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Current asthma and biochemical signs of inflammation
in relation to building dampness in dwellings
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S U M M A R Y

Uppsala University, and ‡Pegasus Laboratory, Uppsala, Sweden

SETTING: Study of current asthma in adults in relation
to the indoor environment.
OBJECTIVES: To assess the effect of building dampness
in dwellings on the occurrence of current asthma, and
biochemical signs of inflammation.
DESIGN: A nested case-control study with 98 prevalent
cases of asthma and 357 controls, within a stratified ran-
dom population sample (20–45 years) from the Upp-
sala, Sweden, part of the European Community Respira-
tory Health Survey (ECRHS). Current asthma was
defined as a combination of bronchial hyperresponsive-
ness and at least one asthma symptom (wheeze or
attacks of breathlessness). Statistical calculations were
made by multiple linear or logistic regression, adjusting
for age, sex and smoking.
RESULTS: Building dampness was found in 27% of
dwellings. Current asthma was more common among
subjects living in damp dwellings (odds ratio [OR] 1.8;
95% confidence interval [CI] 1.1–3.0), particularly with
dampness in the floor construction (OR � 4.6; 95% CI

2.0–10.5). The average forced expiratory flow in one
second (FEV1) was lower and peak expiratory flow
(PEF) variability was higher in subjects from dwellings
with floor dampness, and blood eosinophil count was
increased in damp dwellings. No relation was found
between immediate type allergy to house dust mites and
current asthma or building dampness. Immediate type
allergy to moulds (Cladosporium or Alternaria) was
more prevalent in damp dwellings (9.3% vs 3.9%), and
was related to current asthma (OR � 3.4; 95% CI
1.4–8.5).
CONCLUSIONS: Building dampness is common in dwell-
ings in Sweden, and seems to be related to an increase in
current asthma and biochemical signs of inflammation.
Immediate type allergy to house dust mites does not
seem to be the explanation, but immediate type allergy
to moulds could explain some of the findings.
KEY WORDS: asthma; inflammation; building damp-
ness; indoor air quality; mould allergy

BRONCHIAL ASTHMA is the most common lung
disease associated with indoor air pollution,1 and
affects about 5% of the Swedish adult population.2,3

There are indications that asthma is increasing in the
industrialised world,3–6 and that it may partly be due
to allergic or non-allergic reactions to indoor expo-
sures. In a recent incidence study from northern Swe-
den, the mean annual cumulative incidence of asthma
was found to be 0.5% in adults.3

The prevalence of asthma and allergies has also
been studied in developing countries.7–10 These
studies have shown a much higher prevalence of
asthma and IgE mediated allergies in urban than in
rural areas. It has been suggested that the introduc-
tion of blankets and changes in sleeping habits may
promote growth of indoor Dermatophagoides mites,
and consequently increase the occurrence of asthma
due to mite allergy.9 Another hypothesis is that
parasite-induced IgE in rural areas of developing

countries may prevent the development of atopic
disease.7

During the last decade, several studies have re-
ported an increased prevalence of respiratory symptoms
among children living in damp or mouldy dwellings.11,12

There is, however, considerably less information on
respiratory effects of damp dwellings in adults.11–15

Most available studies on health effects of building
dampness have dealt with self-reported airway symp-
toms,11–15 and there is sparse information on the ef-
fect of building dampness on clinical signs of asthma
and serologic markers of inflammation.

There are various types of exposures related
to building dampness, including house dust mites,16

moulds17 and bacteria.17 Building dampness may also
cause a chemical degradation of building material,
e.g., the formation of 2-etyl-1-hexanol from plasticiz-
ers in poly-vinyl-chloride (PVC) floor coatings or
glues.18 An association between asthma symptoms
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and indoor concentrations of moulds and bacteria
has recently been demonstrated.17 Moreover, one
study showed that adult asthmatics were more ex-
posed to indoor moulds than were controls, especially
Penicillum sp.19

The aim of the present investigation was to study
current asthma and biochemical signs of inflamma-
tion in relation to different signs of microbial growth
and building dampness in dwellings.

MATERIAL AND METHODS

Study population and study design
The European Community Respiratory Health Sur-
vey (ECRHS) is a multi-centre study performed in 48
centres in 23 countries throughout the world.20 Swe-
den contributes with data from three such areas, one
being the city of Uppsala.21

The target group was the entire population of
Uppsala, an urban commune in the middle of Sweden
with a total population of 160 000. In December
1990, a questionnaire comprising seven questions on
asthma-related symptoms was mailed to a population
sample of 3600 individuals, 1800 men and 1800
women aged between 20 and 44, randomly chosen
from the Uppsala county council population register.
A random sample of 800 subjects (400 men and 400
women) was selected from this cohort for a further
investigation at the Department of Lung Medicine
during the period April 1991 to February 1992.

In order to be able to identify a sufficient number
of asthma cases, symptomatic subjects from the main
sample who had not been selected for the random
sample were invited to participate. Symptomatic sub-
jects were those subjects (n � 216) who had reported
at least one of the following symptoms in the screen-
ing questionnaire: attacks of asthma during the past
12 months, nocturnal breathlessness in the past 12
months, or current use of asthma medication.

Blood samples were obtained and all subjects were
interviewed and examined by specially trained nurses.
The interview was performed at the same time as the
methacholine challenge test, and in parallel with a
self-administered questionnaire on building charac-
teristics. The protocol of the study was approved by
the Ethical Committee of the Medical Faculty of Upp-
sala University.

The total response rate in the initial self-adminis-
tered questionnaire survey was 87%. The response
rate in the clinical investigation was 68% among the
random sample of 800 subjects, and 83% among
the additional 216 symptomatic subjects selected
from the total sample of 3600 (Figure).

The self-administered questionnaire on building
characteristics was answered by 562 subjects, 133 of
the 216 symptomatic subjects (62%) and 429 of the
800 random sample (54%). Information on serum
eosinophilic cationic protein (S-ECP) was obtained

from 462 subjects, blood eosinophils from 531, total
IgE from 460, lung function test from 546, peak expi-
ratory flow (PEF) values from 530, skin prick test
from 541, and methacholine challenge test from 513
subjects. The non-respondents (n � 454) did not dif-
fer from the participants (n � 562) as regards age, sex
and smoking habits.

The material was analysed using two epidemiolog-
ical methods. First, a case-control study on current
asthma was performed. Here, 98 prevalent cases of
current asthma were identified, 34 from the random
sample of 800 subjects, and 64 from the enriched
sample of 216 symptomatic subjects. Current asthma
was defined as a combination of bronchial hyper-
responsiveness (BHR) and at least one asthma symp-
tom experienced during the last 12 months (wheeze
or breathlessness). The 357 participants without cur-
rent asthma from the random sample of 800 subjects
served as controls. Secondly, all 562 participants were
pooled together, and statistical comparisons were made
within this enriched sample. The latter design was
used to study relationships between building damp-
ness and asthma symptoms, lung function data, and
biochemical signs of allergy and inflammation.

Assessment of exposure
Information on age and type of building, carpeting in
the dwelling, and exposure to environmental tobacco
smoke in the dwelling was obtained from the inter-
view questionnaire of the ECRHS study. Other infor-
mation on building characteristics was obtained from
the additional self-administered questionnaire.22 Infor-
mation included four different signs of building damp-
ness during the last 12 months. Inspections of the
dwellings were made by an occupational hygienist in

Figure Study population and response rates. SBS � sick build-
ing syndrome.
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a stratified random sample of 88 dwellings described
in a previous paper.23 The hygienist noted occurrence
of the same four signs of building dampness as
requested from the participant in the questionnaire.
Relationship between observed and reported building
dampness was compared in 62 out of the 88 buildings
where information was available from both the par-
ticipant and the visiting hygienist.

Assessment of symptoms and personal factors
The screening and interview questionnaire used in the
ECRHS was a modified version of the IUATLD ques-
tionnaire.24 The recall period for airway symptoms
was 12 months. Symptoms related to asthma were
defined as reported in the interview to have occurred
in the last 12 months: 1) wheezing or whistling in the
chest, 2) at least one daytime attack of shortness of
breath during exercise or while resting, or 3) at least
one nighttime awakening with breathlessness or
tightness in the chest. Current asthma was defined as
a combination of BHR and at least one asthma-
related symptom. Current smoker was defined as
reporting actual smoking in the interview, or having
ceased to smoke less than a year ago.

Assessment of atopy
Standardised skin prick tests were carried out by
means of allergen-coated lancets (Phazets®, Pharma-
cia Upjohn Diagnostics, Uppsala, Sweden). The fol-
lowing allergens were tested: cat, birch, dog, olive,
ragweed, mugwort, timothy, Dermatophagoides pter-
onyssinus (house dust mite), Cladosporium and
Alternaria. Histamine was used as a positive control.
As proposed by Dreborg,25 atopy was defined as a
prick test reaction to at least one of the allergens, with
a mean diameter of �3 mm. A negative control was
used, and its mean diameter was subtracted from the
diameter of the allergens. In addition, specific IgE
antibodies against D. pteronyssinus and Cladospo-
rium were measured by radio adsorbent stimulation
test (CAP-RAST, Pharmacia Upjohn). Immediate type
allergy to house dust mites was defined as having
either a positive skin prick test or a positive RAST
against D. pteronyssinus. Subjects with a positive
skin prick test against Cladosporium or Alternaria or
a positive RAST against Cladosporium were defined
as having an immediate type mould allergy.

Lung function and bronchial hyperresponsiveness
Forced expiratory volume in one second (FEV1) was
measured by using the Spiro Medics computerised
dry-rolling seal spirometer system 2130 (Sensor Med-
ics, Anaheim, CA, USA). The predicted value for each
subject was calculated with respect to the equations
published by the European Community for Coal and
Steel (ECCS).26 PEF rate (best of three measurements)
was recorded with a Mini-Wright Peak Flow Meter
(Clement Clark, London, UK) twice daily for one

week: in the morning on waking and in the evening
when going to bed. Peak flow variability was calcu-
lated by dividing the difference between the highest
and lowest daily PEF reading by the daily mean PEF
value, as suggested by Higgins et al.27 Methacholine
challenge was performed using a MEFAR inhalation
dosimeter (MEFAR, Brescia, Italy).28 BHR was defined
as a positive methacholine test, i.e., a reduction in
FEV1 by at least 20% with an accumulated dose of
�2 mg of methacholine (PD20).

Biochemical markers of inflammation and allergy
Immediately prior to the methacholine provocation
test, 35 ml of venous blood was collected from each
volunteer. The same investigation sequence was
applied to all participants. Blood eosinophil counts
were analysed on a Hemalog 2R (Technicon Chemi-
cals Company, Tournai, Belgium), in 5 ml blood sup-
plemented with EDTA (0.34 mol/L). S-ECP concen-
tration was measured by means of a double antibody
radio-immunoassay (Pharmacia Upjohn).29 The blood
sample used to measure S-ECP was allowed to coag-
ulate after sampling for 60 minutes at room tempera-
ture. The serum was then collected and kept frozen at
�70�C until analysed. In addition, serum was ana-
lysed for total serum immunoglobulin E (S-IgE) by
the Pharmacia CAP system.

Statistical methods
The �2 test was used when analysing the relation
between binary dependent and independent vari-
ables. Unpaired t-test was used to study the relation
between exposures and variables that were normally
distributed (FEV1%, PEF variability, blood eosino-
phils, S-ECP). Serum IgE was transformed to a nor-
mally distributed variable by log transformation, and
unpaired t-test was used to study the relation between
exposures and the logarithm of serum IgE. Cohen’s
Kappa was used to measure the agreement between
observed and reported signs of building dampness.
Multivariate statistical analysis was performed by
multiple linear or logistic regression using the SPIDA
statistical package (The Statistical Laboratory, Mac-
quarie University, Australia). The collinearity diag-
nostics described in the SPIDA manual30 were applied
in the logistic regression analysis, and adjusted odds
ratios (OR) were calculated with a 95% confidence
interval (CI). Adjustments were made for the poten-
tial confounders age, sex and current smoking. In all
statistical analyses, two tailed tests and a 5% level of
significance was applied.

RESULTS

Personal characteristics
The mean age of the participants was 32 years (SD 7),
and the average period of occupation of the present
dwelling was 6 years (range 0.5–38 years). The aver-
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age FEV1 value was 107% of predicted value (SD 13),
and average PEF variability was 4% (range 0–26%).
Cases of current asthma had a higher prevalence of
asthma medication and atopy, but did not differ from
controls with respect to current or previous smoking
(Table 1).

Other risk factors and characteristics of the dwellings
Most of the buildings (84%) were heated by a water-
borne central heating system; no kerosene heaters or
gas stoves were used. In the random sample of 429
subjects, 24.0% reported at least one sign of building
dampness or microbial growth. The 12-month preva-
lence of water damage, floor dampness, visible moulds
and mouldy odour in the dwelling was 15.8%, 4.7%,
8.7%, and 6.0%, respectively, in the random sample.
The occurrence of building dampness in dwellings
was significantly more common among those with
current asthma (Table 2).

To evaluate whether there were any confounding
problems, the distribution of important risk factors
was compared between subjects with and those with-
out signs of dampness in the dwelling. In total, half
(49%) of all participants had university education;
among these 29% reported dampness. A similar prev-
alence of dampness (25%) was found among subjects
without academic education. Passive smoking was
reported in 8.1% of dwellings without building
dampness, and in 10.1% of those with building damp-
ness. In dwellings without building dampness, 30%
of subjects had furry domestic animals (cat or dog);
the corresponding figure was 26% in damp dwellings.
Parental heredity for allergy was similar among par-
ticipants in dwellings with and those without damp-
ness (48% and 47%, respectively). None of these
minor differences in distribution of risk factors between
dwellings with and those without dampness were sta-
tistically significant.

Current asthma in relation to building dampness
In the case-control study on current asthma, presence
of at least one sign of building dampness in the dwell-

ing was significantly more common among cases than
among controls (crude OR � 1.9; 95% CI 1.2–3.0).
Significant relationships were observed for dampness
in the floor (crude OR � 4.7; 95% CI 2.2–10.0), and
for water damage or flooding in the dwelling (crude
OR � 1.8; 95% CI 1.02–3.2). These relationships
were significant even after adjustment for possible
influence of age, sex and current smoking, and no
problems of collinearity were detected in the regres-
sion models (Table 3).

Asthma symptoms and other clinical signs
in relation to building dampness
In the further statistical analysis performed in all 562
participants, a comparison was made between build-

Table 1 Demographic and medical data for cases of clinically 
verified asthma (n � 98) compared to population controls 
without asthma (n � 357)

Characteristics

Cases of 
current asthma

(n � 98) 
(%)

Controls
(n � 357)

(%)

Women 57 47
Asthma medication 38 0.8***
Current tobacco smoker 27 19
Ex smokers 21 26
Atopy 67 36***

***P 	 0.001.
Subjects with bronchial hyperresponsiveness reported whistling in the chest,
daytime attacks of shortness of breath during exercise or rest, or wakening
with breathlessness or tightness in the chest.

Table 2 Selected characteristics of the dwellings for cases of 
clinically verified asthma (n � 98), as compared to controls 
without asthma (n � 357)

Characteristics

Cases of
current asthma 

(n � 98)
(%)

Control
(n �357)

(%)

Age of dwelling
�1960 31 29
1961–1970 20 21
1971–1980 20 25

1980 29 25

Type of house
Detached 29 30
Terrace 17 12
Apartment 51 56
Other 3 2

Wooden house 39 38

Mechanical ventilation system 68 73

Wall to wall carpets in the dwelling 14 18

Signs of building dampness last
12 months
Water damage or flooding 23 14*
Dampness in the floor 15 4***
Visible mould on indoor surfaces 14 8
Mouldy odour 7 6
At least one sign 35 22*

*P 	 0.05, ***P 	 0.001 by �2 test for 2 � 2 table.
Age � 2% of subjects with asthma and 3% of subjects without asthma do
not know the age of their dwelling; Dampness � blackness on parquet floor
or bubbles under PVC floor coatings.

Table 3 Relationship between clinically verified asthma and 
signs of building dampness in the last 12 months in dwellings 
(98 cases and 357 controls)

Signs of building dampness in the dwelling
Current asthma

OR (95% CI)

Water damage or flooding 1.8 (1.002–3.2)*
Dampness in the floor 4.6 (2.0–10.5)***
Visible mould on indoor surfaces 1.9 (0.93–3.8)
Mouldy odour 1.1 (0.42–2.9)
At least one sign 1.8 (1.1–3.0)*

*P 	 0.05, ***P 	 0.001.
OR � odds ratio with 95% confidence interval (CI) calculated by multiple
logistic regression, adjusting for possible influence of age, sex and tobacco
smoking; Dampness � blackness on parquet floor or bubbles under PVC
floor coatings.
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ing dampness and different asthma symptoms, adjust-
ing for possible influence of age, sex and smoking. A
significant relationship was observed between various
signs of building dampness in the dwelling (except
mouldy odour) and wheeze, daytime breathlessness,
and nocturnal breathlessness (Table 4). Finally, asso-
ciations between clinical signs other than BHR and
building dampness were investigated in the total
material. The average FEV1 was 102% (SD 13%) in
dwellings with dampness in the floor and 108% (SD
16%) in dwellings with no signs of dampness (P 	
0.05). This difference was significant even when adjust-
ing for possible influence by age, sex and smoking
habits by multiple linear regression analysis. No sig-
nificant relation between FEV1 and other types of
building dampness was observed. The average PEF
variability was 5.4% (SD 5.0%) in dwellings with
dampness in the floor and 3.8% (SD 3.1%) in those
without (P 	 0.01). These differences were significant
even when adjusting for possible influence by age, sex
and smoking habits by multiple linear regression
analysis. Blood eosinophil concentration (B-EOS)
was significantly higher in dwellings with at least one
sign of building dampness and those with water dam-
age (Table 5). No relation was found between build-
ing dampness and serum IgE or atopy.

Immediate type allergy to house dust
mites and moulds
The prevalence of positive skin prick tests to house
dust mites (D. pteronyssinus) was 7.9% in the ran-
dom population sample. The prevalence of immediate
type allergy to house dust mites in the population
sample by RAST or skin prick test was 11.2%. The
occurrence of immediate type allergy to house dust
mites was 17.3% among cases of current asthma and
10.9% among controls, a non-significant difference
(crude OR � 1.7; 95% CI 0.93–3.17). Similar results
were obtained when adjusting for age, sex and smok-
ing by logistic regression (adj OR � 1.7; 95% CI
0.90–3.14).

The relationship between signs of building damp-
ness in the present dwelling and skin test reactivity
to D. pteronyssinus was investigated. The preva-
lence of immediate type allergy to house dust mites

was 10.9% among subjects in dwellings without any
sign of building dampness, and 13.3% in dwellings
with at least one sign of building dampness, a non-
significant difference (crude OR � 1.3; 95% CI 0.71–
2.20). Possible confounding of allergy to house dust
mites on observed relationships between current
asthma and building dampness was evaluated by mul-
tiple regression analysis, controlling for possible
influence of age, sex, smoking, and immediate type
allergy to D. pteronyssinus. All relations between
building dampness and current asthma remained sig-
nificant, even when adjusting for house dust mite
allergy in the regression models.

The prevalence of immediate type allergy to
moulds (Cladosporium or Alternaria) was 4.0% in
the population random sample. Immediate type
allergy to moulds was significantly more common
among cases of current asthma than in controls
(crude OR � 2.9; 95% CI 1.23–6.87). A somewhat
higher odds ratio was obtained when adjusting for
age, sex and smoking by logistic regression (adj
OR � 3.4; 95% CI 1.35–8.46). In addition, immedi-
ate type allergy to moulds was more prevalent in
damp dwellings. The prevalence of mould allergy
was 3.9% among subjects in dwellings without
any sign of building dampness and 9.3% in dwell-
ings with at least one sign of building dampness; the

Table 4 Asthma-related symptoms in relation to different signs of building dampness in the last 12 months in dwellings (n � 562)

Wheeze
OR (95% CI)

Daytime
breathlessness
OR (95% CI)

Nocturnal
breathlessness
OR (95% CI)

At least one
asthma symptom

OR (95% CI)

Water damage or flooding 1.6 (1.03–2.6)* 2.2 (1.4–3.7)** 2.2 (1.4–3.5)** 1.9 (1.2–2.9)**
Dampness in the floor 2.8 (1.4–5.5)** 3.1 (1.5–6.2)** 2.7 (1.3–5.4)** 3.3 (1.6–6.8)**
Visible mould on indoor surfaces 2.4 (1.4–4.3)** 2.2 (1.2–4.0)* 2.5 (1.4–4.5)** 2.9 (1.6–5.3)***
Mouldy odour 1.5 (0.74–3.1) 1.6 (0.75–3.6) 1.7 (0.81–3.7) 1.8 (0.89–3.8)
At least one sign of dampness 2.2 (1.5–3.2)*** 2.2 (1.4–3.4)*** 2.0 (1.3–3.1)*** 2.2 (1.5–3.2)***

*P 	 0.05, **P 	 0.01, ***P 	 0.001.
OR � odds ratio calculated by multiple logistic regression, adjusting for possible influence of age, sex and tobacco smoking; Dampness � blackness on parquet
floor or bubbles under PVC floor coatings.

Table 5 Blood eosinophil count and serum ECP in relation
to different signs of building dampness in the dwelling

Dwellings (n � 562)

Type of sign of dampness
B-EOS

S(95% CI)
S-ECP

S(95% CI)

Water damage or flooding 45 (11–79)** 1.0 (�1.2–3.2)
Dampness in the floor 27 (�25–79) �2.1 (�5.6–1.4)
Visible mould on

indoor surfaces 11 (�30–52) �0.9 (�3.6–1.8)
Mouldy odour �45 (�7–97) �2.7 (�6.3–0.9)
At least one sign of

dampness 41 (2–60)* 0.5 (�0.4–3.4)

*P 	 0.05, **P 	 0.01.
B-EOS � increase of blood eosinophil concentration (106/L) (S) with 95%
confidence interval (95% CI); S-ECP � increase of serum eosinophilic cationic
protein (�g/L) (S) with 95% CI. Calculated by multiple linear regression,
adjusting for possible influence of age, sex and tobacco smoking. Dampness �
blackness on parquet floor or bubbles under PVC floor coatings.
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difference was significant (crude OR � 2.6; 95% CI
1.24–5.24).

Relationships between observed and 
self-reported building dampness
Relationships between observed and reported build-
ing dampness were studied in a stratified sample of 62
buildings where information was available from both
the participant living in the dwelling and the visiting
occupational hygienist. There were significant rela-
tionships between the following observed and self-
reported signs of building dampness: water damage
(Cohen’s Kappa 0.40; P � 0.001), visible moulds
(Cohen’s Kappa 0.36; P � 0.004), and at least one
sign of building dampness (Cohen’s Kappa 0.30; P �
0.007). If the observation made by the hygienist was
taken as the gold standard, sensitivity was 75% and
specificity was 81% for signs of water damage. For
visible mould growth, sensitivity and specificity were
respectively 50% and 91%. If presence of at least one
sign of building dampness was used as a criterion of
building dampness, sensitivity and specificity were
respectively 74% and 71%.

To study the possible influence of recall bias, sensi-
tivity and specificity were calculated for subjects with
and those without any asthma symptom (wheeze, or
daytime or nocturnal attacks of breathlessness). Among
the 29 subjects without asthma symptoms, sensitivity
was 100% and specificity was 70% for at least one
sign of building dampness (Cohen’s Kappa 0.25).
Among the 33 subjects with asthma symptoms, sensi-
tivity was 67% and specificity was 71% (Cohen’s
Kappa 0.33).

DISCUSSION AND CONCLUSION

In this study significant relationships were demon-
strated between building dampness and current
asthma, particularly for dampness in the floor con-
struction. In addition, relationships between building
dampness and FEV1, PEF variability and blood eosin-
ophil counts were observed. The observed relation-
ships could not be explained by confounding between
building dampness and other known risk factors such
as education level, passive smoking, domestic ani-
mals, or parental heredity for allergy.

A significant agreement was found between self-
reported and observed signs of building dampness,
which demonstrate that the questions on building
dampness, water damage and mould growth were reli-
able. Moreover, no great differences in agreement were
found between observer and participants when com-
paring subjects with and those without asthma symp-
toms. If the presence of at least one sign of building
dampness was used as a criterion for building damp-
ness, sensitivity was 74% and specificity was 71%.
Good reproducibility of self-administered questions
on building humidity, visible moulds and flooding has

been reported from Canada31 and the Netherlands,32

with similar reporting of signs of dampness by sub-
jects with and those without respiratory symptoms.32

Selection bias due to a low response rate is less
likely as the participation rate in the initial postal
questionnaire was high (87%), and participants and
non-participants in the clinical study did not differ
with respect to age, sex or smoking habits. The expo-
sure assessment was performed in parallel with the
medical investigations, and relations were found
between both symptom reports and clinical signs.
Many relations were significantly below the 1% level,
and similar results were obtained both in the crude
analysis and by logistic regression analysis. Thus, we
do not believe that our conclusions are seriously
biased by selection or response errors, or due to
chance findings.

Signs of building humidity or microbial growth
were found in 24% of the dwellings in the random
population sample. In two subsequent Swedish
studies,22,33 using the same questions as in our investi-
gation, dampness was reported in 17% and 19% of
randomly selected dwellings. Brunekreef reported
building dampness in 24% and visible mould growth
in 15% of homes in Helmond, the Netherlands.14 In
our study, visible mould was observed in 9% of the
dwellings. Dale et al. reported building dampness in
36% of Canadian homes.15 In the UK, dampness was
found in 30.8% and mould growth was found in
45.9% of public housing in Glasgow.12

Our finding of a relationship between current
asthma and building dampness agrees with earlier
studies,11–15 most of which were based in temperate
climates in Europe or North America; a recent study
from Taiwan, however, suggests that respiratory
effects due to mould growth in dwellings can also be
found in subtropical regions.34

Allergy to house dust mites is a well-known cause
of asthma in warmer climates,35 but is less common in
Northern Europe. In the present study an 11.2% prev-
alence of immediate type allergy to D. pteronyssinus
was found in the random population sample. This fig-
ure is similar to the prevalence of skin test reactivity
to D. pteronyssinus reported from the two other
Swedish centres in the ECRHS study,36 and some-
what lower than the 12.5% prevalence of allergy to
house dust mites observed in the Danish Glostrup
study.37 We found no relationship between building
dampness or current asthma and skin test reactivity
to D. pteronyssinus, and the relation between build-
ing dampness and current asthma was significant
even after adjustment for allergy to house dust mites.
This suggests that immediate type allergy to house
dust mites does not explain the observed health
effects of building dampness. In contrast, immediate
type allergy to moulds (Cladosporium sp or Alterna-
ria sp) was more than twice as prevalent in damp
dwellings, and current asthma was three times more



374 The International Journal of Tuberculosis and Lung Disease

common among subjects with mould allergy. This
suggests that immediate type allergy to moulds in
damp buildings can explain some of the respiratory
effects observed.

The strongest observed effect on current asthma
was dampness in the floor construction. The ques-
tions on floor dampness were aimed at identifying in-
direct signs of increased dampness—bubbles under
the PVC floor coating may occur due to alkaline hy-
drolysis of phtalates in PVC floor material or glues, in
the presence of dampness.18 A particular problem in
Sweden has been casein-containing self-levelling mor-
tar, used from 1977–1983, which causes release of
ammonia and blackening of parquet floorings in the
presence of floor dampness.38 Moreover, a relation-
ship has been reported between parquet blackening
and irritation of the eyes and throat.38

In conclusion, building dampness and microbial
growth indoors are common in dwellings in Sweden,
and are related to an increase of current asthma and
signs of inflammation. A particularly strong influence
was observed for signs of dampness in the floor con-
struction. Immediate type allergy to house dust mites
does not seem to be the explanation, but immediate
type allergy to moulds could explain some of our find-
ings. Since asthma is a severe and increasing disease,
measures should be taken to reduce dampness and
microbial growth in buildings. This could be achieved
in different ways, such as avoiding dampness during
construction, keeping a sufficient air exchange rate in
relation to the production of humidity by the occu-
pants, and avoiding constructions or building sites
with increased risk for building dampness.
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R É S U M É

CADRE : Asthme actuel chez les adultes en relation avec
l’environnement intérieur.
OBJECTIF : Apprécier l’effet de l’humidité du bâtiment
dans les habitations sur la présence d’asthme actuel et
sur les signes biochimiques d’inflammation.
SCHÉMA : Il s’agit d’une étude cas-témoin en nid avec 98
cas d’asthme actuel et 357 contrôles, au sein d’un échan-
tillon stratifié au hasard de la population (20 à 45 ans)
provenant de la contribution d’Uppsala, Suède, à
l’enquête de la Communauté Européenne sur la Santé
Respiratoire (ECRHS). L’asthme actuel est défini
comme une combinaison d’hyperréactivité bronchique
et d’au moins un symptôme asthmatique (sifflement ou
crise de dyspnée). Les calculs statistiques ont été con-
duits par régression linéaire multiple ou logistique avec
ajustement pour l’âge, le sexe et le tabagisme.
RÉSULTATS : L’humidité du bâtiment a été trouvée dans
27% des habitations. L’asthme actuel fut plus courant
parmi les sujets vivant dans des habitations humides
(odds ratio [OR] � 1,8 ; intervalle de confiance 95%
[IC 95%] 1,1–3,0), particulièrement en présence
d’humidité dans la construction des planchers (OR �

4,6 ; IC 95% 2,0–10,5). Le volume expiratoire forcé par
seconde (VEMS) moyen est plus bas et la variabilité du
débit expiratoire forcé (DEP) est plus élevée chez les
sujets provenant d’habitations dont le sol est humide ;
les décomptes d’éosinophiles sanguins sont augmentés
dans les habitations humides. L’on n’a pas trouvé de
relation entre une allergie de type immédiat aux mites
de la poussière de maison et l’asthme actuel ou
l’humidité des bâtiments. Une allergie de type immédiat
à l’égard des moisissures (Cladosporium ou Alternaria)
est plus fréquente dans les habitations humides (9,3%
vs 3,9%) et est en relation avec l’asthme actuel (OR �
3,4 ; IC 95% 1,4–8,5).
CONCLUSIONS : L’humidité du bâtiment est fréquente
dans les habitations en Suède et semble en relation avec
une augmentation de l’asthme actuel et les signes bio-
chimiques d’inflammation. L’allergie de type immédiat à
l’égard des mites de la poussière de maison ne semble pas
en être l’explication, mais une allergie de type immédiat
à l’égard des moisissures pourrait peut-être expliquer
certaines de ces observations.

R E S U M E N

MARCO DE REFERENCIA : Asma actual en adultos en re-
lación con el ambiente interno.
OBJETIVOS : Evaluar el efecto de la humedad en el edifi-
cio de la vivienda sobre la frecuencia del asma actual y
los signos bioquímicos de inflamación.
MÉTODO : Un estudio de casos controlados con 98 casos
de asma actual y 357 controles, dentro de una muestra
de población estratificada y al azar (20–45 años) de la
contribución de Upsala a la Encuesta de Salud Respira-
toria de la Comunidad Europea (ECRHS). Se definió el
asma actual como la combinación de hiper-reactividad
bronquial y por lo menos un síntoma asmático (silbido o

ataque de disnea). Los cálculos estadísticos se hicieron
por regresión múltiple lineal o logística, ajustada a edad,
sexo y tabaquismo.
RESULTADOS : La humedad se encontró en el 27% de
las viviendas. El asma actual era más común en las per-
sonas que vivían en viviendas con humedad (odds ratio
[OR] � 1,8 ; 95% intervalo de confianza [IC] 1,1.–3,0),
especialmente con humedad en la construcción de los
pisos (OR � 4,6 ; 95% IC 2,0–10,5). El flujo espiratorio
forzado medio en un segundo (FEV1) era más bajo y las
variaciones del PEF eran más altas en las personas cuyas
viviendas tenían humedad en el piso ; en estas personas
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los eosinófilos sanguíneos estaban aumentados. No se
encontró relación entre la alergia inmediata a los ácaros
del polvo y el asma actual o a la humedad de la vivienda.
La alergia inmediata a hongos (Cladosporium o Alter-
naria) era más prevalente en las viviendas con humedad
(9,3% versus 3,9%) y estaba relacionada con el asma
actual (OR � 3,4 ; 95%IC 1,4–8,5).

CONCLUSIÓNES : La humedad en los edificios es común
en las viviendas en Suecia y parece estar relacionada con
el asma actual y con signos bioquímicos de inflamación.
La alergia inmediata a los ácaros del polvo no parece ser
la explicación de estos hechos pero la alergia inmediata
a los hongos podría explicar algunos de estos hallazgos.


