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Highlights
•	Twenty-four-hour indoor particulate matter 2.5 (PM2.5) and PM10 exposure was directly measured.
•	Comprehensive assessment included spirometry,  fractional exhaled nitric oxide (FeNO) and skin prick testing.
•	Atopy was strongly associated with asthma and allergic rhinitis.
•	 Indoor PM10 showed a positive but non-significant association with asthma.

Abstract
Objectives: Particulate matter (PM) is an important component of air pollution and may contribute to the development or exacerbation of allergic 
diseases. The purpose of this study was to evaluate the associations between 24-hour indoor PM concentrations and the prevalence of asthma, allergic 
rhinitis/allergic conjunctivitis, and atopic dermatitis among adolescents participating in the Polish Mother and Child Cohort Study (REPRO_PL). 
Material and Methods: Indoor PM2.5 and PM10 concentrations were measured over a 24-hour period using portable air-sampling pumps. Informa-
tion on adolescent health was obtained from questionnaires and medical records. Additional assessments included spirometry, fractional exhaled 
nitric oxide (FeNO) measurement, and skin prick testing. Unadjusted comparisons and multivariable logistic regression analyses were performed 
for 172 participants with complete data on the analyzed outcome and exposure variables. Results: Particulate matter 10 showed a positive but statis-
tically non-significant association with asthma (OR = 2.22, 95% CI: 0.88–5.57, p = 0.09). No statistically significant associations were observed be-
tween indoor PM2.5 or PM10 concentrations and allergic rhinitis/allergic conjunctivitis or atopic dermatitis. Conclusions: Further studies involving 
larger populations and repeated or longer-term air measurements are needed to clarify the relationship between indoor particulate matter exposure 
and allergic diseases. Int J Occup Med Environ Health. 2026;39(5)

Key words:
adolescent, air pollution, particulate matter, asthma, allergic diseases, REPRO_PL

Conflict of interest: the authors declare no potential conflicts of interest related to the research, authorship, or publication of this article. 
Funding: this research was supported by the National Science Centre, Poland (grant No. 2021/41/B/NZ7/04341, entitled “Polish Mother and Child Cohort- potential for 
exposure, health status and neurobehavioral assessment in adolescence,” grant manager: Prof. Kinga Polańska).
Received: August 4, 2026. Accepted: October 1, 2026.
Corresponding author: Joanna Jerzyńska, Medical University of Lodz, Department of Pediatrics and Allergy, Korczak Pediatric Center, Copernicus Memorial Hospital, 
Piłsudskiego 71, 90-329 Łódź, Poland (e-mail: joanna.jerzynska@umed.lodz.pl).

https://creativecommons.org/licenses/by/4.0/legalcode.en
https://creativecommons.org/licenses/by/4.0/legalcode.en
https://doi.org/10.13075/ijomeh.1896.02969


IJOMEH 2026;39(5)2

O R I G I N A L  P A P E R      K. PISARSKA-TROCZYŃSKA ET AL.�﻿

MATERIAL AND METHODS
Study population and study design
The REPRO_PL is a multicenter prospective birth cohort 
established in Poland in 2007. The cohort was designed 
to evaluate the effects of prenatal and postnatal environ-
mental exposures and lifestyle factors on child health and 
development. A detailed description of the study design 
and methodology has been published elsewhere [15–18].
Women were recruited during the first trimester of a sin-
gleton pregnancy conceived without the use of assisted repro-
ductive technologies and without major pregnancy compli-
cations. They were followed throughout pregnancy (phase I). 
Their children were subsequently assessed at 1 year  and 
2 years of age (phase II), at 7–9 years of age (phase III), 
and during adolescence at 12–18 years of age (phase IV).
The present analysis included 181 adolescents who par-
ticipated in phase IV of the REPRO_PL cohort study. 
According to the study protocol, the assessment com-
prised the  following elements: collection of question-
naire data, 24-hour PM2.5 and PM10 exposure measure-
ment, spirometry, skin prick testing, and clinical exami-
nation by an allergist.
The study protocol was approved by the  Ethical Com-
mittee of the Nofer Institute of Occupational Medicine, 
Łódź, Poland (decision No. 3/2021), and by the Ethical 
Committee of the Medical University of Lodz, Łódź, Po-
land (decision No. RNN/258/23/KE).
Written informed consent was obtained from the parents 
or legal guardians of all participants. Participants <16 years  
provided assent, whereas participants aged ≥16 years ad-
ditionally provided their own written informed consent 
before participation.

Indoor PM2.5 and PM10 exposure assessment
Air samples to assess indoor air pollution were collected 
using GilAir 5 personal air sampling pumps (Sensi-
dyne, St. Petersburg, FL, USA) placed in backpacks car-
ried by teenagers during a 24-hour sampling period in 

INTRODUCTION
Air pollution remains a major environmental health con-
cern and contributes substantially to the global burden of 
the lungs, heart and brain diseases [1–3]. Reducing am-
bient air pollution to the levels recommended by the WHO 
could prevent premature deaths and reduce the associated 
healthcare burden [4,5].
Particulate matter (PM), including PM2.5 and PM10, orig-
inates from both natural sources (e.g.,  wildfires, sea 
spray) and human activities (e.g.,  industrial processes, 
road traffic) [6]. As people spend a substantial propor-
tion of their time indoors, the indoor environment may 
contribute considerably to their overall exposure to PM. 
Indoor PM2.5 and PM10 concentrations may be affected by 
outdoor air quality, heating method and heating season, 
and emissions from cooking and tobacco smoke [7,8].
Young people may be particularly vulnerable to PM ex-
posure due to ongoing lung development and behavioral 
factors that may increase exposure to air pollutants [9,10]. 
Exposure to air pollution may promote oxidative stress, 
airway inflammation, epithelial barrier dysfunction, and 
immune dysregulation, contributing to respiratory and al-
lergic diseases [6,11].
Previous studies, which have largely focused on am-
bient or long-term particulate matter exposure, have as-
sociated PM2.5 exposure with reduced lung function and 
higher fractional exhaled nitric oxide (FeNO) levels in 
children [12]. Exposure to both PM2.5 and PM10 has also 
been associated with an increased risk of asthma and 
wheezing [13]. However, evidence concerning other al-
lergic outcomes, including allergic rhinitis and atopic der-
matitis, remains inconsistent [14].
The aim of this study was to evaluate the associations be-
tween measured indoor PM concentrations (PM2.5 and PM10) 
in the home environment and the prevalence of asthma, al-
lergic rhinitis/allergic conjunctivitis, and atopic dermatitis 
among adolescents participating in the Polish Mother and 
Child Cohort Study (REPRO_PL).
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dermatitis or/and asthma. Lung function was assessed by 
spirometry performed by trained personnel in accordance 
with the recommendations of the American Thoracic So-
ciety (ATS) and the European Respiratory Society (ERS), 
and spirometric indices were additionally expressed as 
Global Lung Function Initiative (GLI) z-scores [22].
Nitric oxide was measured in accordance with ATS/ERS 
recommendations  [23]. Allergic sensitization was as-
sessed by skin prick testing performed in accordance with 
the recommendations of the European Academy of Al-
lergy and Clinical Immunology [24]. The test panel in-
cluded the most common inhalant allergens, as described 
previously [19].

Variables included in the multivariable models
Variables for the multivariable logistic regression models 
were selected based on the results of univariable analyses, 
available literature, clinical relevance, and their avail-
ability in the REPRO_PL dataset. Separate models were 
fitted for asthma, atopic dermatitis, and allergic rhinitis/
allergic conjunctivitis.
All models included the child’s sex and age, measured 
PM2.5 and PM10 concentrations, atopy, season of as-
sessment (heating season: October–April; non-heating 
season: May–September), and parental history of atopy 
or asthma. Outcome-specific covariates included coex-
isting allergic diseases, selected spirometric parameters, 
FeNO, household smoking, and dampness in the home, 
depending on the outcome analyzed.

Data analysis
Continuous variables were summarized as medians and 
interquartile ranges (IQRs), whereas categorical vari-
ables were presented as numbers and percentages. De-
scriptive analyses were performed for all 181 partici-
pants included in the study cohort. Unadjusted compar-
isons and multivariable logistic regression analyses were 
performed in 172 participants with complete data on 

their home environment, as described elsewhere [19]. 
The 24‑hour PM measurements were conducted in De-
cember 2022 – January 2026. Across the study period, 
measurements were performed in all calendar months. 
For the  purposes of the  analyses, measurements con-
ducted from October through April were classified as 
occurring during the  heating season. The  inlet ports 
of sampling pumps were connected to sampling heads 
with plastic tubing. Glass fiber filters were placed inside 
the sampling heads. The sampler inlets were located out-
side the backpack, within the teenager’s breathing zone. 
The collected dust samples were analyzed at the Aerosol 
Laboratory of the Nofer Institute of Occupational Medi-
cine. Filters were placed in individually labeled containers 
and weighed before and after sampling to determine dust 
concentration, calculated as the mass of dust retained on 
the filter divided by the volume of air flowing through 
the filter. Before weighing, clean filters were conditioned 
in a silica gel desiccator for at least 20 h. Weighing was 
performed using a Sartorius R 180 D analytical balance 
(Sartorius GmbH, Göttingen, Germany) (resolution 
of 0.01 mg) with a calibration certificate; the balance was 
checked before each weighing using a calibration weight 
certified by the Central Office of Measures (Główny Urząd 
Miar), Warsaw, Poland.

Outcome variables
Information on the children’s health was obtained from 
questionnaires completed by their parents or legal guard-
ians and supplemented with data from medical records. 
Clinical examination by an allergist was also performed.
Questions concerning allergic diseases diagnosis were de-
veloped by an allergologist based on the International Study 
of Asthma and Allergies in Childhood (ISAAC) method-
ology [20]. Asthma was diagnosed according to the Global 
Initiative for Asthma (GINA) guidelines [21]. A physician-
confirmed diagnosis was required to classify a participant as 
having allergic rhinitis/allergic conjunctivitis or/and atopic 
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cember – 7.7%. The median PM2.5 and PM10 concentrations 
were 6.9 μg/m³ and 9.3 μg/m³, respectively.
The prevalence of atopic dermatitis, allergic rhinitis/allergic 
conjunctivitis, and asthma at 12–18 years of age was 26.7%, 
15.1%, and 7.6%, respectively. Atopy, as assessed by skin prick 
testing, was observed in 78 participants (44.8%). The most 
common sensitizations were to grass pollen, birch pollen, 
Dermatophagoides pteronyssinus, and Dermatophagoides 
farinae. Parental atopy or asthma was reported for 51 par-
ticipants (29.7%), and dampness in the home was reported 
for 27 participants (15.7%) (Table 1).

Associations of indoor PM2.5 and PM10 concentrations 
with allergy and asthma
Comparisons of PM concentrations according to the pres-
ence of asthma, allergic rhinitis/allergic conjunctivitis, 
and atopic dermatitis are presented in Table 2.
Multivariable logistic regression models were fitted sepa-
rately for asthma, atopic dermatitis, and allergic rhinitis/
allergic conjunctivitis (Table 3).
In the asthma model, PM10 showed a positive but statistically 
non-significant association (OR = 2.22, 95% CI: 0.88–5.57, 
p  =  0.09), whereas PM2.5 was not significantly associ-
ated with asthma (OR = 1.68, 95% CI: 0.88–3.20, p = 0.1). 
Asthma was significantly associated with atopy (OR = 7.56, 
95% CI: 2.32–24.66, p < 0.001), allergic rhinitis/allergic 
conjunctivitis (OR = 6.46, 95% CI: 1.50–27.84, p = 0.01), 
lower forced expiratory volume in 1 s (FEV1)/forced vital  
capacity (FVC) (OR = 0.87, 95% CI: 0.81–0.93, p < 0.001), 
and higher FeNO levels (OR = 1.02, 95% CI: 1.01–1.03, 
p = 0.006) (Table 3).
In the atopic dermatitis model, neither PM2.5 (OR = 1.22, 
95% CI: 0.78–1.91, p = 0.4) nor PM10 (OR = 0.87, 95% CI: 
0.55–1.35, p  =  0.5) was significantly associated with 
the  outcome. Significant associations were observed 
with allergic rhinitis/allergic conjunctivitis (OR = 6.87, 
95% CI: 3.31–14.26, p < 0.001) and dampness in the home 
(OR = 2.91, 95% CI: 1.47–5.75, p = 0.002) (Table 3).

the analyzed outcomes and exposure variables. The out-
comes were dichotomous and included asthma, allergic 
rhinitis/allergic conjunctivitis, and atopic dermatitis at 
12–18 years of age.
In the unadjusted analyses, participant characteristics were 
compared according to the presence or absence of each al-
lergic outcome. Categorical variables were compared using 
appropriate tests for categorical data, i.e., the χ2 test of in-
dependence or Fisher’s exact test, whereas continuous vari-
ables were compared using the Mann-Whitney U test.
The main analyses were based on multivariable logistic 
regression models fitted separately for asthma, allergic 
rhinitis/allergic conjunctivitis, and atopic dermatitis. 
The associations between measured PM2.5 and PM10 con-
centrations and each allergic outcome were assessed after 
adjustment for selected demographic, clinical, familial, 
respiratory, allergic sensitization, seasonal, and home-
environmental covariates, depending on the  outcome 
analyzed.
Results from the multivariable logistic regression models 
are presented as odds ratios (ORs) with 95% confidence 
intervals (95% CIs) and p-values. All statistical tests were 
2-sided, and statistical significance was set at p < 0.05. 
The statistical analyses were performed using Stata, re-
lease 14.2 (StataCorp LLC, College Station, TX, USA).

RESULTS
Characteristics of the study cohort
The characteristics of the  study cohort are presented 
in Table  1. The  descriptive analysis included 181 par-
ticipants, with a  median age of 14.7 years; 94 partici-
pants (51.9%) were females. Measurements were performed 
during the heating season (October–April) in 110  par-
ticipants (60.8%). The  monthly distribution of measure-
ments pooled across all study years was as follows: Jan-
uary – 14.9%, February – 9.4%, March – 9.4%, April – 9.4%, 
May – 6.6%, June – 9.4%, July – 6.6%, August – 8.3%, Sep-
tember – 8.3%, October – 4.4%, November – 5.5%, and De-
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Table 1. Baseline characteristics of adolescents participating in phase IV of 
the Polish Mother and Child Cohort Study (REPRO_PL), Poland, 2022–2026

Variable
Participants
(N = 181)

[n (%)]
Me (IQR)

Environmental exposure

PM concentration  
in the air [µg/m³]

PM2.5 6.9 (2.3–13.9)

PM₁₀ 9.3 (4.6–18.5)

measurements during the 
heating season (October–April)

110 (60.77)

household members smoke 45 (26.16)

exposure to tobacco smoke 
during a working day

never 165 (95.93)

≥1 h 7 (4.07)

exposure to tobacco smoke 
on weekends

never 161 (93.30)

≥1 h 11 (6.40)

dampness at domicile 27 (15.70)

pets at home 116 (67.44)

Demographic and socioeconomic 
characteristics 

children

sex (female) 94 (51.93)

age [years] 14.73 (13.05–15.39)

BMI [kg/m2] 20.79 (18.63–23.38)

body fat mass [kg] 11.20 (7.40–16.20)

household status

living together with both 
parents

141 (81.98)

living with a single parent 31 (18.02)

maternal age at birth [years] 29.25 (26.50–33.00)

mother’s education time

≤12 years 42 (24.00)

>12 years 133 (76.00)

mother’s level of education

secondary or lower 44 (25.14)

higher 131 (74.86)

Variable
Participants
(N = 181)

[n (%)]
Me (IQR)

socio-economic status

very poor/poor 0 (0.00)

good 124 (72.09)

very good 48 (27.91)

place of residence

urban area 141 (80.57)

rural area 34 (19.43)

Perinatal and early-life 
characteristics 

gestational age [weeks] 39 (38–40)

birth weight [g] 3350 (3050–3650)

maternal pre-pregnancy 
BMI [kg/m2]

21.75 (19.88–24.34)

breastfeeding 
duration [months]

7 (4–9)

Clinical characteristics 

atopic dermatitis at 12–18 years 46 (26.74)

allergic rhinitis/conjunctivitis 26 (15.12)

asthma 13 (7.56)

atopy in skin prick test 78 (44.83)

parental atopy or asthma 51 (29.65)

Respiratory assessment

spirometry

FEV₁

l 3.42 (2.96–3.96)

% pred. 107 (99–118)

z-score 0.16 (−0.48–0.91)

FVC

l 3.83 (3.40–4.54)

% pred. 105 (95–113)

z-score 0.08 (−0.57–0.73)

FEV₁/FVC

% pred. 105 (99–111)

z-score 0.28 (−0.64–0.99)

FeNO [ppb] 45.90 (37.60–58.10)

Skin prick test 78 (48.45)

grass pollen 49 (32.89)
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PM2.5 was not significantly associated with asthma. 
No statistically significant associations were observed 
between indoor PM2.5 or PM10 concentrations and al-
lergic rhinitis/allergic conjunctivitis or atopic derma-
titis among adolescents from the  REPRO_PL cohort. 
The  lack of a  statistically significant association be-
tween particulate matter exposure and asthma is con-
sistent with some previous epidemiological findings. 
In the European Study of Cohorts for Air Pollution Ef-
fects (ESCAPE), long-term exposure to PM2.5 or PM10 
was not significantly associated with the  prevalence 
of childhood asthma [25]. A recent systematic review 
and meta-analysis reported significant positive associ-
ations of both PM2.5 and PM10 exposure with asthma and 
wheezing in children and adolescents, although substan-
tial heterogeneity was observed across studies [13]. A re-
gional Polish study by Góra et al. [26] reported a higher 
occurrence of asthma among pupils attending schools in 
industrial zones. Another Polish study reported positive 
correlations between PM10 concentrations and the inci-
dence of food and skin allergies [27]. Studies using na-
tionwide Polish data from 2018–2024 reported decreases 
in selected air pollutant concentrations and in the inci-
dence of asthma, food allergies, and skin allergies among 
children and adolescents [28,29].
In 2021, WHO updated its global air quality guidelines, 
introducing substantially stricter recommendations for 
exposure to PM [4]. The revised guidelines set annual 
average concentration limits of 5 μg/m³ for PM2.5 and 
15 μg/m³ for PM10 in both indoor and outdoor environ-
ments. In addition, the recommended 24-hour exposure 
limits were established at 15 μg/m³ for PM2.5 and 45 μg/m³ 
for PM10. These more stringent standards are based on ro-
bust epidemiological findings indicating that fine par-
ticulate matter can negatively affect human health even 
at relatively low concentrations. In  the authors’ study, 
the median PM2.5 and PM10 24-hour concentrations were 
6.9 μg/m³ and 9.3 μg/m³, respectively.

In the allergic rhinitis/allergic conjunctivitis model, nei-
ther PM2.5 (OR  =  1.13, 95%  CI: 0.45–2.85, p  =  0.8) nor 
PM10 (OR = 1.45, 95% CI: 0.55–3.83, p = 0.5) was signifi-
cantly associated with the  outcome. Allergic rhinitis/al-
lergic conjunctivitis was significantly associated with atopy 
at 12–18 years (OR = 3.60, 95% CI: 1.14–11.32, p = 0.03), 
asthma (OR = 7.94, 95% CI: 2.40–26.25, p < 0.001), atopic 
dermatitis (OR = 24.80, 95% CI: 7.77–79.15, p < 0.001), and 
parental atopy or asthma (OR = 2.97, 95% CI: 1.05–8.38, 
p = 0.04). Assessment during the heating season (OR = 0.20, 
95%  CI: 0.06–0.63, p  =  0.007) and household smoking 
(OR = 0.04, 95% CI: 0.01–0.20, p < 0.001) were inversely as-
sociated with allergic rhinitis/allergic conjunctivitis in this 
model (Table 3).

DISCUSSION
In the present study, PM10 showed a positive but statis-
tically non-significant association with asthma, whereas 

Variable
Participants
(N = 181)

[n (%)]
Me (IQR)

Skin prick test – cont.

Dermatophagoides farinae 33 (20.89)

Dermatophagoides pteronyssinus 37 (23.42)

cockroach 8 (5.56)

hazel 23 (21.30)

birch 39 (25.00)

mugwort 12 (7.95)

Cladosporium 8 (5.76)

Alternaria 11 (15.28)

dog 9 (11.84)

cat 25 (16.03)

BMI – body mass index; FeNO – fractional exhaled nitric oxide; FEV₁ – forced 
expiratory volume in 1 second; FVC – forced vital capacity; IQR – interquartile range; 
PM – particulate matter; pred. – predicted; SPT – skin prick test.

Table 1. Baseline characteristics of adolescents participating in phase IV 
of the Polish Mother and Child Cohort Study (REPRO_PL),  
Poland, 2022–2026 – cont.
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Studies assessing indoor concentrations and personal 
exposure provide a more direct context for interpreting 
the present findings. In a study based on 24-hour mea-
surements in residential buildings, Ścibor et al.  [8] re-
ported that indoor PM2.5 and PM10 concentrations were 
strongly correlated with outdoor concentrations, while 
heating season, heating method, and housing characteris-
tics were identified as important predictors of indoor par-
ticulate matter concentrations. In a Seattle panel study, 
Trenga et al. [30] reported that higher indoor and per-
sonal PM2.5 exposure was associated with short-term re-
ductions in selected lung function parameters among chil-
dren with asthma.
Differences in exposure assessment, pollution levels, 
the timing and duration of exposure, age at outcome as-
sessment, outcome definitions, and population character-
istics may partly explain the inconsistent findings across 
studies [13,14]. In studies of indoor PM, additional vari-
ability may result from differences in housing character-
istics, indoor emission sources, heating methods, season, 
and occupants’ activity patterns [7,8].
The absence of statistically significant associations in 
this cohort does not exclude a potential biological role 
of PM in asthma and other allergic outcomes. Partic-
ulate matter may promote oxidative stress, airway in-
flammation, epithelial barrier dysfunction, and immune 
dysregulation  [6,11,31]. Therefore, the  present find-
ings may reflect limited statistical power and the lim-
ited ability of a single 24-hour measurement to repre-
sent long-term exposure rather than the absence of a bi-
ological effect.
The observed associations among asthma, allergic rhi-
nitis/allergic conjunctivitis, atopy, FeNO, and FEV1/FVC 
are consistent with an atopic asthma phenotype. The as-
sociations of asthma with higher FeNO levels and lower 
FEV1/FVC values may reflect eosinophilic airway in-
flammation and airflow limitation, respectively [21,32]. 
The associations of atopy with asthma and allergic rhi-
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ture-related indoor exposures rather than a single caus-
ative factor [35].
Household smoking was not significantly associated with 
asthma or atopic dermatitis; however, in the multivariable 
model, it was associated with lower odds of allergic rhi-
nitis/allergic conjunctivitis. Similarly, assessment during 
the heating season was not significantly associated with 

nitis/allergic conjunctivitis further support the clinical 
relevance of allergic sensitization and are consistent with 
the frequent coexistence of atopic conditions [33,34].
Atopic dermatitis was associated with allergic rhinitis/al-
lergic conjunctivitis and dampness in the home. Because 
household dampness was self-reported in the question-
naire, it may represent a broader marker of complex mois-

Table 3. Multivariable logistic regression analysis of demographic, clinical, environmental, and respiratory factors associated with asthma, allergic rhinitis/allergic 
conjunctivitis and atopic dermatitis among study participants (N = 172) in phase IV of the Polish Mother and Child Cohort Study (REPRO_PL), Poland, 2022–2026 

Variable
Asthma

Allergic rhinitis/allergic 
conjunctivitis 

Atopic dermatitis 

OR (95% CI) p OR (95% CI) p OR (95% CI) p 

Demographic characteristics

Children

sex (female) 1.52 (0.45–5.12) 0.5059 2.60 (0.59–11.45) 0.2063 1.02 (0.58–1.79) 0.9530 

age 0.71 (0.46–1.10) 0.1240 1.36 (0.81–2.30) 0.2453 0.82 (0.64–1.06) 0.1325 

Clinical characteristics

atopic dermatitis 1.85 (0.35–9.37) 0.3898 24.80 (7.77–79.15) <0.0001

asthma 7.94 (2.40–26.25) 0.0004 2.49 (0.55–11.31) 0.2380 

allergic rhinitis/allergic conjunctivitis 6.46 (1.50–27.84) 0.0123   6.87 (3.31–14.26) <0.0001

atopy 7.56 (2.32–24.66) 0.0008 3.60 (1.14–11.32) 0.0284 1.34 (0.74–2.43) 0.3380 

parental atopy or asthma 0.56 (0.11–2.87) 0.4894 2.97 (1.05–8.38) 0.0394 1.75 (0.97–3.17) 0.0627

Environmental exposure

assessment during the heating season (October–April) 2.96 (0.73–11.96) 0.1285 0.20 (0.06–0.63) 0.0068 0.72 (0.40–1.30) 0.2816 

PM exposure

PM2.5 1.68 (0.88–3.20) 0.1155 1.13 (0.45–2.85) 0.7890 1.22 (0.78–1.91) 0.3792 

PM10 2.22 (0.88–5.57) 0.0901 1.45 (0.55–3.83) 0.4502 0.87 (0.55–1.35) 0.5285 

dampness at domicile   2.91 (1.47–5.75) 0.0021

household members smoke 0.04 (0.01–0.20) 0.0002   

Respiratory assessment

Spirometry

FEV1 (% pred.) 1.04 (0.99–1.09) 0.0830 0.94 (0.86–1.02) 0.1567   

FVC (% pred.) 1.01 (0.92–1.11) 0.8283   

FEV1/FVC (% pred.) 0.87 (0.81–0.93) 0.0002

FeNO 1.02 (1.01–1.03) 0.0061 0.99 (0.97–1.03) 0.8603   

Abbreviations as in Table 1.
For season of assessment, the reference category was assessment outside the heating season (May–September); the heating season was defined as October–April.
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asthma among adolescents from the REPRO_PL cohort. 
The findings mainly indicate clustering of allergic dis-
eases within an atopic phenotype, with atopy associated 
with asthma and allergic rhinitis/allergic conjunctivitis.
Further studies involving larger populations and repeated 
and/or longer-term indoor air measurements are needed 
to clarify the  relationship between indoor particulate 
matter exposure and allergic diseases.
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