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Abstract: In thisstudy we examined the shape of the association between temperature and
mortality in 13 Spanish cities representing a wide range of climatic anddatiographic
conditions. The temperature value linked with minimum mortality (MMMl the slopes
before ad after the turning point (MMT) were calculated. Most cities showedsaaped
temperaturanortality relationship.MMTs were generally higher in cities with warmer
climates. Cold and heat effects also depended on climate: effectgreaterin hotter

cities but lesser in cities with higher variability. The effect of heat was greater than the
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effect of cold.The effect of cold and MMT was, in general, greater for carespiratory
mortality than for total mortality while the effect of heat was, in genemreater among
the elderly.

Keywords: temperaturemortality; Spain

1. Introduction

For many yearsthe effect of temperature on mortality has been the subject of numerous studies,
mostly examining the impact of extreme weather even®. These studis have shown the existence
of an association between temperature and mortality, but some characteristicsthachagseof the
associatiomemain less clear. The relationship between temperature and mortality usually displays a V
or U-shaped patterfB8,4] (i.e., populations experience increases in mortality due to both high and low
temperatures), but other shapes like [8Y or J [6] have also been described. The shape of the
association mayvary widely from city to city because it depends on many facteuch as
climate (range of temperatures and atmospheric conditions to which the population has adapted),
sociceconomical level and age. Two conclusions may be drawn fromathithe one hand, studies
incorporating information from several locationsuld be usefu[6,7] and on the other, all available
factors that might confound the relationshkipuld be considered

In recent years there has been growing concern about the possible effects of climatic changes
including their effect on healtf8,9. Long term weather forecasts show that, if the tendency towards
global warming continues, extreme meteorological phenomena such as heat waves or floods are likely
to occur with higher intensity and frequency. These phenomena could have a greater impacnon huma
health than that caused by the generalised temperature increadd®ddlf It is, thereforepf major
interest to conduct studies which help to understand the complex relationships between meteorologica
factors and also contribute to the evaluatbsurveillance and prevention measyrky.

We investigated the shape of the relationship between temperature and mortality in 13 Spanish
cities representing a wide range of climatic, saf#onographic and environmental conditions. Our
aims were: To dermine the temperature at which mortality is lowest, to evaluate the impact of
temperature changes below and above such value, to detect if there is any specificity of thar effect
groups of causes or agesd to identify possible common patterns amaoitigs.

2. Material and Methods

In this study, we used data from the EMECAM project (MeltiterStudy on ShofiTerm Effects of
Air Pollution on Mortality)[13] including daily information on 13 Spanish cities: Barcelona, Bilbao,
Cartagena, CastelldGijon, Huelva, Madrid, OviedoSeville Valencia,Vigo, Vitoria and Zaragoza
(Figure 1). The series covered variable study periods between 1990 andi®8kyays inclued at
least three consecutive years. The data were obtained from public institutidersdgythe researcher
responsible foeach city, fdlowing a standardised protocol.
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Figure 1. Spanish cities participating in the study.
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Mortality was computed as the daily number of deaths occurring in each city. All natural deaths
(ICD-9: (i 799), daths due to cardipespiratory causes (IGB: 390'519), and deaths in people dge
over 70 years were analysdghily mean temperature (average of the minimum and maximum values
of current day) and daily mean humidity (average of the values at 0, 7, 1B dowairs in the current
day) were obtained from the airport meteorological station located closest to the city centre and were
provided by the Meteorological Service in each €ltgible J).

Table 1 Characteristics of cities.

. _ a Total Mortality Ca.rdlo— Temperature
City Population n mortalitv®  among 702 respiratory
Y g mortality ° mean cv
Vitoria 214,148 1,826  3.53(1.9) 2.38(1.6) 1.58(1.3) 11.59 0.53
Oviedo 198050 1,461  4.53(2.2) 3.25(1.9) 2.01(1.5) 13.19 0.34
Vigo 274574 1,461 5.31(2.4) 3.49(2.0) 2.51)(1.6) 13.49 0.35
Gijon 261724 1,096 6.34(2.7) 1.77(1.4) 1.30(1.2) 13.83 0.30
Madrid 2940896 1461 60.82(11.1) 40.47(8.7) 27.83(7.7) 14.43 0.53
Bilbao 667,034 1,461 13.62(4.0) 8.89(3.3) 5.97(2.6) 15.28 0.31
Zaragoza 572212 1,826 12.49(3.9) 8.94(3.2) 5.80(2.7) 15.45 0.48
Barcelona  1,643545 1,826 43.62(8.6) 31.04(7.2) 21.23(6.1) 16.49 0.35
Castelldn 134213 1,826 2.9(1.8) 2.15(1.5) 1.58(1.3) 17.23 0.33
Huelva 142547 1,097  2.59(1.7) 1.77(1.4) 1.30(1.2) 18.53 0.30
Valencia 749796 1,096 16.09(4.6) 11.1(3.7) 7.73(3.1) 18.61 0.29
Seville 683028 1,380 13.53(4.3) 8.92(3.4) 6.75(3.0) 19.00 0.33
Cartagena 168023 1,827  3.47(2.0) 2.47(1.6) 1.77(1.4) 19.07 0.27

“humber of days in the serié&jean (Standard Deviation).

The following variables were coidered as potential confounders: air pollution (level of suspended
particulates measured as particulates of less thamyl@ diameter (PNb) or, in its absence, black
smoke (BS) or, in its absence, total suspended particulates (TSP)), daily incidence of influenza
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obtained for each day as 1/7 of the weekly value declared to the Compulsory Notifiable Disease
Registry, and dter calendar variables such as the day of the week, bank holiday and unusual
events indicators.

The statistical model used to describe the relationship was the Poisson generalised additive
model (GAM). This model was chosen as being the most suitablkexplor the shape of a
relationship Its usefulness lies in the possibility of incorporating variables in apacametric way
using smooth functions such as loess or spline, therefore avoiding the need to presuppose the shape
the relationship and latérying to reproduce it by means of an approximate functional expression. All
analyses were carried out iARPus with stricter convergence criteria than default (tolerance “ané
maximum number of iterations 50D0)[14-16].

The models were constrectas follows first, time since the beginning of the study smoothed by
loess was introduced to control for secular trends and seasonality. The number between 90 and 36!
(30 by 30) days that minimised t he ton (PACFpwas t he
chosen as span. After, a cubic smoothing spline of influenza cases previously smoothed by loess (witf
a 30 day span) was introduced. The number of degrees of freedom of this spline was 2 or 3 according
to the minimum Akaike criteriofil7]. Temperature and humidity were incorporated, each by means of
three cubic smoothing splines withur degrees of freedomeach. he firstwasthe spline of current
mean daily valuesthe second the spline of the linear regression residuals of the curnees waler
lags from 1 to 3and he third the spline othe linear regression residuals of the current values over
lags from 4 to 10This was done in an attempt to account for the lagged effect of both temperature and
humidity, avoidingcollinearity as faras possiblg6]. Day of the week, air pollution (lags 0 and 1
average), holidays and special eveirsthis order,were linearly incorporated into the madethe
likelihood ratio test was significant 0.2). To account for serial correlation in thesiduals wheré
remained in the final model, autoregressive terms were added into the model as appropriate.

Following this scheme, explicative models for each outcome and city were constructed. The
significance of temperature was evaluated using thelilidod ratio test. The relationship was
graphically represented and the current day temperature at which the curve achieved its minimum
the minimum mortality temperature (MMT)was obtained. Slopes belowo(d slopg and above
(heat slopgthe MMT were estimated by linear regression of predicted mortality over temperatwe.
impact of old and heatvasexpressed as the percentage change in mortalityteonperature change
of 1€.

3. Results and Discussion
3.1 Shape of th&®elationshigbetwen Terperature and Mortality

The relationship between temperature &otdl mortality was significant imine of the 13 cities,
including the most populated. lhhe case ofnortality due tospecific causes and mortality in the
elderly, the relationship was alssignificant in Madrid, Barcelona, Valenci8eville and Zaragoza
(five of the six most populated cities), and nsignificant in Huelva and Cartagenav¢ of the three
least populated cities).
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Focusing on significant associations, the relationship betweraperature and mortality was V or
U-shapedFigure2), with largest effects (steeper slopks)cardicrespiratory deathg his shape does
not suggest an acute effect of extreme temperatures but a rise in the death rate when thgetgeather
colder orhotter tharthe comfort band.

Figure 2. Curves of significant associations between temperature and mortality for: total
mortality (Alltm) in the first row, cardigespiratory mortality (Rcvm) in the second row,

and mortality among people 70 years old oerofA70tm) in the third. Cities are grouped
according to their mean temperature into
Amil do cities (Madri d, Bil bao, Zaragoza,
Valencia, Huelva, Seville, Cartagena). Thst of the curves are drawn in light gray.
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The only exception was the linear shape with a negative slope found in the two coldest cities
(Vitoria and Oviedo). This shape could be explained by the narrow range of temperatures in these
seriesandthelack of sufficienthigh temperatures to reveal the potential effect of heat on mortality due
to circulatory causes: in Vitoria the temperature remained belo@ 28r 95 % of the days of the
seriesand in Oviedo below 2@. Furthermore, both cities are snmand reported a low number of
deaths which could result in somewhat imprecise estimates. In fact, from a statistical point of view,
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one of the limitations of our study may be tbes powerwhenanalysing series with a scarce number
of eventq18§].

Grouping the cities with a significant relationship into three categofieso | d ci t i es o0,
and Awar accoding to thes daily mean temperatumbows for an appreciation of patterns
between the curves. A relevant feature is the MMT devidbwards the right of each curvisladrid
and Zaragoza, classified as fAmild citieso, s h
Amil do cities: Bilbao and Barcelona are alike

This coircides with the similarities in climate and temperature range between them: Madrid and
Zaragoza have a continental climate, with a mean temperature very close to that of Barcelona anc
Bilbao, but with a much widerange. This indicatethe existence of late variables relating to the
location, which could play a relevant role in the shape of the relationship between temperature and
mortality. Onthe other handwhen cities were dividedintoi | o w0 , Amedi-wanoi amidl ii
cities on the basis of theicoefficient of variation, Madrid and Zaragozhoth classified as
fi h i-vgahr i a dities shotved practically the same pattern marked by a lower risk of mortality.

3.2. Temperatur®alue Associatedith Minimum Mortality (MMT)

The temperature asso@dtwith minimum mortality (MMT) for total mortality varied from city to
city (14€ in Vigo to 23 € in Seville) andtended to increase with the mean temperattigu(e 3).
The MMT was slightly higher for cardivespiratory deaths, and the greatest difiee wih total
mortality was around £ . The graphs in Figurd also show that the MMT obtained with these
adjusted models remained above the mean temperature. In the three outcomes, the percentage of da
with a temperature below the MMT exceeded 5086 m the case of total mortality this percentage
ranged between 60% and 84%hne MMT varied between 13.9 (Vigo) and 22.75€ (Seville). We
observed a shift of MMT towards higher values as the mean temperature of the cities rises.

Figure 3. Curves of gnificant associations between temperature and mortality for: total
mortality (Alltm) in the first row, cardigespiratory mortality (Rcvm) in the second row,

and mortality among people 70 years old or over (A70tm) in the third. Cities are grouped
accordng to their Coefficient of Variati on i
Zaragoza), medium variabilityo (Oviedo, Vi
variability cities (Gijon, Bil bao, al enci
drawn in light gray.
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