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Background: The 2003 heat wave had a high impact on mortality in Europe, which made necessary to develop
heat health watch warning systems. In Spain this was carried-out by the Ministry of Health in 2004, being based on
exceeding of city-specific simultaneous thresholds of minimum and maximum daily temperatures. The aim of this
study is to assess effectiveness of the official thresholds established by the Ministry of Health for each provincial
capital city, by quantifying and comparing the short-term effects of above-threshold days on total daily mortality.

Methods: Total daily mortality and minimum and maximum temperatures for the 52 capitals of province in Spain
were collected during summer months (June to September) for the study period 1995-2004. Data was analysed
using GEE for Poisson regression. Relative Risk (RR) of total daily mortality was quantified for the current day of

Results: The number of days in which the thresholds were exceeded show great inconsistency, with provinces
with great number of exceeded days adjacent to provinces that did not exceed or rarely exceeded. The average
overall excess risk of dying during an extreme heat day was about 25% (RR = 1.24; 95% confidence interval (Cl) =
[1.19-1.30]). Relative risks showed a significant heterogeneity between cities (I° = 54.9%). Western situation and low
mean summer temperatures were associated with higher relative risks, suggesting thresholds may have been set

Conclusions: This study confirmed that extreme heat days have a considerable impact on total daily mortality in
Spain. Official thresholds gave consistent relative risk in the large capital cities. However, in some other cities

Background

According to the most recent World Health Organisa-
tion executive committee report, the 2003 summer heat
wave caused a total of 44,000 excess deaths in Europe as
a consequence of the extremely high temperatures
recorded that summer [1]. Since that, many European
countries have drawn up heat-surveillance systems to
alert and prevent the negative effects of extreme heat
temperatures on their health [2]. The Spanish Govern-
ment, through their Ministry of Health, started imple-
menting in 2004 the “National plan for preventive
actions against the effects of excess temperatures on
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health” [3]. This Plan sets city-specific thresholds for
extreme heat days during summer months (from June
to September) for each of the 52 provincial capital cities.
Although, extreme heat temperatures have been asso-
ciated with an increase of mortality [4-7] and morbidity
[8,9] in some Spanish cities, the health impact of
extreme heat days established under the Ministry’s offi-
cial definition has not yet been assessed. Therefore, this
could be considered the first national study conducted
in Spain.

The objective of this study is to assess effectiveness of
the official temperature thresholds established by the
Ministry of Health for each provincial capital city in
identifying high-risk days by quantifying short-term
effects of above-threshold days on total daily mortality
in each city over the ten years prior to the operation of
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the Plan. In particular we explored whether the implicit
above-threshold mortality risk level has been similar
across cities. We also explore determinants of variation
in the city-specific risks.

Methods

Setting

Spain is the second largest country in Western Europe
(504,030 km?) with a total population of 46 million peo-
ple. Its mainland is bordered to the South and East by
the Mediterranean Sea; to the North by France, and the
Bay of Biscay; and to the North-west and West by the
Atlantic Ocean and Portugal. Spanish territory also
includes the Balearic Islands in the Mediterranean, the
Canary Islands in the Atlantic Ocean off the African
coast, and two autonomous cities in Northern Africa,
Ceuta and Melilla. It is divided in 17 Autonomous
Regions, each composed from one up to nine provinces,
and each province has a capital city (Additional file 1
shows their location and Additional file 2 reports major
geographic and socio-demographic characteristics for
each provincial capital city).

Due to Spain’s geographical situation and conditions,
the climate is extremely diverse. It can be roughly divided
into five main zones: Mediterranean climate extends
along the southern and eastern coasts up to the Pyrenees;
Semiarid Mediterranean climate in the South-east; Conti-
nental Mediterranean climate in the inland areas of the
Peninsula; Oceanic climate in the North-west and the
coastal strip near the Bay of Biscay; and a Subtropical
climate in the Canary Islands [10].

Mortality data

Data on total daily all-cause mortality, excluding acci-
dents (International Classification of Diseases-9'™" revi-
sion/ICD-9: 1-799), for the 52 capital cities were provide
by the Spain National Institute of Statistics for summer
months (from 1st June to 30th September) from 1995 to
2004.

Temperature data and extreme heat days

Daily minimum and maximum temperatures (in C) for
the 52 capital cities were collected from the Spain
National Meteorology Agency for the same study period.
In two capital cities, Palencia and Ceuta, daily tempera-
tures were not available.

Using these data, city-specific extreme heat days were
defined under the official thresholds established by the
“National Plan for Preventive Actions against the Effects
of Excess Temperatures on Health” of the Ministry of
Health. This Plan sets city-specific thresholds as follows:
“The criteria have been established based on studies
sponsored by the Ministry of Health, the observations
made by the Autonomous Regions and the technical
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details of National Meteorology Agency. Extreme heat
days are based on the 95" percentile of the 20-year his-
torical series of daily summer (from June to September)
of minimum and maximum temperatures for each of the
52 cities, which are capitals of provinces. As exceptions,
for the mild climate stations with low daily temperature
variations (mainly sea areas), Northern and North-wes-
tern Spain, the threshold for the maximum temperature
correspond to the 95" percentile of the series of absolute
maximum temperatures of each summer. Similarly, in
continental climate stations, the threshold considered for
the minimum temperature corresponds to the 95™ per-
centile of the series of higher minimum temperatures of
summer. The values obtained through these calculations
have been rounded to nearest integer, because the error
in predicting temperature maximum and minimum is
about one Celsius degree. In capital cities where the
threshold for minimum temperature were below 20 C
and below 33 C for maximum temperature, these values
have been assigned because minimum temperatures
lower than 20 C and maximum lower than 33 C do not
have consequences for the purposes of this Plan” [3]
(Author’s translation). This means that original thresh-
olds given by 95™ percentiles were revised upwards in
cooler cities. The activation of this Plan occurs when
both thresholds, for minimum and maximum daily tem-
peratures, are simultaneously exceeded.

Statistical analysis

Following methodology used in studies previously con-
ducted in other European cities [2,11,12] the risk of
mortality on extreme heat days was quantified using
Generalised Estimating Equation models (GEE) with the
number of daily deaths being assumed to follow a Pois-
son distribution. We modelled the marginal relationship
between total daily mortality and a binary variable for
extreme heat days in each capital city, assuming inde-
pendence among summers and treating serial depen-
dence of daily number of deaths within each summer as
a nuisance parameter by specifying a first-order autore-
gressive correlation structure in the Poisson GEE model.
Long-term trends were modelled using natural cubic
splines of the variable time allowing one degree of free-
dom (df) for every 5-year of data. To allow for within
summer seasonal variation not explained by extreme
heat days, we fit natural cubic splines of day-in-year
(4 df) constrained to be the same over all years.

A binary variable (0,1) was defined to identify extreme
heat days for each capital city using the official thresh-
olds, as previously described. To avoid inclusion in the
baseline of days with temperatures just below the thresh-
olds, which could still include some affected by heat, we
used as a comparison category those days on which the
50" percentile of both, minimum and maximum
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temperatures in summer months, was not simultaneously
exceeded (i.e. days of below-median minimum and maxi-
mum temperature).

Overall estimates of the extreme heat relative risks
were obtained by combining the city-specific estimates
with a random-effects meta-analysis, when estimates
between cities were heterogeneous [13]. To explore het-
erogeneity of effects we used random-effects meta-
regression [14] to identify whether size of extreme heat
relative risk was associated with city-specific geographic,
socio-demographic and climatic characteristics.

All analyses were done using Stata 11.2 (StataCorp,
College Station, TX, 2010).

Results

Extreme heat days

Table 1 shows the distribution of daily temperature and
the number of days when official thresholds for extreme
heat days were exceeded for the study period and Figure 1
shows its geographical distribution identifying if excep-
tions to the use of 95th percentile had been used. These
range from O (in Teruel, Santander, Guadalajara, Soria and
Lugo) to 112 days (in Tarragona). In half of these cities
the threshold was exceeded less than 10 days, while a
fourth part of the cities was exceeded between 10 and 30
days, otherwise in more than 30 days. The year 2003 was
when the limit was exceeded in a greater number of capi-
tal cities (35), followed by the year 1995 (29 cities), whilst
the years where the threshold was exceeded by a smaller
number of capital cities were in 1997 and 1996 (6 and 14,
respectively).

Risk of mortality

Figure 2 shows the relative risk (RR) of dying on days on
which the official thresholds, for both minimum and
maximum temperatures, were exceeded with respect to a
baseline comprising those days on which the maximum
and minimum temperatures were simultaneously below
the 50'" percentile. The overall excess risk of dying dur-
ing an extreme heat day was about 25% (RR = 1.24; 95%
confidence interval (CI) = [1.19-1.30]).

Estimates between cites showed a significant heteroge-
neity (I> = 54.9%, p < 0.001). The highest city-specific risks
were found for Zamora (RR = 2.70; 95%CI = [1.50-4.86]),
Oviedo (RR = 2.08; 95%CI = [1.30-3.31]) and Cuenca
(RR = 1.87; 95%CI = [1.26-2.78]). The largest cities showed
similar risk estimates, close to 30% (Madrid: RR = 1.31;
95%CI = [1.24-1.39], Barcelona RR = 1.32; 95%CI = [1.22-
1.43], and Seville RR = 1.32; 95%CI = [1.25-1.40]). The
geographical pattern (Figure 3) seems to be a trend from
East, with lower risks, to West, with higher risks. Compar-
ing mean risk estimates between Autonomous Regions
showed higher values for central regions and lower values
for those in the Mediterranean area.
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Exploring heterogeneity

To explain the variation in risk of mortality due to above-
threshold days across cities we considered geographic
(latitude, longitude, and altitude), socio-demographic
(population density, proportion of people older than
65 years, and per capita personal income) and climatic
(mean temperature, mean humidity, and total hours of
sunshine in summer) characteristics for each capital city.
Although many of these were significant determinants of
extreme heat risk when considered singly, in a multiple
meta-regression we found that a model including only
latitude and mean temperature in summer explained
most of the heterogeneity between city-specific risk esti-
mates (residual heterogeneity, I> = 28.3%), leaving no
other factors significantly associated with heat risk.
Western situation and low mean summer temperatures
were associated with higher relative risks. We split lati-
tude and mean temperature in two levels, below and
above their respective median values of -3.4° (running
slightly East of Madrid) and 23 C. The cross-tabulation
of both defined four groups that roughly identify the cli-
matic zones in the Iberian Peninsula (Figure 4): Oceanic
climate (RR = 1.57: 95%CI = [1.39-1.79]), Semiarid Medi-
terranean climate (RR = 1.27: 95%CI = [1.19-1.34]), Con-
tinental Mediterranean (RR = 1.29: 95%CI = [1.23-1.36]),
and Mediterranean climate (RR = 1.12: 95%CI = [1.04-
1.20]).

Discussion

Our results confirm that extreme heat days have a clear
impact on total mortality in Spain. This has also been
found in other multi-city European Studies [12,15,16],
even in temperate climates [17]. To our knowledge, this
is the first study using official thresholds defined by a
heat health warning system.

These have been mainly based on the 95™ percentile
(though with modifications in some scenarios, as pre-
viously described) of the 20-years historic series of mini-
mum and maximum daily summer temperatures in each
capital city. However, this criterion was only previously
associated with health effects in the largest cities of
Madrid [5], Barcelona [6] and Seville [4], whereas in
others was not validated. Although the number of
excesses was relatively homogeneous between the provin-
cial capital cities in each Autonomous Region, there were
substantial differences between regions. There were also
a few with a surprisingly lower or higher than expected
in comparison to other cities of the same Region.

There are several reasons that cities might show atypi-
cal relative risks during the supra-threshold days. Firstly,
the official thresholds may not be a good indicator, for
that city, of days at high risk. Specifically, the 95™ percen-
tile may not be a good indicator of risk or the exceptions
made to the 95 percentile in the official thresholds
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Table 1 Description of minimum and maximum temperatures, official thresholds of the National plan, and total
number of days when those thresholds were simultaneously exceeded (num. days)

Daily temperatures (°C) Official

Meteorological Minimum Maximum thresholds num
City (capital) Station mean (sd) P95 mean (sd) P95 Min Max days
Almeria Aeropuerto 210 (2.4) 248 294 (3.3) 356 24 35 48
Cadiz Cortadura 20.8 (2.0) 24.2 264 (32 324 24 33 22
Cordoba Aeropuerto 180 (2.5) 222 343 (4.3) 41.0 22 41 30
Granada Base Aérea 16.0 (2.8) 206 318 (4.4) 382 23 39 5
Huelva Ronda Este 18.1 (2.2) 21.8 30.7 (3.9 376 22 37 36
Jaén Cerro de los Lirios 194 (33) 249 304 (4.5 374 25 39 12
Malaga Aeropuerto 19.8 (2.4) 238 296 (34) 364 23 36 36
Sevilla Aeropuerto 196 24) 235 337 (4.0) 403 22 40 61
Huesca Monflorite 15.1 (3.6) 206 29.0 (4.4) 36.0 20 36 40
Teruel Teruel 11.7 (3.1 16.0 286 (4.6) 353 20 35 0
Zaragoza Aeropuerto 16.9 (2.9) 212 30.2 (4.6) 375 21 37 43
Oviedo El Cristo 138 (2.4) 17.5 224 (3.5 285 20 33 1
P. Mallorca Centro Meteorolégico 17.6 (29 22.1 299 (33) 350 22 35 12
Las Palmas Telde - Aeropuerto G. Canaria 212 (14) 23.1 27.0 (1.8) 208 23 33 12
Tenerife Santa Cruz de Tenerife 215 (1.6) 239 286 2.1 322 23 33 28
Santander Parayas - Aeropuerto 154 (2.5) 194 231 2.9 280 22 35 0
Albacete Los Llanos - Base Aérea 153 (3.0) 196 306 (4.4) 36.8 20 37 18
Ciudad Real Escuela Magisterio 175 (3.2 226 319 4.7) 386 22 39 14
Cuenca Cuenca 14.2 (34) 19.6 28.7 4.5) 35.1 21 35 8
Guadalajara El Serranillo 120 (34) 17.0 31.2 4.7) 380 21 37 0
Toledo Buenavista 17.2 (3.3) 224 32.1 (4.6) 388 22 38 52
Avila Observatorio 119 (3.6) 17.7 26.1 4.7) 33.0 22 33 1
Burgos Villafria 106 (3.2 154 26.0 (5.2) 344 20 33 1
Le6n Virgen del Camino 13 (3.3) 16.6 25.1 (4.8) 324 20 33 5
Palencia NA
Salamanca Matacan 1.7 (2.9 16.0 278 4.7) 348 20 35 1
Segovia Observatorio 132 (3.8) 196 272 4.9) 343 20 34 30
Soria Observatorio 1.2 (3.0 158 26.2 (5.1 336 20 34 0
Valladolid Observatorio 130 (3.1 180 284 (4.8) 358 21 36 6
Zamora Observatorio 137 (3.1 186 282 4.7) 356 22 35 2
Barcelona Aeropuerto El Prat 19.0 2.7) 23.1 268 (2.9) 316 22 33 20
Girona Aeropuerto Girona-Costa Brava 154 2.9 19.5 284 (3.9 344 20 34 13
Lleida Observatori 2 16.1 (3.2 205 306 (4.09 36.8 21 37 8
Tarragona Observatorio del Ebro 19.1 (2.6) 230 309 (34) 356 22 33 112
Ceuta NA
Melilla Melilla 21.1 (2.0) 24.2 275 (2.7) 324 24 33 20
Badajoz Base Aérea 16.5 (2.6) 210 327 (4.4) 39.8 21 40 29
Caceres Carretera Trujillo 173 (3.2) 228 313 4.7) 385 23 38 34
A Coruna Estacién Completa 15.7 (1.7) 184 221 (2.69 26.7 20 33 1
Lugo Aerédromo 110 (3.0 154 236 (4.3) 315 20 33 0
Ourense Granxa Deputacion 13.8 2.9 184 29.1 4.8) 36.6 21 37 1
Pontevedra Mourente 144 (2.3) 180 24.7 (4.0) 320 22 33 2
Logroiio Agoncillo 144 (3.0 19.0 282 (5.0) 364 22 36 3
Madrid Madrid - Retiro 174 (3.3) 226 293 (4.4) 358 21 37 22
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Table 1 Description of minimum and maximum temperatures, official thresholds of the National plan, and total num-
ber of days when those thresholds were simultaneously exceeded (num. days) (Continued)

Murcia Murcia 19.7 (2.4) 233 323 (3.1 374 22 38 15
Pamplona Noain 136 (3.1) 183 266 (54) 356 22 36 1
Bilbao Aeropuerto 14.8 (2.9) 194 246 4.1) 325 21 37 3
San Sebastian Igueldo 156 24) 194 215 (3.8) 292 22 36 1
Vitoria Aeropuerto Foronda 11.5 (3.5) 16.8 246 (5.1 333 20 34 2
Alicante Ciudad Jardin 20.1 (2.3) 236 295 (24) 335 23 35 3
Castellon Alzamora 19.8 (2.5) 234 292 (2.6) 330 23 33 22
Valencia Valencia 205 24) 24.1 295 (2.7) 340 23 34 28

NA: data not available

criteria were inadvisable. Some of the cities with unu-
sually high risks do appear to have been such exceptions.
For example, Oviedo (RR = 2.08, 95%CI = [1.30-3.31])
had both the minimum and maximum threshold revised
upwards to their floor’ levels of 20 C and 33 C, and

Zamora (RR = 2.70, 95%CI = [1.50-4.86]) had a minimum
temperature threshold (22 C) appreciably higher that the
95" percentile (18.6 C), indicating that the special rule
for continental climates had operated. More generally,
the meta-regression analysis showed that low mean

Figure 1 Geographical distribution of total number on days when official thresholds for minimum and maximum temperatures were
exceeded, identifying if exceptions to the use of 95th percentile had been used.

|:| Mo changes from 95th pctile.

|:| Upward 95th pctile. of maximum temp.

|:| Upward 95th pctile. of minimum temp.

|:| Upward 95th pctile. of max. and min. temps.
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Figure 2 Relative risk (RR), and its 95% confidence interval (95%Cl), of dying on days when official thresholds for minimum and
maximum temperatures were exceeded (black dots denote city-specific estimates, blue diamonds denote Autonomous Region
estimates, dashed red line denotes overall estimate).
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Figure 3 Geographical distribution of the risk of dying (symbol size proportional to relative risk) on days when official thresholds for
minimum and maximum temperatures were exceeded (red circles denote statistically significant risks of dying (p < 0.05), magenta
circles denote non-statistically significant risk of dying, and green circles denote non-statistically significant protective effect).
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the summer of 2003 (from 1st June to 31st August) was
compared with the mortality that would have been
expected on the basis of historic series since 1990. We
found a very weak correlation (r = 0.09) between esti-
mates of both studies, perchance due to imprecision in
the two estimates. However, if we only consider the lar-
gest cites (over 400,000 inhabitants) this correlation
becomes considerably larger (r = 0.59). Indicating that
in all these the original thresholds given by 95™ percen-
tiles were not revised upwards.

Identifying heat-health thresholds is a practical deci-
sion that should respond to credibility, precision and
cost criteria [19]. In this study we have not sought to
explore all aspects of this nor review all the ways this
can be done, so that we retain focus on the simple ques-
tion of whether the official thresholds have been suc-
cessful in identifying, in each provincial capital city, days
with elevated risks of mortality and whether extent of
elevation was about the same level across cities. For the
same reason we did not explore factors that might mod-
ify the extreme heat impact, such period of time in the
summer and duration of the extreme heat events, nor
did we compare extremely hot to all other days, as done
in some studies. Therefore our estimates are not entirely
comparable with other published studies that quantified
health effects of extreme hot temperatures.

The geographical variability in the distribution of the
extreme heat-mortality effects roughly identifies the cli-
matic zones in the Iberian Peninsula. This could par-
tially be explained by the fact that city-specific risk
estimates are calculated using official thresholds, which
are at different percentiles of the temperature distribu-
tion, which may have added ‘artificial’ heterogeneity
between climatic zones. However, when we used a fixed
95% percentile thresholds heterogeneity in relative risks
did not differ substantially (I* = 51.4% vs. 54.9%). Thus
there may still be a case for different thresholds for pro-
vincial capital cities based on their climatic region.
Effects of high daily temperatures on mortality in Eng-
lish regions have been predicted from the region’s cli-
mate at the 93 rd percentile of summer mean
temperature [17]. Similarly, regional thresholds have
been defined for heat-health warning systems in France
[20] and Australia [21]. Age, urban environment and
low socio-economic level have been identified as risk
factors associated with heat-related mortality [22,23].

A major strength of the current study was the avail-
ability of long time series data sets from all provincial
capital cities of Spain, providing enough power to iden-
tify and estimate extreme heat effects in all climatic
regions of Spain. This study also includes the 2003 sum-
mer, which was an unusually hot summer in Europe.
For this reason, we tested the sensitivity of our results
by removing 2003 from the analysis. However, the
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overall risk estimate did not differ substantially (RR =
1.21; 95%CI = [1.16-1.27]). This may be explained by
the fact that 1996 summer also recorded similar high
temperatures in Spain, especially in Central Regions.
Overall risk estimate for 1996 (RR = 1.29; 95%CI =
[1.08-1.53]) was close to 2003 (RR = 1.31; 95%CI =
[1.22-1.40]). Therefore, in a 10 years period we found
another extremely hot summer, besides 2003, with a
high impact on mortality. This agrees with the latest
report issued by the Intergovernmental Panel for Cli-
mate Change indicates that climate change will lead to
an increase in the frequency and intensity of heat waves
[24]. Predictions for the Iberian Peninsula, using general
circulation models, indicate a uniform increase in tem-
perature over the course of the 21st century, with an
average upward trend every 10 years between 0.6 C to
0.7 C in summer, a greater number and higher fre-
quency of days with extreme heat temperatures in sum-
mer [25].

However, ecological time-series studies can be affected
by various biases, in particular potential confounding
due temporal patterns. In this study well-established
methods were used to control for trend and seasonality.
Additionally, some air pollutant levels, which are higher
in summer in many European areas [2], are associated
with an increase in mortality and may be associated
with hot temperatures as well. In our case, it is difficult
to ascertain whether the triggering factor for death in
extreme heat days is exclusively due to an increase in
temperature or to an increase of air pollution levels that
tend to accompany such high temperatures. Unfortu-
nately, due to lack of data our study was unable to
assess the influence of air pollutants and other weather
variables, such as humidity (although there is little evi-
dence that it is associated with mortality) [11].

Although official thresholds gave consistent relative
risk in the large capital cities, mainly because from pre-
vious studies [4-7] the 95" percentile seems to be a
‘natural’ threshold of triggering mortality for heat days,
in some other cities heat thresholds should be updated
to better represent impact on health. In this sense, a
very recent study conducted in Castilla La Mancha
region showed how these ‘natural’ heat thresholds for
maximum temperature range from the 92" percentile
in Cuenca up to 97th percentile in Albacete and Toledo
[26]. Therefore, criterion for the choice of thresholds
must be based on epidemiological instead only on
meteorological basis. In this sense, further research
needs to be done to describe and understand how is the
relationship of heat and mortality in these cities.

Conclusions
This study confirmed that extreme heat days, as defined by
the official thresholds of the “National plan for preventive
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actions against the effects of excess temperatures on
health”, have a considerable impact on total daily mortality
in Spain. However, relative risks on above-threshold days
varied across the climatic zones of the Iberian Peninsula
being higher in Northern cities with cooler climates, prob-
ably because thresholds were reset to values above the ori-
ginal 95 percentiles in these cities. These should be
updated to identify days of equally high risk.
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