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This review examines whether there is a direct or indirect relation between
damp or mould in the home and respiratory health. Home dampness is
thought to have health consequences because it has the potential to increase
the proliferation of house-dust mites and moulds, both of which are
allergenic. The results from the many studies conducted lo investigate
whether damp and mould are associated with health outcomes are difficult
to compare because the methods of measuring exposures and health
outcomes have not been standardized. However, the studies that have been
conducted in children are probably the most reliable because the
confounding effects of active smoking or occupational exposures are absent,
and because the presence of symptoms of cough and wheeze have been
consistently investigated in many studies. The increased risk of children
having these symptoms if the home has damp or mould is fairly small with
an odds ratio that is generally in the range 1,5-3,5, these estimates being
statistically significant when the sample size has been large enough. This
range is consistent with the measured effects of other environmental
exposures which are considered important to health, such as environmental
tobacco smoke or outdoor air pollutants. The potential benefits of reducing
mould in the home have not been investigated, and the few studies that have
investigated health improvements as a result of increasing ventilation or
reducing damp in order to reduce house-dust mite levels suggest that this
intervention is expensive, requires a large commitment, and is unlikely to
be successful in the long term. This implies that houses need to be specifically
designed for primary prevention of respiratory problems associated with
indoor allergen proliferation rather than using post hoc procedures to
improve indoor climate and reduce allergen load as a secondary or tertiary
preventive strategy.
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Damp in the home may have health consequences
because of its action in increasing the proliferation
of house-dust mites and moulds, both of which arc
allergenic. However, it is difficult to collect direct
evidence that building design influences the indoor
environment and, in turn, allergen levels and res-
piratory health. In practice, il is not possible to
monitor closely indoor microclimates, which arc
complex and are influenced by many factors,
including building materials, ventilation, water con-
tent, and Ihc effects of heating and cooling; there-
fore, the factors which influence exposure to indoor
allergens have not been accurately identified.

Moreover, there arc inherent limitations in the
design of the studies which can be used to investi-
gate whether there is a relation between indoor
exposure and clinical outcome. Because cohort
studies arc constrained by the financial and practi-
cal problems of measuring exposure over extended
periods, the studies from which there is evidence
have been cross-sectional or case-control in design,
because these provide more immediate results, but
there arc obvious problems in using their results to
infer direct causal effects.

This review summarizes the literature which has
investigated respiratory health outcomes in rela-
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Effects of damp and mould

Table 1. Associations between house-dust mite levels and housing characteristics that have been reported

Authors Study design Effect

Cabrera et al. 09951164) Der p 1 levels in beds of asthmatic patients in Der p 1 levels Vifere 4-8-fold lower in homes where dehumidifier was used

to homes in Spain

Chan-Yeung et al. (1995) 113) Der p 1 levels in beds and floors of asthmatics

in 57 homes in Vancouver and 63 in

Winnipeg

Colloff 11992) (58)

Dornelas de Andrade et al.

(1995)(65)

Dotterud et al. (1995) (66)

Fletcher et al. (1996) (23)

Harving et al. (1993) (19)

Kaira et al. (1992) (16)

Kuehr et al. (1994) (67)

Lintner&Brame(1993)(11)

Malainual etal. (1995)(68)

Munir et al. (1995) (691

Placido et al. (1996) (70)

Sundell etal. (1995) (71)

Tovey et a I. (1996) (72)

vanStrienetaL(1994)(20)

van Strien et al. (1995) (73)

Wickman et al. (1993) (74)

Wickman et al. (1994) (75)

Zock et al. (1994) (76)

House-dust mite numbers in beds of 23

people with atopic dermatitis in UK

Der p 1 levels from cross-section of 108

homes in France

House-dust mite numbers in beds of 19 atopic

and 19 nonatopic children in Norway

Der p 1 levels in beds and floors of nine

homes with mechanical ventilation heat

recovery units and nine control homes in UK

House-dust mite numbers in 96 homes of

asthmatics in Denmark

Der p 1 levels in beds and floors of homes of

40 asthmatic patients in UK

Der p 1 levels in beds of cohort of 1291

children in Germany

Der p 1 levels in beds or carpets in 424 homes

in USA

Der p 1 levels in beds in 630 buildings in

Thailand

Der p 1 levels in beds and floors of 130 homes

of asthmatic children in three regions of

Sweden

Der p 1 levels in floors of 59 asthmatics, 36

house-dust-mite-sensitized subjects, and

23 controls in Portugal

Der p 1 levels in beds and floors from 30

homes with levels above 2 mg/ml and 30

homes with levels below 1 mg/ml in

Stockholm

Der p 1 levels in beds and floors of over 600

randomly selected children in nine regions

of Australia

Der p 1 levels from 516 houses in The

Netherlands; relative humidity measured in

19 homes

Der p 1 levels from beds of 46 "high-risk"

infants (with atopic mothers) and 56 "low

risk" infants in The Netherlands

House-dust mite numbers in dust from 65

homes of house-dust-mite-sensitized

children in Sweden

Der p t levels in mattresses from 70 houses in

Sweden

Der p 1 levels from homes of 228 asthmatic

children in The Netherlands

Der p 1 levels related to age of home, storey, type of heating, and number of

occupants

House-dust mite numbers slightly higher in mattresses in damp homes

Der p 1 levels lower in homes with low relative humidity but no relation to

presence of mechanical ventilation, water vapour, heating, or air vents or to

use of humidifiers
House-dust mite numbers slightly higher in homes with poor ventilation,

increased humidity, and water leaks
Der p 1 levels not significantly lower in homes with mechanical ventilation

heat recovery units

House-dust mite numbers related to indoor humidity and air-exchange rates

No correlation between Der p 1 levels and house type, ventilation, or

presence of double glazing

Der p 1 levels higher in rooms with damp spots, higher relative humidity, and

low storey level, and lower in homes with underfloor heating

Der p 1 levels lower in homes with air-conditioning, especially in summer

months
Der p 1 levels not different between regions or building types (single house,

shop, slum house, and hotels)
Der p 1 levels higher in homes with dampness problems and in homes without

basement; also higher in homes with higher relative humidity and poor

ventilation
Higher Der p 1 levels associated with older homes, signs of dampness, and

presence of carpets

High Der p 1 levels associated with high indoor compared to outdoor humidity

and with low air-exchange rates in home

No difference in Der p 1 levels between storey, wall construction, age of

home, carpetting, presence of mould, or ventilation type

Der p 1 levels higher in homes with observed signs of dampness (total sample)

and higher absolute humidity (subsample)

Der p 1 levels lower in beds of infants with new mattresses or blankets and

top plastic sheeting over mattresses

House-dust mite numbers higher in mattresses in basement and ground floor

bedrooms and in tight or damp homes

Der p 1 levels lower in homes with natural ventilation and presence of

basement
Der p 1 levels lower in homes with carpet compared to hard floors

tion to housing characteristics or the presence of
damp or mould in the home. All of the papers from
the last 15 years which could be accessed via
MEDLINE arc included.

Housing characteristics associated with
house-dust mite proliferation
Indoor humidity is thought to have a major con-
trolling influence on house-dust mite populations.

In clinical terms, this is important because house-
dust mite exposure is one of the best documented
environmental causes of asthma (1-4). Because
very low house-dust mite allergen (Der p 1) expo-
sure levels have been associated with sensitization
and symptoms (5). no safe threshold of exposure
to Der p 1 has been confirmed.

Levels of Der p 1 are almost certainly influenced
by local conditions because much higher levels arc
found in humid regions (3, 6-8) and because levels
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Austin & Russell 1997 (32)*

Austin & Russell (32) 1997**

Brunekreef et al. 1989 (33)

Cuijpers et al. 1995 (34)*

Cuijperset al. 1995 (34)*

Cuijpers et al, 1995 (34)**

Cuijpers et al. 1995 (34)**

Martin et al. 1987 (35)*

Plat teta l , 1989(36)*

Plat teta l . 1989(36)**

Strachan 1988 (37)*

Strachan 1988 (37)**

Strachan et al. 1990 (39)**

Waegemaekers et al. 1989 (39)

Males

Females

Females

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 2

Adjusted odds ratio

4 5 6 7 8 910

Fie I Reported associatiotis between wheeze in children and damp or mould in home. Data shown are odds ratios and their 95%
confidencHnterval. Associations with damp are md.cated by * and with mould by " . In studies where both mould and damp
have been combined, no annotation is shown.

undergo spontaneous seasonal changes (9-15),
although such changes have sometimes been small
(16) and have not always been demonstrated (17).
The vast range of Der p 1 levels in homes within
the same climate (3, 8. 13, 18) also supports the
hypothesis that indoor microclimate has a large
influence. A relationship between measurements
of indoor relative humidity and Der p 1 levels in
homes has been established in some studies (8, 16,
19, 20), but not others (13).

The literature which has associated Der p 1 levels
with specific home characteristics has been
reviewed (21). Table 1 shows that housing charac-
teristics which can be assumed to increase indoor
humidity have been associated with higher house-
dust mite numbers or with higher allergen levels in
some, but not all, studies. It has been suggested that
mechanical ventilation may have a major effect on
indoor climate in cold regions but is unlikely to be
effective in regions which have a humid outdoor
climate for a significant part of the year (22, 23).
The finding that beds have higher Der p 1 levels
than floors (12, 24) and that bed, but not floor,
levels arc associated with the severity of airway
hyperresponsiveness (3) suggests that the microcli-
mate that influences allergen exposure from beds
may be more relevant to respiratory health than
that which influences exposure from floors.

There is some evidence that post hoc modifica-
tions to the home environment can reduce allergen

levels. In the USA, the use of air-conditioning to
modify indoor climates reduced house-dust mite
populations and subsequent allergen production
(11), and, in Denmark, modest reductions in house-
dust mite counts were monitored after increased
indoor air-exchange rates to reduce humidity (19,
25), but the counts were low at the onset of the
trial, and the changes achieved were too small to
have chnical importance. In the UK, acaracide
treatment of beds and floors has been shown to
reduce allergen exposure significantly (26) and to
improve airway responsiveness marginally in
house-dust-mite-scnsitizcd asthmatic children (27).

Association between indoor damp or
mould growth and health
In the USA, exposure to Alternaria from outdoor
sources has been associated with asthma exacerba-
tions (28), and, in Australia, we found an important
association between allergic sensitization to
Alternaria and childhood asthma in inland regions
where Alternaria levels are thought to be high as a
result of fanning practices and/or climatic condi-
tions (29). Although children in Australia and New
Zealand become sensitized to other moulds such
as Cladosporium, PenicilUum, and Aspergillus, this
does not appear to have clinical importance in
terms of being a risk factor for the development of
asthma (30, 31). This suggests that levels of cxpo-
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Andrae 1998 (40)*

Austin & Russeii 1997* (32)

Austin & Russell 1997** (32)

Brunekreef et al. 1989 (33)

Cuijpers et al. 1995 (34)*

Cuijpers et al. 1995 (34)*

Cuijpers et al. 1995 (34)**

Cuijpers et al. 1995 (34)**

Martin et al. 1987 (35)*

Platt et al. 1989 (36)*

Platt et al. 1989 (36)**

Strachan 1988 (37)*

Strachan 1988 (37)**

Verhoeff et al. 1995* (41)

VerhoeH et al. 1995* (41)

Waegemaekers et al. 1989 (39)
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I

Males

Females

Males

Females

1 1 1—T—I I
0.3 0.4 0.5 0.6 0.7 0.8 0.9

-I I

4 5 6 7 8 910

Adjusted odds ratio

fig 2 Association between cough in children and damp or mould in home. Data shown are odds ratios and their 9.5% confidence
interval. Associations with damp are indicated by * and with mould by **. In studies where both mould and damp have been
combined, no annotation is shown.

sure to these moulds may be above the threshold
needed to cause sensitization but below that which
promotes airway inflammation, or that these par-
ticular moulds are less potent than Alternaria in
causing airway abnormalities.

The two symptoms which have been investigated
most often in relation to the home environment are
cough and wheeze. Fig. 1 shows the odds ratios
from the studies which have investigated an asso-
ciation between damp or mould in the home and
wheeze in children (32-39), and Fig. 2 shows the
odds ratios for cough (32-41). One study which did
not find a significant effect between damp and
respiratory symptoms but which yielded insuffi-
cient information to compute an odds ratio (42) is
excluded.

Fig. 3 shows the odds ratios for cough and
wheeze in adults associated with damp and mould
in the home (36, 43-45), and Fig. 4 shows the odds
ratios for asthma in both children and adults (33,
39-41, 43-50). Approximately half of the studies
show a significant association between respiratory
symptoms and the presence of damp and mould.
The odds ratios from almost all studies are greater
than unity, although the estimates from studies with
a small sample size are not statistically significant.
The only study which has examined the relation
between the severity of asthma and the amount of
damp in the home was a case-control study of
asthmatic and nonasthmatic subjects in which a

modest correlation between a damp score and an
asthma severity score was found (50).

Housing characteristics associated with
mould growth
There are no practical and accurate methods with
which to monitor mould exposure. Objective meth-
ods such as air sampling, weight gain of wood
blocks, or cultivation of spores from dust have been
tested (36, 38, 49, 51-.S4), but only a modest
agreement between objective sampling methods
and questionnaires has been found (39, 49, 50).
Most epidemiologic studies have relied on ques-
tionnaires completed by occupants to measure the
presence of damp or mould, but evidence from two
studies suggests that occupants are more likely to
report their homes as having damp or mould than
are research investigators, with as much as 30%
disagreement (36, 41), and a recent study suggests
the opposite - that is, that occupants are less likely
to report homes as being damp (50).

Only a small number of studies have investigated
the indoor factors that increase mould levels or the
influence of outdoor mould levels on indoor levels.
As with house-dust mite levels, the wide variations
in mould levels between homes (38) suggests that
indoor microclimate is also an important determi-
nant of mould exposure. In Sweden, moulds
present in winter were associated with housing
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Wheeze Brunekreef et al. 1992 (43)* Males

Brunekreef et al. 1992 (43)» Females

Dales et al. 1991 (44)

Platt et al. 1989 (36)*

Platt et al. 1989 (36)** f—

Cough Brunekreef 1992 (43)* Males

Brunekreef 1992 (43)* Females

Pirhonen et al. 1996 (45)

Platt et al. 1989 (36)*

Platt et al. 1989 (36)**

0.5 0.6 0.7 0.8 0.9 1 2 3

Adjusted odds ratio

F,g. ? Association between cough and wheeze in adults and damp or mould in home. Data shown are odds ratios and their 95%
c.^nfidencc interval. Associations with damp are indicated by * and with mould by - . In studies where both mould and damp
have been combined, no annotation is shown.

Children Andrae et al. 1988 (40)*
Brunekreef 1992 (43)**

Brunekreef et al. 1989 (33)**
Lindfors et al. 1995 (46)*

Mohamed et al. 1995 (47)*
Strachan & Carey 1995 (48)

Verhoeff et al. 1995(41)*
Verhoeff et al. 1995(41)**

Waegemaekers et al. 1989 (39)*
Wickman et al. 1992 (49)

Adults Brunekreef et al. 1989 (33)

Dales et al. 1991 (44)
Pirhonen et al. 1996 (45)

Williamson et al. 1997 (50)*

Males

Females

0.3

— r -
0.4 0.5 0.6 0.7 0.8 0.9.) 2

Adjusted odds ratio

5 6 7 8 910

Fig 4 Association between asthma in children and adults and damp or mould in home. Data shown are odds ratios and their
95% confidence interval. Associations with damp are indicated by * and with mould by - . In studies where both mould and
damp have been combined, no annotation is shown.

characteristics {Alternaria with thermal insulation.
Aspergillus with homes rather than units and with
wall-to-wall carpets, and Cladosporium with con-
crete slab ground floors), and there was a marginal
association between mould levels and length of
time spent showering or visible condensation on
window panes (49), although only a small number
of homes were studied, so that the findings may

not be generalizable. In The Netherlands, indoor
mould levels were found to be only weakly related
to outdoor levels, to damp in the home, or to home
characteristics such as relative indoor humidity (54,
55), and, in San Francisco, outdoor mould levels
were higher than indoor levels in new occupancy
units (53), and the indoor and outdoor species were
very different (54, 56).
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Few studies have investigated the efficacy of
interventions to reduce mould growth. In Den-
mark, a small, uncontrolled study of 23 homes
showed that increased ventilation and reduced
humidity significantly reduced indoor mould levels
(56), and, in the UK, air infiltration units reduced
levels of airborne moulds but had no effect on
airborne Der p 1 levels (57).

Methodological considerations
It has been difficult to quantify the relation between
housing design and health outcomes because of the
limited study designs which can be used. Rand-
omized controlled trials cannot be used in this
context, and studies of birth cohorts are constrained
by the financial and practical problems of measuring
long-term exposure. As a result, the available evi-
dence comes from case-control or cross-sectional
studies, because they provide more immediate
results, but causation cannot be inferred. From such
studies, a small and statistically nonsignificant effect
would be expected if the real effect is small and
therefore difficult to quantify, if only a minority of
the sample are susceptible to the effects of exposure,
or if there is misclassification bias in either the
outcome or the exposure variables. On the other
hand, the effect will be overestimated in studies in
which the subjects associate home dampness with
symptom outcomes; for example, the study which
was undertaken in response to concerns about damp
(39), or in which subjects living in dry or nonmouldy
homes have a less accurate recall of symptoms. Such
misclassification bias may explain why symptoms
have been associated with visual signs of dampness
or mould growth but not with air spore counts (36),
and with mould growth but not with an objective
test of exercise-induced lability (37).

More certainty can be attributed to findings from
studies of children because the confounding effects
of cigarette smoking and occupational exposures are
absent. It is also important to consider that some
groups, such as subjects with specific allergies, may
be at greater risk of having symptoms if they live in
a home with damp or mould present. Thus, it is
important to test the hypothesis that sensitized sub-
jects experience more respiratory problems if their
home presents high levels of exposure to the allergen
to which they are sensitized. Because none of the
reported studies have adopted this approach, the
effects of damp or mould in the home on susceptible
subjects may have been underestimated. This notion
of susceptibility is supported by the few studies which
have demonstrated larger effects of damp or mould
housing in atopic subjects (41, 49, 58).

In the four studies which have presented un-
adjusted and adjusted odds ratios (39, 41, 43, 44),

the estimates are very similar, suggesting that there
are no known factors which may have a confounding
influence on the effects. Although it has been
suggested that the effects of exposure to damp and
to other factors such as environmental tobacco
smoke are independent (40), no studies have inves-
tigated possible interacting effects of damp or
mould with other documented risk factors.

It is also possible that "surrogate" effects may
be present when assessing possible roles of envi-
ronmental exposures. Studies which show that chil-
dren living in homes with coal or wood heating
have less allergic illness (59) or that symptoms
change when children move house (60) suggest that
housing design may affect health, although other
lifestyle factors which have an inherent relationship
with changed lifestyle, such as diet, types of fur-
nishings, and hygiene, could make a major contri-
bution to the effect.

Summary
Clearly, most people are exposed to house-dust
mites and to a wide range of mould spores in their
home, but whether certain home characteristics
lead to increased allergen exposure and, as a
consequence, to respiratory health effects remains
unclear. The symptoms for which there is most
evidence, because they have been monitored most
consistently, are wheeze and chronic cough. The
increased risk of having these symptoms if the
home is damp or mouldy is fairly small, with an
odds ratio that is generally in the range 1.5-3.5,
and may be statistically significant depending on
sample size. This range is consistent with the
measured effects of other exposures which are
considered important such as environmental
tobacco smoke or outdoor air pollution.

It is difficult to judge whether housing design,
per se. leads to health problems. It is thought that
the major sources of Alternaria are outdoors,
whereas the sources of Aspergillus and Cladospo-
rium are typically indoors. However, indoor expo-
sures are likely to be a mixture of spores from
indoor and outdoor sources and are likely to
present more constant exposure levels than out-
door levels, which undergo large, intermittent fluc-
tuations. Thus, tight or poorly ventilated homes
may increase exposure to indoor allergens, whereas
well-ventilated homes may increase intermittent
exposures to outdoor moulds.

Future directions
In the future, studies with large sample sizes will
be needed to measure whether intermittent peak
exposures or low cumulative exposures to indoor
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allergens pose a clinically important risk. The
design of such studies will need to take account of
problems such as variability in assessing exposures
and notions of individual susceptibility. It is also
important to determine whether living in a home
with high house-dust mite or mould exposure as a
result of dampness or poor ventilation increases the
severity of existing airway disease or has a more
profound effect of initiating respiratory illness m
previously disease-free subjects.

Despite the problems in demonstrating a cause-
and-effect relation between environmental expo-
sure and health effects, it is essential to initiate
strategies to prevent respiratory disease, because
symptoms of asthma, wheezing, and cough impose
a high social burden and cost on society, especially
for children (61-63). Because people spend most
of their time indoors, it is important that the home
environment does not contribute to poor health.
Although standards for outdoor air quality and for
indoor air quahty in public buildings are now m
place, no standards have yet been developed to
maintain air quality in the home. In practice, it may
be more cost-effective to design houses that pre-
vent indoor allergen proliferation and the onset of
related illnesses rather than to invest in expensive
post hoc procedures to improve homes with estab-
lished allergen colonies. The collective evidence is
beginning to suggest that homes which are specif-
ically designed to minimize indoor humidity may
make an important contribution to the respiratory
health of both children and adults who have an
allergic disposition.
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