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Abstract

Background: Asthma is one of the most common chronic diseases in childhood, with considerable
differences in prevalence and trends worldwide.

Objective: To assess asthma prevalence and changes over the 2016-2026 period among adolescents
in Skopje, and to examine changes and associations with selected personal, family, behavioral, and
environmental factors.

Materials and Methods: Data from two cross-sectional surveys conducted in Skopje in 2016 and
2026 were compared. Both surveys used the same standardized questionnaire on respiratory health
and asthma. The analysis included 1,013 adolescents aged 12—15 years (690 in 2016 and 323 in 2026).
Statistical analyses were performed using IBM SPSS Statistics version 25.0 and JASP version 0.98.1.

Results: The prevalence of doctor-diagnosed asthma was low (3.4%) and showed a slight increase,
although the difference was not statistically significant. In contrast, several asthma-related symptoms
increased significantly. Current wheeze increased from 5.5% to 9.9%, exercise-induced wheeze
from 1.9% to 6.2%, and dry night cough from 9.6% to 20.7%. Measures of symptom severity also
increased significantly. In the fully adjusted models, household dampness, maternal asthma, frequent
fast-food consumption, paracetamol use, and truck traffic were positively associated with several
asthma-related symptoms.

Conclusion: Asthma and asthma-related symptoms increased over the ten-year period, while
underdiagnosis and inadequate treatment remained important concerns. The findings suggest a need
for better education for healthcare professionals to improve asthma diagnosis and treatment, together
with education of patients and parents on the regular and correct use of prescribed therapy.

Keywords: asthma; adolescents; risk factors, trends,; wheeze.
Introduction

Asthma is one of the most common chronic diseases in childhood. It results from the interaction
between genetic predisposition and environmental factors. It is a heterogeneous disease commonly
characterized by chronic airway inflammation and persistent bronchial hyperresponsiveness to
different stimuli. Clinically, asthma presents with wheeze, shortness of breath, chest tightness, and/or
cough, which may vary in intensity, together with variable expiratory airflow limitation (1).
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Large international epidemiological studies, particularly the International Study of Asthma and
Allergiesin Childhood (ISAAC), have revealed considerable geographical differences in the prevalence
of asthma and asthma-related symptoms among adolescents and have enabled comparisons of trends
across different populations. Globally, asthma prevalence is higher in economically developed
countries, whereas more severe symptoms and underdiagnosis are more common in developing
countries (2). Comparison of ISAAC Phase Three with Phase One demonstrated an increase in
asthma prevalence in many low- and middle-income countries, while prevalence remained stable
or decreased in many high-income countries (3,4). In North Macedonia, studies conducted among
adolescents between 2002 and 2016 showed a divergent trend, with an increase in doctor-diagnosed
asthma but a decrease in asthma-related symptoms, alongside persistent underdiagnosis (5).

The large differences in asthma prevalence and trends worldwide, as well as the rapid increase
observed over recent decades, suggest that lifestyle and environmental factors play an important
role. Genetic factors are unlikely to change substantially over such a short period of time. Studies
examining environmental risk factors for asthma, including ISAAC and later research, have reported
inconsistent findings, and the “Western lifestyle” has been suggested as one possible contributing
factor. Differences in asthma diagnosis and treatment may also contribute to the observed variations
(2,6-8).

Objective

The aim of this study was to assess the current prevalence of asthma and asthma-related symptoms
among adolescents in Skopje and to examine changes between 2016 and 2026. We also compared
these findings with the previously reported divergent pattern from 2002 to 2016 and examined
changes in selected personal, family, behavioral, and environmental factors and their possible role in
the observed trend.

Materials and Methods

The study was approved by the Ethics Committee for Human Research at the Faculty of Medicine in
Skopje.

The 2026 survey was conducted in April and May and included 1,580 schoolchildren aged 615 from
16 randomly selected primary schools in Skopje. The inclusion criteria for the study were age and
parental consent for participation. Children without parental consent or a completed questionnaire
were, therefore, not included. Furthermore, children receiving corticosteroid or biological therapy for
another disease, which could affect the interpretation of the results, were also excluded.

The present analysis was designed as a comparison of two repeated cross-sectional surveys among
adolescents aged 12—15 years in Skopje. It included 690 participants from the 2016 survey and 323
from the 2026 survey, giving a total sample of 1,013 adolescents.

The same standardized questionnaire on respiratory health and asthma, developed at the University of
Saskatchewan, Canada, was used in both surveys. (9,10) The questionnaire was completed as a written
interview by the parent or guardian who was most familiar with the child’s health, after providing
informed consent. It included questions on respiratory symptoms, doctor-diagnosed asthma, use of
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respiratory medication, and demographic, personal, family, perinatal, behavioral, and environmental
factors.

To assess the changes in asthma prevalence, the 2026 findings were compared with corresponding
data from the 2016 survey.

The analyzed outcomes included current asthma, ever doctor-diagnosed asthma, ever wheeze, wheeze
in the past 12 months, wheeze causing sleep disturbance, wheeze limiting speech, exercise-induced
wheeze, nocturnal dry cough, cough causing sleep disturbance in the absence of respiratory infections,
and use of preventive anti-inflammatory therapy during the past 12 months.

Current asthma was defined as doctor-diagnosed asthma at any time in life combined with wheeze in
the past 12 months and/or use of preventive anti-inflammatory therapy in the past 12 months.

The potential risk factors included paracetamol use, cat or dog domestic ownership, passive smoking
at home, frequent truck traffic on the residential street, television viewing or video gaming for more
than one hour per day, frequent fast-food consumption, household dampness, maternal and paternal
asthma, and parental education.

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics version 25.0 and JASP version 0.98.1.

For the calculation of the prevalence of asthma symptoms and doctor-diagnosed asthma, missing or
other responses were included in the denominator. For the analysis of potential risk factors, only valid
responses were included. (11)

Categorical variables were compared using Pearson’s y* test. Fisher’s exact test was used when
expected cell counts were small.

Associations between individual risk factors and asthma-related outcomes were first examined using
binary logistic regression, with results presented as odds ratios (ORs) and 95% confidence intervals
(Cls).

Multiple binary logistic regression was then used to assess the independent associations between the
examined risk factors and asthma and asthma-related symptoms. Results are presented as adjusted
odds ratios (aORs) with 95% Cls. The fully adjusted models included all examined risk factors
simultaneously and were additionally adjusted for the survey year, age, and sex. The complete-case
sample for these models included 787 participants.

Interaction analyses between the survey year and the selected risk factors (year x risk factor) were
also performed to examine whether the strength of these associations differed between 2016 and
2026.Statistical significance was set at p < 0.05.

Results

The analysis included 1,013 adolescents aged 12—15 years: 690 from the 2016 survey and 323 from
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the 2026 survey. The mean age was 12.94 + 0.80 in 2016 and 12.80 £ 0.94 in 2026 (p = 0.028). Boys
accounted for 50.1% of participants in 2016 and 49.2% in 2026 (p = 0.802).

Table 1 shows the prevalence of selected risk factors among adolescents in 2016 and 2026. In 2026, a
cat or dog domestic ownership, frequent fast-food consumption, household dampness, parental history

of asthma, and higher parental education were significantly more common. In contrast, spending

more than one hour per day watching TV or playing video games was significantly less common.

No statistically significant differences were found for paracetamol use, passive smoking at home, or

frequent truck traffic on the residential street.

Table 1. Prevalence of selected risk factors among adolescents in 2016 and 2026

Factor 2016, n/N (%) | 2026, n/N (%) | p
. 479/670 240/313
Paracetamol use in the past 12 months (71.5%) (76.7%) 0.088
71/677 92/268
C i .
at at home in the past 12 months 10.5% 34.3% <0.001
( ) ( )
104/676 111/282
D h in th 12 h <0.001
og at home 1in the past 12 months (15.4%) (39.4%) 0.00
221/688 94/322
Passi king at h in th t12 th 34
assive smoking at home in the pas months (32.1%) (29.2%) 0.349
Frequent truck traffic on the residential street on 254/686 107/322 0241
weekdays (37.0%) (33.2%) )
592/687 170/323
TV/PC>1h <0.001
V/PC our/day (86.2%) (52.6%) 0.00
311/678 169/302
Fast food >1 ti k in th t12 th. .004
ast food ime/week in the past 12 months (45.9%) (56.0%) 0.00
45/314
0
Household dampness 63/680 (9.3%) (143%) 0.017
Maternal asthma 12/657 (1.8%) | 14/308 (4.5%) |0.015
Paternal asthma 7/656 (1.1%) | 16/285 (5.6%) |<0.001
270/684 274/320
High 1 i <0.001
igher maternal education (39.5%) (85.6%) 0.00
346/682 276/320
High ternal ti <0.001
igher paternal education (50.7%) (86.2%) 0.00

Percentages were calculated using valid responses for each risk factor. Unknown/invalid responses

were excluded. p: Pearson’s ? test.

Table 2 shows the prevalence and ten-year trend of asthma and asthma-related symptoms in 2016 and

2026.

Table 2. Prevalence of asthma and asthma-related symptoms in 2016 and 2026

Outcome 2016 2026
(N=690) |(N=323) |P
Ever doctor-diagnosed asthma 19 (2.8%) [11(3.4%) |0.568
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Outcome 2016 2026 p
(N=690) (N=323)
Current asthma 11 (1.6%) |8 (2.5%) 0.335
Ever wheeze (12861 2%) 84 (26.0%) 10.939
Wheeze in the past 12 months 38 (5.5%) [32(9.9%) ]0.010
Wheeze causing sleep disturbance 20(2.9%) |[35(10.8%) |<0.001
Wheeze limiting speech 8 (1.2%) 13 (4.0%) |0.003
Exercise-induced wheeze 13 (1.9%) |20 (6.2%) |<0.001
Dry nocturnal cough in the absence of respiratory infection |66 (9.6%) |67 (20.7%) [<0.001
Dry nocturna‘l cough. causi.ng sleep disturbance, in the ab- 48 (7.0%) |51 (15.8%) | <0.001
sence of respiratory infection

p: Pearson’s y? test.

Doctor-diagnosed asthma and current asthma increased slightly, although the differences were not
statistically significant. In contrast, current wheeze, exercise-induced wheeze, dry nocturnal cough,

and all examined indicators of more severe current symptoms were significantly more common in
2026.

Tables 3 and 4 show the unadjusted and adjusted associations, respectively, between selected personal,
family, environmental, and behavioral factors and the asthma-related symptoms whose prevalence
changed significantly between 2016 and 2026.

Table 3. Unadjusted associations between selected risk factors and symptom outcomes — OR (95%
CI)

S h
Sleep .pe.ec . Exercise- Cough
Current | . limitation . .
Factor disturbance induced Dry causing sleep
wheeze due to ]
due to wheeze wheeze disturbance
wheeze
2.27 1.14
2.14 (0.99— 2.11 (0.61- ]0.98 (0.45—-
Paracetamol | (1.14— 4 59)( . 25)( ) 13)( (0.74— (1.10 (0.67-1.78)
4.50) ' ' ' 1.76)
2.06 1.31
2.73 (1.48— 2.45(0.91- 12.26 (1.05-
Cat at home |(1.18— 5 04)( 6 63)( 4 86)( (0.81— | 1.28 (0.75-2.19)
3.60) ’ ’ ’ 2.11)
0.97 1.45
1.34 (0.70— 2.24 (0.86— |1.05 (0.45—
Dog at home |(0.50— ) 59)( 5 85)( ) 49)( (0.95- 11.29(0.79-2.09)
1.78) ' ‘ ' 2.21)
Passive 1.16 0.98
0.90 (0.50— 1.37 (0.56— |1.27 (0.62—
smoking at (0.70— ) 64)( 3 33)( ) 62)( (0.66— [0.91 (0.57-1.43)
home 1.94) ' ' ' 1.46)
1.88 1.51
Frequent 1.42 (0.82—- 1.35(0.56— | 1.51 (0.75-
(1.15- (1.05— | 1.49 (0.98-2.27)
truck traffi 2.45 3.24 3.04
TUCR e 13 10y ) ) ) 2.19)
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h
Sleep S'pe.ec . Exercise- Cough
Current | _, limitation . .
Factor disturbance induced Dry causing sleep
wheeze due to .
due to wheeze wheeze disturbance
wheeze
0.80 0.64
TV/PC >1 0.60 (0.34— 0.52 (0.21- [0.38 (0.19—
hour/da (0.47- 106)( 127)( 0 76)( (0.43— 10.72 (0.46-1.14)
y 1.40) ' ‘ ‘ 0.95)
1.44 1.87
Fast food >1 1.33 (0.76— 1.04 (0.43— |2.03 (0.97-
) (0.87— (1.27— | 1.54 (1.00-2.38)
k 2.34 2. 4.2
time/wee 2.40) 34) 53) 7 275)
5.06 1.82
Household 3.42 (1.78- 3.66 (1.38— |2.29(0.97-
da(i;lsie:s 90— | 5)( . 4)( ; 42)( (1.10- [1.88 (1.07-3.32)
P 8.76) ' ' ' 3.03)
4.17 2.07
Maternal 2.37 (0.69— 1.84 (0.24— |4.24 (1.20-
(1.60- (0.81— |3.01 (1.18-7.71)
th 8.16 14.24 14.90
astima 10.80) ) ) ) 5.25)
1.34 1.96
Paternal asth- 0.82 (0.11— 2.15(0.28— |3.03 (0.68-
(0.30- (0.71- ]2.12 (0.70-6.37)
24 16. 13.
ma 5.84) 6.24) 6.79) 3.55) 538)
Higher ma- | 1.29 1.26
2.14 (1.18- 2.15(0.83— |2.72 (1.22—
ternal educa- | (0.79— 3 89)( 5 58)( 6 09)( (0.87— [1.31 (0.86-2.01)
tion 2.10) ' ) ) 1.82)
1.66 1.40
High ter- 2.43 (1.23- 2.32(0.77— | 1.51 (0.69—
n;fg eceiili);tizrn 096= 1, 78)( 7 05)( 3 32)( (0.94=1.41(0.90-2.21)
2.90) ' ’ ' 2.07)

OR = odds ratio; CI = confidence interval. Reference category: absence of exposure; for parental
education, < secondary education.

Table 4. Adjusted associations between selected risk factors and symptom outcomes — aOR (95%

CD
Exer- D
Sleep distur- | Speech lim- .xer. Y Cough causing
Current L. cise-in- noc- .
Factor bance due to |itation due sleep distur-
wheeze duced turnal
wheeze to wheeze bance
wheeze cough
2.40 1.08
2.43 (0.89— 2.57 (0.50— |[0.85(0.33—
Paracetamol |(1.07— 6 67)( 12 38() ) 21)( (0.64— | 1.11 (0.60-2.02)
5.37) ' ’ ’ 1.84)
1.80 0.70
1.14 (0.40— 0.51 (0.08— |[1.07 (0.30—
Cat at home |(0.84— 3 21)( 3 23)( 3 75)( (0.34— (0.73 (0.30-1.64)
3.84) ' ’ ' 1.42)
0.70 1.21
0.88 (0.32— 2.46 (0.61— [1.01 (0.32—
Dog at home |(0.32— ) 38)( 9 85)( 3 24)( (0.68— [1.09 (0.55-2.20)
1.54) ' ’ ’ 2.18)
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Exer- D
Sleep distur- | Speech lim- .xer. ry Cough causing
Current L. cise-in- noc- .
Factor bance due to |itation due sleep distur-
wheeze duced turnal
wheeze to wheeze bance
wheeze cough
Passive 1.21 1.03
0.70 (0.29— 0.54 (0.13— 0.76 (0.27-
smoking at (0.63— 167)( 221)( ) 12)( (0.61— 10.85(0.47-1.50)
home 2.32) ' ) ) 1.71)
1.76 1.59
Frequent 1.37 (0.63— 0.91 (0.26— | 1.27 (0.50-
(0.95- (0.99— |1.99 (1.16-3.40)
k traffi . A 24
truck traffic 3.04) 3.00) 3.13) 3.24) 2.55)
0.44 0.83
TV/PC >1 0.62 (0.24— 0.40 (0.11— ]0.23 (0.08-
hour/da (0.21- 158)( 151)( 064)( (0.46— [0.81 (0.41-1.60)
y 0.94) ' ' ' 1.52)
1.36 1.92
Fast food >1 1.73 (0.81- 0.72 (0.22— [2.70 (1.04—
ti:e /;Zek 074 | 1)( ) 39)( 7 1)( (1.20— |1.75 (1.02-2.90)
2.49) ' ' ) 3.10)
5.96 2.17
Household 4.08 (1.72— 3.91 (1.05— |2.38 (0.75-
daomusile(s)s Go1- |y 4)( ) 50() ) 62)( (1.18- [2.03 (1.02-4.00)
P 11.80) | ' ‘ 3.99)
5.56 2.63
Maternal 2.57 (0.63— 2.07 (0.20— |8.01 (1.86—
(1.76— (0.93— [3.98 (1.40-11.50)
th 10.50 18.82 34.50
asthma 17.50) ) ) ) 7.43)
0.72 1.48
Paternal asth- 0.47 (0.05— 1.79 (0.20— |2.21 (0.39-
(0.12— (0.43— 11.26 (0.31-5.10)
4.44 19.5 12.50
ma 4.50) ) 9:57) ) 5.10)
Higher ma- |0.69 0.56
0.53 (0.20— 0.49 (0.11- |1.07 (0.31-
ternal educa- |(0.32— ) 41)( ) 31)( 3 72)( (0.30— 10.56 (0.28-1.10)
tion 1.48) ' ' ' 1.02)
1.45 1.04
Higher pater- 1.55 (0.60— 1.81 (0.42— 10.80 (0.24—
: (0.69— (0.59— [1.24 (0.65-2.40)
nal education 3.07) 4.02) 7.88) 2.64) 1.83)

aOR = adjusted odds ratio; CI = confidence interval. All risk factors were entered simultaneously, and
models were additionally adjusted for survey year, age, and sex (complete-case n=787). Reference
category: absence of exposure; for parental education, < secondary education.

After adjustment in the multiple logistic regression models, household dampness was consistently
associated with several asthma-related symptoms, including current wheeze, sleep disturbance and
speech limitation due to wheeze, dry nocturnal cough, and cough causing sleep disturbance.

Maternal asthma was statistically significantly associated with current wheeze, exercise-induced
wheeze, and cough causing sleep disturbance. However, these estimates had wide confidence intervals
and, therefore, limited precision.

Frequent fast-food consumption was associated with exercise-induced wheeze, dry night cough, and
cough causing sleep disturbance. Frequent truck traffic, used as an indicator of outdoor air pollution,
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was significantly associated with cough-causing sleep disturbance. Borderline, but not statistically
significant, associations were observed for current wheeze (p = 0.071) and dry nocturnal cough (p =
0.057).

Paracetamol use remained independently associated with current wheeze after adjustment for the
other examined factors. For TV/PC use >1 hour/day, aOR values below 1 were found for current
wheeze and exercise-induced wheeze.

To examine whether the associations between the selected risk factors and current asthma-related
symptoms differed by survey year, interaction terms between survey year and selected risk factors
(year x risk factor) were tested. No statistically significant interactions were found between 2016 and
2026. The strongest borderline finding was observed for the interaction between household dampness
and survey year for exercise-induced wheeze (p = 0.086), but this did not reach statistical significance.

Table 5. Selected interaction analyses: survey year X risk factor

) Interaction OR (95%

Interaction term Symptom cn p
Wh in th t12

Paracetamol x year ecze In the pas 0.60 (0.15-2.40) 0.473
months
Wh in th t12

Truck traffic x year eeze 1m the pas 0.76 (0.28-2.04) 0.579
months

Truck traffic x year Dry nocturnal cough 0.74 (0.35-1.59) 0.444

Fast food x year Dry nocturnal cough 0.83 (0.38-1.83) 0.644

Household dampness x Wheeze in the past 12 0.99 (0.32-3.00) 0.980

year months

Household d X

e(:ise 0¢ Catnpriess Exercise-induced wheeze 0.21 (0.04-1.25) 0.086
y

Interaction models were adjusted for age and sex. p > 0.05 indicates that there was no statistical
evidence that the strength of the association differed between 2016 and 2026.

Table 6. Persistence of asthma-related symptoms according to preventive therapy use among

adolescents aged 12—15 years

2016 without | 2016 with 2026 without [2026 with
Symptom therapy therapy p therapy therapy p
n=673 n=17 n=256 n=25
Wheezeinthe 1) 4 cony [6(353%)  [<0.001 |17(6.6%) |14 (56.0%) |<0.001
past 12 months o e ' e e '
Wheeze causing
18 (2.79 2 (11.8% 0.084 |24 (9.4° 10 (40.09 <0.001
sleep disturbance (2.7%) ( %) (0-4%) ( %)
n i
Wheeze limiting | -} 0. 1(59%) 0182 [9(3.5%) 4(16.0%) |0.020
speech
Exercise-induced
11 (1.6%) 2 (11.8%) 0.038 |13 (5.1%) 6 (24.0%) 0.003
wheeze
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2016 without |2016 with 2026 without [2026 with
Symptom therapy therapy p therapy therapy p
n=673 n=17 n=256 n=25
D turnal
Corzgioc rma 50(8.8%)  |7(412%) |<0.001|50(19.5%) |12 (48.0%) |0.004
Cough causing
4 .99 47.1% <0.001 14.89 12 (48.09 <0.001
sleep disturbance 0 (5.9%) 8 (47.1%) 0.001 |38 (14.8%) (48.0%) 0.00

p: Fisher’s exact test. Percentages were calculated within preventive therapy groups. In 2026, 42
adolescents with unknown/invalid preventive therapy status were excluded only from this analysis.

In both 2016 and 2026, asthma-related symptoms were more common among adolescents receiving
preventive anti-inflammatory therapy. In 2026, the differences were statistically significant for all six
symptoms examined.

Discussion

This study provides an updated assessment of the current prevalence and ten-year trend of doctor-
diagnosed asthma, asthma-related symptoms, and changes in the risk-factor profile among adolescents
aged 12-15, living in Skopje. The prevalence of doctor-diagnosed asthma remained low compared
with the reported prevalence of childhood asthma in Europe of around 9% (12). Over the ten-year
period, doctor-diagnosed asthma increased, although the difference was not statistically significant. At
the same time, several current and clinically relevant asthma-related symptoms increased significantly.
Underdiagnosis also remained an important problem, together with an unsatisfactory response to
preventive anti-inflammatory therapy. In addition, changes in exposure to several environmental and
lifestyle factors were observed during the ten-year period.

These findings are particularly important when compared with previous studies among adolescents in
Skopje. Alas, repeated cross-sectional surveys conducted in 2002, 2006, and 2016 showed a divergent
trend as follows: doctor-diagnosed asthma increased, whereas several asthma-related symptoms
decreased (5). The current findings suggest that this pattern did not continue during the past decade.
Instead, several asthma-related symptoms increased together with the increase in doctor-diagnosed
asthma.

Our findings are consistent with results from four repeated surveys conducted among children in
Poland between 1993 and 2014, where both asthma symptoms and diagnosed asthma increased,
suggesting a real increase in asthma occurrence (13). A similar increase in current asthma attacks and
diagnosed asthma was reported in the general population in Italy over a 25-year period (14).

However, trends have not been the same in all countries. Studies in Denmark showed stabilization of
wheeze and asthma prevalence over a nine-year period, (15) while no further increase was observed
among preschool children in Bavaria over eight years (16). In the Netherlands, a large study of
children aged 5-18 years found a decrease in the incidence of diagnosed asthma after 2008 (17). In
England, the prevalence of current doctor-diagnosed asthma decreased among children and adults
younger than 45, while the use of preventive anti-inflammatory therapy and treatment of asthma
exacerbations increased (18).
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The ISAAC study also showed different trends across countries over 5-10 years periods. Asthma
prevalence generally increased in many low- and middle-income countries, while it tended to stabilize
or decrease in many high-income countries (3,4).

The parallel increase in asthma symptoms and their severity, together with the increase in doctor-
diagnosed and current asthma, suggests a real increase in asthma among young adolescents in Skopje
during the past ten years. At the same time, the much higher prevalence of asthma-related symptoms
during the past]2 months compared with the prevalence of diagnosed and current asthma suggests
that asthma remains underdiagnosed.

In the corresponding 2016 study among children aged 5—15 living in Skopje, only 14.9% of children
with wheeze during the past 12 months had been diagnosed with asthma, although 73.6% of these
children were receiving treatment for breathing problems. This pattern was similar to findings from
Ukraine and Belarus, while the situation was considerably better in Canada and Poland (9). These
findings suggest that, in addition to asthma being underdiagnosed, the diagnosis itself may sometimes
be avoided by physicians and parents. Some children may instead be diagnosed with recurrent
obstructive bronchitis and treated with preventive therapy.

In both 2016 and 2026, asthma-related symptoms were more common among adolescents receiving
preventive anti-inflammatory therapy. In 2026, the differences were statistically significant for all six
symptoms examined. This should not be interpreted as evidence that preventive therapy is ineffective.
A likely explanation is confounding by indication: adolescents with more severe or persistent
symptoms are more likely to be prescribed preventive treatment. Other possible explanations include
lower-than-required doses, irregular or insufficiently long treatment, or incorrect inhaler technique.

In the multivariable analysis, household dampness was one of the factors most consistently associated
with asthma-related symptoms. After adjustment for other potential risk factors, it remained associated
with current wheeze, more severe wheeze causing sleep disturbance, wheeze limiting speech, dry
nocturnal cough, and cough causing sleep disturbance. However, because of the cross-sectional
design, these findings show associations and do not establish causality.

Frequent truck traffic on the residential street, used as an indicator of outdoor air pollution, was
associated only with current severe cough causing sleep disturbance. This is similar to a previous
finding from Skopje, where truck traffic was also identified as a risk factor for current wheeze (19).
Traffic-related air pollution has also been identified as a risk factor for asthma internationally (12).

Frequent fast-food consumption was positively associated with exercise-induced wheeze, dry nocturnal
cough, and cough causing sleep disturbance during the past 12 months, in line with findings from
ISAAC and other studies (12,20). Paracetamol use was positively associated with current wheeze.
Similar associations between paracetamol use and asthma symptoms have been reported in previous
local and international studies (21-23).

When we examined whether the associations between the risk factors and current asthma symptoms
varied by survey year, there was no statistical evidence that the strength of these associations between
2016 and 2026. Diagnosis and treatment practices in our setting may, therefore, be among the factors
contributing to the observed asthma trend.
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An important strength of this study is the repeated cross-sectional design in the same geographical
area and age group, using the same standardized questionnaire. The main limitations are the use
of questionnaire-based data, the possibility of response bias, and the inability to establish causal
relationships because of the cross-sectional design. In addition, detailed information on adherence to
preventive therapy, inhaler technique, treatment dose, and duration was not available.

Conclusion

Among young adolescents in Skopje, asthma showed an increasing trend over the last ten years,
accompanied by a significant increase in several asthma-related symptoms. Asthma remains
underdiagnosed, and the findings also indicate problems with adequate preventive treatment.

These results highlight the need for better education of healthcare professionals to improve the
recognition, diagnosis, and treatment of asthma. Education of patients and parents is also important,
particularly regarding the regular and correct use of prescribed preventive therapy.
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