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ABSTRACT
Objectives  Poor indoor environmental quality (IEQ) in 
schools is related to higher respiratory symptoms of pupils, 
but little is known about the importance of other factors. 
This study examined the associations between different 
psychosocial factors and other pupils’ individual and 
allergic characteristics, beyond school IEQ, and reporting 
of respiratory symptoms in pupil-administered and parent-
administered questionnaires.
Setting  All primary and secondary schools in two areas of 
Helsinki, Finland.
Participants  Primary school pupils (grade 3–6, n=8775, 
99 school buildings) and secondary school pupils 
(grade 7–9, n=3410, 30 school buildings) reported their 
respiratory symptoms, as well as psychosocial factors 
and individual characteristics. Parents of primary school 
pupils (grade 1–6, n=3540, 88 school buildings) also filled 
in questionnaires, but the response rate was low (20% in 
2017 and 13% in 2018).
Main outcome measure  Respiratory symptoms were 
reported in relation to the school environment and in 
general (without such relation) by pupils or parents.
Results  Worry about IEQ and low school satisfaction, and 
asthma and hay fever were related to higher reporting 
of respiratory symptoms in three samples. The variance 
between schools in respiratory symptoms was low 
(intraclass correlation=0.6%–2.4%). Psychosocial factors, 
especially worry about school’s IEQ, explained more of the 
variance between schools in symptoms than IEQ among 
secondary school pupils and parents, but not among 
primary school pupils for symptoms in general. Worry 
about IEQ also modified the associations between IEQ and 
respiratory symptoms, but only in parental reports.
Conclusion  In addition to IEQ, psychosocial factors 
and pupils’ individual and allergic characteristics were 
related to higher reporting of respiratory symptoms in 
all three samples. Psychosocial factors explained more 
variance between schools than IEQ, although it was 2.4% 
at most. Other factors beyond IEQ should be considered 
when interpreting symptom reporting in indoor air 
questionnaires.

INTRODUCTION
Consistent associations have been shown 
between indoor environmental quality (IEQ) 

problems in home and respiratory symptoms 
of children.1–3 Several studies have also shown 
that IEQ problems are common in schools 
and have adverse effects on pupils’ perfor-
mance and health.4–7 For example, moisture 
and mould damage, improper ventilation 
and unsatisfactory temperature conditions 
in schools are associated with increased 
reporting of respiratory symptoms among 
pupils.8–15 However, less is known about the 
role of other factors, such as psychosocial 
factors, beyond IEQ in reporting of respira-
tory symptoms among pupils in schools.

Psychosocial factors, along with building-
related factors, are related to perceived health 
and symptom reporting.16–18 Several studies in 
office buildings have shown that poor psycho-
social work environment (characterised by 
high job demands, low work control, and low 
support at work), low satisfaction with the 
work environment, high stress, health-related 
worry and such personality trait as neuroti-
cism are associated with increased symptom 
reporting.19–24 In school settings, the role of 

Strengths and limitations of this study

►► A large-scale study including in total 135 school 
buildings and 15 725 participants.

►► Analyses were conducted in three different samples 
(primary school pupils, secondary school pupils and 
parents) and for symptoms reported in relation to 
the school environment and in general.

►► Indoor environmental quality was evaluated by the 
same experts in all school buildings and not based 
on self-reports from pupils or parents.

►► Respiratory symptoms were based solely on self-
reports, and no objective measurements of pupils’ 
health were available.

►► Cross-sectional study design does not allow to de-
termine the direction of the associations between 
psychosocial factors and respiratory symptoms.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-4662-9707
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-036873&domain=pdf&date_stamp=2020-09-21


2 Savelieva K, et al. BMJ Open 2020;10:e036873. doi:10.1136/bmjopen-2020-036873

Open access�

psychosocial factors in symptom reporting among pupils 
has received less attention.25 26 The longitudinal study by 
Finell et al25 found that increased socioemotional difficul-
ties of pupils are related to higher reporting of indoor 
air-related symptoms (ie, stuffy nose, raspy voice, cough, 
dyspnoea and itchy and watering eyes). Another study by 
Nissilä et al26 showed that worry about indoor air quality 
problems increased symptom reporting. However, no 
previous study has examined how a range of various psycho-
social and individual characteristics, beyond school IEQ, 
are related to respiratory symptom reporting among pupils. 
It is also possible that pupils’ reporting of symptoms differs 
between schools due to school IEQ or due to psychosocial 
characteristics of pupils (eg, worry and school satisfaction), 
suggesting potential clustering of schools. Previous studies 
on perceived indoor air quality have shown that both 
pupil-level and school-level psychosocial factors explained 
part of the variance between schools on perceived indoor 
air quality.27 However, it has not been addressed how much 
variance in symptom reporting between schools is explained 
by psychosocial, and individual and allergic characteristics 
of pupils in addition to school IEQ. This information could 
contribute to the use and interpretation of questionnaires 
on indoor air and related symptoms.

The indoor air questionnaires sometimes ask whether 
symptoms are related to a certain indoor environment or 
even get worse in a certain environment.28 It is difficult 
for some respondents to assess this,29 and symptoms that 
are attributed to a specific environment may also produce 
responses more related to this environment,26 although 
this has not been studied. We have previously found 
that the associations between school IEQ and pupils’ 
symptoms were stronger in magnitude when symptoms 
were reported in relation to the school environment 
compared with symptoms reported without such rela-
tion.29 However, it has not been addressed whether the 
associations between psychosocial factors and symptom 
reporting differ when symptoms are asked in relation 
to being in school and when symptoms are experienced 
in general (ie, without relation to any specific environ-
ment). Based on previous studies,25 26 it might be possible 
that pupils who are more worried about school IEQ, less 
satisfied with the school environment, or have higher 
neuroticism would report more symptoms, especially in 
relation to the school environment.

In this study, we assessed the associations between 
pupils’ psychosocial factors, and individual and allergic 
characteristics, beyond IEQ, with respiratory symptoms 
reported by primary and secondary school pupils, as well 
as by parents of primary school pupils. We also compared 
how much variance between schools in respiratory symp-
toms is explained by IEQ, psychosocial factors, and indi-
vidual and allergic characteristics. Finally, we examined 
whether the associations between psychosocial factors, 
and individual and allergic characteristics with respira-
tory symptoms differ when symptoms were reported in 
relation to the school environment and without such 
relation.

METHODS
Study population
Cross-sectional data came from the survey of IEQ and 
symptom reporting, conducted in all primary (grade 1–6) 
and secondary schools (grade 7–9) in Helsinki, Finland, 
in 2017–2018. The survey was conducted in 33 primary 
schools and 13 secondary schools during winter 201730 
and 43 primary schools and 23 secondary schools during 
winter 2018.31 The majority of school buildings were built 
between 1950s and 1990s; most buildings have balanced 
mechanical ventilation, some have exhaust-only mechan-
ical ventilation, and a few have natural (non-mechanical) 
ventilation. More information about schools selection 
can be found elsewhere.29

3–6 grade pupils in primary schools and 7–9 grade 
pupils in secondary schools participated in the survey 
(response rate for both primary and secondary school 
pupils was above 50%, online supplemental table 1). 
The parents of primary school pupils were also invited 
to participate, yet the response rate was very low (20% 
in 2017 and 13% in 2018, online supplemental table 
1); therefore, the results based on parental data should 
be interpreted with caution. In primary and secondary 
schools, pupils filled in the questionnaires in classrooms 
via the electronic form under the teacher supervision. 
Parents filled in the questionnaires through the online 
system and were instructed to answer the questions about 
symptoms and health conditions together with the child. 
Participation in the survey was voluntary, and parents 
could refuse the use of their children’s information both 
for primary and secondary school pupils.

The data from 2017 and 2018 surveys were combined 
for this study. On exclusion the schools with special 
education and the school buildings in which there were 
less than 10 responses per building or missing expert eval-
uation of IEQ problems, the analytical samples comprised 
8775 primary school pupils (99 school buildings), 3410 
secondary school pupils (30 school buildings) and 3540 
parents of primary school pupils (grades 1–6, 88 school 
buildings). The exclusion criteria are shown in online 
supplemental figure 1.

Patient and public involvement
No patients or members of public were involved in the 
development of the research questions or the outcome 
measures, nor were they involved in developing plans for 
design or implementation of the study.

Outcome measures
Respiratory symptoms reported in general. Respiratory symp-
toms were assessed via the questionnaire developed for 
secondary school pupils and parents for primary school 
pupils, as well as via the simplified questionnaire for 
primary school pupils. The questionnaire for secondary 
school pupils included five questions on upper respira-
tory symptoms experienced during the last 4 weeks (ie, 
runny nose, stuffy nose, cough, hoarseness and sore 
throat); the questionnaire for primary school pupils 
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comprised four questions on the respiratory symptoms 
experienced during the last 2 weeks (ie, runny or stuffy 
nose, cough, hoarseness and sore throat). Pictures of a 
child experiencing the symptom were included in the 
questionnaire for primary school pupils to help them 
better understand the questions. All items for secondary 
school pupils questionnaire had four response options 
(ie, 0 = ‘never’, 1 = ‘sometimes’, 2 = ‘every week’, and 3 = 
‘almost every day’), while items for primary school pupils 
questionnaire had three response options (ie, 0 = ‘never’, 
1 = ‘sometimes’, 2=‘almost every day’). To focus on the 
more severe symptoms, each symptom item was first 
dichotomised (0 = ‘never or sometimes’ and 1 = ‘every 
week or almost every day’ for secondary school pupils; 0 
= ‘never’, 1 = ‘sometimes or almost every day’ for primary 
school pupils). Then, a respiratory symptom score was 
created and coded as ‘1’ if a child reported having at least 
one of the symptoms included in the symptom score and 
‘0’ if a child reported no symptoms.

Respiratory symptoms related to the school environment. All 
survey respondents were also asked whether they think 
the above-mentioned respiratory symptoms as a group 
are related to the school environment. The question had 
three response options (0 = ‘no/no symptoms’, 1 = ‘yes’, 
9 = ‘I do not know’). In this study, only those respondents 
who reported having at least one symptom every week or 
almost every day and related the respiratory symptoms 
to the school environment were coded as ‘1’, and the 
rest as ‘0’. The proportions of pupils who did not know 
whether their respiratory symptoms were related to the 
school environment were the following: 35% for primary 
school pupils, 36% for secondary school pupils and 33% 
for parents of the primary school pupils.

Indoor environmental quality
The IEQ in all school buildings was assessed by the same 
experts who had a long work history with schools at the 
City of Helsinki before the questionnaire survey. One 
expert came from the Occupational Safety Section of the 
City of Helsinki and the two others from the Building 
Maintenance Section of the City of Helsinki. The assess-
ment was based on all existing data from each school, and 
no special visits to the schools were done. In the course of 
several sessions, the experts rated all the school buildings 
by reaching a consensus concerning the relative rating 
of the school buildings using a building checklist with 
the following criteria: (1) moisture and mould damage, 
(2) insufficient ventilation, (3) unsatisfactory tempera-
ture conditions (too cold or too hot), (4) building 
structures with high risk of moisture damage, (5) strong 
smell of mould, (6) other strong smells, (7) extensive 
coating damage and emission due to moisture damage in 
concrete floor structures (most commonly refers to situ-
ations where adhesive or plasticiser of a polyvinyl chlo-
ride or similar floor reacts with an alkaline moisture of 
the concrete slab causing volatile organic compounds 
emissions), (8) mineral fibres in building or in the venti-
lation system, and (9) other significant impurities in the 

ventilation system. Item 1 was rated on the scale from 0 
= ‘no damage’ to 3 = ‘extensive damage and significant 
extent of repair’, while items from 2 to 9 were rated on 
the scale 0 = ‘no’, 1 = ‘possible’, 2 = ‘yes’. The criteria 
for expert evaluation were based on the report by Finnish 
Institute of Occupational Health,32 which presents a 
comprehensive system for assessing indoor air problems 
at work according to Finnish legislation and guidelines.33 
To validate the expert assessment of IEQ in schools, mois-
ture and mould damage were also assessed in a subsample 
of 43 school buildings by two independent inspectors 
who visited the schools using mainly visual, non-intrusive 
observation. The inspectors used same grading as the 
experts and were blinded to the questionnaire results and 
the experts’ ratings. A moderate correlation was found 
between moisture and mould damage rated by experts 
and by inspectors (Kendall’s tau=0.33, p=0.023); whereas 
the results from the concordance analysis demonstrated 
substantial agreement between the two ratings (weighted 
kappa=69%).29

Several IEQ indicators were highly correlated; there-
fore, all school buildings were grouped into three classes 
of IEQ problems according to the results of the latent 
class analysis conducted earlier29: (1) good IEQ (n=62 
school buildings, 46%), (2) moderate IEQ (n=54, 40%) 
and (3) poor IEQ (n=19, 14%). We used these three 
classes of IEQ (good IEQ as a reference) in all statistical 
analyses in this study.

Psychosocial factors
All psychosocial factors, except personality traits, were 
measured with the same questions and scales in all three 
samples. Personality traits were reported only by primary 
and secondary school pupils.

Worry about indoor air quality was measured on indi-
vidual level (reported by 3–9 grade pupils and parents of 
1–6 grade pupils) and school level (reported by schools’ 
principals) with the question ‘How worried are you about 
the quality of indoor air in your school?’ and rated on a 
5-point Likert scale (1 = ‘not worried at all about indoor 
air quality’, 5 = ‘worried a lot about indoor air quality’).

Satisfaction with school environment was measured on 
individual level using four statements: ‘It is nice being 
at school’, ‘I am doing well at school’ (for secondary 
school pupils—‘I feel drowned in schoolwork’, reverse), 
‘Teachers encourage and support me’ and ‘Teachers treat 
us pupils fairly’. All the items were scored on a 5-point 
Likert scale (1 = ‘always or often’, 5 = ‘rarely or never’) 
and averaged to form one variable for overall satisfaction 
with school environment (1 stands for ‘high satisfaction’ 
and 5—for ‘low satisfaction’). The reliability of the scale 
was good (Cronbach’s alpha=0.70).

Satisfaction with home environment was measured 
on individual level using one statement: ‘It is nice being 
at home’. The responses were rated on a 5-point Likert 
scale (1 = ‘always or often’, 5 = ‘rarely or never’). Because 
the variable was highly skewed, we categorised it in the 
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following way: 0 = ‘always or often’, 1 = ‘quite often’, 2 = 
‘occasionally, quite rarely, and rarely or never’.

Whether a pupil has friends was also measured on 
individual level using one statement: ‘I have friends with 
whom to spend time’ and rated on a 5-point Likert scale 
(1 = ‘always or often’, 5 = ‘rarely or never’). Because the 
variable was skewed, it was categorised in the same way as 
satisfaction with home environment: 0 = ‘always or often’, 
1 = ‘quite often’, 2 = ‘occasionally, quite rarely, and rarely 
or never’.

Personality traits were self-reported by 3–6 grade and 
7–9 grade pupils using a 15-item Big Five Inventory,34 that 
is, with three items per trait. Pupils were asked to rate 
on a 5-point Likert scale (1=strongly agree to 5=strongly 
disagree) to what extent the following statements describe 
them. The sample statements included ‘I am talkative’ 
(Extraversion), ‘I get nervous easily’ (Neuroticism), ‘I am 
original, I come up with new ideas’ (Openness), ‘I have a 
forgiving nature’ (Agreeableness), and ‘I do my job until 
the end’ (Conscientiousness). The Cronbach’s alpha 
values for Extraversion, Neuroticism, Openness, Agree-
ableness and Conscientiousness were 0.46, 0.56, 0.67, 
0.48, and 0.47 for primary school children and 0.71, 0.60, 
0.76, 0.33 and 0.49 for secondary school pupils, respec-
tively. These reliability values were from relatively low to 
low, but in line with those reported previously for 15-item 
Big Five Inventory.34 35

Individual and allergic characteristics
Individual characteristics included pupils’ age, sex (0 = 
‘boys’, 1 = ‘girls’), and tobacco smoking. Smoking was 
coded as passive smoking for primary school pupils (0 = 
‘no one smokes’, 1 = ‘mother, father or another person 
in the household smokes’) and as active smoking for 
secondary school pupils (0 = ‘no’, 1 = ‘yes’). Allergic 
characteristics comprised asthma, allergic rhinitis or hay 
fever, and atopic dermatitis experienced during the last 
12 months which were self-reported by the survey partic-
ipants (all coded as 0 = ‘no’, 1 = ‘yes’). These individual 
and allergic characteristics were chosen because they 
are related to higher symptom reporting according to 
previous research.2 3 21 24 28 We also adjusted the analyses 
for attending the Swedish-speaking school (0 = ‘no’, 1 = 
‘yes’, school-level variable) to take into account the differ-
ence in questionnaires’ languages.

Statistical analyses
We used a random-intercept multilevel logistic regression 
to assess the associations of IEQ problems (assessed on 
school level), psychosocial factors, and individual and 
allergic characteristics (assessed on pupil and school 
level) with respiratory symptom reporting of pupils 
(assessed on pupil level) using melogit command in Stata 
to take into account the hierarchical structure of the 
data (ie, pupils are nested within schools). First, we built 
a null model which included only the random effect of 
school building and no explanatory variables to examine 
how the pupil-reported respiratory symptoms differed 

between the school buildings. We estimated the intraclass 
correlation (ICC) in our model, which represents the 
proportion of observed variation in the outcome attrib-
utable to the effect of clustering.36 We also calculated 
the median OR (MOR) to quantify the effect of clus-
tering; MOR is the median OR between the subject at a 
higher risk of the outcome and the subject at the lower 
risk of the outcome.36 Second, we built several models to 
examine the associations between individual and allergic 
characteristics, psychosocial factors and school IEQ with 
respiratory symptom reporting, and to estimate variance 
explained in symptom reporting between schools. Model 0 
included all individual characteristics as explanatory vari-
ables; model 1 included all individual and allergic charac-
teristics and school IEQ; model 2 included all individual 
and allergic characteristics, as well as psychosocial factors; 
finally, model 3 included all individual and allergic char-
acteristics, school IEQ and psychosocial factors. For each 
model, we estimated the ICC, MOR and the proportional 
change in cluster variation (PCV) to quantify the varia-
tion explained by the model. PCV was calculated as the 
proportion of the school variance in model adjusted for 
individual characteristics explained by adding (1) school 
IEQ, (2) psychosocial factors, and (3) both school IEQ 
and psychosocial factors. All analyses were repeated with 
respiratory symptoms reported in relation to the school 
environment. All continuous variables (ie, age, worry 
about IEQ, personality traits and satisfaction with school 
environment) were mean centred prior to analyses to 
facilitate the interpretation of the results. The respiratory 
symptom score reported in general and in relation to the 
school environment was used in the analyses as a binary 
variable and three classes of IEQ as an ordinal variable.

We also examined whether individual-level worry about 
IEQ modifies the associations between IEQ and symptom 
reporting by including a two-way interaction term to the 
multilevel model (ie, school IEQ × worry about IEQ on 
symptoms). Worry about IEQ was used as a dichotomised 
variable in this analysis (0 = ‘not worried at all or worried 
a bit’, 1 = ‘worried a lot, quite a lot, or to some extent’).

As supplementary analyses, we examined the associa-
tions between psychosocial factors reported by primary 
school pupils (3–6 grades) and respiratory symptoms 
reported by parents of these pupils in the combined sample 
of parent–pupil pairs. The analyses were conducted in 
the original sample (complete cases, n=1606) and in the 
imputed sample (n=8775). Multiple imputation under 
fully conditional specification was done,37 and the statis-
tical analyses were conducted using the pooled estimates 
of 20 imputed data sets.

All statistical analyses were conducting using Stata 
V.15.38

RESULTS
Characteristics of the sample
The mean age of 3–6 grade pupils was 10.7 (SD=1.22), 
ranged from 7 to 14 years, and of 7–9 grade pupils 
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14.2 (SD=0.95), ranged 13–17, respectively. In parental 
reports, the mean age of 1–6-grade pupils was 9.6 
(SD=1.72), ranged from 6 to 14 years. Half of the pupils in 
all samples were women (52%). The prevalence of respi-
ratory symptoms reported in general (in relation to the 
school environment) were the following: 21.2% (7.1%) 
for primary school pupils, 17.1% (7.2%) for secondary 
school pupils, and 12.5% (4.6%) for 1–6 grade pupils in 
parental reports. The mean level of worry about IEQ was 
1.75 (SD=0.95) when reported by primary school pupils, 
2.21 (SD=1.11) when reported by secondary school pupils 
and 2.31 (SD=1.13) in parental reports for 1–6 grade 
pupils (table 1).

Associations of psychosocial factors, individual and allergic 
characteristics, beyond IEQ, with symptom reporting
Older age, female sex, passive smoking at home, asthma, 
hay fever and atopic dermatitis were related to higher 
respiratory symptoms reported in general among primary 
school pupils; whereas attending Swedish-speaking 
school (school-level variable) was not associated with 
respiratory symptoms (table 2). Among secondary school 
pupils, the associations were the same as among primary 
school pupils, except there was no relation between own 
smoking and respiratory symptoms. In parental reports, 
only passive smoking at home, asthma and hay fever were 
associated with increased respiratory symptoms. These 
associations were similar when symptoms were reported in 
relation to the school environment, but slightly stronger 
in magnitude (table 2).

Among psychosocial factors, worry about school IEQ 
was most consistently associated with higher reporting 
of respiratory symptoms in all three samples when the 
model was adjusted for individual characteristics, IEQ, 
and other psychosocial factors (tables 3–5). The associa-
tions between worry about IEQ and symptoms were much 
stronger in magnitude when symptoms were reported 
in relation to the school environment compared with 
symptoms reported in general. Dose–response asso-
ciations between worry and respiratory symptoms 
were observed (online supplemental table 2). School 
principal-reported worry about IEQ was associated 
with higher symptom reporting, but only when pupil-
reported or parent-reported worry was not included to 
the models: ORs for primary school pupils were 1.10 
(1.02 to 1.19) and 1.22 (1.08 to 1.38; reported in general 
and in relation to the school environment, respectively); 
ORs for secondary school pupils were 1.21 (1.05 to 1.40) 
and 1.65 (1.37 to 1.99), respectively; ORs for parents 
were 1.37 (1.16 to 1.61) and 2.08 (1.62 to 2.68), respec-
tively. When pupil-reported or parent-reported worry 
was included to the models, the associations between 
school principal-reported worry and respiratory symp-
toms were attenuated (tables 3–5). To continue, lower 
school satisfaction was also associated with increased 
respiratory symptoms when reported in general in all 
three samples (tables  3–5). Among personality traits, 
higher neuroticism and lower conscientiousness were 

related to increased respiratory symptom reporting both 
in primary and secondary school pupils’ reports (there 
were no measures of pupils’ personality in parental 
reports; tables 3–4).

In the combined sample of parent–child pairs, pupil-
reported worry was related to higher respiratory symp-
toms reported by parents for their children both in 
relation to the school environment and without such rela-
tion; school principal-reported worry was also related to 
respiratory symptoms, but only when reported in relation 
to the school environment (online supplemental table 
3). The results in the imputed and original sample were 
largely the same.

As we have previously shown,29 moderate and poor IEQ 
were associated with higher symptom reporting when 
adjusting for the individual and allergic characteristics. 
However, in the model additionally adjusted for psycho-
social factors, the associations between IEQ and symp-
toms remained significant only in primary school pupils’ 
reports (tables 3–5).

Variance between schools in respiratory symptoms
Based on the results from the null model including 
random intercept, the variance between schools was 
statistically significant but very low for respiratory 
symptoms reported in general (ICC=0.6%, p=0.010 
for primary school pupils; ICC=1.4%, p<0.001 for 
secondary school pupils; and ICC=1.3%, p=0.016 for 
parents of primary school pupils) and slightly higher 
for respiratory symptoms reported in relation to the 
school environment (ICC=0.6%, p=0.013 for primary 
school pupils; ICC=2.4%, p<0.001 for secondary school 
pupils; ICC=2.2%, p<0.001 for parents of primary school 
pupils). Psychosocial factors, especially worry about IEQ, 
explained more of the variance between schools in respi-
ratory symptoms than IEQ in the reports by secondary 
school pupils and parents (online supplemental table 4). 
Individual and allergic characteristics explained much 
less variance between schools in symptom reporting 
(online supplemental table 5).

Interactions between IEQ and worry about IEQ on symptom 
reporting
We found no interactions between IEQ and pupil-reported 
worry about school’s IEQ on respiratory symptoms 
both in primary and secondary school pupils’ reports. 
However, there was a statistically significant interaction 
term between poor IEQ and worry about schools’ IEQ 
on respiratory symptoms in parental reports (p=0.004). 
Poor IEQ was associated with increased respiratory symp-
toms only among those parents who were worried about 
IEQ in schools (OR=1.46, 95% CI (1.04 to 2.05)) but not 
among those who were not worried about IEQ in schools 
(OR=0.34, 95% CI (0.34 to 1.09)). Online supplemental 
figure 2 shows the prevalence of respiratory symptoms by 
IEQ and parental worry.

https://dx.doi.org/10.1136/bmjopen-2020-036873
https://dx.doi.org/10.1136/bmjopen-2020-036873
https://dx.doi.org/10.1136/bmjopen-2020-036873
https://dx.doi.org/10.1136/bmjopen-2020-036873
https://dx.doi.org/10.1136/bmjopen-2020-036873
https://dx.doi.org/10.1136/bmjopen-2020-036873
https://dx.doi.org/10.1136/bmjopen-2020-036873
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DISCUSSION
This study shows that in addition to IEQ, psychosocial 
factors and individual and allergic characteristics are 
related to higher reporting of respiratory symptoms 
among both primary and secondary school pupils, as well 
as among parents who reported symptoms for their chil-
dren. The associations between individual and allergic 
characteristics and respiratory symptoms were slightly 
stronger when symptoms were reported in relation to 
the school environment. Among psychosocial factors, 
only associations with worry about school IEQ became 
substantially stronger when symptoms were reported in 
relation to the school environment; whereas the associ-
ations with other psychosocial factors varied. We also 
found that psychosocial factors explained more of the 
variance between schools in respiratory symptoms than 
IEQ, especially in the reports by secondary school pupils 
and parents, but not among primary school pupils. 
However, the variance between schools in respiratory 
symptoms was low (0.6%–2.4%) indicating that school 
buildings’ characteristics have only minor effects on 
pupils’ symptom reporting, and that the bigger share of 
variance in symptom reporting is explained by individual 
differences between pupils.

Among psychosocial factors, worry about school 
IEQ was consistently associated with higher respiratory 
symptom reporting in all three main samples, as well 
as in the combined sample of parent–child pairs where 
children reported psychosocial factors themselves and 
parents reported symptoms for their children. In line 
with previous studies26 showing that parents worried 
about school IEQ reported their children having symp-
toms more often than non-worried parents, we found that 
also pupils who were worried about school IEQ tend to 
report more respiratory symptoms independently of their 
individual and allergic characteristics, other psychosocial 
factors, and school IEQ. One possible explanation for 
this is that worries about health threats may change the 
way people perceive and interpret somatic information.39 
Worries create symptom expectations and cause selec-
tive attention to bodily process, which has been shown to 
increase the number of symptom reports.39 To continue, 
worry was related to higher symptom reporting regardless 
of the school IEQ in pupils’ reports, and only in parental 
data we found a significant interaction between school 
IEQ and worry about school IEQ on respiratory symptom 
reporting. In schools with poor IEQ, parents who were 
worried about school IEQ reported more symptoms for 
their children than not worried parents. Although it has 
been suggested that worry might act as a potential explan-
atory variable on the pathway between school IEQ and 
symptom reporting,26 we cannot eliminate the possibility 
that pupils experience more symptoms in schools with 
poor IEQ which in turn induces more worries. Also, find-
ings in parental data should be interpreted with caution 
due to the low response rate of parents (less than 20%) 
and possible self-selection bias.
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Other psychosocial factors that were associated with 
increased respiratory symptom reporting were low 
school satisfaction and personality traits. Findings from 
previous studies in office settings show that low job satis-
faction and poor psychosocial work environment (eg, 
work overload, a lack of possibilities to control one’s 
work situation, lack of social support, and poor inter-
personal relationships) are associated with increased 
symptom reporting.16 19–22 Among personality traits, 
higher neuroticism, which is characterised by a tendency 
to experience negative emotional states, was associated 
with increased respiratory symptom reporting in the 
present study. This accords with previous studies on high 
negative affectivity (a mood-related disposition similar to 
neuroticism) which is known to correlate with virtually 
all measures of symptoms.20 40 One line of explanations 
suggests that attentional processes and biases in the inter-
pretation of bodily sensations may contribute to the rela-
tionship between neuroticism and increased symptom 
reporting.24 41 Another line of explanations is that people 
with high neuroticism have a higher sensitivity to nega-
tive experiences and poorer abilities in adapting to diffi-
cult situations,42 43 which results in higher psychosocial 
stress leading, for example, to elevated blood pressure, 
increased migraines, and neck pains.44 Alternative expla-
nations are also possible suggesting that health problems 
can cause distress and lead to personality changes (such 
as higher neuroticism) which, in turn, are related to 
higher symptom complaints.41

As for individual and allergic characteristics, we found 
consistent associations between asthma and allergic 
rhinitis with higher reporting of respiratory symptoms in 
all three samples. We also found that passive smoking at 
home was associated with increased respiratory symptoms 
in primary school pupils and parents, but not among 
secondary school pupils. This is extensively supported by 
previous research.2 3 21 24 28 In line with previous studies 
showing that women tend to report indoor air problems 
and symptoms more often than men,21 28 45 46 we found 
that female sex was associated with higher respiratory 
symptom reporting among pupils. It has been suggested 
that males and females rely on different sources of infor-
mation to interpret bodily states, and females are particu-
larly sensitive to external environmental cues.24 Although 
speculative, this could partly explain the findings that 
women consistently report greater symptom levels in, for 
example, sick building syndrome or multiple chemical 
sensitivity.24

This study has some limitations which should be 
acknowledged. First, as we have discussed earlier in 
length,26 a cross-sectional design of this study does not 
allow to determine the direction of the associations 
between psychosocial factors, especially worry, and respi-
ratory symptoms: we cannot state whether it is psychoso-
cial factors that increases respiratory symptom reporting 
or whether experiencing symptoms induces psychoso-
cial factors. Therefore, further studies with prospective 
study design are needed to investigate this issue. Second, 

respiratory symptoms were based on self-reports, and 
no objective measurements of pupils’ health were avail-
able. To continue, there were also some differences in 
the questionnaires developed for primary school pupils 
and for secondary school pupils to assess respiratory 
symptoms: the former comprised fewer questions on 
symptoms, questions had one less response category, and 
the time period used was shorter, as compared with the 
latter. Finally, although the strength of the study is that 
IEQ were expert evaluated and not based on the reports 
from pupils or parents, neither specific measures of IEQ 
(eg, CO2, PM2.5) nor special visits to the school buildings 
were done, as described earlier.29 The expert evaluation 
of IEQ was done before the questionnaire survey, but we 
cannot eliminate the possibility that a higher number 
of symptom complaints in certain schools could have 
affected expert assessment of IEQ.

CONCLUSION
In conclusion, this study shows that psychosocial factors, 
and individual and allergic characteristics, in addi-
tion to school IEQ, were related to higher reporting of 
respiratory symptoms in pupil-administered and parent-
administered questionnaires. These associations were 
somewhat stronger when symptoms were reported in 
relation to the school environment compared with being 
reported without such relation. Psychosocial factors 
also explained more of the variance between schools in 
symptom reporting than IEQ, although the overall vari-
ance in symptom reporting between schools was very 
low. These findings suggest that the role of other factors 
beyond IEQ should also be considered when interpreting 
symptom reporting in indoor air questionnaires.
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