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ABSTRACT

Objective: Less attention has been paid to the interaction between voice disorders, stress, and indoor
environmental quality for work ability in teachers. Therefore, our aim was to study whether lower
work ability associated more strongly when the variables of voice disorders and stress at work were
combined as opposed to evaluating these two factors separately.

Methods: We conducted a questionnaire study including validated self-assessment of work ability and
a technical assessment of school buildings utilizing a sample of 1198 and a subsample (n=538) of
Finnish teachers.

Results: When combined, voice disorders and stress at work had a stronger association to decreased
work ability than when they were evaluated separately. The occurrence of stress was more prevalent
in poor and moderate work ability than the occurrence of voice disorders. Nine out of 10 of the teach-
ers who had neither voice disorders nor stress reported good work ability, while four out of 10 of the
teachers who suffered from both voice disorders and stress had poor work ability. As regards the
background variables, nearly half of the subjects working in the non-problem buildings have neither
stress nor voice disorders.

Discussion: We recommend offering support for reducing stress at work to improve teachers’ work
performance. The findings also support the maintenance of school buildings and keeping them in
good condition. Follow-up studies are needed to investigate the possible effects of voice disorders
and the associated variables on work ability.
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Introduction air (IA) [6], stress and poor IA [14], as well as decreased
work ability and a poor indoor environment [15,16]. As we
suggested in the previous study [13], these three variables
may act as a tangle having an impact on work ability.

Decreased work ability is also found to associate with
female gender, ageing, and general health [13,17,18]. As
regards teachers, asthma and reflux are clear risk factors for
voice disorders [8]. Work ability is closely linked to absence
due to sickness [13,18]. To compare teachers in different
occupations, special education teachers are found to have
more sick leaves than class teachers and subject teachers
have (9 vs. 11-13 days) [19].

Being that voice disorders clearly associate with stress

Previous studies have presented valuable findings regarding
the multifactorial nature of voice problems in teachers
[1-4]. Especially stress and poor indoor environmental qual-
ity (e.g. stuffy or dry air, unpleasant odors, changing class-
room temperature) are found to be among those with a
high risk for voice disorders [1,3,5-7]. However, less atten-
tion has been paid to the interaction between voice disor-
ders and the associated variables for work ability.

Our recent findings [8] showed that stress at work (OR
6.5; rather or very much vs. not at all or little stress) and
voice disorders (OR 2.4) were significantly associated with

decreased work ability in teachers. In addition, other studies
have highlighted the associations between voice disorders and
decreased work ability [9-11] as well as stress and decreased
work ability [12]. We also found that decreased work ability
was associated with a perceived poor indoor environment in
schools (OR 2.6) [13]. The results indicated a possible associ-
ation between poor air quality conditions and both voice dis-
orders and stress at work [2]. The findings contribute to
previous studies as regards voice symptoms and poor indoor

and other background variables, such as poor IA, there is
little information on the interaction between voice disorders,
stress, and poor air quality conditions concerning the work
ability of teachers. Therefore, our aim was to study whether
measuring the combined variables of voice disorders and
stress at work would have a stronger association with (1)
decreased work ability and (2) background variables, espe-
cially poor air quality conditions, than if they were evaluated
separately. Based on our recent findings [8,13], we
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hypothesized that combining voice disorders and stress
would have a stronger association with decreased work abil-
ity and background variables, especially poor air quality
conditions, than if they are evaluated separately. The present
paper is a part of an epidemiological study focusing on
voice disorders, stress at work, the work environment, and
the association with work ability in teachers.

Materials and methods
Study samples

In this study, we utilized two samples; #=1198 and a sub-
sample of 538 teachers. In March 2017, we sent a question-
naire with two reminders to all primary and secondary
school teachers in three cities across Finland (see
Supplemental file from questionnaires used for the study).
We endeavored to reach altogether 4071 teachers. In total,
1198 subjects completed the questionnaire with a very low
amount of missing data. The response rate was 33% (see
dataset [20]). The inclusion criteria stipulated that the partici-
pants be full-time Finnish-speaking teachers working in com-
prehensive schools. The exclusion criterion used was to omit
teachers working in multiple schools in order to standardize
the duration of voice use. Of the participants, 81% were
females and 19% males, and the mean age was 44 years (SD
9.1). We have described the design and the descriptive statis-
tics in detail in our previous publications [2,8,13]. The Ethics
Committee of the University of Turku gave their ethical
approval (statement 26/2016). Permission for the study was
also requested from the Education Departments of the Cities
in which it was conducted. We sent the questionnaire directly
to the work email address of the teachers. The participants
gave a written informed consent before taking part, and they
were able to answer the questionnaire voluntarily and
anonymously.

Voice assessments

To assess voice disorders, we utilized a screening question-
naire consisting of questions about the occurrence of differ-
ent vocal symptoms. The questionnaire is used in several
studies with different combinations of the symptoms
[7,21,22]. The symptoms surveyed were morning hoarseness
— defined from morning hoarseness and voice becomes low or
hoarse for analysis purposes -, voice becomes strained or
tires, voice becomes low or hoarse, voice breaks, difficulty in
being heard, throat clearing or coughing, and pain around
larynx, and the options were every day, every week, less
often, and never. Teachers with two or more voice symp-
toms occurring weekly or more often in the previous
12 months were assigned as having voice disorders. We
assessed stress at work with a validated single-item question
with a five-point Likert scale [23]. We dichotomized the
varjable in the analysis as follows; subjects with not at all,
little, or somewhat stress were assigned as having no stress,
and those with rather or very much stress were assigned as
having stress. Of the 1198 subjects, 25% reported of stress at

work. Further, we combined the information as regards
voice disorders and stress at work and categorized it as fol-
lows; group A (no voice disorders, no stress)-group B (no
voice disorders, stress)-group C (voice disorders, no
stress)-group D (voice disorders, stress). The resulting vari-
able is referred to as the combined voice and stress. We
measured work ability utilizing a validated single-item ques-
tion, the Work Ability Score (WAS) [24] that enquired about
current work ability compared with a lifetime best. WAS is
scored on a scale from 0 (“completely unable to work”) to
10 (“work ability at its best”). We classified WAS as follows
[18]: poor (0-5 points), moderate (6-7), good (8-9), and
excellent (10), good and excellent were combined as good
for the analysis. Of the participants, 71% had good, 23%
moderate, and 6% poor work ability.

Background variables

As background variables, we assessed gender, age, and pro-
fession category group (class teacher, subject teacher, special
education teacher). As regards voice-related diseases, the
participants were questioned about asthma and reflux. We
assessed sickness absence with two variables, the number of
sick leave days during the previous year, and the amount of
sick leave over 14 days. We did not assess smoking as it was
not associated with voice disorders in the sample [13].

In addition, we utilized a technical assessment of the
school buildings to validate the self-reported data according
to the recommendations [25]. The assessment was per-
formed with the subsample of 538 subjects who were work-
ing in one of the cities where a technical assessment was
available for every school building. It was an overall evalu-
ation of the deficiencies that are likely to decrease the IA
quality in school buildings and are closely linked to voice
problems: challenges with ventilation and impurities
[26-29]. The assessment was conducted by two technical
experts, who had actively worked with the buildings of
interest. The information was based on the recollection of
the experts concerning the investigations and measurements
that had been carried out in the school buildings during
previous years from ventilation and impurities. The experts
classified the 67 school buildings as follows: IA non-prob-
lems; IA problems, not renovated (including partially reno-
vated problems); IA problems renovated. This classification
is used in Finnish benchmarking data from the Finnish
Institute for Health and Welfare [30] who assess the health
promotion activities in schools every two years. The experts
were not aware of the results of the questionnaire.

Statistical analysis

We performed statistical analysis with a Chi-square test or a
Fisher’s exact test for categorical variables. For the continu-
ous variables, we performed a one-way ANOVA (age; nor-
mally distributed) or Wilcoxon’s rank sum test (the number
of sick leave days; not normally distributed). We also created
a logistic regression analysis model for the ordinal data,
adjusted for gender, age, asthma, reflux, and sick leave over
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14 days. All statistical tests were performed as two-tailed,
with a significance level set at .05. The analysis was per-
formed using JMP Pro 16.0.0 for MacOS and SAS® System,
version 9.4 for Windows (SAS Institute Inc., Cary, NC).

Results

Assessed with a sample of 1198 teachers, the results show
that 39% of the subjects were in group A, 36% in group C,
17% in group D, and 7% in group B. When we compared
WAS with the combined voice and stress categories, we
found a significant association (p<.001). Ninety percent of
the subjects in group A reported good work ability whereas
40% of those in group D reported poor work ability (Figure
1). The association between WAS and the combined voice
and stress was significant also when studied by using logistic
regression models, adjusted for gender, age, asthma, reflux,
and sick leave over 14 days (p<.0001). As Table 1 shows,
the combined voice and stress categories significantly associ-
ated with the other background variables except for the pro-
fessional category (all p values <.05).

Most of the females were in groups A and C whereas
most of the male teachers were only in group A. The partici-
pants in group B were significantly younger than the other
subjects. Teachers with asthma were mostly in group C
compared to the subjects without asthma who were mainly
in group A. Parallel results were found for those who suf-
tfered from reflux. The number of sick leave days was the
lowest among the subjects in group A. Those who had the
most amount of sick leave over 14 days, were mainly in
group C.

According to the findings with the sample of 583 sub-
jects, group A was the largest group of subjects who worked
in the buildings without IA problems. Group C was the larg-
est group in the buildings with both IA problems, not reno-
vated and IA problems renovated. Overall, group B consisted
of 8%-10% subjects, depending on the technical assessment
whereas group C included 35-39%, respectively.

100% 1%
9% 6%
80%
36%
60%
90%
40%
58%
20%

0%
A (no voice disorders, no
stress)

[0 Good work ability

B (no voice disorders, stress) C (voice disorders, no stress)

[0 Moderate work ability
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Discussion

The results demonstrate that combining voice disorders and
stress at work has clearly a stronger association to decreased
work ability than if they are evaluated separately. Nine out
of 10 of the teachers without voice disorders or stress at
work reported good work ability, while four out of 10 of the
teachers who suffered from both voice disorders and stress
had poor work ability. The occurrence of stress was more
prevalent as regards poor or moderate work ability than the
occurrence of voice disorders. The interaction was not as
clearly related to the background variables as it was to voice
and stress. Group A was the largest group of subjects who
worked in the non-problem buildings while group C was the
largest group in the problem- and renovated buildings.

Relation between voice disorders and stress at work,
and work ability

Previous studies have found stress to decrease work ability
in teachers [12] and the risk of voice disorders to decreased
work ability to be high (aOR 12.2), using the same instru-
ment as in our study [9]. Moreover, stress is repeatedly
associated with voice symptoms [6,7]. In our study, the
number of sick leave days was the lowest in the teachers
without voice disorders or stress and this is in line with our
findings as regards work ability where the best work ability
was in this group. The highest number of sick leave days, in
turn, was in those with both voice disorders and stress
although the difference was minor. Previous studies reveal
that sick leave was more common in teachers with voice
symptoms than for those without symptoms [10,11]. The
largest group of subjects who had the most sick leave, over
14 days, was the teachers who had only voice disorders
without stress. The same trend was also found in other cat-
egorical variables (gender, asthma, reflux, and technical
assessment) where voice disorders (group C) were clearly
more prevalent than stress (group B).

5%
20%
26%
40%
69%
40%

D (voice disorders, stress)

[ Poor work ability

Figure 1. The interaction between voice disorders and stress at work for work ability (p<.001; n=1198).
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Table 1. The associations between the combined voice and stress categories and background variables in gender, age, profession, asthma, reflux, number of sick
leave days, and sick leave >14 days (n=1198; n=>538 in the technical assessment).

A (no voice B (no voice C (voice disorders, D (voice

Total®  disorders, no stress)  disorders, stress) no stress) disorders, stress) p Value

Gender, n (%) Female 947 341 (36) 73 (8) 352 (37) 181 (19) <.001
Male 219 111 (51) 13 (6) 73 (33) 22 (10)

Mean age, (min—-max) 1179 45 (24-64) 41 (25-59) 44 (25-65) 44 (25-62) <.01

Profession, n (%) Class teachers 537 218 (41) 36 (7) 189 (35) 94 (17) n.s.
Subject teachers 430 156 (36) 31 (7) 166 (39) 77 (18)
Special education teachers 225 91 (40) 20 (9) 80 (36) 34 (15)

Asthma, n (%) No 977 408 (42 74 (7) 341 (35) 154 (16) <.001
Yes 153 38 (25) 4(2) 73 (48) 38 (25)

Reflux, n (%) No 1003 416 (42) 71 (7) 356 (35) 160 (16) <.001
Yes 105 23 (22) 9 (8) 45 (43) 28 (27)

Number of sick leave 1186 3 (0-5) 6 (2-12) 5(2-12) 6 (3-15) <.001

days, median (Q;-Qs)
Sick leave >14 days, No 997 433 (44) 69 (7) 343 (34) 152 (15) <.001
n (%)

Yes 189 29 ( 18 (10) 89 (47) 53 (28)

Technical assessment IA non-problems 43 (45) 9 (10) 33 (35) 9 (10) <.05
IA problems, not renovated 126 (34) 34 (9) 138 (38) 68 (19)
IA problems renovated 19 (25) 6 (8) 30 (39) 21 (28)

The samples are separated with a double line.
2All variables, including some missing data.

Relation between voice disorders and stress at work,
and background variables

The female teachers suffered more often from both voice
disorders and stress than males, but there was no elevated
interaction association as the prevalence of females was only
19% in group D. Gender differences in teachers are well-
known in the areas of both voice disorders [31] and stress
[6], and significant gender-related differences related to the
association between voice symptoms and stress have been
suggested in a sample of the general population [7]. In our
study, females reported a lower work ability than males.
Parallel results have been suggested in studies in which the
female teachers had significantly more sickness absences
than the male teachers [11,15].

In our sample, the subjects in group B were significantly
younger than the other subjects. Previous findings show
contradictory results with young teachers reporting more
voice symptoms than older ones [32] whereas a meta-ana-
lysis showed inconclusive findings as regards the relation
between age and stress [33]. However, young teachers tend
to have more sick leave than their older colleagues [15] and
there is also a significant association between ageing and
decreased work ability [34]. As noted [35], females are also
shown to present menopausal voice changes, and this has
been even more evident in teachers than in non-teachers.
However, our findings did not show a similar trend. The
participants in group C had more asthma and reflux than
the other subjects. As noted, asthma - and especially asthma
medication — as well as reflux are strong risk factors for
voice disorders [7,36].

Relation between voice disorders and stress at work,
and the condition of school buildings

As regards IA quality, the prevalence of stress (alone) was
relatively low regardless of the condition of buildings. In
contrast, the occurrence of voice disorders was clearly
higher in all the buildings. Moreover, the prevalence of the

combined voice and stress was nearly three times higher in
the renovated buildings compared to the non-problem
buildings. This finding is in line with a follow-up study
where hoarseness did not decrease after a mold- and mois-
ture renovation [16] whereas other studies show contrary
results [37]. In general, respiratory symptoms are suggested
to improve to some extent [38]. Findings with a sample of
28,826 employees suggested somewhat parallel findings to
ours with the school staff having slightly less stress and
more health symptoms than office employees [39]. Previous
studies have suggested that psychosocial factors associate
significantly with IA problems at workplaces [40]. However,
they noted that the employees who had a more negative
perception of their psychosocial work environment had
more building-related symptoms [40]. This finding is
contradictory to our results. A potential cause of stress may
be engendered by a situation where the renovation has been
prolonged or improperly performed. Open communication
is essential in all cases so that employees can be confident
that their work environment is safe. In addition to proper
management and renovation of the buildings, increasing
social support at an organizational level would benefit the
impact of symptoms related to IA quality [41]. Our results
also indicated that nearly half of the teachers who worked
in the non-problem buildings had neither voice disorders
nor stress which supports the constant maintenance of the
buildings and keeping them in a good condition. It must
also be recognized that there are probably other variables
associate with work ability that were not included
this study.

Strengths and limitations

A strength of our study was that we used a large sample
across Finland and well-defined questionnaires that are
widely used. Stress at work has been validated in different
working groups [23] and it identifies well-being at work bet-
ter than instruments that are illness-based. WAS refers to



current work ability compared with a lifetime best in add-
ition to other work-related issues, e.g. mental resources
[18,24,42]. Further, the participants answered almost every
question and, thus, the amount of missing data was very
low. As a limitation, the questionnaire did not cover the
common cold that, however, is associated with voice disor-
ders. A further strength was that we utilized an external
evaluation of the school buildings. Multiple individual varia-
bles play a key role in occupational voice disorders and
teaching work. Voice disorders and stress at work are more
present in teaching because of the nature of the work in
practice - mentally and vocally loaded with close cooper-
ation with pupils.

There is no possibility of assessing the causality by using
a cross-sectional design. The cross-sectional study design is
also a potential source of bias because of the tendency to
over- or underreport in the questionnaire as well as mis-
takes in item interpretation [43]. As we named the subject
title “Indoor questionnaire for teachers” when sending the
questionnaire, the subjects who worked in problem build-
ings or suffered from health symptoms may have partici-
pated more actively. The response rate was 33% despite the
limited number of questions and support from the employ-
ers. Although we sent the questionnaire to slightly more
subjects than was evaluated (4071 vs. 4000), the sample size
was smaller than expected (n=1500). The low response rate
has potentially caused a selection bias. However, our results
are supported by previous findings as regards significant
associations between voice disorders, stress, and decreased
work ability [9-12]. In addition, our sample was representa-
tive concerning the distributions of gender and age in
Finnish teachers [13]. As far as we know, this is the first
study to date where the interaction between voice disorders
and stress at work for work ability has been evaluated. The
results support our previous findings that suggested that
voice disorders, stress at work, and a poor indoor environ-
ment may act as a tangle that would have an association
with work ability that is more than the sum of its parts
[13]. Follow-up studies with a large sample size are needed
to investigate these possible effects on work ability.

Conclusions

As a conclusion, the findings supported our hypothesis.
Voice disorders and stress at work together clearly had a
stronger association to decreased work ability than if they
had been evaluated separately. The occurrence of stress was
more prevalent in poor and moderate work ability than the
occurrence of voice disorders. Further, nearly half of the
subjects working in the non-problem buildings have neither
stress nor voice disorders. The interaction association
between voice disorders and stress at work did not have as
clear a relation with the other background variables. The
results indicate that it is appropriate to offer support to
reduce stress at work to improve teachers’ work perform-
ance. The findings also support the maintenance of school
buildings and keeping them in good condition.
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