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ABSTRACT

The scientific literature on health effects associated with “dampness” in buildings including
literature between 1998 and 2000 has been reviewed by an European group (EUROEXPO).
The groups consisted of scientists with experience from medicine, epidemiology, toxicology
and engineering. Of the 104 reviewed articles 52 were excluded as they were judged as
background papers or “non-informative” or “inconclusive” or the study did not present data
on exposure, health effect or analysis of the association between exposure and health. The
review groups concluded that “dampness” in buildings is a risk factor for health effects such
as cough, wheeze, asthma, general symptoms and airway infections among atopics and non-
atopics, both in domestic and public environments. However, the literature is inconclusive in
respect of causative agents in such buildings. Suggested causative agents are mites,
microbiological agents and organic chemicals from degraded building materials.

INDEX TERMS
Review, Indoor environment, Damp buildings, Mite exposure, Health effects

INTRODUCTION

In an earlier consensus work (NORDDAMP) the literature (prior to July 1998) on dampness
in buildings (mite-exposure not included) and health was evaluated (Bornehag et al. 2001).
The review showed that “dampness” in buildings appears to increase the risk for a number of
health effects, such as cough, wheeze, and asthma. Relative risks are in the range of OR 1.4-
2.2. The group concluded that the evidence for a true association between “dampness” and
health effects is strong. However, the literature was not conclusive as to what agents in indoor
air relating to “dampness” are responsible for the health effects. Mites in dwellings can
explain some, but probably not all, of the health problems. The aim of this review has been to
update the NORDDAMP review (1998-2000) and to include articles dealing with mite-
exposure. Another aim was to include experience and questions from other parts of Europe.

METHOD

In light of earlier consensus work (Andersson et al. 1997, Ahlbom et al. 1998, Bornehag et al.
2001) a group of nine European scientists was established for the task, i.e. the EUROEXPO-
group. The invited scientists had documented expert knowledge in at least one of the
following areas: occupational medicine, building hygiene, HVAC engineering, building
physics, microbiology, allergy or epidemiology. The review included only peer-reviewed
articles (original articles) published in scientific journals. A literature search including pet-
exposure and health effects (not reported here) was carried out in Medline and PubMed.
Publication dates from 1998/01/01 to 2000/04/30.

The literature search identified 547 articles. Of these 443 were excluded, from abstracts, as
they were reviews, case studies, and studies of occupational exposures or because they did not
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present data on both exposure and health effects or an analysis on associations between
exposure and health. Consequently, the review group has scrutinized 104 articles.

Before the review seminar, all 104 articles were distributed to the group. A “reporter”
presented each article with comments from an “assessor” after which the article was discussed
and evaluated on the basis of the following criteria:

-Is exposure and health effects charted and described in a relevant manner, with respect to e.g.
time of exposure (e.g. infancy, childhood years, actual exposure)?

-Is the selection of the investigated persons satisfactory?

-Is the statistical analysis including control of “confounders” and effect modification
satisfactory?

Of the 104 reviewed articles 52 were excluded as they were judged to be background papers
or “non-informative” or “inconclusive” or the study did not present data on exposure, health
effect or analysis of the association between exposure and health. The term “non-informative”
indicates that the article lacks essential information concerning exposure or health effects or
that the analysis did not consider possible confounding from other factors. The term
“inconclusive” indicates that data processing or reporting makes it impossible to draw
conclusions concerning the relationship between exposure to “dampness” and health effects. It
should be pointed out that many of the studies excluded have had other objectives than
investigating associations between “dampness” and/or mite-exposure and health. Furthermore,
12 studies were excluded as they dealt only with pet-exposure and health effects. Finally, a
proposal was made for a consensus statement concerning all the articles scrutinised.
Consequently, 40 studies have formed the foundation for the conclusions.

When articles were discussed, anyone of those present who was author or co-author of the
article concerned left the room. The group agreed on the position taken regarding each article,
concerning both the relevance of the article to the issues at hand, and the conclusions that can
be drawn from the article.

RESULTS

Due to the risk of bias, the ideal study would include independent observations of health
effects and exposure. Objective tests of health effects, such as results of e.g. blood tests (total
and specific serum IgE), skin prick tests (SPT), lung function tests and measurements of bio-
markers (e.g. blood eosinophil count, eosinophil cationic protein (S-ECP)) should not be
influenced by recall bias. Also, signs of e.g. bronchial obstruction diagnosed by physicians
could be deemed as independent observations. Similarly, assessment of exposures made by
independent experienced inspectors (observed) or exposure measurements of dampness
related agents provide methods to reduce information bias reported in the literature.

In the following presentation the studies have been divided into one or more of 4 categories
depending on the type of data for exposure (i.e. self-reported and/or inspections (observed)
and exposure measurements) and health effects (i.e. self-reported and/or clinical findings
including physician diagnoses).

Dampness in buildings and health effects
Twenty-eight studies present data on dampness in buildings and its association with health
effects.

In 15 studies data from self-reported dampness and self-reported symptoms were presented. In
13 of these studies a positive association was found between reported dampness in buildings
and health effects (typically asthma and wheezing). In 2 studies such an association was not
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seen (Wickens et al. 1999; Ponsonby et al. 1999). In the study by Wickens et al. (1999) high
mite exposure may have contributed to the negative association.

Associations between self-reported dampness and objective health outcome (signs and tests)
were found in 6 studies. Self-reported dampness was associated with doctor diagnosed health
outcome such as current asthma and severity of asthma (Lindfors et al. 1999; Norbick et al.
1999; Wever-Hess et al. 2000). In two studies there was an association between “dampness”
and sensitization (Lindfors et al. 1999; Schafer et al. 1999A). However, Ronnmark (et al.
1999) found no association between “dampness” and atopic asthma. In five out of six studies
in this group an association between self-reported “dampness” and clinical outcomes was
reported.

In five studies data on observed “dampness” (inspected) and/or “dampness”-related exposures
and self-reported symptoms were reported. One study included inspections of dampness
(Koskinen at al. 1999) and showed an association between dampness and symptoms.
Exposures that were reported to be associated with symptoms were fungal extra cellular
polysaccharides (EPS) in dust (Douwes et al. 1999), mould spores (Garret et al. 1998) and
glucanes (Wan et al. 1999B). In four of the five studies positive associations between
exposures and self-reported health symptoms were reported.

Associations between reported dampness and/or dampness-related exposures and clinical
findings were reported in three studies. Exposure to fungal genera was showed to increase the
risk for sensitization in children (Garret et al. 1998) and airborne microbes were associated
with inflammatory markers in nasal lavage in adults (Hirvonen et al. 1999). In one study
observed “dampness” was associated with doctor diagnosed bronchial obstruction in children
(Oie et al. 1999).

Mite-exposure and health effects
Eighteen studies presented data on mite-exposure in buildings and health effects such as
sensitization, lung function and symptoms.

In five studies data on mite-exposure and symptoms were reported. Five intervention studies
showed that preventive measures reduced the mite exposure (Shapiro et al. 1999; Warner et
al. 2000; Moon et al. 1999 and Nishioka et al. 1998; Cloosterman et al. 1999). However, in
only one of these studies was there an improvement in symptoms (Moon et al. 1999). In two
case-control studies on children, mite-exposure and current asthma were investigated. Sporik
et al. (1999) showed an association between current exposure and asthma; however, Wickens
et al. (1999) found no such association

In 16 studies there were data from mite-exposure and clinical findings including sensitization.
Interventions were shown to decrease the risk for sensitization (Nishioka et al. 1998) and
bronchial hyperreactivity (BHR) (Shapiro et al. 1999; Warner et al. 2000). However,
Cloosterman et al. (1999) reported that allergen reduction did not improve clinical conditions
of mild allergic asthmatics and Julge et al. (1998) found no association between indoor
allergen exposure and atopy in children. Seven studies reported that exposure to mites and
cockroaches increased the risk for sensitization (Eggleston et al. 1998; Sporik et al. 1999;
Ricci et al. 1999; Holm et al. 1999; Nahm et al. 1998; Warner et al. 1999; Warner et al. 1998).
In four studies mite- and cockroach exposure were associated with decreased lung function
(Weiss et al. 1998; Jalaludin et al. 1998; Tunnicliffe et al. 1999; Nicolai et al. 1998).

DISCUSSION

The review shows that “dampness” in buildings is a risk factor for health effects among
atopics and non-atopics, both in domestic and public environments. The association between
both self-reported and observed dampness respectively and symptoms are in the same range as
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in the earlier review (Bornehag et al. 2001) which means that dampness approximately
doubles the risk for symptoms.

The risk is increased for both children and adults; however, most of the studies concerned
children. Furthermore, the main part of the studies has a cross-sectional design and very few
longitudinal (prospective) studies were identified, thus decreasing the possibility to draw
conclusions on causative mechanisms.

Concerning dampness-related exposures, the review found some indications that mould spores
were associated with both symptoms and sensitization. Such results were also seen in the
NORDDAMP review. However, the literature is still not conclusive with respect to causative
agents in damp buildings. Concerning mites it seems clear that such exposure increases the
risk for sensitization. However, the results reported did not show that interventions improved
health in a conclusive manner. One reason for this could be that the intervention time was to
short.

One question is why there are no new findings concerning associations between dampness-
related exposures and health. The OR s for reported associations between measured exposures
and clinically diagnosed health effects are in the same range as associations between more
diffuse self-reported indicators for dampness and health. This is an indication that the
causative agents have not been identified. It should be pointed out that most studies have
investigated microbiological agents, not chemical substances related to dampness.

In total, the conclusions on an association between dampness and health accord well with the
earlier review made by NORDDAMP (Bornehag et al. 2001). The discussion in
NORDDAMP on different kinds of bias is still valid which means that there is good evidence
for a true association between dampness and health. Bias or confounding may have
contributed to some, but probably not all of the associations reported. Suggested causative
agents in damp buildings are:

Mites: Exposure to mites has been shown to increase the risk of sensitization and allergic
disease. In all studies where adjustment for mite exposure has been made the association
between dampness and health decreased but remained mainly significant. The OR for the
association between dampness and health seems to be almost the same all over the world with
very different climate conditions and different prevalence of mite infestation. So, mite
exposure cannot explain all health effects related to damp buildings.

Microbiological agents: The possible role of microbes/moulds as a (major) causative agent
for dampness-related health effects is unclear and the literature is not conclusive. The
prevalence of sensitization to mould allergen is low; however, there is a possibility of yet
unrecognized fungal allergens. Furthermore, agents of microbial origin may act as odorous,
irritant and toxic substances.

Organic chemicals: A high moisture content in materials can give rise to degradation
procedures with emission of substances as a result. Such compounds can give rise to odour,
irritation and maybe allergic reactions. However, the literature concerning dampness-related
health effects from such compounds in relevant concentrations is inconclusive.

General conclusions

The review has shown that there is a strong need for multidisciplinary reviews in scientific
journals on articles including associations between indoor environmental factors and health
effects. It is essential to carry out more real multidisciplinary studies including competence
from all relevant disciplines. The studies should include not only a cross-sectional design, but
also longitudinal prospective designs and intervention studies. The recommendation to the
general public is to remediate damp buildings and to avoid mite exposure.
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