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1 | INTRODUCTION

Building dampness and indoor mold growth is considered an impor-
tant indoor exposure with implications for respiratory health and
allergies. Review articles have concluded that there is consistent
evidence for an association between damp housing conditions and
incidence of asthma,? rhinitis® as well as bronchitis and respiratory
infections.* Moreover, World Health Organization (WHO) concluded
that there is sufficient evidence to show that occupants of damp or
moldy buildings have an increased risk of respiratory symptoms, res-
piratory infections, and exacerbation of asthma.® There has been an
initiative to create a common European approach to a healthy indoor
environment in order to reduce asthma, allergies, and the sick build-
ing syndrome (SBS). We have previously published two articles from
the European Community Respiratory Health Survey (ECRHS) on as-
sociations between self-reported and observed dampness and mold
in homes and incidence of asthma and lung function decline among
adults in Europe.7’8 As ECRHS includes both self-reported and in-
spection data from dwellings, it is a suitable study to investigate the
interrelationship between climate, building characteristics, and socio-
economic status (SES) determinants for building dampness and mold
across Europe.

We can assume that climatological factors could influence the
prevalence of indoor dampness and molds, but there are few studies
on this issue, in particular in consideration of the global warming. One
study from USA found a moderate association between outdoor and
indoor relative air humidity but a strong indoor-outdoor association
for absolute air humidity.” One study reported that indoor mold in
dwellings was more common in warmer climate zones in Europe.10 In
this context, the global warming might have consequences for outdoor
and indoor environment*! and might have consequences for human
health in many ways,*? including respiratory and allergic disease.*®*
The global warming may increase the building dampness and mold
growth 11 and increase the risk for flooding.*?*°

Furthermore, the prevalence of building dampness and indoor
mold growth can be influenced by numerous types of building char-
acteristics, such as ownership of the building, socio-economic fac-
tors, poor maintenance, or low ventilation flow>'¢~*® Water leakage
through roofs, rising damp, and defective pluming installations were
found to be the main reasons for water damage and organic build-

ing material containing cellulose, such as wood, jute, wallpaper, and

There were correlations between reported and observed data at center level (Spearman
rho 0.61 for dampness and 0.73 for mold). In conclusion, high ambient temperature

and precipitation and high building age can be risk factors for dampness and mold in

building characteristics, building dampness, climate, environment, indoor, mould, socio-economic

Practical Implications

e There is an obvious need for further improvements of
dampness conditions in European dwellings, especially in
older buildings. Annual mean temperature rather than
ambient relative air humidity can be of importance for in-
door dampness and mold. There is a need for better adap-
tion of the building constructions in Europe to the climate.
Climate changes linked to the global warming may in-

crease the risk of dampness and indoor mold growth.

cardboard are most likely to get mold growth.19 One previous publica-
tion from the ECRHS-project found that the prevalence of indoor mold

t.20 Moreover,

was higher in older homes and in homes with a basemen
the construction period of the building can influence the prevalence of
dampness and molds®’ and certain buildings are constructed in a way
that they have an inherently increased risk for dampness problems

").2¢ The reason

inside the building construction (“risk constructions
for the dampness problems in these risk constructions is an unfavor-
able thermal profile in the walls or the floor construction causing the
relative humidity in the building material to exceed the critical level
for microbial growth. Indoor mold growth is often a consequence of
condensation on colder internal surfaces (“cold wall effect”).” It is well
know that the crawlspace can get condensation problems in summer,
when it is colder than the surrounding environment. This increased
humidity can cause mold growth in the crawl space and transmission
of mold spores and other microbial components into the house.?%??
Finally, it has been observed that persons owning their apartment
report less dampness and molds than those renting it.}”

There is conflicting information in the literature on associations be-
tween socio-economic status (SES) and prevalence of building damp-
ness and indoor mold growth in the dwelling. One review concluded
that subjects with low SES, especially with low income, have poorer
housing conditions and more building dampness at home.? In contrast,
a previous analysis in the ECRHS study reported that indoor mold at
home was somewhat more common in the highest socio-economic
group.?* The large PATY study including homes of 57 000 children in the
Russian Federation, North America, and Europe reported inconsistent
associations between social class and prevalence of mold and moisture

at home.?> Most epidemiological studies on building dampness and
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indoor mold growth are based only on self-reported information ob-
tained in questionnaire studies. Such studies can be influenced by recall
bias.2® Some validation studies exist comparing self-reported data with
independent information collected by inspection or by measurement of
indoor mold. Some of these studies report good agreement between

27-30 \while other studies

self-reported information and observation,
found poor or slight agreement.3%? However, we found no larger mul-
ticenter study comparing self-reported and observed data on damp-
ness and indoor mold in dwellings across countries.

The aim was to study the prevalence of self-reported and ob-
served signs of building dampness and indoor mold growth in homes
in the European centers of the European Community Respiratory
Health Survey (ECRHS) in relation to type of building, building age,
climatological conditions, and socio-economic status. Furthermore, we
wanted to study the agreement between self-reported and observed

information on dampness and indoor mold.

2 | MATERIAL AND METHODS

2.1 | Study population

The ECRHS 1 is an international multicenter cross-sectional study
on respiratory health covering 48 centers in 23 countries, started in
1990-1994%%3* which included a random selection of adults aged
20-44 year from the general population (random sample) Each center
covers a source population within a defined geographical and admin-
istrative area. As it is a random sample of individuals, not a sample of
buildings, there is only one participant from each building. Most study
centers included an additional symptomatic sample of individuals re-
porting current asthma symptoms or asthma medication in a screening
questionnaire in ECRHS |: However, this study is based only on the
random sample. The study was approved by the local ethical comity
in each center. The full protocol can be found at www.ecrhs.org. The
ECRHS Il is a follow-up study of participants in the ECRHS I. Mean
follow-up time was 8.7 years. A total of 15 716 subjects took part in
the random sample of the ECRHS |, and 8770 completed both the
medical and the indoor questionnaires in ECRHS Il (56%).

One adult participant from each home participated in the study.
Information on the current home environment, job history, and ed-
ucation level was obtained from an interviewer-led questionnaire at
the hospital in connection with the medical investigations in ECRHSII.
Our study included subjects from the European centers who com-
pleted the main questionnaire in ECRHSI (1991-1993) and ECRHSII
(1998-2002) and also participated in the Indoor Protocol. Two centers
(Cardiff, Geelen) excluded all indoor environment questions from the
main medical questionnaire and were consequently excluded from this
study, and five centers (Bergen, Bordeaux, Melbourne, Montpellier,
Portland) did not participate in the Indoor Protocol, leaving 22 centers
(N=7127) all located in Europe. The Indoor Protocol included a home
visit with building inspection and collection of dust samples from the
bedroom mattress in a subsample of homes (N=3118).%° The objec-
tive was to make inspections and measurements in 200 homes in each

center, with priority to subjects who did not move home during the
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follow-up, provided blood sample for allergy testing and belonged to
the random population sample. Meteorological data for year 2002
were obtained from all 22 centers, except missing data on outdoor

relative humidity from the two UK centers (Ipswich and Norwich).

2.2 | Assessment of self-reported data on dampness
and mold

Information on housing characteristics of the current home environ-
ment was obtained from an interviewer-led questionnaire performed
in the beginning (ECRHS 1) and in the end of the follow-up period
(ECRHS 11). Data included dampness, indoor mold, construction year
of the building, and type of building. The living room was defined as
the room used most at home during the days. There were questions
on any history of water damage in the house (broken pipes, leaks,
flooding), as well as water damage in the last 12 months. Information
was collected on any history of “mold or mildew on any surface inside
the home,” the location of the mold growth, and the presence of the
indoor mold or mildew in the last 12 months. Finally, ECRHS Il con-
tained an additional question on the presence of “wet or damp spots”
on indoor surfaces other than the basement (eg on walls, wall paper,

ceilings, or carpets) in the last 12 months.

2.3 | Assessment of observed building dampness

Building dampness was observed by trained fieldworkers in a subset
of homes in the 22 centers which participated in an additional indoor
environmental study (“The Indoor Protocol”). The fieldworkers were
mainly nurses or other medical staff. They were trained to perform the
building inspections in a standardized way in special workshops held
before the project was started. The training was organized by special-
ists in indoor environmental research. This study protocol included
a home visit with building inspection and collection of dust samples
from mattresses performed by the field workers in approximately 200
homes in each center.®>3¢ Information on observed building dampness
and indoor molds was available from 3118 homes. In all centers, the
same questionnaire containing eight questions on dampness and mold,

grouped into three variables, was used for the building inspection.

2.3.1 | Observed dampness

Are there any damp patches on the walls or ceilings of the living room,
bedroom and bathroom? (three questions). Observed mold. s there
any mold or mildew on the walls and ceilings in the living room, bed-
room and bathroom? (three questions). Window condensation. Do you
get condensation on your living room/bedroom window especially in
the morning in the winter? (two questions to the participant during
the home inspection). We used ECRHSII data to explore the agree-
ment between self-reported and observed information on dampness
and indoor mold. The observed dampness was compared with self-
reported damp spots on indoor surfaces, other than the basement,
in the last 12 months. The observed mold was compared with self-
reported mold or mildew in the last 12 months.
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2.4 | Assessment of climatological conditions

Daily, monthly, and annual climate data (ambient temperature and
precipitation) for the year 2002 were obtained for each city from
national or local meteorological institutes. The difference between
the coldest and hottest month was used as a proxy variable for con-
tinental climate. Geographical latitude was obtained from the route
planning software Mapsonic (Michelin UK, London, www.viamichelin.
com), where GPS degrees were obtained for a random inner city point

and were included as a continuous variable.

2.5 | Assessment of age, sex, and occupational
conditions (socio-economic status)

Information on age, sex, occupation, and education was collected
from the interview-led questionnaires. Information on individual
socio-economic status (SES) was derived from occupation and edu-
cation. The occupational history during the follow-up period was re-
corded on a monthly basis, and based on the International Standard
Classification of Occupations (ISCO) coding, and SES was defined
for the longest held occupation during the follow-up period. Level of
education was categorized by age at completion of full-time studies,
as previously found to be useful for comparing educational achieve-
ment,®” and was defined as low (age at completion <17 years, medium
(age 17-20 years), and high (>20 years). As in previous studies on SES
from the ECRHS study (eg,>®) we analyzed SES based on the occupa-

tional classification and education level separately.

2.6 | Statistical methods

The analysis in this study was based on ECRHS Il data (random sam-
ple). Agreement between self-reported and observed data was cal-
culated by Cohen’s kappa. Correlation between self-reported and
observed data on center level was analyzed by Spearman rank order
correlation (rho). As winter temperature gave similar associations as
annual mean temperature, and as weaker associations were found
for latitude as compared to annual mean temperature, we included
annual mean temperature and annual precipitation in the multilevel
statistical models. Outdoor relative air humidity was only associated
with one indoor dampness variables in the bivariate analysis. It was
a negative association between outdoor RH and window condensa-
tion in the living room. Moreover, data on outdoor RH were missing
for two centers. Because of this, we did not include outdoor RH in
the multilevel models. Odds ratios were calculated, using log-binomial
models, adjusting for sex, age, and center. To detect heterogeneity
between centers, the adjusted risk ratios and regression coefficients
were thereafter calculated separately in each center. Average ef-
fect estimates were derived, and potential heterogeneity between
centers was examined using standard methods for random-effects
meta-analysis.®? In the meta-analysis, centers with too low number of
subjects were omitted.

Associations between dampness and molds and socio-economic

and climate variables were analyzed using multilevel (or hierarchical)

WILEY-

models. These models are indicated when there is a hierarchic struc-
ture in levels of data, with a single dependent variable measured
at the lowest level, and a set of explanatory variables on each of
the levels. As the response regarding the presence or absence of
dampness or molds is binary, we fitted multilevel logistic models.*°
We followed the model-building procedure proposed by Hox.*! We
entered individual-level explanatory variables as random effects and
added climate variables at center level. Associations between self-
reported dampness and mold and social class, education level, an-
nual temperature, annual precipitation, and construction year of the
building were analyzed in a multilevel model, adjusting for age, sex,
and center. Two separate models were used, one including annual
temperature, annual precipitation, construction year of the building,
age and sex of the participants, center, and occupational conditions
as the proxy variable for socio-economic status (SES) (model 1). The
second model included annual temperature, annual precipitation,
construction year of the building, age and sex of the participants,
center, and education level (model 2). OR for precipitation was ex-
pressed per 100 mm (called deciliter in the tables). The statistical
analysis was performed using Stata 8.0 (Stata Corporation, College
Station, Texas). In all statistical analysis, P-values <.05 were consid-

ered significant.

3 | RESULTS

The mean age of all participants was 42.7 year (SD=6.8), and 52.5%
were females. There was a large variation among different centers
in the prevalence of reported and observed dampness and indoor
mold (Table 1). When comparing self-reported data on dampness
and mold in the subsample with inspection data, as compared to
those without any home inspection, there were minor and non-
significant differences in reported dampness, mold, education level,
sex, and occupational groups (0-2% difference) (data not shown).
Due to the selection process for the home inspection, the propor-
tion of subject who had lived in the same home during the 9 years
follow-up period was higher in this subsample (65.5%) as compared

to the total study population (48.3%). Meteorological data for the

TABLE 2 Climate conditions for the 22 ECRHS centers

Median  Range
Mean winter temperature °C 2.1 -10.4to 111
Mean summer temperature °C 20.1 11.1to 26.7
Mean annual temperature °C 11.4 3.2t018.1
Mean outdoor relative air % 77 63 to 85
humidity?®

Annual precipitation (mm) 735 327 to 1182
Altitude (m) 55 5 to 700
Longitude Grades 5.07 -21.85t026.72
Latitude Grades 49.92 37.27 to 64.16

?Data missing for two centers.
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22 centers are given in Table 2. The annual mean temperature
ranged from +3.1 to 18.1°C, latitude from 37 to 64 degrees, and
annual precipitation from 327 to 1182 mm per year. Mean winter
temperature, annual mean temperature, and annual precipitation
were the climate variables most strongly associated with self-
reported and observed dampness and mold (Table S1). Correlations
between annual mean temperature and precipitation and self-
reported dampness and mold in the last 12 months are presented
in Figure S1.

The prevalence of self-reported dampness and mold was strati-
fied for size of house and type of house (Table S2). Buildings with 2-4
families had 3-5% higher prevalence of self-reported and observed
dampness and mold as compare to those with one family or more
than four families. Apartments had 2-5% lower prevalence of indoor
dampness molds as compared to detached houses, and converted flats
had the highest prevalence of dampness and molds. However, build-
ing age was the most important determinant of dampness and mold.
There was a clear negative association between construction year and
reported and observed dampness and molds. Generalized additive
models (GAM) plots are presented in Figure S2. The only exception
was for window condensation, where an inverse u-shaped curve was
observed, with the highest prevalence in homes constructed approxi-
mately 1945-1965.

As a next step, data on dampness and mold were stratified for so-
cial class (based on occupation) and age when finishing last education
(Table S3). The mean educational level was 20.8 years (SD=5.6). There
was a substantial variation in social class between centers, with the
highest proportion of manual workers (25-34%) in Albacete, Galdakao,
Huelva, and Umea, and the lowest proportion (6-15%) in Antwerp
City, Antwerp South, Basel, Grenoble, and Paris. The center varia-
tion in education level was even higher. The proportion of subjects
ending education before 17 years of age was 30-62% in Albacete,
Barcelona, Ipswich, Norwich, Pavia, Verona, and Galdakao, but only
1-10% in Basel, Erfurt, Grenoble, Hamburg, Tartu, Umea, and Uppsala.
Managers and professionals, and those with long education, had the
highest prevalence of reported water damage. Manual workers and
those with shortest education had somewhat higher prevalence of re-
ported molds, and the highest prevalence of observed dampness. A
meta-analysis of the association between social class (manual worker
versus managerial or professional workers [reference group]) and
reported water damage, damp spots, and molds did not reveal any
heterogeneity between centers (P-value for interaction .35 for water
damage last 12 months and 0.48 for mold last 12 months) (Figs S3
and S4).

Manual workers reported less water damage as well as subjects
living in older buildings and in centers with higher annual mean tem-
perature and higher precipitation. Subject in centers with higher
annual mean temperature, higher precipitation, and in older build-
ings reported more damp spots. Manual workers reported more
mold as well as subjects living in older buildings and in centers with
higher annual mean temperature (Table 3). In a similar way, asso-
ciations were analyzed for observed dampness and mold and win-

dow condensation. Homes of manual workers had more observed

damp spots, as well as homes in older buildings and in centers with
more annual precipitation. Homes in older buildings and in centers
with higher annual mean temperature and more precipitation had
more observed mold. Homes of manual workers, and other workers
without manual work had more window condensation. Moreover,
buildings constructed before 1980 had more window condensation
as compared to homes constructed 1990 or after (reference cate-
gory) (Table 4). Similar associations for climate and building age were
found in the models replacing occupation by level of educational
(Tables 3 and 4). Moreover, those with lowest education level re-
ported less water damage but more mold and had more often win-
dow condensation.

Finally, we analyzed agreement between self-reported and ob-
served dampness and mold in ECRHS Il data. Associations were
strong on a center level, in an ecological analysis, but weak on indi-
vidual home level. A comparison between observed and 12 months
self-reported dampness and molds showed significant associations on
a center level, with Spearman rho values of 0.61 (95% ClI 0.32-0.84)
(P=.002) for dampness and 0.73 (95% Cl 0.52-0.90) (P=.001) for molds
(Fig S5). Analysis on individual levels, however, revealed low kappa val-
ues, 0.30 for dampness and 0.34 for molds, with similar kappa values
in men and women. Sensitivity was 48%, and specificity was 84% for
reported dampness last 12 months, if observed dampness was used as
the golden standard. For reported indoor mold last 12 months, sensi-
tivity was 6% and the specificity was 85% if using observed mold as

golden standard.

4 | DISCUSSION

Dampness and mold was common in Europe and related to higher
annual mean temperature, higher annual precipitation and to some
extent to socio-economic status. Among building-related factors,
age of the building was the main determinant of dampness and mold.
Southern Europe and regions with higher amount of precipitation had
a higher risk for building dampness and indoor molds. The agreement
between reported and observed dampness and molds was relatively
high in an ecological analysis on center level, but poor on individual
level.

We found that annual mean temperature was positively associ-
ated with reported and observed dampness and indoor mold, which
is in agreement with some previous studies covering different cli-
mate zones. One early study on Housing and Health investigated
400 homes in Italy, and the inspectors found mold in 11.7% of the
kitchens and in 13.9% of the bedrooms.*> One meta-analysis of
European buildings in 31 countries reported weighted prevalence
estimates of 12.1% for dampness, 10.3% for molds, and 10.0% for
water damage. The prevalence of mold was higher in warm and tem-
perate climates as compared with cold climatel® a similar result as
in our study.

We found that annual precipitation was positively associated
with reported and observed dampness and indoor mold. An in-
crease of the annual precipitation by 100 mm was associated with
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Water damage last 12 mo
Social class

Manager and professional
Technical

Other work not manual
Manual work
Unclear/unknown

Climate

Temperature (per 10°C)
Precipitation (per deciliter)
Construction year of current home
Before 1950

1950-1969

1970-1979

1980-1989

1990 or after

Missing data

Damp spots last 12 mo
Social class

Manager and professional
Technical

Other work not manual
Manual
Unclear/Unknown
Climate

Temperature (per 10°C)
Precipitation (per deciliter)
Construction year of current home
Before 1950

1950-1969

1970-1979

1980-1989

1990 or after

Missing data

Mold last 12 mo

Social class

Manager and professional
Technical

Other work not manual
Manual work
Unclear/Unknown
Climate

Temperature (per 10°C)

Precipitation (per deciliter)

Model 1

OR (95% CI) P-value
1 (Ref)

0.88 (0.69-1.12) .30
0.86 (0.70-1.08) .19
0.69 (0.53-0.89) .004
1.00 (0.74-1.37) .98
1.64 (1.02-2.63) .04
1.12 (1.02-1.23) .02
2.13 (1.61-2.82) <.001
1.47 (1.10-1.97) .009
1.88 (1.42-2.51) <.001
1.16 (0.85-1.60) .36
1.00 (Ref)

1.97 (1.16-3.36) .01
1

0.99 (0.82-1.19) .88
0.94 (0.79-1.11) 48
1.12 (0.94-1.35) .20
0.96 (0.75-1.21) 71
2.95 (1.98-4.39) <.001
1.11 (1.02-1.20) .012
224 (1.82-2.77) <.001
155 (1.25-1.92) <.001
177 (1.43-2.19) <.001
130 (1.04-1.64) .023
100

253 (1.72-3.71) <.001
1

0.96 (0.78-1.19) 71
0.90 (0.74-1.09) 27
1.27 (1.03-1.55) .02
1.01 (0.78-1.32) 94
2.28 (1.04-4.97) .04
1.14 (0.97-1.33) 11

Education level®
>20y

17-20y

<16y

Climate

Temperature (per 10°C)
Precipitation (per deciliter)
Construction year of current home
Before 1950

1950-1969

1970-1979

1980-1989

1990 or after

Missing data

Education level”
>20y

17-20y

<16y

Climate

Temperature (per 10°C)
Precipitation (per deciliter)
Construction year of current home
Before 1950

1950-1969

1970-1979

1980-1989

1990 or after

Missing data

Education level”
>20

17-20

<16

Climate
Temperature (per 10°C)

Precipitation (per deciliter)

WILEY-Z

TABLE 3 Associations between self-reported dampness and mold and social class, education level, climate, and construction year

Model 2

OR (95% Cl) P-value
1 (Ref)

0.86 (0.72-1.03) .10
0.77 (0.60-0.98) .04
1.74 (1.08-2.82) .02
1.13 (1.02-1.24) .02
2.09 (1.58-2.77) <.001
1.44 (1.08-1.93) .01
1.88 (1.41-2.50) <.001
1.15 (0.84-1.59) .33
1.00 (Ref)

1.88 (1.09-3.24) .02
1

1.02 (0.88-1.17) .82
1.05 (0.88-1.26) .56
2.93 (1.97-4.36) <.001
1.11 (1.02-1.20) .01
2.26 (1.83-2.80) <.001
1.56 (1.26-1.92) <.001
1.78 (1.44-2.20) <.001
1.31 (1.04-1.65) .020
1.00

2.49 (1.69-3.69) <.001
1

0.91 (0.78-1.07) 26
1.25 (1.03-1.52) .03
2.15 (0.99-4.67) .05
1.14 (0.98-1.34) .09

(Continues)
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TABLE 3 (Continued)
Model 1 Model 2
OR (95% Cl) P-value OR (95% Cl) P-value
Construction year of current home Construction year of current home
Before 1950 1.82 (1.43-2.30) <.001 Before 1950 1.85 (1.46-2.35) <.001
1950-1969 1.53 (1.21-1.95) <.001 1950-1969 1.58 (1.24-2.01) <.001
1970-1979 1.59 (1.25-2.03) <.001 1970-1979 1.64 (1.29-2.09) <.001
1980-1989 1.34 (1.04-1.73) .03 1980-1989 1.36 (1.05-1.76) .02
1990 or after 1.00 1990 or after 1.00
Missing data 1.54 (0.96-2.48) .08 Missing data 1.64 (1.02-2.65) .04

?Age when finishing last education.

Model 1: Socio-economic status, annual mean temperature, annual precipitation, construction year of home, adjusted for age and sex as random effects.
Model 2: Education level, annual mean temperature, annual precipitation, construction year of home, adjusted for age and sex as random effects.

an increased odds ratio of 1.1 for reported water leakage, and damp
pots and visible indoor molds. However, the ORs were higher for
inspection data (OR=1.3 for observed damp spots and 1.4 for ob-
served mold) suggesting that self-reported data may underestimate
the effect of precipitation. Buildings in different parts of the world
have adapted the building design to the local precipitation level, but
our results suggest a need for further improvement of the building
design to cope with heavy rain fall in some areas. As the climate
change is expected to lead to higher annual mean temperature and

11,14 ;

more uneven distribution of precipitation over the year, includ-

1215 \ve can expect more problems with indoor damp-

ing flooding,
ness and molds associated with the climate change.

High building age was a risk factor for reported and observed
dampness and molds, in a similar way for reported and observed
data. The only exception was for window condensation, where
there was an inverse U-shaped association with the highest levels
in building constructed 1940-1960. It is reasonable to assume that
older building will have more dampness problems related to leak-
age, because gradual degradation of water and sewage pipes, roof
material, and ground insulation by age. We found no major differ-
ence in reported or observed dampness and indoor mold in relation
to size of house or type of house. Single family houses tended to
have less reported water damage and less observed damp spots and
mold, as compared to homes with more than one family. Moreover,
detached houses tended to have less reported damp spots and ob-
served dampness and mold than other types of buildings but differ-
ences were much smaller than in the previous Swedish population
study from Stockholm.'” Converted flats had the highest preva-
lence of reported and observed dampness and molds. To our knowl-
edge, this has not been reported previously. It has become more
and more popular to convert industrial building in the city center to
homes, especially in larger cities. As these buildings were not con-
structed as dwellings, dampness-related problems can occur when
they are converted to flats. Dwellings have a dampness barrier in
the wall construction to avoid air humidity to condensate in the wall
construction in wintertime. Moreover, homes have a higher room

temperature as compared to industrial buildings and this increased

temperature could affect the transport of humidity into the building
construction.

We found good agreement between self-reported and ob-
served dampness and mold on center level but poor agreement
on individual level. This could be due to the large number of
home inspectors involves as it can be difficult to standardize the
reporting of dampness between observers. Moreover, the time
windows are different, as reported dampness referred to the last
12 months, while the inspection covered the situation the day the
inspection was performed. The agreement between observed and
self-reported data on individual level was especially poor for in-
door mold, with only 6% sensitivity. This may indicate that data on
self-reported mold on individual level can be on limited value. One
study from Norway, sending two different observers to the same
homes, found poor agreement on the judgment of dampness. The
intra-observer reproducibility on the observations of home damp-
ness showed a kappa value of 0.28.%3 However, the majority of the
studies report good reproducibility of self-administered questions
on building moisture, visible molds, and flooding has been reported
from Canada.** The reported kappa values of 73% for visible molds,
82% for basement flooding, and 73% for any type of dampness or
molds. One study from the Netherlands reported good agreement
between self-reported and observed signs of dampness in homes.?”
One study from Sweden found good agreement between self-
reported and observed dampness and indoor mold growth, with a
sensitivity of 74% and a specificity of 71%, using observed data
as gold standard.®® One recent study on dampness and molds in
schools in three countries (Finland, the Netherlands, Spain) found
good agreement (overall kappa value 0.62) but with large differ-
ences (0.39-0.91) between countries.?? One validation study from
China in student dormitories found poor agreement between
self-reported and inspection data for dampness and molds (kappa
value <0.2).%? Similarly poor agreement between self-reported and
inspection data for dampness and molds has been reported from
dwellings in Sweden.®! Validation of self-reported dampness and
indoor mold is a difficult issue, as there is no obvious gold standard,

related to measured exposure.
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TABLE 4 Associations between observed dampness and mold and socio-economic status, education level, climate, and construction year

Model 1 Model 2

OR (95% ClI) P-value OR (95% Cl) P-value
Observed damp spots at inspection
Socio-economic status Education level”
Manager and professional 1.00 (Ref) >20y 1.00 (Ref)
Technical work 0.86 (0.63-1.17) .34 17-20y 1.09 (0.88-1.36) 42
Other work not manual 1.15 (0.88-1.51) .29 <16y 1.12 (0.84-1.50) 42
Manual work 1.55 (1.17-2.06) .002
Unclear/unknown 1.07 (0.71-1.61) 76
Climate Climate
Temperature (per 10°C) 1.51 (0.88-2.56) 13 Temperature (per 10°C) 1.51 (0.89-2.57) 12
Precipitation (per deciliter) 1.30 (1.17-1.46) <.001 Precipitation (per deciliter) 1.28 (1.15-1.43) <.001
Construction year of current home Construction year of current home
Before 1950 2.02 (1.38-2.94)  <.001 Before 1950 2.02 (1.39-2.95) <.001
1950-1969 1.85 (1.28-2.67) .001 1950-1969 1.89 (1.31-2.73) .001
1970-1979 2.04 (1.42-2.95) <.001 1970-1979 2.04 (1.41-2.94) <.001
1980-1989 1.66 (1.14-2.43) .008 1980-1989 1.66 (1.14-2.42) .008
1990 or after 1.00 (Ref) 1990 or after 1.00 (Ref)
Missing data 2.83 (1.42-5.62) .003 Missing data 2.82 (1.42-5.59) .003
Observed mold at inspection
Socio-economic status Education level®
Manager and professional 1.00 (Ref) >20y 1.00 (Ref)
Technical work 0.96 (0.68-1.35) .80 17-20y 0.93 (0.72-1.20) .57
Other work not manual 0.98 (0.72-1.33) .88 <16y 1.07 (0.77-1.48) 71
Manual work 1.17 (0.84-1.64) .35
Unclear/unknown 1.79 (1.18-2.71) .007
Climate Climate
Temperature (per 10°C) 2.81 (1.19-6.63) .02 Temperature (per 10°C) 2.97 (1.26-7.01) .01
Precipitation (per deciliter) 1.40 (1.18-1.65) <.001 Precipitation (per deciliter) 1.39 (1.18-1.65) <.001
Construction year of current home Construction year of current home
Before 1950 1.71 (1.13-2.59) .01 Before 1950 1.69 (1.12-2.56) .01
1950-1969 1.53 (1.02-2.31) .04 1950-1969 1.55 (1.03-2.33) .04
1970-1979 1.78 (1.18-2.67) .006 1970-1979 1.78 (1.19-2.68) .005
1980-1989 1.39 (0.91-2.13) 13 1980-1989 1.42 (0.93-2.16) A1
1990 or after 1.00 1990 or after 1.00
Missing data 1.62 (0.73-3.58) 23 Missing data 1.63 (0.74-3.60) 22
Window pane condensation
Socio-economic status Education level®
Manager and professional 1.00 (Ref) >20 1.00 (Ref)
Technical work 1.10 (0.85-1.42) 46 17-20 1.14 (0.95-1.37) 16
Other work not manual 1.45 (1.17-1.81) .001 <16 1.80 (1.44-2.27) <.001
Manual work 1.50 (1.19-1.90) .001
Unclear/unknown 1.89 (1.37-2.60) <.001
Climate Climate
Temperature (per 10°C) 1.22 (0.70-2.12) 48 Temperature (per 10°C) 1.12 (0.66-1.93) 67
Precipitation (per deciliter) 0.96 (0.86-1.08) 47 Precipitation (per deciliter) 0.97 (0.87-1.08) .57

(Continues)
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TABLE 4 (Continued)
Model 1 Model 2
OR (95% ClI) P-value OR (95% Cl) P-value
Construction year of current home Construction year of current home
Before 1950 1.57 (1.17-2.11) .003 Before 1950 1.55 (1.16-2.08) .004
1950-1969 1.77 (1.33-2.34)  <.001 1950-1969 1.76 (1.33-2.33) <.001
1970-1979 1.61 (1.22-2.13) .001 1970-1979 1.61 (1.22-2.14) .001
1980-1989 1.27 (0.95-1.69) A1 1980-1989 1.26 (0.94-1.68) 12
1990 or after 1.00 (Ref) 1990 or after 1.00 (Ref)
Missing data 1.70 (0.92-3.16) .09 Missing data 1.57 (0.84-2.91) 16

?Age when finishing last education.

Model 1: Socio-economic status, annual mean temperature, annual precipitation, construction year of home, adjusted for age and sex as random effects.
Model 2: Education level, annual mean temperature, annual precipitation, construction year of home, adjusted for age and sex as random effects.

We found both positive and negative associations between
social class and dampness/mold in our mutually adjusted models.
There were more reported mold but less reported water leakage in
the lower SES group. For observed data, manual workers had more
damp spots, only. Moreover, window pane condensation was more
common in lower SES groups, indicating lower ventilation flow in
relation to degree of crowdedness. Meta-analysis revealed no het-
erogeneity across the study centers. Thus, different indicators of
building dampness and molds may have different association with
SES. The different associations between manual work and either
self-reported or observed dampness could be due to a lower aware-
ness of environmental risks in manual workers. The literature reports
inconsistent associations between dampness, molds, and SES. One
review on studies in Europe concluded that subjects with low SES,
especially with low income, have poorer housing conditions and
more building dampness at home.?® In contrast, a previous analy-
sis in the ECRHS study reported that indoor molds at home were
somewhat more common in the highest socio-economic group.?*
This ECRHS study defined SES in the same way as in our study,
based on occupation or level of education. Moreover, the large PATY
study including homes of 57 000 children in the Russian Federation,
North America, and Europe reported inconsistent associations be-
tween social class and prevalence of molds and moisture at home.?*
They defined social class based on parental level of education. Thus,
if considering the overall burden of building dampness and indoor
molds in dwellings in Europe, our study does not support the view
that SES plays a major role.

The main strength of this study is that it contains information
about self-reported as well as observed dampness and indoor
mold in European homes from different climate zones around year
2002. An epidemiological study can be affected by selection bias.
However, there were no significant difference in socio-economic
status, education level, or reported dampness and molds between
those participating and not participating in the home inspection.
Certain limitations should also be acknowledged. The study base
was mainly urban population in west Europe, data might not be rep-

resentative for the dwellings in whole Europe. Moreover, we did not

have any measurements on the ventilation flow in the buildings. The
study included all types of buildings, both single family and multi-
family buildings. Because of this, we did not analyze risk factors that
are relevant only in certain types of dwelling, such floor level of the
apartment or type of foundation in single family homes. This study
did not include any objective measurements of microbial markers in
household dust. However, geographical and domestic determinants
of the concentration of microbial components (endotoxin, muramic
acid, and bacterial and fungal DNA) in dust collected from the bed
have been analyzed in two recent publications based on a subset of
the ECRHS study.*>*¢

5 | CONCLUSIONS

In conclusion, dampness and molds in the dwelling is common in
Europe and related to climate and building age in mutually adjusted
models. There can be a reasonable agreement between self-reported
and observed dampness and mold on a center level but poor agree-
ment on individual level, especially for self-reported mold. There is
an obvious need for further improvements of dampness conditions
in European dwellings, especially in older buildings, and there should
be special caution when converting industrial buildings to apartments.
The north-south gradient related to annual mean temperature, as well
as the association between annual precipitation and dampness and
molds, indicates a need for better adaption buildings constructions to
the climate. Future climate change with increased temperature and
more uneven distribution of rain might increase building dampness
and molds. This suggests an even larger need to adapt the building to
the climate in the future.

ACKNOWLEDGEMENT

The coordination of ECRHS Il was supported by the European
Commission, as part of their Quality of Life program. A list of local
funders can be found in previous publications from the ECRHS

study (eg,%).



NORBACK ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Quansah R, Jaakkola MS, Hugg TT, Heikkinen SA, Jaakkola JJ.
Residential dampness and molds and the risk of developing asthma: a
systematic review and meta-analysis. PLoS ONE. 2012;7:€47526.
Tischer CG, Hohman C, Thiering E, et al. Meta-analysis of mould and
dampness exposure on asthma and allergy in eight European birth
cohorts: an ENRIECO initiative. Allergy. 2011;66:1570-1579.
Jaakkola MS, Quansah R, Hugg TT, Heikkinen SA, Jaakkola JJ.
Associations of indoor dampness and molds with rhinitis risk: a systematic
review an meta-analysis. J Allergy Clin Immunol. 2013;132:1099-1110.
Mendell MJ, Mirer AG, Cheung K, Tong M, Douwes J. Respiratory and
allergic health effects of dampness, mould, and dampness-related
agents: a review of the epidemiological evidence. Environ Health
Perspect. 2011;119:748-756.

WHO. Website for WHO Regional Office for Europe. WHO Guidelines
for Indoor Air Quality: Dampness and Mould. Copenhagen and Bonn:
WHO Regional office for Europe. 2009. Available: http:/www.euro.
who.int/_data/assets/pdf_file/0017/43325/E92646.pdf  (assessed
16 January 2014).

Adan OC, Ng-A-Tham J, Hanke W, Sigsgaard T, van den Hazel P, Wu
F. In search of a common European approach to a healthy indoor en-
vironment. Environ Health Perspect. 2007;115:983-988.

Norbéck D, Zock JP, Plana E, et al. Lung function decline in relation to
mould and dampness in the home: the longitudinal European Community
Respiratory Health Survey ECRHSII. Thorax. 2011;66:396-401.
Norbéck D, Zock JP, Plana E, et al. Mould and dampness in dwelling
places, and onset of asthma: the population-based cohort ECRHS.
Occup Environ Med. 2013;70:325-331.

Nguyen JL, Schwartz J, Dockery DW. The relationship between in-
door and outdoor temperature, apparent temperature, relative hu-
midity, and absolute humidity. Indoor Air. 2014;24:193-112.
Haverinen-Shaughnessy U. Prevalence of dampness and mold in
European housing stock. J Expo Sci Environ Epidemiol. 2012;22:461-467.
Beggs PJ. Adaption to impacts of climate change on aeroallergens
and allergic respiratory diseases. Int J Environ Res Public Health.
2010;7:3006-3021.

Kim KH, Kabir E, Ara Jahan S. A review on the consequences of
global climate change on human health. J Environ Sci Health C Environ
Carcinog Ecotoxicol Rev. 2014;32:299-318.

Ayres JG, Forsberg B, Annesi-Maesano |, et al. Climate change and
respiratory disease: European Respiratory Society position statement.
Eur Respir J. 2009; 34: 295-302.

Barne C, Alexis NE, Bernstein JA, et al. Climate change and our envi-
ronment: the effect on respiratory and allergic disease. J Allergy Clin
Immunol Pract. 2013;1:137-141.

Azuma K, Ikeda K, Kagi N, Yanagi U, Hasegawa K, Osawa H. Effects
of water-damaged homes after flooding: health status of the res-
idents and the environmental risk factors. Int J Environ Health Res.
2014;24:158-175.

Cai GH, Malarstig B, Kumlin A, Johansson |, Janson C, Norback
D. Fungal DNA and pet allergen levels in Swedish day care cen-
ters and associations with building characteristics. J Environ Monit.
2011;13:2018-2024.

Engvall K, Norrby C, Norback D. Sick building syndrome in relation to
building dampness in multi-family residential buildings in Stockholm.
Int Arch Occup Environ Health. 2001;73:270-278.

Sharpe R, Thornton CR, Osborne NJ. Modifiable factors govern-
ing indoor fungal diversity and risk of asthma. Clin Exp Allergy.
2014;44:631-641.

Gravesen S, Nielsen PA, Iversen R, Nielsen KF. Microfungal contami-
nation of damp buildings- examples of risk constructions and risk ma-
terials. Environ Health Perspect. 1999;107:505-508.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

WILEY-2

Zock JP, Jarvis D, Luczynska C, Sunyer J, Burney P. Respiratory
European Community Survey Health. Housing characteristics, re-
ported mould exposure, and asthma in the European Community
Respiratory Health Survey. J Allergy Clin Immunol. 2002; 110:
285-292.

Airaksinen M, Pasanen P, Kurnitski J, Seppanen O. Microbial contam-
ination of indoor air due to leakages from crawl space: a field study.
Indoor Air. 2004;14:55-64.

Miranda ML, Galeano MA, Hale B, Thomann WR. Crawl spaces as
reservoirs for transmission of mould to the livable part of the home
environment. Rev Environ Health. 2011;26:205-213.

Braubach M, Fairburn J. Social inequities in environmental risks as-
sociated with housing and residential location - a review of the evi-
dence. Eur J Pub Health. 2010;20:36-42.

Basagana X, Sunyer J, Kogevinas M, et al. Socioeconomic status
and asthma prevalence in young adults. The European Community
Respiratory Health Survey. Am J Epidemiol. 2004;160:178-188.
Gehring U, Pattenden S, Slachtova H, et al. Parental education and
children’s respiratory and allergic symptoms in the pollution and the
young (PATY) study. Eur Respir J. 2006;27:95-107.

Strachan DP. Damp housing and childhood asthma: validation of re-
porting of symptoms. Br Med J. 1988;297:1223-1226.

Brunekreef B, Verhoeff AP, van Strien RT, van Wijnen JH. Home
dampness and childhood respiratory symptoms: the role of sensitisa-
tion to dust mites and moulds. In: Samson RA, Flannigan B, Flannigan
ME, Verhoeff AP, Adan OCG, Hoekstra ES, eds. Health Implications of
Fungi in Indoor Environments. Air Quality Monographs. 2. Amsterdam:
Elsevier; 1994:189-199.

Dales RE, Schweitzer |, Bartlett S, Raizenne M, Burnett R. Indoor air
quality and health: reproducibility of respiratory symptoms and re-
ported home dampness and molds using a self-administered ques-
tionnaire. Indoor Air. 1994;4:2-7.

Haverinen-Shaughnessy U, Borras-Santos A, Turunen M, et al.
Occurrence of moisture problems in schools in three countries from
different climate regions of Europe based on questionnaires and
building inspections- the HITEA study. Indoor Air. 2012; 22: 457-466.
Norback D, Bjornsson E, Janson C, Palmgren U, Boman G. Current
asthma and biochemical signs of inflammation in relation to building
dampness in dwellings. Int J Tuberc Lung Dis. 1999;3:368-376.
Engman LH, Bornehag C, Sundell J. How valid are parents’ question-
naire responses regarding building characteristics, mouldy odour, and
signs of moisture problems in Swedish homes? Scand J Public Health.
2007;35:125-132.

Sun'Y, Sundell J, Zhang Y. Validity of building characteristics and dorm
dampness obtained in a self-administered questionnaire. Sci Total
Environ. 2007;387:276-282.

Burney PG, Luczynska C, Chinn S, Jarvis D. The European Community
Respiratory health survey. Eur Respir J. 1994;7:954-960.

Janson C, Anto J, Burney P, et al. The European Community
Respiratory Health Survey: what are the main results so far? Eur Respir
J.2001; 18: 598-611.

Zock JP, Heinrich J, Jarvis D, et al. Distribution and determinants of house
dust mite allergens in Europe: the European Community Respiratory
Health Survey Il. J Allergy Clin Immunol. 2006; 118: 682-690.

Heinrich J, Bedada GB, Zock JP, et al. Cat allergen level: its determi-
nants and relationship to specific IgE to cat across European centers.
J Allergy Clin Immunol. 2006; 118: 674-681.

Molarius A, Kuulasmaa K, Moltchanov V, Ferrario M. Quality assess-
ment of marital status and educational achievement in the WHO
MONICA Project. 1998; http:/www.thl.fi/publications/monica/
educ/educga.htm. Accessed October 1, 2016.

Ellison-Loschmann L, Sunyer J, Plana E, et al. Respiratory European
Community Survey Health. Socioeconomic status, asthma and chronic


http://www.euro.who.int/_data/assets/pdf_file/0017/43325/E92646.pdf
http://www.euro.who.int/_data/assets/pdf_file/0017/43325/E92646.pdf
http://www.thl.fi/publications/monica/educ/educqa.htm
http://www.thl.fi/publications/monica/educ/educqa.htm

2| wiLey

39.

40.

41.

42,
43,
44,

45.

NORBACK ET AL.

bronchitis in a large community-based study. Eur Respir J. 2007; 29:
897-905.

Der Simonian R, Liard N. Meta-analysis in clinical trials. Control Clin
Trials. 1986;7:117-188.

Snijders TAB, Bosker RJ. Multilevel Analysis: An Introduction to Basic
and Advanced Multilevel Modelling. London, United Kingdom: Sage
Publishers; 1999.

Hox JJ. Applied Multilevel Analysis. Amsterdam, the Netherlands: TT-
Publications, 1995.

Bonnefoy XR, Braubach M, Moissonnier B, Monolbaev K, Rébbel N.
Housing and Health in Europe: preliminary results of a pan-European
study. Am J Public Health. 2003;93:1559-1563.

Aamodt AH, Bakke P, Gulsvik A. Reproducibility of indoor environ-
ment characteristics obtained in a walk through questionnaire A pilot
study. Indoor Air. 1999;9:26-32.

Dales RE, Miller D, McMullen E. Indoor air quality and health: valid-
ity and determinants of reported home dampness and moulds. Int J
Epidemiol. 1997;26:120-125.

Chen CM, Thiering E, Doekes G, et al. Geographic variation and de-
terminants of domestic endotoxin levels in mattress dust in Europe.
Indoor Air. 2012;22:24-32.

46. Tischer C, Zock JP, Valkonen M, et al. Predictors of microbial
agents in dust and respiratory health in the Ecrhs. BMC Pulm Med.
2015;15:48.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the sup-
porting information tab for this article.

How to cite this article: Norback D, Zock J-P, Plana E, et al.
Building dampness and mold in European homes in relation to
climate, building characteristics and socio-economic status: The
European Community Respiratory Health Survey ECRHS II.
Indoor Air. 2017;00:1-12. https://doi.org/10.1111/ina.12375


https://doi.org/10.1111/ina.12375

