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Rising trends in the prevalence of asthma and allergic diseases among
school children in the north-west coastal part of Croatia
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Abstract

Objective: To estimate time trends in prevalence of symptoms and reported diagnosis related to
asthma, allergic rhinitis/conjunctivitis and eczema among school children in the north-west
coastal part of Croatia. Methods: Results of two identical cross-sectional surveys conducted on
the same area 8 years apart (school years 2001/02 versus 2009/10) in complete adherence to
the protocol of the International Study of Asthma and Allergies in Childhood were compared.
Surveyed population comprised two age groups: 6-7 years (n = 1634 versus n=1052) and 13-
14 years (n=2194 versus 1181). Results: Significant {p <0.001) increases in prevalence (%) of
symptoms related to asthma (8.4 versus 14.0), allergic rhinitis (17.5 versus 25.6), allergic
rhinoconjunctivitis (6.7 versus 15.3) and eczema (3.4 versus 5.9) were observed in the 13-14-
year-olds. In the 6-7-year-olds there were observed significant (p<0.001) increases in
prevalence of symptoms of eczema (5.4 versus 8.7) and allergic rhinitis (16.9 versus 22.1)
whereas prevalence of symptoms related to asthma (9.7 versus 9.4; p=0.398) and allergic
rhinoconjunctivitis (5.6 versus 6.8; p=20.102) showed to be stable. Significant increases in
prevalence of reported diagnosis were observed for asthma (5.2 versus 6.9; p=0.02) and hay
fever (10.5 versus 14.6; p <0.001) in the older, and for eczema (10.6 versus 14.1; p < 0.001) in the
younger age group. Conclusion: Prevalence of asthma and allergic diseases among the school
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children living on the surveyed area showed a rising trend.

Introduction

A unique multi-centre epidemiological research programme
called the International Study of Asthma and Allergies in
Childhood (ISAAC) was established in 1991 in answer to a
disturbing worldwide increase in the prevalence of allergic
diseases affecting children over the last several decades.
ISAAC was carried out in three phases in order to demon-
strate the overall distribution of childhood asthma, allergic
rhinitis and eczema (Phase One), to elucidate the factors
affecting their prevalence (Phase Two) and to assess further
time trends in their prevalence and severity (Phase Three).
Moreover, ISAAC provided a uniform standardized epidemio-
logical methodology which enabled the obtained data to be
comparable throughout the world [1]. ISAAC Phase Three
was a repetition of the original Phase One studies after at least
5 years, and their results in more countries showed increases
in prevalence in all three disorders more often than showing
decreases, but in most countries changes were mixed [2].
There were a few recent epidemiological surveys accord-
ing to ISAAC Phase One or Phase Two conducted in Croatia.
Comparison of their results suggested that Croatia is a

qurespondence: Srdan Banac, MD PhD, Department of Pediatrics,
Clinical Hospital Center Rijeka, Istarska 43, 51000 Rijeka, Croatia.
Tel.:+38551 659 177. Fax:+385051 623 126. E-mail: sbanac@medri.hr

country with a moderate prevalence of allergic diseases
among the pediatric population (Table 1). However, there
were no specific studies performed to check whether a general
impression and speculative conclusions about a substantial
prevalence increase of allergic diseases in Croatia are
true [3,8].

Therefore, the aim of this study was to estimate the time
trends in the prevalence of symptoms and reported diagnosis
related to asthma, allergic rhinitis, allergic rhinoconjunctivitis
and eczema among school children in the Primorsko-
Goranska County in Croatia. It is a coastal region character-
ized by Mediterranean climate and very good health care
facilities. Results of two identical cross-sectional surveys
using ISAAC methodology and conducted on the same area 8
years apart were compared.

Participants and methods

The first study was conducted during the school year 2001/02
(ISAAC Phase One) and the second one during the school
year 2009/10 (ISAAC Phase Three). Both surveys were
conducted in complete adherence to the protocol of the
worldwide accepted and elsewhere described ISAAC methods
[1]. Briefly, data were collected using the standardized
ISAAC written quationnaire about the current (in the last 12
months) presence of symptoms related to asthma (wheezing),
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Table 1. Current prevalence rates of symptoms related to asthma (wheezing), allergic rhinitis (nasal symptoms), allergic
rhinoconjunctivitis (eyes affected) and eczema (itchy rash) in Croatian school children according to studies using ISAAC

methodology and conducted during the period 2001-2008.

Region studied (ref) PGC? [3] ZGB" [4] MC° [5] PSC? [6] BPC® [7]
Study year 2001/02 2001/02 2004/05 2006/07 2007/08
Sample (n) 2194 1047 3111 559 1684
Age group (years) 13-14 10-11 12-14 11-14 10-11
Prevalence of symptoms in the last 12 months (%)

Wheezing 8.4 6.0 5.1 143 7.9
Nasal symptoms 17.5 12.1 10.9 18.6 19.2
Eyes affected 6.7 7.6 7.1 9.8 9.9
Itchy rash 48 7.8 53 8.2 10.0

*Primorsko-Goranska County, "City of Zagreb, “Medimurska County, 9pozesko-Slavonska County, “Brodsko-Posavska County.

Table 2. Descriptive statistics of surveyed school children populations.

Region studied

Primorsko-Goranska County

Study year 2001/02 2009/10

Age group (years) 6-7 13-14 6-7 13-14
Subjects invited (n) 2036 2442 1345 1487
Subjects participated (1) 1634 2194 1052 1181

Response rate (%) 80.3 89.8 78.2 79.4

Girls (%) 514 51.9 51.6 49.1

allergic rhinitis (sneezing, runny or blocked nose apart from
cold or flu), allergic rhinoconjunctivitis (nasal symptoms
accompanied by itchy-watery eyes) and eczema (prolonged
itchy rash, flexural areas affected), and about the cumulative
(ever in life) prevalence of reported diagnosis of asthma, hay
fever and eczema. The surveyed population comprised two
age groups of school children (Table 2). The written
questionnaire was completed by the 13-14-year-old children
and by the parents of the 6-7-year-olds. There was also a
video questionnaire about the presence of wheezing as a key
symptom for epidemiological detection of asthma. The video
questionnaire was completed only by 13-14-year-olds.

Randomly selected elementary schools located in the
surveyed region were used as sampling units. Primorsko-
Goranska County is a well-defined area from the administra-
tive point of view and from the aspects of organization of
health service. Although some rural areas were included,
subjects from urban areas do predominate. The sample size of
at least 1000 per age group was estimated to provide
sufficient statistical power for the calculation of prevalence.
The prevalence rates were calculated by dividing the number
of positive responses to each question by the number of
completed questionnaires. Z-test was used for comparison of
prevalence rates. Asthma prevalence and its relation to gender
was additionally analysed. Chi-square test was used to assess
the difference in sex distribution. Two-sided p values <0.05
were considered statistically significant.

Results

Age group 13-14 years

Among subjects in the older age groups, during the period
between school years 2001/02 and 2009/10, there was
observed a significant increase in the current prevalence of
all the symptoms related to asthma, allergic rhinitis, allergic

rhinoconjunctivitis and eczema as well as the lifetime
prevalence of reported diagnosis of these conditions. The
only exception was the lifetime prevalence of reported
diagnosis of eczema which seems to remain stable.
Calculated current prevalence rates of symptoms related to
asthma, allergic rhinitis and allergic rhinoconjunctivitis
showed a striking rise in particular. Consistent with these
findings was also a modest but significant increase in the
current prevalence of wheezing documented by answers to the
video questionnaire (Table 3).

Age group 6-7 years

In contrast to the older age group, during the same period,
there were no significant increases in the prevalence rates
neither of symptoms related to asthma nor of the reported
diagnosis of asthma and hay fever among subjects in the
younger age group. While there was a moderate and
significant increase in the prevalence rates of symptoms
related to allergic rhinitis, such statistically significant trend
was not recorded for symptoms related to allergic rhinocon-
junctivitis. Significant increases in the prevalence rates were
observed as for symptoms of eczema as for its reported
diagnosis (Table 3).

Asthma prevalence by sex

Current wheeze was more often observed in boys among
subjects in the younger age groups in both study years.
Inversely, girls tended to have current asthma symptoms more
often in the older age groups. Lifetime prevalence of reported
asthma diagnosis, however, showed a male sex predominance
in both study years and in both age groups. According to the
video questionnaire, frequency of current asthma symptoms
in the older age groups were equally distributed among both
sexes in both studies (Table 4).
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Table 3. Current (in the last 12 months) prevalence rates of symptoms related to asthma, allergic rhinitis, allergic rhinocor'ljunctivit'}s and eczema and
lifetime prevalence rates of reported diagnosis of these conditions according to age groups of school children in the region of Primorsko-Goranska
County. Comparison of results of the two identical studies conducted on the same arca 8 years apart.

Age group (vears) 6-7 13-14
Study year 2001/02 2009/10 2001/02 2009/10
Sample (n) 1634 1052 2194 1181

Prevalence (%) p Value Prevalence (%) p Value
In the last 12 months
Wheezing 9.7 94 0.398 8.4 14.0 <0.001
Wheezing (video) - - - 4.6 6.4 0.013
Nasal symptoms 169 2.1 <0.001 175 25.6 <0.001
Eyes affected 5.6 6.3 0.102 6.7 15.3 <0.001
Itchy rash 6.1 10.1 <0.001 4.8 7.0 <0.001
Flexural areas affected 54 8.7 <0.001 34 5.9 <0.001
Ever in life
Asthma?® 39 5.0 0.086 52 6.9 0.02
Hay fever® 53 5.4 0.455 10.5 14.6 <0.001
Eczema® 10.6 4.1 <0.001 8.5 8.3 0.421

Table 4. Sex distribution of subjects in relation to current presence of asthma symptoms and to lifetime presence of reported diagnosis of asthma.

Study year 2001/02 2009/10
Sex Boys Girls p Value Boys Girls p Value
Age group 6-7 years (1)
Total 794 840 509 543
Wheezing last 12 months 97 62 0.023 63 36 0.086
Asthma ever in life 40 24 0.092 34 19 0.025
Age group 13-14 years (n)
Total 1055 1139 601 580
Wheezing last 12 months 86 99 <0.001 75 90 0.449
Wheezing (video) 52 49 0.163 37 39 0.929
Asthma ever in life 61 54 0.879 61 20 <0.001
Discussion

The general opinion about a substantial increase in prevalence
of allergic diseases among Croatian children was mostly
based on a crude chronological comparison of results of a few
older prevalence studies of asthma, allergic rhinitis and
pollinosis conducted during the last two decades of the past
century [3,8]. In fact, their results cannot be properly
compared because different study designs and methodologies,
including the use of self-created non-standardized question-
naires or just searching for diagnosis through medical records,
were applied by investigators [9-13]. Thus, a reliable
evidence for a hypothesized increase in the prevalence of
asthma and allergic diseases among Croatian children has still
been lacking. In spite to the several ISAAC studies that have
been completed in Croatia during the period from 2001 to
2008 (Table 1), there were no surveys performed in the same
population on the same area at different time points. The
exception is the present study whose strength includes the use
of standardised ISAAC methodology that was duplicated in
repeat cross-sectional surveys, On the other hand, this study
of trends in prevalence included two surveys of a pure
descriptive nature. There were no elements of analytical
epidemiology which are usually desirable to be included. It
may present a certain weakness of this study.

The results of the present study have mostly confirmed a
general impression about an increase in the prevalence of

symptoms related to all the three diseases, at least in the
north-west coastal region of Croatia. All the changes in
symptoms prevalence were recorded in the same increasing
direction except the prevalence of symptoms related to asthma
in the younger age group which seems to be stagnant.
Worldwide comparable population estimates of direction and
size of change in prevalence of symptoms of these diseases
reported by the ISAAC Phase Three Study Group showed that
most research centers documented a significant change in
prevalence for at least one disorder, with increases being more
common than decreases, and occuring more commonly in the
younger age-group. However, the research centers with high
asthma prevalences reported more commonly a decreasing
trend in the prevalence of asthma symptoms in the older age-
group [2].

The possible explainations of results of the present study
considering the time trends in prevalence of symptoms related
to asthma, allergic rhino/conjunctivitis and eczema seem to be
quite challenging. A remarkable increase in prevalence of
current symptoms related to these disorders, especially
observed in the older age group of subjects, certainly indicates
that trends of potential risk factors should be studied parallel
to trends in disease. The results of ISAAC Phase One showed
large worldwide variations in the symptom prevalence of
asthma, rhinoconjunctivitis and eczema, with up to 10- to 20-
fold variations between countries arround the world, even in
genetically similar groups. These findings suggested that
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environmental rather than genetic factors may underlie
observed variations [14]. Further studies were undertaken
by ISAAC collaboration in order to elucidate which poten-
tially protective or risk environmental factors such as dietary
and climatic factors, tuberculosis, pollen and tobacco expos-
ure, immunisation rates, antibiotic and paracetamol use, and
country level economic development, are associated with
asthma and allergic diseases in childhood. These ecological
analyses in both age groups demonstrated mostly weak
relationships of small magnitude between environmental
variables and current symptoms of the diseases, or no
association at all. Investigators were not able to tell which
factors were relevant to causation of these diseases [15].

There are few studies investigating relationship between
environmental factors and childhood allergies in Croatia. The
study conducted among a population of 10-year-olds in the
city of Zagreb showed a positive skin reactivity to inhalant
allergens in more than a half of 384 tested subjects. The most
common allergen responsible was house dust mite [16]. Such
a high prevalence of allergic sensitization which exceeded by
far the prevalence of allergic symptoms documented in the
same population may suggest that the striking increase in
prevalence of symptoms of asthma, allergic rhino/conjunctiv-
itis and eczema observed in the older age group of the present
study could be influenced by a variety of potential risk factors
associated with the phenomenon of allergic sensitization.
Damp environment with moulds, fungi and carpets in
bedrooms together with exposure to tobacco smoke, espe-
cially maternal smoking, seemed to be identified as risk
factors for asthma and allergies in Croatian children [7,17].
There are also disturbing data from the report of the European
School Survey Project on Alcohol and other Drugs (ESPAD)
about the 30-day prevalence of smoking among 15-16-year-
old Croatian students which was much higher (38%) than the
ESPAD average (29%) in 2007 [18].

Since males account for most asthmatics in the prepubertal
ages, whereas new cases of asthma in adolescence are
predominantly females, the results of sex distribution among
subjects in relation to prevalence of current asthma symptoms
and age groups were expected. This epidemiological pattern
did not show changes between the two study years. However,
according to the ESPAD report of Croatian results there was
recorded a significant increase in smoking prevalence in
particular among girls from 19% to 26% during the period
1995-2007, respectively [18].

The prevalence of current asthma symptoms in the younger
age group was similar in 2001/02 and 2009/10. This finding is
in line with some other reports suggesting that substantial
increase of asthma prevalence has plateaued, or may now be
even declining, in parts of the developed world [19]. On the
other hand, a recent systematic review of higher quality
epidemiological studies has clearly shown that there is overall
no decline in the prevalence of asthma. The available data
suggest that in most parts of the world asthma prevalence is
continuing to increase, or is remaining stable. Asthma is still
predominantly a western English-speaking area disease but
people in all world regions are nonetheless now affected [20].

The recorded lifetime prevalence of reported diagnosis of
asthma, which is widely considered as an indicator of
physician-diagnosed condition, showed a rising trend in
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both age groups in contrast to the stable prevalence of current
asthma symptoms observed in the younger age group. This
may indicate that observed rising trend of lifetime preva-
lences are partly a result of increased professional alertness
and diagnostic activity. Furthermore, stable current preva-
lences of symptoms of asthma and allergic rhinoconjunctivitis
(nasal symptoms with eyes affected), as well as lifetime
prevalence of hay fever documented in the younger age group
certainly suggest that allergic sensitization, especially on
pollen allergens, is not so prominent risk factor in 6-7-year-
olds. These data also demonstrate that ail wheeze is not
asthma and that all suspected nasal symptoms do not have
allergic origin in this age group of children. Rhinitis as a
single symptom of allergy is somewhat less specific than
rhinoconjunctivitis as it is often triggered by infections, air
quality and physical stimuli. Thus, the combination of nasal
symptoms with eyes affected seems to be more reliable
indicator of allergic rhinitis for epidemiological identification
and comparison [21]. Considering the stagnant lifetime
prevalence of reported diagnosis of eczema observed in the
older age group of the present study we believe that this result
is influenced by a strong age-related clinical presentation of
this disease.

Conclusion

The comparison of results of repeated cross-sectional surveys
conducted 80 years apart among school children in the north-
west coastal part of Croatia confirmed a significant rising
trend in the prevalence of asthma, allergic rhinitis, allergic
rhinoconjunctivitis and eczema. Time trends of potential risk
factors, especially those associated with allergic sensitization
and tobacco smoke exposure, need to be simultaneously
studied with the trends in prevalence of these diseases.
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