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Summary

Our aim was to assess the differences in intraregional prevalence of asthma in adolescents in Split-
Dalmatia County to determine asthma risk factors in our population and estimate the specificity
and sensitivity of the questionnaire used.

We conducted the study using the European Community Respiratory Health Survey II short ques-
tionnaire supplemented by some questions from the International Study of Asthma in Childhood
questionnaire. The participants suspected to have asthma were invited for examination by an asth-
ma specialist who established the final diagnosis of asthma according to the medical history, phys-
ical examination, skin-prick tests, and peak flow measurements.

A total of 4027 students (51.2% male) participated in the study. According to the prevalence of
wheezing during the last 12 months, asthma prevalence was estimated at 9.7%. The total preva-
lence of asthma confirmed by an asthma specialist in the selected population was 5.60% (95% CI,
4.93-6.36%); 6.18% in Split (95% CI, 5.37-7.09), 5.63% in Imotski (95% CI, 3.48-8.58), and 2.90%
in Sinj (95% CI, 1.67-4.68) (P=0.0028). We found sensitization to aeroallergens and peanuts, and
active smoking to be independent risk factors for asthma.

Split-Dalmatia County has moderate asthma prevalence, with a significant intraregional difference.
Asthma prevalence estimated by a questionnaire (9.7%) overestimates the prevalence of asthma
confirmed by an asthma specialist (5.6%) in adolescents in Croatia. Our data confirmed the need
of a more complex questionnaire to evaluate the accurate prevalence of current asthma or the
need for subsequent clinical evaluation of the questionnaire obtained data. Allergic sensitization
to aeroallergens and active smoking were important risk factors for asthma.
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BACKGROUND

Asthma is a complex syndrome with many clinical pheno-
types. Its development is determined mostly by interplay
of inherited propensity for atopy and various environmen-
tal factors. Major characteristics of asthma include variable
degree of airflow obstruction, bronchial hyper-responsive-
ness and airway inflammation [1].

The prevalence of asthma has been stabilizing in western
European countries and increasing in regions with previ-
ously low prevalence, showing global prevalence differenc-
es diminishing, but the burden of asthma still continuing
to rise [2]. Despite the large number of epidemiologic stud-
ies, the clear-cut reason for the observed increase of asthma
prevalence still remains unknown. Although many generat-
ed hypotheses await confirmation, the multifactorial cause
could be proposed [3].

The International Study of Asthma in Childhood (ISAAC)
was the initial study developing standardized tools and meth-
odology for measuring the prevalence of allergic diseases in
children suitable for international comparison. It is devel-
oped as a three-phase study. The goal of Phase One was to
obtain baseline descriptive epidemiological data, the preva-
lence and severity of the allergic diseases, including asthma
[4]. The European Community Respiratory Health Survey
(ECRHS) was the first such study in adults that was primarily
designed to cover all areas of the European Community in
adults between 20-44 years of age [5]. Detailed descriptions
of the ISAAC and ECRHS study protocols were published pre-
viously [5,6]. Using the ISAAC methodology, 4 studies were
conducted in Croatia to determine the regional prevalence
of asthma and allergic diseases in school children [7-10].

The aim of our study, however, was to assess the intraregion-
al differences in asthma prevalence in adolescents in Split-
Dalmatia County, to determine risk factors for asthma in
our population and to estimate the specificity and sensitiv-
ity of the questionnaire used.

MATERIAL AND METHODS

The study, approved by the local Ethics Review Committee,
was conducted in Split-Dalmatia County, Croatia. This
county has an ethnically very uniform population of >99%
Caucasians (96.3% Croatians), and has a Mediterranean
climate characterized by hot summers and mild winters.
Geographically, this county may be divided into 3 main sub-
regions: the Dalmatian interior, an elevated hinterland with
numerous karst fields; a densely populated narrow coast-
al strip; and the Dalmatian islands (specific isolated small
populations). The study population comes from 2 different
subregions, or more accurately, from 3 towns and their sur-
rounding areas in these subregions that are all less than 50
km apart. Split is the economic and administrative center of
the region, located on the Adriatic coast, with nearly 200,000
inhabitants. In the hinterland there are 2 major cities — Sinj
and Imotski (population 25,373 and 10,213, respectively).

The target population was first-year high-school students
(average age 15.6 years, range 14-16 years) representing
62.7% of total population of that age in the county. This
population was chosen because 95% of cumulative asthma

Table 1. Main and additional questions used in a study screening
questionnaire.

Questionnaire

1. Have you had wheezing or whistling in your chest at any time
in the last 12 months?

1.1. Have you been at all breathless when wheezing noise was
present?

1.2. Have you had this wheezing or whistling when you did not
have a cold?

2. Have you been woken up with a feeling of tightness in your
chest at any time in the last 12 months?

3. Have you been woken by an attack of shortness of breath at
any time in the last months?

4. Have you been woken by an attack of coughing at any time in
the last 12 months?

5. Have you had an attack of asthma in the last 12 months?

6.  Areyou currently taking any medicine (including inhalers,
aerosols, or tablets) for asthma?

7. Do you have any nasal allergies including hay fever?

Have you ever been admitted to hospital because of asthma?

9. Inthe past 12 months, have you missed a school because of
asthma?

9.1. Inthe past 12 months, how many days of a school have you
missed because of asthma?

Additional questions

10.  How many household members do you have?

11. How many rooms do you have in your house/apartment?

12. Which type of fuel do you use for heating?

13. Do you use gas for cooking?

14. Do you own pets, dog or cat over 12 months?

15. Are you an active smoker?

16. Is somebody in your household an active smoker?

2

incidence becomes apparent by 15 years of age, almost all
the population of that age from these subregions is concen-
trated in local high schools in larger centers (towns) and
because adolescents as a population represent the most
difficult population in which to diagnose and treat asthma
and other chronic diseases. All high schools in the selected
area were approached and included in the study. All high
school students attending the first grade of high school for
the first time, present in a school at the time of study, were
included. The whole population taken into consideration
for the inclusion into the study was 4086 adolescents regis-
tered in first grade of included high schools. The expect-
ed response rate of at least 80% would give us at least 3268
participants, producing a representative sample according
to ECRHS [5]. Finally, 4027 adolescents were included, giv-
ing an initial response rate of 98.56%. The study protocol
was implemented in all schools by the same investigation-
al team, which was trained and supervised by the coordina-
tor for ISAAC in Croatia. Initial data were collected using
the ECRHS II short questionnaire, supplemented by ques-
tions from the ISAAC questionnaire regarding asthma risk
factors (Table 1). Participants completed the questionnaires
in classrooms under team supervision so that any unclear
phrase could be explained. Any inconsistencies found were
eliminated in a phone conversation with the parents [4].
Participants suspected of having asthma based on replies
to initial questionnaire (positive answers to at least 1 of the
first 9 questions in Table 1) were invited to participate in
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4027 completed an initial
questionnaire
3122 in Split
550in Sin
355 in Imotski

534 invited to examination
446 from Split

43 from Sinj

45 from Imotski

3493 had negative answers to questions
predictive for asthma

2676 from Split

507 from Sinj

310 from Imotski

Figure 1. The flow of participants through the
study.

334 were examined
259 from Split

41 from Sinj

34 from Imotski

187 from Split
2 from Sinj
11 from Imotski

200 have not responded to examination

171 with asthma 163 no asthma
145 from Split 114 from Split

11 from Sinj 30 from Sinj

15 from Imotski 19 from Imotski

the second phase. They underwent medical examination
by a single asthma specialist, who made the final diagno-
sis of asthma after a diagnostic workup including medical
history, physical examination, allergy skin-prick tests and
peak flow measurements (peak flow was used because di-
agnostic workup was done in the local facility to facilitate
better compliance).

Skin-prick tests were performed according to the EAACI
recommendations (11) using common aero and food aller-
gens (ALK-Abell6, Hgrsholm, Denmark): Dermatophagoides
pteronyssinus, Dermatophagoides farinae, cat and dog dander,
moulds, pollens (trees, grasses, and weeds) with peanut
and hazelnut. Pollen allergen mixtures were chosen ac-
cording to the local pollen calendar. A test was read as pos-
itive (SPT+) if there was a wheal of 3 mm diameter or larg-
er, and flare appeared. Peak expiratory flow rate (PEFR)
measurements were performed using a Vitalograph Peak
flow meter (Vitalograph Ireland Ltd., Ennis, Co., Clare,
Ireland) with results in L/min and as percentage (%) of
expected (12). The flow of participants through the study
is shown in Figure 1.

Statistical analysis

Statistical analysis was performed using STATISTICA for
Windows, version 6.0 (StatSoft, Inc. Tulsa, OK, USA). Basic
descriptive summaries of data were obtained, and differences
between investigated groups were calculated with cross-tab-
ulation and the chi-square test or Fisher exact test for quali-
tative and ANOVA for quantitative variables. Univariate and
multivariate logistic regression analyses were used to depict
risk factors for asthma and asthma diagnosis. Goodness of
fit for each predictor was assessed using Wald test and chi-
square statistics and Hosmer-Lemeshow test were used for
multivariate models. As participants with a positive answer

to at least 1 question were evaluated by an asthma special-
ist for a diagnosis of asthma, and as there was a very lit-
tle chance that participants that answered negatively to all
questions would have asthma, we tried to estimate the sen-
sitivity and specificity of the questionnaire using available
data, appreciating all the restrictions coming from such an
approach. P<0.05 was considered as statistically significant
for all analyses.

RESULTS

The total of 4027 students (51.2% male) (out of 4086 eli-
gible; response rate 98.56%) were recruited in the study:
3122 (77.5%) in Split, 550 (13.7%) in Sinj, and 355 (8.8%)
in Imotski. Their characteristics are shown in Table 2.

The asthma symptoms-related answers are shown in Table 3.
According to the prevalence of wheeze during the last 12
months, we estimated the prevalence of asthma to be 9.7%
(95% CI, 8.8-10.7%). We found no significant sex differ-
ence, although the incidence was higher in girls in all 3 cit-
ies: 9.8% vs. 11.3%; 5.62% vs. 6.4%; and 4.8% vs. 8.5% (boys
vs. girls; Split, Sinj, Imotski, respectively). The prevalence
of breathlessness when wheezing was significantly higher in
Split compared to Sinj (Split 4.4%, Sinj 1.3%; Chi*=13.15;
P=0.0014), and in girls compared to boys (5.8% uvs. 3.2%,
Chi*=13.28, P=0.0003; RR 1.86; 95% CI 1.32-2.60). The prev-
alence of awakenings due to attack of coughing was also
significantly higher in girls in all 3 cities (27.3% vs. 14.7%,
Chi*=73.86, P<0.001; 20.5% wvs. 13.5%, Chi*=4.77, P=0.029;
30.2% wvs. 16.9%, Chi*=8.57, P=0.0034; Split, Sinj, Imotski,
respectively). Other gender comparisons were not statisti-
cally significant.

Based on answers to questions on asthma symptoms, 534
participants were identified as suspected of having asthma
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Table 2. Characteristics of the study participants.

Split Sinj Imotski

Characteristics (n=3122) (n=550) (n=355) Statistics P

Sex, female (%) 1495 (47.9) 283 (51.5) 189 (53.2) X2=5.37 0.068
Age, average (SD) 15.6  (0.5) 15.6  (0.4) 15.6  (0.4) F=1.11 0.331
Number of household members, average (SD) 45 (1.1) 53 (1.5 56 (1.5) F=188.93 <0.0001
Crowdedness, average (SD) 139 (0.59) 129  (0.47) 135  (0.57) F=8.56 0.0002
Type of fuel used for heating, number (%)

Wood/coal 748 (24.4) 372 (68.8) 225 (64.5)

oil 5 (1.7) 9 (1.7) 8 (23) )

Flectricity 1846 (60.1) 91 (168) 56 (l6q)  sherexact - <0.001

Central heating 395 (12.9) 69 (12.8) 60 (17.2)

Gas 29 (0.9) 0 0
Gas used for cooking, number (%) 2408 (77.7) 424 (77.1) 286 (81.7) X2=3.16 0.206
Pets, number (%)

Dog 386 (37.4) 73 (29.8) 61 (51.7)

(at 294 (28.5) 98 (40.0) 49 (41.5) Fisher exact <0.001

Bird 275 (26.7) 64 (26.1) 8 (6.8)

Other 76 (7.4) 10 (4.7) 0
Active smokers, number (%) 323 (10.4) 33 (6.0) 37 (10.4) x2=10.24 0.006
Passive smokers, number (%) 1998 (64.3) 354 (64.5) 225 (63.4) x2=0.14 0.934

Table 3. The asthma symptoms-related answers.
. Split Sinj Imotski L
Question (n=3122) (n=550) (n=355) Statistics P

Have you had wheezing or whistling in your chest at _
any time in the last 12 months? Yes (%) 330 (10.5) 35 (6.0) 26 (6.8) x2=14.53 0.0007
Have you been at all breathless when wheezing noise _
was present? Yes (%) 140 (4.4) 8 (1.3) 12 (3.1) x2=13.15 0.0014
Have you had this wheezing or whistling when you did _
not have a cold? Yes (%) 18 (3.7) 10 (1.8) 11 (3.1 X2=5.29 0.0711
Have you been woken up with a feeling of tightness in _
your chest at any time in the last 12 months? Yes (%) 154 (49) 7.03) 10 @28) x2=16.78 0.0002
Have you been woken by an attack of shortness of _
breath at any time in the last months? Yes (%) 216 (69) 16 (29) 7 (48 X2=14.21 0.0008
Have you been woken by an attack of coughing at any _
time in the last 12 months? Yes (%) 650 (20.7) 9 (17.1) 85 (23.9) X2=6.60 0.0368
Have you had an attack of asthma in the last 12 _
months? Yes (%) 46 (13) 2 (04) 3 (0.9) x2=4.51 0.1049
Are you currently taking any medicine (including _
inhalers, aerosols, or tablets) for asthma? Yes (%) 8 (26) 6 (1) 6 (16) X2=1.35 0.0254
Have you ever been admitted to hospital because of _
asthma? Yes (%) 29 (0.9) 4 (0.7) 4 (1.71) ¥2=0.395 0.8208
In the past 12 months, have you missed a school _
because of asthma? Yes (%) 43 (13) 1 (02) 2 (0.6) ¥2=6.59 0.0370
In the past 12 months, how many days of a school have 154 (112) 100 () 30 (14) F=128 0.2880

you missed because of asthma? average mean time (SD)
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Table 4. Risk factors for current asthma.

Univariate logistic regression

Multivariate logistic regression

Risk factor
OR (95% Cl) P OR (95% Cl) P

Area of residence

Sinj 1.000 Referent

Imotski 2,162 (1.001-4.732) 0.0252

Split 2387 (1.285-4.437) 0.0023 2.016  (1.121-3.624) 0.0192
Sex, female 1.085  (0.801-1.469) 0.5988 - -
Allergy 25.300  (17.89-35.78) <0.0001 24.580  (17.33-34.87) <0.0001
Household members, each 0.960 (0.861-1.071) 0.4652 - -
Crowdedness 1.063  (0.895-1.264) 0.4854 - -
Type of fuel used for heating, Central/classic 1.204  (0.865-1.677) 0.2708 - -
Gas used for cooking 1149  (0.784-1.684) 0.4749 - -
Pets, dog or cat ownership over 12 months 1.036  (0.635-1.689) 0.8868 - -
Active smoking 2698  (1.828-3.981) <0.0001 2373 (1.508-3.734) 0.0002
Passive smoking 1.651  (1.164-2.342) 0.0049 1406  (0.958-2.062) 0.0816

and were invited for additional examination (446 from
Split, 43 from Sinj, and 45 from Imotski). The response
rate was 62.5% — 259 (58.1%) of invited students in Split,
41 (95.45%) in Sinj, and 34 (75.6%) in Imotski (chi*=26.81,
P<0.0001) (Figure 1).

The final diagnosis of asthma, confirmed by an asthma spe-
cialist, was established in a total of 171 students (4.24%; 95%
Cl, 3.64-4.92%), and was more frequent in Split (4.64%)
than in Imotski (4.23%), and Sinj (2.00%). In the majority
of cases (73.7%) asthma was newly diagnosed. Concerning
the fact that 200 adolescents (47.9% from Split, 4.6% from
Sinj and 24.4% from Imotski) did not respond to the invi-
tation to participate in the second phase of the study, we
tried to estimate the number of asthmatic adolescents among
them. For this purpose, we separately evaluated all answers
to questions of the initial phase questionnaire. The rates of
positive answers obtained from adolescents who were addi-
tionally examined were compared to rates from adolescents
who were not examined. We found lower rates of all posi-
tive answers in adolescents who did not respond to invita-
tion for further study. The multivariate logistic regression
model that included these variables and gender showed an
odds ratio (OR) of 7.9, with sensitivity of 70.8% and specific-
ity of 76.5% in establishing the clinical diagnosis of asthma
in adolescents who were examined. By using the described
model we estimated that an additional 57 adolescents from
the non-respondent group could have asthma based on the
model. The total estimated prevalence of asthma in the se-
lected population was than 5.60% (95% CI, 4.93-6.36%);
with 6.18% in Split (95% CI, 5.37-7.09), 5.63% in Imotski
(95% ClI, 3.48-8.58), and 2.90% in Sinj (95% CI, 1.67-4.68),
showing a significant intraregional difference (P=0.0028).

According to area of residence, we found a difference in
number of household members (minimum in Split, maxi-
mum in Imotski) (F=188.93, P<0.001), crowdedness (number

of household members per number of rooms) (minimum
in Sinj, maximum in Split) (F=8.56, P=0.0002), type of fuel
used for heating (electricity in Split, wood/coal in Sinj and
Imotski) (Fisher exact, P<0.001), pet owning households
(dog, cat, bird) (Fisher exact, P<0.001), and incidence
of active smoking (minimum in Sinj, equally in Split and
Imotski) (chi*=10.24, P<0.001).

Based on univariate analysis, the significant risk factors for
current asthma included living in Imotski and Split com-
pared to Sinj, having allergies, being an active or passive
smoker (P<0.05 for all) (Table 4). After applying the multi-
variate analysis, only living in Split, having allergies and be-
ing an active smoker were found to be significant (P<0.05
for all, P=0.0000 for the model) (Table 4).

The characteristics of participants with clinically diagnosed
asthma are shown in Table 5. Data from Table 5 show that
more than a third of asthmatics had relatives with asthma,
that their asthma was mostly (98.8%) intermittent or mild
persistent, and mostly (81.9%) allergic in nature, with more
than a half of patients allergic to mites. According to the
low severity of asthma in our patients, a low rate of lung
function impairment (9%) was expected. Using multivari-
ate logistic regression analysis the positive skin prick test to
mites, weeds and peanuts were found to be significant risk
factors for asthma (p<0.05 for all, p=0.0000 for the model).

Finally, we tried to estimate the specificity and sensitivity of
each question of the asthma questionnaire completed by
adolescents in whom the clinical diagnosis of asthma was
objectively established. The majority of symptoms (wheez-
ing during the past 12 months, breathless when wheezing,
wheezing without cold, feeling of chest tightness, awaking
due to shortness of breath or coughing, having an asthma
attack, currently taking asthma medicine, being admitted to
hospital because of asthma, and missing school because of
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Table 5. Characteristics of participants with clinically diagnosed

asthma.
Characteristics Number (%) S:)atlstlcs,
value
7=0.0765,
Sex, male 85 (49.7) P>0.9999
Asthma in the family
Father 16 (9.4
Mother 10 (5.8)
Sibling 19 (11.1)
Grandfather/grandmother 20 (11.7)
Others 1 (0.6)
Total 65 (38.0)
Asthma severity
Intermittent 123 (71.9)
Mild persistent 46 (26.9)
Moderate persistent 2 (1.0)
Severe persistent 0
Type of asthma
Allergic 140 (81.9)
Non-allergic 27 (15.8)
Exercise-induced 4 (23)
Positive prick test to:
Dermatophagoides pt. 90 (54)
Dermatophagoides far. 78 (46)
(at dander 27 (16)
Dog dander 4 (2
Moulds 9 (5
Mixed tree pollen 10 (6)
Mixed grass pollen 45 (27)
Mixed weed polen 9 (5
Peanut 18 (11)
Hazelnut 21 (12)
PEFR <80% expected 15 (9)
PEFR, average (SD), L/min 457 (64)
PEFR, average (SD), % of expected 95 (12.1)
value

asthma) were estimated to have significant univariate posi-
tive predictive value for asthma (P<0.001 for all). In a mul-
tivariate model, we estimated that all items, except asthma
attacks and school absenteeism, were statistically significant
as predictive variables with OR for this model of 142.03,
with sensitivity of 78.9% and specificity of 96.4% for clini-
cal diagnosis of asthma (P=0.0000 for the model). Adding
the information on allergies, this model had a sensitivity of
85.4% with a specificity of 96.4% (P=0.0000 for the model).

DiscussION

The present study showed, like previous studies in Croatia
using ISAAC and ECRHS methodologies, an overall mod-
erate prevalence of asthma [7-10]. The highest asthma
prevalence was found in Split, the urban center of Split-
Dalmatia County (6.18%), with highly significant intrare-
gional differences in a very uniform population, and thus
most probably associated with environmental factors. In
comparison to asthma prevalence determined objectively

by clinical evaluation, the prevalence assumed by used
questionnaire (ECRHS II) was significantly overestimated
(5.6% wvs. 9.7%) in the adolescent population. A positive
answer to the question on wheezing in the past 12 months
showed the sensitivity comparable to clinical evaluation,
but with very low specificity (<50%). The model we used
(questionnaire followed by clinical evaluation) has been
previously shown to be appropriate for epidemiologic eval-
uation of asthma prevalence [13]. The important disad-
vantage of this model is the difficulty in organizing clini-
cal evaluations. Many invited students from Split did not
attend clinical evaluation, although, based on evaluation
of the non-respondents, they were significantly less likely
to have asthma. In Sinj and Imotski, due to easier contact,
this problem was significantly less apparent, with a response
rate in Sinj of 95.4%.

One of the factors influencing the difference between Split
and Sinj/Imotski could be the climate, which is slightly dif-
ferent between these subregions. It has been proven earlier
that asthma prevalence is significantly affected by climatic
and geographic differences within the same country, with
increasing prevalence rates at higher annual temperatures,
at decreasing latitude, and at decreasing distance from the
sea [14]. Since Split and Dalmatia County have an average
of 2600 sunny hours per year without significant intrare-
gional difference, we considered that all adolescents have
similar sun exposure, and minor risk for development of
vitamin D deficiency, suggesting that vitamin D deficiency
most probably is not a risk factor for development of asth-
ma in Croatian adolescents in Split and Dalmatia County.
If attributed to the moderate-to-low asthma prevalence
among adolescents in Split and Dalmatia County, sun ex-
posure and vitamin D level could also be a protective fac-
tor for asthma development, as published in some previous
studies [15]. Differences in intraregional asthma prevalence
demonstrated by our study could also be influenced by dif-
ferences in diet, especially fresh fruit and raw vegetables,
which are more prevalent in the diet of rural populations of
Sinj and Imotski, as shown in a study done in Greece [16].
Humidity and warmth contributes to home dampness and
higher levels of dust mites and molds in households [17,18];
early sensitization to perennial aeroallergens negatively af-
fects lung function at school age [19]. Recent studies have
shown that house dust mites, besides sensitization, have a
propensity of inducing a non-allergic inflammation and
asthma pathology [20], making them an even more impor-
tant environmental risk factor. They also can act in syner-
gy with mold infection in inducing allergic airway inflam-
mation [21]. There is also the difference in exposure to air
pollutants, since Split is the administrative and commercial
center, with much higher traffic density [22]. The protective
“farming effect”, supported by numerous previous studies
[23,24], could also partially explain the difference, as Sinj
and Imotski are primarily rural populations with increased
microbial exposure that can influence innate and adaptive
immune responses [24,25]. Drinking unpasteurized milk
and exposure to livestock, more common in the Dalmatian
hinterland, have also been found by different studies to be
protective factors for atopic disease development [26]. The
difference in asthma prevalence between Sinj and Imotski
could come from the difference in the prevalence of active
smokers, pet ownership, and crowdedness, all favoring al-
lergy and asthma in Imotski [22,27-29].
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Our study also confirmed allergic sensitization as one of the
most important risk factors for asthma [30]. Among aero-
allergens, we found sensitization to house dust mite to be
an independent risk factor for asthma in schoolchildren.
Previously, Sears et al. published similar results [26]. We
also found sensitization to peanuts to be an independent
risk factor for asthma. This observation in our population
deserves further investigation.

Among pollutants, active smoking was found to be a risk fac-
tor for asthma, with an OR of 2.7 for active smokers. It has
been shown that remodeling in asthmatics can be induced
by TGF-beta [31], enhanced by cigarette smoke [32]. That
also could contribute to higher prevalence of asthma in
Split and Imotski compared to Sinj, which had a lower rate
of active smokers in the investigated age group, but it does
not clarify the difference between Split and Imotski, where
the rates of active smokers were comparable. Passive smok-
ing was equally distributed among all 3 cities, with a signif-
icant effect in univariate analysis but a marginal effect on
the risk for asthma in the multivariate model.

Limitations of our study stem from several methodological
conditions. The ECRHS II short questionnaire was proba-
bly not the best choice for adolescents because it was de-
veloped for young adults [5]. The additional questionnaire
was incomplete as it does not include many environmental
factors such as air pollution exposure (traffic, etc.), genet-
ic background, respiratory infectious diseases, nutrition,
and exposure to animals. The cross-sectional design of the
study per se has some inherent limitations in ability to estab-
lish cause-effect relationships. In addition, the study design
with 2 phases in which not all participants were compared
to the gold standard (clinical diagnosis) also has important
limitations for estimation of the sensitivity and specificity of
the questionnaire, although; there was a very little chance
that participants that answered negatively to all questions
would have asthma.

CONCLUSIONS

Although almost all asthma prevalence rates for children
in Croatia show a moderate prevalence, they also show sig-
nificant intra- and inter-regional differences that deserve
further detailed study of environmental factors in this rel-
atively ethnically and genetically uniform population. The
results of our study indicate that the ECRHS questionnaire
estimating prevalence of current asthma significantly over-
estimated asthma diagnosis made by an asthma specialist
when used with adolescents in Croatia (9.7% wvs. 5.6%).
These data confirm the need of a more complex question-
naire to accurately evaluate the prevalence of current asth-
ma or the need for subsequent clinical evaluation of the
questionnaire-obtained data. As expected, allergic sensiti-
zation to aeroallergens (eg, mites, weed pollen) was an im-
portant risk factor for current asthma, together with active
smoking, suggesting that additional progress on smoking
prevention is needed. As most of the cases of current asth-
ma in our study were newly diagnosed, additional effort is
needed concerning public health programs for early diag-
nosis of allergic and respiratory disorders in our population.

The local Ethics Review Committee approved this study.
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