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Handling Editor: Marti Nadal Many of the studies that analyze the future impact of climate change on mortality assume that the temperature

Keywords: that constitutes a heat wave will not change over time. This is unlikely, however, given the process of adapting to
Heat waves heat changes, prevention plans, and improvements in social and health infrastructure.

Daily mortality The objective of this study is to analyze whether, during the 1983-2013 period, there has been a temporal
Time trend change in the maximum daily temperatures that constitute a heat wave (Treshold) in Spain, and to investigate

Impact assessment
Prevention plans

whether there has been variation in the attributable risk (AR) associated with mortality due to high temperatures
in this period.

This study uses daily mortality data for natural causes except accidents CIEX: A00-R99 in municipalities of
over 10,000 inhabitants in 10 Spanish provinces and maximum temperature data from observatories located in
province capitals. The time series is divided into three periods: 1983-1992, 1993-2003 and 2004-2013. For
each period and each province, the value of Tireshola Was calculated using scatter-plot diagram of the daily
mortality pre-whitened series. For each period and each province capitals, it has been calculated the number of
heat waves and quantifying the impact on mortality through generalized linear model (GLM) methodology with
the Poisson regression link. These models permits obtained the relative risks (RR) and attributable risks (AR). Via
a meta-analysis, using the Global RR and AR were calculated the heat impact for the total of the 10 provinces.

The results show that in the first two periods RR remained constant RR: 1.14 (CI95%: 1.09 1.19) and RR: 1.14
(CI95%: 1.10 1.18), while the third period shows a sharp decrease with respect to the prior two periods RR: 1.01
(CI95%: 1.00 1.01); the difference is statistically significant.

In Spain there has been a sharp decrease in mortality attributable to heat over the past 10 years. The observed
variation in RR puts into question the results of numerous studies that analyze the future impact of heat on
mortality in different temporal scenarios and show it to be constant over time.

1. Introduction

Climate models that predict the evolution of temperature over dif-
ferent time horizons and for diverse climatic scenarios coincide in sig-
naling that heat waves are going to become more frequent and intense
(IPCC, 2013). However, from the perspectives of the impact on health
and predictions about the effects of heat, it is not so clear. One of the
principal uncertainties of these studies (Linares et al., 2014) is that it is
not known whether the impact of heat will remain constant across time
or whether, on the contrary, its effects may tend to increase or decrease.

A large number of studies carried out to date related to heat waves
over different time horizons and for different emission scenarios assume
that both the temperature that constitutes a heat wave and the increase
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in mortality associated with each degree increase above this tempera-
ture threshold will not change over time (Martinez et al., 2016; Wu
et al., 2014; Peng et al., 2011; Roldan et al., 2016). On the other hand,
other studies assume that there will be a change in the temperature
related to a spike in mortality (Sanchez-Martinez et al., 2018), and their
estimates assume that the series percentile that corresponds to the ac-
tual temperature of a spike in heat wave-related mortality will remain
constant. As temperatures increase, this percentile will correspond to
ever increasing high temperatures.

It is evident that the impact of heat in the future cannot remain
constant and will vary over time, as demonstrated by different studies
carried out to date (Diaz et al., 2015a; Mir6n et al., 2015; Roldan et al.,
2016). On one hand, the progressive adaptation of the population to
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heat (Bobb et al., 2014) and the implementation of prevention plans
that aim to minimize the impacts on health (especially in vulnerable
groups) (Diaz et al., 2015a), will result in a decrease in the effects of
heat.

Furthermore, improvement in health services - in particular for
patients with cardiovascular health problems - (Ha and Kim, 2013),
socioeconomic improvements and improvements in the housing infra-
structure (Vandentorren et al., 2006), could result in a decrease in the
impact of heat waves in the future (Konkel, 2014). This has been shown
in studies that analyze the temporal evolution of heat-related mortality
(Schifano et al., 2012; Mirén et al., 2015; Ha and Kim, 2013).

Studies carried out in different parts of the world show that far from
remaining constant, heat waves' effects are changing over time, with a
tendency toward decline (Schifano et al., 2012), and that this decrease
is more pronounced in mortality due to cardiovascular causes (Ha and
Kim, 2013), while in the case of respiratory issues, the effects remain
practically constant (Mirén et al., 2015).

However, other factors such as the increase in and ageing of the
population (Montero et al., 2012), or the increase in the frequency,
intensity and persistence of heat waves (Guo et al., 2017) could be
related to a greater impact in the future.

Clearly there is a need to study the past effects of heat on mortality
in order to infer what the effect might be in the future. The objective of
this study is to analyze whether there has been a temporal change in the
maximum daily temperatures that constitute a heat wave in 10 Spanish
provinces and to investigate - in each city - whether there has been
variation in the attributable risk (AR) associated with mortality due to
high temperatures in this period. The time series 1983-2013 was di-
vided into three periods; for each period Tyyreshola @and corresponding
AR were calculated. Time trends were analyzed and a meta-analysis
was carried out in order to obtain an estimate of global behavior for the
total of the analyzed cities.

2. Materials and methods
2.1. Data

From a total of 52 Spanish provinces, ten were selected based on
geographical and population criteria that are representative of each of
the zones in which heat behaves differently in terms of its effect on
mortality. About the features of the study areas and their classification
in terms of weather conditions and temperature, these areas are mainly
defined by their behavior with heat waves analyzed previously, taken
account since provinces with a very low percentile of threshold tem-
perature in relation with daily mortality (p82) to provinces with high
percentile such as Asturias (p97) (Tobias et al.,, 2014; Diaz et al.,
2015b).

The dependent variable used was the daily mortality rate for all
causes except accidents (CIE X: A00-R99) in province capitals and in
cities with over 10,000 inhabitants during the 1983-2013 period. Both
the daily mortality data and population data used to calculate the rate
were provided by the National Statistics Institute. In these areas there is
enough mortality data to be representative.

A recent study realized from 400 communities in 18 countries/re-
gions and defined 12 types of heat waves by combining community-
specific, concludes that the daily mean and maximum temperatures had
similar ability to define heat waves rather than minimum temperature
(Guo et al., 2017). The variable temperature that constitutes a heat
wave was maximum daily temperature (T,.,), because in Spain this is
the variable that has the greatest correlation with daily mortality (Diaz
et al., 2002; Diaz et al., 2015b). The meteorological data were obtained
from observatories located in each province capital and were provided
by the State Meteorological Agency (AEMET). Furthermore, these daily
maximum temperature values were used to establish the High Tem-
perature Prevention Plan of the Spanish Ministry of Health (MSSSI,
2017). The analysis also controlled for average relative daily humidity.
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2.2. Methodology

The series of the dependent variable and the independent variables
for the 1983-2013 period were divided into three periods: 1983-1992;
1993-2003; 2004-2013. The last two periods were selected in this way
in order to account for the period prior (1993-2003) and after
(2004-2013) the implementation of the High Temperature Prevention
Plan in Spain, which took place in the summer of 2004 (Ministerio de
Sanidad, 2004). The study of the impact of heat was carried out for the
summer period (June-September).

We controlled: firstly, for seasonalities of quarterly nature, using the
sine and cosine functions with these same periodicities; and secondly,
for trend and the possible autoregressive nature of the series. To control
the trend a variable called nl has been introduced. This variable was
defined as nl =1 for June 1st 1983, nl = 122 for September 30th
1983, and so on in the rest of the period.

Following the methodology commonly employed for determining
the threshold temperatures used to define heat waves (Mir6n et al.,
2015; Linares et al., 2015; Diaz et al., 2015b; Sanchez-Martinez et al.,
2018), we first fitted a univariate autoregressive integrated moving
average (ARIMA) model (Box et al., 1994) for daily mortality in each
provincial capitals, which allowed us to obtain the residuals of the
mortality series. The advantage of working with residuals rather than
daily mortality is that, after modelling, residuals display neither trend
nor periodicities (both of which are inherent in daily mortality), with
the result that any associations found will therefore show a genuine
causal mortality-temperature relationship from a statistical standpoint
(p < 0.05).

We then proceeded to plot the following on a scatterplot diagram:
the mean value of the mortality series residuals (vertical axis); the
maximum daily temperatures at 2°C intervals (horizontal axis), and
their corresponding 95% confidence intervals (CIs) (upper and lower
limits of the CI: UL and LL respectively); and the 95% ClIs of the mean of
the residuals for the entire study period (shown by parallel broken
lines). The temperature from which the mortality residuals increased
significantly vis-a-vis the mean would thus be the threshold tempera-
ture. The value Tyyreshold in €ach period was associated with the per-
centile that corresponds to the temperature in the time series of max-
imum daily temperatures for the summer months (June-September).

Based on the values of Tyyreshoida for each province and for each
period, the variable T., was calculated, defined in the following way
(Diaz et al., 2006; Diaz et al., 2015b; Carmona et al., 2016; Sidnchez-
Martinez et al., 2018):

Theat = 0 ifTnax < Tinreshold

Theat = Tinax—Tthreshold ifTinax > Tinreshold

Given that the effect of each heat wave on mortality is not im-
mediate, the following lag variables were calculated: Thea; (lag 1), that
takes into account the effect of the temperature on day “d” on mortality
one day later “d + 1”; Thearz (lag 2), which accounts for the effect of
temperature on day “d” on mortality on two days later “d + 2”, suc-
cessively. The number of lags were selected based on existing literature,
which establishes that heat has a short term effect (Tpea: lags 1-4)
(Alberdi et al., 1998; Diaz et al., 2002; Diaz et al., 2015b; Sénchez-
Martinez et al., 2018). The variable relative humidity was considered
linear, with an effect of up to 14 lags (Alberdi et al., 1998; Diaz et al.,
2015b).

In order to determine the corresponding relative risk attributable to
heat values for each city and period, generalized linear model (GLM)
methodology with the Poisson regression link were used. The attribu-
table risk (RA) associated with this increase was calculated based on RR
using the equation (Coste and Spira, 1991):

RA = (RR — 1)/RR.

This model controls for quarterly and trimestral seasonalities,
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Table 1
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Descriptive statistics of the dependent variable (daily mortality rate due to all causes except accidents CIE X: A00-R99 per 100,000 inhabitants (Mortality Rate)) and
the independent variables (Daily maximum temperature (Tmax) in °C and average daily relative humidity (RH) in %) by period.

Province (capital) 1983-1992 1993-2003 2004-2013
Min Max Mean SD Min Max Mean SD Min Max Mean SD
Alicante
Mortality rate (x 100,000) 0,00 1,42 0,46 0,21 0,00 1,35 0,43 0,18 0,00 1,19 0,38 0,15
Tmax (°C) 6,40 39,80 23,28 5,61 9,00 41,40 23,47 5,49 6,50 40,40 23,49 5,84
RH(%) 21,67 96,00 68,19 11,86 28,25 94,75 67,71 11,70 28,00 97,25 70,21 12,52
Population over 65 years (%) 10,62 13,37 11,80 0,91 13,38 16,12 14,99 0,89 15,99 18,99 17,06 0,91
Badajoz
Mortality rate (x 100,000) 0,00 1,85 0,38 0,26 0,00 1,53 0,39 0,26 0,00 1,64 0,41 0,25
Tmax (°C) 3,60 43.00 23,65 8,33 5,50 44,80 23,87 7,97 4,00 43,40 24,08 8,50
RH (%) 27,75 100,00 66,58 14,81 26,25 100,00 67,43 15,72 27,00 100,00 64,44 15,86
Population over 65 years (%) 13.00 15,17 13,90 0,70 15,17 18,13 16,83 0,96 17,53 18,38 17,83 0,18
Barcelona
Mortality rate (x 100,000) 0,34 2,00 0,94 0,19 0,45 2,11 0,92 0,19 0,31 1,92 0,78 0,17
Tmax (°C) 0,80 34,20 20,13 5,80 3,40 37,30 20,34 5,77 2,70 37,40 20,89 6,17
RH (%) 26,50 97,50 75,71 9,35 25,25 96,50 72,80 9,67 20,25 95,00 66,02 10,34
Population over 65 years (%) 10,92 14,29 12,50 1,03 14,29 16,93 15,94 0,82 16,17 18,18 16,69 0,56
Vizcaya (Bilbao)
Mortality rate (x 100,000) 0,00 1,76 0,71 0,26 0,09 2,57 0,82 0,28 0,09 2,17 0,83 0,29
Tmax (°C) -0.20 41,70 19,74 6,31 4,00 41,90 19,55 5,78 2,10 41,00 19,51 6,38
RH (%) 26,25 99,50 73,93 11,45 24,00 100,00 75,12 11,10 22,75 97,00 71,54 10,83
Population over 65 years (%) 9,59 13,79 11,38 1,26 13,79 18,81 16,74 1,58 18,77 21,45 19,64 0,77
Madrid
Mortality rate (x 100,000) 0,65 2,84 1,31 0,24 0,69 2,63 1,30 0,22 0,65 2,16 1,14 0,19
Tmax (°C) 1,10 39,40 19,82 8,71 1,10 40,00 20,02 8,46 0,10 40.60 20,31 9,00
RH (%) 13,75 98,25 55,12 18,54 25,25 99,00 61,51 16,72 22,25 96,75 59,29 16,82
Population over 65 years (%) 9,59 12,30 10,86 0,84 12,30 14,49 13,69 0,68 14,06 16,50 14,76 0,69
Ourense
Mortality rate (x 100,000) 0,00 2,75 0,55 0,40 0,00 3,16 0,73 0,48 0,00 3,60 0,89 0,53
Tmax (°C) 3,20 42,60 20,98 7,72 2,40 42,20 21,47 7,32 2,40 41,60 21,97 7,75
RH (%) 36,75 99,25 73,99 11,75 37,00 98,50 73,89 11,19 39,75 98,75 71,69 11,67
Population over 65 years (%) 16,99 23,07 20,00 1,90 23,07 28,14 25,86 1,64 28,09 30,01 28,79 0,57
Asturias (Oviedo)
Mortality Rate(x 100,000) 0,00 1,60 0,39 0,20 0,00 1,32 0,48 0,22 0,00 1,60 0,54 0,23
Tmax (°C) —0.60 36,40 17,20 5,62 2,20 35,60 17,55 5,27 0,80 35,00 17,50 5,84
RH (%) 25,25 100,00 79,46 10,86 30,25 100,00 79,69 10,30 36,75 99,00 79,84 9,76
Population over 65 years (%) 13,28 17,65 15,23 1,33 17,65 22,03 20,30 1,40 21,72 23,54 22,18 0,50
Seville
Mortality rate ( x 100,000) 0,06 2,15 0,88 0,27 0,23 2,10 0,91 0,27 0,15 2,13 0,85 0,25
Tmax (°C) 5,40 44,80 25,09 7,82 9,40 46,60 25,62 7,53 4,00 45,90 25,78 8,11
RH (%) 20,75 96,50 62,82 14,39 21,50 99,25 63,39 15,35 17,25 99,25 60,45 16,39
Population over 65 years (%) 9,53 11,46 10,42 0,61 11,46 13,70 12,79 0,73 13,65 15,15 14,09 0,45
Valladolid
Mortality rate (x 100,000) 0,00 3,64 1,08 0,50 0,00 3,63 1,32 0,54 0,00 3,72 1,40 0,54
Tmax (°C) -3.20 37,80 17,61 8,59 -1.30 39,40 17,74 8,31 -3.00 37,90 17,71 8,72
RH (%) 21,75 100,00 68,96 16,04 18,00 100,00 71,84 16,64 19,75 100,00 72,78 16,97
Population over 65 years (%) 10,73 13,95 12,17 1,00 13,96 17,31 15,91 1,06 17,28 20,58 18,44 0,98
Zaragoza
Mortality rate (x 100,000) 0,00 4,05 1,48 0,47 0,35 4,03 1,71 0,49 0,31 4,33 1,68 0,48
Tmax (°C) —-0.60 41,20 20,66 8,69 -0.20 42,50 21,32 8,37 -3.00 43,10 21,48 9,08
RH (%) 30,75 100,00 65,28 13,93 23,75 100,00 63,36 14,94 25,00 99,00 61,47 14,45
Population over 65 years (%) 13,39 17,10 15,11 1,16 17,10 19,89 18,86 0,87 18,49 19,91 19,02 0,36
through the use of sine and cosine functions with these periodicities. 3. Results

The model also controlled for the tendency of the series and its possible
autoregressive nature. The RR and AR calculated make reference to
increments of 1 °C of Theat.

For each of the periods considered, based on the RR of each pro-
vince, a meta-analysis was carried out with random effects with the
objective of obtaining a vision of global heat behavior for the total of
the provinces considered.

The statistical software used to carry out the analyses included: IBM
SPSS Statistics 22 and STATA v 11.2.

12

Table 1 shows descriptive statistics for the dependent and in-
dependent variables used in this study. In general, the temporal evo-
lution of the mortality rate, the dependent variable, does not behave
homogeneously across the 10 provinces analyzed, as it decreased in 4 of
these provinces and increased in 6, if the values from the first period are
compared with those of the third. The values oscillate between 0.38
deaths per 100,000 inhabitants in Badajoz for the period 1983-1992
and 1.71 deaths per 100,000 inhabitants for the 1993-2003 period in
Valladolid.

In Fig. 1, for example, dispersion diagrams are shown for Barcelona
that permit determining the T,reshola Values for one of the periods. As
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Fig. 1. Scatter-plot diagrams to determine Tyyreshoia in °C for the province of Barcelona, according to the different periods.

Temperature associated with a spike in heat-related mortality (Tinreshora) int °C; percentile corresponding to Tnreshold; Relative risk (RR) with CI 95%; Attributable risk
(AR) in % with CI 95%; and corresponding heat association lags (Theat) and daily mortality rate.

Province Period
1983-1992 1993-2003 2004-2013

Alicante Tihreshold (Percentile) 34°C (p97) 34°C (p96) Without Tyreshold
RR (95%CI) 1.09 (1.02-1.16) 1.07 (1.01-1.14)
AR (95%CI) 8.0 (2.20-13.40) 6.90 (1.10-12.40)
Theat (signif. lags) 3 3

Badajoz Tinreshold (percentile) 40 °C (p96) 40°C (p96.2) Without Tyyreshold
RR (95%CI) 1.44 (1.26-1.65) 1.14 (1.04-1.25)
AR (95%CI) 30.70 (20.60-39.51) 12.38 (4.07-19.96)
Theat (signif. lags) 0y4 0

Barcelona Tinreshold (percentile) 30°C (p93) 30°C (p87) 32°C (p97)
RR (95%CI) 1.12 (1.09-1.15) 1.10 (1.08-1.11) 1.12 (1.09-1.16)
AR (95%CI) 10.80 (8.50-13) 8.70 (7.10-10.30) 11.10 (7.90-14.10)
Theat (signif. lags) Oyl 0,1y2 0,1y2

Vizcaya Tihreshold (Percentile) 32°C (p92.6) 32°C (p94.6) 34°C (p96.3)
RR (95%CI) 1.03 (1.01-1.05) 1.05 (1.03-1.08) 1.03 (0.99-1.06)
AR (95%CI) 2.88 (0.99-4.73) 4.98 (2.74-7.16) 2.81 (—0.55-6.06)
Theat (signif. lags) 0 1 0**

Madrid Tihreshold (Percentile) 36 °C (p94) 36 °C (p95) 34°C (p78)
RR (95%CI) 1.11 (1.08-1.13) 1.17 (1.13-1.20) 1.05(1.03-1.06)
AR (95%CI) 9.52 (7.43-11.56) 14.24 (11.79-16.62) 4.36(3.35-5.36)
Theat (signif. lags) 1 0,1y3 1,2y 4

Ourense Tihreshold (percentile) 34°C (p83.9) 36 °C (p92.8) Without Tyyreshold
RR (95%CI) 1.04 (1.01-1.07) 1.16 (1.09-1.23)
AR (95%CI) 3.76 (0.53-6.89) 13.78 (8.31-18.92)
Theat (signif. lags) 2 0yl

Asturias Tihreshold (percentile) 32°C (p98.7) 32°C (p99) 30°C (p97.2)
RR (95%CI) 1.10 (1.00-1.21) 1.17 (1.08-1.27) 1.15 (1.08-1.21)
AR (95%CI) 9.10 (—0.10-17.50) 14.30 (7.10-21) 12.7 (7.50-17.70)
Theat (signif. lags) 0* 1 0

Seville Trhreshold (Percentile) 42°C (p98) 40°C (p94) 42°C (p98)
RR (95%CI) 1.46 (1.36-1.57) 1.20 (1.16-1.25) 1.15 (1.06-1.24)
AR (95%CI) 31.54 (26.4-36.33) 16.72 (13.48-19.83) 12.90 (5.83-19.44)
Theat (signif. lags) 0y2 1,2y4 2

Valladolid Tihreshold (Percentile) 36 °C (p98) 34°C (p94) Without Tipreshold
RR (95%CI) 1.36 (1.17-1.58) 1.06 (1.02-1.11)
AR (95%CI) 26.51 (14.70-36.69) 6.06 (1.93-10.02)
Theat (signif. lags) 2 2

Zaragoza Tihreshold (percentile) 34°C (p79) 38°C (p96.2) 40°C (p99.1)

RR (95%CI)
AR (95%CI)
Theat (signif. lags)

1.08 (1.06-1.10)
7.47 (5.89-9.02)
0,2y4

1.33 (1.25-1.41)
24.59 (19.97-28.95)
1,2y3

1.00 (1.00-1.00)

Without signif. lags

shown, the temperature spike has remained constant at 30 °C as the
maximum daily temperature for the two first periods with a later in-
crease to 32 °C in the final period. Table 2 shows Treshola Values for
each province together with the percentiles corresponding to these
temperatures in the series of maximum temperatures of the summer

13

months of each period. In terms of the temporal evolution of these
temperatures, Tyyreshold F€MAains constant in the first two periods in 6 of
the provinces (Madrid, Barcelona, Asturias, Vizcaya, Alicante, and Ba-
dajoz), increases in 2 in the second period compared to the first (Zar-
agoza and Ourense,) and in 2 provinces Tyreshoida decreases in the
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second period (Sevilla and Valladolid). In terms of the third period
(2004-2013), in relation to the prior period (1993-2003) the behavior
is even less consistent: there are 4 provinces in which Tyyeshola does not
exist (Alicante, Badajoz, Ourense and Valladolid), 4 in which Tireshold
increases with respect to the second period (Barcelona, Seville, Zar-
agoza and Vizcaya) and there are 2 in which Tyyresholqa decreases (Ma-
drid and Asturias). The evolution of the percentiles corresponding to
these Tireshola Values has, logically, similar behavior.

Table 2 also shows the evolution of RR and AR by period and heat
for the different provinces. In relation to the first two periods, RR de-
creased in the second period in relation to the first in 5 provinces
(Seville*, Barcelona, Alicante, Badajoz* and Valladolid), with a statis-
tically significant difference in those provinces marked by an asterisk.
RR increased in the provinces of Madrid*, Asturias, Zaragoza*, Vizcaya
and Ourense*, with a statistically significant difference in just 3, those
marked with an asterisk. If we assume that the inexistence of Ty reshold
indicates the lack of an effect of heat on mortality, and therefore that
RR is 1, the comparison of RR for the period 2004-2013 compared to
the prior 1993-2003 period shows that there has been a decrease in RR
and AR in all of the provinces, with statistical significance for all except
Seville, Asturias and Vizcaya.

Two examples of this temporal evolution of RR for the provinces of
Madrid and Seville are shown in Fig. 2a and b, respectively.

The global behavior of RR in the 10 provinces obtained via the
meta-analysis shows that RR is the same for the first two periods: RR:
1.14 (CI95%: 1.09 1.19) for the first and RR: 1.14 CI95%: 1.10 1.18),
while the third period shows a sharp decline with respect to the first
two RR: 1.01 (CI95%: 1.00 1.01); the difference is statistically sig-
nificant. Fig. 3a, b and c show the meta-analysis for each period. Fig. 2c
shows the temporal evolution.

4. Discussion

Different studies have shown that people over age 65 are the po-
pulation most affected by the impact of high temperatures on mortality
(Diaz et al., 2002; Diaz et al., 2015a). They have established that- in
some cases- there is a direct relationship between the proportion of
those over 65 and the value of Tyyreshold, i the sense that the higher the
percentage of people over 65, the lower Ty eshold iS €xpected (Montero
et al.,, 2012; Mirén et al., 2008). In the case of Spain, in all of the
provinces analyzed, this percentage of the population has increased
(INE, 2017), however, this decrease in the threshold temperature has
not been reflected in the results of this work. It is clear that there are
other factors that vary with time and also geographically, that affect not
only Treshola Values but also the variation in the impact of heat, which
is apparently heterogeneous as observed in the comparison of RR and
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AR values between the first and second periods geographically. How-
ever, what does seem clear in this study is that the impact of the last
period has decreased in all of the analyzed provinces, with statistical
significance in 7 of the 10. There are numerous studies that show that
the impact of heat on mortality has been declining in recent decades in
different parts of the world (Astrém et al., 2016; Barreca et al., 2016;
Petkova et al., 2014). Gasparrini's 2015 study is worth noting, in which
a total of 254 of 272 locations in the developed world had seen a de-
crease in heat's impact, even if at the country level this decline was
statistically significant in 3 of 6 countries (Gasparrini et al., 2015), with
Spain among them.

Geographically, the provinces with the greatest declines are those
with warmer temperatures, such as Madrid, Seville and Zaragoza. These
results agree with those found in Switzerland (Ragettli et al., 2017) and
at the European level (de' Donato et al., 2015), where it was found that
it was among the warmer locations that the greatest decline in the ef-
fects of heat were produced. Despite this, there are other studies that
show the opposite, that colder locations are among these with the
greatest reductions (Bobb et al., 2014). Still others have not even found
any geographic pattern to these declines (Michelozzi et al., 2006; Wang
et al., 2016).

As cited in the introduction to this article, this decrease can be ex-
plained by acclimatization processes, socioeconomic factors or housing
infrastructure improvements as use of air conditioning, as Table 3
shows, the increment of air conditioning in houses in the ten provinces
analyzed. As we can see, in the third period there is an important in-
crement in relation with the others. This fact can explain the qualitative
decrease in the impact of heat on mortality in this last period. However,
the provinces with most important decrements in heat impact (Badajoz,
Seville and Valladolid) were not the provinces in which there is higher
percentage of air conditioning (e.g.Valladolid). Moreover, Barcelona is
the one province that the impact has increased in the last decade also
has an important increment of air conditioning. Other factors, as health
services improvements (Fouillet et al., 2008; Gasparrini et al., 2015;
Kysely and Kriz, 2008), can also have contributed to declines in mor-
tality, especially among elderly groups (Diaz et al., 2015a; Ruuhela
et al., 2017; Bobb et al., 2014).

From our perspective, these factors could induce a gradual change
in the impact of heat on mortality, similar to what has been observed
between the first and second periods studied here, but we believe that
the sharp decline observed starting in 2004 is due to greater awareness
of the Spanish population after the heat wave of the summer of 2003,
which resulted in an excess mortality of 6600 people (Simén et al.,
2005) and that triggered the implementation of the High Temperature
Prevention plan that began in Spain in the summer of 2004 (Ministerio
de Sanidad, 2004). One of the priority actions of the Plan is to alert
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Sevilla

Spain

1,30

(RR)
(RR)

1,104

{{\:
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T T T
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Fig. 2. Time trend of RR for the provinces of: Madrid a); Seville b) and the global RR in the 10 provinces c).
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PERIOD 1983-1992 PERIOD 1993-2003
Province RR (95% CI) Province RR (95% Cl)
Sevilla ——  1.46(1.36,1.57) Sevilla —— 1.20 (1.16, 1.25)
Zaragoza hd 3 1.08 (1.06, 1.10) Zaragoza 3 —0% 1.33(1.25, 1.41)
Asturias —— 1.10 (1.00, 1.21) Asturias —_— 1.17 (1.08, 1.26)
Valladolid | ————  1.36(1.17, 1.58) Valladolid — 1.07 (1.02, 1.11)
Barcelona - 1.12 (1.09, 1.15) Barcelona -~ 1.10(1.08, 1.11)
Badajoz ‘ ———— 1.44(1.26, 1.65) Badajoz —_— 1.14 (1.04, 1.25)
Ourense mad 3 1.04 (1.00, 1.07) Ourense —%*— 1.16 (1.09, 1.23)
Madrid -.- 1.11(1.08, 1.13) Madrid ‘-‘- 1.17(1.13,1.20)
Vizcaya ad 3 1.03 (1.01, 1.05) Vizcaya - 3 1.05 (1.03, 1.08)
Alicante — 1.09 (1.02, 1.15) Alicante —~—v 1.07 (1.01, 1.14)
Overall <> 1.14 (1.09, 1.19) Overall <> 1.14 (110, 1.18)
NOTE: Weights are from random effects analygis 3 NOTE: Weights are from random effects analyfis 3
T + T T s .
605 1 1.65 711 1 1.41
a) b)
PERIOD 2004-2013
Province RR (95% CI)
Sevilla ———+———) 1.15(1.06, 1.24)
Zaragoza 3 1.00 (1.00, 1.00)
Asturias ————  1.15(1.08,1.22)
Valladolid ] 1.00 (1.00, 1.00)
Barcelona | —_— 1.12 (1.09, 1.16)
Badajoz 1.00 (1.00, 1.00)
Ourense 3 1.00 (1.00, 1.00)
Madrid - 1.05 (1.04, 1.06)
Vizcaya -—o— 1.03 (1.00, 1.06)
Alicante 1.00 (1.00, 1.00)
Overall o 1.01(1.00, 1.01)
NOTE: Weights are from random effects anal S‘\s
T T
.805 1 1.24
<)
Fig. 3. Global RR of the 10 provinces obtained from the meta-analysis by periods: a) 1983-1992; b) 1993-2003; c) 2004-2013.
Table 3 health authorities and citizens sufficiently in advance of possible risk
Percentage of house with air conditioning in Spain in different years (adapted situations each summer. For this, the predictions of temperatures of the
from INE). State Meteorological Agency (AEMET) are provided daily to the Au-

tonomous Communities; take into account the overcoming of maximum
and minimum temperatures at provincial level. If there is a prevision of

Percentage of houses with air conditioning

Province 1991 2001 2008 these temperatures persist one or two days, the low level is activated.
. When there is three or four days, the level is medium and when the high
Alicante 1,48% 19,77% 54.5% . han f d he risk is high. Th ifi
Asturias 4.75% 1,56% 0.4% temperatures persist more than four days the risk is high. The specific
Badajoz 2,74% 20,30% 58% measurements are linked to the different levels (MSSSI, 2017).
Barcelona 4,83% 18,54% 36, 1% There are a number of different studies that show that prevention
Ic‘)’[ad“d Z?:Z" 1631309/% ‘1‘3'7 (?/% plans reduce the impact of heat on mortality (Tan et al., 2007; Schifano
urense > (] 5 (] N (] . P . i
sevilla 8.19% 1.78% 57, 4% et al., 20123 Rey et. al,, 2007?. Althf)ugh preliminary results in Spain
Valladolid 6,75% 2,73% 3, 3% for a short time period and using a different methodology - did not show
Vizcaya 9,67% 2,13% 1, 7% a direct effect of prevention plans on decreasing mortality (Linares
Zaragoza 3,82% 19,94% 37, 4% et al., 2015), recent studies in the city of Madrid (Diaz et al., 2015b)
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showed a decrease in the impact on mortality among a group over age
65, from 19.2% during 1986-1997 to 14.4% in 2001-2009, which re-
presents a decrease of 25%.

The results of this study show a drastic decrease in the impact of
heat, with a decline in AR per degree of Tyreshola Values from 14% to
1%; a decrease of around 93%. This value is similar to the decline in the
heat-related mortality rate found in Australia (Coates et al., 2014) of
85% and above, though also around 70% in the U.S. (Barreca et al.,
2016). It should also be mentioned that our study consisted of a limited
number of cities and not the entirety of Spain.

A limitation to our work is that we had no explanatory variables,
apart from sex, age and the home address of the individuals. In parti-
cular, we cannot control for factors such as individual socioeconomic
data, lifestyles and comorbidities that may influence differences in
mortality in people in different cities (Vodonos et al., 2015). These
factors may also act as confounders or effect modifiers of the re-
lationship between temperature and daily mortality. However, much of
this residual confusion is controlled for by inclusion in the model of
variables such as: trend of the series, day of the week, quarterly and
trimestral seasonalities and the autoregressive nature of the series.

It should also be noted that, as this was a longitudinal ecological
study, the results cannot be extrapolated at an individual level. The
exposure levels to temperature used determined on the basis of readings
taken in a season as representative of the temperature of the whole
province, while there are studies that show that using values for smaller
regions results in better results than does using values for the whole
province (Carmona et al., 2017). In any case, this information is not
available for all of the provinces that were included. Nor did we take
into account the impact of atmospheric contamination on daily mor-
tality, although it is considered to be of little influence when compared
to the effect of heat wave temperatures (Diaz et al., 2015b). Another
point is that the authors assume that the heat wave definition influences
the estimation of the impact on mortality (Kent et al., 2014). The fact of
defining a threshold temperature in the way done, entailing the stati-
cally significance (p < 0.05), involves that the threshold temperature
does not exist and then, we assume there is not heat impact on health.
Other option to solve this fact, will be use a different procedure as
DLNM (Distributed log-non-linear models), but this option does not
permit to compare the findings with previous results obtained for Spain.

There are occasions that a threshold temperature exits but the
coefficients are not statically significant in the models, an example of
this is the province of Zaragoza in period 2004-2013 (Table 2). This
concern represents an underestimation of the real heat impact based on
the statistical significant level (p < 0.05). Moreover, in the meta ana-
lysis procedure, there are provinces that do not show statistical sig-
nificant heat impact. One way to solve this, will be not to include these
provinces in the meta analysis, but then this option is not real because
exists a bias of publication, including only positive results. So, the au-
thors decide that when the regression coefficient of heat is equal to 0
(RR = 1), assume a standard error equal to 0.001, and the results are
incorporate in the Global RR. This fact constitutes an underestimation
of the real effect.

In light of the results found, it is clear that the idea that Tyreshola
values are not going to change over time and that the impacts also will
not change in the future is illogical. Both are changing, as established
by these results. We cannot infer from this work the way in which
Tihreshold Values will vary in the future, and this is a key to determining
the impact of heat on mortality (Kent et al., 2014). One solution to this
uncertainty could lie in the recent work carried out in Antwerp
(Sanchez-Martinez et al., 2018) which presents two options for estab-
lishing a Treshola for @ heat wave on the 2100 horizon. One option is to
suppose that it is the same as it is currently (26 °C maximum daily
temperature) which is percentile 89 of the maximum daily tempera-
tures series for the summer months, and the other option is to assume a
process of full adaptation to the heat. What does not change will be the
percentile, although the temperature would change as a consequence of
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the increase in these temperatures. Percentile 89, including the future
temperatures projected, would be 30 °C. In the first scenario, expected
mortality in 2100 would be 60.4 deaths per year compared to 13.4
currently. In the case of full adaptation, there would be no significant
increase in mortality.

It is evident that a full adaptation that would result in mortality
attributable to heat remaining constant would be very difficult to attain
and that the Tyyreshola in 2100 would be <30 °C, however, it is probable
that this daily maximum temperature would be closer to 30 °C than to
the current 26 °C. Therefore, the error in predictions would be less than
if variation in Tyreshola Were not considered.
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