et al. 2004).

Meteorological data

Weather data on air temperature, dew point temperature, air pressure, total cloud cover, wind speed
and direction, measured 4 times daily (0, 6, 12 and 18 UTC), were available for London, Rome,
Budapest and Paris. For Barcelona only the mean daily temperature, the minimum daily
temperature and the mean dew point temperature were available as well air pressure, wind speed
and direction at 0 and 18 UTC. The periods for the time series were:

London 01/01/1990 until 31/12/2000
Paris 01/01/1990 until 31/12/1999
Budapest 01/01/1992 until 31/12/2001
Barcelona 01/01/1992 until 31/12/2000
Rome 01/01/1992 until 31/12/2000

In addition apparent temperature, a heat index to identify heat-stress days, was calculated. The AT
combines air temperature and humidity into a single variable. This value takes into account human
physiology and is based on the synergistic effects of high temperature and humidity and their ability
to stress the body’s thermal regulatory systems (Steadman 1984, Smoyer et al. 2000).

The apparent temperature (Tap,) Was calculated from the following equation:
Tapp = -2.719 + 0.994 T, + 0.016(Toen)?
where T,; = air temperature and Tg. = dew point temperature is (Smoyer et al. 2000).

Forecast data

For each city we obtain the subsequent daily forecast data (0,6,12 and 18 UTC) from the German
Meteorological Service (DWD):

T = air temperature (°C)

™D = dew point temperature (°C)

DD = wind direction (degrees — multiply by 10)
FF = wind speed (knots)

N = total cloud cover (octas)

PT = perceived temperature (°C)

Methods

The first objective of this project was to identify the historical relationships between heat-related
mortality and weather for the five European cities. In this connection we chose four different
climatological modelling procedures to determine the best means of relating variations in summer
weather to the mortality data. These included:

- aperceived temperature approach, which evaluates the energy budget of the body

- the conditional probability, which gives the probability of a certain mortality level to a
specified air and dew point temperature

- astatistical model for “Weather-Related” Mortality

- a synoptic climatological approach, which places each day within an air mass type and
decides the impact of the total weather situation on the individual

The period for which analyses were conducted was from 1 June until 31 August for each year.
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Perceived temperature

A first indication to observe if a day causes thermal stress is the perceived temperature; a term,
which was developed from the German Meteorological Service (DWD). This temperature compares
the actual existing outside conditions with the temperature that would prevail in a standard
environment in order to experience an identical feeling of warmth, comfort, or cold (Table 1)
(WMO 2000). Value of perceived temperature were supplied by the DWD.

Table 1 Perceived temperature, thermal sensation, and thermal stress (Koppe et al. 2004)

Perceived temperature (°C) | Thermal Sensation | Thermal Stress
<-39 Very cold Extreme
-26to -39 Cold Strong
-13to0 -26 Chilly Moderate
0to-13 Slightly chilly Slight
0to +20 Comfortable None
+20to +26 Slightly warm Slight
+26to +32 Warm Moderate
+32to +38 Hot Strong
>+38 Very hot Extreme

Conditional Probability

A further possibility to estimate a link between heat-related mortality and weather is by using
conditional probability. It is the probability of a certain excess mortality level being attained given
the occurrence of a specified air and dew point temperature. For this we used the air and dew point
temperature as well the daily mortality excess for total mortality, mortality older than 64 and older
than 74. The meteorological variables were classified in five equal percentile classes; the mortality
excesses were divided into a number of classes (depend of the city size).

By dint of the combination of the two temperature percentiles it was possible to classify a day as
cold or hot as well dry or humid (maximal 25 categories were possible). We used the 0 and 12 UTC
data to calculate the probability expect for Barcelona. For this city we determined merely the daily
mean probability.

The results for each city are presented below.

London

Remarkable is the high probability of a severe mortality day occurring, compared to the other
temperature combinations, given the event of very hot nights and dry conditions (air temperature
between 17.6 and 24.4°C and dew point temperature between 10.9 and 12.3°C at 0 UTC = 52.9%
excess total mortality > 20). During the day hot and humid conditions seem to have the strongest
effect on the total mortality (air temperature between 23.5 and 32.5°C and dew point temperature
between 14 and 19.4°C at 12 UTC = 44.4% excess mortality > 10). The same is apparent for each
investigated age group.

Paris

A high probability is reached especially on hot days (air temperature over 19°C at midnight and
over 26°C at 12 UTC). For the 80-100 percentile air temperature the excess (total mortality) features
a conditional probability mostly over 50% during the night and around 45% during day. The two
elderly age groups showed a similar behaviour pattern to that observed for all-age mortality.

Budapest

The severe effect for total mortality is obvious on the 80-100 percentile of the air temperature (20.7-
26.8°C at OUTC and 29.4-36.7°C at 12UTC). To that is added a high humidity effect: 80-100
percentile for air and dew point temperature evince around 50% excess mortality > 10. The excess
mortality of elderly population has in addition a high probability on hot and dry days.
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Barcelona

A high probability of high excess mortality occurs mainly on hot days with a mean daily
temperature greater than 25°C. The age group mortality over 64 years seems in addition more
sensitive on humid days (excess around 30%).

Rome

The 80-100 percentile of the air temperature (> 23.2 at OUTC and > 31.6 at midday) evinces a high
conditional probability for the excess total mortality > 10. During the night dry conditions seem to
have a strong effect on severe mortality; meanwhile during day humid conditions are more
important. The results are similar for the two elderly age groups.

Statistical model for “Weather-Related” Mortality

The first step of the analysis was to find different algorithms in a special temperature band for each
city: a stepwise multiple regression procedure was performed on all summer days to determine
which environmental factors contribute most to high mortality. A number of meteorological factors
were used as independent variables within the regression analysis (Table 2).

Table 2 Independent variables used in regression analysis

London Paris Budapest Barcelona Rome
Air temperature Air temperature Air temperature Air temperature Air temperature
(0,6,12,18 UTC) (0,6,12,18 UTC) (0,6,12,18 UTC) (mean, minimum) | (0,6,12,18 UTC)
Dew point Dew point Dew point Dew point Dew point
temperature temperature temperature temperature temperature
(0,6,12,18 UTC) (0,6,12,18 UTC) (0,6,12,18 UTC) (mean, minimum) | (0,6,12,18 UTC)
Wind speed Wind speed Wind speed Wind speed Wind speed
(0,6,12,18 UTC) (0,6,12,18 UTC) (0,6,12,18 UTC) (0,18 UTC) (0,6,12,18 UTC)

Total cloud cover
(0,6,12,18 UTC)

Total cloud cover
(0,6,12,18 UTC)

Total cloud cover
(0,6,12,18 UTC)

Total cloud cover
(0,18 UTC)

Total cloud cover
(0,6,12,18 UTC)

Sea level pressure

Sea level pressure

Sea level pressure

Sea level pressure

Sea level pressure

(0,6,12,18 UTC) (0,6,12,18 UTC) (0,6,12,18 UTC) (0,18 UTC) (0,6,12,18 UTC)
Apparent Apparent Apparent Apparent Apparent
temperature temperature temperature temperature temperature
(0,6,12,18 UTC) (0,6,12,18 UTC) (0,6,12,18 UTC) 0,18 UTC) (0,6,12,18 UTC)

A sudden large decrease in air temperature is not always associated with an immediate change in
mortality rate. There is often a lag between the mortality response and a given weather even
(Kalkstein et al. 1989). One, two, and three days prior to the day of the deaths were also analysed to
find out if a lag time exists between the weather event and the associated mortality. Heat event were
described by using the temperature sum over 2 to 8 days.

Using multiple stepwise regression analysis we defined algorithms for each temperature range. The
temperature used as the independent variable was different for each city; so the air temperature at 6
UTC had the strongest historical weather-mortality relationship in London and Barcelona, in Paris
the air temperature at 0 UTC, in Budapest the dew point temperature at 18 UTC and in Rome the
apparent temperature at midnight (Table 3). The choice of temperature was determined by the R
Square of the multiple regression analysis.

On the basis of the algorithms and the forecast data it is feasible to calculate prediction mortality
and excess for each day.
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Table 3 Statistical Significant Models for Mortality in Summer (TT6 = air temperature at 6 UTC, TT0 = air temperature at 0 UTC, TD18 =

dew point temperature at 18 UTC, TAO = apparent temperature at 0 UTC)

London Paris Budapest Barcelona Rome
Range R’ Range R’ Range R’ Range R’ Range R’
TT6 < 10.8 0.50 10.7 <TTO 0.55 TD18 < 6.1 0.43 15.1<TTé6 0.21 TA0<17.5 0.54
124<TT6>10.8 | 0.43 12.8 <TT0=>10.7 0.33 8.1<TD18>6.1 032 | 179<TT6>15.1 | 029 | 204<TA0>17.5| 0.32
145<TT6>12.4 | 0.23 144 <TT0>12.8 0.23 9.5<TD18>8.1 0.14 | 209<TT6=17.9 | 0.11 204<TA0>22 | 046
158 <TT6>14.5 | 0.32 153<TT0>14.4 0.27 11.2<TD18>9.5 0.24 TT6 >20.9 0.21 22 <TA0=>245 0.30
16.6 <TT6>15.8 | 0.26 16.3<TT0>15.3 046 | 13.1<TDI18>11.2 0.2 245<TA0>26.5| 0.29
TT6 > 16.6 0.53 172 <TT0>16.3 025 | 147<TDI18>13.1 | 0.29 TAO0 >26.5 0.50
19.5<TT0>17.2 0.26 16.7<TD18>14.7 | 0.49
TT0>19.5 0.50 TD18 > 16.7 0.52
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Air-mass classification

A further statistical method was the creation of an air mass-based climatological index to categorize
days, based on its meteorological character, into groups that are relatively homogeneous. Seven
available weather elements were included for London, Paris, Budapest and Rome: air temperature,

dew point temperature, total cloud cover, sea level pressure, wind speed and wind components u
and v at 12 UTC.

The identification of air mass types was based on the daily meteorological data in conjunction with
principal components analysis (PCA) followed by cluster analysis (CA). The result of the
application of these two techniques is a temporal synoptic index (TSI) from which a daily calendar
of air mass types may be constructed (McGregor 1999). To identify the different types the mean
meteorological conditions of all days in each air mass group are assessed (Sheridan et al. 1998).

Relationship between air mass categories and mortality

Not all days within an offensive air mass (one which is on average associated with high mortality)
possess elevated mortality. For the experimental mortality predictions as part of the HHWWS we
chose only those types of air masses, which evince a high excess mean mortality. Once these had
been identified multiple stepwise regression analysis was used to explore the nature of the linkage
between a range of independent meteorological variables and the dependent mortality variable for
those air mass types. Algorithms were developed for total mortality, those 65 and over, those 75 and
over. These were subsequently used with weather forecast data supplied by the DWD to make
experimental mortality predictions.

Air mass London

Application of a P mode PCA (Yarnal 1993) resulted in 3 principal components being identified.
These accounted for 69 % of the original data variance. Clustering of principal component scores
resulted in 8 major air mass types being identified. The main meteorological characteristics of the
air mass types are summarised in figure 2 and table 4.

Table 4 Air mass types
no. Air mass Features
1 | Transition | TR | mainly southwest wind, humid condition, low pressure, cloudy, moderately wind
speed - at midday increase the wind speed, warm conditions during the night
2 Moist MM | generally west or northwest wind, low wind speed, chill and humid, cloudy (special
moderate at midday)
3 Moist MP | principally west or northwest wind, low wind speed, cold and humid, cloudy (special
polar at midday)
4 Dry DM | high pressure, mainly north or northeast wind, night = cold & day = warm conditions,
moderate very dry, low cloud cover, low wind speed
5 low pressure, mostly south or southwest wind, humid conditions, very high wind
speed (maximum at 12 UTC)
6 Dry DT | wind direction is not unitary at 0 and 6UTC, west wind at 12 and south wind at 18
tropical UTC (not distinct), hot, high pressure, dry conditions on midday and afternoon, low
wind speed
7 Moist MT | high humidity, warm temperature (particularly in the night) , low wind speed, cloudy,
tropical south or west wind (but it is not so distinct), low pressure
8 Dry DT+ | hot and very dry conditions, mainly east wind at 00UTC and southeast wind at 12
tropical+ and 18 UTC, low cloud cover, high pressure
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Figure 2 Meteorological characteristics of air mass types at 12 UTC
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Figure 3 describes the mean mortality (total mortality, mortality over 64 years and mortality over 74
years) by air mass for London for the summertime, defined as 1 June to 31 August, over the period
1992-2000. Especially air mass type 8 has a mean mortality with is statistically significantly higher
than the other 7 air masses, with an additional 9 deaths per day (total mortality). Besides air mass
types 6 and 7 feature a higher mortality than the mean.

Mortality

y W Total Mortality @65+ W75+ |
I

1 2 3 4 5 6 7 8

Air Mass Type

Figure 3: Mortality by air mass types

DT, MT and DT+ comprise approximately 31 % of all summer days in London. DT+ contains the
highest temperature of any air mass, and the least cloud cover. This air mass type can qualify as a
subgroup from DT, which has as well hot and dry conditions. MT, while lower in afternoon
temperature, has the highest dew point of any air mass. Characteristically for these 3 air masses is a
very high overnight temperature.

Typically, the air masses, which enclose the highest mean daily mortality also, contain the highest
daily standard deviation of mortality as well. This indicates that, although some DT, MT, and DT+
days have very high mortality totals, sometimes over 50 deaths above the mean, other days within
these air masses have very little excess mortality.

Daily mortality data was regressed against a range (air mass types) of meteorological variables, as
described in Table 5. Stepwise multiple regression analysis results revealed a significant
relationship between daily mortality. Altogether the relationship is very weak by the first five air
mass types. Air mass types DT, MT and DT+ have a positive excess mortality and the R Square is
with over 42% (total mortality) for a prediction useable.

Table 5 Daily mortality statistics by air mass type and R Square

Cluster | Frequency | Percent Total Mortality 6+ Eh
Excess [ Range | R Square | Excess | Range | R Square | Excess | Range | R Square
1 156 224 0.4 66 0.07 0.3 61 0.1 -0.4 44 0.07
2 44 6.3 -4.3 48 0.19 -3.6 44 0.17 -3.1 44 0.32
3 155 223 -1.2 82 0.27 -1.4 77 0.31 -1.2 74 0.26
4 98 14.1 -1.8 78 0.34 -2.7 65 0.23 -3.2 60 0.34
5 23 3.3 -4.4 52 0.63 -5.4 50 0.7 -2.5 46 0.44
6 70 10.1 1.3 71 0.42 0.6 74 0.41 0.9 65 0.42
7 62 8.9 1.5 65 0.60 0.7 59 0.45 -0.6 50 0.47
8 87 12.5 8.5 82 0.59 6.3 72 0.68 5.1 56 0.49
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Conditional probabilities by air mass type are displayed in Table 6. Notable is the high probability
of a severe mortality day (excess mortality > 6) occurring, compared to the other air mass types,
given the occurrence of 6, 7, and 8 for total mortality. Especially air mass type 8 features with over
55% a high probability. Conditional probabilities for the age groups 65+ and 75+ don’t evince such
a high relationship as for total mortality. The air mass type 8 is the most sensitive for these age
groups: probabilities (mortality excess > 6) are over 46%.

Table 6 Conditional probability by air mass type — (a) total mortality, (b) mortality older than
64 and (c) mortality older than 74

(a) (c)
Conditional probability (in %): total Conditional probability (in %): 75+
mortality 1 [ 2345678
2131 alslel 713 -20.1 12| 65 23] 87 69 28 15
201 o1l 87 75l 74 138l Al a6 11 20t0-10.1 | 15.2 152 182 19.2] 20.7| 11.3] 13.8] 8§
20t0-101 | 1521 174 157 2020 207 14.1] 169] 114 -10to-6.1 | 11.5] 152 11.3] 13.5] 13.8] 11.3] 12.3] 10.)
10061 | 97 65l 107 87 103 99| 108 62 6t0-2.1 | 152 13| 12.6] 14.4] 103| 12.7] 18.5] 5.
-6t0-2.1 9.1] 15.2| 18.9| 13.5| 103| 11.3] 92| 8 % -2t0-0.1 9.1 87 12.6] 6.7 138 7| 62| 114
gl 2t0-01 | 85| 87 44| 58 69 56| 15 34 G| 0w0l19 | 91] 65 69 67 14.1] 92 68
Al 0t19 g5l 13l 25 77 4| 44 o4 21059 | 152 152 13.8] 9.6] 13.8] 12.7] 13.8) 114
2159 | 115 2300 s a8 34 7 108 64 6109.9 79 13| 94| 9.6 34| 127] 92 17
6109.9 79 43| 13.2] 144] 20.7] 16.9] 154 19.3 1010199 | 13.3] 6.5 94 67 138 99 13.8) 18.2
1010199 | 15.8] 22| 151 9.6] 13.8] 183 16.9] 11.4 20+ 24 3.0 48 34 56 15 114
20+ 7.9 63 77 56 92| 25
(b)
Conditional probability (in %): 65+
12314 ]|5]6]7]38
-20.1 42| 65 5| 87 13.8] 56| 4.6
20t0-10.1 | 152 21.7] 17.6] 154 17.2] 9.9] 13.8] 12.5
-10t0-6.1 | 6.7 43 107 135] 17.2] 155 6.2 6.9
-6t0-2.1 | 121 6.5 182 11.5] 103| 15.5 23.1| 6.8
gl 2t0-01 | 91/ 217 57| 87 69 85| 62 9.1
e
Al o019 | 121 43| 69 87 42| 15 34
21059 | 109] 19.6] 82| 12.5] 13.8] 14.1] 123 12.5
61099 | 103] 109 94| 7.7/ 10.3] 2.8 12.3] 114
10t019.9 | 14.5] 4.3] 157] 8.7 10.3] 16.9] 13.8 23.9
20+ 438 25| 48 71 62| 13.6
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Air Mass Paris

Seven air mass types were identified for Paris. The main meteorological characteristics of the air
mass type are summarised in table 7 and figure 4.

Table 7 Air mass types

No. Air mass Features

1 Moist tropical [MT |low pressure, cloudy, warm conditions (quite hot in the night), quite high wind speed,
quite humid, southwest wind after midday

2 Moist polar+ |[MP+ [northwest or west wind, cloudy, cold conditions, humid, quite high wind speed

3 southwest or west wind, high cloud cover, low pressure, mean temperature, very
humid (especially during the day), high wind speed
4 Moist moderate MM [cloudy, warm (particularly during the day), low wind speed

5 Moist polar MP  |high pressure, cold (particularly during the night)

6 Transition TR |dry (especially during the day), high pressure, during night: cold conditions, during
day: warm conditions, low cloud cover

7 Dry tropical  |DT [very dry and hot (particularly during the day), low wind speed, northeast wind
(particularly during the night), low cloud cover
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Figure 4 Meteorological characteristics of air mass types at 12 UTC - Paris
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The mean mortality (total mortality, mortality over 64 years and mortality over 74 years) by air
mass for the summertime are shown in figure 5. Air mass 1 and 7 feature a high mean mortality
with in addition 4 to 10 deaths per day (total mortality). Around 30 % of all summer days are
accounted for by these air mass types.

Mortality
17
W Total Mortality l65+ W75+
16 1
R . S ————————————
£
E
= 14 -
=
13 + == = == == == ==
1 2 4 5 6 7
Air Mass Type

Figure 5: Mortality by air mass types

By means of multiple stepwise regression analyses between daily mortality data and range of
meteorological variables (air mass types) we could find 2 air mass types, which evince a positive
excess mortality (Table 8). In particular air mass type 7 shows with an excess average from 9.6 a
severe mortality day.

Table 8 Daily mortality statistics by air mass type and R Square

Cluster | Frequency | Percent Total Mortality 6+ 5
Excess |Range |R Square |Excess |Range |R Square |Excess[Range[R Square

1 73 10.1 3.1 73 0.31 2 54 0.44 22 | 45 0.49
2 51 7 -4.9 51 0.57 -4.1 36 0.36 -3.3 | 33 0.62
3 107 14.8 -2.9 68 0.23 -2.1 59 0.22 -1.8 | 41 0.21
4 170 23.4 -0.9 56 0.17 -0.9 50 0.25 -0.8 | 46 0.22
5 94 13 -4.1 62 - -4.2 50 - -4 36 -

6 104 143 -3.2 61 0.20 -2 50 0.21 2.2 | 44 0.23
7 126 17.4 9.6 81 0.52 8.1 65 0.49 72 | 58 0.43

Figures 6 should give a summery about the connection between air mass types and excess mortality
for each investigates age group
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Figure 6 (a) Excess total mortality, (b) older than 64 and (c) older than 74 and air mass types -
Paris

Table 9 describes the conditional probabilities by air mass type for total mortality (a), mortality
over 64 years (b) and mortality over 74 years (c). A high probability is evident particularly on hot
days (air mass type 1 and 7). The probability of excess total mortality > 10 on hot and dry days is
approximately 48 %; days with hot and humid conditions feature a value around 28%. The two
elderly age groups showed a similar alleviated behaviour pattern to that observed for all-age
mortality.
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Table 9 Conditional probability by air mass type — (a) total mortality, (b) mortality older than
64 and (c) mortality older than 74

(a) (c)

Conditional probability (in %): total mortality
| 5 3 4 s 6 |7 Conditional probability (in %): 75+
-20.1 2.7 3.8 101] 53] 74 57 16 1] 2 3 4 5 6 7

20t0-10.1 | 1490  32.1) 165 17.5] 21.3] 22.9]12.6 21 0.9 2.9

-10t0-6.1 | 54 151 11 129 128 6.7 5.5 20t0-11]17.6] 245 183 123 223 13.3] 47
6t0-2.1 [108] 132 13.8 117 202 16.2] 6.3 -10t0-7 | 54 151] 64| 164 117 12.4] 102
§ 2t0-0.1 |122 75| 55 47 43| 67| 24 6t0-3 [122 189 22| 18.1] 255 200 47
Sl 0to19 4.1 570 55| 82] 43 95| 24 % 2to-1 | 81 132] 165 117 85 124 47
21059 |16.2] 11.3] 138 152] 106 124] 8.7 Sl o1 | 95 19 64 71 117 63 55
6109.9 5.4 19] 92 53] 835 86|12 2t05 122 113 101] 14 96| 18.1] 197
10t019.9 |13.5 750 119 135 74 95| 22 6109 | 68 94 92 99 64 67 118
20+ 14.9 19 28 58 32 1.9 26 101019 | 23| 570 101 76| 32 76 26
(b) 20+ | 54 29 12.6

Conditional probability (in %): 65+

1 2 3 4 5 6 |7

ol 41 19 37 23] 43 38

20to -11 13.5| 264 165 146 223 13.3[ 7.9

-10to -7 54 94| 101] 135 117 114] 47

610 -3 122] 189 183 158 16| 162] 9.4

§ 2t0-1 81| 75| 73] 82 13.8 124 39

Sl oto1 95| 94 83 88| 74 7.6 7.1

2105 122 94 13.8] 105 10.6] 143[11.8

609 95 751 119 117 64 124[102

10 t0 19 135 94 83 105 64 86283

20+ 122 18 41 11 16.5
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Air Mass Budapest

7 air masses were revealed for Budapest as described in Table 10 and Figure 7. The distribution of
excess mortality by air mass is presented in Figure 11 and along with condition probability of high
excess mortality by air mass type in Table 12.

Table 10 Air mass types

No. Air mass Features

1 |Dry tropical |DT [warm and dry conditions (in particular during the day), low wind speed, low cloud
cover, quite high pressure

2 |Transition TR  |humid, cloudy, low pressure,
3 |Moist polar |[MP |cold and very humid, cloudy
4 cold conditions (very cold during the day), high humidity, very high wind speed,

cloudy, low pressure, northwest wind

5 |Moist tropical |DT |[warm conditions (especially from morning until midday), quite humid, in the
afternoon high wind speed, low pressure, southeast wind

6 |Dry polar DP  |cold and dry, high wind speed, high pressure, northwest wind

7 |Dry moderate |DM |quite cold conditions (particularly in the night) and very dry, low wind speed, low
cloud cover, high pressure
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Figure 7 Meteorological characteristics of air mass types at 12 UTC - Budapest
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Table 11 Daily mortality statistics by air mass type and R Square

Total Mortality 65+ 75+
Cluster | Frequency | Percent
Excess [Range [R Square [Excess |Range |R Square |[Excess [Range [R Square
1 350 40.2 32 64 0.30 2.1 55 0.30 1.7 45 0.28
2 102 11.7 -0.3 45 09 -1 37 0.21 0 30 0.16
3 128 14.7 -2.9 43 0.13 -2.4 38 0.15 -1.4 32 0.23
4 77 8.8 -1.9 45 0.13 -1.9 35 0.24 -0.7 32 0.21
5 51 5.9 3.9 56 0.38 39 35 0.21 2.3 27 0.51
6 111 12.7 -3.6 41 0.21 -3 30 0.27 -1.8 32 0.18
7 52 6 -1.4 50 0.11 -1.1 36 0.33 -0.3 28 0.56
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Table 12 Conditional probability by air mass type — (a) total mortality, (b) mortality older
than 64 and (c) mortality older than 74

(c)

Conditional probability (in %):

75+
1|23 |4 |56 |7
-11 27| 46| 38 7.6 42 19
-10t0-7 | 101 83[ 13.5] 12.7] 3.6 16| 204
-6t0-3 | 16.8] 25.9 30.8| 22.8| 16.1] 26.1| 167
gl 2t0-1 ol 102] 11.3] 8.9 10.7] 109 93
& otol 13| 10.2] 11.3] 10.1] 23.2] 14.3] 14.8
2105 22| 23.1] 16.5] 19 19.6] 202 16.7
6t09 | 133 74| 98] 139 17.9] 7.6 111
10+ 13 102] 3| 51| 89 08 93

(a)

Conditional probability (in %):

total mortality
1|23 [4]5]6]7
-10.1 ol 13.9] 23.3] 16.5 3.6| 21.8 11.1
-10t0 -6.1 o 1af 11.3] 19 7.1] 18.5] 259
-6t0-2.1 | 14.1] 20.4] 17.3| 16.5| 143 18.5 13
§ 2t0-01 | 82 93] 9.8 3.8 107 10.1] 5.6
S| 0t019 | 95 65 128 89 107 84 93
20059 | 158 102 12| 13.9) 19.6] 9.2 111
61099 | 122 167 3.8 114 12,5 6.7 14.8
10+ 223 12| 98| 10.1] 214 67 93

(b)
Conditional probability (in %):
65+

1|23 |4]s5]6]7
-10.1 ol 102 16.5] 12.7] 1.8] 17.6] 74
-10t0-6.1 | 9.5 17.6] 14.3] 203| 5.4 16| 16.]
6t0-2.1 | 144 17.6] 23.3| 203| 16.1| 22.7] 25.9
§ 2t0-01 | 92| 93| 143] 63| 10.7] 11.8 14.8
S| 0t019 | 128 139 75| 51| 54 101 54
21059 | 163] 102 9.8] 19 19.6| 109 13
61099 | 11.7] 102 10.5] 10.1] 21.4 76| 9.3
10+ 17.1] 111 3.8] 63| 196 3.4 74
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Air Mass Barcelona

For Barcelona no ‘offensive’ air mass types were found therefore iar masses were not used in the
HHWWS for Barcelona.
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Air Mass Rome

The main air mass types for Rome are shown below. High excess mortality was found to be
associated with dry tropical air masses.

No. Air mass Features

1 |Dry polar DP [cold, in the afternoon quite dry, low wind speed, low cloud cover, high
pressure

2 |Moist moderate |MM |warm during the night, quite cold during the day, high humidity during the
day, high wind speed, cloudy, low pressure,

3 | Moist polar MP |very cold and humid (particularly in the afternoon), low wind speed, high
cloud cover, low pressure

4 | Dry moderate DM |chilly, during the day dry and during the night humid, low wind speed, low
cloud cover, high pressure

5 | Dry tropical DT |warm - especially during midday, quite dry, low wind speed, low cloud
cover
6 | Dry tropical+ DT+ [hot and quite dry during the day, low wind speed, low cloud cover
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Total Mortality 65+ 75+
Cluster | Frequency | Percent [Excess [Range [R Square [Excess [Range [R Square |[Excess |Range |[R Square
1 139 18.9 -3 73 0.16 -2.9 60 0.18 -2.5 48 0.37
2 137 18.6 -0.8 61 0.30 -0.4 56 0.31 -0.2 44 0.27
3 53 7.2 -2.8 35 0.18 -2.9 32 0.38 -2.3 32 0.42
4 123 16.7 -1.8 48 0.24 -1.6 44 0.30 -1.5 35 0.25
5 165 224 3.5 72 0.27 3.1 66 0.40 2.7 57 0.26
6 119 16.2 3 53 0.52 2.7 51 0.54 22 38 0.53
40
_ —_— 30
2" T 4 T
g 0 3
| EEE :
2 2
P T1 11 EEQ%Q
- B — e ] -10
: | L 1
40 -20 JR
1 2 3 4 5 6
-30

Air Mass Type 1 2 3 4 5 6
Air Mass Type

40

20

-20 -

Excess Mortality over than 64
=

-40

1 2 3 4 5 6

Air Mass Type

131



PHEWE Final Scientific

Table 13 Conditional probability by air mass type — (a) total mortality, (b) mortality older

than 64 and (c) mortality older than 74

Conditional probability (in %) - 75+

(a)
Conditional probability (in %) - total
mortality
1 2 3 4 5 6

A 182] 153|206 183 9.6 134
10t0-7 | 149 129 127 122 124 94
6t0-3 | 201] 17.1] 175 168 118 102

§ 2t0-1 13 112l 11 69 62 94
&l oto1 99 47 79 92 79 79
2105 11.7] 176 95 145 112 15
6109 45 106 95| 145 124 94

10+ 78] 106 111 76 287 252

(b)
Conditional probability (in %) - 65+
1 2 3 4 5 6

-11 1490 124 159 115 84/ 124
-10t0-7 | 182 124] 175 145 107 79
6t0-3 | 234 20 175 198 157 124

§ 2to-1 1] 82 19 92 of 7.1
&l oto1 65 94 79| 115 56 7.
2t05 143 159 79 19.8] 14.6] 205
6t09 7.1 100 790 84 124 71

10+ 45 118 63| 53] 236 252

1 2 3 4 5 6
11 78] 63| 9s|  s4  s6 47
10t0-7 | 221] 129 1270 99 104 1
603 | 253 182 27| 267 174] 157

gl 2101 | 104 147 159 13| 129 87
&l oto1 123 124 95| 1435 56 1
2105 13 188l 19 17.6] 146 213
6109 65| 94 16 61| 118 109

10+ 260 71| 48] 38 219 173
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The Protocol and Mechanics of the HHWWS

The information from the aforementioned analyses was used as described above to create a number
of experimental mortality prediction models which formed the basis of the HHWWS. The HHWWS
protocol is presented in the figure on the last page of this report. Basically weather forecast data
from the DWD were used as input into the various mortality prediction algorithms. From the
algorithms an estimate of the excess mortality was calculated every 6 hours as new weather forecast
was issued. The receipt of weather forecast from the DWD, calculation of the mortality estimate
and subsequent display of this was all performed on a PHEWE HHWWS password protect web site.
Below the basic structure of the site is described as well as simple instructions for moving through
the web site.

For an evaluation of the HHWWS in practice the reader is referred to the report complied by Dr A
Paldi for the Budapest HHWWS.

Guidance for Use of HHWWS Web Pages

Click on the City of interest on the left hand side of the PHEWE Info Page. This will take you to the
individual city page.

P Main Pastdata Contacts
PHEWE Info page

Website now active for the 2005 summer period.

London
Paris
Budapest
Barcelona

Rome
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Individual City Page (example London given below)

A number of buttons are displayed as follows

Forecast Data: the 6 hourly forecast received from the German Weather Service up to 48 hours

ahead for a number of meteorological variables.
PT Data: Comfort levels according to the Perceived Temperature Index (see PT Data Page)

PT Graph: A plot of the PT Index over the last few days
Prediction Tables: Conditional Probability of mortality exceeding a given level for a combination

of dry bulb and dew point temperature combinations (See Prediciton Tables Page)

Air Mass: Mortaity prediction associated with the occurrence of a predicted air mass. Only
predictions for air masses that are climatologically associated (that is over the long term) with
higher than normal mortality are given (See Air Mass Page)
Threshold Temperature: Mortality predictions when the forecast temperature exceeds a given
threshold (See Threshold Page)

Forecast Page

e Main

Pastdata Contacts

Current data for London

Date

Predictien

Excess

17/07/2005

145.05

1.05

16/07/2005

145,54

5.54

15/07/2005

147.7%

373

London

Forecast data

PT data

PT graph

Prediction tables

Air mass

Threshold Termp

Paris

Budapest Date

DD

FF

PEPP

TA

Barcelona 17/07/2005

25| 12

21

1013

24.44

170772005
Rome

24 | 12

22

1015

2344

17/07/2005

16| 12

34

1016

15.48

17/07/2005

17| 13

32

1016

16.88

16/07/2005

24| 11

29

1015

23.07

16/07/2005

23| 1

30

1016

22.08

16/07/2005

16| 12

33

1017

1543

16/07/2005

18|13

32

1016

17.88

15/07/2005

25|13

23

1015

2484

15/07/2005

26 14

27

1015

26.26

15/07/2005

18| 15

25

1013

1877

15/07/2005

19| 15

22

b | o w|w |k Bfo| oo -

S L TSI [T O S .=

1016

1977

12343
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Explanation of Forecast Data Page

Mortality Predictions: Multiple stepwise regression analysis has been used to develop mortality
prediction algorithms that describe the relationship between daily mortality and weather. The output
from the prediction algorithms is predicted and excess mortality. Predicted in the total mortality
while excess is the number of deaths above the long-term average for the given day of the year.

The mortality predictions are based on statistical algorithms for different temperature bands. For
example for a particular city there may be different algorithms for describing weather mortality
relationships for the following temperature ranges at 1200hrs; 18-21°C, 21-23°C, 23-26°C and so
on. If the forecast temperature at 1200hrs is 24°C then a statistical model for the 23-260C range, is
run that describes weather mortality relationships for that range of temperatures.

el Main Pastdata  Contacts
Current data for London
Date Prediction Excess
17/07/2005 145.05 1.05
16/07/2005 149.54 5.54
15/07/2005 14778 3.79
London
Forecast data PT data PT graph Prediction tables Air mass Threshold Temp
Paris
Budapest Date  |UTC |TT |TD |DD |FF N PPPP | TA
Barcelona 170772005 | 18 25|12 | 21| 7|4 1013|2444
170772005 | 12124 12| 22| 4 3 1015|2344
Rome
1740772005 616 | 12| 34| 2 3 1016|1548
174072005 0|17|13| 32| 2| 2| 1016 |16.83
16/07/2005 | 18 24| 11| 28| 6| 4 1015 |23.07
16/07/2005 | 12 23| 11| 30| 6 4 1016|2208
16/072005 616| 12| 33| 4 3| 1017|1548
16/07/2005 018 13| 32| 4 4 1016 |17.88
15/07/2005 | 18 25|13 | 28| 9| 5 1015 |24.84
15/07/2005 | 12 26 | 14| 27| 9| 4 1015 |26.26
15072005 618|15| 25| 6| 5| 1013|1877
15/07/2005 0118 15| 22| 5 4 1016|1877
12345

German Meteorological Service (DWD) 3-day forecast variables

UTC = coordinated universal time

T = air temperature (°C)

™D = dew point temperature (°C)

DD = wind direction (degrees — multiply by 10)

FF = wind speed (knots)

N = total cloud cover (octas)

PPPP = sea level pressure (hPa)

TA = apparent temperature (°C)

Excess = difference between predicted mortality and the mean of the historical data set
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Explanation of PT Data Page

oot Main Pastdata Contacts
Forecast data | F‘Tdalal F‘Tgraphl Prediction tables | Alr mass Threshold Temp -
Date UTC | PT | Thermal Sensation | Thermal Stress
17/07/2005 |18 | 24.5 | Slightly Warm Slight
’W 1700742005 | 12 |28.8 | Warm Modsrate
170742005 | 6 17.6 | Comfortable None
Paris
17072005 |0 12 | Comfortable Neone
Budapest 16/07/2005 | 18 |23.4 | Slightly Warsn | Slight
Barcelona 16/07/2005 |12 |26 | Wam Moderate
16/07/2005 | 6 15 | Comfortable Mone
Rome
16/07/2005 | 0 12 | Comfertable HNone
15/07/2005 |18 | 23.% | Slightly Warm Slight L
157072005 | 12 28.9 | Warm Mloderate
123456
1 »ﬁ

Perceived temperature (PT) in °C

The perceived temperature is an indicator of daily thermal stress. This temperature compares the
existing outside conditions with the temperature that would prevail in a standard environment in
order to experience an identical feeling of warmth, comfort, or cold (WMO 2002).

Table 1: Perceived temperature, thermal sensation, and thermal stress (Koppe et al. 2004)

Perceived temperature (°C)

<-39
-26 to -39
-13 to -26
0to-13
0to +20
+20 to +26
+26 to +32
+32 to +38
>+38

References

Thermal Sensation

Very cold
Cold
Chilly
Slightly chilly
Comfortable
Slightly warm
Warm
Hot
Very hot

Thermal Stress

Extreme
Strong
Moderate
Slight
None
Slight
Moderate
Strong

Extreme

1. World Meteorological Organization (eds.), 2002: Guide on the application of new technology
and research to public weather services. WMO/TD No. 1102, Geneva.

Koppe C., Jendritzky G. and Pfaff G., 2004: Die Auswirkungen der Hitzewelle 2003 auf die

Gesundheit. In Deutscher Wetterdienst: Klimastatusbericht 2003. Offenbach, 152-162.
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Explanation of Prediction Tables Page

et

London
Budapest
Barcelona

Rome

Main Pastdata Contacts

Current data for Paris

Mortality Prediction

Date Prediction Excess
17/07/2005 126.06 12.06
16/07/2005 134.72 2072
15/07/2005 134.57 2057

Forecast data | PT data | FT graph Prediction tables Alr mass Threshold Temp

Total mortality |65+ FE

‘ 00 UTC ‘ Conditional Probability (in %0): Air Temperature and Dew Poini Temperature (degree Celsius)

E [ N E N N S N B e e e
SN AN R AR AR AEE AR AR AR AR
A R R A A R A T e
AN AR AN A AN R AN AR
L wwr zsfiaf [imsheafns[ [27[seefisafzalma] [s2izs)zs e3[ [ 4o sef 54f 67
| zws  2sfe3[ 20fie7[121[ns[sme[1saraise[sa[ [ [ eafizs[ 17[ies[ 2s[  [us[z.7[13s

wewis [&7[s6[ a7 [es[ar[ sl 77[ e[ ea[ ss[isal [ea[ea 17[ma[ 7s[ [as3[345[z7
Bwes | 20- [ [ fss[ [ [ T [ [ [ [ [ [ [ [ Tssl [ [wwslws|ise

v

As well as displaying predictions from the forecast page of total and excess mortality this page
displays the conditional probability of a given excess mortality (total, 65+ and 75+) level being
attained given a range of air and dew point temperatures. An excess of 0 is equal to the long term
mean mortality. Air and dew point temperatures are classified into five percentile groups and
through the combination of these two measures it is possible to classify a day as cold or transition
or hot as well as dry or transition or humid.

Example

If the forecast for London at 12:00 UTC is TT = 23°C = 80-100 percentile;
TD = 11°C = 40-60 percentile

The conditional probability for excess total mortality is as follows:

17.6 % excess mortality between —20 and -10.1
11.8% excess mortality between —6 and —2.1
5.9 % excess mortality between 6 and 9.9

11.8 % excess mortality between 11.8 and 19.9
52.9 % excess mortality more than 20
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Explanation of Air Mass Page

oot Main Pastdata Contacts
Current data for Paris =
Date Prediction Excess
17/07/2005 126.06 12.06
16/07/2005 134.72 2072
15/07/2005 134.57 2057
London
— Forecast data PT data FT graph Prediction tables Alr mass Threshold Temp
Paris
Budapest
Barcelona Date Air Mass Type | 65+ | 75+ | Total
17072005 7 932 | 675 |12.82 L
Rome

16/07/2005 7 14.64|12.22|19.82

15/07/2005 7 12.93|10.90|13.4%

Air-mass classification

An air mass-based climatological index is created to categorize days based on their meteorological
character into groups that are relatively homogeneous. The identification of air mass types is based
on the daily meteorological data in conjunction with principal components analysis (PCA) followed
by cluster analysis (CA). The result of the application of these two techniques is a temporal
synoptic index (TSI) from which a daily calendar of air mass types may be constructed (McGregor
1999). To identify the different types the mean meteorological conditions of all days in each air
mass group are assessed (Sheridan et al. 1998). Not all days within a specific air mass possess
elevated mortality. Predictions are made for only those air masses that normally have higher than
normal mortality associated with them. Air masses likely to increase mortality are labelled
‘offensive’. Multiple stepwise regression analysis is used to explore the nature of the linkage
between a range of independent meteorological variables and the dependent mortality variable for
each offensive air mass type. Algorithms are therefore developed for total mortality (Total),
mortality of ages older than 64 (65+), and 74 (75+) for each offensive air mass type. Forecast data are used
to determine which air mass will occur over the following 48 hours. If an offensive air mass is
predicted then the mortality prediction algorithm for that air mass is run to give a prediction of total.
65+ and 75+ mortality.

The air masses are labelled by number in the table on the air mass page. The translation of the
numbers in terms of an air mass name is given below. If a prediction is not given this means that the
weather forecast data is indicating that an offensive will not occur over the nest 48 hours. In most
cases predictions are made for dry tropical, dry tropical + and moist tropical air masses as these on
average have higher than normal mortality associated with their occurrence.
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Air Masses by City
London Pairs
No. Air mass No. Air mass
1 Transition TR 1 Moist tropical MT
2 Moist moderate MM 2 Moist polar+ MP+
3 Moist polar MP 3
4 Dry moderate DM 4 Moist moderate MM
5 . 5 Moist polar MP
g h]/[)ry ttzoplc.al 1 1\]3[:11: 6 Transition TR
oist tropica -
8 Dry tropiiaH DT+ ! Dry tropical DT
Budapest
No. Air mass
1 Dry tropical DT
2 Transition TR
3 Moist polar MP
4
5 Moist tropical DT
6 Dry polar DP
7 Dry moderate DM
Rome
No. Air mass
1 Dry polar DP
2 Moist moderate MM
3 Moist polar MP
4 Dry moderate DM
5 Dry tropical DT
6 Dry tropical+ DT+
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Explanation of Threshold Page

oot Main Pastdata Contacts
Current data for Paris =
Date Prediction Excess
17/07/2005 126.06 12.06
16/07/2005 134.72 2072
15/07/2005 134.57 2057
London
— Forecast data PT data FT graph Prediction tables Alr mass | Threshold Temp I
Paris
Budapest
Barcelona
Date Max Temp. 65+ T5+ | Total =
Rome 17/07/2005 28.00 360 | 518 | 1354
16/07/2005 28.00 1446 | B.26 | 1927
15/07/2005 31.00 1506 [ 8.3% | 19.95
Date Air Temp. 65+ T5+ Total
174072005 1%.00 9.24 3.80 1112
16/07/2005 21.00 1687 | 830 18.72
15/072005 21.00 17.00 | 1045 | 2243
‘ v

Threshold temperature

A threshold temperature is a temperature beyond which the rate of mortality shows a sharp increase.
Two threshold temperature predictions are given.

The first threshold temperature is based of daily maximum temperature for the 6 month period
(April until September). The temperature threshold is that identified by the PHEWE Epi Sats
Group for each of the HHWWS cities. For example for Paris the Tmax threshold is 24.9°C.

The second threshold temperature is based on the air temperatures at 0:00 (Budapest), 6:00 (Paris,
Rome) or 12:00 (London) and is calculated for the months June, July, and August. These thresholds
were determined in the following way using the methodology of Kalkstein and Davis (1989). For a
given temperature (e.g. 22°C air temperature at 6:00) the mean mortality is computed for all days
above and all days below that temperature. Afterwards the variance is calculated for these two
groups and the sum of the variances (total sum of squares = TSS) are computed. The procedure is
iterated for half-degree increments (22.0°C, 22.5°C...) producing an array of TSS values. The
temperature with the smallest TSS is chosen as the threshold temperature, since this represents the
point where between-group variances are maximized and within-group variances are minimized.

For both the thresholds multiple stepwise regression analysis is used to develop prediction
algorithms for the subset of days with temperatures greater than the given threshold. Prediction
algothims are developed for total, 65+ and 75+ mortality. If the forecast temperature for a given
time is exceeds the temperature threshold then the mortality prediction algorithm is run In the above
case a prediction has been made for Paris because the forecast temperature for 0600hrs exceeds the
threshold temperature of 19°C.
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General Protocol for HHWWS Scheme

6h T+48 forecast

received from N Conditional probability of excess

DWD high?
W Biomet indices indicate stressful
T — conditions?
un Statistica 2 :
g E— Excess mortality predicted by Temp
Algorithms Class and Air IBIass Methods?
L
NO
Warning Message ®— | No Yes
Sent by email

Y \

Information Displayed on
Password Protected Web Site| g—— -
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10. The pilot implementation of the HHWWS in Budapest

A.Paldyl, K. Kishontil, K. Molnarz, A. Vamos® , I. Szedresi, P. Gramantik®, K. Csaba, J. Bobvos® ,
L. Gorove, M. Buranszky- Sallai’

'Fodor Jozsef National Center for Public Health, National Institute of Environmental Health
*Office of the Chief Medical Officer

3Capital Institute of the National Service of Public Health,

“Capital Institute of National Ambulance Service

*National Meteorological Service

Summary

More and more scientific evidence supports the health impact of heat waves, which can be decreased
by a heat health watch warning system. A HWWS was elaborated in Budapest within the program
“PHEWE” (“Prevention of acute health effects of weather conditions in Europe, EU/QLK-CT-2001-
00152SZ). In this article the experiences of the HWWS in Budapest are described.

Material and methods

In the article the information flow of the heat alarm is described, as well as the prediction of mortality
and weather are compared with the registered values by regression. The Measures taken during the
heat waves are demonstrated and the effectiveness of communication was assessed by a telephone
survey containing 10 questions of 2500 people in the five biggest cities.

Results

In 2004 the Budapest partners (FINCPH-NIEH, National Meteorological Service, Capital Institute
of the National Service of Public Health, Capital Institute of National Ambulance Service)
established HWWS, being in operation from 1st June till 30th August in 2004-2005. The system
used the heat health forecast of university Birmingham. In the 1st year FINCPH-NIEH forwarded
the warning to the Capital Institute of Ambulance service. In case of a heatwave (PT>33,0 oC at
12.00 UTC and an excess mortality >15%) for 3 or more consecutive days its PR referent
announced the heat wave alarm for the general public via mass media.

In 2005 a three level warning plan was elaborated: In 2005, one heat-wave occurred in Budapest:
27-31.07. The warning was announced by the chief medical officer based on the initiative of
the FJNCPH-NIEH. The public health service warned the general public, the municipality of
Budapest respectively the health care system and guidelines were elaborated for them. Several
communication tools were used: interviews, leaflets, TV advertisement spot.

The analysis of predictions and recorded data of the year 2004 showed good correlation, so the
forecast system can be used in the future as well. The evaluation of the effectiveness of the system
could not be analysed, because of the limited number of heat waves in Budapest.

Evaluation of the questionnaire survey was divided into four parts. 1) Awareness of heat:
Generally people could mention one harmful impact but people aging 30-59y could say more than
two impacts. Most of them mentioned hypertension (27%), heatstroke 11%) skin problems (31%),
cardiovascular diseases in 22%. Half of the interviewees considered support for elderly of high
importance. 2) Preventions: 4/5 of the people took preventive steps but only 1/5 of them could tell
exactly how: drinking liquid (20%), sit in shade (17%), in a room with air-conditioning (16%). 3)
Communication plan: 25% of the interviewees, mostly between 45-59 years, saw any
advertisement. Most of them in the television (78%), daily newspapers (57%), street boards (41%).
4) HHWWS: Large number of interviewees (59%) heard about the announcement of “heat-alarm”
and found the guidance informative (42%) and suitable (39%). 2/5 of them would like to know
more about heat-wave by the following communication tools: television (92%), radio (76%),
regional newspaper (67%).
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The effect of age sex, profession and place of residence on the answers to the questions was studied
in regression models. 7 It is interesting to mention that people with vocational school (OR: 0,646,
CI: 0,521-0,800) and high school qualification (OR: 0,681, CI: 0,558-0,830) answered significantly
more often to hear about that The Medical Chief Officer announced the 2nd level of heat warning
27-31 July, 2005. However, the results showed that people have limited knowledge about the
impact of heat and the ways of prevention.

Conclusion

The HWWS should be further elaborated and implemented in Budapest. The 3™ level of alert needs a
legal support. Measures should also be completed. Public awareness should be increased by using
different communication tools.

Introduction

There is a consensus of the majority of the world’s scientists that the era of global warming has started.
According to international literature data the mean surface temperature of the Earth increased from
13,87 °C to 14,52 °C. In 1950 1612 million ton of carbon was released to the atmosphere, in the year
2003 this amount was 6999 million ton. Discussions concentrate on the question whether global
warming is only a natural phenomenon or a consequence of anthropogenic effects. It is possible that
both factors play a role, they provoke the effect mutually. The increase of frequency and number of
extreme weather situations is a consequence of global warming, which can alter the global as well as
local climate.

There are numerous harmful financial consequences of unfavourable meteorological and
environmental events, the annual fluctuations are considerable. The information is not entire, but it is
probable that the total sum of losses, necessary prevention and remediation is about 150-180 billion
HUF, almost 1% of the Hungarian GDP (1).

The changes in the climate of the Earth influence the ecosystems, their species as well as human
health. Several effects can be beneficial, like a decrease of winter mortality in consequence of milder
winters in countries of moderate climate zone, but as a whole climate change has a harmful effect on
human health. (2).

Climate change has an impact on human organism, not only on chronically ill persons and elderly
people, but also on health individuals, while extreme heat causes a vulnerable health state. In Hungary,
research activity aimed at the impact of heat waves, at the characteristics of pollination of allergic
plants, at vector borne diseases like tick-borne encephalitis and Lyme disease, as well as at skin
cancers due to UVB radiation (11).

The extreme heat events caused the death of many people in Europe in 2003. The losses were the
highest in France between 4™ and 12" of August, the excess mortality was 14802 cases (3). In Italy
more than 3000 excess deaths were registered during this period (4).

According to literature data heat alarms play an important role in the prevention of health impact of
climate change (5,6,7,8). The first “heat alarm plan” was elaborated in Lisbon in 1981 when 63 people
died in the capital on 15™ of June and the excess mortality was 1906 cases in the country due to the
daily maximum of 43 °C. In 1995, due to the heat wave heat alarm plan was also elaborated in
Philadelphia in the United States of America (9).

The studies related to the health impact of climate change started in 2000 in Hungary within the frames
of the National Environmental Health Action Program (11). The effect of weather variables on
mortality was studied using the data of Budapest, capital of Hungary for the period of 1970-2000. A
heat health watch warning system (HWWS) was elaborated in the capital within the program
“PHEWE” (“Prevention of acute health effects of weather conditions in Europe, EU/QLK-CT-2001-
00152SZ). In this article we would like to present the experiences of the HWWS.
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Material and methods

The HWWS was elaborated by the study group of the University of Birmingham within the PHEWE
project by using the mortality and meteorological data of Budapest for the years 1992-2000, as well as
the weather forecast data produced by the Hungarian Meteorological Service. The HWWS forecast
data were available for the Hungarian group on the internet. In the year of 2004 and 2005, from 1 of
June till 30™ of August the forecast data were updated every morning till 9.00 o’clock am. The forecast
was issued for 3 days, indicating the weather conditions and the predicted excess deaths. The issue of
the different levels of heat alarm was considered on this basis. The flow of information containing the
warnings of the health care system and the general population was elaborated on the basis of the
experiences of the year 2005. The National Institute of Environmental Health triggered a
communication campaign on health impact and adaptation methods. Several communication tools
were used for raising the awareness of heat-wave, like distribution of leaflets in GP rooms, pharmacies.
As for mass media, a 20-second video clip advertisement was broadcasted on the National Geographic
Channel in August 2005, and leading health experts gave interviews about heat-related illness.

The HWWS is evaluated by comparing the forecasted weather and registered weather variables and the
forecasted mortality versus registered daily mortality as well as the daily emergency ambulance calls in
2004. The data sources are: forecasted data: http://www.phewe.bham.ac.uk/Default.aspx. Mortality
data were gained from the Central Statistical Office, Hungary, and emergency ambulance data from the
Budapest Directorate of the National Ambulance Service.

In order to assess the efficiency of heat health warnings and information campaign, in November, 2005
a telephone survey was carried out in the five biggest towns in Hungary. Sample size: 2500 over 18
years having a dwelling with telephone. The questionnaire contained 10 questions aimed to assess the
knowledge and awareness of people about heat, adaptation methods and heat-alert system. Chi square
test and logistic regression models were used for the statistical analysis carried out by SPSS 10.1
program
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Q 1., The summer was very hot in 2005. Do you know the harmful effects of heat?
(open question)

- strong perspire

- tiredness

- sunstroke

- heatstroke

- problems with hypertension

- others
0 — do not know, X — do not responds

Q 3., If yes, how do you usually protect yourself against heat? (maximum 3 answers, open
questions)

- drink more liquid

- wear a hat

- wear a sunglasses

- use sun cream

- spend time in an air conditioned place

- others
0 — do not know, X — do no respond

Q 6., If yes, what medium did you see that advertisement through?

6b.
2-heard/saw the
6a. mentioned advertisement 3-did
spontainously not hear/see 0-do not
know, X-do not
respond
1. Television 1 2-3-0-X
2. Radio 1 2-3-0-X
3. National newspaper 1 2-3-0-X
4. Regional newspaper 1 2-3-0-X
5. Internet 1 2-3-0-X
6. Street boards 1 2-3-0-X
7. Leaflet 1 2-3-0-X
8. Others 1 2-3-0-X

Q 8., How do you agree with that the information spread related to heat was....
1 — completely agree

2 —yes
3—-no
4 —no, et al

0 — do not know, X — do no respond

- informative
- nice
- help in the protection against heat
- suitable
The following questions were analysed with only logistic regression:
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Q 2., Do you usually protect yourself against heat?
1-Yes

2 —No (Jump to the question 4)

0 — do not know

X — do not respond

Q 7., The Medical Chief Officer announced the 2"" level of heat warning 27-31 July, 2005. did
you hear about it?

1 —yes

2 -no

0 — do not know, X — do no respond

Q 9., Would you like to know more about the harmful effects of heat wave?
1 —yes

2 —no

0 — do not know, X — do no respond
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The Capital Institute of the, National Service of Public Health collected the emergency hospital
admission data potentially due to heat related morbidity (injuries, myocardial infarction, stroke,
deliveries, exsiccation, psychiatric disorders) and mortality in the hospitals for the period of heat alarm:
28.-31.07. 2005 and for 30.06.-24.07. of the same year. The frequency of hospital admissions during
the heat-wave were compared to that of non heat wave periods.

Results
Heat Health Watch Warning System

Threshold levels of heat alarm

In the year of 2004 the study group of the University of Birmingham issued the warning when
perceived temperature was forecasted higher than 33 °C at 12.00 UTC and an excess mortality was
forecasted above 15%. This threshold was met too often and at the same time the daily mean
temperature was lower than 26,6 °C, which was the 98% of summer daily mean temperature (11).
During 2004 summer there was one heat-wave in Budapest meeting these criteria from 19" July to 22™
July

Therefore the threshold value for issuing the warning message by the University of Birmingham
was modified according to the previous findings of the Hungarian study group.

A three level heat alarm system was elaborated. As for the system used the temperature
measurements of the meteorological station in the outskirt, the effect of heat island was taken into
consideration and lower threshold of mean temperature was defined:

The first level “internal warning” for internal use is announced if the daily mean temperature is above
25 °C and the predicted excess mortality is 15% for one day.

The second level “preparedness” for the public is announced if the daily mean temperature is above
25 °C for 3 consecutive days or the daily mean temperature reaches 27 °C for a day, at least - which
is equal to 30% predicted excess mortality.

The third level “alert” is announced when the daily mean temperature exceeds 27 °C (30% excess
mortality). This situation meets the criteria of “extreme weather condition” stated in the
governmental order on catastrophe situations (179/1999 (XII.10)).
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Evaluation of the forecasts of 2004

In 2004 there was one heat wave in Budapest, from 19" to 23" of July. We represent the results of the
assessment of predicted mortality and temperature values with registered values for the whole summer
period of 2004, and for the heat wave period as well.

The following figures represent the daily mean temperature registered in Budapest, summer 2004, and
the perceived temperature forecast data: Ptmax, Pt average according to University of Birmingham

Figure 1: Daily mean TEMP and Ptmax, Pt average forecast (according to University of
Birmingham) for Budapest, 2004

B B B 8 ® B
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The statistical evaluation showed a good correlation between predicted temperature and registered

temperature

Summary table

Regression statistics

r value 0,472044128
R Square 0,222825659
Corrected R Square 0,217678809
Standard error 4,959544256
Observations 153
ANALYSIS of VARIANCE
df SS MS F Significance of F

Regression 1 1064,896092 1064,896 43,2936 7,28611E-10
Residual 151  3714,158964 24,59708
Total 152  4779,055056

Coefficients  Standard error  t value p-value Low 95% High 95% Low 95% High 95%

56,1051975
0,673628122

Constant 1,956077841

Temp

28,6825

0,102378406 6,579787 7,29E-10

5,43E-63

52,24037903 59,97002 52,24038 59,97002
0,471348875 0,875907 0,471349 0,875907

Figure shows the daily death counts and daily mean temperature for the summer period of 2004 (1* of

June- 30™ August)

Figure 2: Predicted death and registered death counts in Budapest, summer 2004

90 —

65 1
60 -

AW

70 ,']l’n'.u‘m
\/ ”WW

—Death '
81 —— Predict | '
80 | ‘l
75 |
Fl

I M
WM w

45 . 1 —
40 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

1 16 31 46 61 76 91

106

121 136 151

150



PHEWE Final Scientific

There was a significant correlation between the predicted and registered daily death counts.

Summary table

Regression statistics

r value 0,185301736
R Square 0,034336733
Corrected R Square 0,027941612
Standard error 8,211423777
Observations 153
ANALYSYS of VARIANCE
df SS MS F Significance of F

Regression 1 362,0321518 362,032152 5,369208 0,021839035
Residual 151 10181,54955 67,4274804
Total 152 10543,5817

Coefficients Standard error t value p-value Low 95% High 95% Low 95% High 95%
Constant 41,03843247 8,187516032 501231782 1,49E-06 2486153885 57,21533 24,86154 57,21533
Predict 0,275234299 0,118781129 2,3171551 0,021839 0,040546552 0,509922 0,040547 0,509922

Figure 3: Daily death counts and daily mean temperature in summer in Budapest, 2004
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Daily death counts and daily mean temperature showed a correlation on borderline significance.

Summary table

Regression statistics

r value 0,137569566
R Square 0,018925386
Corrected R Square 0,012428203
Standard error 8,27668886
Observations 153
ANALYSIS of VARIANCE
df SS MS F Significance of F

Regression 1 199,5413483 199,541348 2,91286 0,089931515
Residual 151 10344,04035 68,5035785
Total 152 10543,5817

Coefficients Standard error t value p-value Low 95% High 95% Low 95% High 95%
constant 54,49465803 3,264382136 16,6937129 4,12E-36 48,04489202 60,94442 48,04489 60,94442
Temp 0,291596995 0,170853241 1,70671035 0,089932 -0,045974828 0,629169 -0,045975 0,629169

Figure 4: Predicted death counts and registered temperature in Budapest, summer 2004
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Predicted daily death counts and registered daily temperature showed a significant correlation for

the summer period.

Summary table

Regression statistics

r value 0,472044128
R Square 0,222825659
Corrected R Square 0,217678809
Standard error 4,959544256
Observations 153
ANALYSIS of VARIANCE
df SS MS F Significance of F

Regression 1 1064,896092 1064,89609 43,2936 7,28611E-10
Residual 151 3714,158964 24,5970792
Total 152 4779,055056

Coefficients Standard error t value p-value Low 95% High 95% Low 95% High 95%
Constant 56,1051975 1,956077841 28,6824974 5,43E-63 52,24037903 59,97002 52,24038 59,97002
Temp 0,673628122 0,102378406 6,57978718 7,29E-10 0,471348875 0,875907 0,471349 0,875907

Figure S: Predicted excess deaths, Pt average and registered mean during the heat wave in

2004, Budapest
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As it can be seen from the graphs, the registered mean temperature showed a better correlation with
the predicted excess deaths as well as with registered excess deaths than predicted average

perceived temperature.
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Figure 7: Emergency ambulance calls due to ill defined symptoms (ICD 9: 780-799) -2004,
July, Budapest
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As it is seen form the graph, emergency calls due to ill defined symptoms better follow the
registered daily mean temperature values than perceived temperature prediction.
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Operation of HWWS
In 2004 — an experimental implementation

The Budapest partners of the WWS ( FINCPH_NIEH, National Meteorological Service, Capital
Institute of the National Service of Public Health, Capital Institute of National Ambulance Service built
up a network. The threshold levels of the warning system were defined on the basis of the results of
analysis of studies of the Budapest mortality and meteorology database. When meeting the criteria of
the alarm forecasted by the WWS, the FINCPH-NIEH sent a warning message for the Capital Institute
of Ambulance service. In case of a heat wave (PT>33,0 °C at 12.00 UTC and an excess mortality
>15%) for 3 or more days the PR referent of the Ambulance service announced the heat wave alarm
for the general public via mass media. When the (PT>33,0 °C at 12.00 UTC) was forecasted for 1 or 2
days, the information was forwarded to the Ambulance service as an internal information to ascertain
the preparedness of the ambulance service.

During 2004 summer there was one heat wave in Budapest meeting these criteria from 19" July to
23rd July. During this event reports and interviews were given on the 5 leading TV channels,
broadcasting services and in daily newspapers. On 24™ of July the end of the alarm was also
announced by the speaker of the Ambulance Service through mass media for the public.

In 2005 — a modified HWWS

The study group of the University of Birmingham updated the HWWS website every day, beside
this an automatic email message was sent to the National Institute of Environmental Health in case
when daily mean temperature was forecasted above 25 °C and the predicted excess mortality was
15% for one or more days. The ad hoc scientific group of the National Institute of Environmental
Health and National Institute of Occupational Health evaluated the information and in case of the
2nd level of heat alarm, the Office of the Chief Medical Officer was informed. This situation
occurred once during 2005 between 28-31 of July. On the basis of this information the chief
medical officer ordered the second level of heat alarm, which contained alarming the health care
system: hospitals and the ambulance service. The attention was drawn on the increase of emergency
calls and hospital admission, and guidelines were given concerning the special problems of patient
care during the heat wave. At the same time the general public was informed about the health
impact of heat and the attention was called how to prevent the impact. The information flow is
shown in Figure 1. The chief medical officer ordered the county institution of the public health
service and the capital institute to inform the health care system about the health impact of heat
wave. The Capital institute forwarded this information to the department of central inventory of
hospital beds, to the division of public health and to the secretariat of the Committee of Civil
Protection of the Municipality. The Secretariat forwarded the information to the concerned
departments and to the Civil Protection Directorate of the Capital. The departments launched
actions prepared beforehand. The Division of Health Care Management of Capital Institute of
Public Health Service prepared guidelines for hospitalized patient treatment during heat waves.
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Table 1: Guidelines for hospitalized patient treatment during heat waves prepared by the
Division of Health Care Management of Capital Institute of Public Health Service

- More frequent measurement of body temperature. In case of high temperature cooling of
the body by frequent washing of it or by covering the body surface with wet linen.

- Liquid supplementation “per os” or parenterally.

- More frequent changing of bed linen

- Keep track on the signs of fainting, loosing consciousness

- Keep track on the exanthemas of the skin due to heat and treat it timely

- Keep track on patients with chronic diseases (hypertension, diseases of the kidney, liver,
diabetes etc.)

- Keep track on the changes of effect of several medicines due to the heat (eg beta blockers,
antihistamines, antidepressants).

- Postpone the non acute operations in accordance with the patient’s decision.

- Control the concentration of electrolytes in diseases where increased loss of electrolytes
display an elevated risk.

- Keeping the rules of “good practice” the treatment of special diseases should have a
privilege.

- The working regime should be rationalised, optimal a resting time should be given to the
personnel.

- Ventilation should be carried out in the morning hours, ventilators can be used and window
shades should be put on early enough in the wards towards the South.

- Patients in a serious condition should be placed in rooms with air condition.

- Patients waiting for operation should be placed in rooms with air condition. Patients
waiting for outpatient treatment should be placed in waiting rooms with air condition.

- The nursing personnel as well as the patients should be provided by sufficient amount of
liquid. The cooling capacity should be increased.

- The technical personnel on duty should be enforced.
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Figure 8: Information flow during heat alarm in Budapest, 2005
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Te Office of the Chief Medical Officer issued the following set of guidelines parallel to the
announcement of heat alarm

Table 2: Guidelines for the general population

- The extreme heat lasting for longer period has a health impact. It has an unfavourable effect
on everybody, especially on people carrying out physical activity working either outdoor or
indoor.

- Extreme heat can cause disorders of the cardiovascular system in elderly. If you have any
health problems, please consult your GP immediately. Patients consuming medicines for
heart diseases ask special advises from the doctors.

- Elderly people stay in cool places during hot days, avoid heavy physical activity. Take
lukewarm shower several times a day.

- During the heat wave everybody should take care of the increased liquid consumption,
which can be several times more of the usual consumption.

- Avoid being in the sun without a shade between 11 and 15 hours, while there is an elevated
risk of sunstroke during these hours. Protect the body from the harmful UVB radiation of
the sun by using sun crémes. Wear cloths of light colour and natural material, broad
rimmed hat to protect the eyes.

- Never leave small children or pets in closed cars.

- Outdoor sport activity should be restricted for the morning and evening hours.

- During heat waves employers should provide employees with protective liquid according to
requests, at least once in half an hour this should be water of 14-16 °C or soft drinks of the
same temperature and should ascertain breaks.

Special advertisements were produced for high risk groups: mothers with small children, youth and
elderly. These advertisements were placed in consulting rooms of paediatricians and GPs,
pharmacies and offices of the municipality.

Other tools of communication produced: Informative articles in different magazines, 15 sec
advertisement spot: broadcasted 80 times in the National Geographic channel in August, 2005. The
electronic version of the above mentioned information material was put on the website of the
National Institute of Environmental Health (www.antsz.hu/oki.)
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Experiences of the operation of HWWS in 2005.

Evaluation of the effectiveness of the information activity

A telephone-survey was carried out in the five biggest towns in Hungary in November 2005. 2500
people over 18 years having a dwelling with telephone were interviewed. The questionnaire contained

10 questions aimed to assess the knowledge and awareness of the people about heat, adaptation
methods and heat-alert system. The evaluation follows the four groups of questions.

1) Awareness of heat: Generally people could mention one harmful effect but people aging 30-59 y
could say more than two impacts. Most of them mentioned hypertension (27%), heatstroke (11%) skin
problems (31%) and cardiovascular diseases in 22%. Half of the interviewees considered support for
elderly of high importance.

Awareness (Figures 9-10).

Who do you think is the most vulnerable group during heat-wave?

Elderly people
Children

Sick people

Groups

Everybody
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Other |
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% 0 10 20 30 40 50 60

Do you know the harmful effects of heat?
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Other
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% in respondent B % in response
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2) Preventions: 4/5 of the people took preventive steps but only 1/5 of them could tell exactly how:
drinking liquid (20%), sit in shade (17%) or in a room with air-conditioning (16%).

Prevention (Figure 11)

How do you usually protect yourself against heat?

Drink more liquid

Sit in shade

Be in a place with air-conditioning
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3) Communication plan: 25% of the interviewees, mostly between 45-59 years, saw any advertisement.
Most of them have seen in the television (78%), daily newspapers (57%) and street boards (41%).

Communication plan (Figures 12-13)

Did you see any advertisement related to harmful effects of heat?

Total Sample

o
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4) HHWWS: Large number of interviewees (59%) heard about the announcement of “heat-alarm” and
found the guidance informative (42%) and suitable (39%). 2/5 of them would like to know more about
heat-wave by the following communication tools: television (92%), radio (76%) and regional
newspaper (67%).

HWWS (Figs 14-16)

Groups

Medium

Did you hear about the "heat-alarm" during this summer?
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Did you think the advertisement was....

Informative
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Answers
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Results of the statistical analysis

The differences in answers for the following questions were tested by statistical methods. We found
significant relationship with Chi square test in case of the question 1 (Do you know the harmful
effects of heat?). Strong perspiration was significantly more often mentioned by the group of retired
people compared to the group of “active workers” (OR: 0,671, CI: 0,516-0,873) and by the age group of
45-59 (OR: 0,644, CI: 0,496-0,837) compared to the younger.

In the logistic regression models we found significant relationship in one case: heatstroke was
mentioned more often by the inactive workers (OR: 0,571, CI: 0,408-0,798). In case of other factors —
age, sex, qualification — significant results were not found.

We also examined whether the answer to question 1 is influenced by the fact that the interviewers
have seen any advertisement related to heat in 2005, but no significant association was detected.

We found significant association with Chi square test in case of question 3 (How do you usually
protect yourself against heat?). Retired people (OR: 0,671, CI: 0,516-0,873) compared to “other active
workers”, people living in Pécs (OR: 0,654, CI: 0,507-0,843) and interviewees at the age of 45-59 (OR:
0,644, CI: 0,496-0,837) compared to younger ones significantly more often mentioned “drinking more
liquid” during heat. No significant differences were found concerning other factors — wearing hat
and sunglasses, use sun cream and being in air-conditioned places.

In the regression model it was seen that “dependants” (homemakers) (OR: 0,332, CI: 0,160-0,689)
compared to other active workers mentioned more often “drinking more liquid” during heat wave;
“other inactive workers” significantly often mentioned that they “wear hat” (OR: 0,444, CI: 0,268-0,733)
and “sun glasses” (OR: 0,232, CI: 0,108-0,499) during heat wave. Sex and qualification did m modified
the results.

“Use of sun cream” was mentioned more often by the inactive workers (EH: 0,516, CI: 0,318-0,836), in
the age group of 45-59 (OR: 0,584, CI: 0,424-0,803) and in the age group of over 60 (OR: 0,519, CI: 0,334-
0,805).

Here, we also examined whether the answer to question 3 is influenced by the fact that the
interviewees have seen any advertisement related to heat in 2005, but we did not find significant
difference.

The answer to question 6 (What medium did you see that advertisement through?) was not
significantly modified by any factors.

Significant associations were found concerning the answer to question 8 (How do you agree with
that the information spread related to heat was informative, nice, help in the protection against heat,
suitable). People living in Pécs (OR: 0,569, CI: 0,370-0,877) considered that the information did not give
any help in case of protection against heat, at all.
People with high school qualification (OR: 0,522, CI: 0,336-0,813) found the information related to heat
more beautiful than people with primary school.

People with vocation school (OR: 0,646, Cl: 0,521-0,800) and high school qualification (OR: 0,681, CI:
0,558-0,830) answered significantly more often that they had heard that The Medical Chief Officer
announced the 2" level of heat warning 27-31 July, 2005 (question 7).

In case of question 9 (Would you like to know more about the harmful effects of heat wave?), men
(OR: 0,673, CI: 0,567-0,800) answered that they would like to know more about it.
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Evaluation of the emergency hospital admission data

The emergency hospital admission data of 13 hospitals in Budapest during the heat wave 28.-31.07
2005 and between 30.06.-24.07. 2005 were evaluated by descriptive method.

It can be stated that during the heat wave the frequency of admissions due to injuries and
exsiccation. Concerning other diagnoses, there was no difference in the number of hospitalization.
On the other hand mortality in the hospitals during the heat wave was by 30% higher compared to
the average of the previous time period Fig 17)

Figure 17: Emergency hospital admission and mortality in the hospitals during the heat wave
and in the previous weeks in Budapest, 2005.
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Discussion

The harmful health effects of weather condition were already known in the seventies, but no special
attention was paid to them till the second half of the nineties. This is supported by the data given in
table 3. In the late years several countries elaborated heat alarm system based on different threshold
levels. For example heat alarm is launched in England (16) when the daily temperature reaches the
threshold value (30 °C at daytime, 15 °C in the evening) on two consecutive days and t at night in
between. In Paris (17) the heat alarm is launched when the daily minimum and maximum
temperature exceeds the threshold value on three consecutive days. In Portugal (18), based on the
ICARO index a heat wave is defined if daily mean temperature exceeds 32 °C on two days. In Italy
(19), the thresholds for heat alert are city specific.

Heat alarm systems have three or four levels. Similarly to the Hungarian system, the Italian system
has also three levels: warning, preparedness, alert. In England there are four levels: information,
warning, heat wave and Emergency level. In Paris the system has also four levels: vigilance, pre-
warning, warning, emergency. In Germany there are only two levels strong heat stress and extreme
heat stress.

The HWWS is operated by the National Institute of Environmental Health and by the National
Meteorological Service from 1% of June till 30™ of August. In many countries the Meteorological
Service is responsible for running the HWWS like in England and Germany. In Portugal, France
and Italy the public health institutions are responsible for the system. The timeframe of the HWWS
is different in the countries: In England from 1% of June till 15™ September, in Germany from 1% of
June till 30" September, in Portugal from 15" of May till 30" of September.

In the last 50 years, 2003 was the hottest in France with record day and night temperature. After the
heat-wave period, they analyzed how the French media dealt with the public health from June to
August in 2003. The text (newspaper and radio reports) analysis pinpointed to the absence of public
health culture and ““social exclusion” related to a breakdown of social cohesion.

For the future, more cooperation is needed between the media and public health professionals and a
public health culture must be developed in France (20).

In Hungary we evaluated the effectiveness of the information given in 2005- The most popular
communication tool was the television, 90% of the interviewees defined it. The least used media
was the internet, but more than 30% chose this possibility.

The order of the second level of heat alarm which is mainly awareness raising of the risks of the
heat both for the health care system and for the general population does not need legal basis.
However, the 3" level of the heat alarm meets the definition “extreme weather condition” of the
governmental order 179/1999 (XIL.10). 5™ § 2™ section. In the future detailed legal regulation is
necessary to define the responsibilities and tasks of the stakeholders.

There was a positive feedback from the health care units of Budapest concerning the HWWS.
According to the opinions the HWWS

- was useful to during the heat waves

- the timely alert helped prepare the related wards of the hospital for the special tasks during the
heat wave.

- there is a need to maintain the HWWS in the future.
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According to the population survey the general population expressed a need for further information.
The results showed that there is a lack of knowledge concerning the health impact of heat. More
effective tools of communication should be elaborated in the future.

In consequence of global warming and its impact on human health prevention, mitigation and
adaptation become more and more important. In Hungary the need to develop a National Climate
Strategy is formulated in the New Governmental Program. The Climate-Health Prevention Strategy
should be a part of it.

It should include the followings:

e The elements of climate-health network
e Further research on the possible related diseases and ways of their prevention
e Prevention should be prioritised besides patient care and rehabilitation
e Elaboration of tool for changing social consciousness
Heat wave Mortality Reference
Birmingham, UK 1976 Mortality increase by 10%, | Ellis et al (1980)
mainly 70-79 y old female
and male population
London, UK 1976 Mortality increase by 9,7% Lye and Kamel (1977)
Portugal 1981 Excess mortality in Lisbon | Garcia et al (1999)
63, in Portugal 1906
Rome, Italy, 1983 Deaths due to heat stroke 56, | Todisco (1983)
excess mortality 35%
Athens, Greece Excess mortality >2000, heat | Katsouyanni et al (1988)
related mortality 926,
hospitalization 2690 people
London UK 1995 Excess mortality 619, | Rooney et al (1998)
mortality increased by 8,9%
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11. Heat prevention at national and city levels

Preparedness for heat-waves among cities in Europe
Tom Kosatsky, MD, MPH

Background

The WHO European Region has experienced an unprecedented rate of warming in the recent past.
During the period 1976-1999, the mean daily maximum temperature in most areas during the
summer months has increased by more than 0.3°C per decade (Koppe, 2004).

Increasing variability in the European climate has lead many experts to predict that extreme weather
events including floods, heat waves, cold spells, and windstorms will become both more frequent
and more severe (Navarra, 2004).

In the summer of 2003, heat waves struck large areas of Western Europe and caused many
unanticipated deaths in several countries. According to provisional data provided by national
authorities, there were more than 14,800 excess deaths in France alone (Kovats, 2004).

In recent years, preventing and responding to the effects on human health of extreme weather has
become a public health action priority. Health Ministries have responded by invoking the three
classic public health strategies: disease prevention; wellness promotion; and health protection
(Detels and Breslow, 2002). As a fit population is better able to withstand heat and cold stress, and
an informed population better able to adopt protective measures, wellness promotion also has a
place in preparedness for extreme weather. Health protection measures such as the provision of air
conditioning, clean water, and shelter for the homeless might be included in programmes to reduce
the sanitary impacts of heat waves, floods, wind storms and cold spells.

Besides the classic strategies of prevention, promotion and protection, such integrative actions as
vigilance (information gathering to signal early evidence of stress and/or impact on health) and
resource coordination have been implicated in public health responses to extreme weather.

While each type of extreme weather event and each locale require a tailored response, public health
is most effective where specific programmes form part of a well-developed network and approach.
Thus, where a strong system of disease surveillance is already in place, public health authorities can
more easily incorporate special measures to detect emerging health impacts related to new
environmental stressors. Likewise, where the home care network is already active, it can more
easily incorporate extraordinary measures to protect the most vulnerable during heat waves and
floods.

One might argue that public health preparedness for extreme weather should be based on the
assessment of vulnerabilities coupled with the mobilization of resources from within and outside the
health sector. The assessment of vulnerabilities includes both environmental factors (examples:
residential zones most liable to be flooded, urban areas where heat is trapped) and social and
behavioural factors (examples: marginalized or non-autonomous populations, persons with low
levels of immunity to infectious disease). Given the complexity of responses, resources must be
mobilized, both from within and outside the health sector, to mitigate these vulnerabilities. In order
that these resources truly strengthen population resilience in the domain of health (as opposed to
other worthwhile objectives), public health authorities must both assume a coordinating role and act
as primary advocates for health.

Public health authorities can be involved in both preparation for, and response to, extreme weather.
Both mandates involve the building and activation of partnerships, with weather services, civil
protection agencies, civic authorities, health service providers and voluntary agencies. Issues of
responsibilities, leadership and coordination must be defined.
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Finally, public health authorities can be involved in influencing those environmental stressors that
contribute to global climate change and with it, extreme weather. Specifically, in promoting a
healthier world, public health authorities can advocate for the great variety of measures which
diminish vulnerabilities, an example at the global level being the reduction of greenhouse gas
emissions, or, at the local level, reduction of the urban heat island, or limitation of residential
encroachment on the flood plain.

The WHO Regional Office for Europe is working to place climate change higher on the global
public health agenda. As a first step, there is a need to document policy frameworks, programmes
and lead agencies in relation to actual public heath responses to extreme weather. The theoretical
basis for public health intervention has been developed in two recent publications on heat waves:

- Methods of assessing human health vulnerability and public health adaptation to climate
change (Kovats S, et al, 2003)\Heat waves: risks and responses (Koppe et al, 2003)

GOAL of the survey:
- Describe prevention activities related to population health during extreme weather events in
16 PHEWE cities;

- Initiate the development of best practices.

This has been part of the PHEWE project, and has followed a country analysis that was carried out
under the cCASHh project.

Methodology

Three recent enquiries are particularly relevant. During the summer of 2002, the U.S. Centre for
Disease Control (CDC) reviewed emergency response plans for 18 US City Health Departments
(Bernard and McGeehin, 2004). Of the 18, six had no plan which encompassed a heat wave
response, two included heat waves in an overall disaster response plan, and 10 had stand-alone heat
wave plans. Of the latter 10, for seven, the plans were judged comprehensive, on the basis that: lead
and participating agencies were identified; a consistent, standardized warning system was activated
on the basis of weather forecasts; a communication plan was in place; the response plan targeted
high risk groups; and mechanisms for information collection, evaluation, and revision were in place.
While the CDC review covered the emergency response function, it excluded issues relating to the
involvement of city health departments in the promotion of medium and long-term adaptation
measures.

The WHO European Region’s Division of Country Support conducted, during 2004, a survey of
disaster preparedness in 12 (mainly Central and Eastern European and Central Asian) countries (G
Rockenshaub, WHO European Region, personal communication). Among issues queried were the
legal and administrative basis of disaster response and the nature of national disaster plans,
including roles and responsibilities and chain of command; co-ordination of the national response,
specific role of health authorities; training and monitoring and evaluation.

- Interpretation of responses is limited by contextual issues concerning the different histories
and mandates of public health in the various European Region member states, and by
difficulties in locating a single best respondent for the complex issue of preparedness for
extreme weather.

- It does appear that most Health Ministries have become involved in the issue of response to
extreme weather, that they participate in inter-Ministerial programmes, and that some have
instituted strategies to identify and to rectify population vulnerabilities before such events
occur.

- However, specific legislation referring to the health consequences of extreme weather is still
the rarity in the European region, and Ministerial programmes designed to mitigate natural
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disasters often do not include extreme weather events. Few Ministries cooperate formally with
their national meteorological agencies.

- Fifteen (79%) Ministries responded that they had a plan for mobilization and response during
emergencies. Eleven of these plans had sections devoted to earthquakes and 10 to chemical
spills; fewer mentioned extreme weather events: floods (9), windstorms (3), heat waves (3),
cold spells (1). Eight Ministries stated that their response plan had been revised within the last
5 years, of which 5 had been revised in 2003.

- Three (16%) Ministries had collaborative agreements with national weather services:
agreements covered the transmission of weather information, the drafting of joint
communiqués, and responsibilities for risk management. Nine (47%) Ministries had
cooperative agreements with the national civil protection agency on extreme weather/natural
disasters, and 4 (21%) with the national armed forces.

- Ten (53%) of the Ministries had programmes in place to monitor health during natural
disasters, which in most cases included surveillance of medical visits, emergency services,
hospitalisations, and recent deaths. However, in fewer than half of the 10 Ministries with
health monitoring programs, were extreme weather events included.

- Other than national responsibilities in the area of extreme weather, in 16 (84%) countries there
were also regional and in 18 cases (95%) also municipal mandates.

Methods

In June 2004, the WHO European Centre for Environment and Health (Rome) initiated a survey in
the 16 PHEWE cities. This was distributed by e-mail and mail. It was addressed to directors of
PHEWE city health departments in copy to the PHEWE co-ordinators; with several solicitation
depending on the cities. In addition follow up interviews were hold where necessary. The content of
the questionnaire included:

Our study questionnaire (Annex 1) was designed to cover the spectrum of powers and responses
with respect to extreme weather events. It included, questions on: Last major flood, heat wave, cold
spell, wind storm in each city and their effects on health (open-ended); Legislation empowering city
to act; Lead agency for preparation and response; Role of health department; Existence of overall,
and event-specific plans; Links with weather service, civil protection, national authorities;
Activities planned for pre-and during-event and the Media interest. In order to assess the division of
responsibilities within nations, we asked about whether regions and cities had mandates and
programmes beyond those of their national Ministries. In order to validate and contextualize
responses, we asked for written documentation of legal mandates and programme activities where
available.

From the 9 cities that responded, the following were the responders: Director, city health
department; PHEWE coordinator; National respondents to an earlier survey; Mayor; City
emergency hot line.
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Figure 1 shows in green those cities that responded extensively:

Tom Kosatsky, 2006
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PHEWE CITIES
PREPAREDNESS SURVEY PARTICIPANTS

Problems encountered were the following: scarce interest; heat not perceived as a problem;
language; Information provided was not validated and the high influence of the respondent
(personnel interest, etc)

The questionnaire was pre-tested with colleagues at the WHO European Centre for Environment
and Health and subsequently with French, Slovakian, and Canadian environmental public health
authorities.

Respondents were identified by asking the Director of Public Health in the city. The questionnaire
itself, written in English, German, and French. It included both open and closed questions, the
answers to which were later coded based on response similarities. The transmittal letter was also
sent to the WHO country liaison officers appointed to Central and Eastern European and Central
Asian countries. (Annex 2)

Completed survey forms were scanned for missing pages and questions left unanswered. When this
occurred, we requested completion of the missing sections. Occasionally answers appeared
inconsistent, as when a general question was answered “no”, but follow-up questions, contingent on
the general question receiving a positive response, were answered anyway. Given that these
responses may have been the result of an ambiguous question or of a situation where the
respondent’s authority had particular legislation, programmes or activities, not considered when our
questions were formulated, we accepted the responses as provided. Occasionally, inferences were
required when a written response was received which did not fall into one of the suggested
categories: these were coded as “uncertain”.

Results

As of 20 December 2004, 8of the 16PHEWE cities answered. 7 city responders came from the city
government. As the questionnaire was filled in by different institutions, the secondary responders

came from several sectors:
civil
%
Secondary respondent

Primary respondent ®)

academic

national
ministry
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Answers to the questions have been organized by city:

Does you city have the power to act during an emergency?

City No

Athens
Barcelona
Budapest
Crakow
Helsinki
London
Lubljana
Stockholm

NNNNNNNNNEE

Zuerich

Does emergency measures legislation mention specifically heatwaves

waves)?

City Yes No
Athens X
Barcelona X
Budapest X
Crakow X
Helsinki X
London X
Lubljana X
Stockholm X
Zuerich X —irrigation of fields

Does your city health department have a plan for mobilization during emergencies (for heat
City Yes No
Athens X general for all
Barcelona X
Budapest X
Crakow X
Helsinki X
London X —IT IS NATIONAL
Lubljana X
Stockholm X
Zuerich X

In what year has it been revised?

City Yes No
Athens 2004

Barcelona CONSTANT

Budapest 2004

Crakow 2001

Helsinki 2005

London 2004

Lubljana -

Stockholm

Zuerich EVERY YEAR
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Is there a cooperative agreement between your city department and the weather service?

City Yes No

Athens X — transmission of
information and forecasts
as well as communication
to public

Barcelona X

Budapest X — transmission of
information and forecasts
as well as communication
to public

Crakow X — transmission of
information and forecasts
as well as communication
to public

Helsinki X — makes decisions in
case of extreme weather
events and is responsible
for public communication

London

Lubljana

Stockholm

Zuerich X

Rl

Is there a cooperative agreement between your city department and the civil service?

City Yes No

Athens X
Barcelona
Budapest
Crakow
Helsinki
London
Lubljana
Stockholm
Zuerich X

o R A A

Is there a cooperative agreement between your city department and the armed forces?

City Yes

No
Athens X
Barcelona X
Budapest -

Crakow X

Helsinki

London

Lubljana

Stockholm

Zuerich
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Does your City health department have a program to monitor population health in natural disasters?

City Yes No
Athens X
Barcelona X
Budapest X
Crakow

Helsinki

London

Lubljana

Stockholm

Zuerich

PR K X

If yes, does it include reports from funeral homes?

City Yes No
Athens

Barcelona X

Budapest X

Crakow

Helsinki

London

Stockholm

Zuerich

If yes, does it include surveillance from hospitals

City Yes No
Athens

Barcelona X

Budapest X

Crakow

Helsinki

London

Lubljana

Stockholm

Zuerich

If yes, does it include emergency services and ambulance calls

City Yes No
Athens

Barcelona X
Budapest X

Crakow

Helsinki

London

Lubljana

Stockholm

Zuerich
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If yes, does the surveillance program include heat waves

SPECIFIED

City Yes No
Athens
Barcelona X
Budapest X
Crakow
Helsinki
London
Lubljana
Stockholm
Zuerich
Has the media showed interest
City Yes No
Athens ++++
Barcelona +++
Budapest A
Crakow Sninints
Helsinki +++
London ++
Lubljana SEiae
Stockholm +++
Zuerich +
In what year was your major heatwave
City Yes No
Athens 1987
Barcelona 2003
Budapest 2003
Crakow -
Helsinki never
London -
Lubljana -
Stockholm =
Zuerich 2003
What was the impact
City Yes No
Athens 2000 DEATHS
Barcelona 40% INCREASE IN
MORTALITY
Budapest 200 EXCESS DEATHS
Crakow -
Helsinki -
London -
Lubljana -
Stockholm =
Zuerich YES BUT NOT

Does your city have a plan to prevent heatwaves
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Zuerich

City Yes No

Athens X

Barcelona X

Budapest X

Crakow X

Helsinki X

London X SUGGESTED TO ASK
SOMEBODY

Lubljana X

Stockholm X

Zuerich X

What does it involve?

City Yes No

Athens CONFIDENTIAL PLAN:
Assessment of people most
susceptible; public
education campaign;
advice for health
protection.

Barcelona Assessment of people most
susceptible; public
education campaigns;
advice for health
protection  based on
weather forecasts; advice
for doctors.

Budapest Assessment of people most
susceptible; public
education campaigns;
advice for health
protection based on
weather forecasts; advice
for doctors.

Crakow

Helsinki

London

Lubljana

Stockholm
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Discussion and Conclusion

Interpretation of responses is limited by the very few cities, that were analysed and by the little in
depths analysis. The different histories and mandates of public health in the various cities, and by
difficulties in locating a single best respondent for the complex issue of describing preparedness for
heat-waves.

Language, culture, the division of powers between city, federal and state authorities, and the
organisation of cities are complex, as shown by responses of London and Crakow:

Other important points, are that for example that Crakow city does not have health
competencies, but it is with the Sanitary inspection units.

London has 32 departments, and it is actually greater London that is responsible, e.g.
Thames protection

The issue of validity of responses goes beyond the question of rates of response. Typically, a variety
of units and individuals within a city are involved in extreme weather preparedness and response. In
some cities, an affiliated institute of public health assumes the functions. We attempted to give
voice to the various actors involved by including different approached. In several cases, more than
one individual contributed to the response. A more proactive approach would be to develop the
survey on the basis of case studies, with the various actors implicated in extreme weather event
preparedness interviewed both individually and in a group encounter.

Despite these obstacles, we submit that the current survey has added knowledge to an area where as
yet little work has been done. Both the survey and the collection of legislation and programmes it
has produced provide examples of the wide variety of public health responses

We found, in common with the Division of Country Support survey and the cCASH survey, that
there is a wide variation in preparedness and response activities among cities and European Member
States.
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Appendix 1

Member States of the WHO European Region (survey respondents in bold)

EU Members

Austria
Belgium
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy

Newly Independent States

Armenia
Azerbijan
Belarus
Georgia
Kazakhstan
Kyrgyzstan

Other European Region Member States

Andorra

Albania

Bosnia and Herzegovinia

Bulgaria

Croatia

Former Yugoslav Republic of Macedonia
Iceland

Israel

Latvia
Lithuania
Luxemburg
Malta
Netherlands
Poland
Portugal
Slovak Republic
Slovenia

Spain

Sweden

United Kingdom

Republic of Moldova
Russia

Tajikistan
TurkmeNIStan
Ukraine

Uzbekistan

Monaco
Norway
Romania
SanMarino

Serbia and Montenegro

Switzerland
Turkey

182



PHEWE Final Scientific

12. Summer excess deaths and YoLL

See attached pdf file
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13. Heat Waves and Human Health.

See attached file
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14. General discussion

Summer results
Effect of temperature on daily Mortality

The main results which emerge from the analysis of the effect of apparent temperature on
daily mortality is that in summer a j-shaped relationship was observed in most cities. In
the Mediterranean cities thresholds (temperature value above which an increase in
temperature is associated to an increase in mortality) present high heterogeneity ranging
from 21.5°C in Ljubljana to 32.7°C in Athens. The effect of heat was expressed in terms
of percent variation in mortality associated to 1° C increase in apparent temperature
above the city-specific threshold. The percent variation estimated ranges from 0.56% in
Valencia to 5.54% in Athens. The effect of heat was immediate (picked up by lag 0-3
analysis).

The pooled estimates were produced for all cities, Mediterranean and Northern-
Continental cities. The pooled threshold for the Mediterranean cities was 29.4°C, while
for the northern-continental counties was 23.3°C. The percent variation in mortality was
estimated for every 1°C increase in Tappmax above the common threshold. For total
mortality significant overall percent variations was equal to 3.12 (95% CI: 0.60-5.72)
and to 1.84 (95% CI: 0.06-3.64) respectively.

The percent variation in mortality was higher for respiratory and cardiovascular
mortality. A statistically significant effect of high temperatures on cardiovascular
mortality was seen when considering all age groups and in the 75+ age group in
Mediterranean cities, while a significant effect in mortality by respiratory causes was
observed for both Mediterranean and North Continental in all ages and the 75+ age

group.
The impact of high temperatures differs within the summer season, in fact there was

evidence that first episodes are the most dangerous as populations are not yet
acclimatised.

An harvesting effect for total and cardiovascular mortality was observed, which was
more evident in the Mediterranean cities.

Effect of temperature on daily Hospital admissions

Admissions for respiratory, cardiovascular and respiratory causes were analysed by age
groups (0-14; 15-64; 65-74; 75+).

No effect of high temperatures was observed on cardiovascular and cerebrovascular
causes for all ages considered. Considering all age groups an effect of temperature on
respiratory admissions was observed only in Stockholm, Milan and London. Analysis by
age groups gave a better insight with a positive association between high temperatures
and respiratory admissions in a larger group of cities: Stockholm (65-74, 75+), London
(15-64; 65-74; 75+), Rome and Valencia for the very old (75+), in Milan for the young
(0-14) and very old (75+) and Turin only in the 15-64 age group.

Pooled analysis was carried out on extreme summer temperatures (>90™ percentile
during summer). For cardiovascular and cerebrovascular disease a negative significant
coefficient was observed for all cities. For respiratory disease a positive coefficient was
observed for all cities and northern-continental cities. Pooled analysis (Mediterranean
and northern-Continental cities) for respiratory disease by age groups illustrated a
significant positive effect of high temperatures for the 15-64 and 65-74 age groups was
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only observed in the northern-Continental cities, while for the 75+ age group a positive
effect was estimated in all cities, Mediterranean and northern-Continental cities.

Attributable deaths: Years of Life lost

To estimate the impact of unusually high summer temperatures on the health of European
urban populations a Years of life lost approach (YoLL) in which the loss of life
expectancy over the city population is expressed as a function of summer weather.

Results of this analysis estimated less than 60 excess temperature-related deaths per
100,000, per year, between 1990-2000 in each city among subjects aged 15-64 and 65-
74. While estimated 150-200 excess deaths per 100,000 per year for people aged 75+ in
some cities, Paris, Barcelona, Athens, Budapest and Rome. These estimates are reduced
by 35-60% when those displaced by less than 30 days are excluded (not those aged <75).
In Paris, Budapest, Rome, Turin, and Barcelona appear to be particularly sensitive to the
high temperature scenario.

Although an estimate, results presented are very useful as they present a good insight for
health impact assessment of climate change scenarios.

Further analysis should consider life expectancy rates and the differences between age
groups, as well as for the different susceptible subgroups. Infact, life expectancy is
changing and mortality rates are declining but not in a homogeneous way. Estimates
stratified by gender should also be included.

Air pollution: confounding and effect modification

Most studies in the literature assessing the confounding effect of air pollution in
temperature-mortality outcomes show there is no or minimal confounding. Results from
the PHEWE project show that in the warm season, the confounding effect of pollutants
on the size of the apparent temperature effect estimate is small (<10% in all cases, except
when including PM;y in the fixed effects model for cerebrovascular disease mortality.
The size of the effect estimate of apparent temperature when adjusting for an air
pollution variable generally decreases, except for a few specific models concerning
effects on cerebrovascular disease.

For the summer season was observed a significant interactive of apparent temperature on
total natural mortality with CO and a larger interactive effect with ozone. In cities where
the ozone levels are higher, the effects of apparent temperature are higher. Specifically,
for a city with ozone level at the 25" percentile of the ozone distribution over all cities,
the increase in mortality associated with an increase of 1°C above the threshold level is
1.66%, whilst in a city with ozone at the 75" percentile, the increase in mortality is
2.10%. However, the significance of the interactive effect does not reach the nominal
level when the random effects model is applied (preserving the same pattern). For
cardiovascular disease mortality, there is a significant interaction of apparent temperature
with black smoke levels both with fixed and random effects models. The increase in
mortality associated with 1°C increase in apparent temperature, is 3.06% in a city with
low black smoke (at the 25™ percentile) whilst it is 2.47% in a city with high black smoke
(75th percentile). There is no interaction of the effects of apparent temperature with any
pollutant when respiratory and cerebrovascular mortality is analyzed.

Winter results
Effect of temperature on daily Mortality

A linear trend, with a negative slope, in the temperature mortality relationship was
observed, suggesting mortality increasing as temperatures decline.
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For total natural and CVD causes of death there was a statistically significant effect in all
age group and in the oldest age groups (65-74 and >75 years). The results showed an
increase in the effect with increasing age. For respiratory and cerebrovascular mortality
there was a statistically significant effect of similar magnitude in those 65-74 and >75
years old but the adverse effect of decreasing temperature was not nominally significant
for those 15-64 years old for respiratory causes of death, and there was no effect for this
age group on cerebrovascular mortality.

City-specific analysis presented heterogeneous results and there is a difference between
the Mediterranean and Northern-continental cities, with an higher effect for total CVD
and cerebrovascular mortality in Mediterranean cities while an higher effect was
observed in Northern-continental cities for respiratory causes of deaths.

The combined curves for total, cardiovascular, respiratory and cerebrovascular mortality
also have a linear trend. The pooled analysis shows that for total and cardiovascular
causes of death there is a statistically significant effect in all age groups considered and
there is a clear increase in the effect with increasing age. For respiratory and
cerebrovascular mortality there is a statistically significant effect of similar magnitude in
the 65-74 and 75+ age groups. The 15-64 age groups shows a significant effect only for
respiratory causes of death.

Distributed lags models showed the delayed effect of temperature on daily mortality.
While unconstrained distributed lags models showed the cumulative effect of
temperature on daily number of deaths up to 30 days for 5 day intervals. There is a
delayed effect of low apparent temperature that goes up to 20 days.

Effect of winter temperature on daily Hospital admissions

Admissions for respiratory, cardiovascular and respiratory causes were analysed by age
groups (0-14; 15-64; 65-74; 75+).

Cardiovascular causes showed a weak association with a decrease in Tappmax Only for the
65-74 and 75+ years age groups. City-specific results for cardiovascular admissions
showed a significant effect only in Barcelona (all ages and 75+ age group), Budapest (all
age groups considered) and London (all ages and 75+ age group).

Cerebrovascular causes were not associated with a decrease in temperature in most cities;
city-specific results showed a significant association only in Barcelona (75+ age group)
and Budapest (all ages and 75+ age group).

A significant effect was observed on respiratory admissions in all age groups in
Budapest, Dublin, London, Paris, Rome, Stockholm and Valencia. While for Barcelona
and Milan only for total and the 75+ age group.

It’s worth noting a certain degree of heterogeneity between city-specific estimates for all
the three outcomes.

The pooled exposure-response curves of maximum apparent temperature and daily
hospital admissions in the 75+ years age group for all cities has a linear trend, with
admission rates rising progressively as temperature decreases for all the three outcomes
considered, although it appears to be stronger for respiratory causes.

Significant increases in hospital admission counts for a decrease in 1°C in Tappmax are
visible for cardiovascular causes in the 65-74 and 75+ years age groups in all cities and
only in the 75+ age group in Continental/Northern cities. Overall, no effect of low
temperature was found for cerebrovascular admissions in all three groups of cities. With
regards to respiratory admissions, a significant association with temperature was
observed for all the age groups considered even if higher in the 75+ years age group in
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all cities as well as in Continental/Northern cities. In Mediterranean cities the only
significant association was found in the 75+ age group.

Air pollution: confounding and effect modification

For the cold season the observed confounding effect of air pollution is indeed minimal. In
all cases, except when adjusting for SO, and ozone in cerebrovascular disease mortality,
the change in the effect estimates is less than 10% after adjustment by the air pollutant. In
all cases, the change after inclusion of the air pollutant variable in the model is to obtain
a smaller effect estimate.

The parameters for the interaction variables are not statistically significant with a few
exceptions. One exception is the interactive effect of NO, and apparent temperature on
total natural mortality, which is significant only when the fixed effects model is applied
and becomes totally insignificant in the random effects model. Also, the interactive effect
of CO and apparent temperature on total mortality is significant and a smaller effect of
apparent temperature is observed when the pollutant level in a city is higher. Further, the
interactive effect of apparent temperature and PM, on respiratory mortality is significant
and the effect of apparent temperature is smaller when the PM10 levels in a city are
higher. Finally, the interactive effect of apparent temperature and SO, on cerebrovascular
disease is significant when the fixed effects model is applied. The effect of apparent
temperature is higher when the pollutant is higher.

Conclusions

The results of this project documented the effect of temperature on mortality both during
the summer as well as the winter seasons in all the European cities included in the
project, showing a large heterogeneity of the effect attributable to the differences in local
climate and to the impact this has on local populations.

For the effect of hot temperatures thresholds were higher in the Mediterranean and lower
in the Northern-Continental countries indicating that people residing in the latter are
susceptible to lower values of apparent temperature. We found that the effect of heat was
stronger in the very old (75+ age group) than earlier in life confirming a high
vulnerability of elderly populations. In general, the highest effect of heat on mortality
was observed for respiratory causes.

As shown by the distributed lag analysis, the effect of high apparent temperature appears
to be immediate (5-6 days) both in Mediterranean and Northern-Continental cities. A
certain evidence of mortality displacement was found in both groups but the
displacement effect was more prolonged in Mediterranean cities.

One interesting result that emerged was that the effect of hot temperature on mortality
was stronger earlier in the season, confirming previous observation that the impact of
high temperatures differs within the summer season. From a physiological point of view,
we can suppose that the human organism reacts better to latest heat due to
acclimatization reasons. But this finding could be explained also by different
composition of the population at risk over time, due to harvesting-like phenomena.

A relevant point to be addressed in the future concerns investigation of possible effect
modifiers which explain heterogeneity in threshold and slope estimates. We can suppose
that demographic and social-economic factors determine different proportion of
susceptible subjects in the enrolled cities. Meteorological and geographical
characteristics can explain part of the heterogeneity among cities, and could modify
mechanisms intervening in the acclimatization process.

Concerning the effect of cold temperature during the winter months, our results

documented that in European cities temperature is inversely associated with mortality,
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and the relationship appears to be linear. The effect of cold was observed on all causes
of death, and was stronger on cardiovascular and respiratory causes.

Furthermore, in warmer cities the cold temperature effect was higher and these results are
consistent with results previously reported in the U.S. (Curriero et al 2002, Braga et al
2002) and from Europe (Eurowinter 1997, Healy 2003).

In our study we observed effects of similar magnitude on deaths from respiratory and
cardiovascular causes. However, when more prolonged effects were studied with
distributed lag models, it appears that the respiratory effects are more persistent through
time.

Results by age groups showed that for total and CVD mortality the effects had an age
gradient; the effect increased progressively with age and was greatest in the elderly.
Whereas the effects of apparent temperature on respiratory and cerebrovascular deaths
were only observed on those older than 65 years.

As observed for the effect of heat, also for the effect of cold temperature on mortality we
observed significant heterogeneity in the effect among cities. As already discussed for the
summer effect, these may be due to differences in environmental, socioeconomic and
behavioral patterns.

With respect to the effect of heat that is immediate, cold showed an effect on mortality up
to two weeks. It is important to recall that cold temperatures are associated to the
transmission of viruses, people are indoor more and enhance the spreading of viruses,
and the biological mechanisms of transmission may justify the long lag effects observed.

The PHEWE project was the first study to systematically analyse the effect of
temperature on hospital admissions in European cities. Results from the PHEWE project
confirm previous results in Europe (S. Kovats et al. 2004; Morabito et al. 2005) that the
impact of hot temperatures on hospital admissions are not consistent with the effect on
mortality for cardiovascular and cerebrovascular causes during the warm season.
Although a heterogeneity of the dose-response curves was observed, in all the cities hot
temperatures were inversely associated with hospital admissions for cardiovascular and
cerebrovascular causes.

An effect of heat was found only on hospital admissions for respiratory causes especially
in the population over 75, and only in some cities.

Concerning the effect of cold temperatures on hospital admissions, the PHEWE project
provides evidence of a small increase in daily hospital admission counts for
cardiovascular and cerebrovascular causes, while a significant effects were observed for
respiratory causes. The comparison of these findings with results on mortality showed
that the effect on cardiovascular admissions was lower than the effect observed on
mortality, whereas the effect on respiratory admissions was similar in magnitude. The
effect of cold on respiratory admissions was higher among oldest age groups (people
over 75).

The larger effects of cold temperatures on cardiovascular (75+ age group only) and
respiratory admissions were observed in Continental/Northern cities. Such a geographical
heterogeneity is in contrast with findings on cold-related mortality within the PHEWE
project that show a cold effect on mortality (both all and specific causes) greater in
Mediterranean than in Continental/Northern cities. However it may reflect differences in
hospitalization among countries instead of differences in the diseases occurrence. A
possible alternative explanation is that hospital admissions are of heterogeneous quality
and probably not always a good indicator of morbidity.
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In comparison to mortality data, hospital admissions data presents some problems which
need to be considered, such as the seasonal fluctuations of specific disease, variation in
the size of the susceptible population, cyclic variation in the supply of services (eg.
Planned admissions have a higher variability than the unplanned ones). In the project the
focus was on emergency admissions as these present less variability, however no
differences in the results where observed among cities for which a code for emergency
was available and the others.

The PHEWE project also included work packages on prevention. Pilot HHWWS warning
systems were developed in Paris, Budapest, Rome, Barcelona and London. Mortality in
the 65+ and 75+ was predicted using deterministic and conditional probabilistic models.
The results showed that thresholds for warnings vary be region and the PHEWE project
can provide guidance for local action. The models experimented became operational only
in Budapest and in Rome. The indications from the PHEWE project for the future
development of HHWWS are that it should be based on an efficient forecast and warning
system, robust understanding of the temperature-mortality relationship and a series of
effective response measure in terms of public health which include efficient
infrastructures and prevention programs.

To have an overview of the prevention activities in action a survey on city preparedness
was defined and a questionnaire was distributed to all the cities included in PHEWE. The
aim of the survey was to describe prevention activities related to population health during
extreme weather and environmental events in the 16 cities and develop guidelines on the
various activities that can be put in practise during these events. Only nine cities
responded to the questionnaire and results refer to these nine cities. The poor response
can be attributable to a language barrier, difficulties in identifying the respondent/s and
questions were too open ended. In terms of results this also made it difficult to validate
the information, and who the respondent was influenced the outcome of the
questionnaire.

In general the impact on hospital admissions hot temperature appears to be lower than the
impact on mortality. Our conclusions are that, in European cities, hot temperatures
seems to have an immediate effect on susceptible subgroups that died before getting to
hospital. These results may be important to understand the physiological processes, and
to focus preventive actions on susceptible subgroups, especially old and very old people
living alone, to prevent fatal events allowing they come to medical’s attention.

In the future other indicators than hospital admissions should be identified to document
possible non-fatal outcome associated to high temperature exposures.

Concerning the public health aspects our results documented a large heterogeneity of the
effect of temperature on mortality both during the warm and the cold season; these
results may be due to heterogeneity in the exposures, in the social and demographic
characteristics of the population, as well as the effectiveness of public health programs
and the consequent adaptation processes of populations.

Considering global climate change scenarios, associated to an increase in the frequency
and intensity of extreme weather events, the impact of heat on health will assume greater
public health significance in the future. As a result, the constant monitoring of the
temperature-mortality relationship and population vulnerability will be necessary to
address and evaluate public health responses. Warning systems and prevention
programmes, especially targeted at susceptible sub-groups, seems to represent an
important resource for public health policies; the effectiveness of these systems needs to
be evaluated at local level for improvements in the future.
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15. Exploitation and dissemination of the results

The present project has provided new information on the short-term health effects of
weather condition on the health of more than 30 Million European citizens from 16 cities,
representing different climatic and socio-economic conditions. The association of
weather on mortality has been investigated in all cities, whereas the effect on morbidity
(in terms of hospital admissions) was studied in 12 cities, according to data availability.
The project has been conducted using a multi-disciplinary approach, and experts from
different disciplines (epidemiology, statistics, meteorology and public health) have taken
over the leadership for the work performed in their specific field of interest, thus
guaranteeing the maximum quality and at the same time sharing their knowledge with the
rest of the group in order to provide a broader spectrum of the matter. The exploitation
and dissemination of the results regard the scientific level as well as the public health
level.

The following channels have been used for the exploitation and dissemination of the
project findings:

Meetings:

- Two meetings were organised to which all project participants were invited: one at
the beginning (March 2003), introducing the project objectives and work plan, and
another one at the end (February 2006), in which the project results were presented
and discussed.

- At the beginning of the third year the midterm review meeting was organised
together with all partners responsible for the work. The preliminary results were
discussed and revised by two external reviewers.

- A work-shop on the public health implications of the project and its findings was
organised jointly with the final meeting in February 2006. Experts from the fields
of Environmental Epidemiology and Public Health were invited for the discussion.

- The Steering Committee met four times (December 2002, February 2004,
November 2004, and February 2006), in order to coordinate the scientific activities
and share important decisions.

- Three working groups (Epidemiology& Statistics, Meteorology, Public Health)
were established during the first project meeting with the aim to support and
supervise the work; these WGs met according to the specific needs of the
scientist involved in the different parts of the project.

- Meetings for HHWWS pilot implementation: Issues regarding the pilot
implementation of heat/health watch warning systems were presented and
discussed at a local level in Budapest (June 2004), Paris (December 2003,
February 2005), and Rome (March 2004)

Presentations/Abstracts/Posters

- The PHEWE project was presented through poster and/or oral presentation in the
following meetings: Environment-for-better-health conference March 2003, IEA
conference 2003, AIRNET conference November 2003, EUPHA conference
November 2003, ISEE conference 2005 (Abstracts published in Epidemiology:
Volume 16(5) September 2005)., EC Workshop on “Global Environmental Change:
Risks to Human Health?”” June 2005,

- A symposium on the final project results was held at the International Conference
on Environmental Epidemiology & Exposure in Paris on the 6™ of September. The

main results were presented to the scientific community and the abstracts were
published in Epidemiology: Volume 15(4) November 2006
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The YoLL analysis was presented to the European Environment Agency in a
meeting in Copenhagen on 26™ September 2006

Websites:

Information on the PHEWE project is available at http://www.epiroma.it/phewe

Information on the HHWWS is available at www.phewe.bham.ac.uk (User =
PHEWE; Password = pippin)

Scientific Publications:

A total of 11 scientific papers have been prepared during the final period of the project
(chapters 2-12)

The PHEWE study: background, objectives, design

Analysis of the meteorological data and development of synoptic indices
The effect of apparent temperature on mortality in winter

The effect of apparent temperature on mortality in summer

The effect of apparent temperature on hospital admissions in winter
The effect of apparent temperature on hospital admissions in summer
Confounding and effect modification: second stag analysis
Development of HHWWS in PHEWE cities

The pilot implementation of the HHWWS in Budapest

Heat prevention at national and city levels

Summer excess deaths and YoLL

Other publications are foreseen in the next months. Copies of publications will be sent to
DG Research.

The results are of interest for international bodies dealing with the issue of Climate
Change, e.g. the International Panel for Climate Change (IPCC), and will be useful in
future decision making processes (e.g. EU climate policy response to the Kyoto
protocol). On a national and local level, the efforts for the development of early heat
warning systems, which have become a priority issue after the 2003 heat wave, can
benefit from the PHEWE findings and experiences.
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16. Policy related benefits

The potential health effects of a global warming is considered a serious problem for the
21st century in Europe but scanty data are available to predict the consequences of a
wider temperature fluctuation, and the resulting increase in heat waves that several
countries in the Union will face. PHEWE was the first pan-European epidemiological
project to analyse the negative health effects of climate and to quantify the contribution
of the single risk factors and their interaction with air pollution. The PHEWE project
used a large-scale geographical approach, including areas with differing climatic
conditions, which is crucial to address such a complex subject.

The findings of the PHEWE project, namely the detection of the effect of climate on
health, its quantification and translation in YoLL, the role of air pollution, the
development of early warning systems and the survey on current prevention strategies are
milestones with regards to some of the environmental policy requests expressed in the
last years:

Article 10/b of the Kyoto Protocol is requesting not only measures to mitigate climate
change but also measures to facilitate adaptation to climate change. The Treaty of
Amsterdam provides a legal basis for measures concerning environmental protection and
human health with article 174.1 which recognises that Community policy must contribute
to the pursuit of four environmental objectives, among these priorities is the protection of
human health. Considering the potential impact of a changing climate and climatic
hazards, an obvious response is to learn to live with it and to hedge against the risks of
adverse climate impacts.

Therefore, evidence on the target population, the areas at highest risk, the quantification
of the impact of heat on health and an inventory of existing policies are important
elements for public health policies. The pilot implementation of heat/health watch
warning systems, models to predict in advance and to alert city residents of potentially
oppressive weather conditions that might negatively affect health, is an important step in
the chain of prevention measures.

The project attempts to integrate the climate - health concern into associated policy areas,
the policy area integration being a major feature of the modern EU policy direction, in
particular, promoted under the umbrella of the Fifth Framework Programme for
Research. The project specifically addresses the general objectives identified in Key
Action 4, and in particular the objectives of point 4.1:

4.1.1 Analysis and quantification of the impact of environmental factors on human
health: city-specific and pooled analysis, health impact assessment;

4.1.2 Assessment of the relative importance of, and the interactions between, factors
impinging on health: confounding and effect modification of air pollution;

4.1.3 Development of an integrated approach to risk management taking into account
environmental and public health aspects: development of heat/health watch warning
systems

Furthermore, this project will, through its dissemination process and importance for the
European policy agenda, promote the information of public health experts and also
increase the request and attention from European Ministries of health. After the 2003
heat wave, the request for early warning systems has become a major topic of public
health prevention strategies.

The PHEWE project was built on a multi-disciplinary collaboration: epidemiologists,
statisticians, meteorologists, and public health experts exchanged their knowledge and
achieved consensus through discussion. This co-operation between researchers from
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different disciplines is a good example for the combination of complementary expertise
and resources available in Europe.

The establishment of a European data base of health, meteorological and air pollution
data and the development of methodologies for the data analysis are important elements
for future research. The know-how achieved in PHEWE has been or will be used in other
European projects, funded within the 6™ Framework Programme:

1. EuroHEAT (Improving public health responses to heat-waves in Europe): for a
selection of the PHEWE cities, data were updated, including the 2003 heat wave,
and the analysis will be performed following the PHEWE approach.

2. CIRCE (Climate Change and Impact Research: the Mediterranean Environment):
the knowledge obtained in the present project, will be transferred to scientists in
other areas and countries.

Economic benefits

The negative health effects of extreme weather events in Europe cause excess mortality
and morbidity and consequently translate into direct costs, in terms of health care
(hospital admissions, drug assumption, doctors consultation) and indirect costs in terms
of work-absenteeism, loss of productive life and need of social support. Targeting the
prevention measures at at-risk groups helps saving health care funds. Providing early
warning systems and guide-lines for effective prevention to the population and health and
social care providers can help to reduce the negative impact.

Moreover, the results coming out of the mortality and YoLL analyses may be useful for
further research in the filed of cost-effectiveness of heat related prevention measures in
Europe.
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