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RESUMEN

El objetivo de este estudio consiste en evaluar la relación entre el riesgo de ingreso hospitalario por enferme-
dades respiratorias habidos en hospitales de Castilla-La Mancha, España, y los tipos diarios de masas de aire 
(situaciones meteorológicas) presentes durante el periodo 2000-2006, utilizando un enfoque climatológico 
sinóptico. Se determinaron los principales tipos de circulación atmosférica presentes en la zona para el in-
vierno y la primavera (estaciones en que las admisiones hospitalarias de carácter respiratorio son máximas), 
así como sus distribuciones de frecuencia. Se analizan las características principales de los ingresos hospi-
vcnctkqu"{"uw"fkuvtkdwek„p"gp"nqu"ukgvg"c‚qu"guvwfkcfqu."lwpvq"eqp"ncu"fkuvtkdwekqpgu"fg"htgewgpekc"encukÝecfcu"
por sexo y edades, estaciones climáticas, meses y días de la semana. Además, se realiza un análisis entre la 
encukÝecek„p"qdvgpkfc"fg"ocucu"fg"cktg"{"nqu"kpitguqu"jqurkvcnctkqu."ogfkcpvg"nc"wvknk¦cek„p"fg"wp"‡pfkeg"fg"
admisión o tasa relativa. Los resultados revelan diferentes respuestas en la tasa de ingreso por enfermedades 
tgurktcvqtkcu"htgpvg"c"nqu"qejq"vkrqu"fg"ocucu"fg"cktg"kfgpvkÝecfqu"gp"kpxkgtpq"{"gp"rtkocxgtc0"Gp"kpxkgtpq."ncu"
tres masas de aire dominantes que se asocian, las circulaciones del suroeste, las anticiclónicas y las híbridas 
anticiclónicas del suroeste, presentan valores 1.5 veces superiores al promedio de ingresos respectivos, 
okgpvtcu"swg"gp"nc"rtkocxgtc"pq"ug"qdugtxcp"fkhgtgpekcu"ukipkÝecvkxcu"gp"gn"p¿ogtq"fg"cfokukqpgu"htgpvg"
a los tipos de tiempo.

ABSTRACT

The aim of this study is to evaluate the relationship between the risk of hospital admission for respiratory 
diseases (RD) and the daily weather types during the period 2000-2006. A synoptic climatological approach 
is used to investigate links between air-mass types (weather situations) and all respiratory hospital admissions 
in the Castilla-La Mancha (CLM) area in Spain. This afforded the main circulation weather types (CWTs) 
for the winter and spring periods (since respiratory hospital admissions reached their maximum during these 
seasons) and the frequency distributions of these types were analyzed. A summary of the main character-
istics of the hospital admission series and their distribution over the seven years studied, together with the 
htgswgpe{"fkuvtkdwvkqpu"qh"vjg"cfokuukqpu"encuukÝgf"d{"ugz"cpf"cigu."hqt"ugcuqp."oqpvj"cpf"hqt"gcej"fc{"qh"
vjg"yggm."ku"tgrqtvgf0"Kp"cffkvkqp."c"eqorctkuqp"dgvyggp"ckt/ocuu"encuukÝecvkqp"cpf"jqurkvcn"cfokuukqpu"ku"
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made using an admission index (AI). The results reveal different responses of respiratory admission rates to 
vjg"gkijv"ckt/ocuu"v{rgu"kfgpvkÝgf"kp"ykpvgt"cpf"kp"urtkpi0"Kp"ykpvgt."vjtgg"ckt"ocuuguu"uqwvjyguvgtn{"*UY+."
anti-cyclonic (A) and hybrid anti-cyclonic southwesterly (HASW), are associated with values 1.5 times 
jkijgt"vjcp"vjg"tgurgevkxg"cxgtcig"cfokuukqp"tcvgu."yjkng"kp"urtkpi"pq"ukipkÝecpv"fkhhgtgpegu"ctg"uggp0"

Keywords: Air-mass types, respiratory diseases, hospital admission index, Castilla-La Mancha (Spain).

1. Introduction

Since diseases of the respiratory apparatus are one of the main causes of morbidity and mortality 
in most countries, studies addressing the relationship between this type of pathology and the 
determinant variables and factors of the climate have increased, varying results being reported. 
The seasonal causes of the increases in asthma have been explained in terms of meteorological 
and pollutant variables. Regarding the meteorological variables, different authors have concluded 
that the symptoms may be related to the temperature prevailing during cold periods (Beer et 

al., 1991; Yuksel et al., 1996), changes in temperature (Crighton et al., 2001), relative humidity 
and rainfall (Celenza et al., 1996), fog (Kashiwabara et al., 2002), wind speed (Hashimoto et 

al., 2004), and changes in barometric pressure and storms (Sutherland and Hall, 1994; Newson 
et al., 1997).

Regarding pollutants, not analyzed in the present paper, hospital admissions due to asthma 
may rise in periods of poorer air quality and, in particular, admissions due to rises in ozone 
concentrations may increase (Fusco et al., 2001; Tortolero et al., 2002). An association between 
daily ozone levels and respiratory symptoms has been reported (Romieu et al., 1996; Rabinovitch 
et al.,"4226+0"Pgxgtvjgnguu."uqog"cwvjqtu"jcxg"hckngf"vq"pqvg"c"ukipkÝecpv"tgncvkqpujkr"dgvyggp"
ozone levels and morbidity (Atkinson et al., 1999; Farhat et al., 2005; Hinwood et al., 2006). Such 
differences are probably due to geographic reasons, although they may also be linked to the type 
of methodology employed. In Spain, similar analyses relating mortality to air pollution (Sunyer et 

al., 1996; Ballester et al., 2001; Díaz et al., 2004; de Pablo et al., 2006) or atmospheric variables 
(González et al., 2001; Linares et al., 2006) only date back to a few years ago.

The aim of this paper is to search for links between weather situations and health for the Castilla-
La Mancha (CLM) region in central Spain. The approach adopted is a synoptic climatological one, 
whose usefulness has been clearly demonstrated for analyzing climate-morbidity relationships (de 
Pablo et al., 2009). This study will attempt: (1) to identify the major circulation weather types 
(CWTs) (weather situations) in winter and spring that affect the CLM area; (2) to examine the 
seasonal, monthly and day-of-the-week variations in the occurrence of respiratory diseases in 
vjg"rgtkqf"4222/4228="cpf"*5+"vq"cuuguu"yjgvjgt"nkpmu"gzkuv"dgvyggp"vjg"EYVu"kfgpvkÝgf"cpf"fckn{"
respiratory admissions. 

2. Methods

2.1 Study area

Ecuvknnc/Nc"Ocpejc"ku"ocfg"wr"qh"Ýxg"rtqxkpegu<"Cndcegvg."Ekwfcf"Tgcn."Ewgpec."Iwcfcnclctc"cpf"
Toledo (Fig. 1). This autonomous community is delimited by the Central Mountain Chain in the 
north, by the Iberian Mountain Chain in the northeast, and by the Mountains of Toledo, over a total 
surface of 79 395  km2. Temperatures are extreme, with very hot summers and very cold winters, 
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with a thermal oscillation of 18.5 ºC. The summers are dry and the temperature often reaches more 
than 30 ºC. However, in winter, temperatures are frequently less than 0 ºC, even reaching –20 ºC 
on clear nights, with sporadic snowfall (Nájera et al., 2009). Rainfall is not very abundant and it 
shows an important gradient from the central region, where it is usually around 400 mm per year, 
to mountainous zones, where it exceeds 1000 mm per year.

According to the population census of 2006 from the Instituto Nacional de Estadística (INE, 
2006) the region had a total population of 1 932 261 inhabitants distributed over its whole surface, 
i.e. a mean population density of 24.3 inhab/km2. Table I shows the population and total area of the 
rtqxkpegu"eqpukfgtgf"cu"ygnn"cu"vjg"igqitcrjkecn"ejctcevgtkuvkeu"qh"vjg"Ýxg"ockp"ekvkgu"kp"vjg"tgik„p0"
The percentage of population with ages between 14 and 44 years accounts for 44% of the total 
population; the population between 45 and 64 year old represents 21.3%, and the population over 
65 years old forms 18%. Finally, children under 14 years old represent 18% of the total population. 
Considering sex, 50.25% are male and 49.75% are female.

2.2 Data

Hqt"vjg"rtgugpv"cpcn{uku."vjg"fckn{"jqurkvcn"cfokuukqp"fcvc"hqt"tgukfgpvu"nkxkpi"kp"vjg"Ýxg"rtqxkpegu"
analyzed corresponding to January 1, 2000, to December 31, 2006, were collected from the database 
of the respective medical reference centers, one per province, and were coded according to the 
Kpvgtpcvkqpcn"EncuukÝecvkqp"qh"Fkugcugu."Tgxkukqp"32"*KEF/32+0"Vjg"jqurkvcn"cfokuukqp"fcvc"ygtg"
encuukÝgf"cu"rgtvckpkpi"vq"rcvkgpvu"cfokvvgf"hqt"tgurktcvqt{"fkugcugu"*KEF/32"L22/L;:+."cpf"vjg"fcvc"
ygtg"cnuq"encuukÝgf"d{"ugz"cpf"cig"*{qwpigt"vjcp"87"{gctu"cpf"qnfgt"vjcp"87"{gctu+0"Vq"cpcn{¦g"
the data, we considered spring as lasting from March 1 to May 31; summer, June 1 to August 31; 
autumn, September 1 to November 30; and winter, December 1 to February 28-29. 
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Ciudad Real Albacete Fig. 1. Castilla-La Mancha in the Central 
Spanish Plateau and its provinces.

Vcdng"K0"Rqrwncvkqp"cpf"igqitcrjkecn"ejctcevgtkuvkeu"qh"vjg"Ýxg"ockp"ekvkgu"kp"vjg"Ecuvknnc/Nc"Ocpejc"tgikqp0

Latitude
(N)

Longitude
(W)

Altitude
(asl)

Population
(2006)

Area
(km2)

Albacete (AB) 38º 57’ 1º 52’ 704 387 658 14 858
Ciudad Real (CR) 38º 59’ 3º 55’ 627 506 864 19 813
Cuenca (CU) 40º 04’ 2º 18’ 956 208 616 17 140
Guadalajara (GU) 40º 38’ 3º 10’ 708 213 505 12 214
Toledo (TO) 39º 53’ 4º 02’ 516 615 618 15 370
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2.3 Daily circulation weather types

Most synoptic techniques employed classify each of the days analyzed within discrete classes, 
ejctcevgtk¦gf"d{"fqokpcpv"cktÞqy."cpf"htqo"vjgug"encuugu"qt"itqwru"vjg{"fguetkdg"vjg"oquv"korqtvcpv"
meteorological situations associated with each of these types. Initially developed by Jenkinson and 
Collison (1977) and Jones et al. (1993), they have been applied with a view to automatically reproduce 
vjg"uwdlgevkxg"encuukÝecvkqp"fgxgnqrgf"d{"Ncod"*3;94+"hqt"vjg"Dtkvkuj"Kungu."cpf"kortqxgf"d{"[ctpcn"et 

al. (2001). Although such methods have been used fairly satisfactorily in many different applications 
*Iqqfguu"cpf"Rcnwvkmqx."3;;:="Vtkiq"cpf"FcEcoctc."4222+."vjku"fkuetgvg"encuukÝecvkqp"fqgu"jcxg"
certain subjective aspects and affords little information about the strength of the systems in circulation 
qt"cdqwv"ykpf"kpvgpukv{."gxgp"vjqwij"dqvj"curgevu"engctn{"kpÞwgpeg"vjg"tguwnvkpi"kphqtocvkqp0"

The daily atmospheric circulation affecting the Iberian Peninsula can be characterized through 
vjg"wug"qh"c"ugtkgu"qh"kpfkegu"cuuqekcvgf"ykvj"vjg"fktgevkqp"cpf"xqtvkekv{"qh"igquvtqrjke"Þqy0"Hqt"c"
more exhaustive development of this methodology, readers are referred to the work of Spellman 
(2000), Trigo and DaCamara (2000), and Santos et al., (2005).

Daily sea level pressure (SLP) values were obtained from reanalysis data from the National 
Center for Environmental Prediction (NCEP) (Kalnay et al., 1996), through the NOAA/NCEP 
web page (2009) over a 5º × 5º longitude-latitude grid from 40º W to 25º E and 20º N to 70º N, 
htqo"Lcpwct{"4222"vq"Fgegodgt"42280"Ykvj"vjgug"fcvc."c"encuukÝecvkqp"qh"48"EYVu"ycu"qdvckpgf"
for the Iberian Peninsula using the above-mentioned methodology (Table II). In order to simplify 
vjg" encuukÝecvkqp"qdvckpgf"qtkikpcnn{." uqog" cwvjqtu" uwej" cu"Vtkiq" cpf"FcEcoctc" *4222+" jcxg"
regrouped the 26 initial CWTs in 10 basic types, including the 16 hybrid situations obtained by 
them for the corresponding directional, cyclonic or anti-cyclonic situations, assigning them a 
ygkijv"qt"rctvkekrcvkqp"qh"2070"Kp"qwt"ecug."ykvj"c"xkgy"vq"tgfwekpi"vjg"encuukÝecvkqpu"qdvckpgf"
kpkvkcnn{."yg"fgekfgf"vq"fgÝpg"fqokpcpv"v{rgu"cu"vjqug"yjqug"htgswgpe{"qh"qeewttgpeg"uwtrcuugf"
the average value corresponding to the period 2000-2006. According to this criterion, the most 
korqtvcpv"ygcvjgt"v{rgu"qh"vjg"ykpvgt"ckt"ocuugu"Ýpcnn{"ugngevgf"ygtg"pqtvjgcuvgtn{"*PG+."gcuvgtn{"
(E), southwesterly (SW), westerly (W), southeasterly (SE), cyclonic (C), anti-cyclonic (A), as well 
as some hybrid transitional situations, such as hybrid anti-cyclonic southwesterly (HASW), which 
represent the days that could not be unequivocally assigned to a pure selected type of situation; 
the spring air masses selected were northeast (NE), east (E), southwest (SW), west (W), north (N), 
cyclonic (C), anti-cyclonic (A) and hybrid anti-cyclonic northwest (HANW) (see Table II). We 
also provide a summary of the most important meteorological characteristics of the air masses 
Ýpcnn{"ugngevgf"*Vcdng"KKK+0

2.4 Hospital admission index

Since admission rates increased over the seven years studied, as a result of changes in health 
legislation that led more people to visit hospitals as opposed to their family doctor, admission 
statistics were calculated for each individual year. To facilitate multi-year comparisons of respiratory 
jqurkvcn" cfokuukqpu" coqpi" vjg" ckt/ocuu" v{rg" encuukÝecvkqpu." vjg" cfokuukqp" kpfkegu" *CK+"ygtg"
calculated (Eq. [1]) following the approach proposed by McGregor et al., (1999):

100
)(

)(
)( =

yadmissionsaverageAnnual

iadmissionsHospital
iAI  (1)
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where (i) and (y+" tgrtgugpv" c" urgekÝe"fc{"cpf"{gct." tgurgevkxgn{0"Vjku" ku" ukorn{" vjg" tcvkq"qh"
daily admissions to the yearly average expressed as a percentage. This index standardizes the 
admissions data with respect to the mean of an individual year. Thus, an AI of 150 is interpreted 
as admissions being 1.5 times higher than the annual average.

The statistical distribution of hospital admissions for respiratory diseases followed a Poisson 
fkuvtkdwvkqp"cpf"jgpeg"vq"gzcokpg"kpvgt/cppwcn"vtgpfu."cu"ygnn"cu"vjg"ugcuqpcn."ukipkÝecpv"oqpvjn{"
and daily variations of RD, we applied the ぬ2"iqqfpguu"qh"Ýv"vguv0"Vjg"fkuvtkdwvkqp"qh"CK"ycu"
not exponential (Kolmogorov-Smirnov test) and neither was it normal (Shapiro-Wilk normality 
test). Accordingly, CWTs were tested for AI differences using a non-parametric procedure, the 
Mann-Whitney U test, which is the one most widely used (Sneyers, 1990). U test is an alternative 
to the t-test. It uses the relative magnitudes of the observations in two data series to determine 
their ranks within a single distribution, and it does not require the data to be distributed normally 
(McCuen, 1993). Very large or small U values imply a separation of the ordered observations and 
are evidence of a difference between the population distributions represented by the samples. The 
null hypothesis that the two data samples are drawn from the same population is tested using a 

Table II. Circulation weather types, number of days and frequency 
(in parentheses) in winter and spring for the 2000-2006 period 
(dominant situations in bold type).

Types Winter Spring

NE 30 (4.76) 71 (11.02)
E 37 (5.87) 38 (5.90)
SE 30 (4.76) 10
S 21 10
SW 33 (5.24) 46 (7.14)
W 38 (6.03) 45 (6.99)

NW 16 21
N 13 42 (6.52)

C 27 (4.29) 47 (7.30)
A 211 (33.49) 159 (24.69)

HCNE 3 13
HCE 2 5
HCSE 6 4
HCS 3 3
HCSW 5 4
HCW 6 4
HCNW 0 4
HCN 7 7
HANE 18 20
HAE 17 9
HASE 15 3
HAS 13 3
HASW 38 (6.03) 12
HAW 21 22
HANW 10 25 (3.88)

HAN 10 17
Total 630 644
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two-tailed t/vguv"cv"vjg"3'"eqpÝfgpeg"ngxgn"vq"cnnqy"cp"kpetgcukpi"qt"fgetgcukpi"ejcpig"kp"vjg"
data series. The probability that the observed value of the U statistic will occur according the 
null hypothesis is expressed by the p value. When p < 0.01, the U"vguv"ku"uvcvkuvkecnn{"ukipkÝecpv"
and it is unlikely that the two samples will be from the same population.

3. Results and discussion

3.1 Daily hospital admissions characteristics

Vjg"fkuvtkdwvkqp"qh"jqurkvcn"cfokuukqpu"qxgt"vjg"ugxgp"{gctu"uvwfkgf"*Vcdng"KX+"tgxgcnu"c"ukipkÝecpv"
linear increase (p < 0.01) in respiratory causes, both by gender and by age. The highest number of 
admissions was recorded in 2005, exceeding the year with lowest incidence (2000) by 1.4 times. 
The total number of admissions was lower for females (47 885 cases) than for males (81 998 cases), 
with 42.56% for subjects < 65 years of age. The average daily number was 50.8 admissions/day 
(32.1 admissions/day for males and 18.7 admissions/day for females) and the maximum daily 
incidence corresponded to 2005, with 38.31 admissions/day for males and 37.11 admissions/day 
hqt"@"87/{gct/qnf"uwdlgevu0"Vjg"cu{oogvt{"*302:8+"cpf"ujctrpguu"*40:6:+"eqghÝekgpvu"kpfkecvg"vjcv"
the frequency distributions are not strictly normal.

Table III. Air mass type and average meteorological characteristics of the ten major CWTs selected.

Air-mass type Short description of the meteorological situation

A (anti-cyclonic) A high-pressure center over the Iberian Peninsula, and between Iberia, Madeira 
and the Azores.

W (westerly) Setting of the Azores high pressure at 30º N and low-pressure centers west 
of the British Isles.

C (cyclonic) A low-pressure center over the western Portuguese coast, sometimes 
accompanied by a blocking anticyclone located between Iceland and the 
British Isles.

SW (southwesterly) A weakening of the Azores high pressure and strong low-pressure located 
between Iceland and the Azores.

E (easterly) An anticyclone between the British Isles and the Iberian Peninsula.

NE (northeasterly) An extended Azores high pressure to the northeast and low pressure over the 
Mediterranean region.

HASW (hybrid 
anti-cyclonic southwesterly)

A SW-NE oriented Azores anti-cyclonic and cyclonic curvature over the 
Iberian Peninsula, associated to a low-pressure system over the northwest 
of the British Isles.

HANW (hybrid
anti-cyclonic northwesterly)

Presence of the eastern limit of the Azores anti-cyclonic near the southwestern 
Iberian Peninsula and a low-pressure center over the British Islands.

SE (southeasterly) Low-pressure regions extending from Madeira to the Azores Islands and high 
pressure over northern Europe.

N (northerly) Localization of Azores high pressure between the Azores and Madeira and 
low-pressure centers over northern France.
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3.2 Seasonal, monthly, and weekly distributions

Table V shows the average number of hospital admissions for each season, month and day of the 
week by gender and by age. We examined possible seasonal variations by using a ‒2 test, and for 
the period analyzed (84 months) hospital admissions for RD show a weak seasonal behavior: 
maximum values mainly occurring in winter, spring and autumn, and minimum values in the 
summer, although the seasonal differences are small (for all cases p < 0.001). In all seasons, 
the admissions of males were greater than for females, with a ratio between 1.6 in the winter to 
1.8 in the summer, and in the case of subjects younger than 65 the ratio was nearly 1.5:1. These 
characteristics are similar to those reported in better-developed countries (McGregor et al., 1999; 
Morabito et al., 2005). By months, the number of hospital admissions was maximum in January 
cpf"okpkowo"kp"Cwiwuv"*408"vkogu+."ykvj"ukipkÝecpv"fkhhgtgpegu"dgvyggp"gcej"oqpvj"*ぬ2 test, 
p < 0.001). Similar trends were obtained for both series according to gender and age, with the 
exception of March. The distribution for each day of the week revealed that the maximum number 
of admissions occurred in the middle of the week (Tuesday-Friday) and the lowest number at 
weekend-Monday, regardless of sex or age. 

3.3 The effect of weather types on morbidity in winter and spring

As indicated above, respiratory hospital admissions were highest in winter and spring, and 
vjgtghqtg"yg"ugngevgf" vjgug" vyq"rgtkqfu" hqt" vjg" hqnnqykpi"uvwfkgu0"Yg"encuukÝgf"gcej"fc{"qh"
these two periods and determined the corresponding CWTs, selecting only dominant situations 
(Table II). In our case, the reduction of 26 initial CWTs into eight dominant situations showed 
that the weather types for the winter were NE, E, SE, SW, W, C, A, and HASW, this latter type 
representing days that could not be unequivocally assigned to a pure type situation. These eight 
v{rgu"kpenwfgf"c"vqvcn"qh"666"fc{u"*9207'"qh"vjg"vqvcn+0"Hqt"vjg"urtkpi."vjg"encuukÝecvkqp"tgxgcngf"
that the eight dominant types were NE, E, SW, W, N, C, A, and HANW, which included 473 

Table IV. Total number and daily average (in parentheses) of hospital admissions for RD over the seven 
years studied.

Overall Gender Age

Male Female < 65 > 65

2000 15649
(42.76)

9959
(27.19)

5699
(15.57)

7303
(19.95)

8346
(22.80)

2001 16210
(44.41)

10409
(28.52)

5801
(15.89)

7546
(20.67)

8664
(23.74)

2002 17021
(46.63)

10825
(29.66)

6192
(16.96)

7165
(19.63)

9855
(27.00)

2003 19465
(53.33)

12248
(33.56)

72.17
(19.77)

8052
(22.06)

11413
(31.27)

2004 19996
(54.63)

12583
(34.38)

7413
(20.25)

8359
(22.84)

11637
(31.80)

2005 22117
(60.59)

13982
(38.31)

8135
(22.29)

8571
(23.48)

13546
(37.11)

2006 19429
(53.23)

12001
(32.88)

7428
(20.35)

8280
(22.68)

11149
(30.55)
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days representing 73.4% of the whole period. It should be noted that a small number of days (< 5%), 
dgnqpikpi"vq"vjg"pqp/encuukÝgf"*W+"v{rg"qh"ukvwcvkqpu."ycu"gzenwfgf"htqo"vjg"uvwf{0"Hqt"dqvj"
periods, the most frequent situation was anti-cyclonic, which occurred 33.5% of the times during 
winter and 24.7% in the spring.

Upon analyzing the inter-annual variability of the dominant air masses for each season to 
determine the percentage of occurrence of the eight dominant weather types for the winter and 
spring (Table VI), it was seen that the anti-cyclonic type situation was dominant in both seasons. 
Kp"cffkvkqp."vjgtg"ygtg"ukipkÝecpv"kpvgt/cppwcn"xctkcvkqpu"kp"qvjgt"v{rgu"qh"ygcvjgt0"Vjwu."kp"ykpvgt."
E situations varied between 0 and 14.4%, SE situations between 0 and 15.6%, and C situations 
between 0 and 10.0%. The winter of 2000-2001 had a low frequency of anti-cyclonic situations, 
probably due to the increase in SW, W and HASW situations, and by the spring there was a strong 
variation in cyclonic situations, ranging from 1.1% for 2001 to 16.3% for 2000.

3.4 Basic characteristics of the hospital admission index (AI)

Figure 2 shows the mean number of admission index for respiratory reasons during the winter and 
spring by day of the week. The period between Monday and Friday had high AI values, while low 

Table V. Average number of hospital admissions per season, month and day of the week.

Overall Gender Age

Male Female < 65 > 65

Season
Spring 56.39 35.22 21.16 23.96 32.42
Summer 35.68 23.22 12.45 14.46 21.21
Autumn 44.96 28.86 16.08 20.32 24.63
Winter 66.46 41.23 25.39 27.93 38.70

Month
January 77.57 122.70 77.68 78.17 122.21
February 64.51 94.04 57.82 66.21 85.64
March 61.36 97.88 60.63 68.19 90.32
April 55.61 86.45 52.57 56.58 82.44
May 52.16 85.68 49.04 58.89 75.82
June 42.94 68.44 38.88 47.57 59.75
July 34.24 57.86 30.56 35.26 53.15
August 30.09 51.73 26.00 27.99 49.74
September 35.96 59.36 30.55 40.45 49.45
October 46.96 77.40 43.86 54.60 66.67
November 51.89 82.13 47.60 59.06 70.67
December 57.11 92.55 54.99 65.12 82.42

Day of week
Monday 41.51 14.92 26.58 18.55 22.96
Tuesday 49.40 18.02 31.38 23.85 25.56
Wednsday 47.13 17.12 30.02 22.92 24.21
Thursday 46.23 17.33 28.90 22.92 23.31
Friday 43.60 15.67 27.92 20.90 22.69
Saturday 38.25 13.98 24.27 16.77 21.48
Sunday 33.38 12.04 21.34 13.91 19.47
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values were recorded during the weekend. The U" vguv"tgxgcngf"ukipkÝecpv"fkhhgtgpegu"dgvyggp"
Saturdays and Sundays (low AI values) while high AI values were obtained from Monday to 
Friday (p < 0.001). 

To determine the difference between the number of admissions and its relationship with CWTs, 
we divided the total number of days (1274, 630 from the winter and 644 from the spring) into four 
groups to apply a ‒2 test and conditional probability analysis. These analyses detected a strong 
dependence (p < 0.001) of AI on both weather periods. Conditional probability must be interpreted 
as the probability of the CWT to obtain an AI above a given value. As already mentioned, an AI 
of 150 (or 125) must be interpreted as admissions being 1.5 (or 1.25) times higher than the annual 

Fig. 2. Mean respiratory admission index (AI) by day of week, in winter 
and spring.
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Table VI. Percentage of occurrence of the eight dominant weather types for winter and spring.

Winter

NE E SE SW W C A HASW
1999-2000 4.4 6.7 3.3 1.1 1.1 4.4 63.3 2.2
2000-2001 4.4 4.4 1.1 12.2 18.9 4.4 14.4 11.1
2001-2002 2.2 7.8 15.6 4.4 4.4 0.0 41.1 5.6
2002-2003 6.7 0.0 0.0 12.2 10.0 3.3 27.8 10.0
2003-2004 1.1 2.2 3.3 2.2 2.2 10.0 44.4 6.7
2004-2005 11.1 14.4 4.4 2.2 0.0 3.3 37.8 3.3
2005-2006 3.3 6.7 6.7 2.2 5.6 5.6 20.0 0.0
All winter 5.0 5.9 4.6 5.2 6.1 4.3 33.5 6.0

Spring

NE E SE SW W C A HANW
2000 9.8 6.5 2.2 4.3 4.3 16.3 19.6 5.4
2001 13.00 2.2 16.3 13.0 7.6 1.1 21.7 6.5
2002 7.6 4.3 5.4 6.5 6.5 9.8 23.9 4.3
2003 9.8 7.6 10.9 6.5 9.8 6.5 21.7 2.2
2004 17.4 9.8 2.2 5.4 8.7 3.3 25.0 4.3
2005 9.8 4.3 9.8 5.4 5.4 4.3 31.5 1.1
2006 9.8 6.5 3.3 7.6 3.3 9.8 29.3 3.3
All springs 11.0 5.9 7.1 7.0 6.5 7.3 24.7 3.9
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average for each CWT. Table VII shows the relative importance of the effect of each CWT and 
its relationship with AI. During the winter, the importance of SW, A and HASW situations must 
be stressed in the case of extreme events (AI > 150), while no differences were found in spring. 
Also, types E, A and SE have high conditional probabilities for an AI of 125 or higher, which is 
especially noteworthy in winter. During the spring, C, A and W situations are the ones that present 
conditional probabilities of AI >125.

McGregor (2001) found different responses of respiratory admission rates and mortality due 
to ischemic heart disease for the Birmingham area (UK) to different winter air-mass types and 
nctig/uecng"cvoqurjgtke"ektewncvkqp"xctkcdngu0"Vjku"ku"eqpukuvgpv"ykvj"vjg"Ýpfkpiu"qh"tgegpv"uvwfkgu0"
Smoyer et al. (2000) reported results indicating that strong weather conditions have a greater impact 
on mortality than high concentrations of air pollutants. 

4. Conclusions 

Vjgtg"jcxg"dggp"pq"rtgxkqwu"uvwfkgu"cfftguukpi"vjg"kpÞwgpeg"qh"ygcvjgt"v{rgu"qp"jgcnvj"kpfkecvqtu"
on the Central Spanish Plateau. The information obtained here is novel and useful for drawing up 
appropriate health plans and implementing suitable preventive measures and interventions, targeting 
lifestyles or types of behaviors known to be risk factors. It is also interesting for methodologies 
that enable this type of analysis to target more extensive geographic areas with low population 
fgpukvkgu."kp"yjkej"kv"yqwnf"qvjgtykug"dg"fkhÝewnv"vq"Ýpf"uvcvkuvkecnn{"ukipkÝecpv"tguwnvu0

From the statistical analysis presented above, the following main conclusions may be drawn. In 
the period studied (2000-2006), the mean number of daily hospital admissions was 50.8, and the 
maximum daily incidence was 174. The male/female ratio was 1.7 in favor of men and the age > 
871cig">"87"tcvkq"ycu"3050"Vjg"cu{oogvt{"cpf"ujctrpguu"eqghÝekgpvu"kpfkecvg"vjcv"vjg"htgswgpe{"
distribution is not strictly normal. The distribution of hospital admissions over the seven years studied 
ujqyu"c"ukipkÝecpv"nkpgct"kpetgcug"htqo"4222"vq"4228"*p">"2023+0"Vjgtg"ctg"ukipkÝecpv"fkhhgtgpegu"
between seasonal values (p < 0.001), with a maximum in winter (January) and a minimum in summer 

Table VII. Conditional probabilities (%) in the number of days associated with each circulation weather type 
for respiratory admission index (AI) classes in winter and spring.

Winter

Risk level Al classes NE E SE SW W C A HASW
Low 0-99 57 46 57 55 61 63 52 68
Medium 100-124 27 30 23 33 29 33 26 16
High 125-149 13 22 20 0 11 4 11 5
Very high >150 3 3 0 12 0 0 11 11

Spring

Risk level Al classes NE E SE SW W C A HANW
Low 0-99 58 68 50 60 45 57 52 48
Medium 100-124 28 21 35 20 38 21 28 36
High 125-149 13 8 13 18 17 19 17 16
Very high >150 1 3 2 2 0 2 4 0
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(August); for the weekly values, the maximum number of admissions occur throughout the central 
days of the week (Tuesday-Thursday) and the lowest number of admissions is seen at weekend, 
regardless of the sex and age.

The present work shows that hospital admissions due to respiratory diseases in CLM are strongly 
tgncvgf"vq"urgekÝe"ygcvjgt"v{rgu0"Qdugtxkpi"vjg"tgncvkqpujkru"dgvyggp"vjg"cfokuukqpu"cpf"fckn{"
atmospheric conditions, in cases of extreme events (AI > 150), the results obtained show the relative 
importance in winter of SW, A and HASW situations, while no differences were found in spring. 

The main limitation of the present study is that although the amount of data of hospital admissions 
hqt"tgurktcvqt{"ecwugu"ku"ukipkÝecpv."vjg"tguwnvu"yqwnf"dg"kortqxgf"kh"c"nqpi/vgto"uvwf{"eqxgtkpi"
more than seven years could be undertaken. It was for this reason that we decided not to consider 
gender or age groups. These results cannot be extrapolated to a larger territory owing to the limited 
geographical area under study. 
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