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The association of voice problems
with exposure to indoor air
contaminants in health care
centres – the effect of remediation on
symptom prevalence: A follow-up
study

Liisa Vilén1,2
, Janne Atosuo2,3 and Tuula Putus1,2

Abstract
Voice problems are common in occupations where there is noise, dust, odours or fumes and mi-

crobial contamination. The purpose of this study is to find out the prevalence of hoarseness, its

changes over the follow-up and the effect of the remediation on the prevalence. A total of 13 health

care buildings were followed, 10 with indoor air problems and 3 as reference buildings. Three

buildings were thoroughly remediated, and their effects were analyzed. A health questionnaire was

used, before and after the remediation. Blood samples and skin prick tests were performed on all

volunteers. Based on findings, 17.0% of the respondents reported hoarseness at least every week.

The skin test findings for common environmental allergens, moisture damage microbes and mites

were approximately similar in the exposed and reference groups, respectively. Hoarseness had a

strong correlation with indoor air problems. Before the remediation, hoarseness and voice problems

were more prevalent in the problem buildings. After the remediation, hoarseness was reduced by

50%. In conclusion, this study shows a connection between indoor air exposure and technical

damage in buildings. The remediation significantly reduced the prevalence of hoarseness. Mould

allergy is rare and does not explain the voice problems.
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Introduction
Hoarseness is a common symptom in professions where the
voice is used and strained, and in work environment with
background noise, such as schools1 and kindergartens,2 but
also in large hospitals with effective ventilation systems,
medication, surgical fumes, etc.3,4 The dryness of the air,
dust, man-made mineral fibres and other problems with
indoor air are associated with irritation of the respiratory
tract. It is widely accepted that moisture and moisture in-
dicative microbes are associated with incident asthma.5–8

Irritative symptoms often precede an asthma diagnosis. That
is why the recognition of typical symptoms in problem
buildings is important so that remediation can be started in
due course before irreversible illnesses, such as diagnosis of
asthma.

The mechanisms and risk factors behind hoarseness are
partly unknown. Allergies and atopy may trigger voice
symptoms, also smoking and other irritant gases, fumes and
particles may increase or worsen symptoms.9,10 In dental
care, many potentially harmful chemicals are used. In health
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care work, there is common exposure to pathogenic and
other microbes, disinfectants and medical drugs. Sewer
gases, the dryness of the air during the heating season, noise
and too high temperatures in health care facilities increase
the reporting of respiratory irritation.3,4,8

Insufficient ventilation, moisture damage and microbial
growth are common in the Finnish housing stock. According to
Hellgren and coworkers,4 15% of hospital buildings are in need
of urgent remediation. Health care centres and elderly care fa-
cilities have not been investigated systematically. Neither has the
health effect of proper remediation been investigated with
follow-up studies regarding the personnel.

The treatment of hoarseness consists of voice therapy, voice
massage, medication, treatment of respiratory infections, quitting
smoking, water pipe or other humidification of the inhaled air
and changing the individual’s occupation or work tasks. Follow-
up studies on the effects of these interventions are rare.

In clinical praxis, we have observed an increasing trend in
voice problems especially amongst women. Although hoarse-
ness is mostly due to benign factors, it has a significant negative
impact not only on an individual’s quality of life but also on the
national economy; it increases health care visits as well as re-
duces productivity due to absences.9 Amongst nursing profes-
sion and inmedical and dental care, communicationwith patients
and fellowworkers is important and a clear and strong voice is an
essential tool. Clear verbal communication increases the safety of
health care workers. For the sake of occupational safety, pre-
vention, care and rehabilitation, the identification of possible
work/workplace-related risk factors is important.

The purpose of this studywas to investigate the occurrence of
hoarseness amongst medical staff in Finnish primary health care
centres and to find out potential risk factors associated with the
work and work environment. The second aim was to discover if
pathophysiological mechanisms of the hoarseness can be re-
vealed with current immunological and allergological tests. The
third aim was to find out if remediation of the buildings
influenced the prevalence of hoarseness during a 2-year follow-
up with a study population who had continued in their
current jobs.

Material and methods
In this paper, we present data collected from 13 different
health care centres from the south and middle of Finland.
Ten of the buildings were health care centres with indoor air
problems, and three were reference buildings with no major
damage. All the health care centres had an outpatient clinic,
and six had an additional unit for dental care. Ten of the
buildings had wards treating mainly elderly people with
chronic illnesses (Table 1).

All buildings were inspected by trained construction
engineers and several microbial samples were taken from
the buildings’ structure according to national guidelines.11

The samples were cultivated on 3 agar plates for 7–10 days,

and colonies were counted and identified with light mi-
croscopy by a trained environmental microbiologist in a
laboratory with FINAS accreditation. In the study, the re-
spondents working in the buildings with microbial damage
are called the exposure group and the workers in the
buildings with no major damage are called the reference
group. The dental care units were included in both groups.

The same symptom questionnaire was used at all sites
before the remediation and afterwards in the follow-up
surveys. The questionnaire comprises 53 questions, and it
includes the so-called Örebro questionnaire which is
commonly used in indoor air research and validated in
Sweden.12 Both used questionnaires are publicly
available.13,14 The questions on respiratory infections have
been validated in the Finnish materials.15 In the question-
naire, the answers about the occurrence of hoarseness, throat
irritation, rhinitis and coughs are expressed using four al-
ternatives, ‘daily or almost daily’, ‘every week’, ‘more
seldom’ and ‘never’. In the analysis, the first two and the last
two alternatives were combined to achieve a dichotomous
variable. Smoking was defined as a ‘yes’ alternative if the
respondent had smoked at least one cigarette per day for at
least 1 year. Ex-smokers and non-smokers were combined.
Individuals who had stopped smoking for less than
6 months were classified as smokers. In addition to the work
environment, questions were also asked about the home
environment, whether or not the respondent has had
moisture, mould or unpleasant odours at home and if the
damage had been remediated. In addition, the respondents
were asked whether they were exposed to compost or or-
ganic dust during leisure time and if the respondent has or
has had pets at home. Questions were also asked about job
strain, well-being at work and perceived general health
status. Furthermore, the respondents were questioned as to
the occurrence of respiratory infections during the previous
12 months and diseases diagnosed by a doctor and any
currently prescribed medication.

The blood samples were collected from all volunteers in
five buildings, three with damage and two without indoor air
problems. All serum samples from the damaged and ref-
erence buildings were drawn by a trained laboratory nurse,
and the samples were analyzed in laboratories with no
knowledge of possible exposure. Serum microbe-specific
immunoglobulin levels were assessed with a FINAS-
accredited enzyme-linked immunosorbent (ELISA)
method at the Finnish Institute of Occupational Health
(Kuopio Regional Office, Kuopio, Finland). Microbe-
specific IgE used for a moisture damage microbial panel
contained the following microbes: Aspergillus versicolor,
Chaetomium globosum, Fusarium merismoides, Stachy-
botrys chartarum, Streptomyces albus, Streptomyces hal-
stedii, Trichoderma citrinoviride and Tritirachium oryzae.
All the immunological samples were analyzed in labora-
tories in local university hospitals. Lymphocyte populations

2 Indoor and Built Environment 0(0)



were analyzed utilizing flow cytometry and immunostaining
with standard fluorescent cellular markers, which is con-
sidered to be the most exact and reliable procedure.16

A skin prick test (SPT) is a basic examination of im-
mediate allergic reactions. It is usually the primary method
in confirming sensitization in IgE-mediated allergic disease
because of its reliability, safety and convenience.17,18 SPTs
were performed with ALK-Abello extracts, and the same
experienced laboratory nurse made all the tests. All wheals
with a diameter of >3 mm were considered positive when
the negative control solution was negative.18 In addition to
common environmental allergens, such as pollen and ani-
mal dander, tests were also carried out for dust mites,
storage mites and microfungi (moulds and yeast).

Three buildings were thoroughly remediated and the
health status in these buildings was compared with the
situation before the remediation. One of the remediated
buildings was less than 5 years old, the others were 30–
40 years old. One of the reference buildings was new and the
others were approximately 30 years old. All the buildings
had concrete and bricks as the bearing construction. All
buildings had a mechanical ventilation system. The
buildings selected for this study have been chosen to be as
comparable as possible, taking into account the purpose of
use, building type and materials and the problems found.

The study setting was an open cohort, and the follow-up
surveys were done at 2-year intervals. All the drop-outs
could not be traced (the individuals had moved away or
retired). Some individuals were moved to cleaner buildings
in the same municipality. When new workers were re-
cruited, they were allowed to participate in the follow-up
surveys. Some of the respondents answered without giving
a name and that is why their health data could not be
combined with their laboratory data or the follow-up
questionnaire data. After the combination of all data, the
answers were pseudonymized. The flow chart illustrates the
collection of data (Figure 1).

In the statistical analysis, the SPSS Statistics 26-
programme was used (IBM Corp. Armonk, NY). Re-
spondents from the buildings with indoor air problems were
compared with the respective data from the reference
buildings. In the follow-up study, the data before the re-
mediation was compared with the corresponding health data
from the same building 2 years and 4 years after the re-
mediation. Statistical significance for dichotomous vari-
ables was calculated with a Chi2-test and continuous
variables with a t-test. Odds ratios with 95% confidence
intervals for risk factors for hoarseness were calculated with
logistic regression models (dichotomous variables) and
variance and covariance analysis for continuous variables.

Table 1. Description of the damaged and reference buildings.

Building

number

Region in

Finland

Type of

activities

Building

damage Remediated

Age of the

building N Follow-up Clinical study

1 Middle,

countryside

Outpatient,

dental, wards

= all

Yes Yes >30 years 145 Twice Yes

2 Middle,

countryside

All Yes No >30 years 53 No Yes

3 Middle,

countryside

All Yes No >30 years 73 Yes Yes

4 Middle,

countryside

All No No >30 years 100 No Yes

5 South, city Ward Yes Yes >30 years 141 No No

6 South, city Ward No No >30 years 63 No No

7 Middle, city Outpatient,

dental

Yes Yes <5 years 34 Twice Yes

8 Middle, city Dental Yes Yes >30 years 54 Twice Yes

9 Middle, city Outpatient No No <5 years 84 Twice Yes

10 South, town All Yes demolished >30 years 78 No No

11 South,

countryside

All Yes No >30 years 70 No No

12 Middle,

countryside

Outpatient

clinic

Yes No >30 years 79 No No

13 Middle,

countryside

Wards Yes No <5 years 48 No No
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Results

Exposure data

The microbial samples showed high concentrations of
moisture indicator microbes in the basement and 1st floor of
Site 1 and also in the basement and walls of Sites 2 and 3. In
all three sites, microbial growth was also found in the in-
sulation materials in the basement and outer walls. Addi-
tionally, the ventilations (HVAC) of these buildings were
not operating properly, and impurities and building wastes
were found in the ventilation ducts in all damaged buildings.
The damages in all buildings with indoor air problems were
similar to each other with the addition of sewer water
flooding on the floors in the basement of one building (not
included in the follow-up because the building was later
demolished).

The microbial concentrations exceeded the national
guideline values by several orders of magnitude, and the
microbes identified were typical for moisture damage ac-
cording to the international classification by Samson et al.19

and adopted into Finland’s National Guidelines and Fin-
land’s by-laws.11 The most common microbes identified in

the material samples were Penicillium sp., Geotrichum,
Acremonium, Aspergillus versicolor, Fusarium, Chaeto-
mium, Rhodotorula and other yeasts, with the addition of
Actinomycetes sp. bacteria.

In the remediation, the mould contaminated materials
were removed and replaced with dry and clean materials,
and the ventilation ducts were cleaned.

Subjective indoor air quality
Before the remediation, the most common subjective an-
noyance with the indoor air was the stuffiness (50%). Dry
air and unpleasant odours annoyed approximately 40% of
the respondents, while 30% of the respondents were
bothered by draughts and approximately one fifth by high or
varying temperatures, noise, static electricity and insuffi-
cient light or reflections. Visible mould growth, dirt or dust
was reported by 12%–13%, respectively (Table 2). Dif-
ferences between the exposed group and the reference group
were statistically significant, with the exception of noise.

After the remediation, high temperatures, tobacco smoke
and observations of visible mould had diminished. Other
indoor air factors had increased or remained at the same

Figure 1. Flow chart of the collection of the study material.
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level. Subjective indoor air quality had also become worse
in the reference buildings, and the differences were no
longer statistically significant with regard to annoyance by
draughts, dry air and visible dust or dirt. In the follow-up
survey, most of the annoying factors in the problem
buildings were still at a significantly higher level than in the
reference buildings.

Health data
Most of the study material was obtained from women (93%)
and 7% from men. Overall, 24% were nurses, 24% assistant
nurses, 4% medical doctors, 5% dentists and 7% dental
nurses, 8% cleaners and 4% kitchen staff. The study ma-
terial indicated that 41% of respondents had pets, 6% had
had water damage or other indoor air problems at home and
14% were smokers. Moreover, 12% had some exposure to
organic dust during leisure time (e.g. animals, fodder,
compost and garden hobby) (Table 3).

Prevalence and risk factors
for hoarseness
Overall, 17.0% of respondents reported hoarseness at least
every week, 9.5% of men and 17.1% of women. The dif-
ference between the genders persisted during the follow-up,
but the difference was not statistically significant.
Hoarseness did not correlate significantly with moisture
damage at home, current smoking or having pets. The
highest prevalence of hoarseness was amongst ex-smokers
(24.0%, p = 0.07, data not shown).

When considered by the main profession, the following
had hoarseness at least every week before the remediation:
11% of the cleaners, 21% of the secretaries, 20% of the
nurses, physiotherapists and assistant nurses, 16% of the
dentists, 18% of the physicians and 10% of the dental nurses
and 10% of the kitchen staff. The differences between the
occupational groups were not statistically significant (data
not shown).

Before the remediation, hoarseness was strongly asso-
ciated with other respiratory symptoms, irritation of the eyes
and skin, and allergic diseases diagnosed by a doctor. The
association between hoarseness and asthmatic symptoms
and doctor-diagnosed asthma was the strongest. Half of the
respondents with a sore throat and cough also had
hoarseness, and 40% of asthmatics also had voice problems
(Table 4).

Before the remediation, the hypersensitivity tests of
the 212 individuals using the prick test method and ALK
extracts did not show any correlation with the reported
hoarseness. However, there was often less SPT positivity
in the respondents with hoarseness than in respondents
with no hoarseness, but the difference was not
significant.

Of the 284 persons tested, only 2% were IgE positive
against mites and 2.8% IgE positive against moulds, but
none of the respondents with hoarseness had IgE positivity
against mites or moulds (p = 0.20 and 0.54, respectively,
data not shown).

Respondents with hoarseness had significantly
higher T-lymphocyte (CD3+) levels in their peripheral
blood than non-symptomatic participants (p = 0.03 and
p = 0.04, respectively). Both T helper-cell (Th) (CD4+)
and T regulatory-cell (Treg) (CD4+CD25+) populations

Table 2. Subjective indoor air quality factors (daily or every week) and signs ofmoisture damage in the problem and

reference buildings (N and %).

1st survey 2nd survey

Exposure Reference p-value Exposure Reference p-value

Draught 200 (30.4) 55 (26.8) 0.02 67 (47.9) 68 (33.8) 0.07

High temperature 141 (21.8) 35 (16.9) 0.01 29 (14.4) 16 (11.5) 0.01
Varying temperature 130 (19.8) 35 (17.0) 0.04 49 (36.8) 36 (18.4) 0.001
Low temperature 57 (9.2) 25 (12.3) 0.03 27 (20.3) 30 (15.6) 0.04
Dry air 272 (41.0) 65 (31.1) <0.001 62 (45.9) 65 (32.5) 0.07

Stuffiness of indoor air 348 (50.0) 70 (33.3) <0.001 83 (58.9) 67 (32.4) 0.001
Unpleasant odour 252 (38.5) 63 (30.9) <0.001 56 (40.6) 33 (16.5) <0.001
Static electricity 112 (17.5) 28 (14.1) <0.05 50 (36.0) 62 (17.8) <0.001
Tobacco smoke 44 (7.1) 6 (3.1) <0.05 3 (2.2) 10 (5.2) 0.12

Noise 118 (18.9) 45 (22.4) 0.46 37 (27.0) 44 (22.4) 0.02
Insufficient light, reflections 106 (17.0) 13 (6.7) 0.001 31 (22.6) 20 (10.4) 0.02
Dust, visible dirt 81 (13.2) 19 (9.5) 0.01 45 (33.1) 64 (31.8) 0.87

Visible mould growth 70 (12.1) 8 (3.7) 0.001 5 (3.7) 3 (1.5) 0.01

Vilén et al. 5



were significantly higher and the level of the T killer
cell (Tk) (CD8+) population was significantly lower
amongst those with hoarseness compared to those with
no hoarseness. No significant difference was observed
between these two groups when B lymphocyte (CD19+)
populations were compared (Table 4).

Before the remediation, the associations with hoarseness and
building damage and unpleasant smells in the indoor air

remained consistent and statistically significant when adjusted
for age, gender, smoking and asthma in a logistic regression
model. Age, smoking and asthma were significant risk factors as
well (age: OR 0.96, CI 0.94–0.98; smoking OR 1.50, CI 1.18–
1.90; asthma: 8.44, CI 4.49–15.84, respectively). The risk of
building damage causing hoarseness was 2.57 (CI 1.63–4.05)
and for unpleasant smells in indoor air causing hoarseness was
1.48 (CI 1.22–1.79).

Table 3. Description of the study material (exposed and references combined), Survey 1 (all sites) and Survey 2

(Sites 1, 2 and 3). Fisher’s exact test was used when the number in the subgroups was n < 10.

Men Women Total p-value

Study material before the remediation 64 914 978 <0.001
Hoarseness 7 (9.5) 159 (17.1) 167 (17.0) 0.216

Pet owners 22 (34.4) 362 (42.0) 384 (41.5) 0.19

Other organic dust 6 (10.7) 80 (11.6) 86 (11.5) 0.76

Indoor air problem at home 2 (3.5) 42 (5.9) 44 (5.8) 0.35

Smokers 6 (10.3) 108 (14.2) 114 (14.0) 0.71

1st follow-up 48 352 400

Hoarseness 2 (4.2) 38 (10.8) 40 (10.0) 0.61

Pet Owners 15 (39.5) 119 (37.5) 134 (37.7) 0.82

Other Organic dust 4 (10.8) 30 (9.5) 34 (9.7) 0.31

Indoor air problem at home 5 (15.2) 31 (10.8) 36 (11.3) 0.46

Smokers 5 (13.2) 33 (10.4) 38 (10.7) 0.78

Table 4. The association of hoarseness, every week or more often, with the prevalence of other respiratory

symptoms and symptoms of the eyes or skin before the remediation (all sites, exposure group and reference group

combined).

Total N (%) of respondents having

symptoms every week or more often

Of these symptomatic persons,

respondents with hoarseness, n (%) p-value

Rhinitis 352 (38.1) 132 (37.5) <0.001
Sore throat 220 (24.0) 125 (56.8) <0.001
Cough 170 (19.0) 88 (51.8) <0.001
Dyspnea 47 (5.4) 29 (61.7) <0.001
Wheezing 29 (3.3) 20 (69.0) <0.001
Eye irritation 298 (32.6) 114 (38.3) <0.001
Facial skin irritation 244 (27.5) 82 (33.6) <0.001
Irritation of skin in

hands

324 (36.0) 85 (26.2) <0.001

Asthma 83 35 (42.2) <0.001
Allergic rhinitis 304 72 (23.7) <0.001
Current or previous

atopic eczema

205 33 (16.1) 0.28

Lymphocyte cell lines,

n = 121 Mean of cells, no hoarseness Mean of cells among persons with hoarseness p-value

CD3 = T-cells 71.71 73.17 0.03
CD4 = helper cells 43.676 47.63 0.62

CD8 = killer cells 27.29 25.49 0.04
CD19 = B-cells 11.00 10.44 0.13
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Respondents who had unpleasant smells in the indoor air
at their workplace had significantly higher T-cell levels
(CD3-cells) in the peripheral blood than individuals who
less often or not at all were subjected to indoor smells
(115 persons tested, p < 0.05). The difference in CD3-cells
in buildings with technical damage compared to the ref-
erence buildings was similar, but not statistically significant
(p = 0.26).

After the remediation, the reduction in hoarseness
amongst nurses and assistant nurses was more evident
(7.5% and 8.4%, respectively) than amongst medical
doctors or dentists (10.5% and 10.7%, respectively). The
prevalence of hoarseness remained relatively high after
renovation amongst the secretaries (15%) and physiother-
apists (15%), but the number of respondents in these groups
was very small. The differences between professions were
not statistically significant (data not shown).

Hoarseness and work
environment factors
The overall prevalence of hoarseness had a strong corre-
lation with the indoor air problem. Hoarseness was strongly
associated with indoor air damage assessed by construction
engineers (p < 0.001). After remediation, the follow-up
showed a clear reduction from 19% to 10%, while in the
reference buildings hoarseness was reported by 9% of re-
spondents. After the 4-year follow-up, the prevalence was
8%, but the drop-out rate was high and only 38 individuals
responded to the last survey.

Hoarseness correlated significantly with subjective an-
noyance due to indoor air factors, but the association was
not linear. The highest prevalence of hoarseness was in the
category of annoyance ‘more seldom’ and the lowest in the
category ‘never’. If the annoying factor occurred ‘daily’ or
‘every week’, the hoarseness was considered to be on an
intermediate level. On the other hand, mould odour which
had a strong correlation with hoarseness before the reme-
diation was no longer significant after the remediation; only
5 respondents mentioned mould odour after the repair. The
same association was observed with cellar-like odour, and
the significant association (p < 0.001) became non-
significant after the repair. Other smells did not correlate
with hoarseness. Visible signs of moisture damage or leaks
correlated strongly with hoarseness before remediation, but
not after the repair work (p < 0.001 and p = 0.57, re-
spectively). Hoarseness did not correlate with visible mould
growth, which was rare and difficult to observe. Hoarseness
was strongly associated with a perceived lack of or insuf-
ficient ventilation and this association remained after the
remediation.

We found an association between the floor on which the
employee worked and the prevalence of hoarseness. In the

undamaged buildings, the highest prevalence of hoarseness
was found in the basement and lower numbers on the upper
floors. No similar trend was observed in the moisture
damaged buildings.

Hoarseness was associated with poor general job satis-
faction (p = 0.048), but not with respondents’ opinion of the
job being generally interesting and inspiring (p = 0.44).
Hoarseness was associated with an excessive workload (p =
0.02) and poor possibilities of controlling one’s work or
working conditions (p < 0.001). Good support from peers
was also correlated with a high prevalence of hoarseness
before the remediation, but not after the repair work.

Hoarseness was strongly correlated with irritation
symptoms in the airways, the eyes and the skin, and these
symptoms diminished after the remediation (data not
shown). Respondents with hoarseness often consumed more
prescribed medication than respondents with no hoarseness.
Body mass index (BMI) did not correlate with hoarseness.

After the remediation in three of the buildings, hoarse-
ness diminished to 10.4%. Age, gender and smoking were
no longer significant risk factors. Working in a former
problem building was no longer a significant risk factor,
either (data not shown).

Discussion
In our study material from approximately 1000 workers in
13 buildings, almost one fifth of the health care workers had
hoarseness at least every week or more often. Female gender
was also a clear risk factor for health care professionals,
similar to the findings for other professionals, for example,
teachers.1 Amongst health care professionals, smoking was
relatively rare, and it did not explain hoarseness, neither did
pet owning or indoor air problems at home.

We found relatively large differences between different
occupations, for example, secretaries, assistant nurses and
cleaners, compared with medical doctors, dentists and nurses.
Our findings are in line with recently published large national
data on nurses; however, for health care centres, the prevalence
of hoarseness was clearly shown to be on a lower level than
amongst nurses in general in Finland.20 Vertanen-Greis et al.1

found a much higher prevalence of hoarseness and voice
problems amongst teachers in a recently published paper.1

Based on international data, we suspect that the prevalence
of hoarseness and other voice problems are probably in-
creasing, but currently on a national level there is too little data
to draw any conclusions about this trend.

The pathophysiological mechanisms behind hoarseness
remain partly obscure, but previous publications suggest
that noise in the work environment, irritant gases, dust,
respiratory infections, stomach problems and certain
medical drugs may have an effect on the origin of
hoarseness.9,10 Our data supports the hypothesis that
hoarseness is more often due to irritation of larynx than an

Vilén et al. 7



allergic reaction. We found no significant correlation be-
tween hoarseness and sensitization to common aero-
allergens, dust mites or moulds. Chemicals used in dentistry
are unlikely to cause large scale voice problems, as the
results in our material show that secretaries, cleaners and
physiotherapists often had more voice problems than
dentists or dental nurses. Medical doctors and dentists had
hoarseness equally often in the health care facilities in our
material.

In previous publications, moisture and mould damages
have been connected with several respiratory symptoms,
and also with hoarseness. Hellgren and coworkers4 found a
connection with symptoms and insufficient ventilation in
hospital buildings and Vertanen-Greis1 in school
buildings.1,4 Indoor air problems have been investigated
less often in primary health care centres or wards.

Follow-up studies on indoor air research are rare. Several
studies have been published showing the beneficial health
effects on pupils and teachers after remediation,21–25 and the
benefits in office buildings.26,27 In a 6-year follow-up study
of one health care centre, no beneficial health effect was
found in spite of remediation.28 All previous studies have
been conducted using relatively small amounts of reference
materials, a short-time follow-up or where only one building
was investigated with no reference materials. Hoarseness is
a typical symptom in facilities with indoor air problems
amongst both children and adults.1,29 In some cases, the
remediation processes are poorly documented. Therefore, it
is difficult to analyze why the remediation is sometimes
successful and sometimes fails.

According to Mori and coworkers,30 the risk of
hoarseness is high in professions, such as arts and enter-
tainment (RR 4.98, CI 4.18–5.95), law (RR 3.24, CI 2.48–
4.23), education (RR 3.08, CI 2.70–3.52) and social ser-
vices (RR 2.07, CI 1.57–2.73). In contrast, many occupa-
tions had significantly reduced risk of the presentation of
laryngological disorders, for example, maintenance (RR
0.25, CI 0.15–0.42), food preparation (RR 0.35, CI 0.26–
0.48) and administrative support (RR 0.49, CI 0.41–0.57).
Our study findings contradict Mori’s30 material, because,
for example, secretaries in health care centre wards had a
high prevalence of hoarseness.

Our study material showed no association between
hoarseness and IgE-mediated hypersensitivity. This is
somewhat surprising because many indoor air researchers
have been focused on the documentation of IgE-mediated
asthma and allergies amongst the exposed.31–35 Many
previous studies have investigated children, and they might
more often have IgE-mediated responses than adults. Only a
proportion of adult-onset asthma has an IgE-mediated or-
igin. In our study, hoarseness was strongly associated with
asthma but not with SPT positivity or an IgE response.
Impaired voice quality and various grades of dysphonia
occurred in almost every sixth of asthmatics, caused by

either respiratory decline, or as a side effect of medication or
both together.36 Even though asthma medication may ir-
ritate the larynx and cause hoarseness,37 the association
between hoarseness and asthma might be due to other
mechanisms than IgE-mediated hypersensitivity.

Instead of IgE-mediated hypersensitivity, we found an
interesting association between lymphocyte levels and
hoarseness. We found lower levels of T-cells and higher
levels of killer cells in patients with hoarseness. Killer cells
were also found to be at a higher level in buildings with
moisture damage, but the difference was not statistically
significant. In workplaces where indoor air has unpleasant
smells, T-cells were at a significantly higher level than in
work environments with no smells. To the best of our
knowledge, this is the first study to show a simultaneous
association with lymphocyte cell lines, symptoms experi-
enced by workers and working conditions defined objec-
tively by construction engineers and microbial samples. The
odds ratio for indoor air problems examined by trained
construction engineers was 2.6 (CI 1.63–4.05) when age,
gender, asthma and smoking were controlled with a logistic
regression model. The risk factor, moisture and microbial
damages in a building are biologically plausible as an ir-
ritant but were found to be lower than, for example, in
Mori’s30 highest occupational groups and higher than, for
example, teachers or social services.

When considering the immunological data, although it is
quite inadequate to draw conclusive deductions, it is still
interesting enough to discuss the role of the immune system
as one effective agent in hoarseness. Firstly, it was observed
in this study that the IgE levels were not elevated against the
measured antigens in the hoarseness group, which seems to
exclude the Th2 type I hypersensitivity reactions.38,39

Secondly, the elevated microbe-specific IgG levels in the
serum were observed in the patient group without
hoarseness indicating a Th1-type immune pattern. This
seems to have a protective effect in the case of hoarseness,
as it has been shown earlier amongst teachers.23 Further
analysis is already ongoing in our research unit. More
evidence is required, but it is plausible that the Th1 ori-
entated immune pattern guards the human body at least
against type I hypersensitivity reactions also in the case of
indoor exposure to microbes and other allergens.8,40,41 We
have previous experience from a similar phenomenon in our
earlier study, when increased microbe spore–specific IgG
levels in building users correlated with the severity of
microbe damage, but not with the severity of building users’
symptoms at the group level.42 Thirdly, it was observed that
the T-lymphocyte level was significantly higher in pe-
ripheral blood in respondents with hoarseness compared to
that of the non-symptomatic participants. This divergence
was assumed to be the result of the elevation of Th cell and
Treg cell populations and the decrease of the Tk cell pop-
ulations in patients with hoarseness. However, there was no
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difference between the peripheral blood B cell populations.
While the significance of these findings for hoarseness is
somewhat speculative, we can discuss the type IV hyper-
sensitivity reaction in this respect. Because the mechanisms
behind hoarseness and other voice problems are largely
unknown, we hypothesize that this reaction which is derived
from T-cells (Th1 cells) may be related to hoarseness. This is
supported by the empiric observation that systemic corti-
costeroids tend to reveal voice symptoms better than an-
tihistamines. In order to find the relevance, deeper
immunological research with a larger cohort and a longer
follow-up is needed to reveal the Th1/Th2 distributions, in
order to differentiate T-cell subpopulation and other im-
mune cell populations like macrophages and to define the
existing cytokines and other inflammatory markers. At this
point, we have no cell analysis in the follow-up material
after the remediation process.

Strengths and weaknesses
The strength of our study is its relatively large amount of
data representing typical primary health care facilities in
several municipalities and towns in different parts of Fin-
land. A further strength is that the exposure assessment of
buildings was performed by trained professionals and not
simply by respondents themselves. Microbiological sam-
ples from the buildings, SPT tests and the collection of
blood samples are objective measurements of the exposure
and the immunological status of the study population as a
proxy of subjective annoyance and adverse health effects.
All the surveys were conducted with the same validated
questionnaire that has been in use for several decades in
Nordic countries and elsewhere.12,15 The surveys were
repeated at the same time of the year to avoid the effect of
the pollen season and other seasonal variations, and the
recall period was 12 months. As all building condition
reports were done by experts outside of our study group,
variables like the time of sampling of microbiological
samples, or the effects of seasons on the buildings, or the
architectural forms of the buildings, were therefore not
taken into account. Another strength is a sufficient follow-
up period of two to 4 years to enable a recovery process after
the remediation and removal of building dust and chemicals
used during the repair.

On the other hand, only a part of the original study
population took part in the follow-up, and the follow-up
procedure should have included a more thorough moni-
toring of exposure, follow-up measurements of clinical lung
function measurements and immunological parameters.
Many municipalities were reluctant to participate in the
follow-up because they either had no resources for reme-
diation or because the problem building had been de-
molished (one case). Clinical follow-up studies are costly

and require a long-term commitment from all participants in
the process, both employers and employees.

One of the weaknesses of the study is that the participants
were aware of the exposure. This cannot be avoided
in situations where the damage is visible, for example,
leakage through the roof, flooding, visible mould growth on
surfaces or strong unpleasant smells. On the other hand,
medical and nursing staff are used to smells, microbes and
chemical exposure related to their work and take everyday
risks more calmly than laymen involved in office work or,
for example, teachers who are often concerned about their
pupils’ health as well as their own. On the other hand, the
individuals participating in the follow-up had a positive
attitude to the remediation and were anticipating that the
situation would improve.

In the future, longer follow-up periods will be needed to
discover the long-term effect of the remediation techniques
and the recovery time as well as the final effect on re-
spondents’ work ability and length of careers. Karvala and
coworkers8 have previously shown the harmful effects of
long-term exposure on the length of working life in a 10-
year follow-up study. Her material consisted of more than
1000 workers with diagnosed or suspected work-related
asthma and the risk of an early pension was six times higher
than amongst those not exposed.8

Conclusions and recommendations
This study shows a relatively large difference in the oc-
currence of hoarseness amongst health care personnel in
buildings with indoor air problems and building damage
compared with health care professionals carrying out
similar work but in buildings with no damage. We found no
association with IgE-mediated sensitization, but a prelim-
inary finding of an association with lymphocyte cell lines
amongst the exposed. The follow-up shows the beneficial
effect of the remediation of buildings without any other
therapeutic intervention or treatment. Prompt and effective
remediation of moisture damaged buildings is recom-
mended before the occurrence of irreversible diseases such
as asthma or impairment in workability. Longer follow-up
studies with larger datasets are needed.
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Väestötutkimuksia Varten. [Tuohilampi Questionnaire. Questions
and Question-Sets Designed for Epidemiological Studies of
Environmental or Work-Related Symptoms or Diseases of Re-
spiratory Organ, Skin and eyes in the adult population]. Helsinki,
Finland: Hakapaino Oy, 1996.

15. Savilahti R, Uitti J and Husman T. Validity and recall of
information from questionnaires concerning respiratory in-
fections among schoolchildren. Cent Eur J Publ Health 2005;
13: 74.

16. Kokuina E, Breff-Fonseca MC, Villegas-Valverde CA and
Mora-Dı́az I. Normal Values of T, B and NK Lymphocyte
Subpopulations in Peripheral Blood of Healthy Cuban Adults.
MEDICC Rev 2019; 21: 16–21.

17. Frati F, Incorvaia C, Cavaliere C, Di Cara G, Marcucci F,
Esposito S and Masieri S. The skin prick test. J Biol Regul
Homeost Agents 2018; 32: 19–24.

18. Heinzerling L,Mari A, Bergmann K-C, BrescianiM, Burbach G,
Darsow U, Durham S, Fokkens W, Gjomarkaj M, Haahtela T,
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Saarela K and Loft S. Indoor Air Problems in a Healthcare
Centre – A Case Report of a Follow-up. Indoor Built Environ
2005; 14: 433–441.

29. Kallvik E, Putus T and Simberg S. Indoor Air Problems and
Hoarseness in Children. J Voice 2016; 30: 109–113.

30. Mori MC, Francis DO and Song PC. Identifying Occupations at
Risk for Laryngeal Disorders Requiring Specialty Voice Care.
Otolaryngology-head and Neck Surgery 2017; 157: 670–675.

31. Savilahti R, Uitti J, Roto P, Laippala P and Husman T. In-
creased prevalence of atopy among children exposed to mold
in a school building. Allergy (Cph) 2001; 56: 175–179.

32. Taskinen T, Laitinen S, Hyvärinen A, Meklin T, Husman T,
Nevalainen A and Korppi M. Mold-specific IgE antibodies in
relation to exposure and skin test data in schoolchildren.
Allergol Int 2001; 50: 239–245.

33. Immonen J, Meklin T, Taskinen T, Nevalainen A and Korppi
M. Skin-prick test findings in students from moisture- and
mould-damaged schools:A 3-year follow-up study. Pediatr
Allergy Immunol 2001; 12: 87–94.

34. Patovirta RL, Meklin T, Nevalainen A and Husman T. Effects
of mould remediation on school teachers’ health. Int
J Environ Health Res 2004; 14: 415–427.

35. Karvala K. Asthma in damp indoor work environments. PhD
Thesis. Tampere: Finnish Institute of Occupational Health,
Suomen Yliopistopaino Oy – Juvenes Print, 2012.

36. Saeed AM, Riad NM, Osman NM, Khattab AN and
Mohammed SE. Study of voice disorders in patients with
bronchial asthma and chronic obstructive pulmonary
disease. The Egyptian Journal of Bronchology 2018; 12:
20–26.

37. Ishizuka T, Hisada T, Aoki H, Yanagitani N, Kaira K, Utsugi
M, Shimizu Y, Sunaga N, Dobashi K andMori M. Gender and
age risks for hoarseness and dysphonia with use of a dry
powder fluticasone propionate inhaler in asthma. Allergy
Asthma Proc 2007; 28: 550–556.

38. Bretscher PA. On the Mechanism Determining the Th1/
Th2 Phenotype of an Immune Response, and its Perti-
nence to Strategies for the Prevention, and Treatment, of
Certain Infectious Diseases. Scand J Immunol 2014; 79:
361–376.

39. Magombedze G, Eda S and Ganusov Vv. Competition for
Antigen between Th1 and Th2 Responses Determines the
Timing of the Immune Response Switch during Mycobate-
rium avium Subspecies paratuberulosis Infection in Rumi-
nants. PLoS Comput Biol 2014; 10: e1003414.

40. Platts Mills TA. The role of immunoglobulin E in allergy
and asthma. Am J Respir Crit Care Med 2001; 164:
S1–S5.

41. Thacher JD, Gruzieva O, Pershagen G, Melén E, Lorentzen
JC, Kull I and Bergström A. Mold and dampness exposure
and allergic outcomes from birth to adolescence: data from the
BAMSE cohort. Allergy 2017; 72: 967–974.

42. Atosuo J, Karhuvaara O, Suominen E, Vilén L, Nuutila J and
Putus T. Indoor exposure to Streptomyces albus and As-
pergillus versicolor elevates the levels of spore-specific IgG,
IgG1 and IgG3 serum antibodies in building users — A new
ELISA-based assay for exposure assessment. Sci Total En-
viron 2020 Jan 1; 698: 134335.

Vilén et al. 11


	The association of voice problems with exposure to indoor air contaminants in health care centres – the effect of remediati ...
	Introduction
	Material and methods
	Results
	Exposure data
	Subjective indoor air quality
	Health data
	Prevalence and risk factors for hoarseness
	Hoarseness and work environment factors

	Discussion
	Strengths and weaknesses

	Conclusions and recommendations
	Acknowledgements
	Author contributions
	Declaration of conflicting interests
	Funding
	ORCID iD
	References


