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Abstract Atopic eczema (AE) is a chronic skin disease.
Recent reports indicate that the worldwide prevalence of AE is
increasing and that various environmental factors are impli-
cated in its aetiology. Climatic conditions have been related
with AE prevalence, and Spain has varying climatic con-
ditions. The aim of this study is to document the possible
climatic influence on the prevalence of AE in schoolchildren
aged 67 years in three different climatic regions in Spain. We
conducted a cross-sectional population-based survey of
28,394 schoolchildren aged 6-7 years from 10 Spanish
centres in three different climatic regions. The mean partici-

M. M. Suarez-Varela - A. L. Gonzélez

Unit of Public Health, Hygiene, and Environmental care.
Department of Preventive Medicine, University of Valencia,
Valencia, Spain

M. M. Suérez-Varela - A. L. Gonzélez

Research group CIBER CB06/02/0045,

CIBER actions - Epidemiology and Public Health,
Valencia, Spain

M. M. Suarez-Varela
Research Foundation. Hospital Universitario “Dr. Peset”,
Valencia, Spain

L. Garcia-Marcos Alvarez

Unit of Clinical Research,

Cartagena and Department of Paediatrics, University of Murcia,
Murcia, Spain

M. D. Kogan
HRSA. Maternal and Child Health Bureau,
Rockville, USA

pation rate was 76.5%. AE prevalence was assessed using the
International Study of Asthma and Allergies in Childhood
(ISAAC) questionnaire and the Spanish Academy of Derma-
tology criteria used in Spain to diagnose AE. The data,
including annual temperature, precipitation, relative humidity
and the annual number of sunny hours per climatic region,
were obtained from the Spanish National Institute of
Meteorology. Different AE prevalences were found in all
three climatic regions studied: Atlantic, 32.9; Mediterranean
28.3; and Continental 31.2 per 100 children studied (p<
0.005). AE was positively associated with precipitation and
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humidity, and was negatively associated with temperature
and the number of sunny hours. The results show that AE is
significantly dependent on meteorological conditions.

Keywords Atopic eczema - Climate - Children -
ISAAC phase III - Prevalence

Introduction

Atopic eczema (AE) is a chronic inflammatory skin disease
characterised by itching, lesions and lichenification, espe-
cially at the flexure sites of the major joints of the upper
and lower extremities (Maymi et al. 2007). The pain and
itching associated with the disease may cause depressive
symptoms, social isolation and reduced self-perception,
thus negatively influencing the quality of life in both
children and their caretakers (Fennessy et al. 2000).

AE affects between 5% and 20% of children aged up to
11 years at one time or another in different regions.
Research suggests that AE prevalence is on the increase
and that various environmental factors are implicated in its
aetiology (Asher and Weiland 1998; Fennessy et al. 2000;
Arruda et al. 2005). However, certain existing aetiopatho-
genic aspects remain unclear (Asher et al. 1995; Asher and
Weiland 1998; Blanco et al. 2005).

An international study conducted by the International Study
of Asthma and Allergies in Childhood (ISAAC) group (ISAAC
Group 1998a, b) revealed substantial regional and seasonal
variations in the frequency of AE and of other atopic diseases.
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A potential role of climatic conditions in the aetiology of
AE has long been suspected. Some studies on the effects of
climate have investigated the association of variations in
climate or meteorological conditions with the occurrence or
severity of symptoms of atopic diseases (Charpin et al. 1988,
1991; Vocks et al. 2001; Weiland et al. 2004). Epidemiolog-
ical studies suggest that climate influences the prevalence of
the disease, and reports worldwide indicate that AE has been
negatively associated with temperature (Vocks et al. 2001;
Weiland et al. 2004) and positively associated with latitude
(Weiland et al. 2004), whereas the effects of water vapour
pressure, air pressure and hours of sunshine observed were
less pronounced (Vocks et al. 2001). However, little is
known about the effect of long-term climate conditions on
AE prevalence because these results may be biased for
different population types (genetic condition) or for different
diagnostic AE criteria in the various regions studied.

Although most AE cases are minor (60% of all cases), they
could be influenced by climate such as a certain range of
hydrothermal atmospheric conditions (Vocks et al. 2001), and
there is a tendency for relapses. The disease may become
serious and generalised, and may cause a huge impact on the
child’s health and well-being (Lewis-Jones 2005). Further-
more, AE treatment and cures can involve a heavy financial
burden ((Fennessy et al. 2000; Lewis-Jones 2005).

AE prevalence has continued to increase since the 1970s,
particularly in Northern Europe (Aberg et al. 1995), with an
incidence rate of 15% among children aged 0—7 years.
Nonetheless, the reasons for this increase remain unclear
(Aberg et al. 1995). In addition, a simultaneous increase in
the case of atopic respiratory disorders, such as asthma and
allergic rhinitis, was observed (Aberg et al. 1995).

However, whether these differences are real or attributable
to measurement variations remains unknown. Two difficulties
in studying AE prevalence are that most results may not be
comparable due to the lack of standardised methods.
Moreover, it is difficult to compare areas or countries with
different populations, habits and lifestyles. Therefore, a
standardised methodology is essential for comparing AE
prevalences among different population groups (Haileamlak
et al. 2005). In Spain, there are different climatic conditions
and a homogeneous population.

The aim of this study was to investigate whether climate
is related with the prevalence of AE in schoolchildren aged
6—7 years in the Spanish population across three climactic
regions (Atlantic, Mediterranean and Continental).

Materials and methods

A cross-sectional population-based survey based on the
ISAAC methodology was conducted to obtain epidemiolog-
ical information on AE and other allergic diseases with
standardised methods (Haileamlak et al. 2005).
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The population groups were based on schoolchildren (6—
7 years) with a sample size of 3,000 per centre (10 centres
participated in Spain). Power calculations indicate that this
represents a 90% statistical capacity rate for detecting 2%
prevalence differences among schools at the 0.01 level of
significance. Schools were chosen by cluster to participate
in the study from a random school sample. Consents were
obtained from school staff and parent associations. Ques-
tionnaires were answered by parents.

The mean response rate in Spain was 76.5%. Parents of
28,394 schoolchildren aged 6-7 years completed the
ISAAC questionnaire. The Spanish schools participating
were from Asturias, Barcelona, Bilbao, Cartagena (coordi-
nating centre), Castellon, A Corufia, Madrid, Pamplona,
San Sebastian and Valencia (Table 1).

A survey was conducted using the standardised and
validated questionnaire of the ISAAC study in its phase III,
which included questions on AE (Ellwood et al. 2005; Mata
et al. 2005).

The questionnaire was used to assess AE prevalence, and
questions were as follows: (1) has your child ever had an
itchy rash which was coming and going for at least
6 months? (yes/no); (2) has your child had this itchy rash
at any time in the last 12 months? (yes/no); (3) has this
itchy rash at any time affected any of the following places:
the folds of the elbows, behind the knees, in the front of the
ankles, under the buttocks, and around the neck, ears, or
eyes? (yes/no); and (4) has your child ever been clinically
diagnosed with eczema or atopic dermatitis by a specialist?
(yes/no).

According to the ISAAC criteria questions (Haileamlak
et al. 2005), affirmative responses to questions 1 to 3 were
defined as having AE symptoms. Schoolchildren of parents
who answered affirmatively to question 4 were defined as
being diagnosed with AE by a medical specialist. In Spain,
diagnosis is made according to the Spanish Academy of

Dermatology (SAD) criteria (based on the diagnostic
criteria scale developed by Hanifin and Rajka in 1980).
Diagnosed AE must present “an itchy skin condition” plus
other signs and symptoms, such as: a personal history of
asthma or hay fever (or history of atopic disease in the first
degree in those under 4 years); a history of generally dry
skin in the last year (xerosis); visible flexural dermatitis (or
dermatitis involving the cheeks/forehead and outer area of
the limbs in children under the age of 4); onset under the
age of 2 (not used in less than 4 year olds); an acute
sporadic itchiness or pruritus which generally worsens at
night; this itchiness may become more irritable with
scratching episodes; and/or particular sensitivity to external
proteins, commonly known as atopens (Guerra 1997).

Data on environmental characteristics include mean
annual temperature, mean annual precipitation, mean
relative humidity, and the mean annual number of sunny
hours in each geographic—climatic region. These environ-
mental data were obtained from the Spanish National
Institute of Meteorology, and the following climatic regions
were determined: Atlantic (northern), Mediterranean (east-
ern) and Continental (central) (INE 2006a, b, c, d).

We also included different variables for the three
regions: grade of atmospheric contamination, type of region
(urban /rural), grade of industrialisation, socio-economic
status, number of children per fertile women and smoking
habit.

This study was approved by the Ethical Committee of
the Hospital 12 de Octubre, Madrid (Spain), in accordance
with the World Medical Association.

Data analysis
Prevalences were estimated as percentages of schoolchil-

dren with symptoms, and were divided by the total number
of participants from each centre. The > test was used to

Table 1 ISAAC III Centres in Spain, studied population of schoolchildren aged 67 years and percentage participation rate

Centres Boys Girls Total participating schoolchildren Participation rate (%)
Atlantic area
Asturias 1,505 1,522 3,027 86.5
Bilbao 1,469 1,570 3,039 82.2
A Corufia 1,472 1,545 3,017 73.8
Pamplona 1,583 1,583 3,166 81.2
San Sebastian 465 432 897 62.0
Mediterranean area
Barcelona 1,533 1,357 2,890 82.2
Cartagena 1,359 1,358 2,717 71.7
Castellon 2,038 1,879 3,917 88.1
Valencia 1,665 1,721 3,386 534
Continental area
Madrid 1,162 1,176 2,338 89.0
Total 14,251 14,143 28,394 76.5
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compare results. The association between climatic region . § :, 1:
and AE was expressed as Prevalence Ratio (PR). Confi- s g2~ 2 = 2,
dence intervals of 95% were applied. s
g
ili:| 2 53 g8 =
Results éo E% @Qgﬁqgac\gl%og
A <2 A8V FLFECRT
The characteristics of each participating centre are shown in
Table 1. The overall sample size comprised 28,394 school- S s a
children. No statistically significant differences in partici- & é -, 9 é o é ‘
pation were detected among the centres. All schoolchildren
from selected schools were included. However, 1 school in g %
A Coruia (1.7%), 18 in Valencia (18.4%), 23 in Barcelona & 5 _ _ ~ = &
(46.0%) and 18 in San Sebastian (50.0%) refused to =8 e, 4 .9, =, =
participate. Response rates exceeded 70.0% in all centres i‘; g = § = S8 E 3 EE = § <
except San Sebastian and Valencia where rates were 62.0%
and 53.4%, respectively. Simple random sampling was < = =
conducted in Asturias, Madrid, San Sebastian and Valencia g | 5 o : - Z
to obtain a school sample; the remaining centres included § ==l s = =
all the selected schools. The mean parental participation § -,
was 76.5%. » L = - =
Table 2 shows the prevalence of rashes (based on g 2 55 . & §’| . e - =
questions 1-3) and diagnosed AE (based on question 4) @ .gf 5 ; g g §§ é § E ; 35 ; %
by geographic area and gender. The prevalence of rashes B
was higher among boys in the Atlantic area, and a higher g S e s
prevalence was also found in diagnosed AE. Such findings = & T T
suggest a possible association between rashes and diag- é Eel- 2 =22 <
nosed AE. Therefore, early detection of rashes may prove S| =
very useful. In contrast, the higher prevalence of rashes in g :{ g _ _
girls was detected in the Continental area, but the higher % 7‘5 S = < 2 g
prevalence of diagnosed AE was noted in the Atlantic area. | 2 % 55 2 - 3 22 gl o 5 i 3 Q L
Statistically significant differences were observed in rashes | l=ls=snegmor=o-=9
and diagnosed AE prevalence among three climatic regions §, _ _ _
(Table 2): boys: rashes (p<0.05), diagnosed AE (»p<0.001); § ; § :,] S‘ )
girls: rashes (»p<0.05); and diagnosed AE (p<0.001). 2 EEE| - - 2z =2 8 )
Table 3 shows the prevalence of rashes per climatic region 2 2 E ;
and age they were detected. There is a higher statistically % g “é 5 ¢
significant prevalence in girls from the Continental area at an £ 3| < & @ = s % 8
age of 2-4 years (p<0.05) and >4 years (p<0.05). - S B |z h Ligevnseal| 2B
Table 4 shows the diagnosed AE prevalence, the climatic 4 al%2|Zg8rsdcdedsd EE
values and the rest of variables (grade of atmospheric 3 g0
contamination, type of area, grade of industrialization, § S < “ ‘E &
social-economic status, number of children per fertile women éﬁ & é _ - g = é ‘ 2 §
and smoking habit) for each of the areas. The highest 2| gé f
diagnosed AE prevalence (32.9%) was seen in the Atlantic g g % 5§
area, whereas the lowest diagnosed AE prevalence (28.3%) Z ‘Tr g _ o = =83 g
was detected in the Mediterranean area. In the Continental < | = 3 2% 2 =, = R
area, the prevalence of diagnosed AE was 31.2% (p<0.001). 5l &2 22 |8222528223%28 (18583
The Continental area had the highest prevalences of atomo- = 5 E g
spheric contamination as well as smoking habit. E g} 5 z; 2 g
A higher prevalence for industrialisation and number of ~| ® § %‘: 3 % E e
children per fertile women as well as the lowest social 2| % £ £ K - 5<¢
economic status was observed in the Medeterranean area. 13 s S 2 e SR A

@ Springer



Int J Biometeorol

Table 3 Prevalence of rashes per climatic region and age at which it was detected in schoolchildren of 67 years

<2 years (n=1,090) 24 years (n=784) >4 years (n=620)

n PR 95% CI n PR 95% CI1 n PR 95% CI

Mediterranean

Boys 197 2.9 2.5-34 183 2.7 2.3-3.1 126 1.9 1.6-2.2

Girls 206 32 2.8-3.7 146 2.3 1.9-2.7 134 2.1 1.7-2.5

Total 403 3.1 2.8-3.4 329 2.5 2.2-2.8 260 2.0 1.7-2.2
Continental

Boys 49 42 3.1-54 19 1.6 1.0-2.4 28 2.4 1.6-3.4

Girls 45 3.8 2.8-5.0 42 3.5% 2.6-4.7 45 3.8% 2.8-5.0

Total 94 4.0 3.2-4.8 61 2.6 2.0-3.3 73 3.1 2.4-3.8
Atlantic

Boys 295 4.5 4.0-5.0 175 2.6 2.3-3.1 128 1.9 1.6-2.3

Girls 298 4.4 4.0-4.9 219 32 2.8-3.7 159 2.3 2.0-2.7

Total 593 4.5 4.1-4.8 394 2.9 2.7-3.2 287 2.1 1.9-2.4

Boys 541 3.7 34-4.1 549 3.8 3542 282 1.9 1.7-2.2

Girls 1,090 3.8 3.6-4.0 377 2.6 2.3-2.9 338 2.3* 2.1-2.6

Total 407 2.8 2.6-3.1 784 2.7 2.5-2.9 620 2.1 2.0-2.3

PR Prevalence rate, CI confidence interval
*p<0.005 comparison boys and girls. Test of difference: Chi-square

Discussion negative correlation was noted for the mean annual

temperatures and the mean annual number of sunny hours.

Spain is an interesting region to study the different AE
prevalences among areas given its geographical character-
istics. The fact that Spain is a large plateau, except for its
coast, facilitates the geographical division of the ISAAC
centres. One clear association with AE prevalence was
found in our study: the prevalence of AE symptoms was
positively correlated with precipitation and humidity, and a

Other studies detected that a variety of skin diseases, such
as AE, tends to worsen during the dry winter season. This
positive correlation with precipitation and humidity can be
explained by the fact that humidity can irritate the skin
(National Jewish Medical and Research Center www.njc.
org). Results of other research suggest that a low
environmental humidity increases mast cell number and

Table 4 Diagnosed AE prevalence, the climatic values and the remaining variables for each of the areas

Mediterranean Continental Atlantic

Prevalence of clinically diagnosed atopic ezcema (%)* 283 31.2 329
Climatic parametres®

Mean annual temperature (°C) 16.8 14.1 13.5

Mean annual precipitation (mm) 469 386 1126

Mean relative humidity (%) 69 59 75

Mean annual number of sunny hours 2,593 2,658 1,830
Atmospheric contamination® 21.64 33.97 19.93
Type of area Urban Urban Urban
Grade of industrialisation (%)° 12.7 9.5 6.4
Social- economic status’ 6.2 9.0 7.6
No. of children/ fertile women® 1.1 1.0 0.9
Smoking habit (%)" 32.6 38.1 36.7

*=per 100 children

°Data from Spanish National Institute of Meteorology (1971-2000)

© % Days/ year that exceeded the limit level of air particulates (50ug/m®). Data from Ecologistas en Acciéon: www.ecologistasenaccion.es

4 Urban/rural. Data from Arnedo-Pena et al. 2005

¢ Data from Anuario el Pais 2002

" Index of provincial income.Data from Anuario el Pais 2002

€ Data from National Institute of Statistics www.ine.es

" Data from the questionnaire Health of the Valencian Community, questionnaire Health of Navarra, questionnaire Health of Asturias,
questionnaire Health of Catalunya, Report of State of Health of the Population of Madrid
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dermal histamine content. In an experimental study, Ashida
and Denda (2003) detected that histamine content in the
dermal dermis of animals kept in a low environmental
humidity (relative humidity<10%) for 3 and 5 days was
significantly higher than that of animals kept in a high
environmental humidity (relative humidity>80%) for the
same period of time. They detected, too, that the number of
mast cells in the dermis of the animals kept in a low
environmental humidity was significantly higher than the
animals kept in a high environmental humidity.

The negative correlation with temperature was found by
other authors (Vocks et al. 2001; Weiland et al. 2004), but
for the numbers of sunny hours it was less pronounced in
other studies (Vocks et al. 2001). This negative correlation
with the mean annual temperatures and the mean annual
number of sunny hours is also bolstered by the observation
that many skin pathologies worsen in colder climates
(Huisson and Krishna 2008).

Similar to other research, significantly statistical differ-
ences between boys and girls in the prevalence of rashes
and AE exist only in the Continental area (both prevalences
are higher in girls) (Morales et al. 2007).

As in other studies (Blanco et al. 2005), a higher
diagnosed AE prevalence was seen in northern Spain (near
the Atlantic Ocean). In contrast, eastern Spain (near the
Mediterranean Sea) presented the lowest AE prevalence.
Madrid, located in central Spain with a Continental climate,
indicated an intermediate prevalence rate.

We observed that, although statistical differences exist
due to non-climatic variables among the three regions, a
positive correlation between them and the prevalence of AE
(the region with the highest prevalence of AE did not
represent the highest level of atmospheric contamination,
industrialisation, lower social-economic level nor a higher
smoking habit) cannot be established.

This study shows that AE is common in Spanish school-
children with an overall estimated prevalence of 30.6%, as
reported by parents (year 2003). However, this prevalence is
different in each geographic—climatic study region.

Many difficulties arise when directly comparing findings
among different studies as estimates were seen to be
dependent upon disease definition and assessment methods,
age groups, the year children were born, the time period the
study was conducted in, and geographical areas (Marks
et al. 1999; Yura and Shimizu 2001; Girolomoni et al.
2003; Bisgaard 2004).

To date, this is the largest and the most comprehensive
study on physician-diagnosed AE prevalence in Spain. We
believe our data are representative of the current clinically
diagnosed AE prevalence among schoolchildren living in
different Spanish urban areas given the sampling design of
this study. However, we should indicate that AE prevalence
may be overestimated given the response rate of 76.5%, as

@ Springer

parents of schoolchildren with skin problems may be more
likely to participate in the study than those without them.

A couple of limitations should be borne in mind. In Spain,
schools were not randomly selected in their area, rather their
participation was voluntary, which limits inferences being
made outside the study area. A further limitation is that all
data from parental reports were not confirmed through
medical records. However, this study also has its advantages:
a large sample size, a high participation rate, similarity in
ages and schooling, and standardised methodology. Other
Spanish multi-centre studies with similar methodologies
have led to reliable internal comparisons in schoolchildren
(Martin et al. 2004; Garcia-Marcos et al. 2005).

We found a higher prevalence of diagnosed AE in the
three climatic regions studied (Atlantic 32.9%; Mediterra-
nean 28.3%; Continental 31.2%) in comparison to earlier
studies that determined a prevalence of 5-20% in children
aged up to 11 years (Maymi et al. 2007) The high prevalence
increase of AE makes Spain an important population to
study. The variation in the prevalence of AE symptoms
both within and among countries, inhabitants and similar
ethnic groups, suggests that environmental factors may play
a critical role in the disease expression (Williams et al.
1999). There is evidence that atopic disorders are increasing
at the rate of 1% per year (Spergel and Paller 2003).

The ISAAC questionnaire proved to be an adequate,
reproducible and reliable epidemiological tool for AE
investigation in population settings (Fennessy et al. 2000).
Parents reported AE lifetime prevalence, while dermatolo-
gists assessed AE period prevalence. Thus, the same
phenomenon was measured on different time scales.

A more than 60-fold variation in the prevalence of AE
symptoms among schools was seen in the ISAAC study
(ISAAC Group 1998a, 1998D).

When self-reported symptoms of AE were taken into
account, the highest prevalences were predominantly
observed in English-speaking western countries, whereas
decreasing prevalences were seen in north-western to south-
eastern Europe.

Last but not least we would like to mention that it would
be interesting to analyse how the different climatic factors
interact between one another and with the child’s environ-
ment, but more extensive data would be necessary.

Conclusions

The results show that AE is significantly dependent on
meteorological conditions.
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