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Abstract

Purpose To examine the long-term effects on work

ability among patients previously diagnosed with occupa-

tional asthma (OA) or work-exacerbated asthma (WEA) or

symptoms in relation to workplace dampness.

Methods A questionnaire follow-up was used to study

1,098 patients (of whom 87 % were female) examined

because of a suspected occupational respiratory disease

caused by building dampness and mold. Self-rated work

ability and early withdrawal from work were the two out-

comes of the study. As determinants, we investigated the

influence of the asthma diagnosis given in the initial

examinations (OA or WEA), the number of persistent

indoor air symptoms, and the psychosocial factors at work.

Results With a mean follow-up of 7.8 years, 40 % of the

OA patients, under 65 years of age, were outside worklife

versus 23 % of the WEA patients and 15 % of the patients

with only upper respiratory symptoms at baseline. The

diagnosis of OA was associated with a nearly sixfold risk

for early withdrawal from work in a comparison with a

reference group with upper respiratory symptoms. A per-

ceived poor social climate at work and poor experiences

with supervisory co-operation were associated with

impaired work ability outcomes. Those with multiple,

long-term indoor air symptoms considerably more often

perceived their work ability to be poor when compared

with those with less significant symptoms.

Conclusions Adverse work ability outcomes are associ-

ated with asthma in relation to workplace dampness. The

study raises the need for effective preventive measures in

order to help workers with indoor air symptoms sustain

their work ability.

Keywords Dampness � Disability �
Occupational asthma � Mold � Work ability

Introduction

Asthma, including occupational asthma (OA), is a multi-

factorial, usually persistent disease, and several studies

have shown it to be associated with work disability (Thaon

et al. 2008; Toren et al. 2009). Building moisture and mold

damage in work environments are associated with adverse

respiratory health effects, of which asthma is the most

frequently diagnosed disease (WHO 2009). In Finland

since the 1990s, asthma induced by exposure to workplace

dampness and mold at work has been recognized as OA

(Piipari and Keskinen 2005; Karvala et al. 2010).

According to the national register of occupational diseases,

indoor air molds have been the commonest cause of OA for

a decade (Riihimäki et al. 2004).

Whereas OA refers to asthma caused by occupational

exposures, work-exacerbated asthma (WEA) is defined as

the worsening of asthma due to conditions at work

(Henneberger et al. 2011). Worsening may be caused by

exposures to various irritant agents or conditions associated

with physical conditions such as low temperature or

physical strain. For asthma exacerbation and dampness or

mold, the epidemiological evidence is strong to document
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association (Mendell et al. 2011). WEA can have clinical

characteristics similar to those of OA (i.e., need for med-

ication, as well as adverse socioeconomic outcomes such as

unemployment and reduction in income) (Henneberger

et al. 2011).

Respiratory ill-health and multiple non-specific symp-

toms related to building dampness are usually transient, but

long-lasting symptoms appear to be common for some

persons, even despite building repairs (Patovirta et al.

2004; Haverinen-Shaughnessy et al. 2008; Iossifova et al.

2011) or a change to an unexposed, alternative work

environment (Jarvis and Morey 2001; Al-Ahmad et al.

2010). Some researchers have suggested that incomplete

remediation may explain the lack of symptom improve-

ment (Haverinen-Shaughnessy et al. 2008; Iossifova et al.

2011).

In general, poor perceived work ability is an individual

experience. It can be related to a deterioration of health or

to other resources of the worker, to factors related to work

and the workplace, or even to the environment outside

work (Ilmarinen and Tuomi 2004; van den Berg et al.

2009). Not all of the factors leading to work disability and

connected to indoor air problems have been recognized

(Walsh and Solomon 1994; Hodgson 2002). In many cases,

symptoms and complaints develop from the interaction

between environmental, individual, and psychosocial

factors (Norbäck 2009). Little has been published about

long-term work outcomes in dampness-related or other

building-related conditions (Edvardsson et al. 2008).

According to our clinical experiences, patients often

encounter work limitation, along with prolonged symptoms

(Karvala et al. 2010).

In a follow-up study examining the quality of life of

patients with asthma related to damp and moldy workplace,

we reported that a conspicuous part of the OA patients

were outside worklife still 3–12 years after the diagnosis

(Karvala et al. 2012). The aim of the present study was to

further assess the work ability among the same patient

series. We also wanted to investigate the association

between long-lasting symptoms, as well as social factors at

work, and impaired work outcomes.

The study was approved by the Ethics Committee of the

Hospital District of Helsinki and Uusimaa.

Methods

Study participants and design

We conducted a follow-up questionnaire study on patients

who had been examined at the Finnish Institute of Occu-

pational Health (FIOH) in 1995–2004 because of a suspi-

cion of an occupational disease related to exposure to

workplace dampness and molds. All of the 2200 patients

had had work-related respiratory symptoms. Careful clin-

ical examinations had been conducted, including asthma

tests if symptoms were suggestive of asthma. Altogether

186 patients had been diagnosed with OA, and 726 patients

were found to suffer from WEA. Pulmonary function evi-

dence indicating asthma, as well as evidence of exposure,

has been described earlier (Karvala et al. 2010).

The basic criteria for OA had been workplace exposure

to indoor air molds, onset of asthma (that started) during

the exposure, work-relatedness of asthma symptoms

(appearing or worsening at work and improving away from

work), and absence of conflicting findings (of other etiol-

ogy). The compensation policy at the time favoured spe-

cific inhalation challenge tests. Thus, the diagnosis of OA

was primarily confirmed with the use of a positive specific

inhalation challenge test with commercial mold extracts

(Piipari and Keskinen 2005; Karvala et al. 2010).

WEA was determined when the asthma symptoms of

asthmatic patients had been exacerbated by workplace

exposures, and the criteria for OA were not fulfilled.

For the rest of the patients (n = 1,288), there had been

no objective clinical evidence of asthma in examinations

performed at FIOH or in earlier examinations. They either

had work-related asthma-like symptoms (cough, dyspnoea,

or wheeze) without asthma or work-related upper airway

and mucosal symptoms (like nasal congestion, rhinorrhoea,

or hoarseness). All of the patients, including those with

asthma, had had accompanying symptoms (e.g., eye irri-

tation, fatigue, headache, fever or chills, or dermal

symptoms).

In 2007 (3–12 years after the examinations), the patients

were followed up by a questionnaire. We excluded the 66

patients for whom the symptoms were assessed as being

caused by factors other than building dampness. During the

follow-up, 20 patients had died. Consequently, the ques-

tionnaire was sent to 2,114 persons, and 1,295 participated

(61.3 %). From present analyses, we also excluded the 28

respondents who were diagnosed with hypersensitivity

pneumonitis in the baseline examinations.

To examine work limitation among the persons of typ-

ical working age, we restricted our analyses to respondents

who were under 65 years of age. Thus, the study popula-

tion consisted of 1,098 respondents (Fig 1). The common

age limit for an old-age pension is 63–68 years in Finland.

For some occupations, like teachers and nurses, the age

limit may be even lower.

Outcome variables

For an indicator of work ability, we asked the participants

to estimate their current work ability compared with their

lifetime best on a scale from 0 to 10. A score of 0
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represented full work disability, and a score of 10 indicated

work ability at its best. The question is an item included in

the Work Ability Index (WAI), which is a validated tool

for measuring self-assessed work ability (Tuomi et al.

1998). Those who were on pension were permitted to leave

the work ability question unanswered.

We used withdrawal from work as another, more severe

outcome than perceived work ability. The criterion for

withdrawal from work was (1) early retirement because of

disability (being on disability pension or on a workers’

compensation pension) or (2) unemployment. In the Finnish

social security system, a disability pension is paid to a person

who is incapable of work due to illness, handicap, or injury.

Disability caused by an occupational disease or a work

accident entitles to a workers’ compensation pension.

Determinants

As a main determinant of interest, we investigated the

asthma diagnosis (OA or WEA) given in the initial

examinations. The study population was divided into the

following four groups (Fig 1): (1) patients diagnosed with

OA (n = 111), (2) patients with WEA (n = 392), (3)

patients with asthma-like symptoms without clinical

asthma (n = 419), and (4), as a reference group, patients

with upper but no lower respiratory symptoms (n = 176).

Whether or not indoor air symptoms were long lasting

was inquired about using the question ‘‘How much do the

same symptoms that were initiated in the moisture

damaged workplace bother you nowadays?’’ The respon-

dents were asked to rate the following 14 symptoms on a

scale from 1 (not at all) to 5 (very much): eye irritation,

hoarseness, nasal congestion, rhinorrhoea, sneezing, sinus

symptoms, dyspnoea, cough, wheeze, fatigue, fever and

chills, dermal symptoms, arthralgia or myalgia, and head-

ache. Ratings of 1–3 were considered non-significant (=0),

and only ratings of 4–5 (much or very much) were taken

into consideration (=1). A symptom sum variable with four

categories was constructed: 0 = no significant long-term

symptoms, 1–3 symptoms, 4–5 symptoms, or[5 long-term

indoor air symptoms.

The social climate at work was measured by three items

adapted from the General Nordic Questionnaire

(QPSNordic) (Lindström et al. 2000). It is a validated tool

measuring psychological and social factors at work. The

given question was ‘‘What was the climate like in your

workplace with moisture problems?’’, the alternative

responses being (1) ‘‘encouraging and supportive’’, (2)

‘‘relaxed and comfortable’’, (3) ‘‘rigid and rule-based’’. The

scale ranged from 1 (little or not at all) to 5 (very much).

The Cronbach’s alpha was 0.85. A sum variable was cal-

culated with the third item reverted. The sum variable was

grouped into the following three equal-sized categories:

poor, moderate, and good.

Using three items, we inquired about the respondent’s

experiences with his or her supervisor’s co-operation. We

used non-validated items since no established question-

naire for the issue was available. We requested responses to

the following statements on a scale from 1 (disagree

totally) to 5 (agree totally): (1) ‘‘The supervisor reacted

appropriately when I suspected workplace dampness as a

cause of my symptoms’’; (2) ‘‘The supervisor took mea-

sures to investigate the damage in a reasonable time’’; (3)

‘‘The supervisor took measures to remediate the damage in

a reasonable time’’. The Cronbach’s alpha was 0.91. A sum

variable was calculated, and it was grouped into the fol-

lowing three equal-sized categories: low, intermediate, and

high.

Other explanatory variables

The background factors included in the analyses were age

(dichotomized as C54 and \54 years), gender, occupa-

tional group, smoking, atopic history, and concomitant

chronic diseases. Of the mental health factors, depression

and somatization were included.

On the basis of job titles, the respondents were classified

into the following occupational groups: upper white-collar

(e.g., managers and senior officials, teachers, physicians,

and other professionals), lower white-collar (e.g., nurses,

secretaries, office and customer service clerks, and tech-

nicians), and blue-collar (e.g., cleaners, cooks, kitchen

Individuals examined 
for work-related respiratory symptoms, n=2200

Questionnaire sent to 2114 individuals

Individuals
excluded, n=86

Participants 
diagnosed with 
OA
at baseline
n=111

Participants 
diagnosed with 
WEA 
at baseline
n=392

Participants with 
asthma-like 
symptoms
at baseline
n=419

Participants with 
upper respiratory 
symptoms
at baseline
n=176

Year
2007

Years
1995-2004

Participants, n=1295 (61.3%)

Participants < 65 years 
included, n=1098

Participants
excluded, n=28

Participants ≥ 65 years 
exluded, n=169

Fig. 1 Distribution of the participants. OA occupational asthma,

WEA work-exacerbated asthma
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helpers, hospital ward assistants, door keepers, repairmen,

and machinery mechanics) employees.

Atopic history was defined as a history of infantile

eczema or atopic dermatitis, hay fever, or other allergic

rhinitis or conjunctivitis.

As all common chronic diseases decrease work ability,

co-morbidity was included (Gould et al. 2008). The

respondents were asked to mark a list for the presence or

absence of their current chronic diseases or injuries that had

been diagnosed by a physician. The conditions included

accidental injury, musculoskeletal disease, cardiovascular

disease, mental disorder, endocrine or metabolic disease,

neurological or sensory disease, malignancy, and other

disease (Tuomi et al. 1998). Respiratory diseases were

ignored. Co-morbidity was classified as (1) no, (2) one, or

(3) two or more chronic conditions.

For depression, we used the 7-item depression subscale

from the 14-item Hospital Anxiety and Depression Scale

(HADS) (Zigmond and Snaith 1983). A total score for the

subscale is in the range of 0–21. A value of 7 or less was

interpreted as non-clinical, 8–10 represented possible

clinical relevance, and values of 11 or higher indicated

important relevance.

Tendencies toward somatization were measured with the

12-item somatization subscale (SCL SOM) from the

Hopkins Symptom Checklist (SCL-90) (Derogatis et al.

1973). A sum index of the 12 items (given on a 5-point

Likert scale) was calculated. The classification in the

analyses was based on tertiles.

Statistical analysis

Our data set consisted of both continuous and categorical

variables. In our preliminary study, we wanted to deter-

mine whether the study groups (i.e., those who had OA,

WEA, asthma-like symptoms, or upper respiratory symp-

toms) differ from each other. When comparing the differ-

ences between groups, we applied the chi-square tests for

categorical variables and one-way analysis of variance

(ANOVA) for continuous variables. However, our main

interest was to examine the associations between the

determinants and the outcome variables. At first, we stud-

ied the associations by applying cross-tabulations. After

these preliminary studies, we began to build models.

Before the modeling, we dichotomized the outcome

variables. The outcome variable for work ability was

dichotomized as follows: 0–7 = ‘‘poor’’, 8–10 = ‘‘good’’.

The outcome variable withdrawal from work was dichot-

omized as no/yes. Using models, we wanted to estimate the

risks of reduced work ability and withdrawal from work.

Logistic regression analyses were used when we examined

the associations between the different explanatory factors

and the dichotomized outcome variables. Our model

strategy was as follows: In the beginning, we estimated the

univariate models using asthma group, number of long-

term indoor air symptoms, and social climate at work or

co-operation of the supervisor as an explanatory variable.

Then, by adding potential confounders into the models, we

estimated multivariate regression models. The odds ratios

(OR) with their 95 % confidence intervals (95 % CI) have

been presented in tables.

A p value of \0.05 was considered statistically signifi-

cant. All of the analyses were performed using SAS 9.1

(SAS Institute Inc., Cary, NC, USA).

Results

The study population consisted of 1,098 participants aged

26–64 years. The non-participants in the same age group

were slightly younger (mean age 50.5 (SD = 8.6) vs 52.2

(SD = 8.0) years) and had a slightly lower proportion of

females (83 vs 87 %). They were about equally likely to

have WEA (35 vs 36 %), but less often diagnosed with OA

(6 vs 10 %) than the participants.

The characteristics of the study group are shown in

Table 1 according to the asthma or symptom group. The

mean time from the initial examinations at FIOH to the

follow-up questionnaire was 7.8 (SD = 2.8) years. Most of

the patients in our population were female, the vast

majority of whom worked in occupations with only light

physical demands. Altogether 88 % of the respondents

were upper or lower white-collar employees (e.g., teachers,

health and day care nurses, other professionals, office

workers, and administrators). The initial exposure had

generally taken place in office-like workplaces (23 %),

hospitals and health clinics (22 %), schools and colleges

(18 %), or children’s day care centers (10 %).

The OA patients rated their work ability with the lowest

scores, 31 % of them assessing their work ability as very

poor (score 0–5) versus 9 % of the respondents in the group

of upper respiratory symptoms. The work ability score in

both asthma groups was lower than that of the symptom

groups.

At the follow-up, 40 % of the OA group was outside

worklife (Table 1). Retirement because of disability or

being without a job was also the most frequent (33 %) in

the OA group, whereas 13 % of the WEA patients, 13 % of

the patients with asthma-like symptoms, and 13 % of the

patients with only upper respiratory symptoms belonged to

this category. Of all of those who were retired because of

disability or who were without a job, 91 (61 %) claimed

that the disability or unemployment was a consequence of

persisting dampness-related symptoms.

Altogether 128 persons (12 %) of the respondents

reported that they had changed occupation. In addition, 136
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(13 %) reported having changed their employer because of

dampness-related symptoms.

The distributions of both of the work ability outcomes

are presented in Table 2, according to the determinants and

other explanatory variables.

The OA patients ran a markedly increased risk of poor

work ability compared to those with upper respiratory

symptoms; when adjusted for individual variables (age,

gender, occupational group, smoking, atopic history and

co-morbidity), the odds ratio was 2.6 (95 % CI 1.4–4.7)

(Table 3). In addition, the WEA patients had an increased

risk of poor work ability (OR 1.8, 95 % CI 1.2–2.8). OA

had a strong association with withdrawal from work due to

early retirement or unemployment (adjusted OR 5.7, 95 %

Table 1 Background characteristics of the participants with OA, WEA, asthma-like symptoms, or upper respiratory symptoms at baseline

OA

(n = 111)

WEA

(n = 392)

Asthma-like symptoms

(n = 419)

Upper respiratory

symptoms (n = 176)

p value

Age, mean (SD) 52.7 (8.0) 52.3 (8.0) 52.6 (7.7) 51.1 (8.3) 0.171

Gender, n (%) 0.044

Female 96 (86) 352 (90) 367 (88) 143 (81)

Male

Atopic history, n (%) 49 (44) 207 (53) 173 (41) 72 (41) 0.005

Smoking habita, n (%) 0.904

Never smoker 65 (60) 217 (58) 246 (60) 101 (58)

Ex-smoker 28 (26) 110 (29) 105 (25) 45 (26)

Current smoker 15 (14) 50 (13) 62 (15) 28 (16)

Number of co-morbid conditionsb, n (%) 0.094

No co-morbidity 37 (33) 134 (34) 165 (39) 77 (44)

One co-morbid condition 39 (35) 135 (34) 134 (32) 64 (36)

Two or more co-morbid conditions 35 (32) 123 (31) 120 (29) 35 (20)

Depression, mean (SD) 3.4 (3.3) 3.5 (3.4) 3.5 (3.3) 3.1 (3.1) 0.566

Somatization, mean (SD) 2.2 (0.9) 2.1 (0.9) 2.1 (0.9) 2.0 (0.8) 0.204

Social climate at work, mean ± SD 9.7 (3.6) 9.5 (3.4) 9.7 (3.1) 9.7 (3.2) 0.834

Supervisor’s co-operation, mean ± SD 6.7 (3.6) 7.8 (3.8) 7.8 (3.9) 8.1 (4.0) 0.022

Occupational group, n (%) 0.016

Upper white collar 36 (32) 96 (24) 116 (28) 52 (29)

Lower white collar 56 (50) 262 (67) 243 (58) 105 (60)

Blue collar 19 (17) 34 (9) 60 (14) 19 (11)

Employment statusc, n (%) \0.001

Working 66 (60) 302 (77) 326 (79) 149 (85)

Not working 44 (40) 88 (23) 88 (21) 27 (15)

Without job 2 (2) 8 (2) 23 (6) 5 (3)

Disability pension 17 (15) 38 (10) 29 (7) 8 (5)

Workers’ compensation pension 18 (16) 2 (1) 0 (0) 0 (0)

Retirement due to age 3 (3) 18 (5) 22 (5) 6 (3)

Other reasond 4 (4) 22 (5) 14 (3) 8 (5)

Work ability scoree, n (%) 0.001

9–10 points 14 (18) 78 (23) 111 (29) 54 (34)

8 points 20 (26) 88 (27) 116 (31) 52 (32)

6–7 points 20 (26) 97 (29) 87 (23) 40 (25)

0–5 points 24 (31) 69 (21) 64 (17) 15 (9)

OA occupational asthma, WEA work-exacerbated asthma
a Information missing for 26 individuals
b Respiratory diseases ignored
c Employment status was unknown for 8 individuals
d Other reason included, for example, vocational training, maternity or sabbatical leave, and long-term sick leave for any reason
e Altogether 149 individuals did not evaluate their work ability score
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CI 2.8–11.9) (Table 3). For the WEA and asthma-like

symptoms groups, the associations with early withdrawal

from work were not statistically significant. When

depression and somatization were added to the model, the

risks remained statistically significant.

Multiple long-term indoor air symptoms at follow-up

increased the risk of poor self-assessed work ability. When

adjusted for individual factors, the OR was 2.7 (95 % CI

1.9–3.8) for those with one to three symptoms, increasing

to 9.7 (95 % CI 5.7–16.5) for those with more than five

symptoms (Table 3). After adjustment for depression and

somatization, the risks remained significantly elevated.

Multiple long-term symptoms were not associated with

early withdrawal from work.

A poor social climate at the workplace and poor expe-

riences with the supervisor’s co-operation were associated

with both poor self-assessed work ability and early with-

drawal from work when adjusted for the individual vari-

ables (Table 3). When depression and somatization were

added to the models, the associations remained for early

withdrawal from work, but not for self-assessed work

ability (Table 3).

Discussion

In this follow-up study among workers previously exam-

ined because of a suspicion of an occupational disease

related to respiratory symptoms in damp and moldy

workplaces, OA and WEA were associated with impaired

work ability. The diagnosis of OA was associated with a

strong, nearly sixfold risk for withdrawal from work due to

early retirement or unemployment, in comparison with a

reference group with upper respiratory symptoms only. In

addition, a perceived poor social climate at work and poor

experiences with the supervisor’s co-operation at an early

stage of symptoms were determinants for impaired self-

assessed work ability and early withdrawal from work.

The participants rated their work ability as being worse

than in an earlier population-based study from Finland

(Gould et al. 2008). Altogether 44 % of the entire study

population, and even 57 % of the OA group, assessed their

work ability as 7 or lower (on a scale 0–10) compared with

the lifetime best versus 19 % of the women aged

45–54 years in the Finnish general population (Gould et al.

2008). In addition, in comparison with analyses conducted

among asthmatics in the same aforementioned population-

based study, self-rated work ability was lower in both

asthma groups in our study (Gould et al. 2008). The item

has been proven to be a good predictor of retirement due to

work disability (Ilmarinen and Tuomi 2004).

The major reason for work cessation was retirement

because of disability, altogether for 31 % of the OA cases.

In comparison, 7.4 % of the Finnish general population

aged 16–64 years was on a disability pension in 2007, as

was 20.2 % of the age group of 55–64 years (Finnish

Centre for Pensions and the Social Insurance Institution of

Finland 2008). The proportion of employed persons

appears surprisingly low, as the majority of our patients

with OA were in occupations with no high physical

demands (i.e., teachers, nurses, office workers, etc.). They

should not become disabled to work when adequately

medicated and removed from exposure to moist and moldy

environments. In previous studies, OA has been found to

be associated with significant socioeconomic impacts

(Ameille et al. 1997; Larbanois et al. 2002; Vandenplas

et al. 2003, 2011) related to the need of leaving a job,

changing occupation, and finding alternative work. To

avoid exposure, there is no need for patients with building-

related asthma to change occupation, unlike in OA induced

by work sensitizers. Instead, building repairs or a change of

workplace is required. In OA studies, removing the worker

from the workplace has been linked to better medical

outcomes, but invariably to worse socioeconomic out-

comes (Henneberger et al. 2011; Vandenplas et al. 2011).

Although OA in relation to workplace dampness and mold

has been compensated in Finland as an occupational dis-

ease in a liberal way, our study shows that, as regards

building-related asthma, it has not resulted in the preven-

tion of disability.

Several possible explanations for the worse outcomes in

the OA group can be considered, environmental and disease-

related, as well as psychosocial factors. Our results may

reflect the fact that the remediation of the building may be

time-consuming and not always successful (Haverinen-

Shaughnessy et al. 2008; Iossifova et al. 2011) and

arrangements for relocation are not always easy to achieve.

These factors may, at least at an early stage of symptoms,

lengthen sickness absences and delay return to work, which

in turn may lead to permanent disability. There are several

studies that have shown evidence that lengthy periods of

sickness absence are associated with an increased risk of

disability pension (Lund et al. 2008; Wallman et al. 2009).

The patients in the OA and WEA groups had a well-

defined disease. Asthma has, in several studies, been

associated with work disability, specified in various ways

(Thaon et al. 2008; Toren et al. 2009). The same has been

shown for OA (Ameille et al. 1997; Larbanois et al. 2002;

Vandenplas et al. 2003) and WEA (Henneberger et al.

2011). In earlier studies, however, no differences in

socioeconomic consequences between OA and WEA could

be shown (Larbanois et al. 2002; Henneberger et al. 2011).

It is unclear whether asthma severity explained the differ-

ences between the asthma groups in our study. According

to a systemic review of cohort studies, asthma severity has

been found to have a weak positive relation to work
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Table 2 Distributions of the two work ability outcomes (poor or good self-assessed work ability and early withdrawal from work or not) by the

determinants and the other explanatory variables

Self-assessed work abilitya p value Early withdrawal from workb p value

Poor (n = 416) Good (n = 533) Yes (n = 150) No (n = 940)

n (%) n (%) n (%) n (%)

Determinants

Asthma or symptom status at baseline \0.001 \0.001

Upper respiratory symptoms 55 (34) 106 (66) 13 (7) 163 (93)

Asthma-like symptoms 151 (40) 227 (60) 53 (13) 362 (87)

WEA 166 (50) 166 (50) 47 (12) 342 (88)

OA 44 (56) 34 (44) 37 (34) 73 (66)

Number of long-term indoor air symptoms \0.001 0.102

0 111 (26) 314 (74) 54 (11) 432 (89)

1–3 154 (50) 156 (50) 61 (17) 303 (83)

4–5 62 (61) 40 (39) 15 (13) 100 (87)

[5 89 (79) 23 (21) 20 (16) 105 (84)

Social climate at work 0.005 \0.001

Good 119 (38) 191 (62) 28 (8) 311 (92)

Moderate 96 (40) 142 (60) 29 (11) 233 (89)

Poor 152 (51) 148 (49) 63 (18) 291 (82)

Experiences of supervisor’s co-operation \0.001 \0.001

Good 108 (35) 198 (65) 29 (9) 306 (91)

Moderate 137 (45) 168 (55) 33 (10) 308 (90)

Poor 153 (51) 148 (49) 72 (20) 284 (80)

Other explanatory variables

Age \0.001 \0.001

\54 years 196 (37) 337 (63) 39 (7) 514 (93)

C54 years 220 (53) 196 (47) 111 (21) 426 (79)

Gender 0.096 0.289

Female 354 (43) 473 (57) 127 (13) 825 (87)

Male 62 (51) 60 (49) 23 (17) 115 (83)

Occupational group 0.005 \0.001

Upper white-collar 99 (37) 168 (63) 32 (11) 267 (89)

Lower white-collar 260 (45) 319 (55) 85 (13) 576 (87)

Blue-collar 57 (55) 46 (45) 33 (25) 97 (75)

Smoking habit 0.005 0.477

Never smoker 218 (40) 328 (60) 79 (13) 544 (87)

Ex-smoker 108 (45) 133 (55) 45 (16) 243 (84)

Current smoker 79 (55) 65 (45) 22 (14) 133 (86)

Atopic history 0.367 0.410

No 230 (45) 279 (55) 86 (15) 505 (85)

Yes 186 (42) 254 (58) 64 (13) 435 (87)

Number of co-morbid conditions \0.001 \0.001

No co-morbidity 109 (29) 272 (71) 29 (7) 380 (93)

One co-morbid condition 147 (46) 170 (54) 49 (13) 320 (87)

Two or more co-morbid conditions 160 (64) 91 (36) 72 (23) 240 (77)

Depression \0.001 \0.001

0–7 321 (38) 520 (62) 108 (11) 833 (89)

8–10 59 (87) 9 (13) 17 (21) 63 (79)

11–21 32 (94) 2 (6) 20 (39) 31 (61)
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disability. One study found a positive relation, while

another study found no such relation (Detaille et al. 2009).

In a study conducted among OA patients, the severity of

asthma was not an important determinant of working status

(Ameille et al. 1997). Therefore, the fact that we did not

examine the effect of asthma severity may be a source of

bias, but probably not a major one.

Those with multiple long-term indoor air symptoms

considerably more often perceived their current work abil-

ity to be poor compared with those with less significant

symptoms. In previous studies, long-lasting symptoms have

been shown to be common in some individuals with earlier

exposure to building dampness and mold (Al-Ahmad et al.

2010; Karvala et al. 2010), but the association with

impaired work ability is a new finding. Multiple long-term

symptoms were not found to be associated with early

withdrawal from work, and this finding may reflect the

heterogeneity of the groups. Along with leaving work,

the symptoms become alleviated or not. The findings of

Al-Ahmad et al. (2010) suggest that mold-exposed persons

whose symptoms initially could be attributed to asthma or

other allergic responses have long-term respiratory symp-

toms that cannot be explained on the basis of asthma and

that overlap with sick building symptoms. In our study, the

patients in both asthma groups had a non-specific symptom

complex similar to that of the sick building syndrome,

which was common to all of the groups at baseline (Karvala

et al. 2010). It seems that asthma amplifies the effect of non-

specific symptoms with respect to work limitation.

The findings that a perceived poor social climate at work

and poor experiences with the supervisor’s co-operation

were associated with the outcomes are in accordance with

the findings of previous studies showing a correlation

between the psychosocial work environment and indoor air

symptoms (Mendelson et al. 2000; Lahtinen et al. 2004;

Runeson et al. 2006; Bakke et al. 2007). Low social support

has been found to be associated with indoor air complaints

and symptoms (Mendelson et al. 2000; Runeson et al.

2006). In a Finnish study, Lahtinen et al. (2002) found

problems with co-operation for 71 % of the workplaces

with moisture and mold damage, the employees being more

unsatisfied with the co-operation than the superiors. The

employees generally felt that the problems they experi-

enced were being downplayed by the management, and

they also felt mistrust toward the implemented measures

(Lahtinen et al. 2002). As we had often heard these com-

ments from our patients, we wanted to examine the effects

of these factors on long-term work disability. It appears

that those who perceive their psychosocial work environ-

ment more negatively are at an increased risk of long-term

adverse work outcomes.

A recent paper argues that the sudden onset of OA in a

previously healthy person may cause psychological

impacts (Lavoie et al. 2009). The stressful nature of an OA

diagnosis could be true, especially in our patients, who,

according to our experiences, had serious health concerns.

This finding may at least partly explain the worse outcomes

in the OA group than in the WEA group. Of the psycho-

logical personal risk factors, neither depression nor soma-

tization modified our results. Somatization has, in an earlier

study, been shown to be associated with indoor air symp-

toms (Berglund and Gidlof Gunnarsson 2000). Some other

factors, like negative affectivity (Gomzi et al. 2007) and

low sense of coherence (Runeson et al. 2003), have also

been shown to be associated, but the studies are sparse and

work ability was not focused on.

The large study population belongs to strengths of the

study. It includes a representative sample of patients with

dampness-related asthma, as the majority of OA cases in

the country were diagnosed at our clinic, with known

expertise in occupational diseases. For the same reason, the

reference group may have had a more severe condition than

all symptomatic, exposed individuals in general, and this

possibility may have diluted the effect. Consequently,

some selection bias cannot be ruled out. The two outcomes

we used supplement each other in that self-rated work

Table 2 continued

Self-assessed work abilitya p value Early withdrawal from workb p value

Poor (n = 416) Good (n = 533) Yes (n = 150) No (n = 940)

n (%) n (%) n (%) n (%)

Somatization \0.001 0.002

\1.5 57 (19) 239 (81) 27 (8) 299 (92)

1.5–1.9 93 (44) 116 (56) 36 (15) 200 (85)

[2.0 256 (62) 160 (38) 81 (17) 407 (83)

WEA work-exacerbated asthma, OA occupational asthma
a Altogether 149 individuals did not evaluate their work ability score
b Employment status was unknown for 8 individuals
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ability is a good predictor of disability and the second

outcome, early withdrawal from work, is a more objective

measure of disability, even though dependent on the social

context. Health and work are the most important determi-

nants of work ability among people of all ages (Gould et al.

2008), though various factors, involving factors outside the

workplace, may contribute to impaired work ability. We

were able to adjust for most of the factors that, based on the

literature and prior knowledge, are related to indoor air

symptoms (Norbäck 2009) or work disability among

asthmatics, like gender and occupation type (blue-collar

versus white-collar) (Detaille et al. 2009). Hence, we think

the observed associations are unlikely due to confounding

by unmeasured factors of major importance.

A limitation of our study was its cross-sectional study

design. The assessments of social climate at work were

measured at the same time as the outcomes; therefore,

temporal order could not be demonstrated. If a person

attributes disability to workplace conditions, he or she may

be more inclined to criticize factors at work. Another

limitation was the questionnaire study design; thus, the

variables are based on subjective assessments. With respect

to the small difference in the proportion of OA patients

between the participants and non-participants, we do not

believe that it is a serious source of bias. The response rate,

61.3 %, for the questionnaire can be regarded as satisfactory

when the long follow-up time is considered.

This follow-up study on the patient material of an

occupational clinic introduces long-term adverse work

outcomes in patients with asthma related to workplace

dampness and mold. Our results also indicated that persons

who evaluated their social work environment more nega-

tively had a slightly increased risk of impaired work ability

and early withdrawal from work. This finding is in accor-

dance with the widely recognized fact that causes of dis-

ability are multifactorial and not associated with medical

conditions alone. Research for the causes of disability and

the effectiveness of preventive measures (e.g., building

repairs or relocation of workers) must continue. It should

permit us to better understand and treat these conditions.

The study raises the need for effective disability prevention

and return-to-work strategies, in order to help workers with

indoor air symptoms to sustain their work ability.

According to our findings, special attention should be paid

to individuals who have developed asthma in a moisture

damaged workplace.
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