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Indoor air pollution in
kindergartens is a stronger
predictor of preschool wheezing
than household pets and passive
smoking
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Lukas Vaidelys??®, Karolina Sceliokiene!?, Olga Bielousova??,
Edita Poluzioroviene®, Rimantas Stukas' and Arunas Valiulis'?*

!Department of Public Health, Faculty of Medicine, Institute of Health Sciences, Vilnius University,
Vilnius, Lithuania, ?Human Ecology Interdisciplinary Research Group, Faculty of Medicine, Vilnius
University, Vilnius, Lithuania, *Clinic of Children’s Diseases, Faculty of Medicine, Institute of Clinical
Medicine, Vilnius University, Vilnius, Lithuania

Background: The quality of air in kindergartens, where children spend a
significant part of their time, is an important determinant of health.

Objective: This study aimed to explore the relationship between indoor air
pollution in kindergartens and wheezing syndrome in preschool children.
Methods: Air pollution, specifically the concentration of particulate matter (PM),
was measured in 24 kindergartens. A total of 1,794 parents of preschool children
were surveyed about respiratory symptoms and environmental factors affecting
their children.

Results: The mean age of the children was 4.07 (+ 1.44) years, and 50.9%
were males. Wheezing history was reported in 5.8% of children, while separately
evaluated physician-diagnosed bronchiolitis in 11.1% and asthma in 2.6%. One
third of children were exposed to smoking and 44.2% had pets at home. Allergic
rhinitis and eczema, having siblings, higher concentrations of PMy 5 and PM;
in kindergarten environments, and proximity to railways were independently
associated with an increased risk wheezing of wheezing in preschool children.
Conclusion: The association between wheezing and indoor PMj 5 and
PM1 concentration in kindergartens outweighed other common household
exposures, such as pet ownership and secondhand tobacco smoke. Therefore,
improving indoor air quality through effective control of air pollutants,
installation of vegetative barriers near kindergartens that promote particulate
matter dry deposition from outdoor air pollution sources, and adherence to
indoor air quality guidelines are essential for preventing recurrent wheeze in
early childhood.
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1 Introduction

Indoor air pollution in kindergarten environments represents
a significant and often underrecognized risk to preschool
children’s health (1). Young children are more vulnerable to
the harmful effects of air pollution compared to adults due to
physiological immaturity, higher breathing rates, and behavioral
factors such as more time engaged in physical activity, with
exposure increasing the risk of respiratory conditions such as
lower respiratory infections, asthma, and impaired lung function
(2-9). Indoor air quality is of particular importance, as it is
influenced not only by outdoor air pollution that infiltrates
buildings, but also by a variety of pollutants generated from
indoor sources, including cooking, heating, building materials,
and cleaning products (10, 11). Maintaining good air quality
in the kindergartens is especially critical for children, who
spend the majority of their time indoors, making them more
susceptible to prolonged and cumulative exposure to these
contaminants, which can have significant implications for their
respiratory health, immune system and overall development (12-
14). Furthermore, emerging evidence suggests that poor indoor
air quality may also negatively affect cognitive function, attention,
and learning outcomes in early childhood (15), underscoring the
importance of implementing effective air quality management
strategies in early education environments. Respiratory symptoms,
including wheezing, prolonged cough, dry nighttime cough
without an accompanying cold, and shortness of breath, are
relatively common among children and may occur even in
those without a formal diagnosis of asthma (16), indicating that
many children without a formal diagnosis may still experience
significant respiratory symptoms. The presence of these symptoms
in undiagnosed children underscores the critical importance of
environmental factors in respiratory health (16, 17). Exposure
to environmental pollutants such as particulate matter, volatile
organic compounds, nitrogen dioxide, tobacco smoke, indoor
mold, and allergens can irritate and inflame the airways, triggering
wheezing and other respiratory symptoms (18, 19). Poor air
quality, both indoors and outdoors, can contribute to airway hyper
responsiveness and reduced lung function, increasing susceptibility
to respiratory distress (20-22). Therefore, the high prevalence
of respiratory symptoms among children highlights the need
to consider environmental quality as a key determinant of
respiratory health.

Although most preschool-aged children attend kindergartens
and spend a substantial portion of their day in these environments
(23), there is a limited amount of research examining indoor
air quality in such settings and its implications for children’s
respiratory health. While the associations between air pollution
and respiratory symptoms are well established and extensively
studied in general population (2) and among older children (16, 24,
25), moreover, evidences exists regarding the relationship between
outdoor air pollution and respiratory symptoms in preschool-
aged children (26), there is a notable lack of research specifically
addressing air quality within kindergarten environments and its
relationship with wheezing syndrome prevalence among preschool
children. Furthermore, existing studies have primarily focused

Frontiers in Public Health

10.3389/fpubh.2026.1835292

on measuring pollutant levels in kindergartens, often without
investigating their direct links to respiratory outcomes (3, 27, 28).
This gap in research underscores the need for more targeted
and comprehensive investigations into the impact of particulate
matter exposure in early childhood settings. Accordingly, the
present study aims to evaluate the relationship between particulate
matter exposure in kindergartens and the prevalence of wheezing
syndrome among preschool-aged children.

2 Material and methods

A cross-sectional study was conducted to investigate the
association between the prevalence of wheezing symptoms in
preschool children and potential determinants, including exposure
to particulate matter air pollution. The study included 1,794
preschool children from 24 kindergartens across Vilnius, with data
collection carried out during the 2023-2024 cold season.

Anonymous questionnaires were completed by parents of
preschool children with both, the kindergarten administration and
parents’ permission. The study protocol was approved by the
Vilnius Regional Biomedical Research Ethics Committee (protocol
code 2024/3-1575-1035).

2.1 Sample selection

According to data from the Vilnius City Municipality, there
are 126 public kindergartens in Vilnius, attended by nearly
27,000 children aged 1 to 7 years. A total of 38 kindergartens
agreed to take part in indoor air quality measurements. From
these, 24 kindergartens were randomly selected, where air
pollution measurements were conducted and questionnaires were
distributed. In each selected kindergarten, between 80 and 120
questionnaires were distributed, depending on the size of the
institution and the number of enrolled children. The number
of returned questionnaires per kindergarten ranged from 35
to 105, with an average of 74.75 (£15.37) questionnaire per
institution. The response rate was from 43.75 to 87.50%. In
total, 1,794 fully completed questionnaires were collected. This
sample represents children attending public preschool education
institutions in Vilnius with an estimated 3% confidence of limit and
99% confidence level.

The sampling process was conducted with the support of
the Vilnius City Public Health Bureau, which assisted in data
collection and in obtaining the necessary permissions to carry out
the study.

2.2 Particulate matter measurement
Air pollutants were measured in 24 kindergartens in Vilnius
during the cold season of 2023-2024. The cold season was selected

for air pollution assessment because pollutant levels are generally
higher (29). Moreover, during this period, children spend more
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time indoors and attendance in educational institutions tends to
increase, resulting in greater potential exposure.

To determine seasonal aerosol particle number concentrations
in kindergartens an optical particle sizer (TSI model 3330, PNC
and PMC 0.3-10.0um) was used. Original indoor short-term
(10 min) serial measurements were carried out. Measurements of
fraction particulate matter [PM; (0.3-1pm), PMy5 (0.3-2.50m),
PMio (0.3-10nm)] were performed. Indoor measurements at the
kindergartens were conducted from 9 am to 13 pm in children’s
sleeping rooms and playrooms, with 8-12 measurements per
kindergarten, depending on its size, each lasting 10 min. The
devices were placed on the children’s table, away from the children,
while they were playing. All measurements in each kindergarten
were performed within a single day.

Aerosol particle number concentrations, rather than mass
concentrations, were selected, as particle mass is predominantly
determined by a small number of larger particles that are more
readily cleared from the respiratory tract. In contrast, finer particles,
for which no regulatory limit values have been established, remain
suspended in the air for longer periods and may have a greater
impact on respiratory health (7).

2.3 Questionnaire

The questionnaires were completed by parents and collected
information on children’s respiratory symptoms, including a
history of wheezing, shortness of breath, and cough, as well
as the presence of diagnosed asthma, atopic dermatitis, allergic
rhinitis, and history of respiratory infections Parents also
provided personal information about their children, such as
age, gender, height, weight, and the presence of siblings. In
addition, the questionnaires collected personal information and
details on household environmental conditions to assess potential
environmental exposures affecting children’s health. Parents were
asked about the type of housing, the presence of pets in the home,
the type of heating (central, electricity, gas, geothermal, solid fuel,
or other), and the type of cooking stoves used (gas or electric).
Information was also obtained on whether the household had
an air conditioning system. In addition, residential exposure to
environmental pollution was evaluated. Parents reported whether
their home was located near a high-traffic road or in close proximity
to a railway. Children’s exposure to second-hand smoke was
also assessed. Parents provided information regarding smoking,
including the type of cigarettes, within the household or other
environments frequently attended by the child. The analysis was
conducted using selected questions from a broader instrument
designed to assess allergic and respiratory diseases. A Lithuanian
version of the questionnaire was used in the survey.

2.4 Outcome measure
The European Respiratory Society’s definition of wheezing was

used in this study (9, 19). Children were classified as having
wheezing syndrome if their parents reported at least one episode
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of wheezing during their lifetime, specified as a question: “Has
your child ever experienced shortness of breath or wheezing in
the chest?” Parents separately indicated the cases of physician-
diagnosed bronchiolitis, pneumonia and asthma. Asthma diagnosis
for children was reported by parents by responding to the
questionnaire item: “Has your child ever been diagnosed with
asthma by a physician?”

To gain a more comprehensive understanding of the impact of
the kindergarten environment on children’s health and wellbeing,
supplementary variables were derived. For each of the 24
kindergartens participating in the study, the proportion of children
who had experienced wheezing, had been diagnosed with asthma,
or had a prolonged cough lasting 2 months or more was calculated.
The prevalence of wheezing ever in each kindergarten was used as
the primary outcome variable. Kindergartens in the highest quartile
(4th quartile) of wheezing syndrome prevalence were considered
to have the highest risk of wheezing and were compared with the
remaining kindergartens.

Furthermore, kindergartens located within 1km of a railway
were classified as being in proximity to a railway (Figure 1)
and compared with those situated further away. In total, 10
kindergartens attended by 44.1 % (792) of study respondents
were located within 1km of an active railway line. Although
Kindergarten No. 15 is situated near a railway branch, this line is
characterized by infrequent and irregular use compared with the
main railway line, as it primarily serves local industrial activities
rather than regular passenger traffic. Therefore, its inclusion in
the group classified as being in proximity to a railway was not
considered appropriate. This categorization enabled the assessment
of potential associations between railway proximity and the
prevalence of respiratory symptoms among children.

Although the study focuses on the kindergarten environment,
children may be exposed to air pollutants not only in daycare
settings but also in other environments, such as their homes
or during time spent outdoors. Taking this into account,
the questionnaire included items assessing potential previously
mentioned environmental exposures at home. All of these variables
were subsequently incorporated into the analysis.

2.5 Statistical analysis

Descriptive statistics, univariate and multivariate analyses were
performed. Univariate analyses were used to compare differences
between children with and without wheezing syndrome. The
independent t-test was used to compare differences between two
groups for normally distributed variables. The Mann-Whitney U
test was used to compare differences between two independent
groups for non-normally distributed variables. The chi-square test
was applied to assess associations between categorical variables.
When expected cell counts were small—the Fisher’s exact test was
employed as a more accurate alternative for evaluating associations
between categorical variables. Binary logistic regression analysis
was conducted to identify factors independently associated with
a higher prevalence of wheezing symptoms among preschool
children. Statistical analyses were performed using IBM SPSS
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FIGURE 1

Location of kindergartens participating in the study according to proximity to the railway. Adapted from the public domain “Air Pollution Dispersion
Maps” of the Environmental Protection Agency of Lithuania (https://aaa.lrv.lt/lt/veiklos- sritys/oras/kiti- oro-uzterstumo- sklaidos-zemelapiai/),

published with permission.
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TABLE 1 Characteristics of study participants depending on the presence of wheezing syndrome.

Characteristics

Total (N = 1,794)

Without reported wheeze

episode (N = 1,679)

With at least one reported
wheeze episode (N = 98)

% Males (1) 50.9 (890) 50.2 (791) 67.3 (66)*
Mean age (£ SD) 4.07 (£1.44) 4.07 (£1.44) 3.92 (£1.46)
Mean BMI (+ SD) 15.52 (£2.02) 15.77 (£1.72) 15.50 (£2.01)

Mean BMI-z score (= SD)

—0.0005 (£1.00)

—0.0092 (£0.99)

0.1252 (40.85)

% Diagnosed with asthma (1) 2.8 (47) 0.5 (7) 40.8 (4)**
% Have siblings (1) 61.5(1,076) 61.1 (964) 64.3 (63)
% Exposed to secondhand smoking (1) 33(572) 32.8 (514) 35.7 (35)
% Diagnosed with eczema (n) 16.5 (272) 16.0 (246) 26.6 (25)*
% Diagnosed with allergic rhinitis (n) 5.1(87) 4.2 (64) 18.1 (17)**
9% Have a cat or a dog at home (1) 44.2 (766) 44.4 (696) 44.9 (44)
% Live near the railway (n) 7.5 (130) 7.5(117) 8.2(8)
% Live near a major road (n) 20.7 (352) 20.8 (321) 14.6 (14)
% Have an air conditioner at home (1) 29.0 (506) 28.9 (455) 35.7 (35)
Housing type % Private home (1) 31.8 (554) 32.3(508) 32.7(32)
% Apartment (n) 68.2 (1,189) 67.7 (1,065) 67.3 (66)
Type of stove % Electric (n) 70.5 (1,226) 70.1 (1,108) 73.5(72)
% Gas (1) 29.5 (513) 29.2 (462) 26.5 (26)

*p < 0.05;*p < 0.001.
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TABLE 2 Particulate matter concentrations and prevalence of respiratory symptoms in children attending kindergartens.

Kinder- PMq, PM5 5, PM1o. % (n) children who % (n) children % (n) children

garten  particles/cm3  particles/cm®  particles/cm®  experienced at least with cough, with

no one episode of lasting >2 physician-
wheeze months diagnosed

asthma

1 88 (& 16.6) 90 (4 16.5) 90 (& 20.5) 1.5(1) 6.8 (4) 0(0)

2 21 (£ 1.5) 23 (4 1.5) 24 (+ 1.6) 9.7 (6) 5.0 (3) 33(2)

3 19 (£ 7.5) 21(+7.8) 21 (£7.9) 3.9(3) 69 (5) 26(2)

4 52 (+6.9) 54 (+£7.2) 54 (4 6.9) 5.1(4) 6.8 (5) 3.8(3)

5 70 (4 34.9) 72 (4 35.7) 72 (4 35.7) 8.7 (4) 14.0 (6) 0(0)

6 34 (+£7.6) 35 (4 7.0) 36 (4 9.4) 9.2(1) 5.4 (4) 5.6 (4)

7 70 (£ 10.1) 71 (£ 10.1) 71 (4 10.2) 3.0(2) 14.1(9) 1.5(1)

8 98 (4 9.5) 98 (4 9.4) 99 (4 9.4) 7.2 (6) 1.2(1) 1.2(1)

9 43 (£ 4.1) 44 (+3.8) 44 (+7.8) 49(3) 62 (4) 31(2)

10 46 (+22.3) 47 (+£222) 47 (+22.9) 3.9(3) 13.2 (10) 1.3(1)

11 13 (+ 8.6) 13 (£ 9.0) 13 (£ 8.6) 5.7 (4) 14.1 (10) 5.8 (4)

12 34 (4 20.0) 35 (420.2) 35 (4 20.2) 9.5 (7) 135 (10) 9.5(7)

13 121 (4 22.5) 122 (4 22.4) 122 (4 22.3) 6.7 (4) 9.8 (6) 1.6 (1)

14 14 (4 0.8) 15 (4 0.9) 15 (+ 1.0) 0(0) 14.8 (8) 0(0)

15 64 (+ 8.8) 66 (4 8.6) 66 (4 8.6) 5.6 (5) 33(3) 0(0)

16 24 (£3.9) 25 (4 4.0) 26 (+4.2) 6.1 (6) 8.9(9) 29 (3)

17 52 (£ 47.6) 53 (£47.8) 54 (+47.8) 4.2 (4) 4.3 (4) 2.1(2)

18 29 (4 4.5) 31 (+£47) 31 (£5.2) 6.8 (5) 12.2(9) 4.0(3)

19 63 (+127) 64 (4 12.6) 64 (+ 12.4) 7.1(6) 133 (11) 24(2)

20 53 (4 22.5) 54 (4 22.8) 55 (4 22.7) 6.2 (4) 32(2) 3.0(2)

21 57 (4 16.5) 58 (4 16.2) 59 (4 15.3) 8.7 (6) 104 (7) 5.7 (4)

22 122 (4 14.2) 124 (£ 13.5) 126 (£ 13.2) 3(1) 6.7 (2) 0(0)

23 16 (+ 4.1) 18 (+ 4.5) 19 (+ 4.8) 44(2) 6.5 (3) 22(1)

24 186 (4 323.0) 188 (4 324.0) 188 (4 324.0) 6.6 (5) 7.2 (5) 27(2)

Total 57 (4 39.9) 58 (4 39.9) 59 (4 39.9) 5.8 (98) 8.5 (140) 2.8 (30)

Statistics for Windows, version 31 (IBM Corp., Armonk, NY,
USA), OpenEpi and Microsoft Excel. Differences were considered
statistically significant at p < 0.05.

3 Results

3.1 Characteristics of study participants

The mean age of the children was 4.07 (+ 1.44) years, and
50.9% were boys. The mean duration of kindergarten attendance
was 24.23 (&£ 15.09) months.

Approximately one-third of children were exposed to
secondhand smoke, with a similar proportion exposed to emissions
from combustible (conventional) cigarettes and electronic
cigarettes. Overall, 20.7% of children lived within 200 meters of a
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high-traffic road, while the remaining children lived further away.
In addition, more than 40% of respondents reported having a cat or
dog in their household. Further characteristics of the respondents
are presented in Table 1.

3.2 Prevalence of wheezing symptoms
among preschool children

Ninety eight parents (5.8%) reported that their children had
experienced shortness of breath and wheezing at any point in
their lives. On the other hand, the prevalence of at least one
cough episode lasting two months or longer in the population
was 7.8%. Wheezing during the preceding 12 months was
reported in 48 children (2.7%). Overall, 11.1% of children had
a history of bronchiolitis, and 9.7% had pneumonia in the past
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TABLE 3 Characteristics of the study kindergartens in relation to the different prevalence of wheezing syndrome among the attendees of these kindergartens.

Characteristics Total (N = Kindergartens with the lower Kindergartens with the highest
1,794) wheezing syndrome wheezing syndrome
prevalence (1-3 quartiles) (N prevalence (4th quartile) (N =
= 1,319) 475)

% Males (n) 50.9 (890) 50.2 (645) 53.1(245)
Mean age (& SD) 4.07 (£ 1.44) 4.15 (£ 1.4) 3.85 (+ 1.49)**
Mean BMI (£ SD) 15.52 (£ 2.02) 15.50 (£ 2.06) 15.57 (£ 1.91)
Mean BMI-z score (£ SD) —0.0005 (£ 1.00) —0.0099 (£ 1.02) 0.0255 (£ 0.94)
% Diagnosed with asthma (1) 2.8(47) 2.2(27) 4.6 (20)*
% Have siblings (n) 61.5(1,076) 59.6 (766) 66.8 (310)*
% Exposed to secondhand smoking (1) 33 (572) 33.9 (431) 30.5 (141)
% Diagnosed with eczema (1) 16.5 (272) 15.8 (193) 18.5 (79)
% Diagnosed with allergic rhinitis (n) 5.1(87) 5.0 (62) 5.6 (25)
% Have a cat or a dog at home (1) 44.2 (766) 45.0 (572) 42.0 (194)
% Live next to the railway (n) 7.5 (130) 6.6 (84) 9.9 (46)*
% Have an air conditioner at home (n) 29.0 (506) 28.2 (360) 31.4 (146)
% Kindergarten next to railway (1) 33.7 (604) 22.1(291) 65.9 (313)**

Housing type % Private home (n) 31.8 (554) 29.3 (375) 38.5 (179)**

% Apartment (n) 68.2 (1,188) 70.7 (903) 61.5 (286)
Type of stove % Electric (n) 70.5 (1,226) 69.6 (888) 72.8 (338)
% Gas (n) 29.5 (513) 30.4 (387) 27.2 (126)

Median PM; concentration (Particles/cm?) 52 (29; 70) 46 (24; 64) 57 (34; 70)**
Median PM, 5 concentration (Particles/cm?) 53 (31;71) 47 (25; 66) 58 (35; 72)**
Median PMj, concentration (Particles/cm?) 54 (31;71) 47 (26; 66) 59 (36; 72)**

*p < 0.05*p < 0.001.

year. The prevalence of physician-diagnosed bronchial asthma
among children was 2.6%. Among children with a physician-
confirmed diagnosis of asthma, 12.8% were classified as having
moderate or severe disease. Allergic asthma was reported in 44.7%
of cases.

Boys experience shortness of breath and wheezing more often
during the preschool age. Wheezing was more commonly reported
by parents in children with physician-diagnosed asthma, eczema,
and allergic rhinitis. No other parents-reported home environment
or lifestyle factors were associated with a higher prevalence of
wheezing in preschool children.

Particulate matter concentrations were measured at 24
kindergartens. For each kindergarten, the prevalence of wheezing
ever, physician-diagnosed asthma, and prolonged cough was
calculated, with the results presented in Table 2.

3.3 Factors associated with wheezing
symptoms

In order to find out the impact of the kindergarten environment
on wheezing in children, the prevalence of wheezing syndrome
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in each of the kindergartens was estimated and varied from 0
to 9.7%. Characteristics of children attending kindergartens with
the highest prevalence of parent-reported wheezing syndrome
was compared with all other kindergartens (Table 3). Wheezing
history was more prevalent among younger children, those with
a physician-diagnosed asthma, children living in a private house
rather than an apartment, and children with siblings compared
to those without. Moreover, the median concentrations of all
measured particulate matter fractions were significantly higher in
kindergartens with a higher wheezing prevalence than in those with
a lower prevalence.

Binary logistic regression models were constructed to identify
the most important determinants independently associated with
wheezing among preschool children (Table 4). At the individual
level, male gender and diagnosis of allergic rhinitis and eczema
significantly increased the risk of wheezing. A higher risk and
greater prevalence of wheezing at the kindergarten level were
associated with younger child age and the presence of siblings.
Environmental factors played a significant role: the risk of wheezing
was elevated in kindergartens located in closer proximity to a
railway and in those with higher concentrations of PM; and, in
particular, PM; 5.
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TABLE 4 Binary logistic regression models explaining possible determinants of wheezing syndrome prevalence.

Experienced wheezing syndrome at least
once during lifetime

Kindergartens with the highest wheezing
syndrome prevalence (4th quartile)

Variables OR,q; (95%C1) OR,gj (95%C) p
Male gender (vs. females) 2.01(1.27-3.17) 0.003

Diagnosed with eczema (vs. no) 1.76 (1.07-2.89) 0.027

Diagnosed with allergic rhinitis (vs. 4.48 (2.42-8.29) <0.001

no)

N = 1,588; Hosmer-Lemeshow test chi? = 0.139; p = 0.933;
correctly classified 94.3%; Nagelkerke R? =0.063

particles/cm?®)

Kindergarten next to the railway 7.57 (5.69-10.07) <0.001
(vs. no)

Age (increase per 1 year) 0.85 (0.78-0.92) <0.001
Have siblings (vs. no) 1.39 (1.07-1.79) 0.013
PM, (per increase in particles/cm?) 1.79 (1.25-2.56) 0.001
PM, 5 (per increase in 134.48 (52.75-342.89) <0.001
particles/cm?)

PM; (per increase in 0.004 (0.002-0.009) <0.001

N = 1,736; Hosmer-Lemeshow test chi? = 267.543; p <
0.001; correctly classified 73.4%; Nagelkerke R?=0.283

4 Discussion

In this study, potential determinants of wheezing among
preschool-aged children were investigated. Findings of current
research indicate that wheezing is associated with the presence of
other allergic diseases at the individual level. At the kindergarten
level, a higher prevalence of wheezing was observed in facilities with
elevated concentrations of particulate matter, as well as in those
located in close proximity to railways.

The frequency of parent-reported respiratory symptoms among
preschool children was assessed. Parent-reported wheezing is
considered one of the most important criteria not only for
identifying wheezing episodes but also for supporting the diagnosis
of asthma in childhood (9, 19). Although the prevalence
of physician-diagnosed asthma was relatively low (2.6%), the
prevalence of at least one episode of wheezing during the lifetime
(5.8%) and cough lasting two or more months (7.8%) was higher,
indicating a greater burden of respiratory symptoms among
preschool children. Parents reported that the prevalence of asthma
and wheezing ever in children was lower than that previously
observed among older Polish children, where it exceeded 8%
and 20% of the study population, respectively (16). Other studies
have also indicated that wheezing is one of the most common
health disorders among preschool children (31, 32). The relatively
low prevalence of wheezing observed may be attributable to the
subjective and not always accurate parental perception of this
symptom. Wheezing in preschool children is typically identified
retrospectively based on parental reports; however, parents may
not reliably differentiate wheezing from other respiratory sounds
(19). In addition, the questionnaire included separate items on
bronchiolitis, pneumonia, and other respiratory infections, which
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may have led parents to report these conditions instead of
wheezing, thereby contributing to a lower reported prevalence
of wheezing. Gender differences in the prevalence of respiratory
symptoms were observed. Both asthma and wheezing were more
common among boys than girls. However, only the difference
in wheezing incidence was statistically significant. These findings
are consistent with previous studies among school-aged children,
which reported that both wheezing and asthma diagnoses were
more prevalent among boys (16, 33). This study finding is
consistent with previous research, indicating that children with
siblings are at higher risk of wheezing due to viral infection
transmission within the home environment (34).

Respiratory health in children is greatly influenced by the
home environment and related exposures (5). Although direct
measurements of particulate matter concentrations in the children’s
homes were not performed, the main home environmental
exposures were assessed through the questionnaire and included
in the subsequent analysis. Surprisingly, wheezing did not differ
significantly between children exposed to common household risk
factors, including second-hand smoke from living with smokers,
third-hand smoke residues on surfaces (35), or having pets at home,
and those without such exposures. Other studies have shown clear
associations between these risk factors and recurrent or chronic
wheeze, supporting the importance of smoking as a key factor for
the development of a single symptom to chronic disease (36-39). In
contrast, in this study preschool children preschool children were
analyzed as a heterogeneous group with both recurrent/chronic
and single episodes of wheeze, looking at the basic effects of
aerosol pollution.

The results of this study were consistent with previous research,
as the association between air pollution and respiratory disorders

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1835292
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Taminskiene et al.

in children has been recognized and extensively investigated (5,
17, 24, 40). Both indoor and ambient air pollution are considered
important contributors to adverse respiratory outcomes, with
their effects largely mediated through inflammatory processes in
the respiratory tract (20-22, 41). Nevertheless, the underlying
biological mechanisms are not yet fully elucidated (42). However,
evidence about the impact of air quality in kindergarten
environments on younger children is still limited (3, 43), which
highlights the importance of findings.

Multivariate analysis was performed to identify variables
independently associated with wheezing syndrome in preschool
children. Variables that were significantly associated with wheezing
ever at the individual level and with wheezing prevalence at the
kindergarten level were included in the multivariable analysis.
Asthma diagnosis was excluded from the regression models due
to multicollinearity with wheezing, as these variables were strongly
correlated; notably, wheezing represents one of the principal
clinical symptoms of asthma, further supporting their close
interrelationship. In the overall study population, only male sex and
a diagnosis of allergic diseases—such as asthma, eczema, or allergic
rhinitis—were associated with a higher prevalence of wheezing
and shortness of breath. However, when children were grouped
according to kindergarten, environmental factors became more
prominent, particularly PM; and PM; 5 indoor concentrations and
attendance at a kindergarten located near a railway. In contrast,
an inverse association was observed with PM;( concentration. This
finding may be explained by collinearity among particulate matter
fractions, as PMjo encompasses both PM; and PM; 5, potentially
leading to overlapping effects within the multivariable model.

Findings of this study confirm that indoor air pollution is
strongly influenced by outdoor air pollution, especially in urban
areas where traffic and industrial pollution are among the main
factors contributing to increased respiratory symptoms among
children (26, 44, 45). It is also important to note that, kindergartens
located near railways partly represent industrial areas, as railway
infrastructure is often situated close to industrial zones.

Although both living near a railway and attending a
kindergarten located near a railway were significantly associated
with a higher risk of wheezing in the univariate analysis, only
the kindergarten’s location remained a significant predictor in the
multivariate analysis. It indicates that air quality in the kindergarten
environment is at least as important as air quality at home and may
even have a stronger influence on children’s respiratory health.

The study demonstrates that not only PM; 5, but also finer
particulate matter in the PM; fraction (0.3-1.0 pm), is significantly
associated with wheezing syndrome in preschool-aged children.
From previous research it is already known the association between
PM; exposure and physician-diagnosed asthma in younger school-
aged children (7). Taken together, these findings provide indirect
evidence that wheezing syndrome in early childhood and asthma
share more common than distinct etiopathogenetic mechanisms.
Moreover, in certain cases, the first episode of wheezing may
represent the earliest clinical manifestation of asthma.

The study’s results suggest that additional attention should
be given to air quality in kindergartens. This is supported by
previous studies showing higher rates of respiratory symptoms
among children exposed to traffic- and industry-related pollution,
construction and renovation works, coal burning, and household
smoking (26, 46). Indoor air quality in kindergartens is also
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influenced by factors such as occupancy density, occupant behavior,
ventilation practices, and routine activities including cooking and
cleaning (47).

Accordingly, preventive actions should be implemented at
the individual, local, and national levels to better control
environmental factors and protect children’s health, including
better planning for building location and building design,
ensuring proper ventilation in kindergartens’ canteens (43),
designed barriers of plants near the kindergartens (i.e., in
terms of species, leaf density, permeability, height) installed to
reduce particulate matter concentrations outdoor (30, 48), using
mechanical ventilation in separate, in old buildings poorly designed
spaces, such as those where parents’ meetings are held or in a poorly
designed gym, and developing and implementing indoor air quality
guidelines (28).

This study has both strengths and limitations. The strength of
the presented study is the large study population, which increases
statistical power and enhances the generalizability of the findings.
Second, this study integrates direct measurements of air pollution
in kindergarten environments with the assessment of respiratory
symptom prevalence among preschool children, thereby addressing
an important gap in the existing literature (49). In addition,
previously conducted several studies in school settings (10, 24,
25), provides a broader scientific background in this field. This
continuity offers important opportunities for future research to
compare data from schools and kindergartens, enabling a more
comprehensive understanding of the origins and development,
as well as the prevention, of chronic non-communicable diseases
in childhood.

The limitation of this study is its cross-sectional design.
Although such a design enables the assessment of relationships
between air pollution and wheezing, it does not allow for the
establishment of causality. Another limitation of the study is that
the questionnaires were self-administered by parents, which may
have introduced response bias, and a proportion of questionnaires
were not returned. Due to a lack of video demonstrations of
different wheeze patterns, parents may misinterpret questions
about wheezing, thereby underestimating the rate of children
affected. Future studies could improve data completeness
and accuracy by employing interviewer-administered surveys.
Finally, the home environment was assessed solely through a
parent-completed questionnaire, while no objective indoor air
pollution measurements were conducted. The incorporation of
clinical assessments and biological markers reflecting cumulative
environmental exposure could strengthen future research in
this area.

5 Conclusions

Indoor exposure to particulate matter in kindergartens was
more strongly associated with wheezing in preschoolers than
common household risk factors, such as pets or passive tobacco
smoke. A higher prevalence of wheezing was observed in
kindergartens with elevated PM; and PM; 5 concentrations and in
those located close to railways. These findings highlight that the
kindergarten environment where children spend a large part of
their day, may substantially affect respiratory morbidity. Therefore,
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improving indoor air quality in kindergartens through effective
control of air pollutants, installation of vegetative barriers near
kindergartens that promote particulate matter dry deposition
from outdoor air pollution sources, and adherence to indoor air
quality guidelines are essential for preventing recurrent wheeze in
early childhood.
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