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School environment as predictor of teacher sick
leave: data-linked prospective cohort study
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Riikka Puusniekka5, Tiina Pohjonen6, Jussi Vahtera1,7,8 and Marianna Virtanen1
Abstract

Background: Poor indoor air quality (IAQ) and psychosocial problems are common in schools worldwide, yet
longitudinal research on the issue is scarce. We examined whether the level of or a change in pupil-reported school
environment (IAQ, school satisfaction, and bullying) predicts recorded sick leaves among teachers.

Methods: Changes in the school environment were assessed using pupil surveys at two time points (2001/02 and
2004/05) in 92 secondary schools in Finland. Variables indicating change were based on median values at baseline.
We linked these data to individual-level records of teachers’ (n = 1678) sick leaves in 2001–02 and in 2004–05.

Results: Multilevel multinomial logistic regression models adjusted for baseline sick leave and covariates showed a
decreased risk for short-term (one to three days) sick leaves among teachers working in schools with good
perceived IAQ at both times (OR = 0.6, 95% CI: 0.5-0.9), and for those with a positive change in IAQ (OR = 0.6, 95%
CI: 0.4-0.9), compared to teachers in schools where IAQ was constantly poor. Negative changes in pupil school
satisfaction (OR = 1.8, 95% CI: 1.1-2.8) and bullying (OR = 1.5, 95% CI: 1.0-2.3) increased the risk for short-term leaves
among teachers when compared to teachers in schools where the level of satisfaction and bullying had remained
stable. School environment factors were not associated with long-term sick leaves.

Conclusions: Good and improved IAQ are associated with decreased teacher absenteeism. While pupil-related
psychosocial factors also contribute to sick leaves, no effect modification or mediation of psychosocial factors on
the association between IAQ and sick leave was observed.

Keywords: Bullying, Multilevel, Perceived indoor air, School satisfaction, Ventilation
Background
Health problems related to poor indoor air quality
(IAQ), sometimes referred to as sick-building syndrome
or building-related symptoms, include headache, nausea,
eye, nose and throat problems, chest tightness or short-
ness of breath, fatigue, chills and fever, dizziness, dry
skin, or even clusters of serious health problems [1]. In
Finnish office worker population (n = 11 154), the most
common symptoms of poor indoor air were irritated,
stuffy, or runny nose (20%), itching, burning, or irrita-
tion of the eyes (17%), and fatigue (16%) [2]. These
symptoms are often relatively minor, non-specific, and
common amongst the general population. Despite their
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reproduction in any medium, provided the or
minor nature, these symptoms may have a great effect
on public health and incur costs to the economy
through widespread absenteeism and lowered productiv-
ity among the affected workers [3,4].
Possible sources of indoor air pollutants are building

materials, furniture, office equipment, heating, ventila-
tion, air conditioning, detergents used for cleaning, and
pollutants originating from people and their activities
[5]. Increasing outdoor ventilation, removing or man-
aging sources of contaminants, and increasing air clean-
ing or filtration have shown beneficial health effects [6].
The quality of IAQ and ventilation are often assessed

using objective measures such as CO2 or NO2 concentra-
tions [3,7-9]. Although these measures are reliable and
valid, they measure the IAQ from a narrow point of view
and large-scale studies are expensive and time-consuming.
Subjective reports of IAQ, i.e., perceived IAQ, provide a
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wider scope of potential problems and subjective experi-
ence of symptoms. Good perceived IAQ has been asso-
ciated with cool and dry air, [10] low pollution loads in
the office [11], good ventilation systems [12-14], the use of
air purifiers [5], and low levels of volatile organic com-
pounds (VOCs) [15].
However, with regard to the health effects of poor per-

ceived IAQ, IAQ reports and the measured outcomes
(health symptoms) usually come from the same source,
leaving the results open to common-method bias. Per-
ceived IAQ had only weak effects on health at follow-up
in prospective, cross-lagged design. The results however
indicated a reversed effect of health problems leading to
increased IAQ complaints, which led the authors to con-
clude that having pre-existing health problems may lead
to increased IAQ complaints even when adjusting for
the overall level of complaining [16].
It has been proposed that psychosocial stress, i.e. patho-

physiological changes related to psychological responses to
the social environment [17], possibly mediates environ-
mental symptoms by altering the body’s sensitivity to phys-
ical demands and toxic exposures. Research has linked
psychosocial factors quite strongly with building-related
symptoms, especially among women [18,19], but not on
psychosocial factors alone: most of the studies have sup-
ported the conclusion that these symptoms are of multifac-
torial origin related to chemical, physical, biological and
psychosocial factors [18-23].
IAQ problems, such as poor ventilation, are common

in schools worldwide [6,24-26]. Also pupil-related psy-
chosocial problems are rather common, and they have
shown to negatively associate with teachers’ health and
subsequent sick leave [27,28]. Low pupil cohort socioe-
conomic composition at school [29] and lack of school
resources as measured by pupil-teacher ratio (PTR) [30]
have also been associated with teacher sick leave. More-
over, school location, i.e., school urbanicity, low pupil
socioeconomic composition, and high PTR have been
associated with poor IAQ [26].
In this study, we used pupil evaluations of IAQ in

school as a predictor of the subsequent health problems
of their teachers, as indicated by sick leave. Specifically,
we aimed to test whether the level of or a change in
pupil-evaluated IAQ was predictive of teacher sick leave
when prior sick leaves and changes in the pupil-related
psychosocial factors, pupil school satisfaction [27] and
bullying [28], were controlled for. Furthermore, we con-
trolled for changes in pupil cohort socioeconomic com-
position and in the PTR at school.

Methods
Sample and procedure
We linked data from two independent data sources in
Finland: (1) the School Health Promotion Study (SHPS),
which is a classroom survey of eighth and ninth grade
pupils from lower secondary schools aged 14 to 16, and
(2) employer registers of the same schools on teachers’
sex, age, job contract, occupation, and sick leaves, i.e.
data extraction conducted in the Finnish Public Sector
Study (FPSS). The SHPS was approved by the Ethics
Committee of the Pirkanmaa Hospital District and the
FPSS was approved by the Ethics Committees of Hel-
sinki and Uudenmaa Hospital District and the Finnish
Institute of Occupational Health.The data have been
described elsewhere in detail [27-30].
The sample of the present study consisted of 1758

lower secondary school teachers with register data on
sick leaves, who had been working in the same schools
both in school year 2001–02 and 2004–05. We excluded
80 teachers with missing information on the SHPS.
Thus, the final analytic sample consisted of 1678 tea-
chers working in 93 lower secondary schools in nine
municipalities in Finland (95% of the original teacher
sample).

Measures
Perceived IAQ
Pupil perceptions of IAQ were measured through a
questionnaire survey at the following time points: the
first measurement was conducted in April 2001 (27
schools in five towns) or in April 2002 (65 schools in
three towns). The second measurement was carried out
in April 2004 (65 schools in 3 towns) or in April 2005
(27 schools in 5 towns). The number of pupils partici-
pating in these measurements was above 20 000 on both
times. Perceived IAQ was measured using one question
in a list of various physiological and psychological expo-
sures at school: “Do any of the following factors hinder
your school work? Poor ventilation or indoor air”. The
scale was from 1 to 4, in which 1 = not at all, 4 = very
much. These measures were aggregated to school-level
means of IAQ. Change in the perceived IAQ variable
was calculated using the median split at baseline (in
2001/02). The median of perceived IAQ in 2001/02 was
2.72. The following categories were then formulated:
1 = Poor IAQ at both times (above median at both time
points, reference group); 2 =Good IAQ at both times
(below median at both time points); 3 = From good to
poor IAQ, i.e., negative change (below median in 2001/
02 and above median in 2004/05); 4 = From poor to
good IAQ, i.e., positive change (above median in 2001/
02 and below median in 2004/05).

Teacher sick leaves
We obtained individual-level data on teacher sick leave
during school years (from September to May) 2001–02
and 2004–05 from employers’ registers. Using these
records, we calculated the number of short-term (one to
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three days, self-certified) and long-term sick leave (over
three days, medically certified) spells for each teacher.
The multinomial variable (type of sick leaves in 2004–
05) was as follows: 0 = no sick leaves (reference group);
1 = short-term absences only; 2 = long-term absences
(with or without short-term sick leaves).

Covariates
Individual-level covariates included teachers’ age, sex,
type of job contract (permanent/fixed term), occupation
(general education teacher/special education teacher/
headmaster) at follow-up (2004–05), and teacher sick
leave types at baseline (2001–02). School-level covariates
included PTR (=number of pupils at school/number of
teachers at school); pupil cohort socioeconomic compos-
ition (the percentage of pupils at school whose mother
had no higher than a vocational education); pupils’
school satisfaction (Do you like going to school? Scale of
1–4, in which 1 =Very much, 4 =Not at all [school-level
mean]); and bullying at school, two questions (percent-
age of pupils being bullied at least once a week and per-
centage of pupils that have bullied at least once a week).
For analysis, these measures were coded as binary vari-
ables using the median split at baseline.
The level of or change in these variables describing

PTR, pupil cohort socioeconomic background, and
school psychosocial environment were calculated in a
similar way to the perceived IAQ variable. The medians
at baseline were: pupil-teacher ratio = 10.55; pupil cohort
socioeconomic composition = 44.70; school satisfaction =
2.49; pupils being bullied = 7.14; pupils bullying
others = 5.95.
Pupil socioeconomic composition was higher in 2001/

02 than in 2004/05 in only two schools (with 41 tea-
chers). We therefore combined these teachers with tea-
chers in schools in which pupil socioeconomic
composition was lower than median at both times (27%,
n = 453). Teachers in schools in which pupil socioeco-
nomic composition was higher than median at both
times (48%, n = 807) formed the reference group. In
addition, 418 teachers (25%) were in schools with a
change from lower to higher pupil socioeconomic
composition.
There were 175 teachers in schools with below median

PTR at both times, and 48 teachers in schools with a
positive change in PTR. These teachers, totaling 13% of
the study group formed the reference group. A total of
47% (n = 786) teachers worked in schools where the PTR
was above the median at both times, and 40% (n = 669)
worked in schools where the PTR had increased (i.e.,
negative change).
Since the follow-up time was 2 years for the schools in

Helsinki metropolitan area (3 towns, 65 schools), and 4
years for the rest of the schools, we controlled also for
the school location, i.e., the follow-up time (1 = 4 years,
2 = 2 years).

Statistical analyses
We analyzed the change in perceived IAQ during the
follow-up using frequencies, means and a paired samples
t-test. Because individual teachers were nested in schools
and schools in municipalities, we used a multilevel data
structure with teachers at the 1st level, schools at the
2nd level, and municipalities at the 3rd level (SAS soft-
ware, GLIMMIX Procedure). We used multinomial lo-
gistic regression models to examine the risk of sick leave
and to estimate the odds ratios (OR) with their 95% con-
fidence intervals (CI) for variables of change in perceived
IAQ, adjusting for individual- and school-level covari-
ates. We also estimated the variance components (ran-
dom effects) of type of sick leave in order to take into
account the school- and municipality-level variance.

Results
Table 1 presents the descriptive statistics. The PTR was
high at both times in 77% of schools where a negative
change in IAQ had occurred. However, also the pupil
cohort socioeconomic composition was high in 67% of
those schools. Schools in which the perceived IAQ was
good at both times had fewer negative changes in pupil
school satisfaction. Negative changes IAQ seemed to
somewhat co-occur with negative changes in bullying.
The school location (metropolitan area vs. other) indi-

cated also the follow-up time. In the schools located in
the Helsinki metropolitan area (with a 2 year follow-up),
the perceived IAQ was more often poor at follow-up
than in schools located in other towns (with a 4 year fol-
low-up). The negative changes in the IAQ all occurred
in schools located in the Helsinki metropolitan area des-
pite the shorter follow-up time. (Table 1) Moreover, the
PTR was high at both times in 82% of the metropolitan
area schools, when the corresponding percentage in
other areas was 47%. The pupil socioeconomic compos-
ition was high at both times in 59% of the metropolitan
area schools, when the corresponding percentage in
other areas was 26%. (Data not shown in tables.)
We tested whether the school location/follow-up time

acted as an effect modifier in the association between
IAQ and teacher sick leave. The interaction effect
(PTR*IAQ) was however nonsignificant (p > .60). Thus,
school location/follow-up time was used as a covariate
in further analyses.
At baseline (in 2001–02), 58% (n = 971) had no sick

leaves, 25% (n = 416) had short-term sick leaves, and
17% (n = 291) had long-term sick leaves (with or without
short-term sick leaves). Both short- and long-term sick
leaves increased during the follow-up: at follow-up (in
2004–05), of the teachers in the study, 37% (n = 618) had



Table 1 Descriptive statistics of study sample by the level of or change in indoor air quality (IAQ) as evaluated by
pupils

2004/05 Teacher characteristics All, 93
schools
(n = 1678)

1 Poor IAQ at
both times,
28 schools
(n = 485)

2 Good IAQ at
both times,
37 schools
(n = 699)

3 Negative
change;
from good
to poor AIQ,
7 schools
(n =121)

4 Positive
change from
poor to
good IAQ,
21 schools
(n = 373)

P for difference
between
groups*****

Mean age, years 47.9 47.6 48.1 48.4 47.6 0.57

Percentage of male teachers 26.5 25.0 29.0 21.5 25.5 0.20

Percentage of teachers with
fixed-term job contracts

14.0 14.6 13.6 20.7 11.8 0.10

Percentage of special
education teachers

5.5 6.2 5.7 1.7 5.6 0.58

Percentage of teachers in schools with

high PTR* 46.8 50.5 36.3 76.9 52.0 <0.001

high pupil cohort socioeconomic
composition**

48.1 36.7 47.6 66.9 57.6 <0.001

Negative change***

school satisfaction 13.8 20.8 4.3 14.1 22.5 <0.001

pupils being bullied 20.9 28.0 20.6 25.6 10.5 <0.001

pupils bullying others 17.1 16.5 15.2 36.4 15.3 <0.001

School location/follow-up time****

Metropolitan area 66.5 77.9 53.7 100 64.9 <0.001

Other 33.5 22.1 46.3 0 35.1

* Indicates above baseline median pupil-teacher ratio both at baseline and at follow-up.
** Indicates the percentage of pupils at school whose mothers had higher than a vocational education both at baseline and at follow-up (high pupil cohort
socioeconomic composition).
*** Indicates a change from baseline (2001/2002) median to follow-up (2004/2005).
**** Helsinki metropolitan area: 2-year follow-up; Other: 4-year follow-up.
***** x2 test for nominal variables, ANOVA for continuous variable (least square means).
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no sick leaves; 35% (n = 581) had short-term sick leaves
only; and 28% (n = 479) had long-term sick leaves (with
or without short-term sick leaves) in 2004–05. In the
empty model (Table 2), variance in teachers’ sick
Table 2 Summary of random effects of associations
between changing school environment and teacher sick
leave

School
variance

SE P value Municipality
variance

SE P
value

Short-term

Empty 0.056 0.043 0.10 0 - -

with IAQ 0.019 0.037 0.20 0 - -

Model I* 0.031 0.042 0.23 0.039 0.036 0.14

Model II** <0.001 - - 0.028 0.035 0.21

Long-term

Empty 0.038 0.049 0.22 0.016 0.021 0.21

with IAQ 0.029 0.047 0.27 0.017 0.021 0.21

Model I* <0.001 - - 0.121 0.083 0.07

Model II** <0.001 - - 0.084 0.076 0.13

* Model adjusted for follow-up time, teachers’ sex, age, employment contract,
occupation, and teacher sick leaves during 2001–2002. ** Model adjusted as
Model I + pupil-teacher ratio, pupil cohort socioeconomic composition, school
satisfaction, and bullying at school from baseline to follow-up.
Multinomial regression models.
leaves between schools or municipalities was nonsigni-
ficant, i.e., no schools or municipalities had either a
particularly large or particularly small number of teacher
sick leaves.

School environment as predictor of teacher sick leave
The pupil-reported IAQ improved slightly during the
follow-up (t = 14.8[DF 1677], p < 0.001). The mean level
of perceived IAQ was 2.7 (SD= 0.2) at baseline and 2.6
(SD= 0.2) at follow-up. At follow-up, 1072 (64%) tea-
chers were in schools with above median perceived IAQ,
and 606 (36%) were below the baseline determined me-
dian of perceived IAQ. Both the unadjusted and adjusted
associations between the level of or change in perceived
IAQ and teachers’ short-term sick leave are presented in
the first part of Table 3, and the associations with long-
term sick leaves are in the second part of Table 3 (Add-
itional file 1: Table S1).
In the fully adjusted model, teachers in schools with

good perceived IAQ at both times were at a 0.61 -fold
(95% CI: 0.45-0.85) decreased risk of short-term sick
leave compared to teachers in schools in which the per-
ceived IAQ was poor at both times. The corresponding
OR was 0.60 (95% CI: 0.41-0.88) when we compared



Table 3 Change in or the level of pupil-reported school environment as predictor of teachers’ short-term sick leave (vs.
no sick leaves) in 2004–05

Teacher characteristics Unadjusted model Model I* Model II**

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Women vs. men 1.41 (1.08-1.86) 0.01 1.45 (1.10-1.91) 0.009

Age/10 years 0.66 (0.57-0.76) <0.001 0.67 (0.58-0.77) <0.001

Special vs. general education (2004–05) 0.82 (0.49-1.38) 0.46 0.90 (0.53-1.50) 0.68

Fixed-term vs. permanent job (2004–05) 0.88 (0.62-1.26) 0.49 0.89 (0.62-1.27) 0.52

Short-term sick leaves in 01–02: yes vs. no 3.05 (2.22-4.19) <0.001 3.14 (2.28-4.32) <0.001

School characteristics

School location/follow-up time: 2 vs. 4 years 1.20 (0.79-1.83) 0.39 1.22 (0.78-1.91) 0.38

High vs. small PTR at school*** 0.84 (0.54-1.29) 0.41

Low vs. high pupil socioeconomic
composition****

0.63 (0.43-0.90) 0.01

Pupil school satisfaction

1 Poor at both times, 22 schools (n = 414) 1.00 = Referent

2 Good at both times, 36 schools (n = 619) 1.00 (0.69-1.44) 0.99

3 Negative change; from good to poor,
13 schools (n = 232)

1.78 (1.13-2.81) 0.01

4 Positive change; from poor to good,
22 schools (n = 413)

1.44 (0.98-2.11) 0.06

Pupils being bullied

1 Poor at both times, 27 schools (n = 501) Referent

2 Good at both times, 29 schools (n = 488) 1.15 (0.79-1.69) 0.47

3 Negative change; from good to poor,
18 schools (n = 350)

0.97 (0.68-1.40) 0.89

4 Positive change; from poor to good,
19 schools (n = 339)

0.90 (0.60-1.36) 0.61

Pupils bullying others

1 Poor at both times, 28 schools (n = 464) Referent

2 Good at both times, 28 schools (n = 549) 0.96 (0.66-1.40) 0.83

3 Negative change; from good to poor,
16 schools (n = 287)

1.51 (1.01-2.25) 0.04

4 Positive change; from poor to good,
21 schools (n = 378)

1.42 (0.97-2.08) 0.07

Indoor air quality

1 Poor at both times, 28 schools (n = 485) 1.00 = Referent Referent Referent

2 Good at both times, 37 schools (n = 699) 0.60 (0.45-0.79) <0.001 0.63 (0.46-0.86) 0.003 0.61 (0.45-0.85) 0.003

3 Negative change; from good to poor,
7 schools (n = 121)

0.80 (0.50-1.30) 0.37 0.78 (0.50-1.30) 0.34 0.80 (0.47-1.35) 0.40

4 Positive change; from poor to good,
21 schools (n = 373)

0.59 (0.42-0.83) 0.002 0.64 (0.45-0.92) 0.02 0.60 (0.41-0.88) 0.009

* Model adjusted for teachers’ sex, age, employment contract, occupation, sick leaves during 2001–2002, and school location/follow-up time. ** Model adjusted as
Model I + pupil-teacher ratio, pupil cohort socioeconomic composition, school satisfaction, and bullying at school from baseline to follow-up. *** Indicates above
baseline median pupil-teacher ratio (>10.29) both at baseline and at follow-up vs. below baseline median or decreased pupil-teacher ratio. **** Indicates the
percentage of pupils at school whose mothers had no more than a vocational education both at baseline and at follow-up and those with a negative change (low
pupil cohort socioeconomic composition) vs. the percentage of pupils whose mothers have higher than a vocational education at both times high pupil cohort
socioeconomic composition).
Multinomial logistic regression.
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these teachers to teachers in schools in which a beneficial
change in perceived IAQ had occurred. A negative change
in pupil school satisfaction (OR=1.78, 95% CI: 1.13-2.81)
and in pupils bullying others (OR=1.51, 95% CI: 1.01-
2.25) increased the risk of teachers’ short-term sick leaves
compared to schools in which pupil satisfaction/pupil
bullying was at poor, but stable, at both times.
The level of or change in pupil cohort socioeconomic

composition was also associated with teacher short-term
sick leaves. Teachers in schools with lower pupil
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socioeconomic composition at both times were at a
decreased risk of short-term sick leaves compared to tea-
chers in schools with higher pupil socioeconomic com-
position at both times (OR= 0.63, 95% CI: 0.43-0.90).
Other factors predicting teacher short-term sick leaves
were prior sick leaves, female gender, and younger age.
School location/follow-up time was not associated with
teacher sick leaves.
The level of or change in school environment factors

were not associated with teachers’ long-term sick leaves.
Factors associated with long-term sick leaves were: prior
sick leaves, female gender, younger age, and permanent
job contract. (Additional file 1: Table S1, continued from
Table 3).

The relationship of IAQ and pupil-related psychosocial
factors in predicting teacher sick leave
We found no evidence of mediation of pupil-related psy-
chosocial factors between IAQ and sick leaves, i.e., the
odds ratios were similar in the unadjusted and adjusted
models (Table 3). We also tested for whether there was
an interaction (effect modification) of change in IAQ
and change in school satisfaction/pupils bullying others
in explaining teacher sick leaves. The interaction effects
were however nonsignificant (p > .50). Neither was there
an interaction of change in IAQ and change in PTR
(p>. 30), or change in pupil socioeconomic composition
(p > .90).

Discussion
In this prospective study of 1678 teachers in 93 Finnish
lower secondary schools, we examined whether school
environment, as indicated by pupil-reported IAQ and
pupil-related psychosocial factors predicted teacher sick
leave. We found that good perceived IAQ at school was
associated with decreased the risk of teachers’ short-
term sick leave even after adjustment for baseline sick
leaves, level of or a change in pupil cohort socioeco-
nomic composition, the PTR at school, and pupil-related
psychosocial factors. Moreover, improved IAQ at school
also decreased the risk for short-term sick leaves.
The study is unique; we are not aware of any pub-

lished studies regarding this issue. The results are plaus-
ible as short-term sick leaves are an indicator of minor
or short-term health problems [31], and poor IAQ has
been linked to minor health problems [3]. Along with
poor perceived IAQ, negative changes in the pupil-
related psychosocial factors seemed to increase the risk
of teachers’ short-term sick leaves.
Based on this study, it seems that lower pupil cohort

socioeconomic composition, pupil-related psychosocial
problems, and prolonged problems in IAQ were some-
what clustered in the same schools, even though their
effects on teacher sick leaves were different and
independent from each other. Contrary to our expecta-
tions, there were more teachers’ short-term sick leaves
in schools with higher pupil cohort socioeconomic com-
position than in schools with lower pupil cohort socioe-
conomic composition. This was however explained by
the school location: short-term sick leaves were more
prevalent in schools located in the metropolitan area,
where the socioeconomic composition of pupils was
higher than in other areas. Consequently, also IAQ pro-
blems were more prevalent in the metropolitan schools.
However, the school location did not moderate the effect
of IAQ on short-term leaves: when the IAQ was con-
stantly poor, the risk for short-term leaves increased des-
pite of school location.
Previous studies have suggested that the psychosocial

work environment might contribute to the link between
IAQ and health [3,18-23]. Comparison of models with
and without adjustment for pupil-related psychosocial
factors did not however indicate mediation or effect
modification.
The major strengths of our study were that we were

able to use exposure and outcome variables derived from
independent data sources, objective measurement of sick
leave from records with good coverage, and multilevel
modeling taking into account the hierarchical nature of
the data. We were also able to control for a large num-
ber of covariates on both the individual and school level,
and use a prospective study design. As our measures
came from independent sources, common method bias
cannot explain our findings on the detrimental effects of
constantly poor IAQ and pupil-related psychosocial pro-
blems on teacher health. Moreover, the survey on IAQ
was conducted on the same month each year. Thus, the
perceived changes in IAQ cannot be due to seasonal
changes.
However, although the use of subjective evaluations of

school IAQ is considered cost-effective, and these eva-
luations have shown associations with objective mea-
sures of IAQ [10-15], the subjective measurement of
IAQ is also a limitation of the study. Pupil evaluations
on whether poor ventilation or indoor air at school hin-
ders one’s school work may reflect, in addition to actual
IAQ, pupils’ awareness of air quality factors, susceptibil-
ity to air quality factors, or psychological or socioeco-
nomic factors indicating propensity to attribute school
work performance to external (environmental) factors.
Moreover, based on these subjective evaluations, we can-
not evaluate what is specifically wrong with indoor air or
ventilation at these schools. The schools may be either
too warm or too cold; the air may be either stuffy or
drafty. Along with poorer perceived IAQ, feelings of
thermal discomfort (thermally warm) have been asso-
ciated with poorer performance and physiological symp-
toms [32], Previous research has also confirmed that of
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the indoor air pollutants, asbestos, carbon monoxide
and carbon dioxide, nitrogen dioxide, formaldehyde,
radon, VOCs, indoor biological allergens, fungi, bacteria,
and viruses are associated with ill-health and poorer
functioning [3]. Moreover, outdoor pollutants may also
contribute to indoor air quality [33].
Another limitation of this study may relate to the

healthy worker effect [34]. It is possible that those that
remained in the study group during the follow-up were
healthier than those that dropped out, i.e., those who
were no longer employed at follow-up, and thus were
excluded from our analyses. This would suggest that the
effects of IAQ on health would be underestimates.
Since lower secondary school in Finland lasts for three

years (grades 7-9), the pupils evaluating IAQ and the
psychosocial school environment in 2001/02, and those
evaluating them in 2004/05 were largely different. This
can be considered either a strength or a weakness; eva-
luations from different pupils decrease common method
bias, but may also mean that the changes were not ne-
cessarily in the variables investigated but in pupil com-
position. Pupil composition, with regard to follow-up
time and the level of or change in pupil cohort socioeco-
nomic composition was, however, controlled for in our
analysis.

Conclusion
To conclude, problems in the school environment, as
indicated by poor IAQ, as well as pupil school dissatis-
faction and bullying, are associated with increased risk
of short-term sick leaves among teachers. The fact that
sick leave levels decreased among teachers from schools
in which perceptions of IAQ improved, suggests that
such improvements have potentially positive effects on
the health and well-being of teachers and on the costs
incurred by health care and absenteeism, as well as on
the well-being of pupils. Finally, constantly poor IAQ,
psychosocial problems and low pupil socioeconomic
composition seem to cluster in certain schools often
located in metropolises.
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